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Introduction 
The Space T ranspor ta t i on  System One 
(STS-11, was the f i r s t  o f  four  planned 
manned o r b i t a l  t e s t  f l i g h t s  o f  the  Spac? 
Shut t le  vehicle. Since i t  was the firs:. 
t ime tha t  h e r i c a n  spacecraft had been 
pu t  i n t o  o r b i t  without p r i o r  unmanned 
f l i g h t  o r b i t a l  test ing,  the mission was 
conservatively planned i n  the i n t e r e s t  
of safety. 

The primary purpose o f  STS-1 was t o  
demonstrate a safe ascent and re tu rn  o f  
the Orb i ter  and crew. Addi t ional ly ,  i t  
prov ided data t o  suppor t  eng inee r ing  
v e r i f i c a t i o n  o f  the fo l lowing: 

Combined Shutt le vehic le  (Orbiter, 
Sol i d  Rocket Booster (SRB), External 
Tank (ET) ,  and Space Shutt le Main 
Engine (SSME) performance, i ncl uding 
SRB and E T  separat ion,  SRB 
recovery; r e t r i  eval and ET d i sposal . 
Combined Shutt le vehicle aerodynamic, 
s t ructure and systems characteri  s- 
t i cs ,  and predicted loads. 

O r b i t e r  e n t r y  c h e r a c t e r i s t i c s  and 
performance i nc l  ud i  ng crossrange 
capabil i t i e s ,  Thermal Control System 
(TCS) performance, contro l  per for -  
mance, and p r e d i c t e d  s t r u c t u r a l  
1 oads . 
Orbi ter  vehicle hardware and software 
systems checkout and performance. 

I n f l  i g h t  vehicle hardware and so f t -  
ware systems checkout and p e r -  
formance. 

A1 ti tude contro l  capabil i t i e s ,  and 
guidance as w e l l  as n a v i g a t i o n  
performance. 

The medical objectives o f  STS-1 include: 

o Medical evaluation o f  crew health. 

0 

0 

0 

0 

0 
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39A 

Ver i f i ca t i on  o f  p r e f l i g h t  through 
p o s t f l i g h t  o f  the emergency medical 
support system. 

Determinat ion  o f  whether S h u t t l e  
atmospheres conta ined t o x i c  sub- 
stances. 

Determination o f  cabin acoustical 
noise 1 eve1 s . 
Examination dnd use o f  S h u t t l e  
Orb i ter  Medical System (SOMS) k i t  
which was unique f o r  mission. 

Predict ion and measurement o f  crew 
rad ia t i on  exposures o f  the crew. 

* * * *  
spaceship Colmbia 1 i f t e d  o f f  from 
Kennedy %ace Center's launch Rad 

a t  7:06 am EST on A p r i l  12, 1981' ( -  
102: 1 2 : 00 : 03.9 g .m. t . ) f o l  1 owi ng several 
delays. A f t e r  2 days, 6 hours  20 
minutes and 52 seconds, i t  landed on 
Runway 23 o f  Rogers Dry Lake a t  Edwards 
A i r  Force Base i n  the Mohave Desert o f  
Ca l i f o rn ia  r o l l i n g  8993 feet ,  w i th in  200 
fee t  o f  the estimated landing/stopping 
po in t  . 
This was the f i r s t  a i rp lane- l ike landing 
o f  a c r a f t  from o r b i t .  Moreover, 
Col unbia appeared hardly the worse f o r  
wear a f t e r  i t s  searing atmospheric ent ry  
when, temperahures exceeded perhaps 
1650 C (3000 F) . From a c a r e f u l  
inspection o f  Colunbia, NASA technicians 
confirmed t h a t  i t s  c o n d i t i o n  was 
excel lent  and estimated t h a t  Colunbia 
should be capable o f  making a t  l e a s t  100 
round t r i p s  between Ear th  and E a r t h  
o rb i t .  

John W. Young served as Commander o f  
CjTS-1, Robert L. Crippen (Captain USN) 
served as P i l o t .  The backup Commander 
was Joe H. Engle (Colonel, USAF), and 
the backup P i l o t  was Richard H. Tru ly  
( Captain, USN . 
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R i s i n g  on t h e  power o f  6.6 m i l l i o n  
pounds o f  t h rus t  Colunbia f i r s t  f lew 
steeper than programmed, w i t h  i t s  threz 
r a i n  hydrogen-powered engines and two 
so l  i d  r o c k e t  motors p o i n t e d  skyward. 
Collmbia made a 100 degree r o l l  t o  the 
r i gh t ,  heading f o r  i t s  imaginary target. 
Two minutes and 12 seconds l a t e r ,  the 
sol i d  rocket boosters were jet t isoned. 
They were l a t e r  recovered, v i a  a 
parachute system, 151 miles downranoe i n  
the At lant ic  Ocean o f f  Daytona Beach, 
Florida. As i n  post-launch and recov- 
eries, operations were observed by USSR 
trawl ers. 

Eight minutes and 34 seconds l a t e r ,  the 
main engines c u t  o f f .  The speed was 
25,670 f e e t  per second. The external 
tank was je t t isoned and broke up over 
the Indian Ocean. The debris landed, as 
planned, 21,000 miles downrange from the 
Kennedy Space Center. A t  10 minutes, 
the t h i r d  stage, consist ing o f  the two 
engine Orbi ta l  Haneuveri ng System (OMS), 
took over f i r e d  f o r  1 minute and 27 
seconds, establ ishing an o r b i t  o f  132 by 
57 nautical miles. A second OMS burn 
achieved a 130 m i le  c i r c u l a r  o r b i t .  A 
t h i r d  a t  6 hours, 20 minutes set the 
o r b i t  a t  148 by 131.7 miles and a four th  
added 30 feet-per-second t o  s e t  t h e  
c i r c u l a r  o r b i t  a t  149.3 by 147.6. 

On launch day, A p r i l  12, 1981, the cabin 
temperature and pressure was 83°F and 
15.04 p s i a  a t  l i f t - o f f .  The a i r  
r e v i t a l i z a t i o n  system performance was 
normal and the  system operated as 
expected throughout the f l i g h t  wi th  only 
t w o  exceptions. The cabin conditions 
were warmer than expected a t  take-off 
( a s  noted above) and c o l d e r  than 
c.xpec+-d du r ing  t h e  on -o rb i  t s l  eep 
p e r i  00s. A v a i l  ab1 e o p e r a t i o n a l  
instrunentat ion data indicate t h a t  the 
temperature c o n t r o l  system operated 
w i t h i n  s p e c i f i e d  l i m i t s  d u r i n g  a l l  
f l  i g h t  phases. 

A s e r i e s  of  t e s t s  and checkouts were 
then begun. Astronauts Young and 
Cripper! t r i e d  o u t  a l l  systems and 
checked the coniputers, the j e t  thrusters 

used i n  orienting Colunbia, and the 
opening and c l o s i n g  o f  t h e  cargo 
(pay load)  bay doors. Columbia was 
maintained i n  a ta i l - forward pos i t i on  
and upside down r e l a t i v e  t o  Earth. The 
upside-down p s i  t i o n  provided a b e t t z r  
v iew o f  E a r t h  and i t s  h o r i z o n  f o r  
or ientat ion.  

The Commander and P i l o t  docunented t h e i r  
f l i g h t  us!ng a s t i l l  camera as well  as 
TV and motion p i c tu re  cmercls. One v iew 
o f  the cargo bay, which was telecast t o  
Earth indicated, tndt a l l  o r  p a r t  o f  16 
heat shielding t i l e s  located i n  t w o  pods 
on the t a i l  section, were l o s t  probar y 
due t o  stresses o f  launch. lhe  loss was 
not considered ser i  ous . 
Young and Crippen wore ordinary cover- 
a l l s  whi le i n  o r b i t ;  f o r  launch and 
landing they wore space pressure sui ts.  
On landing they wore an t i  G-suits which 
were not i n f l a ted .  

The morning o f  Day 3 the  astronants 
readied f o r  the premier t e s t  of a winged 
E a r t h  e n t r y  and wheel s-down 1 anding. 
Previous spacecraft eturned t o  Earth 
w i t h  parachutes and spl sshdown. Earth 
entry lasted about 31 minutes, wi th  the 
spacec ra f t  e n t e r i n g  t h e  atmosphere 
approximately 400,000 feet  above Earth. 
A t  t h i s  point ,  Colunbia was about 4,390 
m i l e s  from Edwards l a n d i n g  s t r i p  i n  
Cal  i f o r n i  a. Temperatures ranged from 
2,500 t o  3,000 degrees Fahrenheit on 
some parts o f  the t i l e s .  Commander 
Young took manual control  o f  Columbia a t  
15,000 f e e t .  A double sonic  booin 
announced the approach o f  Col unbi a whi 1 e 
the vehicle was s t i l l  a t  an a l t i t u d e  o f  
54,000 feet. About 400 fee t  above the 
desert, the landing gear was lowered. 
The space s h i p  l a r d e d  on Edwards 
Ai r force Base Runway 23 a t  1:21 pm EST 
on Apr i l  14, 1981. 

After the crew landed they were examined 
by the C r e w  Physicians and debriefed. 
This report  w i l l  not only discuss the 
r e s u l t s  o f  these medical  t e s t s /  
d e b r i e f i n g s ,  b u t  w i l l  desc r ibe  a l l  
medically re la ted a c t i v i t i e s ,  ranging 



from pref l ight  through post f l ight .  This STS-1 mission pub l ished  by NASA 
represents  a d e t a i l e d  r e p o r t ,  as a Headquarters, May 26, 1981 (Postf l ights 
follow-on, supplementing and amplifying Miss ion  Opera t ion  Report  No. 
the general nedical assessment o f  the S-989-81-01). 
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The bas ic  phi losophy f o r  STS-1 was 
couched i n  the premise tha t  the f l i g h t  
was a vehicle checkout, therefore, the 
medical program was d i r e c t e d  toward 
rout ine crew health maintenance and the 
implementation o f  a soph is t i ca ted  
Emergency Medical System, ra ther  than 
the  conduct o f  d e t a i  1 ed phys i  o l  og i  c 
evaluations pre and pos t f l igh t .  The 
STS-1 Medical Program was designed t o  
protect  and maintain f l i g h t  crew health 
during a l l  phases of the mission. This 
goal was accomplished by a program which 
encompassed t h e  f o l l  owing e l  ements : 
(1  1 Health S t a P l  i za t i on  Program, (2) 
C r i t i c a l  Personal Re1 i a b i l  i t y  Program, 
( 3 )  Pre and Pos t f l i gh t  Medical F l i g h t  
Crew Eva1 uations, ( 4 )  I n f l  i g h t  medical 
consul t a t i on  ava i lab i l  i t y  v i a  Mission 
Control Center (MCC ) Surgeons, and 
( 5 )  Implementation o f  an Emergency 
Medical Systen, a t  a l l  launch and 
recovery s i tes  . 
Physical examinations were conducted on 
F-30 (March 2, 19811, F-19 (March 31, 
19811, Launch Day ( A p r i l  10, 1981), 
Landing Day (Apr i l  14, 19811, and L+3 
(Apr i l  17, 1981). See Table 2-1 f o r  
deta i l  s. 

The Crew Physician (Craig L. Fischer, 
M.D.) and Deputy Crew Physician (Joseph 
Degioanni, M . D . )  pcrformed a l l  pre and 
post f l  i g h t  physical examinations. Each 
physician had the okportunity t o  examine 
both crewnen p r e f l i g h t  (F-30 and F-10) 
and the same crewnan post landing as he 
examined on launch morning. 

Results and Discussion 
The pref l  i g h t  in te rva l  was compl icated 
by an on-pad mission abort i n  the f i n a l  
moments of countdown. The creb had been 
i n  the launch pos i t ion f o r  approximately 
c,ix hours by the time t h i s  malfunction 
was encountered and i t  was decided tha t  
the launch had t o  be recycled i n  48 

hours. The second countdown went qu i te  
smoothly and the launch was nominal. It 
should be noted tha t  the crew remained 
i n  good s p i r i t s  throughout t h i s  unpro- 

rammed delay and remained a t  a h igh 9 eve1 o f  readiness. Conversation w i th  
both crewembers revealed tha t  s i x  hews 
i n  the launch pos i t ion i s  a t  the leve l  
of tolerance from a comfort standpoin:. 
This i s  i n  agreement with a pre-missio; 
estimate and mission r u l e  l i m i t i n g  the 
crew residence time t o  s i x  hours i n  the 
launch position. No significan: medical 
problem occurred i n  t h e  p r e f l i g h t  
in te rva l  . 
Unlike previous space f l i g h t s ,  the crew 
re-entered i n  t h e  seated p o s i t i o n ,  
thereby p u l l i n g  re-entry G i n  the G 
axis. This fact ,  coupled with an a c t i d  
crew r o l e  i n  t h e  O r b i t e r  r e - e n t r y  
sequence, necessi tated the donning of 
anti-G garments p r i o r  t o  re-entry w i th  
the crew prepared t o  i n f l a t e  them i f  any 
presyncopal signs occurred. 

The re-entry G p r o f i l e  was nominal and 
a t  no time d id  the crew repor t  any 
adverse e f fec ts  o f  G loading. Af ter  
landing, minor d i f f i c u l t y  was experi- 
enced i n  extract ing the crew from the 
Orb i ter  due t o  tox ic  funes outside the  
vehicle i n  the hatch area. This problem 
was solved by reposit ioning the wind 
machine. Hatch opening occurred one hour 
and twenty minutes a f t e r  wheel stop. 
During the post landing wai t  f o r  Iiatch 
opening, the Commander got qu i te  w2.q 
and in jected cool water i n t o  h i s  space 
s u i t  from the water gun located or: the 
mid deck. The P i lo t ,  however, was com- 
fortable. This may be a re f l ec t i on  on 
the fac t  tha t  the P i l o t  was not as 
p h y s i c a l l y  a c t i v e  p o s t f l  i 2 h t  as t h e  
Commander. The P i l o t  rema'ned on the 
f l i g h t  deck whereas the Commander had 
respons ib i l i t i es  which required tha t  he 
move between the f l i g h t  and mid-decks. 
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A f t e r  removal from t h e  O r b i t e r  b o t h  Concluding Remarks 
crennen walked without d i f f i c u l  ty and 
experienced no untoward symptomatology. No s i g n i f i c a n t  c l i n i c a l  problem was 
Desuiting occurred i n  the crew van on i d e n t i f i e d  p o s t f l i g h t .  O f  i n t e r e s t  
the way back t o  the f l i g h t  l i n e  exam medically was the expected hyperref lexia 
f a c i l i t y .  A1 though the Comnmder was and dependent venous s tas is  exhibi ted by 
drenched, bo th  crewwen doffed t h e i r  both crewen. 
su i t s  easi ly.  Neither creman had any- 
th ing t o  eat or dr ink i n  the crew van 
and d id  not complain o f  t h i r s t .  

EXAM 
COMPONENTS 

I 

Table r-1 
STS-1 Pre and Postflight Medical Evaluations 

LM LM LM PX 
PX ST 
0 PX 
W A 
T 

r r  DAYS DAYS DAYS 

LM 
STW 
PX 

LOCATION 

APPROXIMATE 
DURATION 

ST T-38 ST - (Cardiovascular) Stress Tests, 
D CHECK induding 80% treadmill 

OUT STW - Stand Ted-Weight v 
T 
A T - Tonometry 

PX V - Visual Examination 

LEGEND: 
L+7 

A - Audiometry 

L+o I L+3 l L + 3  I 
LEGEND: 

L+7 

A - Audiometry 
I 

I { D - Dental Examination 
LM - LaboratorpMicrobiology 

PX - Physical €..amination 
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Inf Iig ht 
Michael A. 

Observations 
Berry, M.D. 

The medical monitoring o f  space crews 
during f l i g h t  by ground based F l i g h t  
Surgeons has been r o u t i n e  s ince  t h e  
f i r s t  Mercury sub-orbital missions. The 
medical monitoring has been cont inual ly  
evolving throughout t h i s  20 year period. 
The i n f l i g h t  medical monitoring of the 
crew o f  STS-1 b u i l t  upon the previous 
yea rs  and y e t  was unique i n  many 
respects .  The concern about  man’s 
a b i l i t y  t o  withstand the stresses o f  
space f l i g h t  have d imin ished i n  t h e  
l i g h t  o f  many hours o f  experience. 
Therefore, minimum biomedical i nstru- 
mentation o f  the crew was used. The 
mon!’ t o r i  ng was car r ied  out  by recording 
e lec t ro -card iogram (ECG) d u r i n g  pre-  
launch, launch, ear ly  o r b i t  time, entry, 
and land ing ;  m o n i t o r i n g  crew vo ice  
transmission throughout the mission; and 
conducting a d a i l y  p r iva te  crew medical 
communication. The personnel performing 
the i n f l i g h t  monitoring o f  the crew were 
F1 i g h t  Surgeons and Biomedical Engineers 
(BME) . The monitoring took place i n  the 
Mission Operations Control Room (MOCR) 
Figure 3-1, the Medical S ta f f  Support 
Room (SSR), and i n  the Mission Control 
Center (MCC) 

There were three F l i g h t  Control Teams, 
one f o r  each major phase o f  the mission: 
ascent, o r b i t ,  and e n t r y .  A MOCR 
Surgeon and BME were assigned t o  each o f  
these teams. The MOCR Surgeon provided 
the medical expertise, and the BME the 
eng ineer ing  e x p e r t i  se concerned w i  t h  
medically re la ted systems. The moni- 
tor ing,  conducted by the medical team, 
i n c l  uded voice and ECG, environmental 
cont ro l  systems, food, water, and per- 
sonal hygiene. The team was bas ica l l y  
concerned w i t h  any system t h a t  had 
potent ia l  d i r e c t  e f fec ts  on crew health. 

Training o f  the medical team was con- 
d a t e d  through S h u t t l e  systems work- 
books, 1 ectures, and in tegrated simu- 
la t ions.  The t ra in ing  period f o r  STS-I  

las ted  approximately 2 years. The l a s t  
6 months were spent i n  ~ e e k l y  simulat ion 
t r a i n i n g  w i th  the f l i g h t  cont ro l  team 
and the prime o r  back-up crew i n  e i t h e r  
the motion base o r  f i x e d  base simula- 
tor .  

The purpose o f  the i n f l i g h t  medical mon- 
i t o r i n g  o f  the crew was t o  ensure mis- 
s ion success by making ce r t c tn  o f  t he  
heal th  and safety o f  thr crew. This 
was, i n  fact ,  the basic premise f o r  a l l  
phases o f  t h e  STS-1 m i s s i o n  medica l  
support. 

Discussion 
STS-1 was t o  launch a t  0700 EST, there- 
fo re  the crew was t o  be awakened f o r  
prefl i g h t  procedures a t  approximately 
midnight the morning before launch. I n  
order t o  be i n  peak mental and physical 
condi t ion the crews cfrcadian rhythms 
were adjusted several hcurs each day 
during the 5 days before launch, which 
was scheduled f o r  Ap r i l  10, 1981. 
ascent MOCR Surgeon and BME came on 
sole a t  approximately 0110 CST, 4 rs 
before launch. As soon as the p r e f l i g h t  
physicals w?re accomplished by the Crew 
Surgeon, the excel l e n t  heal t h  status o f  
the Comnander (LDR! and P i l o t  (PLT) was 
relayed t o  the Surgeon i n  the MOCR. Good 
qua l i t y  ECG was received i n  the MCC soon 
a f t e r  the crew i ngressed the Orbiter. 
The ECG dnd heart ra te  f o r  the CDR and 
PLT were f e l t  t o  be normal and a s  
expected. 

Dur ing  t h e  countdown, Caut ion  and 
Warning (C&W) alarms were t r iggered i n  
the Orb i ter  by a 15.5 ps i .  cabin pres- 
stire. Since t h i s  was due t o  high purge 
gas temperature and f l o w  r a t e  which 
would leve l  o f f  soon a f t e r  launch t h i s  
was not  f e l t  t o  be a problem. A ho ld 
was ca l led  shor t l y  a f t e r  T-20 minutes 
due t o  a computer problem w i t h  t h e  
Back-up F1 i g h t  System. Attempts a t  
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The f i r s t  sleep period cmwenced a f t e r  a 
very f u l l  18 hour uork day. Cabin tem- 
perature a t  t h i s  time was reading 77OF, 
and the crew reported being cold. It 
was be i iwed  tha t  a temperature trans- 
ducer was biased high and causing the 
problem. Pr ior  t o  sleep the crew set  
the temperature cont ro l le r  t o  f u l l  warn. 
They also reset the l i m i t  f o r  pp0 
from 2.8 psi .  t o  2.7 psi .  The medica? 
contingency 1 i m i t  f o r  ppO i s  2.6 ps i  . 
There was concern tha t  si&e the noma1 
decay o f  cabin pressure had not caused 
any gas f l o w  the 2.8 ps i  l i m i t  might be 
reached and cause an alarm during sleep. 

The sleep period 'lasted approximately 7 
hours and 45 minutes. There had been no 
alarms during t h i s  period. On wake-up 
the crew reported they had been cold a l l  
n igh t  and had awakened several times t o  
go below t o  the mid-deck t o  get extra 
clothes f o r  warmth. Bcth COR and PLT 
had slept i n  t h e i r  usual seats on the 
f l  i g h t  deck.  

The crew a c t i v i t i e s  f o r  t he  second 
f l i g h t  day were performed as per the 
normal crew a c t i v i t y  plan. The TV news 
conference with the V i  -e-President con- 
firmed that  they f e l t  they were doing 
very we1 1 . 
During the second day environmental 
problems caused by the Pressure Control 
System-1 (PCS) and the cabin temperature 
were resolved by the crew and the K C .  
A small leak was detected close t o  the 
PCS-I 0 /M contro??er value apd was 
causing %om$ fa lse pressure readings. It 
was f e l t  t h i s  s i tuat ion put no con- 
s t r a i n t  on the usab i l i t y  o f  the system; 
therefore PCS-2 was selected wi th  PCS-1 
as a f u l l y  usable back-up. The cabin 
temperature was warned by manipuiating 
water l oop  f l o w  through t h e  heat 
exchanger which seemed t o  solve the  
problem. 
Approximately 3 hours i n t o  the second 

sleep period, the crew was awakened by a 
Systems Management (S) alarm, The PLT 
and CDR were awake f o r  approximately 15 
minutes taking care o f  the s i tuat ion.  
There was no other problem during the 
n ight  and the crew awoke approximately 
40 minutes early. Both creuaen reported 
they had s lep t  very soundly, even w i t h  
the wake-up, and much bet ter  than the 
previous n!ght. They d i d  not complain 
of any temperature problems and both 
sounded i n  excel lent  sp i r i t s .  

The pre-ent ry  a c t i v i t i e s  proceeded 
normally. EGG vas pich-d up on the PLT 
f i r s t  on a stateside pass two revolu- 
t i o n s  before e n t r y  and on t h e  CDR 
shor t ly  thereafter a t  Ascension Tracking 
Station. Mormal ECGs were received on 
the cremembers. 

One a d d i t i o n a l  i n f l i g h t  problem con- 
cerned the Waste Control System M S ) .  
This was not reported u n t i l  pos t f l igh t .  
The WCS conmode d id  not work properly 
from the beginning, causing urine s p i l l -  
age and odor problems that increased 
wi tn  each use. By entry  day i t  had 
ceased t o  function. The crew f e l t  there 
was not enough suction i n  the system 
but, there was not su f f i c i en t  t h e  t o  
troubt eshoot the problem. Post f l  i g h t  
evaluation revealed the d i f f i c u l t y  was 
aue t o  a closged f i l t e r  which d i d  no t  
a l l ow  a f u l l  vacuun t o  be generated. 

Concluding Remarks 

The crew performed i n  an e x c e l l e n t  
wanner. No medical problems o f  any k ind 
were experienced by t h e  crew. No 
medicai treatment i n f l  i g h t  required 
except f o r  the prophylactic use o f  an 
anti-motion sickness medfcation that had 
been p l  anned p re f l  ight .  Several m i  nor 
system prob!ems occurred a f fec t ing  crew 
comfort but  had no real mission imprct .  
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Crew Medical Debriefing 
Joseph Degioanni, M.D. and Craig L. Fischer, M.D. 

882-157'14 -?3 

Or. Degioanni's postflight debr ief ing c f  Degioanni: Any probielas w i t h  reaching 
astronaut John Young took place during for, o r  point ing t o  objects 
t h e  f i r s t  medical examination post -  i n  the cockpit? 
flight, L-0, a t  DfRC on April 14, 1981. 
The fol lowing dfalogue was taken from Young: No 
the tape recording o f  the session. 

Degioanni : Any perceptual  i 11 usion, 
I n f l i g h t ,  du r ing  re-entry or after e.g., displacement o f  v isual  
landing: f i e l d ,  f a l s e  sensat ions o f  

t u r n i  ng o r  i 11 usion o f  
Oegioanni: Symptoms o f  space mot ion p i  tched-up o r  p i  tched-down 

sickness, change i n  s k i n  a t t i  tude o f  vehicle? 
temperature, sweating o r  
sal ivat ion? Young: No 

Ycung: No 
I n f l  isht: 

I n f l i g h t ,  dur ing  re -en t r y  o r  a f t e r  Degioanni: Did you not ice t h i r s t  on Day 
1 andi ng: 1 i n f l i g h t ?  

Degioanni : Any spatial d isor ientat ion a t  
any t ime, even m i l d  
J i  sor i  entat ion? 

Young: No 

Degioanni: Was an i l l u s i o n  o f  being 
upside down ever experienced? 

Young: No 

Degioanni : Any problems w i t h  motor 
coordination? 

Young: No 

Degioanni: Po' int ing t o  ob jec ts ,  main- 
t a i  n i  ng desi red body o r i  en- 
ta t i on  wi th respect t o  space- 
c r a f t ?  

Young: No 

Degioanni: Thirst,  Day 2? 

Young: No 

Degioanni: During launch o r b i t  o r  
re -en t ry ,  d i d  you n o t i c e  
vawrs? 

Young: No 

Degioanni : Odors? 

Young: No 

Degioanni: Did your f l i g h t  s u i t  or 
equi p e n t  cause i t ch ing? 

Young: No Young: No 
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Degioanni : 

Young: 

Deg i qan n i  : 

Young: 

Deg i oann i : 

Young: 

Degioanni : 

Young: 

Degi oanni : 

Young: 

Degioanni : 

Young : 

Deg i oan n i  : 

Young: 

Degi oanni : 

Young: 

Did the increase i n  height 
d u r i n g  o r b i t a l  f l i g h t  
i n t e r f e r e  w i th  t h e  v i s i o n  
from the spacesuit? 

No 

O r  make the s u i t  uncomfor- 
tab1 e? 

wo 

During re-entry d i d  you feel  
1 ightheaded? 

No 

When d id  fac ia l  puffiness and 
head f u l  1 ness 1 eave? 

During the f i r s t  5 o r  6 hours 

A f t e r  1 anding were you 
lightheaded? 

No 

Did you notice 
heart rate? 

I th ink maybe 

an increase i n  

a l i t t l e  b i t  
when we h i t  the ground. 

Did you sweat? 

No 

Did you see l i g h t  f l ashes  
during orbi  t? 

No 

D id  spacecraf t  acous t i ca l  no i se  
i n te r fe re  with: 

Young: 

Deyioanni: 

Young: 

Degi oanni : 

Young: 

No, b u t  we were so busy sleep 
wasn't a problem. 

Speech connun i cat  i ons? 

No. We could converse with 
each other real  well. 

Performance? 

Not tha t  I noticed. 

Dr. Fischer's postf l ight debr ief ing of 
as t ronau t  Robert Crippen took p l a c e  
during the second medical examination 
post f l ight ,  L+3, JSC on April 17, 1981. 
The fol lowing dialogue was taken from a 
tape recordi ng o f  the session. 

F i  scher: 

C r i  ppen: 

F i  sc her : 

Crippen: 

F i  sc her : 

C r i  ppen: 

F i  schsr : 

C r i  ppen: 

Did you have any spac ia l  
d i s o r i e n t a t i o n  a t  any t ime  
e i t h e r  d u r i n g  i n f l  i g h t  o r  
re-entry o r  even now? 

No, 1 d i d  not. 

Ok, d i d  you have any problems 
w i th  i l l u s i o n s  o r  have a 
sensat ion o f  be ing upside 
down when i t  was 
inappropriate? 

Not any more so than I had 
experienced climbing i n  the 
BFO p r e f l  i g h t .  J u s t  
o r i e n t i n g  yourse l  f t o  what 
was usual antics. 

Any d i f f i c u l t y  a t  a l l  w i th  
motor coordination? 

NO 

A t  any phase du r ing  t h e  
f l i g h t ?  

NO 
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Fiscfier: Any d i f f i c u l t y  i n  po int ing t o  
objects o r  reaching out and 
ge t t i ng  ahold o f  the r i y h t  
thing? 

Crirpen: No, i n  f a c t  i t  was exact ly 
opposite o f  that. I found i t  
very easy t o  grab hold and 
push yoursel f  here and there 
f o r  maneuvering around t h e  
spacecraft 

Fi::her: And you had no d i f f i c u l t y  i n  
maintaining the desi red body 
or ientat ion wi th  respect t o  
the spacecraft. 

Crippen: No, i n  f a c t  I i n i t i a l l y  
s t a r t e d  o f f  based on t h e  
advice f r o m  my predecessors 
of t r y i n g  t o  ensure t h a t  I 
stayed bas ica l ly  upr ight  wi th  
respect t o  the surroundings 
o f  t h e  spacec ra f t  f o r  t h e  
f i r s t  three o r  four hours, 
and I found t h a t  that was 
completely unnecessary. I 
r e a l l y  found that out when I 
was det t ing out  o f  my s u i t  
b'. ause I d i d  i t  f ree from 
any th ing  and came o u t  
bas i ca l l y  my head popped out  
o f  the s u i t  I was anywhich 
way i n  the cabin and found 
that  not t o  be any problem 
and so I q u i t  concerning 
myssl f t i b u t  that. 

Fischrr :  h - r e  t h e r e  any perceptua l  
ill usions, you know, 
displacement o f  visual f i e l d ,  
fa1 se sensations of turning 
o r  i l l u s i o n s  o f  pitched-up o r  
pitched down? 

Crippm: Not a t  a l l ,  n o t h i n g  l i k e  
that. 

Fischer: Did you have any d l F f i c u l t y  
a t  a l l  with any vest ibu lar  
e f t h e r  Cur ing  f l i g h t  o r  
d u r i n g  t h e  r e - e n t r y  and 
1 andi ng phase? 

Crippen: No 

Fischer: Any C o r i o l i s  when your head 
spur!? 

Crippen: No 

Fischer: O r  w i t h  t h e  head movement 
d i d n ' t  bother you a t  a l l ?  

Crippen: No, g e t  much more o u t  o f  
a i r p l a n e  a c r o b a t i c s  than I 
ever experienced i n f l  ight .  

I n f l i g h t :  

Fischer: How important were the visual 
cues t o  m a i n t a i n i n g  your  
or ientat ion? Did you use the 
v i s u a l  cues more than 
any th ing  e l s e  t o  o r i e n t  
yourgsel f? 

Crippen: Basical l y  yes. There r e a l l y  
were no other sensations o f  
where you were except what 
was happening t o  you 
v isual ly .  

Fischer: If you closed your eyes, you 
wouldn't spin out? 

Crippen: No 

Fischer: Right a f t e r  landing d i d  you 
have any d i f f i c u l t y  w i t h  
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mot ion  sickness o r  funny 
f e e l i n g s  a f t e r  t h e  wheels 
stopped. 

with your f l i g h t  s u i t  o r  
equipment i t c h i n g  o r  more 
sk in  i r r i t a t i o n  on pressure 
points? 

C r i  ppen : No, not  a t  a l l .  I guess the 
f i r s t  t ime I stood up I f e l t  
' i k e  1 needed t o  bounce 
around on my legs a ' t i t t l e  
b i t  j u s t  t o  make them feel  
good, bu t  other than that I 
f e l  t completely normal. 

C r  i ppen : Not a t  a l l .  The s u i t  was 
about as comfor tab le  as a 
pressure s u i t  can get. 

F i  scher: So i t  was a p r e t t y  
comfortable sui t . 

F i  sc her : Ok, you had no d i f f i c u l t y  i f  
I r e c a l l  w i th  locomotion o r  
equi l ibr ium. You seem t o  be 
bouncing arouqd p r e t t y  we1 1. 

Did  you ever have any 
sensation during re-entry of  
being 1 ightheaded? 

No, no t  a t  a l l .  

F i  scher: 

C r i  ppen: 

F i  scher : 

C r i  ppen: There was no problem w i t h  
that. 

When we see those pictures o f  
you a l l  i n  the spacecraft as 
we have observed on a l l  other 
f l i g h t s ,  there i s  a d e f i n i t e  
change i n  f a c i a l  conforma- 
t i o n .  D i d  you  have any 
sensation along wi th  tha t?  

F i  sc her : 

Crippen: 

Any form o f  t h i r s t  on the 
f i r s t  day o f  f l i g h t ?  

No, on the second day I t h i n k  
we d i d  tend t o  get s l i g h t l y  
dehydrated mainly j u s t  due t o  
work and not taking enough 
t i m e  t o  d r i n k  an adequate 
amount o f  f l u i d .  But we went 
down and f i x e d  a couple o f  
dr inks and t h a t  was rap id l y  
recovered, bu t  I t h ink  both 
John and 1 f e l t  something 
s imi l  ar  t o  that. 

Crippen: The only th ing  t h a t  I might 
have n o t i c e d  was s h o r t l y  
a f t e r  we were o r b i t i n g  before 
f started t o  get  out  of the 
seats, t h a t  maybe fny head d i d  
fee l  a s l i g h t  fu l lness k ind 
of sensation, I am not  even 
sure o f  how t o  describe that,  
b u t  I... 

Fischer: 

C r i  ppen: 

F i  sc her : 

You had tha t  apparently the 
second day but not the f i r s t .  F i  scher: 

Crippen: 

A standing on top o f  your 
head type o f  th ing? 

Not the f i r s t ,  no. 
Something similar t o  t h a t  
perhaps. But even t h a t  
e i t h e r  went away completely 
3r I got so busy 1 forgot 
about it. 1 don t remember 
tha t  being wi th  me very long, 
b u t  i t  seemed l i k e  t h a t  was 
wi th  me about the time t h a t  I 
got out  o f  the seat t h a t  i t  
was s t i l l  there and t h a t  was 
one o f  the reasons t h a t  I was 
be ing  so caut.ious about 

Dur ing  launch, o r b i t ,  or 
re-entry d i d  you notice any 
vapors or odors o f  any kind? 

C r i  ppen: Only what we generated 
ourselves and those weren't 
s ign i f i can t .  

F i  scher: Did you have any d i f f i c u l t i e s  
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F i  scher: 

C r i  ppen: 

F i  scher : 

C r i  ppen: 

F i  scher : 

Crippen: 

F i  scher: 

moving slow t o  make sure t h a t  
I was staying head's up t o  
make sure t h a t  there wasn't 
anything there. But i t  was 
never any th ing  1 i k e  mot ion 
sickness o r  anthing l i k e  t h a t  
s o r t  D f  sensation. It was 
j u s t  a sensation. My head 
f e l t  a l i t t l e  b i t  f u l l  and I 
d i d  no t i ce ,  and I am n o t  
r e a l l y  sure t h a t  I even paid 
t h a t  much at tent ion t o  i t  on 
the f i r s t  day, a t  l e a s t  on 
the second day I noticed t h a t  
John 's  face seemed f u l l e r  
than what i t  was and I ended 
up looking i n  a mi r ro r  when I 
was shaving t h a t  morning and 
noticed a s im i la r  look t o  my 
face. 

Did t h a t  change o r  d i d  you 
have t o  re-enter t o  get  i t  
back t o  what you would 
consider your normal fac ia? 
conformati on? 

No, bas ica l ly  t h a t  stayed the 
same way throughout  t h e  
f l i g h t .  But i t  s t i l l  wasn't 
a l l  t h a t  dramatic. 

There was semation wi th  it, 
j u s t  the fact... 

No. You cou ld  t e l l  t h a t  
your... It was mainly t h a t  
you looked l i k e  i t  was sor t  
o f  around the eyes. 

.... weight  o f  g r a v i t y ,  I 
th ink  tencis. 

And I th ink tha t  tha t  was 
pr imar i l y  what i t  was. That 
g r a v i t y  p u l l e d  i t  ou t ,  
especial ly us o l d  guys you 
know i t  p u l l s  o u t  our  
wrinkles o r  something. 

Ok, d i d  you have any 

Crippen: 

F i  sc her: 

C r i  ppen : 

F i  scher: 

d i f f i c u l  ty w i th  sweating a l o t  
during e i the r  the countdown 
o r  launch phase? 

I was r e a l l y  p l e a s a n t l y  
s u r p r i s e d  t h a t  John and I 
were very conscious o f  t r y i n g  
no t  t o  b u i l d  the heat load up 
i n  the s u i t  and were very 
careful  t o  keep cool ing on 
and not  t o  do anything t o  
overexert ourselves by when 
we were strapping i n  we l e t  
the Joe S m i t h  do most o f  t h a t  
and s u i t  was completely dry 
when we g o t  o u t  o f  them. 
There was not any perspir-  
a t i o n  i n  them whatsoever. 
And I d o n ' t  r e c a l l  ever 
working up a sweat i n f l i g h t  
a t  a l l  i n  t h e  spacecraf t  
i t s e l f  I am not  sure what 
runs maintains the r e l a t i v e  
humid i t y  y e t  b u t  i t  was 
always dry. 

Were you aware o f  any, we 
c a l l  i t  pal yatations, where 
you are aware o f  your heart- 
beat o r  rap id heartbeat o r  
i rregul  a r  heartbeat. 

Well I could t e l l  somewhere 
p r i o r  t o  1 i f t - o f f  somewhere 
a t  t h a t  l a s t  minute I could 
fee l  the o l d  heart  r a t e  s t a r t  
going upwards and I thought 
"boy we are r e a l l y  going t o  
do it". And I forgot  about 
that .  And the  only other 
t h i n g  t h a t  I was a c t u a l l y  
conscious of  was the f i r s t  
n i g h t  when I was g e t t i n g  
ready t o  go t o  bed and 1 
strapped myself wi th  the l a p  
b e l t  very loosely i n  the seat 
and I was kind o f  leaning 
back against the seat and I 
could actual ly  fee l  R\Y body 
move w i  th.. . 

B a l l  ist icardiogram, we c a l l  
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Cri ppen: 

fi sc her : 

Cri ppen : 

Fi scher : 

Cri ppen: 

F i  scher: 

Cri ppen : 

Fi scher : 

Cri ppen: 

i t  a ba l l  istocardiogran. 

B u t  you could feel your body 
k ind  of  moving i n  respect t o  
your hear t .  

On accoun t  o f  your  h e a r t  
would p u t  kind of acceler-  
a t i o n  on t h e  body w i t h  
parking. I t ' s  interesting. 

You could feel that .  

Was i t  annoying t o  you? 
Coul d you get t o  sleep? 

No. I t  d i d n ' t .  I t  i s  k i n d  
o f  l i k e ,  you can  a l s o  
sometimes when you p u t  your 
head laying on your arm you 
can feel your. 

Did  you have any d i f f i c u l t y  
w i t h  sleep a t  a l l ?  

No, the f i rs t  n i g h t  i t  was a 
l i t t l e  b i t  cool and t h a t  you 
could c a l l  i t  some problem 
w i t h  sleep. I t  was one o f  
these kind of t h i n g s  where 
you sleep f o r  awhile and wake 
up and discover you a r e  too 
cold and I ended up  going 
down and p u t t i n g  on some more 
c lo thes  - ext ra  socks and a 
t-shirt and jacke t  and by the 
time I d i d  a l l  of t h a t  i t  was 
st i l l  colder  than I wanted 
i t .  The second n i g h t  I slept 
like a log  u n t i l  we had an 
alarm t h a t  went off  and we 
g o t  u p  and worked t h a t  
pa r t i cu la r  problem and t h e n  
went r i g h t  back t o  s l eep  so I 
went back t o  s l e e p  p re t ty  
good. 

Any sensat ion o f  1 ighthead- 
ednesss a f t e r  1 andi ng. 

No 

Fi  sc her : 

Crippen:  

F i  scher: 

Cri ppen: 

F i  scher:  

Cri ppen: 

F i  scher : 

Crippen: 

Fi  sc  her : 

C r i p pe n : 

Did you see any l i g h t  f l a shes  
during the o r b i t s ?  

No, d i d n ' t  see any. 

Very good. How about the 
noise  from the spacecraf t?  

I thought t h a t  the noise from 
the  s p a c e c r a f t  was very 
reasonab2e. I t  was cnm- 
fo r t ab le .  We endea up  meas- 
u r i n g  a b o u t  60 db  and u p  
forward where we s lept ,  about 
65 db back i n  the a f t  i n  the  
f l i g h t  deck, and 67 db on the 
mid-deck. B u t ,  and t h o s e  
t h i n g s  were r e l a t i v e l y  quite 
t o  me. The frequency of the 
noise diis such t h a t  t h a t  was 
not annoying, d i d  not  inter- 
f e r e  w i t h  t a l k i n g  t o  one  
another o r  anythi ng el se. 

No problem w i t h  communication 
o r  sleep o r  i t  c e r t a i n l y  
d i d n ' t  a f f e c t  your  p e r f o r -  
mance? 

No 

O k .  How about food? Do you 
reckon you a t e  pretty we1 l ?  

I a t e  just ahout everything 
t h a t  we had i n  t h e  meals  
except what I t o l d  Rita  I 
probably wasn't  going t o  e a t .  
Some t h i n g s  l ike  the f ru i t  
cocktai l  and s tuf f  l ike  that. 
which I d o n ' t  p a r t i c u l a r l y  
care  fo r .  

So you es t imate  t h a t  on some 
of  t he  days  t h a t  you a t e  
someplace between 75 and 100 
percent? 

Closer t o  about 95 percent o f  
the  food. 

16 



Fischer: Cn occassion were you hungry? Fischer: And anything t h a t  comes t o  
mind t h a t  we d i d n ' t  cover  

Crippen: I never d i d  breakout  any t h a t  would be from a man- 
snacks o r  anything which I oriented standpoint? 
had ant ic ipated tha t  I might, 
w i th  the exception o f  some Crippen: No. Expect i t  i s  l o t s  o f  
beverages and I had a fun. 
reasonable appeti te and I was 
conscious also from knowing Fischer: Very good. 
t h a t  I was going t o  make sure 
tha t  I managed t o  eat as much 
as I did. 
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Health Stabilization Program 
James K. Ferguson, Ph.D. 

A well defined Health S tab i l i za t i on  Pro- 
gram (HSP) was f i r s t  introduced i n t o  the 
Space Program on the Apollo 14 mission. 
The Prograa was i n i t i a t e d  fo l lowing a 
number of prime crew i l lnesses and crew 
exposure t o  persons w i t h  i n f e c t i o u s  
i l lnesses during the c r i t i c a l  periods o f  
t h e  e a r l i e r  Apo l l o  miss ions.  As a 
r e s u l t  of +,Sese occurrences, 'it was rec- 
ogni zed throughout the National Aeronau- 
t i c s  a i d  Space Administration t h a t  crew 
i l l n e s s  could cause loss  i n  valuable 
crew t r a i n i n g  time, postponement o f  mis- 
sions, o r  could even compromise crew 
safety, and mission success. 

The Apollo 14 HSP was sucessful ly com- 
pleted without an i l l n e s s  occurrence i n  
the crewmen. Following the Apollo 14 
miss ion,  t h e  program was e f f e c t i v e l y  
used f o r  the remainder o f  the Apollo, 
Skylab, and ASTP missions. No i l l n e s s  
has occurred i n  the crewmembers during 
c r i t i c a l  mission times since the HSP was 
i n i t i a t e d .  A comparison between the 
resu l ts  observed wi th  and without the 
program showed a s ign i f i can t  ( p  < .001) 
decrease i n  the number o f  i l l n e s s  events 
when the program was used. 

The object ive o f  the HSP i s  t o  prov'de 
an environment surrounding the prime and 
backup c r e m e n  which w i l l  reduce o r  
el iminate the exposure o f  the crew t o  
in fect ious agents. 

Results and Discussion 
A l l  personnel t ha t  were required t o  be 
i n  the crew work areas were i d e n t i f i e d  
and were g iven medical examinations. 
Those Versonnel who were found medical l y  
q u a l i f i e d  were i d e n t i f i e d  as pr imary  
contacts. Security was placed a t  the 
door o f  the t r a i n i n g  bu i ld ing  as well as 
the pr inc ipa l  work area, and only p r i -  
mary contacts were allowed t o  enter. 
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Primary contacts were inst ructed t o  wear 
surgical  masks when w i t h i n  6 f ee t  o f  
crewnen. Each primary contact was asked 
t o  vo lun ta r i l y  repor t  h i s  o r  her i l l n e s s  
t o  t h e i r  s i t e  c l i n i c .  An examination 
was given t o  the primary contact when 
necessary. I f  an in fec t ious  i l l n e s s  was 
found t o  be present, the person was no t  
allowed t o  re tu rn  t o  the crew work area. 

Crew housing was provided f o r  the prime 
and backup crewmen t the Johnson Space 
Center (JSC), Kennedy Space Center 
(KSC), and Dryden F l i g h t  and Research 
Center (DFRC) locat ions and only primary 
contacts were allowed t o  enter. Food 
corrtrol and spec i f i c  secur i ty  measures 
were car r ied  out. 

The STS-1 HSP was i n i t i a t e d  a t  0800 on 
Apr i l  4, 1981, and continued f o r  11 days 
u n t i l  the Orb i ter  landed on A p r i l  14, 
1981. The i l l n e s s  prevention measures 
f o r  crew protect ion were car r ied  out  and 
ou t1  i n e d  i n  t h e  document JSC-11852, 
Health Stabi l  i t a t i o n  Program (OFT). 

The STS-1 Health Stabi l  i zation Program 
provided coverage f o r  the 1 argest nunber 
o f  primary contacts since the program 
was i n i t i a t e d  on Apo l l o  14. The 
increase i n  number of primary contacts 
was pr imar i l y  due t o  the addi t ion o f  two 
s h i f t s  o f  personnel i n  bu i l d ing  5 i n  
support o f  the Shut t le  simul ators. 

The STS-1 program e f fec t i ve l y  kept 38 
known ill persons out  o f  crew work areas 
and thereby prevented crew exposure and 
possible i l l ness .  It i s  suspected t h a t  
many ill persons d i d  not  enter crew 
areas and d i d  not  report, t h e i r  ill- 
nesses, bu t  t h i s  cannot be documented. 
Personnel awayeness o f  possible f l  i g h t  
crew i l l n e s s  i s  probably one o f  the most 
e f fec t i ve  elements o f  the HSP. 



The nunber, type, and loca t ion  o f  personnel t h a t  were given meaical examinations 
and were approved as primary contacts f o r  the program are as follows: 

LOCAT ION 

TY Pe J SC KSC DF RC ARC; Headquarters Sub to ta l  

NASA 216 35 7 1 5 264 

Contractor 6 43 42 12 0 0 697 

Others 10 1 0 0 0 11 

- 972 - Sub to ta l  863 78 19 1 5 

GRAND TOTAL 

I l l ness  or  contact t o  i l l n e s s  was reported by the pyimary contacts a t  three 
NASA Centers and t h e i r  repor ts  were d is t r ibu ted  as follows: 

Number and Location o f  Primary Contact Reports 

Report JSC KSC DFRC Other Total 

11 lner-s 31 4 3 0 38 

Coptacts to I l l ness  6 2 0 0 8 

The i l l n e s s  ra te  i n  the primary contact population during the program was 28 
i l lnesses per 1000 persons per week. A summary o f  the types o f  i l l n e s s  which 
occurred i s shown bel ow : 

Types o f  I l lnesses Reported by Primary Contacts 
~~ ~ 

I l l ness  * 
Upper Respiratory In fec t ion  
Bronchi t i s  
Pnemoni a 
Upper Enter ic I 1  1 ness 
Lowe. Ent.eric I l l ness  
Fever Present 
Headache Present 
S k i  n I n  Cecti on Present 

Cther In fect ious I1 1 ness 

~ 

JSC 
24 
1 
0 
3 
2 
4 
1 
0 
1 

KSC 
3 
0 
0 
0 
0 
0 
0 
0 

1 

DF RC 
3 
0 
0 
0 
0 
0 
0 
0 

0 

~ ~ ~~ 

Percent To t a l  
81 
3 
0 
8 
5 

11 
3 
0 
5 

* One i l l n e s s  may contain more than one symptom complex. 



Eight contacts t o  i l l n e s s  were reported during the 11-day program and were 
d i s t r i bu ted  as shown below: 

Types o f  I 1  lness Contacts Reported by Primary Contacts 

KSC J SC Other Percent Total 

Upper Enteric 1 0 0 13 

Lower Enteric 0 1 0 13 

Upper Respiratory 1 4 0 0 2  

Scar1 e t  Fever 0 1 0 13 

Concluding Remarks 
The program 1 imited the access o f  la rge  
nunbers of  newspersons t o  the crew and 
enabled the i d e n t i f i c a t i o n  and medical 
examination o f  a l l  VIP's who v i s i t e d  the 
crew. P,l so, la rge  numbers of personnel 
were r e s t r i c t e d  from entering bu i ld ing  
5, i n c l  udi  ng NASA personnei , contractor 
personnel, and publ ic v i s i t o r s  t o  the 
e x h i b i t s ,  thereby e l i m i n a t i n g  ove r -  
crowding and reducing possible expos- 
ures. A1 though several primary contacts 

were observed no t  ,,ty masks a t  
required times, the great majori.ty o f  
primary contacts d id  wear masks, includ- 
i n g  some crewen when they believed the 
need existed. 

I t should be noted t h a t  the  overa l l  
response o f  t he  972 people pa r t i c i pa t i ng  
i n  the program conformed t o  the require- 
ments i d e n t i f i e d  f o r  the HSP. This i s  
evidenced by the heal thy 5 6 - 1  crewmen 
z t  !eunch t ime. 
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Emergency Madical Senices System (EMS)  
sarn L. Pool, n.0. 

hergeftcy medica? support was mobil ized 
i n  support o f  the launch and landing 
operations of the Space Shuttle, Space 
Transportation System (STS) fl i g h t  1. 
The objective o f  the EMSS was t o  provide 
the ill or  in jured creman w i t h  r ap id  
access t o  the appropriate leve l  o f  med- 
i c a l  care. I n  order t o  meet the objec- 
t ive, the fo l lowing factors were care- 
f u l l y  considered i n  developing the EMSS 
for  STS-!: access ib i l i ty  t o  health care 
centers, personnel , t r a i n i n g  , experi - 
ence , transport .. tion, response times, 
communications, medical records,  and 
special envi romental hazards. 

Discussion 

The launch and landing s i t es  were care- 
f u l l y  examined t o  determine the capabil- 
i t y  of the 1 oca1 health care centers as 
w e l l  as . e c c e s s i b i l i t y  t o  remote ly  
l oca ted  h e a l t h  care f a c i l  i t i e s  t h a t  
coul d provide def i n i  ti ve care. Trans- 
portat ion means and routes were care- 
f u l l y  analyzed and a d c i s ion  was made 
t o  use helicopters f o r  transportat ion o f  
ill or in jured cremen. I11 o r  in jured 
cremen would need t o  be s tab i l ized a t  
the scene p r i o r  t o  transportat ion o f  any 
distance. In  most cases, a loca l  hospi- 
t a l  was a v a i l a b l e  t o  a s s i s t  i n  t h e  
s tab i l i za t i on  process, as reqilired. The 
means f o r  mos t  o f  t he  s t a b i l i z a t i o n  
process were included i n  the equipnent 
f l o w  on the hel icopters. The physi- 
cians who were assigned t o  f l y  OR the 
he1 icopters a1 ong with the paramedics 
were given special t ra in ing  i n  emergency 
medicine procedures. A1 1 phys ic ians  
were given a d d i t i o n a l  i n s t r u c t i o n  i n  
care of trauma victims. A comnunication 
system was established a t  Keanedy Space 
Center (KSC), the launch s i t e ,  which 
would permit an Emergency Medical System 
coordinqtor i n  the Launch Cantrol Center 

6 
(LCC) to coordinate the a c t i v i t e s  of t he  
emergency medical  he1 i c o p t e r s  i n  t h e  
event o f  a probiem. The hel icopter  i n  
tu rn  could c m u n i c a t e  w i t h  t he  loca l  
t lospitais as well as the d e f i n i t i v e  care 
f a c i l i t y .  I n  t h e  case o f  recovery  
s i tes,  both Dryden R i g h t  Research Cen- 
t e r  - Primary Landing S i t e  and Northrop 
Str io, Secondary Landing Si te  had simi- 
l a r  a r rangmen ts  f o r  communications. 
The EMSS c o o r d i n a t o r  a t  Dryden was 
somewhat hampered by t h e  need f o r  
special procedures because he had to ask 
permission t o  use some o f  the cosriluni- 
c a t i o n  loops i f  he needed t o  speak 
d i r e c t l y  w i th  the he: icopters, homver, 
P h i s  p a r t i c u l a r  u e f i c i e n c y  has been 
corrected f o r  STS-2. 

Eight major egress modes were i d e n t i f i e d  
fnr  launch and landing.  Modes 1-4 
a p p l i e d  t o  launches and k d e s  5-7 
appl i e d  t o  1 andi ng. M d e  8 appl i e d  both 
t o  launch and landing (See Def in i t ions) .  

Kennedy Space Center was i d e n t i f i e d  as 
the 1 aunch s i t e  and return-to-1 anding 
s i t e  f o r  STS-1. Edwards A i r  Force Base 
was i d e n t i f i e d  as the primary landing 
s i t e  f o r  STS-1. Northrup S t r i p ,  a 
contingency l a n d i y  s i t e  a t  White Sands 
Miss i le  Range i n  New Mexico, was con- 
s ide red  t h e  backup l a n d i n g  s i t e  f o r  
STS-1. Northrup S t r i p  woul d a1 so be used 
t o  land the Orbi ter  i f  an underburn 
occurred and an Abort-Once-Around was 
required. Other kpartment of Defense 
contingency i andi ng s i tes  were i d e n t i -  
f i e d  a t  HickPam ACE, WMii, Kadena AB, 
Japan, and Rota, 5pdin. 

The r e s p o n s i b i l  i t y  f o r  p l  anning and 
implmentation o f  the hergency Medical 
Serv ice  System f o r  t h e  f i r s t  Space 
Shuttle f l i g h t  resided with the Space 
and L i f e  Sciences Directorate, Johnson 
Space Center. Thi s responsi b i l  i ty  was 



executed by a physician EMSS coordinator 
operat i  ng through the Mission Control 
Center. It wds h is  respons ib i l i t y  dur- 
i ng  the Operations t o  assure tha t  the 
f i e l d  cen te rs  woul d be a p p r o p r i a t e l y  
s t a f f e d  and ready f o r  any emergency 
operations. He could also communicate 
w i th  t h e  EHSS coord ina to rs  a t  t h e  
respective launch and landing s i tes.  

The Emergency Medical System as imple- 
mented a t  Edwards AFB i n  Ca l i fo rn ia  i s  
very  s i m i l a r  t o  systems a t  KSC and 
Morthrup Str ip .  The EMSS physician i n  
Hission Control could re lay any i n f l i g h t  
problems tha t  might a f f e c t  the recovery 
operations t o  the  EHSS coordinator a t  
Dryden F1 i g h t  Research Center. The 
emergency medical coordinator a t  Dryden 
could mobil ize specia l ly  equipped h e l i -  
cop te rs  (2) f o r  suppor t  o f  S h u t t l e  
egress and t r a n s p o r t a t i o n  o f  ill o r  
in ju red  cremen. Each medical evacua- 
t i o n  h e l i c o p t e r  was s t a f f e d  by a 
physiciar: and two Department of Defense 
( D O D )  pararesc ue emergency medical 
technicians. 

Once *.he ill o r  in ju red  cremnan’s heal th  
~rclrblems have been aisessed, and i n i t i a l  
s t a b i l  i z a t i o n  g iven,  t h e  h e l i c o p t e r  
physician could e lect  t o  transport the 
creunan t o  an intermediate care f a c i l i t y  
a t  Edwards AFB hospi ta l  o r  t o  the Loma 
Linda Hospital located i n  Loma Linda, 
Cal i forn ia ,  which u8s designdted as the 
d e f i n i t i v e  care f a c i l i t y .  

An emergency medical record would be 
required f o r  any pat ient  emergency care. 
It would contain the fol lowing infonna- 
t ion :  a h i s to ry  o f  physical f ind ings 
r e l e v a n t  t o  the  i n j u r y  o r  i l l n e s s  
treated; a medical diagnosis o r  impres- 
sions; complete l i s t  o f  any treatments 
given; p a t i e n t ’ s  response t o  therapy; 
p a t i e n t ’ s  cona; t i o n  Lpon d e l i v e r y  t o  
hospi ta l  : and signature o f  the respon- 
s ib le  physician. 

Concluding Remarks 
I n  concl  us ion  * t h e  Emergency Medical 
Services System which was established 
f o r  STS-1 was on stat ion,  appropriately 
equipped, and ready t o  deal w i t h  any 
medical emergency. 

Definitions 
Contingency Landing S i t e  (CLS) 

P r e f l i g h t  se lec ted  DO0 a f f i l i a t e d  
a i r f i e l d s  that ,  i n  conjunction with the 
primary and secondary a i r f i e l d s ,  provide 
landing opportunit ies as o f ten  as prac- 
t i c a l  for  quick response ( l ess  than s i x  
hours) o r b i t  termination and landing. 

De f in i t i ve  Medical Care F a c i l i t y  (DMCF) 

An i n - p a t i e n t  medical care f a c i l i t y  
capable o f  comprehensive diagnosis and 
treatment o f  a creunember’s i n j u r i e s  o r  
i 11 ness without outside assi stance. 1 t 
s h a l l  be an emergency and ior  trauma 
treatment f a c i l i t y  having accredi ta t ion 
by the  j o i n t  h o s p i t a l  a c c r e d i t a t i o n  
comni ssi  on. 

Deorbi t Underburn 

I n s u f f i c i e n t  d e l t a  v e l o c i t y  ( 3 v )  
ob ta ined d u r i n g  t h e  deorb i  t maneuver 
which may cause a landing a t  a hackup 
s i te .  

EJrcss Condition Red - 
An announcement by the O X ,  the convoy 
Commamter. the  Ai rborne COD, o r  t h e  
Rescue Crew Leader wnen they have know- 
ledge t h a t  a ca tas t roph ic  c o n d i t i o n  
posing a serious threat  t o  life or :imb 
o f  the rescue crew i s  imminent. I n  the 
absence o f  immdiate follow-on d i rec-  
t ion,  the Rescue Crew lpader w i l l  d i r e c t  
such act ion a s  he determines necessary 
d t  tha t  ins tan t  regarding the safety o f  
the rascue crew and the rescup c f  the 
f l  igh t  crew. 
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Emergency Medical Care 

The act ive del ivery  of medical treatment 
and/or heal th  services. 

- Emergency Medical Services (EMS) 

ServiLes u t i l i z e d  i n  responding t o  a 
cremember's perceived need f o r  i n e d i -  
a te medical care i n  order t o  prevent 
loss of l i f e  o r  cggravation o f  physical 
or psycho1 ogical condition. 

Emeroency Medical Services System (EMSS) 

although a landing a t  KSC o r  a contin- 
gency suppor t  a i r f i e l d  i s  poss ib le .  
This mode allows the Orb i te r  t o  remain 
i n  o r b i t  f o r  several revolut ions before 
deorbi t . 
MODE I. Eoressl'kcaDe. Unaided 

May be ' n i t i a ted  a f t e r  one o r  more of 
the f l i g h t  crew i s  Sngressed i n t o  the 
Orbiter crew module. The f l i g h t  crew i s  
able t o  egress without assistance. The 
closeout crew may o r  may not  be on 
s tat ion.  

A combination o f  personnel, f a c i l i t i e s .  
and equipment f o r  t h e  immediate and 
coord ina ted  d e l i v e r y  o f  h e a l t h  ca re  
services. 

Launch Aborts 

MODE 11, Egress/'Exape, Aided 

I s  i n i t i a t e d  when the closeout crew i s  
on s ta t i on  and there i s  possible f l i g h t  
crew i n c a p a c i t a t i o n  and O r b i t e r  s i d e  
hatch i s  closed. 

I nc ludc  a l l  events  and f u n c t i o n s  
necessary t o  = i f e l y  land the Orbiter i f  
e a r l y  f l  i g h t  t e r m i n a t i o n  becomes 
necessary during the time from s o l i d  
boos ter  i g n i t i o n  on t h e  launch pad 
through the maneuvering i n t o  a stable, 
safe o r b i t .  Three launch abort modes 
( o r  methods) r e s u l t i n g  i n  a i r f i e l d  
landings e x i s t :  

(1) Return t o  Launch S i t e  (RTLS) - 
Becomes a v a i l  abre-ut 125  seconds 
a f t e r  l i f t - o f f  and extends t o  about 290 
seconds a f t e r  l i f t - o f f .  This mode ends 
w i th  a landing a t  KSC SLI'. 

(2) Abort.-Once-Around (A091 - decomes 
avajrable about 197 secorxs a f t e r  l i f t -  
o f f  and extends t o  safe o r b i t  inser t ion,  
about 614 seconds a f t e r  * , i f t -o t ' f .  This 
mode ends w i t h  a l a n d i n g  a t  N S  o r  
IAFB--depending upon prep1 afined 1 anding 
s i t e  se lec t ions- -approx imate ly  90 
minutes a f t e r  l i f t - o f f .  

( 3 )  Abort-to-Orbit  ( A T O )  - Brrgifjs 207 
seconds a f t e r  1m-m and extrnds t o  
s a f e  o r b i t  inser t ion.  This mcde w i l l  
end normally w i th  a ianding a t  EAFB, 

MODE 1 1 1 ,  EgressiEscape, Aided 

Is i n i t i a t e d  when the closeout crew i s  
not on stat ion.  Ihe  f i r e  rescue crew 
performs the operation. The f l i g h t  crew 
cannot egress without assistance and the 
Orb i ter  zide hatch i s  closed. 

MODE I V ,  Egress/Escape, Aided 

Is i n i t i a t e d  when the closeout crew i s  
on stat ion.  The f i r e  rescue crew i s  
directed t o  perform aided egress/escape 
fo r  the f i g h t  crew and an incdpacitated 
closeout crew. The Orb i te r  side hatch 
may o r  may not be closed. 

MODE V.  Unaided EaressKscaDe 

I s  the condit ion when the f l i g h t  c-ew i s  
i n  the Orb i ter  crew compartment and i s  
able t o  egress a f t e r  landing without 
a s s i  stancc . Ground pararescuemen w i  11 
a i d  the  f l i g h t  crew a s  r e q u i r e d  t o  
escape t o  a safe area. 
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MODE V I ,  Landing Hishap on Runwqy 

Is a landing o f  the Orb i ter  on the 
Shutt le Land1 ng Facl l  I t y  (SLF) runway 
(collapsed landing gear, b l o m  t i r e s ,  
f i r e ,  exp los ion ,  p r o p e l l a n t ( s )  o r  
hydraul ic leaks, wheels up on landing, 
etc ) whfch requlres aided fl i g h t  crew 
egress/ai ded escape. 

MODE V I I ,  Landing Mishap O f f  Runway - TLand o r  Water Impact) 

Is a contingency (occurring during RTLS, 
return from o r b l t  or ear ly f l i g h t  termi- 
nation) resu l t i ng  i n  a land o r  water 
impact of  t h e  O r b i t e r  and r e q u i r i n g  
aided f l i g h t  crew egressfescape. 

MODE VIII, F l i g h t  I'--ew Eject ion 

Is a contingency (occurr ing during the 
launch, RTLS, re tu rn  from o r b i t  o r  c4rl:r 
f l  i g h t  t e r m i n a t i o n )  r e s u l t i n g  i? th: 
necessity for the f l i g h t  crew t o  ebtndcn 
t h e  O r b i t e r ,  e j e c t  and d e s c r j d  by 
parachute t o  e i t h k r  a land o r  wa'ler 
area. 

Primary Landing S i t e  (PLS) 

A p r e f l i g h t  designated End o f  lr l issla~. 
( E N )  landing a i r f i e l d .  

Secondary Landing S i t e  (SLS) 

A p re f l  i g h t  designated backup 1 anding 
a i r f i e l d  t o  the PLS. 
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Crew Medical Training 
James M. Vmderploeg, M.D. 

PRECEDING PAGE BLANK NOt FILMED 
Each astronaut's ini t ia l  training i n  the 
medical discipl ines occurred during the 
first year following selection. The 
medical curricul un encompassed approxi- 
mately 16 hours of instruction dur ing  
the year. The principal areas covered 
are listed i n  Table 7-1. For each of 
these areas the astronauts were taught 
the basics of anatomy and physiology. 
In addition, they were introduced t o  
physical examination techni ques , 
diagnosis, and treatment of the more 
comnon ailments of the d i f f e ren t  organ 
systems. 

Oisc ussio n 

Incl uded during the first year of t r a in -  
ing was the init ial  two-day course i n  
a1 titude physiology. This course pro- 
vided training i n  the following areas: 
composition of the atmosphere; the Gas 
Laws; signs, symptoms and treatment of 
hypoxia; operation of l i f e  s u p p o r t  
equipment; effects of increased G I s ;  the 
L - 1  and M - 1  anti-G maneuvers; use of the 
anti-G suit; and an altitude chamber 
ride w i t h  demonstration of hypoxia. 
T h i s  material i s  reviewed every three 
years by means of a one-day refresher 
course. In addition to the above t r a in -  
ing ,  astronaijts Young and Engle received 
detailcd medical briefings that had been 
a p a r t  of mission preparation d u r i n g  the 
Apollo program. These briefings were 
designed ta aquaint the cremembers w i t h  
pre and p o s t f l i g h t  medical procedures; 
t o  discuss crew preventive medicine mea- 
sures; to instruct the crew i n  the con- 
tents and uses of the medical k i t ;  t o  
demonstrate the configuration and opera- 
tion of the biomedical harness; and t o  
famil iari ze the crew w i t h  toxicolog ical 
considerations. 

The overall objective of  crew medical 
t r a i n i n g  for  STS-1 was to provide crews 
A a r d  9 w i t h  the knowledge and sk i l l s  
necess&ry to respond t o  i n f l i g h t  i l l -  
nesses, i n j  uri es , and medical errergep- 
c ies  i n  a n  appropriate a n d  timely 
manner. 
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'he STS-1 pre-mission medical training 
began i n  mid-1975. The first training 
accompl ished was the sel f study course 
entitled MED EQ 2102. This involved 
each crew member working through the 
"Medical Equipment Workbook". The 
topics covered i n  this workbook were (1) 
the S h u t t l e  Orbiter Medical System 
(SOMS) : contents, uses, 1 ocation and 
stowage; (2)  the Operational Bioinstru- 
mentation System (OBS): components, 
donned configuration and on-orbi t 
contingency use; (3)  the Anti-gravity 
Su i t  (AGS 1 : components and pressure 
cont ro l le r  opera t ic i ;  a n d  ( 4 )  the  
Radiation Equipment: components, 
1 ocati ons and on-orbi t cci t i  gency use. 

Following completion of MED EQ 2102 the 
crewembers were given 9 hours of medi- 
cal procedures training i n  three courses 
entitled MED PROC 2102, 2201, and 2301. 
The areas of ins t re t ion  provided during 
these courses are l isted i n  Table 7-2. 

The f ina l  aspect of the STS-1 crew medi- 
cal t r a in ing  was conducted on March 23, 
1981. This consisted of a 3 hour brief- 
fng  du r ing  which the material of the 
prior t r a i n i n g  sessions was reviewed and 
various mission specific items were d is -  
cussed. The details of this briefing 
are outlined i n  Table 7-3. 

Table 7-1 
CURRICULUM OF INITIAL MEDICAL TRAINING 

Central and Peripheral Nervous Systems 

Audiiry and Vestibular Systems 

Visual System 

Dental Health 

Cardiovascular System 

Pulmonary System 

Gastrointestinal System 

Genitourinary System 

Musculoskeletal System 



A l l  members o f  crews A and B completed 
the prescribed medical training. The 
only probl eal encountered with the t r a i  n- 
i ng  was the need f o r  extensive review of 
the medical procedures t ra ining. This 
was due t o  the prolonged time period 
between courses MED PROC 2102, 2201 and 
2301 (given i n  1979) and the premission 
medical b r i e f  i n  March, 1981. This 
prolonged time in terva l  should not be 
encountered fo r  future STS crews 

T8bb 7-2 
STS-1 CREW MEDICAL TRAINING 

VITAL SIGNS: 

PHYSICAL EXAMINATION: 
AND TREATMENT 

Pulor. BIood R.aws. Trmp.ntun. Respi. 
ratow Rate. Pupil Size and Reaction 

EYE - Ophthalmoscopy. Lid Eveion. F m i g n  
l3ody Reaction and Trsament. Flucrm- 
win Staining 

NOSE - Control of N w  Bleeds 
EAR - Otoscopy 

THROAT - Exuninatlon. Oral Airway lnrsrtion 
AUSCULTATION - Heart. Lung. and Bowel Sounds 

EMERGENCY PROCEDURES: Om-man CPR. Heimlirh Mantuver, Cri- 
mthvrotomy 

HEMORRHAGE CONTROL: Direct Prrrrun. Prouun Points. 
fwmiqmts, Presvre Bandaging 

BANDAGING: Exmet ias.  Chest. Abdomen 

SPLINTING: Neck. Fingers. Upper and Lower 
Ex tmatmt  

LACERATION TREATMENT: Birding Control. Sterirtrip Appli- 
cation 

DENTAL PROCEDURES: Temporary F i l l i w  Gingival Injec- 
tions 

EKG: urn of 0 6  

MOTION SICKKESS: Prophylact'c Mediutions. Treatment. 

SOMS-A: Olpuliution. DNO Urrrgl. Medial 

Head Paritionin9 and Mouemnt 

Checklist Organization and Use 

Concluding Remarks 
The STS-1 prime and back-up cremembers 
received extens ive medical t r a i n i n g ;  
both eneral t r a i n i q  p r i o r  t o  crew 

being selected f o r  STS. This t r a i n i n g  
adequately met the object ive o f  pro- 
v id ing the crewembers with the know- 
ledge and s k i l l s  t o  respond t o  i n f l i g h t  
i l l n e s s e s ,  i n j u r i e s  and medical 
emergencies . 

select  3 on and speci f ic  t ra in ing  a f t e r  

Table 7-3 
PREMISSION MEDICAL BRIEFING 

SOMS-A: Dir;uEdon of EMK and MJK amteaits. drug 
map. use of tho Medical Ch.ddist md 
recording of prtinnt medml findings. 

Review of the procedures !imd in Tsbk 2 
R e v h  of the Operation and Use of the AGS. 

regarding donning and use of AGS for entry. 

Discussion of rymptoms and signs of toxic 
exposums Use of POS if toxic fum M 
noted Rouiew of possible toxic exporum 
during egms. 

PRIVATE MEDICAL Discussion of pwpog of Priuam Modid 
COMMUNICATIONS: CommuniGaionr and tvws of information 

AEROMED FLIGHT Review of Ri@t ruler. particularly thosa 
RULES: dealing with EVA prehth ing .  Privm 

Medial  Communications and AGS use on 
entry. 

REVIEW: 

A N T I 4  SUIT: 
R W ~ W  of A m &  Flight Ruh 13-20 

TOXICOLOGY: 

mquested. 
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Shuttle Orbital 
James M. Vanderpl oeg , M.D. 

The use of on-board medical kits i s  an 
i n t e g r a l  p a r t  o f  a s t r o n a u t  medical 
t ra in ing .  Astronauts a r e  given i nstruc- 
t i o n  i n  physiology, physical diagnosis ,  
and treatment a s  well as  use of the med- 
i ca l  k i t .  In addi t ion ,  a l l  as t ronauts  
a r e  tested for  sensi t ivi ty  t o  d r u g s  
contained i 11 the medical k i t  . 

Medical System 

During the Apollo program a de t a i l ed  
medical b r ie f ing  was provided f o r  each 
creb approximate ly  one month b e f o r e  
1 aunch. T h i s  p re l aunch  b r i e f i n g  
included a review of the Apollo medical 
k i t  and i t s  uses a s  well a s  a refresher 
course i n  pertinent aspects  of physio- 
1 ogy , diagnosis  , and treatment. 

The p re f l igh t  medical t r a in ing  dur ing  
the Skylab program was considerably more 
extensive.  Each crewnan underwent 80 
hours o f  paramedical t r a i n i n g  i n  the 
d i a g n o s i s  and t r e a t m e n t  o f  injuries,  
i 11 nesses , and dental  probl enis. T h i  s 
t r a i  n i  ng i ncl uded extensive use of the 
Sky1 ab Infl igh t .  Medical Support System. 

The S h u t t l e  Orbiter Medical System 
( SOMS-A) was desi gned t o  provide t r e a t -  
ment f o r  1 i fe- threatening emergencies 
and t o  permit diagnosis  and treatmelit  of  
a l l  less severe injuries and illnesses. 
The inventory of the SUM-A i s  intended 
t o  sus ta in  the medical needs of a two 
man crew f o r  up t o  7 days. 

The to t a l  system includes two medical 
k i t s  (Medic ine  and Bandage Kit p l u s  
Emergency Medical K i t ) ,  the Medical 
Checklist  and the  o c c a s i o n a l  use o f  
o t h e r  Orbiter sys tems such  a s  the  
P o r t a b l e  Oxygen System ( P O S ) .  T h e  
Emergency Medical Kit ( E M K )  c o n t a i n s  
p a l l e t s  A,  B ,  and C w i t h  items stowed on 
both sides of each pa l l e t .  All i n j e c t -  
ab le  medications, the IV supplies, most 
diagnost ic  equipment and a l l  su tur ing  
equipment a re  stowed i n  the  EMk (See 
Table  8-1 f o r  d e t a i l e d  l i s t i n g  o f  

contents). The Medicine and Bandage K i t  
( M B K )  a1 so contains  three pal lets C,  0, 
and E ,  w i t h  items stowed on both sides 
of  each p a l l e t .  The MBK includes a l l  
o r a l ,  r e c t a l ,  and topical  medications; 
most bandage items and some diagnos t ic  
equipment . 

Oisc ussion 
The Shut t le  Crews A and B received bas ic  
medical and physiological t r a i n i n g  f o l -  
lowing their  i n i t i a l  selection. In 
addi t ion ,  as t ronauts  Young and Engle had 
received specific t r a in ing  i n  prepara- 
t i o n  f o r  p r i o r  missions.  To prepare 
spec i f i ca l ly  f o r  STS-1, medical t r a in ing  
was provided t o  the four  cremembers i n  
three sessions. The t h i r d  session, 
given i n  March 1981, deal t  s p e c i f i c a l l y  
w i t h  the organizat ion and use o f  the 
SOM S-A . 
The prescribed medical t r a in ing  i n  the 
performance of emergency procedures, the 
use of  diagnost ic  equipment, the perfor- 
mance of therapeut ic  modal i ties, and the 
know1 edge of  the medical kits contents  
was saccessful ly  completed by Crews A 
and B. 

T h e  e v a l u a t i o n  o f  an i n d i v i d u a l  
a s t ronau t ' s  s e n s i t i v i t y  t o  any of the 
drugs present i n  the medical k i t  has 
been a pa r t  o f  premission preparation 
th roughou t  the h i s t o r y  o f  the  s p a c e  
program. Know1 edge o f  any a1 1 e rg1  c 
reac t ion  o r  undesirable side effects t o  
the medical k i t  contents  i s  imperative 
f o r  e f f e c t i v e  hea l th  ca re  by the Mission 
Operations Control Room (MOCR 1 Surgeons 
and Crew Surgeons. 

As was done i n  t h e  p a s t ,  a drug  
s ens i t i v i ty  e v a l u a t i o n  was conducted  
p r i o r  t o  t he  STS-1 f l i g h t .  T h i s  
e v a l u a t i o n  was c a r r i e d  o u t  i n  two 
segments. First, the heal th  record of  
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Tabte 8- 1 
WARNING 

* Indicates item to be used 
only after Surgeon wprov- 
al or as directed in C/L 

Ace handage, 3 in. wide, 1 
(MBK €2-5) 

"Actified, 30 t- 
(MBK 01-11 

Adapzic bandage, 3x3 in., 3 
(MBK EZ3) 

"Afrin nasal spray 15-ml bottle, 2 
(MBK F1-1.2) 

(EMK Bl-51 

(MBK D2-9) 

(MBK D1-6) 

(MBK F1-6) 

(EMK A1-2,3! 

(MBK 02-14] 

(EMK A1-7,8,9) 

Alcohol wipe, 8 (MBK El-7); 5 

"Aminophylline suppository 500 mg 8 

+Ampicillin. 250 mg, 30 caps 

Anusol-HC cream, 28-gm tube. 1 

*Armnine 10 mg/cc, 1-cc unit, 2 

Aspirin, 5 grain, 30 tabs 

*Atropine, 0.4 mglcc 2-cc unit, 3 

Bandaid 1x3 in., 10 

+Benadryl, 25 mg, 20 caps 

+Benadryl. 50 mg/cc, 1-cc unit, 2 

Benzoin swab, 5 

Betadine (Povidonelodine) ointment 
102 .  tube, 1 

Betadine wipe, 4 (MBK El-7); 4 

Binocular Loupe 

Blistex lip balm, 2 

Blue filter for penlight, 1 

BP cuff and sphygmomanometer, 1 

(MBK El-18) 

(MBK D2-11 

(EMK Al-1, AZ-6) 

(MBK €1-91 

(MBK El-5) 

(EMK el-5) 

(MBK F2-2) 

(MBK F1-11) 

(EMK (22-81 

(EMK Cl-11 

Calgitwab, 6 

'Comparine, 5 mg/cc, 2 .c~  unit, 3 

'Compatine suppository, 25 rng, 8 

(MBK E l - 1 )  

(EMK At-1 3.14.15) 

(MBK 02-7) 

"Cortisporin otic suspension, 10-ml 
botde, 1 

Cotton Ball, 6 

Cricothyrotomy setup, 1 

(MBK F1-12) 

(EMK C1-2) 

/EMK C1-4) 

"Dalmane, 15 mg. 12 caps 

*hadron. 4 mg/cc. l-cc unit, 3 

+Dernerol, 25 mg/cc, 2-ec unit, 2 

Dermicel tape, 1 in. wide, 1 roll 

'Dexedrine. 5 mg, 10 tabs 

*Digoxin, 0.25 mg, 20 tabs 

*Donnatal, 30 tabs 

Drape, sterile, 1 

*Dulcolax 5 mg, 10 tabs 

(MBK D1-5) 

(EMK A23,4,5) 

(EMK A2-14,15) 

(MBK E141 

(MBK 01-21 

(MBK 02-10) 

(MBK 01-31 

(EMK 82-31 

(M6K D2-12) 

*Epinephrine, 1:1000, l-cc unit, 3 

*Erythromycin, 250 rng, 30 caps 

Eye Pad. 3 

(EMK A14.5.6) 

(MBK D1-7) 

(MBK €2-2) 

Finger splint. 1 

Fuorescein strip, 4 

Foley catheter, No. 12 Fr., with 
30.a. balloon, 1 

(MBK El-9) 

(EMK C2-8) 

(MBK F2-3) 

Gauze, 3 in. wida, 1 roll 

rdoves, sterile, 1 pair 
(MBK €1-5) 

(EMK C2-61 

Halotex cream, 30-gm tube, 1 
(MBK F1-71 

Iv butterfly. 21 g, 3/4 in., 2 
(EMK 81-81 

'Keflex, 250 mg, 30 cdps 

Kendog cream, 15-gm tube, 1 
/MBK DZ-8)  

(MBK F1-6) 
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Table 8- 1 (Continued) 

Kerlix dressing. 4.5 in. wide 1 
roll 

Kling, 3 in. wide, 3 rolls 
(MBK F1-41 

(MBK El-2, E2-3, F2-1) 

"Lidocaine, 20 mg/cc, 2 -c~  unit, 4 

"Lomotil, 75 tabs 
(EMK A2-7.8.9.16) 

(MBK D1-4) 

Methylcellulose eyedrops 
(Absorbtear). 15ml bottle. 1 

"Morphine Sulfate, 10 mg/cc, 1-cc 
Unit, 2 

M y d o g  cream, 15-gm tube, 1 

Mylanta, 24 tab 

(MBK F1-3) 

(EMK A2-1.2) 

(MBK F1-8) 

(MBK El-3) 

Needle, 21 g. butterfly IV. 2 

Needle, 22 g, 1.5 in., 1 

+Neocortef ointment, 3.5gm tube, 1 

(EMK B1-8) 

(EMK 81-11 

"Phenergan suppository, 25 mg, 8 

"Pontocaine eye drnoa, 15 mi 
bottle, 1 

Povidone-Iodine (Betadine ointment, 
1-02. tube, 1 

'Pronestyl, 500 mg/cc, 2-c~  unit 2 

'Pyr 'dium, 200 mg, 20 caps 

Robituuin Cough Calmen, 6 

(MBK D2-11) 

(MBK F1-10) 

(MBK F1-5) 

(EMK A1-16,171 

(MBK 01-12) 

(MBK El-6) 

Saline 100 cc, 1 

Scalpels no. 11 and no. 10, 1 ea. 

*Scopolamine/Dexedrine, 0.4/5 mg, 
54 caps 

(MBK 01-10. 11) 
Sponge. 2x3 in., 22 

(MBK €2-1.2) 
st8th0,cope. 1 

(EMK C l - l i  

(EMK 81-71 

(EMK 82-41 

(MBK F1-91 

(MBK F1-7) 

(MBX 02-2) "Sulfacetamide ophthalmic ointment, 

Steri-Strip skin dosure, 2 

+Sudafed. 30 mg. 30 tabs 
Neooporin cream, 1-02 tube, 1 (MBK El-9) 

+Nitroglycerin, 0.4 mg, 20 tabs 

Normal saline, 100 oc, 1 

(MBK 02-4) 

1/8 02. tube, 1 
(EMK 81-71 (MBK F1-9) 

Cphthalmotcope head, 1 

Oral airway, 1 

O t O ~ p e ,  1 

Otoscope speculum, 1 

(EMK C2-7) 

(EMK C1-3) 

(EMK C24) 

(EMK C2-31 

*Parofon Forte, 20 tabs 

*Pen VK. 250 rng, 40 tabs 

Penlight, 1 

Veriactin, 4 mg, 20 tabs 

+?henergan, 25 mglcc, 2 i x  unit, 3 

*Pheergm/Dexedrine, 26/5 mg. 
24 tabs 

(MBK 02-13] 

(MBK 02-5) 

(EMK C2-5) 

(MBK 02-31 

(EMK A1-10.11.121 

(MBK D2-6) 

Surgical Instrument Assembly 
(EMK 82-3) 
Fomps (small point) 
Needle Holder 
Smab Hemostat 
Tweezers (fine point) 
Scissors b n e d )  

Surgical mask, 1 

Suture, 4-0 Dexon, with C-4 needle. 

Suture, 4-0 Ethilon, with FS-2 
ceedle, 2 (EMK 82-1) 
Syringe, 10 cc, 1 

(EMK C2-6) 

(EMK 82-11 

(EMK Bl-6) 

Taw, Dermicel, 1 in. wide, 1 roll 

"Tetraeyeline, 260 mg. 30 caps 

Thermometer, disposable, 10 

\MBK E l 4  

(MBK Dl-8) 

(EMK C2-1) 
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i &le 8- 1 {Con $ruedl 
Throat lorengrs, Cepacol, 12 

Tongue depressor, 5 

Urine T is t  Package, i 
(MBK 01-91 (EMK 82-21 

Chrmtrip-7 (13 strips totel) 
iEMK C2-21 Color Chart 

Toohache Kit, 1 
(MBK E 2 4  
Eugenol dental anesthetic drops 
Tweeters 
Cotton pellets 
Cavit tube (temporary dental 
filling) 

Tournitpa:, 1 

Triangular bandaae, 1 

Tubex injector, 1 

Tubing, IV, without drip chamber, 1 

*Tylenol No. 3, 20 tabs 

(EMK C1-2) 

(NIB# F2-3) 

(EMK 81-21 

(EMK 61-81 

(MBK D1-14) 

*Valium, 5 mg, 20 t a b  

Valium, 5 mglcc, 2-cc unit. 2 

*Vistaril, 50 mg/cc, 2-cc unit, 1 

(M6K D1-13) 

(EMK A2-12.13) 

(EMK A2-17) 

*Xylocaine, 296 with Epinephrine 
1:lOO.WO. ?a unit, 1 

*Xylocaine, 2% without Epmaplirine, 
2-c~  unit. 1 

(EMK A2-10) 

(EMK A2-11) 
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Validation of Predictive Tests and 
Countermeasures for Space Motion Sickness 
Jerry  L. Homick, Ph.D. 

Experience from previous manned space 
f l i g h t  indicates tha t  the space sickness 
syndrme represents a potent ia l  th rea t  
t o  the operational e f f i cacy  and physical 
well being of future space f l i g h t  crew- 
members. A1 though none o f  the Mercury 
o r  Gemini f l i g h t  crews repo r ted  any 
space sickness, 33% o f  the Apollo crew- 
men experienced symptoms and 54% of the 
Skylab crewnen had sylnptoms. Reports 
from the USSR indicate tha t  about 40% o f  
the Soviet cosmonauts have experienced 
space motion sickness. These combined 
data suggest t h a t  if no c o r r e c t i v e  
actions are taken up t o  4G’b of Shutt le 
crewnembers could experience some degree 
of space sickness during the f i r s t  few 
days of f l i g h t .  

Because of i t s  complexity and uniqueness 
t h i s  biomedical problem cannot be 
resolved s o l e l y  w i t h  ground based 
research. To obtain f i n a l  and v a l i d  
solutions i t  i s  essential tha t  data be 
col lected systematically on ind iv iduals  
who f l y  Space S h u t t l e  miss ions .  
Detailed Supplemental Objective ; D S O )  
S141 was implemented i n  order t o  com- 
mence t h i s  data col  iec t ion  process w i th  
the STS-I mission. 

A primary o b j x t i v e  o f  t h i s  DSO was t o  
ccjnduct i n f l  i g h t  observations, supported 
by a series o f  pre and p o s t f l i g h t  data 
co l iec t ion  procedurss, on STS-1 crew- 
members i n  an e f f o r t  t o  val idate ground 
based tests whici. may be predic t ive o f  
suscept ib i l i t y  t o  the space not ion s ick- 
ness syndrome. An additional ob ject ive 
was t o  implement crew procedures which 
would en’hle acquis i t ion o f  data t o  be 
used in val idat ing motion sickness coun- 
termeasures. 

Res uits an d Ois c us si0 n 
P a r t  o f  the requ i red  crew p r e f l i g h t  
a c t i v i t y  was based on guidelines set  
f o r t h  i r i  NASA’s Medical Operations 
Policy f o r  tf,e prophyl axis and treatment 
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o f  space mot ion s ickness w i t h  a n t i -  
mot ion s ickness drugs. T h i s  p o l i c y  
states i n  pa r t  tha t  astronauts wi th a 
pos i t i ve  h i s to ry  o f  space sickness o r  
with no space f l i g h t  experience w i l l  be 
premedicated w i th  a properly selected 
anti-motion sickness drug. Tine po l i cy  
fu r ther  states t h a t  astronauts who have 
flown i n  space with no symptoms of space 
sickness are not required t o  be premed- 
icated. Any ind iv idual  who experiences 
space motion sickness w i l l  be admin- 
i s te red  appropriate i n f l  i g h t  treatment 
wi th  anti-motion sickness drugs. The 
pol i c y  requires p r e f l i g h t  side e f f e c t s  
screer;iag and ef f icacy tes t i ng  with ope 
o r  more an t i -mo t ion  s ickness medica- 
t ions.  

Dur ing t h e  p r e f l i g h t  p e r i o d  ( a t  
approx imate ly  F-120 days) each 
crewmember completed a ques t i onna i re  
designed t o  e l i c i t  per t inent  information 
regarding past experiences w i  t h  various 
types o f  mot ion  environments and 
responses t o  those cwiromnents. 

Also, a t  about F-120 days the P i l o t  
(PLT) conferred K i t h  the F i  i g h t  Surgeon 
t o  se lect  a preferred anti-motion s ick-  
ness medication. The selected medization 
was administered t o  him t o  determine any 
adverse reactions . The drug screening 
was done under operational condit ions 
(e.g., Shutt le simulator t ra in ing )  and 
by verbal reporting. Because o f  the 
complete absence o f  space s ickness 
during h i s  four p r i o r  space f l i g h t s  the 
Commander (CCF,) was not required t o  par- 
t i c i pa te  i n  any o f  the drug screening 
act  i v i ty  . 
During approximately the F-90 t o  F-60 
period o f  time the crewmen were tested 
f o r  suscep t ib i  1 i t y  t o  exper imenta l  l y  
induced mot ion s ickness i n  t h e  JSC 
Neurophysiology Laboratory. The stand- 
a rd  C o r i o l i s  Sickness S u s c e p t i b i l i t y  
Index (CSSI) t e s t  was used. T h i s  
procedure requires the performance o f  
head movements w h i l e  r o t a t i n g  a t  a 





Crew Cardiovascular Profile 
Michael W. Bungo, M.D. 

Section I Heart Rate and Blood Pressure Responses 

Tine Orbi ta l  F l i g h t  Test (OFT) program 
was designed t o  v e r i f y  the operation o f  
the Space Shutt le systems. Cremembers 
are an in tergal  pa r t  o f  t h i s  system. 
They are responsible f o r  niuch o f  the 
r e a l - t i m e  i n f l  i g h t  procedures, and 
during OFT-1 were direct par t ic ipants  i n  
the landing o f  Colrmrbia. The hardware 
oriented t imel ine o f  STS-1 l e f t  l i t t l e  
opportunity f o r  medical research so t h a t  
cardiovascular data was acquired i n  a 
purely operational mode. 

Results and Discussion 
The two man crew o f  Colunbia consisted 
of a p i l o t  (PLT) and copnlander (CDR). 
Data co l l ec t i on  was ident ica l  f o r  both. 

Twelve days p r i o r  t o  launch (F-12) a 
graded-treadmil 1 exercise t e s t  (GTETT) 
was performed t o  80% o f  a previously 
predicted maximum heart rate. Heart 
rate, blood prer sure, and e l  ectrocardi o- 
gram were recorded. Respiratory par- 
ameters were not recorded due t o  equip- 
ment mal f unc t i on .  A ' 'stand" t e s t  
(described below) was also performed a t  
t h a t  time. 

Upon entering the spacecrafc p r i o r  t o  
1 aunch, t he  crewmembers were i n s t r u -  
mented with a three lead electrocardio- 
graphic I E C G )  cable. One l e a d  was 
placed a t  the manubrium, a second lead 
was placed below the l e f t  n ipple near 
the apex o f  the heart, and the t h i r d  
lead, f unc t i on ing  as a ground, was 
placed on the r i g h t  chest. Electro- 
cardiographic data was monitored con- 
t inuously during the launch phase and 
through o r b i  t a l  i n s e r t i o n  exceDt f o r  
those times when ground system tracking 
was not avai lb le,  ( loss o f  signal - 
LOS) . No ECG moni towing was done during 
the routine, on-orbit ,  " s h i r t  sleeve" 
environment o f  t h e  S h u t t l e  miss ion .  
Pr ior  t o  re-entry, the crew once again 
donned t h e  biomedical  harness ( E C G  
cable)  and the  e l e c t r o c a r d i o g r a p h f c  
signal was monitored through the entry 
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and landing phases o f  the mission. 

A f te r  Orb i ter  egress, the crew was met 
by a physician who performed a physical 
examinat ion which i n c l u d e d  a "stand" 
t e s t  as a means o f  or thostat ic  provoca- 
t ion.  The heart r a t e  was monitored 
con t inuous ly  by ECG and t h e  b l o o d  
pressure  ob ta ined  by t h e  s tandard  
cuff/auscul t a to ry  method each minute f o r  
a t o t a l  o f  ten minutes. During the  
f i r s t  f i v e  minutes the creman was a t  
supine r e s t  and during the l a s t  f i v e  
minutes he was required t o  stand upr ight  
without other wwement. This stand t e s t  
protocol was repeated three days a f t e r  
the f l i g h t  (L+3). 

G p r o f i l e s  ( g r a v i t a t i o n a l  f o r c e )  f o r  
ascent showed a maximun o f  approximately 
2.5 g and f o r  entry a maximun o f  1.6 g. 
Although not the dominent feature, the G 
forces affected the ent ry  heart r a t e  
p r o f i l e  o f  both crewnen. 

Maximum heart  rates during the ascent 
phase occurred a t  l i f t - o f f  w i th  smaller 
peaks o c c u r r i n g  d u r i n g  s o l  i d  r o c k e t  
booster separation, external tank sepa- 
r a t i o n ,  and a t  20 minutes i n t o  t h e  
t ime1 i n e  (no event c o r r e l a t i o n  was 
applicable t o  t h i s  l a s t  po int ) .  

Maximum heart  rates occurred w i t k i ?  the 
f i r s t  f i v e  minutes a f te r  wheel touch- 
down. 

Results of the "stand" t e s t  done a t  
F-12, L+O, and L+3 showed that  both 
crewmen e x h i b i t e d  s i m i l a r  p a t t e r n s .  
Heart r a t e  rose as the crewman assuned a 
standing posture, however the degree o f  
r i s e  was greatest imnedlately a f t e r  the 
f l  i g h t  (L+O). Systol ic blood pressure 
would r i s e  d u r i n g  o r t h o s t a t i c  s t r e s s  
when the crew was adapted t o  (F-12) o r  
readapted t o  (L+3) Earth grav i ty  bu t  
f e l l  i n  both crewmen when they had 
become adapted t o  the zero-g environment 
o f  space (L+O). 

39 



Concluding Remarks 
The 1 i m i  ted cardiovascular data acquired 
from the f l i g h t  o f  STS-1 al lows several 
statements. F i  r:t, there are def i nab1 e 
p o i n t s  i n  t h e  n i i ss ion  which produce 
ca rd iovascu la r  s t r e s s  as measured by 
h e a r t  r a t e  response. Secondly, t h e  
"stand" t e s t  i n  both the  PLT and CDR 
show evidence f o r  a r e l a t i v e  hypovolemia 
and perhaps a r e s e t t i n g  o f  a r t e r i a l  
regulation. This s i t ua t i on  has become 
known as "decond i t i on ing '  and was 

Section I 1  A n t i 4  Su i t  

Past space f l i g h t  exper ience has 
demonstrcted that.  a d i u r e s i s  occurs 
during exposure t o  weightlessness and 
resu l t s  i n  a decreased c i r cu la t i ng  blood 
volune. The Space Shutt le re-entry and 
landing was t o  be unique i n  the h i s to ry  
o f  the United States space program i n  
tha t  the astronauts would be subjected 
t o  the grav i ta t ional  forces o f  entry 
along t h e i r  2 axis  ( i  .e., head-to-toe) 
r a t h e r  than the  t r a d i t i o n a l  X a x i s  
( i .e.,  f r o n t - t o - b a c k ) .  T h i s  +G 
acceleration combined w i th  a r e l a t i v g  
hypovolemia was a po ten t ia l  source o f  
o pe r a  t i o nal 1 y s i g n i f i cant "grey -0 u t." i n 
the cremembers. 

P r e f l i g h t  s tud ies  (NASA document 
LR:239-8) done a t  NASA's h e s  Research 
Center invo lv ing both male and female 
sub jec ts  , i n rrlul t i  p l  e cohor t s  ca t e -  
gorized by age, demonstrated that :  (1; 
a th le t i c  condit ioning or  "cardiovascular 
f i tness"  pretest  was correlated d i r e c t l y  
w i t n  a la rger  post bedrest percentage 
decrease i n  +Gz t o le rance ;  ( 2 )  t h e  
percentage loss i n  +G tolerance was 
d i r e c t l y  proportional t 6  the percentage 
decrease i n  blood volune w i th  r = 0.85; 
and ( 3 )  although anti-(; s u i t  i n f l a t i o n  
was not w f f i c i e n t  t o  t o t a l l y  e l iminate 
the deconditicning e f f e c t  o f  bedrest on 
heart rate, blood pressure, o r  pe r i -  
phera l  b lood f l o w  p a t t e r n s ;  i t  d i d  
increase +G, tolerance i n  a l l  grouos and 
i n  s p e c i f i c  subgroups increased to le r -  
ance up t o  fourfold. As a resu l t  o f  

expected t o  occur  w i t h i n  t h i s  t i m e  
frame. By the t h i r d  day post-mission, 
these changes had resolved. 

The f l i g h t  of STS-1 produced no l a s t i n g  
a1 terat ions o f  cardiovascular fur,ction 
i n  the cremembers. Evidence o f  adapta- 
ti on t o  wei gh t l  essness ( known previously 
as deconditioning) was seen b u t  d i d  not 
a f f e c t  m iss ion  opera t ions .  C1 i n i c a l  
changes were noted i n  blood pressure and 
heart r a t e  on re tu rn  t o  Earth g rav i t y  
and are consistent with readaptation. 

and G, Acceleration 

these and o t h e r  i n v e s t i g a t i o n s ,  an 
a n t i 4  s u i t  was provided t o  the crew as 
p a r t  of t h e i r  standard equipment . 
The bottom graph i n  Figure 10-1 repre- 
sents the G, p r o f i l e  f o r  the ent ry  of 
STS-1. Peak G loads are approximately 
1.6 G . A computer simulat ion o f  the 
c a r d i t v a s c u l a r  response t o  t h i s  G 
r o f i l e  i n  a human who i s  depleted o f  1 X ,  8%, and 16% o f  h i s  blood volune i s  

shown i n  the upper two graphs o f  the 
same f igure.  From p r i o r  space n i g h t  
experience, i t  was expected t h a t  the  
i ntrabascul a r  vol une deplet ion occurring 
during the planned STS-1 mission t ime 
would be of the order o f  e igh t  (8) 
percent. Again re fe r r i ng  t o  Figure 1, 
t h i s  would r e f l e c t  a ca ro t i d  sys to l i c  
p ressure  o f  g r e a t e r  than 70  mm Hg 
throughout the entry phase. Figure 10-2 
(adapted from the 1 i te ra tu re)  reveal s 
that  t h i s  leve l  o f  blood pressure should 
no t  produce undesirable symptoms as a l l  
s u b j e c t s  i n  t h i s  p ressure  range 
maintained c lear  v is ion.  Coupled w i th  
these f i n d i n g s ,  t h e  group a t  South- 
western Medical School i n  Dallas has 
investigated the hemodynamics associated 
w i t h  t h e  MAST garment (an  an t ishock  
garment s im i la r  t o  an anti-G s u i t )  and 
has determined tha t  the major benef i t  i s  
derived from the red i s t r i bu t i on  o f  blood 
volune away from the lower extremity 
ra ther  than the "autotransfusion" e f f e c t  
associated w i th  compressing the venous 
system of the legs. It was thorefore 
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deemed appropriate 
requests t h a t  the 
and i n f l a t e d  only 
symptoms r a t h e r  
i n f l  a t i  on. 

t o  comply with crew 
ant i -6  s u i t  be worn 
upon recogni t ion o f  
than p r o p h y l a c t i c  

Results and Discussion 
I n  actua l i ty ,  the crew o f  Sl 'S-1 re  or ted 

load which was experienced, and the$ 
wore bu t  d i d  not  i n f l a t e  t h e i r  a n t i 4  
sui ts.  

no symptanology re fe r rab le  t o  t R e G 

Figure 10-3, bottom graph, again repeats 
the STS-1 G p r o f i l e .  The top graph i n  
the same f i g u r e  i s  a computer simulat ioi i  
of the heart  ra te  response t o  t h i s  G 
p r o f i l e  a t  OX, 8X, and 16% losses 0 )  
b lood v o l  ume. Superimposed on t h i s  
l a t e r  graph are the  actual heart  r a t e  
responses o f  the STS-1 crew. The con- 
c lusion i s  t h a t  the actual and simulated 
data fo r  an e igh t  percent decrease i n  
b lood volume t r a c k  very  w e l l  u n t i l  
approximately e i g h t  minutes before 
landing. A t  t h i s  po in t  i n  time, the 
actual curve more closely approximates a 
s i x teen  percent  (16%) l o s s  i n  b lood  
vol me. Two plausible explanations are 
t h a t  (1) a f t e r  sustaining a 1.5 G load 
fo r  several minutes a t  an 8% decresse i n  
b lood volume, a d d i t i o n a l  volume was 
sequestered i n  the lower extremit ies o r  
i n t e r s t i t i u m  and the e f fec t i ve  c i r c u l  a t -  
i ng  vol me was decreased by 16% o r  (2) 
t he  psychologica l  a f f e c t s  o f  S h u t t l e  
re-entry on heart ra te cause a deviat ion 
i n  the actual and predicted curves. 

F igures 10-4 and 10-5 reproduce t h e  
actual "stand" t e s t  resu l ts  discussed i n  
Sect icn I along w i t h  s imu la t i ons  o f  
blood vol m e  losses o f  O X ,  5%, lo%, and 
15%. It can be seen t h a t  the actual 
f l i g h t  data l i k e l y  corresponds t o  a 
blood volune loss o f  between 10 and 15%. 
Because the responses o f  both crewnen 
were d i f f e r e n t  i n  t h a t  one exhib i ted 
d i a s t o l i c  hypotension and the  o the r  
d i a s t o l i c  hypertension, the model does 
not accurately p red ic t  t h e i r  responses. 

Perhaps t h i s  discrepancy i s  due t o  
di f ferences i n  autonmic control  mechan- 
i sms (baroreceptors, etc. 1 which r?spond 
miquely .  Data supporting the l a t t e r  
statement are not avai lable. Each crew- 
mar;!w l o s t  3 pounds o f  body weight 
between t h e  p r e f l i g h t  and p o s t f l  i g h t  
physical. I f  t h i s  were e n t i r e l y  dtie t o  
a s f n g l e  compartment f l u i d  loss, i t  
would represent a 22% loss o f  blood 
volune, or an 8% loss o f  ex t race l lu la r  
f l u i d .  Since b lood  volume was n o t  
measured d i r e c t l y ,  i t  can o n l y  be  
assumed t h a t  the t r u e  value l i e s  between 
these numbers. 
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Concluding Remarks 
The a n t i 4  s u i t  has proved t o  be a 
rather  simp1 e y e t  re1 a t i v e l y  e f f e c t i v e  
device f o r  increasing tolerance t o  +G, 
acceleration. 
The STS-1 f l i g h t  p r o f i l e  produced no 
operat ional ly  s ic j2 i f icant  a1 terat ions i n  
G tolerance. Future missions which may 
have d i f f e r e n t  G p r o f i l e s  because o f  
d i f f e r i n g  pay1 oh weights  o r  t r a j e c -  
t o r i e s  w i l l  need t o  be reassessed with 

t h e i r  own speci f ics .  As f l i g h t  duration 
i ncreases, addi t ional  e f fec ts  of card i  o- 
vascul ar  "deconditioning" may contr i trute 
fu r ther  t o  G intolerance. As f l i g h t  
crews become more varied i n  respect t o  
the i  r backgrounds ( physical condit ion- 
i ng ,  sex, age, f l i g h t  h i s t o r y ) ,  a 
greater var ie ty  o f  responses t o  s im i la r  
G loads w i l l  be encountered. Overall, 
countermeasures ( a n t i  -G s u i  t o r  
otherwise) are l i k e l y  t o  play a l a rge r  
r o l e  i n  fu ture space f l i g h t s .  
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Biochemistry and Endocrinoiogy Results 
Carolyn S. Leach, R.D. 

The biochemi str: and endocr i  no1 ogy 
s tud ies  f o r  STS-1  were conducted t o  
provide data which, when integrated w i th  
i n fo rma t ion  f rom o the r  medical  d i s -  
c ip l ines,  permit an object ive assessment 
o f  t h e  i n d i v i d u a l  crewman's hea l th .  
Addit ional ly, the data co l  lected during 
t h e  p r e f l i g h t  phase o f  t h e  S h u t t l e  
mission provided baseline information 
f o r  the medical team i n  detecting and 
i d e n t i f y i n g  p o s t f l i g h t  p h y s i o l o g i c a l  
changes which may have resul ted from 
exposure t o  the space f l i g h t  environ- 
ment. The resu l ts  o f  these tert.5 not 
only helped i n  the c l i n i c a l  assessment 
o f  the crerman bu t  also provided data 
not previously acquired on men return ing 
from 2 days i n  space. 

Results and Discussion 
Analyses were performed on venous blood 
three times before the mission; 30, 10, 
and 2 days before l i f t - o f f  (F-30, -10, 
-2). Post f l igh t  blood was drawn as soon 
as possible a f t e r  landing ( R t O )  and 3 
days l a t e r  (Rt3). A l l  blood samples 
were obtained fast ing except the R t O  
sampl e. 

Dur ing the  p r e f l  i g h t  and p o s t f l i g h t  
periods, the crew consuned the d i e t  o f  
t h e i r  choosing, bu t  followed the pro- 
v ided  SI . t t l c  d i e t  d u r i z g  f l i g h t .  
F1 u i  ds were avai l  ab1 e when desi red. 

Analyses on the blcod (plasma o r  serum) 
samples included: glucgse (G1 u), cho- 
1 esterol ( Chol 1 , gl  utar! t c cxa? oaceti c 
transaminase ( ALT)  , g l  utamic pyruk i c  
transami nase ( AST 1 ,  blood urea ni t rogen 
( BUN 1 ,  tcric acid , a1 kal i ne phosphatase 
( A I  k Phos), c a l c i  urn (Ca) , magnesi um 
(Mg), inorganic phosphate (PO ),  5 i l i r -  
ubin t o t a l  ( B i l i  T I ,  creatinin'b (Creat), 
t o t a l  creat ine phosphokinase (CPK) and 
i soenzymes , t o t a l  1 ac t ic  dehydrogenase 
(LDH) and i soentymes, osmol a1 i t y  
(Osmol ) ,  sodi urn ( N a ) ,  po tass i  um ( K ) ,  
ch lor ide ( C l ) ,  t r i g l yce r ides  ( T r i g l y ) ,  
7-91 utomyl transpeptidase (GGTP), adren- 
ocor t icot rop ic  hormone ( ACTP) , angio- 
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tens in I (ANGIP I), aldosterone (ALDO), 
c o r t i s o l ,  thyroxine (T4), t r i i odo thy ro  
(Tj) insu l in ,  and growth hormone (HGH) . 
Table 11-1 gives the methods and estab- 
l i shed astronaut noma1 range for each 
parameter studied. 

B1 ood (plasma o r  serum) b iochemis t r  I 
f i t rdings show p o s t f l  i p h t  decreases belGw 
p r e f l i g h t  r i n d i n q s  f o r  u r i c  ac id ,  
t r i g l y c e r i b s ,  dnd AST. P o s t i l  i g h t  
increases above p r e f l  i g h t  values were 
observed i n  g l  ucose, chol esterol  , BUN, 
ca l  c i  un phosphate, angiotensi n I, a1 do- 
sterone, insu l in ,  T3, T4, HGH, ACTH, and 
GGTP. The LDH increase was predomin- 
a n t l y  t h e  LO5 band r e s u l t i i i g  i n  a 
pat tern i n  which the  f i r s t  t w o  bands 
were r e l a t i v e l y  lower than normal. I n  
general, except f o r  dramatic c l i n i c a l  
conditions, i soenzyne patterns are o f  
l i t t l e  value i n  i d e n t i f y i n g  the t issue 
respons ib le  f o r  t h e  increased serum 
values. Several parameters f o r  the 2 
crewmen d i d  n o t  change c o n s i s t e n t l y .  
However, these are a l l  i n  areas which 
i n d i c a t e  s t a t e  o f  hydra t iGn and t h e  
imlnediate p o s t f l  i g h t  a c t i v i t y  p r i o r  t o  
blood sampl es bei  ng acquired. 

The t e s t  r e s u l t s  o f  STS-1 crewnen were 
s imi la r  t o  the f indings on recovery o f  
previous space f l  i g h t  crews (30,  31). 

Weight loss has been a nearly universai 
f ind ing  a f t e r  exposure t o  weightless- 
ness. The weight loss on t h i s  f l i g h t  
was 3 l b s  f o r  each crevman. By 3 days 
pos t f l  ight ,  both crewnevi had begun t o  
re tu rn  t o  p r e f l i g h t  weights. The post- 
f l i g h t  plasma resu l ts  ind icate t h a t  body 
f l  uids and e lec t ro ly tes  were decreased 
on return t o  normal g rav i ty  and t h a t  a 
process o f  conservation by the body had 
been i n i t i a t e d  by the time o f  the f j r s t  
p o s t f l i g h t  blood sample. This pracess 
i s  shown i n  pa r t i cu la r  by the e lect ro-  
l y t e  concentrations, angiotensin I and 
a1 dosterone resu l ts  . The increased BUN 
pos t f l i gh t  i s  futher evidence o f  a body 
f l u i d  d e f i c i t .  The ur ic  acid and potas- 
sium decreased p o s t f l i g h t  have been 



observed previously. The u r i c  ac id  i s  
believed t o  be a t t r ibu ted  t o  the f a i l u r e  
i n  the renal mechanism responsible f o r  
the return o f  the metabolite t o  the sys- 
temic c i r c u l a t i o n .  Plasma po tass i  urn 
decreases r e f l e c t  t h e  potassium l o s s  
from the body during f l i g h t ,  perheps as 
a resul t o f  a1 dosterone i ncreases. 

The serun ind icators  o f  stress appeared 
t o  c o n s i s t e n t l y  i ndicat; hormonal 
response t o  the mission variables. This 
was evidenced by each p i t u i t a r y  and 
adrenal hormone measured. 

During the p o s t f l i g h t  tes t ing  period, 
the measurements which could r e l a t e  t o  
d i e t  and streqs generally returned t o  
p re f l  i g h t  vir_] u s .  The hormones whic:i 
respond t o  f l u i d  and e lec t ro l y te  imbal- 
ance continued t o  ind icate a response t o  

t h e  c o n d i t i o n  imposed by t h e  space 
f l i g b t  three days a f t e r  landing, the 
l a s t  blood sample obtained a f t e r  the 
m i  ssion. 

Concluding Remarks 
In summary, t he  b iocht  n i s t r y  r e s u l t s  
r e f l e c t  a response t o  the space- f l ight  
conditions which have been previously 
observed. This causes one t o  suggest 
tha t  special a t ten t ion  should be g ive1 
t o  the f l u i d  and e lec t ro l y te  in take i n  
t h e  as t ron? i t s  so t h a t  homeostatic 
perturbations are not consequential. The 
detenni nation o f  twenty - four h u r  u r ine  
e lec t ro l y te  and hormone concentration 
would be o f  s ign i f i can t  volune i n  the 
assessment o f  the adaptation process. 

Table 1 I -  I 

PARAMETER 

Triglycerides MGlDL 
(Trig) 

Blood Urea Nitrogen 

Uric Acid (UA) 

(BUN 1 

Creatinine (Crclst) 

Phosohate (Phos) 

Total Calium (T Ce) 

Magnesium (MgI 

Osmolarity (Omol 

Sodium (Ne) 

Potassium I K )  

Chloride (CI) 

Cholesterol (Chul) 

MGlDL 

MGlDL 

MGlDL 

MGlDL 

MGIDL 

MGIDL 

MGlDL 

MOSMIL 

MEOIL 

MEOIL 

MEOIL 

MGlDL 

ME THODIREFERENCE 
~~~ ~ ~ _ _ _ _  _ _ _ _ ~  

Enzymatic: Bi!colo and David 

Coupled enzymatic-hexokinrc and 011. r - 6 -  
phosphate dehydrogenase; mod. Barthslrwi and 
Czak 

Enzyma*ic wi?h urease and giutamic de- 
hydrogenem: mod. Talk, and Schubert 

Hawk-reduction of phosphotungstate in the 
prewnca of cyanide 

Alkaline picrate (dialysis); Jaffe 

Fiske 81 Subbarow - dialyzed; phorphomolybdate 
reduced by 1 -arninO2maphthol 4iulfonic 
acid 

Willir . atomic absorption spectrophotometry 

Willis . atomic absorption Wxtrophotometry 

F. -zing point depreaton 

Flame emission photometry 

Flame emission plrotomatry 

Ammrometric titration with silver irons 

Enzymatic u t i l i v  1 C t d ~ t o r o l  Esteram 
::A Cholesterol Oxidam; Al l i in 

ASTPONAU T 

NORMAL RANG€ 
~~ ~ 

22-1 76 

76-110 

9-22 

4.5-8.1 

0.9- 1.4 

25-45 

8.8-10.2 

1.7-2.5 

279-303 

3.38-145 

3.7 -4.8 

97-1 11 

125-289 (MI 

'Population Norma! 



MM 

MB 

BB 

Triiodothymxirs 'T3) 

Thyroxine lT4) 

Thyroid Stimulating Hormone 
(TSHI 

Angiotensin I (An@ I )  

Aldosterone (Aldo) 

Adrrocwticonophic Hormone 
(ACTH' 

Cortisol (Cc-t) 

~nrulin (Ins) 

Human Growth Hormone 

' P o p u k t i  Normel 
(HGH) 

UNI r 
IUlL 

IU!L 

lUiL 

iUlL 

% 

s 

% 

% 

% 

lUlL 

lUlL  

IUlL  

lUlL 

lUlL 

MGIDI. 

NGlDL 

GIDL 

!U/ML 

PICIMLIhR 

PGlMl 

PGIML 

G/ML 

lUlL 

N G W L  

Table 11-2 
ASTRONAUT 

METHODlREFERENCE NORMAL RANGE 

UVkinetic Wmblewdci and Mod. H.My 

Uv-kinetic wrobl.wdti and bDue 

celluleEa Bcaate 

Formation of azobilirubin aftmr reaction .uith 
diazotized sulfanilic aid: Jerdrarcik (201 

RIA d i d  phase 

'=I RIA solid phase 

' = I  RIA double antibody: solid pl-am 

'=! RIA L la antibody; chan p a l  separation 

3H RIA with methylone chloride; ringh entt- 
body charcoal warat ion 

'=I RIA single atb:ihxlv; charcoal mparotic.1 

'=I RIA single antibody: solid phase 

RIA double antibody: sandwich 
mech nsm 

'=I RIA double antibodv 

5-30 

222 

26-85 

*l& 

1940 

21-42 

10-235 

2-14 

4-235 

0 4 7  IM) 
8-35 1F)' 
7-170 

4-187 

0-9 

0 

0.1-1.3 

103-197 

4.0-10.4 

0.1-9.7 

0-1.79 

149- 

0.78.1 

45-30.9 

0-31 

06.1 
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Hematological and immunological Analyses 
12 Gerald R. Taylor, P h . D .  

Hematological and inmunological analyses 
were conducted on the primary and backup 
cremembers of  STS-1  so t h a t  body- 
f u n c t i o n  values necessary f o r  t h e  
o b j e c t i v e  assessment of  t he  h e a l t h  
status of the crew before launch azd 
inmed ia te l y  s f t e r  f l  i g h t  c o u l d  be 
evaluated by the medical s t a f f .  Blood 
samples were co l  1 ected by venipuncture 
from t h e  t w o  pr ime and two backup 
crewembers 30, 10, and 2 days before 
fl i g h t  (F-30, F-10, F-2 respectively). 
Addi ti onal l  y , blood sampl es were c o l -  
lectea from the t w o  prime crewembers 
d i r e c t l y  af ter  landing and again 3 days 
l a t e r  ( L a ,  L+3, respectively). Further 
speci f icat ions are given i n  "C l i n i ca l  
Labora tory  Support P1 an f o r  O r b i t a l  
F l i g h t  Test (OFT) Missions, JSC-14374." 

To obtain useful data, the fo l lowing 
constraints were observed. 

A 14-hour fast ing preceded a l l  blood 
withdrawals with the exception o f  the 
immediate p o s t f l i g h t  !L+O) which was 
col lected before ar?y p o s t f l i g h t  i n -  
take of food o r  dr ink (except water). 

Alcoholic beverages were not consuned 
f o r  a minimun o f  14 hours preceding 
blood sampl i ng . 
Blood Lampling occurred as the f i r s t  
scheduled a c t i v i t y  during the exam- 
i na t i on  period and was performed as 
ear ly i n  the morning as possible. 
The L+O sampl e was not col lected upon 
a r i s ing  and therefore i s  not s t r i c t l y  
analogous wi th  the other sampl es. 

Cell u l  a r  immunol oqy analyses were con- 
m t e d  on blood co l lected wi th  sodiun 
hepari n whereas ethy: ene d i  ami ne t e t r a -  
acetic acid (EDTA) iii: the anti-coagu- 
l a n t  of choice f o r  the c e l l u l a r  hma- 
tology measurements (Figure 12-1). Hum- 
oral evaluations were conducted on serum 
from-standard c l o t  tubes. I n  a l l  cases, 
vacu ta ine r  (TM)  tJbes were used f o r  
blood co l lect ion.  

Results and Discussioli 
The analyses conducted on the c e l l u l a r  
b l o o d  components o f  t h e  p r imary  and 
backup crewembers indicated t h a t  f o r  
t h e  one-month p e r i o d  preced ing  t h e  
f l ight ,  there were no unusual var ia t ions 
i n  the c e l l u l a r  blood cmponents o f  the 
creunembers. However, there were a1 t e r -  
at ions i n  both o f  the primary crew- 
members a f t e r  the f l i g h t .  

The day o f  landing, both crewembers 
exhibi ted an apparent increase i n  the 
erythrocyte count. Thi s was accompanied 
by a s l i g h t  decrease i n  the mean corpus- 
cu la r  volune (MCV),  an increase i n  the 
hematocrit, and an unchanged r e t i c u l  o- 
cytes production index. Our previous 
spacef l ight  experience mu1 d ind icate 
t h a t  there are a t  l e a s t  t w o  factors  
working simul taneously. -The previously 
reported f l u i d  s h i f t  i s  re f l ec ted  i n  the 
elevated hematocrit which would ind icate 
a loss o f  f l u i d  from the  peripheral 
blood. This, o f  course, wuld cancel 
out  the apparent increase i n  erythro- 
cytes so t h a t  the absolute nunber would 
remain the same. Secondly, the pre- 
v i o u s l y  r e p o r t e d  r e d  c e l l  mass loss 
would be ref lected i n  the decreased MICV, 
i nd i ca t i ng  t h a t  ( i n  t h i s  case a t  l e a s t )  
the loss i s  due t o  a decrease i n  the 
s i z e  o f  e r y t h r o c y t e s  r a t h e r  than a 
decrease i n  the nunber. It i s  sugges- 
t i v e  t h a t  even t h i s  volune loss could be 
a t t r i bu ted  t o  a f l u i d  imbalance as the 
mean corpuscul a r  hemogl obi n remained the 
same. 

The above i n t e r p r e t a t i c n  i s 1 a r g r l y  
supported by careful  analysis o f  the 
apparent 1 eukocytosi s exhibi ted by both 
the creunembers a f t e r  the f l i g h t .  The 
d2ta  are suggestive that ,  due t o  the 
f l u id  loss, there was actual ly  no change 
i n  the absolute neutrophi l  count (which 
was responsible f o r  the apparent leuko- 
cytos is) ,  and t h a t  there was an absolute 
decrease i n  the nunber o f  lymphocytes. 
Th is  phenomenon i s  o f  importance i n  
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evaluating the c e l l u l a r  immunologv data 
which are discussed l a t e r .  

Analyses were a l  so conducted on the 
humoral blood components o f  the primary 
and backup cremembers. As wi th  the 
c e l l  u? a r  components, the der4 ved vai ues 
demonstrate t h a t  f o r  t he  one-motrth 
period preceding the f l i g h t ,  there were 
no unusual var ia t ions among any of the 
four crewnembers. The major p o s t f l  i g h t  
a c t i v i t y  o f  i n t e r e s t  was t h e  s l i g h t  
increase i n  t o t a l  serun proteins o f  both 
prime crewnembers. This would not be 
unexpected accompanying a 1 oss of f l  uid. 
Addi ti o n a l l  y , t h e r e  were s p o r a t i  c 
changes i n  the p o s t f l  i g h t  concentration 
of IgA, ceruloplasmin, and complement 
fac to r  4. The signif icance o f  these 
occasional  a1 t e r a t i o n s  cannot be 
explained a t  th is tine. 

Cell-Imnunological Ac t i v i t y :  Lynpho- 
cytes extracted from crew blood samples 
were reacted wi th  the mitogen phyto- 
hemegglutinin (PHA) t o  assess the compe- 
tence o f  the i n  v i t r o  immune response. 
Af ter  a sui tab- m a t i o n  period, the 
b las togen ic  respocse was measured by 
detenrining the incorporation o f  radio- 
act ive thymidine i n t o  newly formed DNA. 
These data show that there was a s i g n i f -  
i can t  ( p  < 0.01) decrease i n  the a b i l i t y  
o f  1ymphoTytes t o  respond t o  mitogenic 
assault post f l  lght .  Further, these data 
show that  the deviat ion i s  only min- 
imal ly recovered by 3 days a f t e r  land- 
ing. It i s  not c lear  a t  t h i s  po in t  
whether t h i s  phenomenon was due t o  the 
r e l a t i v e  lymphopenia discussed above or 
a decrease i n  the a c t i v i t y  potent ia l  o f  
i ndi vidual c e l l  s . 

Concluding Remarks 
A1 t e r a t i o n s  i n  the  p e r i p h e r a l  b lood  
components were noted t h o t  can be va r i -  
ously explained. The explanatton m s t  
c o n s i s t e n t  w i th  p r e v i o u s l y  r e p o r t e d  
f i n d i n g s  i s  t h a t  t he re  was a phase 
imbalance which resul ted i n  I I  r e l a t i v e  
decrease i n  fl u i d  vol me. Concmi t a n t  
with t h i s  f l u i d  imbalance there i s  also 
evidence t o  support an absolute decrease 
i n  mean erythrocyte volune, a peripher- 
i a l  lymphopenia, and a marked decrease 
i n  blastogenic response o f  lymphocytes 
t o  -- i n  v i t r o  mitogenic challenge. 

BLOOD DlSfRlBUTlON 

CR EWMEMBERS 

COLLECTION 

L 

HUMORAL 
HEMATOLOGY 

Figure 12-1 



Medical Microbiology of Crewmembers 
Duane L. Pierson, Ph.D. 

The occurrence o f  i n f l  i g h t  in fec t ions  
was not  uncommon i n  the ear ly  Apollo 
miss ions.  The imp1 ementat ion o f  
extensi ve preventative measures s i  gni - 
f i c a n t l y  contr ibuted t o  the absence o f  
i n f l i g h t  i l lnesses o f  microbial o r i g i n  
during the Apollo 14 through 17 mis- 
s ions.  P r o t e c t i o n  o f  t h e  crews from 
microbial agents requires an e f fec t i ve  
contamination contro l  plan. Monitoring 
of the crew allows f o r  the ear ly  detec- 
t i o n  o f  pathogens t h a t  could r e s u l t  i n  
c l i n i c a l  m a n i f e s t a t i o n s  i n f l  i g h t ,  
thereby jeopardizing the crew and the 
mission objectives. Prompt i d e n t i f i c a -  
t i o n  o f  med ica l l y  impor tan t  mic ro-  
organisms w i l l  al low s u f f i c i e n t  time f o r  
p r o p h y l a c t i c  measures , t rea tment  , o r  
poss ib le  replacement o f  t he  i n f e c t e d  
crewnan. 

The major ob ject ive o f  the Microbiology 
Laboratory during the STS-1 mission was 
the maintenance o f  the crew's heal th and 
safety. The microbiological  apsects o f  
t h i s  goal were achieved by implementa- 
t i o n  o f  an e f f e c t i v e  contamination con- 
t r o l  plan and a survei l lance program f o r  
the crew and t h e i r  enviro; ent. 

Results and Discussion 
The successful f l i g h t  o f  STS-1 began a 
new era i n  spacefl ight, the u t i l i z a t i o n  
o f  a reusable c r a f t .  Th is  concept 
necessitates e f f e c t i v e  cleanup proce- 
dures between f l  igh ts  ; therefore crew 
health i s  dependent upon minimizing the 
bui ldup o f  medical ly important micro- 
organisms i n  the c r a f t  from f l i s h t - t o -  
f l i g h t .  Thus, m i c r o b i a l  mon i to r i ng  
aft.er the cleanup procedures and immedi- 
a te ly  pre and p o s t f l i g h t  i s  necessary t o  
al low f o r  a meaningful evaluation o f  the 
c l  eani ny procedures and the microbi a1 
status of the c r a f t .  The data  obtained 
from the OFT missions w i l l  be u t i l i z e d  
f o r  the fur ther  development o f  moni- 
to r ing  guidel ines f o r  both the crew and 
the spacecraft. 

C r e w  Microbiology 

Each pr ime crewman was sampled f o r  
microbiological  analyses a t  F-40, F-12, 
F-4, L+O, and L+3. The backup crew- 
members were sampled a t  F-37, F-11, arid 
F-5 as described i n  the Microbial  Con- 
tamination Control P1 an. The required 
samples cons ts ted  o f :  a mid-stream 
f i r s t  v o i d  u r i n e  specimen, a f e c a l  
specimcn, a th roa t  swab, and nasal swab. 
The u r i n e  and f e c a l  specimens were 
co l lected from a l l  crewembers a t  F-40, 
F-12, and F-4. Nose and th roa t  swab 
sampl es were c o l l  ected from the  prime 
crew a t  F-40, F-12, F-4, L+O, and L+3: 
These samples were co l lected a t  F-37, 
F-11, and F-5 from the backup crew. The 
four  types o f  specimens were del ivered 
immediately t o  the  Mic rob io logy  Lab- 
oratory and asept ica l ly  i nocul ated onto 
the media l i s t e d  i n  Table 13-1. Species 
were i d e n t i f i e d  as previously described. 

A var ie ty  o f  potent ia l  pathogens were 
iso la ted  from a l l  cremen during the  
sampl i ng periods , but  no overt  c l  i nica l  
man i fes ta t ions  r e s u l  t i n g  f rom these 
microorgani  sms occurred. A l l  f e c a l  
specimens were microscopical ly examined 
for ova and parasites, and no evidence 
o f  parasites was observed. The poten- 
t i a l s ~  pathogens iso la ted  from the nose 
and th roa t  specimens were not  par t icu-  
l a r l y  unusual and d i d  not impact the 
crews' readiness status. 

A 5 cm blood sample was obtained a t  
F-37 i n  conjunction w i th  o t h t  blood 
samples drawn f o r  C1 i n i c a l  Labwatory 
suppor t  a c t i v i t i e s .  The serum was 
u t i l i z e d  t o  determine the immune status 
of both the prime and backup crews t o  
rubeol l  a , rube l l  8 , and munps v i  ruses. 
The s e r m  samples were a1 so examined f o r  
t he  presence of h e p a t i t i s  B sur face  
antigen and h e p a t i t i s  A antigen; both 
marker ant igens were absent i n  b o t h  
crew's sera. 

3 

The heal th o f  the crewnembers i s  o f ten 
dependent upon the  h e a l t h  s t a t u s  o f  
personnel assoc ia ted  w i t h  the  f l  i g h t  
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crews. All personnel coming i n t o  c l o s e  
contac t  w i t h  crewembers were designated 
as primary contacts .  The Microbiology 
laboratory determined the immune s t a t u s  
of the primary contac ts  who had no his- 
to ry  o f  the following three in fec t ious  
v i r a l  diseases:  rube l la ,  rubeola, and 
munpc. Antibody titers f o r  one or more 
of these three viruses were determined 
on 590 primary contacts .  T h i s  resulted 
i n  1078 i n d i v i d u a l  ant5body t i t e r  
determinations. 

Spacecraf t  M i  crobi 01 ogy 

The  microbio logy  sampl ing  k i t s  were 
u t i l i z e d  t o  o b t a i n  samples  from the 
spacecraf t .  Calcium a lg ina te  swabs were 
used t o  sample twenty p r e d e s i g n a t e d  
surface sites located i n  the i n t e r i o r  o f  
the Orbiter a t  F-37, F-4, F-1, and L+O 
as  specif ied i n  the Microbial Contam- 
i n a t i o n  Control  Plan.  A t r a i n e d  
Rockwell I n t e r n a t i o n a l  t e c h n i c i a n  
conducted the actual sampl i ng procedures 
i n  the presence o f  a q u a l i t y  control  
representat ive and persomel from the 
JSC Microbiology Labora toy  . The des- 
ignated sample a rea  125 cm ) was sampled 
w i t h  two moist calcium Glginate swabs. 
One swab was placed i n  t ryp t i case  soy 
broth (TSB) f o r  recovery o f  bac te r ia ;  
the o ther  swab was placed i n  yeas t  mal t  
broth (YMP) w i t h  a n t i b i o t i c  f o r  f u n g i  
i s o l a t ’ w .  The spacecraf t  samples were 
i n x u l a t e d  o n t o  the media l i s t e d  i n  
Table 13-1, and the microorganisms were 
identified a s  previously described. 

The microbial content of the a i r  i n  the 
Orbiter was determined by using a small 
hand-he1 a cen t r i  f ugal ai  r sampler. I t  
i s  d Sel f-contained i nstrunent requi r ing  
m i n i m u n  maintenance. The cabin a i r  was 
drawn i n t o  the drun  by an impleller 
blade assembly, and the microorgani sms 
present  i n  the a i r  impinged upon  the 
x r f a c e  of  a flexible agar strip l i r ’ q g  
t h e  inside o f  the drun. The a g a r c s t r i p  
was incubated for 48 hours a t  25 C f o r  
bac te r ia l  quant i ta t ion .  Incubation was 
continued and the colonies  of  fungi were 
quant i ta ted a t  seven days. 

Table 13-2 identifies the po ten t i a l ly  
pa thogen ic  m i  c roo rgan i  sms i s o l  a t e d  
inside the spacecraf t  and ind ica tes  the 
loca t ion  o f  i s o l a t i c n .  StaDhYlOCOCCUS - 
aureus was the only medically fmportant 
b a c t e r i  a1 sDeci es i s9l a t e d  (F-37 
sampling) from’ the soacecraf t  during the 
mis s ion .  However, many d i f f e r e n t  
p o t e n t i a l l y  pa thogen ic  f u n g i  were 
i so l a t ed  from the Orbiter’s surfaces .  
Asper illus was the predominant fungal + genus so eted from the Orbiter, b u t  the 
gepera  , Dreschsl ers , Roda to ru la ,  
Tricho oron and Geotrichum were a l s o  
~ 3 h i T a b l  e ~ 3 - 2 ) .  h e  quanti-  
t a t i o n  o f  a1 1 microorganisms i so l a t ed  
a r e  shown i n  Table 13-3. Generally, low 
n u n b e y s  of  microorganisms were i so l a t ed  
from the Orbiter surfaces.  Some bu i ldup  
i n  t o t a l  microorganisms was observed  
during the f l i g h t ,  pa r t i cu la r ly  a t  s i t e  
14 (wall near t r a sh  conta iner  - f l i g h t  
deck) and t o  a lesser extent a t  sites 7 
( w a t e r  dispenser) and 1 6  (window 8 
gaske t ) .  

The spacecraf t  environment was further 
eval uated by col 1 ecti ng and analyzi ng 
a i r  samples from the mid and f l i g h t  
decks. Samples were taken a t  F-37, F-4, 
F-1, and L+O; the quan t i t a t ive  results 
a r e  shown i n  Figures 13-1 and 13-2. A 
rather s i g n i f i c a n t  increase i n  the “ltal  
number o f  microorgani  sms recove red  
( b a c t e r i a  and f u n g i  occurred between 
the F-4 and F-1 sampling periods.  A 
f ive- fo ld  increase i n  t o t a l  nunber of  
a i rborne microorgani sms occurred d u r i n g  
this  tive in t e rva l .  The source o f  the 
sharp increase i n  a i rborne contaminants 
was unknown. The analyses a t  L+O showed 
an i n c r e a s e  i n  a i r b o r n e  con taminan t s  
compared t o  the values obtained a t  F-37 
ana F-4. However, the values repre- 
sented a decrease from the F-1 f i n d i n g s .  
This  ind ica tes  t h a t  a i rborne contamin- 
ants  decreased du:ing the f l i g h t ,  b u t  
the abnormally high Val ues imnediately 
p r i o r  t o  f l i g h t  made con tamina t ion  
l e v e l s  d u e  t o  crew a c t i v i t y  d u r i n g  
f l  i g h t  d i f f i c u l t  t o  discern.  
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Table 13-1 
MICROBIOLOGICAL MEDIA 

SAMPLE MEDIA PLATES RANGE 
DILUTION 

CREW 
Nose and Throat 

Blood agar 
MacCon key 
Manitol Salts 
Chocolate 

Bacitracin 
CMMY~ 

SABb 

czc 
Urine 

Blood agar 

Mason key 

Manitol Salts 
Chocolate 

Bacitracin 
CMMY 

SAB 
cz 

Feces 
GN Brothd 

MacConkey 
Manitol Salts 

Hektoen 
CMMY 
s4f\ 
CL 

Biood agar 
SPALECRAF'I' 

Madonkey 

CMMY 

2 
1 

1 

2 

1 

1 

1 

1 

3 

100 

100 
100 

100 

100 
100 
100 

100 
102 

100 
100 

100 
100 
100 
100 

100 
100 
1 00 

100 
100 

1 00 

100 

1 02 
100 

1 02 
100 

a - commeal/malt extracdyeast extract agar 
b - Sabouraud's dextrose agar 
c - Czapek-Dox egar 
d - Gram negative broth 

Shut t le  Food Acceptance 

Random samples of a l l  food stowed 
onboard f o r  t he  STS-1  f l i g h t  were 
analyzed by the Microbioloey Laboratory 
t o  assure t h a t  f l i g h t  foods were w i th in  
e s t a b l  i shed m ic rob i  a1 1 i m i  t s .  Non- 
thermostabil i zed foods were screened f o r  
spec i f ic  microorgani sms , and the ther-  
mostabi l ized foods were subjected t o  a 
s e r i e s  o f  m i c r o b i a l  t e s t  procedures. 
The va r ious  t e s t  procedures and 
requirements f o r  bo th  non -s tab i l  i z e d  
fwds  and thermostabil i zed foods have 
been established by the NASA. Table 
13-4  summarizes the  m i c r o b i a l  t e s t  
procedures and the acceptable 1 i m i  t s  f o r  
both classes of foods. No food samples 
submi t ted t o  t h e  1 abora tory  f a i l e d  
acceptance standards. 

C on dud ing Rem arks 
The Mic rob io logy  Laboratory  p rov ided 
technical expert ise and analy t ica l  ser- 
vices f o r  a var ie ty  o f  tasks i n  support 

Table 13-2 
SAMPLE PnTENTl AL ORBITER 
PERIOD PATHOGEN LOCATION 

WCS handle 
Air supply vent. flight deck 

Window @et 
Control stick. pilot 

F-37 &I eraillus 
Dre&tkr@ hmaii.n* 
StsPhvlococeuS a m  Wall. flight deck 

F-1 9: NdoWi Urtno cdlection device 
Commode met, underside 
WCS handle 
Air supply vent, f lght  deck 

A. fb Commode saat 
WCS handle 
Window gasket 
Data file case 

Air supply vant (WCS) 
Air supply an t ,  f lght  deck 

- 

A. aculeatur -- 

A. Control stick, ptlot 
RadatorulQ mbr. 
Trichosporon cutaneum Window gasket 

L+O Geotrichum candidum Commod. seat, topr#h 
Air supply H n t  (WCSI - R. ruJg 

A , -  Air supply vent (WCS) 
A. ruleatus Air supply Hnt (WCS) 
A. fa E hawaiiensts 

- 
Air supply vent. flight deck 

-- 
Air wppfy vent. middock 
Acorraical blanket, mid deck 
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of  STS-1. The 1 aboratory'  s ob jec t ive  
was t o  implement an effective microbial 
contamination control plan i n  support of 
the overal l  goal which was t o  maintain 
the heal th  and sa fe ty  of  the crew. An 
a c t i v e  s u r v e i l l a n c e  program i s  an 
indispensable component o f  a good con- 
tamination control pl an. The survei 1 - 
1 ance program c o n s i s t e d  o f  microbi  a1 
monitoring o f  the f l i g h t  crews (prime 
and backup) and the s p a c e c r a f t  
incl udi ng: surfaces ,  food, a i  r, and 
water. Samples were obtained from the 
crews and the Orbiter a t  specified times 
and were evaluated by quant i ta t ing  the 
number o f  microorgani sms and identify: '  ng 
the pathogenic and po ten t i a l ly  patho- 
genic microbes. A var i e ty  of  potential 

pathogens were i so l a t ed  from the crews' 
specimens b u t  not i n  sufficient quan- 
t i t ies t o  impact th is  mission. The 
s p a c e c r a f t  was sampled pre and p o s t  
l aunch  t o  determine the  i n i t i a l  
m i c r o b i a l  con tamina t ion  level and t o  
a s s e s s  the b u i l  dup o f  microorganisms 
during the fl igh t .  Quan t i t a t ive  Val ues 
f o r  t o t a l  microorganisms per sample site 
were r e l a t i v e l y  low both pre and post- 
l aunch  e x c e p t  f o r  three s i tes  which 
exhib i ted  some microbial bu i ldup  during 
the f l i g h t .  The c i r c u l a t i n g  a i r  i n  the 
Orbiter displayed a sharp increase i n  
the number o f  a i r b o r n e  b a c t e r i a  and 
fungi imnediately p r io r  t o  launch. The 
or ig i r ,  of  the inf lux  o f  a i rborne contam- 
inan t s  i s  cu r ren t ly  under study. 

Table 13-3 

QUAN TIT AT ION^ 

BACTERIAL 

SITE F-37 F-4 F-1 L+O 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

13 
14 
15 
16 
17 
18 
19 
20 
21 

1 9  

< 1  
0 

< 1  
< 1  

4 
< 1  
< l  

0 
0 
0 
0 

NS 
1 
A 

5 
16 

1 
< 1  

4 
< 1  

0 

1 0 0 
0 0 <IO 
4 30 < l o  
0 0 40 
1 < l o  40 
0 < l o  0 
2 0 130 
0 0 < 10 

NS NS < l o  
k S  NS 0 
NS NS 0 

NS NS NS 
1 10 10 
0 20 '10s 
6 30 10 
2 90 370 
0 0 < 10 
0 0 70 
1 < 10 10 
1 10 30 
0 < 10 20 

FUNGAL 

F-37 F-1 L+O 

0 

< 1  
< 1  
( 1  
< 1  
< 1  

0 
0 
0 
0 

NS 
< 1  

0 
* 1  
< 1  
< 1  
< 1  

0 
0 
0 

< 10 0 
< 10 < l o  

.loo < l o  
40 0 
10 40 

< 10 0 
0 * l o  
0 0 

NS 0 
NS 0 
NS ~ 1 0  
NS NS 

< l o  < l o  
10 0 
30 20 
40 10 

< 10 0 
0 0 

e10 < l o  
< l o  < l o  

0 0 

a. Values are given inCFU/cm2 
b. Sleep restraint (site 12) was not a flight item on STS-1 

57 



Microbial monitoring o f  the spacecraft spacecraft. Information gained during 
d u r i n g  t h e  OFT phase of t h e  Space the ear ly f l i g h t s  w i l l  make possible the 
T ranspor ta t i on  System w i  11 produce e v a l u a t i o n  o f  t h e  spacec ra f t  c leanup 
baseline contamination data which w i l l  procedures between fl i g h t s  and w i l l  
a l l o w  f o r  d c ” ? r m i n i n g  t h e  m i c r o b i a l  a l low for  appropriate planning for  the 
b u i l d u p  tha t  occurs i n  a reusab le  subsequent mature missions. 

Table 13-4 

MICROBIAL TESTING PROCEDURES FOR SHUTTLE FOODS 

TEST PROCEDURE ACCE PTAB~E LI M IT 

Incubation Test No flippers, springers, soft or hard swells 
in sample 

Thermostabilired Cooked Meat Medium No growth in test sample taken from 
incubation tested can 

Trypticase Soy Broth with 
0.1% yeast extract 

No oowth in test sample taken from 
takm from incubation tested can 

- 
MICROBIAL DETERMINATION 4CCEPTABLE LIMIT 

Total Aerobic 

- Coli 

Not greater than lO,OOO/g 

Fecal Coliform/Escherichia None in 1 g  

Coagulase Positive None in 5 6  

Salmonellae None in 25 g 

N omThermostabilized Staphylococci 

Clostridium perfringens Not greater than 1oo/g 

Yeast and Mold Not greater than 1 oo/g 
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_ .  Food and Nutrition 
Richard L. Sauer, Rita M. Rapp 

The objec t ives  of  the STS-1 food system 
were t o  provide a s a fe ,  n u t r i t i o u s  food 
supply w i t h i n  the various biomedical , 
o p e r a t i o n a l ,  and e n g i n e e r i n g  con- 
s t r a i n t s .  The food system was desi ned 

which would allow easy manipulation i n  
the mic ro -g rav i ty  environment  and 
requi re  a minimum amount of time and 
e f f o r t  f o r  both preparation and cleanup. 

t o  be i n  a convenient, acceptable 9 om 

Results and Discussion 
OFT missions will be flown without a 
ga l ley  f o r  meal preparation. For these 
missions an interiln food system i s  being 
used t h a t  relies on the types of food 
packaging previously used during Apollo, 
Skylab,  and ASTP. A p o r t a b l e  food 
warmer i s  being used t o  replace the 
oven. In addi t ion t o  warming food, i t  
i s  c a p a b l e  of  h e a t i n g  beverages  and 
hence, replaces  the water heater  i n  the 
gal ley.  

The mew used during STS-1 i s  shown i n  
Table 15-1. A1 though individual menus 
have been designed and f low-  f o r  each 
astronaut  on a l l  previous U.S. missions,  
preassembled standard menus providing 
three meals and supplying 3000 c a l o r i e s  
(k i loca lo r i e s )  per person per day will 
be used on a l l  Shut t le  f l ights .  The 
menu was designed t o  m a i n t a i n  good 
n u t r i t i o n  and provide  a t  l e a s t  the 
following quan t i t i e s  
each day: 

Protein 
Vitamin A 
V i  tamin D 
Vitamin E 
Pho syhorus 
Ascorbic Acid 
Fol aci n 
Ni aci n 
R i  bofl avin 
Thiamine  
Vi tamin B6 
Vi tamin  B12 
Calcium 
Phosphor u s 

of  each nutrient 

56 
5000 

4 00 
15 

45 
400 
18 

8 00 

1.6 
1.4 
2.0 
3.0 

8 00 
800 

14 
Iodine (ug)  130 18 
Iron (mg) 
Magnesium (mg) 350 

15 
70 

Z i  nc 
Potassium 
Sodi um (mEq) 150 

In order  t o  accommodate individual food 
preferences d u r i n g  f l i g h t  a p a n t r y ,  
which was selected and approved by the 
STS-1 crew, was provided t o  supplement 
the menu. The STS-1 pantry i s  shown i n  
Table 14-2. The pur  se of the pantry 

well a s  snacks  and t o  serve as  a 
con t ingency  food supp ly  i n  c a s e  o f  
emergency. During a nominal mission 
pantry items may be exchange.' f o r  menu 
items. The pantry suppl ies enough food 
t o  provide approximately 2100 c a l o r i e s  
per person f o r  4 days. 

is t o  provide a d d i t  p" onal beverages a s  

Types of foods used on S"S-1 included 
thermostabil ized,  rehydratable ,  i r r a d i -  
a t e d ,  n a t u r a l  form, and i n t e r m e d i a t e  
moisture. Packages used for indiv idua l  
servings i ncl udell the Apollo spoonbowl , 
Sky1 ab beverage, b i  tesi ze,  f l  exi bl e fo i  1 
r e t o r t  pouches, a1 uninun and bi-metal1 i c  
cans, comnerci a1 servi ng-si ze port ion 
packets of  mustard, ca t sup ,  mayonnaise, 
h o t  s auce ,  and p o l y e t h y l e n e  d roppe r  
b o t t l e s  f o r  l i q u i d  pepper and s a l t .  
Individual meals were packaged i n  single 
meal overwraps ,  assembled i n  1 ocke r  
t r a y s  and stowed i n  lockers  a t  NASAfJSC. 

Frozen turkey sandwiches were prepared 
i n  the JSC food f a c i l i t y  and shipped t o  
KSC. The frozen sandwiches were placed 
i n  each a s t ronau t ' s  suit pocket, along 
w i t h  an 8 02. beverage contairter f i l l ed  
w i t h  water. -the sandwiches were t o  be 
consumed w i t h i n  6 hours o f  launch or 
d i  scardcd. 

An in-suit food b a r  was a l so  Frovided 
fo r  each as t ronaut  f o r  use i!! case of  an 
EVA.  

Preflight food service was provided f o r  
the STS-1 prime and backup crews dur ing  
Count Down Demonstration Test ( C D D T )  and  
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the Health ? ab i l i za t i on  period. Meals 
were prepared and served i n  the JSC pre- 
f l i g h t  food area and the KSC crew quar- 
ters. Sandwiches and snacks were pro- 
vided postflight f o r  the STS-1 crew on 
t h e i r  re turn t r i p  from Edwards AFB t o  
E l  1 i ngton AFB . 
?he STS-1 food system functioned very 
well  There were no rewirements t o  

measure i n f l  i g h t  i u + r i e n t  i n take ,  
however, t h i s  was estimated a f t e r  the 
mission and i s  shown i n  Table 14-2. The 
crew ate breakfast i n  the crew quarters 
a t  KSC pr i r i r  t o  launch. S i x  meals were 
eaten by each crewnen during the fl ight.  
Beverbges dere the only items used from 
the pantry t o  supplement the menu. The 
frozen sandwiches and i n - s u i t  food bar- 
were not ccnsuned. As Table 14-3 i n d i -  

Table 14-1 

MENU FOR (STS-1) 
FOOD ITEM 

DAY 1 

L 
Frankfurters 
Turkey tetrazrini 
Bread (2x1 
Bananas 
Almond crunch bar 
Apple drink (2x1 

D 
Shrimp cocktail 
Beef steak 
Rice pilaf 
Broccoli au gratin 
Fruit locktail 
Buterscotch puddiqg 
Grape drink 

B - Breakfast 
L - Lunch 
D - Dimer 

FOOD ITEM FOOD 
DAY 2 FORM 

8 
Applesauce (TI 
Dried beef (NF) 
Grai ,ola (1’1 

Breakfast roll ( I )  (NF) 
Chocolate instant beakfast (B) 
Orwge-grapef ruit drink (B) 

L 
Corned beef (I) 
Asparagus (R) 
Rye bread (2x1 (1)  (NF) 
Diceti pears (TI 
Peanuts (NF) 
Lemonade (2x1 (8) 

0 
Beef with barbecue sauce (T) 
Cauliflower with cheese (RI 
Green beans with mushrooms(R1 
Lemon pudding ( T I  
Pecan cookies (NF) 
Cocoa (6) 

(TI - The .:ortobilked 
(IMI - Intermediate Moisture 
(R) - Rehydratable 

FOOD ITEM FOOD 
DAY 3 FORM 

3 
Dried peaches (IM) 
S a ~ ~ g e  patty (R) 
Scrambled eggs (R) 
Cornflakes f R) 
Cocoa id) 
Orange-pineapple drink (6) 

L 
Yam (TI 
Cheese Spread (TI 
Bread (2x1 (1) (NF) 
Green beans and broccoli (RI 
Crushed pineapple :TI 
Shortbread cookies (NF) 
Cashah s (NF) 
Tea with len:on and sJgar (2x1 (B) 

(1) - Irradiated 
(FD) - Freeze-Dried 
(SI - Beverage fRehydratable) 



Talde 14-2 

PANTRY FOR STS-1 

READY-TO-EAT NO. 
SNACKS 

REHYDRATABLE NO. TllEROMOSTABILIZED NO. 
BEVERAGES I FOOO 

REHYDRATABLE N 0. 
F O O D  

cates,  t h e  average d a i l y  n u t r i t i o n a l  
intake per person was approximately 2656 
ca lo r ies  and exceeded the reconmended 
leve ls  for a l l  nu t r ien ts  duri--,g the twc 
days o f  f l  ight .  

Concluding Remarks 
The crew was complimentary o f  the food 
system, saying tha t  the qua l i t y  o f  food 
was good and t h a t  the food wanner and 
p repara t i on  equipment itorked w e l l .  
There were no package f a i l  ures. 

The only problem associated w i t !  the 
STS-I food system was a crew cament 
t h a t  the pantry packages were d i f f i c u l t  
t o  remove from the locker tray. This 
has been corrected f o r  fu tu re  f l i g h t s  by 
p lac ing Velcro on the bottcan o f  the tray 
t o  replace the bungee straps on the top  
of the tray.  

Tabk 14-3 

STS-1 
ESTIMATED MEAN DAILY INFLIGHT NUTRIENT CONSUMPTION 

PER CREWMAN 
MEAL CALORIES PROTEIN Qlo FAT CA Phor Na K Mg Fe tn 

m m o n p  ~ m g m g m g m g m e m o  

DAY 1.L 1006 
0 662 

2-8 1021 
L 810 
D 884 

3-8 930 

MEANlMANlDAY 2656 

RECOMMENDED LEVELS: 

Jsc 3ooo 

RDA 

33.7 114.6 45-8 
Sa8 83.6 18.6 
33-1 170.4 22.8 
45.9 107.2 22.3 
v.8 112.1 33.8 

29.1 1c 22.9 

106.E .F.-.€ 83.1 

56 

56 

256 

318 
766 
275 
310 
494 

1210 

a00 

830 

521 
458 
804 

476 
484 
670 

1706 

800 
800 

2368 
1219 
1180 
1262 
16E= 
1326 

45oti 

3450 

706 

1418 

1431 

754 

726 

1440 

3238 

2737 

137 i1.4 6.6 
04 5.6 6.5 
209 17.8 6.7 
123 5.0 7.0 
116 5.2 5.0 
105 84 2.5 

387 27.1 17.6 

3W 18 
350 10 15 





The Potable Water 
Richard L. S u e r  

The Shutt le Orbi ter  Potable Mat r System 
provides water f o r  both metabol i c  and 
hygienic needs. The system i s  s im i la r  
t o  Apollo i n  t h a t  i t  consists essenti- 
a l l y  of fuel  ce l ls ,  which produce water 
as a by-product o f  producing e l e c t r i c -  
i ty ,  water storage tanks, water dispens- 
ing, and i. iterconnecting tubing. How- 
ever, i t  i s  d i f f e r e n t  f rom Apo l l o  
because the Shutt le system i s  stainless 
steel rather than aluninun and a passive 
system, from a crew involvement stand- 
point. Adding bactericide, iodine, t o  
the fuel c e l l  produced water i s  provided 
by the Microbial Check Valve. This 
dev ice prov ides  f o r  t h e  cont inuous 
a d d i t i o n  o f  i o d i n e  t o  the  water t o  
control microorgani sms i n the potable 
water. 

I n  August 1980 the Shutt le Water System 
was serviced wi th  water o f  d i s t i l l e d  
q u a l i t y  meeting NASA S p e c i f i c a t i o n  
SE-S-O07X, "Space Shutt le F l  u i d  Pro- 
curement and Use Control", Table 6.3-16. 
This was accm l i shed by f i r s t  adding 
20-30 ppm (mg/l P iodinated water t o  the 
system f o r  d i  sinfec :ion purposes. Thi s 
water was then replaced wi t ! ,  iodinated 
water of approximately 2 ppm. 

Periodic samples o f  the potable water 
were obtained p r e f l i g h t  and a series o f  
samples were taken p o s t f l i g h t  t o  deter- 
mine the continuing microbiological and 
chemical qua l i t y  of tne water as com- 
pared t o  the speci f icat ion,  $E-S-00732. 
The prxedures and times f o r  sampling 
are defined i n  NASA Docunent, LS-10048, 
"Space Shutt le Potable Water Sampl ing 
Procedures f o r  G T "  . This procedure 
provides f o r  periodic sampl ing before 
and a f t e r  servicing, p r i o r  t o  launch, 
and a f t e r  1 and i ng . 

Re s ults an J Disc us sio n 
A t o t a l  o f  22 pref l igh? samples o f  the 
water were obtaified from the potable 
water sys tm between the time the water 
system was serviced i n  August 1980 and 
launch i n  Apr i l  1981. These con5isted 

of  b t h  
samples . 

15 
hemical and m i c r o b i o l o g i c a l  
The speci f ic  I;aran,eters moni- 

tored are those defined i n  NASA Speci f i -  
c a t i o n  SE-S-0073C and a re  l i s t e d  as  
requirements i n  Table 15-1 under Ref- 
erence Limit.  A t o t a l  o f  202 chemical 
parameters and 40 separate mic rob io -  
log-'cal analyses were conducted. The 
r e s u l t s  or these analyses are recwded 
i n  Table 15-1. A l l  of the parameters o f  
medical concern met speci f icat ion l e v e l s  
wi th  the exception o f  n ickel  i n  the 
c h i l l e d  water. 

Six p o s t f l i g h t  samples w r e  obtained f o r  
chemical and microbiological  analysis. 
The r e s u l t s  o f  these analyses a r e  
recorded i n  Table 15-2. A l l  parameters 
met s p e c i f i c a t i o n  l e v e l s  u i t h  t h e  
exception o f  t o t a l  bacter ia  count and a 
chromium leve l  i n  the c h i l l e d  water. 

Those parameters o f  nonmedical concern 
which were exceeded inc luded  t o t a l  
organics and color.  

o Nickel - Nickel leve ls  s l i g h t l y  i n  
exce- nickel  spec i f icat ion leve ls  
were found i n  t h e  p r e f l i g h t  c h i l l e d  
water samples . These elevated 1 eve1 s 
were l i m i t e d  t o  the c h i l l e d  water and 
r e s u l t  from nickel  brazing material i n  
the c h i l l e r .  These leve ls  were detected 
only when sampll 4 ~ - e  drawn a f t e r  re la -  
t i v e l y  long q: mt periods o f  the 
water system. u, ng these periods the 
nickel  lev21 bu i lds  up as a r e s u l t  o f  
e l x t r o l y t i c  corrosion. Tnis bui ldup 
does not occur when the system i s  being 
ac t ive ly  used as during f l i g h t .  This i s  
v e r i f i e d  by the f a c t  t h a t  the pos t f l i gh t  
level  o f  n ickel  was w i th in  l i m i t s .  Also, 
the maximun l e v e l  o f  n ickel  detected 
(0.15 mg/l) does not. represent a heal th 
nazard. 

o Total Bacter ia l  Count - Total bac- 
t e r i a !  counts of  4 colony forming un i ts  
per 100 m l  (CFUj100) and 250 CFU/lOO 
were found i n  the p o s t f l i g h t  c h i l l e d  and 
ambicrlt water samples, r e s p e c t i v e l y .  
:!lese levels,  while exceeding s p e c i f i -  
cat ion l i m i t s ,  are not considered sig- 
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nificant. In addi t ion these samples was detected. This level is not of m e d -  
were drawn from a c m o n  port, the water ical significance. In addition exces- 
gun, which was not adequately disin- sive color was not found i n  any other 
fected prior t o  sampling and precluded samples. 
the use of a sealed sampling system. 
F i n a l l y ,  follow-up analyzes showed the 
sbrence of bacteria. Concluding Remarks 

o Chromium - A chromiun level of 0.07 
m g / l  was found i n  the postflight arnbient 
water (the I i m i t  i s  0.05 mg/l) .  No 
explanation JF this level can be made. 
However, i t  i s  not of particular concern 
since RC r?ther samples have indicated a 
chrmiun content and chromiun a t  this 
level is not. of toxicological sigr,ifi- 
cance. 

o Total Organics - Total organics were 
found i n  the pre and postflight samples 
which exceeded the l imit  of  I mgll. 
This i s  an engineering limit. The maxi- 
m u n  level detected of 8 mg/l i s  of  no 
medica: concern. 

o Color - A preflight color level o f  
20 units exceeding the limit of 15 units 

The STS-1 crT'wnei; were provided meta- 
bolic water which was potable. This i s  
substantiated by analyses of pre and 
postfl i g h t  water samples and incl udes 
both chemical a i d  microbiolcgical con- 
s iderat ions.  The i n f i  i g h t  q u a l i t y /  
acceptabi l i ty  of  the water was s u b -  
stantiated by the positive coments of 
the crew concerning the good quality of 
the water (taste and tempe:-ature). 

The postflight water smpl ing procedure 
should be changed t o  precl ude the cse o f  
the water gun for sampl ing. Rather the 
vehicle chilled and ambient quick dis- 
connects should be used t o  insure the 
collection of representative samples. 

Tabte 15-7 
PREFLIGHT STS-1 POTABLE WATER ANALYSIS (TANK A )  REF: SE-S-73C 

Dat. 1 gm/%o 1117180 iinm iinm iinm 1 z i m  2110180 2 1 1 ~ 8 1  
Sample 1 KSC V5 V6 U? Vq V7A V'S V14 

Port + ChdW Ambrnt Ambrnt Chillad Chillad Chiltd An&4unt Ambmt 

Parammm Units Rei Lmn 1 
Conductirifv umholcm nf on(v 
PW PH I d  only 
Total Solds 4 1  nt only 
Tot& 0rp.Solrdr mo/l 1 man 
fan and Odor - 
furbdllv units 11 n u x  
True Color unirs 15 mar 
Cdmium mg/1 0.01 mar 

0.05 mar Chromium d 1  
COPW -1 1-0 nu. 
Iron mg/ 1 0.3 M X  

L.rd -1 1 0.05 n u x  
Wn9n.r. mgJ1 O W  ma. 
M.rwry mg/ 1 000s mJx 
Nukd mpl 1 0 0 5  mar 
%.ntum dl 0 0 1  mar 
SlWU mo/1 0 1  n u x  
Zinc mg/ 1 5.0 mar 
Dirrdrrd Gas $31-C 0.twion no f r r  oor 
I d , - .  *np/ 1 r e i  only 
Tr Coliform CFUllOOml 0 

Total B u t r i a  CFUllOOmi 0 
Anaroha P a ' N q  0 
V a t  and Mold CCU11OOml 0 

Eb WI. 

*Nom at Thr.rhold (odor No 31 

3.3 3.7 
4.9 4.8 
2 5  3.2 

0.8 ( 1 0  <1.0 
nom none 
2.9 2.8 

< 15 ('3 

< 01 c 01 
< .OS < 0 5  
< .05 < a s  
< 0 5  < .os 
< 01 < .01 
< .os 4 -05 
< 002 < 002 
< .05 0 07 
< 002 < .002 
< W  4 05 
0 02 0.02 
0 0 
1.8 1 7  

0 0 

0 0 
0 0 
0 0 

14.5 
6.5 
3.1 
1.9 

IYWI. 
0.2 

< 15 
< .01 
<as 
< .05 
< .05 
.c 01 
< .05 
< 001 

0 07 05 
< 01 
< .E 
< 03 
0 
1 .os 

0 

v 
0 
0 
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Table 15-1 Continued) 
PREFLIGHT STS-1 POTABLE WATER ANALYSIS (TANK A) REF: SES-0073C 

0.a - 
SI- - 

PN. - 

11 ma. 

0.01 ma. 
005 ma. 
1 O m a a  
0.3 m a  
0 0 5 n u x  
0.05 nu. 
0.005 ma. 
005 max 
0.01 n u x  
0.1 m a n  
5.0 nu. 

ref only 

15 n\.R 

110 t r N  0.s 

CFUllOOml 0 

CFU/100ml 0 
POSlN.0 0 
CFU/lOOml 0 

PREFLIGHT STS-1 POTA 

0.h - 
S.w -. 

D.V. -- 
R d  Limlt 

nt only 
rd only 
n t  only 
1 mar 

11 m a  
15 l lua  
0 0 1  mar 
005 mar 
1 0 n u r  
0.3  wux 
O D s  mar 
0 05 mar 
0005 m a  
0 0 5  mra 
0 0 1  man 
0 1  n u a  
5 0  maa 
Ro f?.. p r c  
ref only 

4 0  
4.2 
4.1 
2.1 
n0-a 
Q l 3  

< 16 
< .01 
e .05 
4.05 
e .01 
< .01 
4 .05 
< .002 

.01 
c .001 
e .05 

-90 
0 
2.9 

0 

0 
0 
0 

9 5  
4.5 
1 0  
1 6  

0.4 
20 

c .01 
< .05 
< .05 
< .05 
< .01 
< .as 
4 .002 
c.05 

.001 
< .as 
.ow 

0 
2.3 

... 
4.2 L8UIIdl 
4.3 .. .. .. .. .. 

< .01 
.05 

< .05 
< .05 
< .01 
.a 
,001 

0.15 
< .001 
< .a5 

.06e 
0 
1.8 

0 

0 
0 
0 

.E WATER $ NALYSIS (TANK A) REF: SE-SOO73C 

2iiorei 2t10181 2121101 2/27/81 2127m1 2 m m 1  3112101 
VIS V16 V17 V l 8  V19 V20 V21 

Chilkd Chilld Amb-t Ambrnc Chilkd Chrlld A m b m t  

13.0 
6.2 
3.2 
2 1  

0.2 
4 1s 

01 
<.06 
< .06 
< 0 6  
4 01 
< M  

001 
.07 

4 ,001 
4 0 5  

03 
0 
1 2 6  

norm 

5 2  
6.0 
1 .4 
1.2 
nom 
0 3  

< 16 
001 

KO6 
05 

< a  
01 

i o 5  
< 002 
d o 5  

003 
co5 
< a  
0 
3 4  

0 
0 
0 
0 

4 7  
5 9  
1 4  
1.1 
nom 
0.3 
< 15 
c 001 
< .05 

05 
eo5 
< 01 
< 0 5  
< 002 
< .05 

003 
( 0 5  
<o!i 
0 
3 4  

0 
0 
0 
0 

16 
6.0 
1.6 
0.8 

nom 
020 
c 15 
c 01 
105 
< 0 5  
< 01 
< 01 
t35 
< 002 
< 01 
< 001 
< .OF. 

.020 
0 
3 5  

0 
0 
0 
0 
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Table 152 
PREFLIGHT STS-1 POTABLE WATER ANALYSIS (TANK 4) REF: SE-Sa' IX 

d c l l i  
ld o d v  
d O d V  
1- 

11 n u x  
15 nun 
0.01 n u x  
0.05 mau 
1.0 m n  
0.3 m u  
0.05 n u x  
0.05 n u x  
0.005 nun 
0.05 N N  
0.01 n u x  
0 1  m n  
5.0 .mmn 
no f rn  p1s 
n f  only 

Total Cdiform CFU11OOml 0 

Total B w u i a  CFUllOOml 0 
A . w o b a  h I N . 0  0 
v m  and Mold CFUIlMml 0 

*'Van at Threshold (Odor no. 3) 

Eunru 

1s 
4.9 
1 
1 

0.7 

.01 

.05 

.!I5 
;'IC 
.06 
.a5 
.a01 
.01 
.002 
.06 
.Ol 
0 

non. 

15 

l?ona 

0 
2500 

0 
0 

15 
5.8 

14 
8 

moo. 
0.7 

15 
.(rl .* 
.06 
.06 
.& 
.06 
.001 
-05 
.m2 
.05 
.01 

0 
nona 

0 
4 
0 
0 

- 
6.0 
2 
- 
- 

1 
3 
.02 
.07 
.Q1 
.03 
CE. 
.M 
.005 
.05 
.05 
.op 
.Ol - 
- 

- 
5.4 
2 
- - 

1 
1 
.02 
.06 
01 
.03 
.a 
.02 
.005 
.05 
.05 
.01 
.05 - 
- 
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Shuttle 
Wayland J. 

I n  a l l  the 

Toxicology 
R i  ppstei n 

spacecraft programs p r i o r  t o  
the Space Shutt le i t  was learried t h a t  
t race leve ls  o f  contaminant gases b u i l t  
up i n  the spacecraft cabin area during a 
mission. Analyses o f  samples taken from 
Apollo cabin atmospheres indicated the 
presenLe of some 300 d i f f e r e n t  COR- 
pounds. Because o f  the lack o f  onboard 
analyt ical  capab i l i t ies  and sample acqu- 
i s i  t i o n  hardware, both qual i t a t i v e  and 
quant i ta t ive values f o r  these 300 com- 
pounds were undetermined. However, i t 
was rea l ized t h a t  a potent ia l  t o x i c i t y  
th rea t  existed when man was exposed t o  a 
large mount of low concentration con- 
taminant gases. 

From 1 aboratory outgassing studies o f  
Shutt le candidate nonmetallic materials, 
i t  was determined tha t  t h e  S h u t t l e  
Orbi ter  cabin would a1 so contain out-  
gassed contaminant gases. Some known 
sources o f  t race contaminant gases are: 
heat exchanger f l u i d s ,  f i r e  ext inguisher 
f l u i d s ,  i n s u l a t i o n  f o r  e l e c t r i c a l  
wir ing, paints, lubr icants,  adhesives, 
and even the crewembers themselves. I n  
addit ion, some trace leve l  s o f  gases are 
produced by the degradation (thermal and 
oxidat ive) o f  an e n t i r e  host o f  non- 
metai 1 i c materi  a1 s. 

50th the Shutt le and Spacelab vehicles 
were designed t o  contain Envi romenta l  
Control L i  f e  Suprort Systems (ECLSS) . 
These systems, ainong t h e i r  many func- 
t i o n s ,  were designed t o  p rov ide  t h e  
c a p a b i l i t y  f o r  removing some o f  t h e  
t race contaminant gases i n  the vehic le 's 
atmosphere. The main component i n  the 
ECLSS, deqigned f o r  t rsce  gas removal, 
was a bed o f  act ivated carbon. The 
dehumidifier por t ion o f  the ECLSS a1 so 
functioned t a  remove some water sol uable 
contaminant gases. Furthermore, some 
acid gases were trapped i n  the carbon 
dioxide scrubber por t ion of the ECLSS 
(1 i t h i  un hydroxide:. The exi  stence o f  
these c a p a b i l i t i e s  i n  ECLSS d i d  n o t  
however, preclude the presence o f  t race 
contaminants i n  the cabin atmosphere. 
No po:+tion o f  the ECLSS was 100 percent 
e f f i c i e n t ,  especial ly i n  the case o f  

16 
system f a i l  ures o r  the rap id  generation 
of  1 arge q u a n t i t i e s  o f  contaminant 
gases 

The main o b j e c t i v e  f o r  p r o v i d i n g  a 
toxicology program f o r  support o f  the 
S h u t t l e  Program i s  n o t  u n l i k e  t h e  
suppor t  p rov ided i n  p rev ious  space 
programs i .e., t o  ensure t h a t  t he  crew 
i s  not exposed t o  any harmful quant i t ies  
of  contaminant substances i n c l  ud ing 
1 i quids , gases o r  sol ids. 

The toxicology support provided f o r  the 
Shutt le Program also includes two other 
areas o f  consideration besides inhala- 
ti on t o x i  c o l  ogy . These are  c o n t a c t  
(sk in )  and ingest ion toxicology. Since 
these two areas of toxicology invo lve 
only a small por t ion  o f  the t o x i c i t y  
work provided f x  the Shutt le Program, 
most o f  the  discussion presented here 
w i l l  deal wi th  the i nhal a t ion  tox i co l -  
ogy. Contact t o x i c i t y  e f f o r t s  f o r  the 
S h u t t l e  Program dea ls  m a i i l y  w i t h  
t o x i c i t y  evaluation of  candidate space 
s u i t  m a t e r i a l s  f o r  as t ronau t  use. 
I n g e s t i o n  t o x i c i t y  ma in l y  concerns 
p o t a b i l i t y  of dr ink ing water f o r  space 
crew consumption. 

Results and Discussion 
The o v e r a l l  approach of  t h e  S h u t t l e  
Toxicology Program i nvo', ves four  major 
areas of  concern. These are: 

Establishment o f  space fl i g h t  tox ic-  
i ty standards. 

Establishment o f  a method f o r  con- 
t r o l  and e v a l u a t i o n  o f  candidate 
spacecra f t  m a t e r i a l  s s e l e c t i o n  
and/or we.  

Development o f  methods and hardware 
for removal o f  spacecraft contam- 
i nants. 

Developing methods and conducting 
measurements of spacecraft contam- 
i nant  1 eve1 s present  d u r i n g  
missions. 

67 



The es tab l i shment  o f  space f l  i g h t  
t o x i c i t y  standards was the f i r s t  step 
r e q u i  red  i n developing t h e  S h u t t l e  
T o x i c i t y  Program. New i nhal a t i  on 
standards were required f o r  space f l  i g h t  
since a l l  ex is t ing  inha la t ion  t o x i c i t y  
standards dea l t  wi th  40 hour work-week 
exposures, except f o r  U. S .  submarine 
operations. I n  the case f o r  submarine 
opera t i  ons where a tmospheri c flax imum 
a1 lowable concentrations are reached, 
the vessel could, i n  most cases, surface 
t o  vent any contaminant gases. The 
spacecraft crew could not r i d  the crew 
compartment o f  contaminant gases a s  
read i l y  as would be required. For t h i s  
reason, the Spacecraft I”bx!’mum A 1  lowabl e 
Concentration (SMAC) Val ues f o r  contam- 
inant  gases are i n  most cases f o r  1 /2  t o  
1/10 those values set  f o r  a standard 40 
hour work-week maximum a1 lowabl e concen- 
t r a t i o n  values. A second and possibly 
equal l y  important reason f o r  requi r i n g  
the se t t ing  o f  SMAC Val ues a t  s i g n i f i -  
can t ly  lower V a l  ues than i s  required f o r  
industry i s  t ha t  i ndus t r i a l  values are 
mainly based upon physiological c r i t e r i a  
while spacecraft values are based upon 
decrement o f  performance (behav io ra l  
changes) and physiological c r i t e r i a .  

A 1 i s t  o f  known spacecraft contaminant 
gases was submi t ted t o  an ad hoc 
committee a t  the National A c a d e m y 7  
Sciences and composed o f  governmental , 
i n s t i t u t i o n a l ,  and indus t r i a l  t ox i co l -  
ogi sts for the purpose o f  establ i shi ng 
long term, continuous exposure 1 i m i t s  
f o r  space f l  i g h t  appl i c a t i o n s .  The 
committee recommended a l i s t  o f  SMAC 
values t o  NASA. These values were used 
i n  l a t e r  a c t i v i t i e s  invo lv ing spacecraft 
materials select ion and the development 
o f  spacecraft breathing gas standards. 

I n  the case where new gases (those no t  
evaluated by the National Academy o f  
Sciences) were used i n  t h e  S h u t t l e  
Program, inhouse o r  contracted t o x i c i t y  
studies were conducted t o  determine new 
SMAC val  ues. 

The jecond phase o f  t h e  S h u t t l e  

Toxicology Program was car r ied  o u t  by 
e s t a b l i s h i n g  a m a t e r i a l s  s e l e c t i o n  
program tha t  included the evaluation of 
spacec ra f t  cand ida te  n o n m e t a l l i c  
m a t e r i a l s  f o r  ou tgass ing  c h a r a c t e r -  
i s t i c s .  Outgassing analyses were 
conducted on each candidate material t o  
determine botb qual i t a t i v e  and quanti- 
t a t i v e  i n fo rma t ion .  A c r i t e r i a  f o r  
acceptance was e s t a b l i s h e d  f o r  a l l  
nonmetal1 i c  m a t e r i a l  s based upon 
outgassing character is t ics ,  spacecraft 
vol me, mission duration SMAC vai  ues, 
and spacec ra f t  Environmental Con t ro l  
L i f e  Support System (ECLSS) removal 
capab i l i t y .  

A procedure was also incorporated i n  the 
materi  a1 s program f o r  accepting ce r ta i  n 
c r i t i c a l  materials o r  hzrdware by use o f  
waivers. This involved a review o f  
ma te r ia l ,  o r  hardwares used i n  t h e  
spacecraft. I n  some cases, the review 
requirea a more thoroagh set o f  chemicai 
and tox ico log ica l  test ing.  

The t h i r d  p a r t  o f  the overa l l  Toxicology 
Program i n v o l v e d  t h e  development o f  
methods and hardware t o  c o n t r o l  t h e  
1 eve1 s o f  contaminant gases not e l  i m i  n- 
ated i n  the mater ia ls  se lect ion program. 
This e f f o r t  consisted mainly o f  a close 
working re la t ionsh ip  between the  NASA 
toxicology sc ien t i s t s  and ECLSS design 
engineers. The spacecraft ECLSS design 
incorporates provi  sions f o r  the removal 
o f  contaminant gases by three d i f f e ren t  
methods. 

The primary method f o r  removal o f  con- 
taminant gases i s  by absorption on t o  a 
bed of act ivated carbon t h a t  i s  con- 
tained i n  th2 ECLSS carbon d iox ide (COP) 
reilmal bed ( l i t h i u m  hydroxide). 

A second method f o r  contaminant gas 
removal i s  i n  a s p e c i a l l y  designed 
canister known as the Ambient Temper- 
ature Cata ly t ic  Oxidizer (ATCO) .  The 
u n i t  was approved f o r  use on the Orhi t e r  
f o r  the main purpose of  c a t a l y t i c a l l y  
converting t race quanti t i e s  o f  carbon 
monoxide (CO) i n t o  C02. The C02 would 
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then be removed i n  the CO scrubber 
por t ion  o f  the ECLSS. Certain other 
1 esser important contami nant gases woul d 
a1 so be c a t a l y t i c a l l y  oxidized i n  the 
ATCO. These compounds would then be 
adsorbed i n  the activated carbon beds 
contained both i n  the ATCO and ECLSS. 

The f i n a l  means o f  contaminant gas 
removal i s  i n  the  spacecra f t  ECLSS 
dehumid i f i e r .  The cab in  atmosphere 
passes over t h i  s moi s t u r i  zed surface, 
and trace leve l  s o f  water sol cable gases 
are carr ied out  o f  the dehunid i f ier  w i th  
the e f f l uen t  water stream. This par t  o f  
the ECLSS was not designed w i th  t h i s  
f u n c t i o n  i n  mind, b u t  i t s  scrubbing 
e f f o r t  i s  considered t o  be par t  o f  the 
overa l l  contaminant gas removal capa- 
b i l i t y .  

The l a s t  phase o f  the Shut t le  Toxicology 
Program concerns the methods used f o r  
assessing the  t r a c e  contaminant gas 
atmospheric conditions during an actual 
m i  ss i  on. From previous experiences w i  t h  
assessments o f  closed environments i n  
manned chamber tests  and previous anal - 
yses of spacecraft cabin atmospheres, i t  
was concluded tha t  two methods would be 
employed t o  obtain a complete qual i ta-  
t i v e  and quant i ta t i ve  analyses o f  the 
Orbi ter  atmospheres. These methods are 
known as "whole" snd "absorbed" gas 
sampl i ng procedures. 

The whole gas sampling procedure 
requi -es the  use o f  an evacuated 
s t a i n l e s s  s t e e l  cy1 i n d e r  ( F i g u r e  1). 
When a gas sample i s  required, a valve 
OP the evacuated cy1 inder i s  opened and 
an atmospheric sample i s  drawn i n t o  the 
c y l i n d e r .  The c y l i n d e r  v a l v e  i s  
imnediately closed t o  t rap  the sample 
f o r  l a t e r  analyses. The absorbed gas 
sampling procedure involves the use o f  
the Shut t le  A i  r Sampl e Assembly ( Figure 
2) .  This assembly contains seven pa i rs  
of  tubes containing a substrate known as 
Tenax@. This material has been found t o  
be an excel lent substance f o r  the absor- 
p t i o n  o f  most a i rbo rne  contaminant 
gases, especial ly i n  the presence o f  

water vapor. The absorption property o f  
Tenax has been employed as a contaminant 
gas sampling media by drawing atmos- 
pheric samples through small s ta in less 
steel tubes containing a measured quan- 
ti ty o f  the white powder-1 i k e  substance. 
As t h e  atmospheric sample i s  drawn 
through the Tenax bed o f  powder, the 
organic gases are retained while oxygen, 
nitrogen, argon, CO, C02, and most water 
vapor passes d i r e c t l y  through the bed 
w i th  a minimum o f  absorption. The tubes 
are sealed a f t e r  the speci f ied sampling 
period (usual ly  24 hours o f  continuous 
sampling) and analyzed a t  a l a t e r  time. 

Tbe appl icat ion a f  both tire whole and 
adsorbed gas sampl i ng procedures pro- 
vides a h igh degree o f  accuracy i n  both 
qual i t a t i v e  and quant i ta t ive assessment 
of spacecraft cabin atmospheres. The 
whole gas samples p rov ide  accu ra te  
quant i ta t i ve  determination o f  the con- 
taminant  gas conta ined i n  t h e  cab in  
atmosphere a t  t h e  t i m e  o f  sample 
(instantaneous). Whole gas samples a1 so 
a l low a determination o f  CO contained i n  
the  atmospheric sample. C O  i s  n o t  
adsorbed i n  the Tenax trap. The major 
f au l t  i n  using the whole gas sampling 
procedure i s  t ha t  since only a gas i s  
trapped i n  the sampling cy l inder ,  some 
d i f f i c u l t y  i s  experienced i n  attempting 
t o  i d e n t i f y  very small quant i t ies  o f  
Contaminant gases i n  the sample. The 
function of the Tenax trapping procedure 
i s  important for  the overa l l  ana?ysis o f  
a spacecraft cabin atmosphere. Since 
the Tenax t rap  can be used t o  contin- 
uously t rap  gases f o r  24 hours, a very 
la rge  amount of contaminants can eas i l y  
be contained i n  the f i n a l  trapped sam- 
ple.  This makes the q u a l i t a t i v e  process 
much easier t o  accomplish. Once the 
compounds are i den t i f i ed ,  the aliantita- 
t i v e  resu l t s  are determined u5ing the 
whole gas samples. 

Both of these sampl ing procedures were 
used fo r  pre and post Shuttle missions. 
The only dif ferences between the pro- 
cedures used fo r  ground versus space 
missions was tha t  whole gas samples were 
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pumped i n t o  evacuated cy1 i n d e r s  f o r  
ground tes t ing  and Tenax sampling was 
conducted using vacuun punps f o r  ground 
t e s t s  whereas du r ing  m i  s s i  ons space 
vacuum was employed. 

Spacecraft cab in  atmospheric t r a c e  
contaminant data was obtained f o r  two 
d i f fe ren t  Orb i ter  vehicles. These were 
f o r  OV-101 ( E n t e r p r i s e )  and OV-lC2 
(Colunbia). The Enterprise was used f o r  
Approach and Landing Testing (ALT) and 
the Colunbia was used f o r  Orb i ta l  F l i g h t  
Testing (OFT). A t o t a l  o f  f i v e  atmos- 
phe r i c  sampl i ngs  and analyses were 
conducted fo r  the two Orbiter space- 
c r a f t ;  two f o r  OFT-1 and t h r e e  f o r  
ALT-1. These are 1 i sted below: 

ALT-1 - 
1. Pre f l i gh t  

2. " s t f l  i g h t  
upon vehic 

OFT- 1 - 

3 nour t e s t  period) 

(imnediate sampl i ng 
e landing). 

1. Vehicle preparation (immediate 
sampl i ng f u l l  owing sol vent s p i l l  
i n  cabin area) 

2. Prefl ight (6 hour t e s t  period) 

3. I n f l i g h t  (56  hour  m iss ion  
period) 

Deta i ls  f o r  each o f  these resu l t s  are as 
follows: 

ALT-1 -- 
P re f l igh t :  

The analy t ica l  resu l ts  f o r  the 
pre f l igh t  samples indicated the 
presence o f  less than 0.1 par ts  
per  m i l l i o n  (PPM) o f  t o t a l  
organic contaminants on a vol-  
une t o  volune basis ( V / V )  and 
less than 0.5 ppn ( V j V )  carbon 
monox i de. 

Pos t f l  igh t :  

I d e n t i c a l  a n a l y t i c a l  resu l  t s  
were ob ta ined  f j r  t h e  
p o s t f l i g h t  samples. 

OFT- 1 - 
Vehicle Preparation: 

As t h e  r e s u l t  o f  a s o l v e n t  
s p i l l ,  f i v e  samples o f  t h e  
cabin atmosphere were taken i n  
succession over approximately a 
10 minute period. The objec- 
t i v e  f o r  sampling t h e  cab in  
atmosphere was t o  determine 
whether any o f  t h e  s p i l l e d  
solvent l , l , l - tr ichloroethane 
s t i l l  e x i s t e d  i n  t h e  c a b i n  
atmosphere. A t o t a l  o f  38 
compounds was detected i n  the 
Col umbi a ' s  cab iu  rtmosphere. 
Concentration ranges f o r  these 
compounds was 0.05 ppm ( V / V )  t o  
l e s s  than 0.001 ppm ( V / V j .  
Table 16- i  contains a l i s t  o f  
the compounds detected. 

Pref l  igh t :  

The Colunbia was outgas tested 
f o r  a period o f  s i x  hours. The 
purpose uf t h i s  t e s t  was t o  
o b t a i n  ou tgass ing  data t h a t  
could be extrapolated t o  a t ime 
equal t o  that o f  the OFT-1 mis- 
s ion (56 hours). The vehic le  
was closed t o  an outside a i r  
exchanger f o r  the duration o f  
the t e s t  period. A l l  f l i g h t  
hardware was onboard f o r  the 
t e s t .  A l l  he,t p roduc ing  
equiplneni. was turned on f o r  the 
t es t  period. The ECLSS was no t  
used f o r  the f i r s t  f iwe hours 
of  the t e s t  period. Atmos- 
pheric samples were co l lected 
i n  cy l inders a t  t - C ,  2, 4, 5, 
and 6 hours during the test .  
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Tenax sampl es were co l  1 ec ted on 
a continuous basi s throughout 
the t e s t  period. 

The enaiy t ica l  chemical resu l ts  
f o r  the f i n a l  hour o f  the s i x  
hour t e s t  a re  con ta ine .  i n  
Table 16-2 .  A t e t a l  c f  110 
compounds were detected i n  the 
atmospheric samples cc: 1 ected 
d w i n g  t h i s  time. A t o t a l  o f  
74 o f  the : ' O  compounds was 
i dent i  f i ed and quanti f i ed . 

12f: i ght  : 

Atmospheric: samples were 
obtairied throughout the 56 hour 
f ?  ight .  Both the who1 e gas and 
Term : 2mpl i i1g procedures were 
enpl cyed f o r  t n i  s sampl i n g  
a c t i v i t y .  Four vho le   as 
samples were :,3ken dtlritig the 
mixsion: a t  the beginning; two 
evenly spaced periods i n  the 
a idd le;  and a t  the end. Tenax 
samples were taker! on a con- 
tiniious basis with exchange o f  
col1ec';ion titbes every 24 
hours. 

The analy t ica i  ckemical resu l ts  
for the f ina l  whole gas samples 
a r e  given i n  Tabie 16-3. k 
t o t d l  o i  84 compciunds w i r e  
detected. O f  t h i s  nunber 56 
% w e  i dent i  f i  ed and quanti f i ed . 
Concluding Remarks 

I n  r e l i e w i n g  the  a n a l y t i c a l  chemical 
data obta ined from t h e  two O r b i t e r  
v e h i c l e s  ( O d - . l G l  and O'J-102), i t  i s  
s i g n i f i c a n t  t h a t  such d i f f e r e n c e s  i n  
outgassing cha rc i te r i s t i cs  should occur. 
The Enterprise (OV-101) was an extremely 
c iean veh ic le ,  whereas the Col umbis 
(OV-102) mtgassed a s ign i f i can t  nunber 
and quantity o f  contami nant gases. 

I n  inost t o x i c i t y  eva! uations invo lv ing 
,mtaminant geses, only one o r  a t  m o s t  

severa l  gases a r e  considered a t  one 
time. However, i n  the case o f  the 
Colunbia, i t  was necessary t o  assess an 
atmosphere ccntaining as many as one 
hundred d i f f e r e n t  gases. I n  the ear ly  
phase o f  the Orbiter development program 
a l i s t  o f  contaminant gases was made f o r  
compoucds suspected as most l i k e l y  t o  be 
present as outgassed products o f  U rb i te r  
nonmeta l l i c  m a t e r i a l s .  Q u a n t i t a t i v e  
values were determined f o r  SMAC. These 
V a l  ues were based upon the fol lowing se t  
of c r i t e r i a :  

Continuocc; exposure f o r  24 hours per 
day f o r  up t o  7 days. 

ExpOsLire t o  a s i n g l e  contaminant 
gas. 

No other physiological th rea t  from 
other stress, e.g., heat. cold, and 
work. 

Where t o x i c i t y  data was not  ava i l -  
able f o r  a given compound, a SMAC 
value was assigned f o r  t ha t  compound 
a t  a leve l  equal t o  the t o x i c i t y  
valve f o r  the most h x i c  com?ound i n  
the compound family. A Zomplete 
l i s t  o f  these compounds i s  contained 
i n  NASA Docunent NHB 8060.lb and 
t i t l e d  "F lammabi l i t y ,  Cldor, and 
Of fgass ing  Requirements and Test  
Procedures f o r  Materi a1 s ' n Envi r- 
onments tha t  Support Combustion .I1 

I n   or?^ +Q Cosduct t o x i c i t y  assessments 
o f  the data ohtdined from outgassi ng 
sampling of the Collmbia, both f o r  the 6 

inant  gases were categorized i n t o  9. . 'IS 
according t o  t h e i r  relavent e f fec ts  on 
humans. These groupings are as follc.ds: 

and 56 hour t e s t  periods, the c* -- 

o I r r i t a n t s :  e.g., aldehydes and 
amoni  a 

o Asphyxiants: c.g., -iir:.;n dioxide, 
carbon monoxide and methane 

o G a1 Nervous System Depressants 
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( Anesthetics and narcotics; : e .g., 
e thers,  ketones, a l coho l  s,  and 
paraf f i n i  c hydrocarbons. 

o System Psf sons: e .g . , ha1 ogenated 
hydrocarbons, benzenes, phenol s , and 
naphtha1 enes . 

o P a r t i c u l a t e s :  e.g., s i l i c o n  and 
asbestos. 

Depending upon the concentration, the 
examples giver, i n  each o f  the abwe f i v e  
ca tegor ies  can 9e changed from one 
grouping t o  another. I n  order t c  a r r i v e  
a t  an overal l  assessment where a very 
large nunber o f  contaminznt gases e x i s t  
siniul taneously i n  the Labin : tmosphere, 
only the addi t ive effect; i n  a given 
physiological response 9- ’ng ha% been 
considered here. The , - l1 it? does 
ex is t ,  houever, f o r  synercjistic e f fec ts  
between compounds i n  d i f f e r e n t  groups OF 
even wi th in  the same group. Scient i  i i c  
i n f o n a t i m  does not e x i s t  f o r  deal ing 
with synergist ic e f .  -;ts o f  the contam- 
inants gases detected i n  the Orbi ter  
cabin. 

Since p a r t i c u l  a te  ma te r i  a1 s were n o t  
manitcred i n  t h e  O r b i t e r  cabin, and 
since the ECLSS contains a micro sized 
f i l t e r ,  t h i =  subject i s  not addressed i n  
t h i s  report.  

Each f ttx four physiologiLa? e f f e c t  
ca tegv ies  wer, evaluated on 2 group 
l i m i t  conceb:. This was accomplished by 
determining tne s w a t i o n  o f  t h e  r a t i c s  
o f  tk crew cabin concentrations t o  the 
SMAC concent ra t ions .  This summation 
m s t  i ic t  exceed un i t y  i f  a safe environ- 
ment i s  t o  be naintained. The fol lqwing 
mathematical expression i s  employed t o  
describe the above condition: 

where C = contaminant gas 
concentration 
SMAC = Spacecraft Mrlzximun Allowable 
Concentration 

Applying the above mathematical t r e a t -  
ment t o  each o f  the four physiological 
e f fects  g roup,  i t  was learned from the 
6 hour t e s t  t h a t  i c  the absence o f  any 
t race gas removal capabil i t y  i n  Col unbia 
crew cabin, a potentfc l  hazard could 
develop f o r  the 96 hour mission. HGW- 
ever, t h e  p r e s w c s  o f  t h e  a t t i v a t e d  
carbon bed i n  the ECLSS would adequately 
maintain the cabin environment safe f o r  
the p l  anned m i  ssi  on. 

The t o x i c i t y  assessment o f  t h e  data 
ob ta ined from t h e  56 hour m iss ion  
atmospheric samples conf i rmed t h e  
assessment made by e x t r a p o l a t i n g  t h e  
data obtained i n  the 6 hour venic le 
outgassirq test. 

F’nallv, the 56 hour mission outgassing 
data was treated mathematically ir: the 
same fashion PS the 6 hour data. The 
purpose of t h i s  e f f o r t  was tr “ t rap- 
o la te  the 56 hour data t o  day 
missio? assessment. The resul ts  o f  t h i s  
e x t r a n o l a t i o n  c l e a r l y  i n d i c a t e d  t h a t  
Collrmtia’s cabin environment was safe 
f o r  manrled space f l i g h t s  f o r  up t o  7 
days. 

I n  conc lus ion .  i n fo rma t ion  has been 
gained from the analyses and t o x i c i t y  
assessments o f  the t w o  Orb i ter  vehicles 
which allows greater confidence i n  the 
program designed f o r  ensuring a safe 
habi tab1 e breathing atmosphere f o r  space 
crews. This knowledge and experience 
w i l l  be t te r  a l l o w  the same support f o r  
f i l ture missions. 

or I 

n 
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1. Carbon Monoxide 
2 .Melhane 
3. l.l.lTridrbl.22-Yriiluotoethsna 
A 2-Metwlhexane 
E.. Roponrl 
6.zAopnuna 
7. Diddorofluoromethane 
8 cyd0h.m 
s- 

1Q 1-8ut.nd 
11. C7Qkfi1k Hyctocrbon 
12 Acetic Atid EthVl Ester 
13 
14 2 u t r o n a  
15. - 
I& 1 . 1 . 1 - T r i C h ~  
17. Dichlajmahsn 
18 Hem8xmedivItrkilox. Cyd& 
19.6eIKcm 
20. c-Aliphaic Hvbaarbon 
2l. Acetic Acid, nAogvl Ethr 
22 1 - d  
23. C7Qcrticlk H~aOarbon 
a C ~ A l i c  H~drotltbon 
25 Cl0-Aliuhatic Hydrocarbon 
26. Trichtoroethane 
27.l-Ropw\sl 
aa 2dlbthyl-2-wIMd 
29 C -Aliphatic Hy&ocwbw. 

31. TrimethyldW 
32 1,29ichlor#thffn, 
33. Clo-Alip’etic Hydroarbon 
34 Clo-Aliphaic HvaOCarbbn 
35. Toluene 
S Tetr#hloroethene 
37. C -Aliphatic Hydrocarbon 

39. C1 l-Aliphatic Hydrocsrbo- 
40. Acetic Add. n-Butyl t3-r 

41. C18-Aliphatic Hydrocsrhon 
4 2  C1 l-Aliphetic Hythcarbon 
43. Cll-Aliphatic H y h a r b o n  

45. Cl0-Aliphdc HyhcmrSon 
46 C?O-Al~phaic Hydnrarbon 
47. C1 ,-Aliphatic Hyhearbon 
48. Cl l-Aliphntic Hydroarbon 
44  Cll-Aliphatk Hycharbon 
50. C Aliphatic Hydrocarbon 
51. l-&tmol 
52  Cl1-Aliph.tic Hydrocarbon 
53. Ethylbenzene 
56. Cll-Aliphatie Hydrocarbon 
55. Cl l-Aliphotic Hydrocarbon 
56. l . r ) - D i m e t h y l b n ~  
57. 1.3~Dimethylbenme 

30. &thvc- 

38 2Uethvl-1- 

44. Cii-Allphaic Hv-bon 

0.578 
2156 

10.517 
am 
0.009 
0.107 
0.001 
0.007 
0.006 
0.007 
a001 
0-015 
a010 
0.151 
0.320 
a101 

0.01 7 
0.001 
0.007 
0.001 
0.007 
0.002 
0.002 
QOW 
0.002 
0.001 
0.003 
0-003 
0.032 
a007 
0.0’ 1 
0.003 
0.023 
a1 12 
0.001 
0.023 
0.007 
0.003 
0-015 
0.005 
0.W 
0.007 
0.003 
0006 
0 . W  
0.003 
0.004 
0.004 
0.005 
0.021 
0.009 
0.010 
0.003 
0.007 
0.001 
0.001 

0.077 
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concsnaation 

0.005 
0.004 
a m  
0.004 
O.ooo9 
0.002 
0-007 
0.023 
0.042 
a01 1 
0.oOW 

0.Wl 
0.001 

fppn, 

aozo 

aoio 
a0007 
(LOO1 

T* 

ComQound corrsntrorion 
(ppm) 

1. CarbOnMonoxi& a890 
2Methane 28-10 
3. TricMoroRuorometham -* 
4. 1.1. Zlrichloro- 1.22-Triflmmetbne 0.749 
5. E t h d  0.079 
6. 2-M&.yl-l,SButadiem 0-010 
7. nH.xma - 
F. Methvlcvdopantene 0.01 2 
Q Rollsnd Q.032 
10. 2PrOp .none 0.070 
11. R&nenel 0.029 
1 2  2-8utanone 0.015 
13  1.19inmthylethond 
14. 1.1 .l-Trichloroath~ 0.013 
15. W a d  0.015 
16.29ropnd 0.054 
17. Dichloromathene 0.020 
18. Ethmol 0.103 
19 Benzene 0.001 
20. Hexrmethylcydotrisiloxane 0.003 
21. nPentmal 0.018 
22 4-Methvl-ZPentanone 0.002 
23. Tduetm 0.016 

25. Acetic Acid. n-&ityl Ester 0.001 
26. n-Hexad 0.005 

24. C10-Albt~  0.002 

27. C1 ,-Alkane 0.001 
28. C,l.Alkam - 

163 
Compound 

- 
0.99 
0.cm 
0-009 
0.004 
0.009 

< 0.001 
0.002 

< 0.001 

0.003 
<0.001 

0 . m 1  

a002 

- 

- 
< 0.001 

0.001 

c 0.001 
- 
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Radiological Health 
Charles M. Sarnes, D. V.M., Ph .D. 

Travel i n t o  space subjects the astronaut 
t o  increased quant i t ies o f  rad ia t i on  due 
to: (1) loss of pmtec t i ve  atmospheric 
shielding; and !2) movement i n t o  higher 
rad iat ion f ie lds,  such as the Van Al len 
rad ia t i on  bel ts.  Federal l a w  and NASA 
inst ruct ions require measurements o f  the 
rad ia t i on  dose received by cremettbers. 
H i  s to r ica l  l y  a1 1 NASA m i  ssions have been 
performed with negl i g i b l  e quanti t i t e s  o f  
rad iat ion received by the space crew. 
This was possible through use o f  jud ic-  
ious operational procedures and f l i g h t s  
i n t o  zones l a r g e l y  p r o t e c t e d  by t h e  
Earth's magnetosphere. 

The o b j e c t i v e s  o f  t h e  Rad io log i ca l  
Heal th Space F l i g h t  Program are t o  
protect  the health o f  astronauts engaged 
i n  space f l i g h t  and insure the safety o f  
the crew from a radiological  standpo.tat 
as the mission proceeds. 

Results and Discussion 
A record o f  rad iat ion exposure from a l l  
sources received by astronauts i s  main- 
tained as a part  o f  the meJical record. 
Oosimeters are provided f o r  deployment 
wi th in  the crew compartment and on the 
as t ronauts  f l  i g h t  garments t o  d e t e c t  
rad iat ion encountered by the space crew 
during each mission. The measured dose 
i s  added t o  the indiv idual  crewnan's 
medical record. 

Dosimeters provided are o f  two types, 
passive and act ive (Figure 17-11. The 
pass ive  dosimeters a r e  composed o f  
t h e m 1  uninescent dosimeter (TLD) chips, 
p l a s t i c  sheets, and metal f o i l s ,  each 
affected by d i f f e r e n t  kinds and energies 
o f  radiat ion. These are sealed un i t s  
which must be processed p o s t f l i g h t  i n  a 
l abo ra twy  t o  determine the precise dose 
encountered. Active dosimeters may be 
readout by the crewnember a t  any time 
and are used as a means o f  determining 
whether o r  not i t  i s  necessary t o  modify 
the missiort. Theie active in tegrat ing 
dosimeters a r e  re l i ab le ,  per-sized i o n  
chambers which measure three ranges o f  

-4% 
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rad ia t i on  exposure. The pocket d x -  
imeter,  l ow  range ( P D L ) ,  measures 
a c c u r a t e l y  i n  t h e  m i l l i r a d  range o f  
0-200 mrad. The pocket dosimeter, h igh 
range (PDH), measures accurately i n  the 
range o f  0-100 rad. I n  addition, a 
contingency h igh r a t e  dosimeter (HRD) f s  
provided f o r  measurement c f  doses o f  0 
t o  600 rad. 

Through t h i s  system, the unique radia- 
t i o n  of space can be measured adequately 
f o r  Shutt le OFT missions. This includes 
electron, proton, and heavy cosmic rays 
encountered d u r i n g  a t y p i c a l  m i  s s i  on 
prof  il e. 

I n  addi t ion t o  the actual measurements 
of rad iat ion encountered by the space- 
c r a f t ,  a constant watch i s  maintained t o  
p r o j e c t  t h e  i nc idence  o f  p o t e n t i a l l y  
hazardous r a d i a t i o n  c o n d i t i o n s  which 
might occur during the mission. I n  
cooperation w i th  the National Oceanic 
and Atmospheric Admi n i  s t r a t i o n  and the 
Department of Defense, constant eval ua- 
t i o n  of the space environment i s  con- 
ducted. S o l a r  f l a r e s  a r e  c a r e f u l  l y  
monitored by v x m d  stations. These 
f l a res  can cause a bui ldi lp o f  electrons 
m d  pr@+ons i n  t h e  E a r t h ' s  magneto- 
sphere. Earth s a t e l l  i t e s  which measure 
r a d i a t i o n  l e v e l s  i n  t h e  e a r t h - s o l a r  
interspace also y i e l d  information which 
ass i  s t s  i n  de termin ing  progress and 
resul tant  hazards from solar eruptions. 
Data from the above sources serve t o  
provide a proj-cted dose t o  crewmen f a r  
enough i n  advance t o  allow modif icat ion 
of the f l i g h t  plan i f  necessary. 

Permiss ib le  r a d i a t i o n  exposures a re  
provided f o r  each mission on 3 r i s k  
versus gain basis by the -1SC Radiation 
Constraints Panel and are entered i n t o  
t h e  i l i g h t  Rules which a r e  used t o  
control  the mission. The basis f o r  
rad iat ion protect ion standards f o r  space 
f l i g h t  i s  prorided i n  guidance by the 
National AcaJenIy o f  Sclence. 

One high range dosimeter (PDH) gave a 
reading, shown t o  be spurious, o f  30 





Cabin Acoustical Noise 
Jerry L. Hanick, Ph.D. 

Throughout a major port ion o f  the manned 
space fl i g h t  program L i  f e  Sciences per- 
sonnel a t  the Johnson Space Center (JSC) 
have been involved i n  the speci f icat ion 
of acceptable spacecraft noise levels,  
t h e  measurement o f  specec ra f t  n o i s e  
( b o t h  r e a l  and simulated) and t h e  
assessment o f  spacecraft noise on crew 
well  being and perfomance. On the 
basis o f  l i m i t e d  data i t  i s  known t h a t  
wi th  a few minor exceptions the Apollo, 
and e s p e c i a l l y  Sky1 ab, spacec ra f t  
in ternal  noise envi ronments were wi t h i  n 
acceptable 1 i m i  t s  . The ambient acous- 
t i c a l  noise i n  these vehicles a t  no time 
presented a hazard t o  t h e  c r e w e n s '  
hearing and selklrn in ter fered with the 
crewnens' a b i l i t y  t o  e f f e c t i v e l y  commun- 
i c a t e ,  perform and o b t a i n  adequate 
s l  eep . 
I n  order t o  precl ude crew re la ted acous- 
t i c a l  noise problems on fu ture space- 
c r a f t  the JSC convened a c o m i t t e e  i n  
1972 which developed a standard set o f  
acoustical noise c r i t e r i a  f o r  spacecraft 
design. This standard, JSC Design and 
Procedural Standard 145 " k o u s t i c a l  
Noise C I  i t e r i a " ,  s p e c i f i e s  maximum 
allowable crew exposures t o  shlrrt dur- 
a t ion noises (e.g., launch noise) and 
sustained on-orbi t ambient noi se. The 
on-orbi t maximun a1 1 owabl e nai se defined 
by Standard 145 i s  55 dBA. F i f t y - f i v e  
dBA i s  approximately equivalent t o  an NC 
50 noise contour. Standard 145 was 
applied t o  the Space Shutt le Orbi ter  
desi gn. 

t h e  a c t u a l  on-orb i t S h u t t l  e Orbiter 
in ternal  acoustical noise environment 
would exceed Standard 145. A v a r i e t y  o f  
" f ixes"  including acoustic blankets and 
noise muff lers were developed f o r  the 
OFT f l i g h t s .  Ground based noise tes ts  
performed on OV-102 a t  2a lada le ,  
Ca l i f o rn ia  (January 1979) and a t  KSC 
(May 1980) confirmed t h a t  the in ternal  
Orbi ter  acoustic noise d i d  exceed Stan- 
dard 145 even w i t h  the various " f ixes"  
insta l led.  To detemine the extent o f  
t h e  S h u t t l e  O r b i t e r  a c o u s t i c  n o i s e  
probl em during actual fl ight , Detai led 
Test Objective (DTO) 161 'Cabin k o u s -  
t i c a l  Noise" was developed f o r  implemen- 
t a t i o n  on STS-1. 

The object ive o f  DTO 161 was t o  v e r i f y  
t h a t  cabin acoustical noise i s  a t  o r  
below the l e v e l s  speci f ied by JSC Design 
and Procedural Standard 145. 

Results and Discussion 
Using a hand-held sound pressure leve l  
meter the crew made one-octave band and 
A-weighted sound leve l  measurements a t  
four  locat ions i n  the Orb i ter  on Mission 
Day 1. The data were voice recorded and 
transmitted t o  the ground p r i o r  t o  the 
f i r s t  i n f l i g h t  sleep period. Measure- 
ments were also obtained a t  a nunber o f  
1 oca t i ons  w i t h  i n s t a l l  ed microphones 
which were p a r t  o f  t h e  Development 
F1 i g h t  I ns t rumen ta t i on  System (DFI  1. 
The DFI  data w i l l  not be reported here. 

Analyt ical studies performed by Rockwell The data ob ta ined are summarized i n  
i n  the mid t o  l a t e  1970'; v j icated t h a t  Table 18-1. 

Table 18-1 

Octave Band SPL 

Hz: 63 125 250 500 1K 2K 4K 8K dBA 
JSC Stanaard 145 (NC50) 73 66 60 55 52.5 50 48 47.5 55 
flt. Deck (between seats) 54 58 55 55 58 53 48 42 60 
F l t .  Dek ( a f t .  windows) 63 61  55 59 63 57 51 46 66 
M i  d-dec k ( center 1 61 61 63 58 61 61 58 53 67 
Mid-deck (sleep s tat ion)  60 63 67 59 62 61 58 52 67 
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Acoust ic no i se  measured between the  
e j e c t i o n  seats exceeded t h e  NC 50 
spectrun only i n  the 1K Hz and 2K Hz 
octave bands. Noise a t  the a f t  f l i g h t  
deck measurements 1 N a t i o n  exceeded by 
several decibels the NC 50 spec t rm 5n 
the octave band range from 500 Hz t o  4K 
Hz. A t  t h i s  locat ion the A-weighted 
sound pressure leve l  was 11 dB greater 
than the leve l  (50 dRA) specified by the 
NC 50 spectrun. 

Noise measured a t  both locat ions on the 
mid-deck was generally higher than the 
noise l eve l s  on the f l i g h t  deck. A t  
both mid-deck l o c a t i o n s  t h e  no ise  
exceeded 12  dB above t h e  s p e c i f i e d  
A-wei ghted 1 eve1 . 
From a physiological po int  of view the 
noise level  s measured on STS-1 were not 
hazardous t o  t h e  crewmens' hear ing.  
Continuous exposure t o  the measured mid- 
deck noise spectrun f o r  periods up t o  7 
days i n  duration would not cause per- 
manent heari ng damage. However, some 
temporary hearing threshold s h i f t s  could 
be expected. These temporary s h i f t s  
co;l:d have subtle e f fec ts  on sDeech com- 
munications and auditory signal detec- 
t ion. It was for t h i s  reason t h a t  JSC 
e a r l i e r  developed a g u i d e l i n e  which 
recommerided t h a t  i n  spacec ra f t  no ise 
environments between 65 dBA and 75 dBA 
hearing protection devices be worn dur- 
ing sleep t o  permit recovery I'rorn noise 
induced temporary t h r e s h o l d  s h i f t s .  
Above 75 dBA the use of such devices 
during a t  l z a s t  the sleep periods would 
become mandatory. 

appear t o  i n t e r f e r e  wi th  sleep, nor 8 . o  
noise i n t e r f e r e  w i t h  communicatio,rs. 
This opinion may not prevai l  w i th  other 
crevs on l onger  d u r a t i o n  missions. 
Continuous exposure t o  r e l a t i v e l y  h igh 
frequency noise i n  the 65-70 dBA range 
c o u l d  cause s leep and communication 
d i  sturbances. Noi se induced s leep  
problems may be compounded on missions 
where 2 - s h i f t  crew opera t i ons  a r e  
p l  anned . 

Concluding Re marks 
In  s m a r y ,  the noise l eve l s  measured on 
STS-1 are acceptable f o r  the remaining 
OFT miss ions .  A l l  a v a i l a b l e  sound 
suppression devices ( m u f f l e r s  and 
acoustic blankets) should continue t o  be 
used on these nissions t o  avoid noise 
leve ls  higher than 67 dBA. For oper- 
at ionai  Shutt le missions, e f f o r t s  should 
be cont inued t o  lower  t h e  O r b i t e r  
acoustic noise as close as possible t o  
the NC 50 ( 5 5  dBA) requirement. Current 
p l  ans t o  use sol i d  f l o o r  and wall  close- 
out  panels and t o  acoust ical ly insu late 
the crew s i  eep compartments shoul d he1 p 
somewhat i n  reducing the noise l eve l s  
r e l a t i v e  t o  those measured on STS-1. 
Most impor tan t l y ,  a p p r o p r i a t e  s teps 
should be taken t o  permanently i n s t a l l  
properly designed IMU and ARS muf f lers  
i n  l i e u  o f  t h e  temporavy m u f f l e r s  
developed f o r  the OFT missions. I n  
developing such muff lers emphasis should 
be placed on a t tempt ing  t o  f u r t h e r  
reduce noise i n  the 500 Hz t o  4000 Hz 
range. 

During p o s t f l i g h t  crew debrief ings the 
STS-1 crew stated that  noise d id  not 







and appeared s i m i l a r  t o  a small tiunulus 
cloud about 2 km i n  diameter (Figure 
19-2). The cloud was white and opaque, 
due t o  the p:-esence of l i q u i d  aerosols. 
Close examination o f  the region below 
the cloud reveals a stream o f  pa r t i c l es  
f a l l i n g  from the cloud t o  the ground. 
This w i l l  be discussed i n  de ta i l  -,,tw-. 
A t  28 minutes a f t e r  launch i i  ig t ,  .e 
19-31, the cioud became e?opgated, and 
l o s t  i t s  wh i te ,  opaque appea t r i c e ,  

becming grey and less dense. Thl . i s  
the r e s u l t  o f  evaporation o f  the l i q u i d  
HC1 aerosol, leaving behind Ai20j dust. 

Measurements o f  the exhaust c lcxd and 
i t s  e f fec ts  cn the Kennedy Space Center 
(KSC) area were coordinated sy Albert 
Kol ler  =nd Wil l iam Knott of KSC. These 
measurements i ncl uded sampl e col  1 e c t i  on 
and gas analysis a t  ground level ,  in -  
cloud analysis o f  the cloud from d n  
a i r c r a f t ,  eco log i ca l  and a !  r /wa te r  
qual i t y  measurements, and weather radar 
observations o f  the cloud. 

P r io r  t o  launch, the ground t rack and 
sur face  HC1 concent ra t ions  o f  t h e  
exhaust cloud were predicted using the 
Marshal 1 Space F1 i g h t  Center (MSFC 1 
mu1 til ayer d i f f us ion  model, developed by 
Briscoe Stephens, and operated by Joseph 
Sloan o f  MSFC and Ke i th  Dumbauld o f  
#,.:mer Co. Predictions were made a t  
i - 5 . 5  hours, T-3.5 hours, and T-2 hours 
p r i o r  t o  launch. These predict ions were 
used t o  advise medical personnel o f  any 
potent ia l  heal th hazard (no hazard was 
predicted), and t o  pos i t ion the surface 
measurement stations. Ihe predicted ang 
ac*i:al c loud  t r a c k s  were w i t h i n  30 
azimuth of each other. The peak surface 
lever concentration was predicter' t n  be 
2.9 ppv, well below the tox ic  l i m i t  o f  8 
ppm. lrl fact ,  a t  the time o f  launch, a 
grouqd ;eve[ inversico layer  existed, 
which e f fec t i ve l y  stopped any d i f f us ion  
o f  gas from the cloud .down t o  ground 
leve l .  (The exist'ng model does not take 
surface inversion layers i n t o  account. ) 

Ground stat ions were set up t o  measure 
HC1 gas, dust f a l l o u t ,  and ac id ic  r a i n  

from the cloud. I t  was not  ce r ta in  tha t  
any ac id ic  r a i n  nr m js t  would f a l l  from 
the cloud, since T i tan launch exhaust 
cloltds produced an ac id ic  f a l l o u t  only 
j n  m e  instance. As i t  turned out, wet 
ac id ic  dust d i d  f a l l  from the cloud, and 
the  need f o r  the measurement was j u s t i -  
f i  ed. 

Hydrogen chloride gas was measured bsing 
in tegra t ing  dosimeters and chemil mi - 
nesct ' ,C1 detectors. The in tegra t ing  
dosim. t ~ r s  were carbonate-coated g l  ass 
. ~ l b e s ,  analyzed c h e a i c a l l y  a f t e r  t h e  
t e r t  t o  determine the t o t a l  amount. o f  
HC1 t o  whici- they had been expcsed. A t  
24  s i t e s ,  t he  l a r g e s t  HC1 dosage 
recorded was 32 ppm-seconds (2400 
ppm-sec i s  t h e  l a r b c 3 t  a lJ iwab 'e  
dosage)  . The chemi 1 urninescent HC1 
detectors gzvc a time h is to ry  of HCI 
concen t ra t i on  a t  t h e  instrw;,ent 
locat ion.  The peak concem-attbn o f  HCl  
recorded a t  one o f  8 s i tes  was 0.1 ppm 
(8ppm i s  the larcjest allowable concen- 
t r a t i o n ) .  The other S I  tes recwded no 
HSl  a t  a l l .  

Ground-1 eve1 dust measurements i -< uded 
two streaker f i l t e r s ,  which orodmred a 
time h i s to ry  o f  the dust by IVL 7g a 
band o f  f i l t e r  paper s low ly  p a s t  a 
sampl ing o r i f i ce ,  cascade impactors t o  
prod!-ct a s ize d is t r ibut iok i  o f  the dust, 
and nucleopore f i l t e r  sampl ers ,  t o  
c o l l e c t  dust samples integrated over the 
t i m e  they were operated. Data co l lected 
by these ins t ruments  i s  s t i l l  be ing  
analyzed. The streaker f i l t e r s  c l e a r l y  
showed the launch cloud as darker than 
t h e  ambient d u s t  p r i o r  t o  launch.  
Results from these dust samplers w i l l  
eventual ly be compared with predict ions 
from t h e  MSFC dus t  f a l l c u t  model, 
de r i ved  from t h e  MSFC mu1 t i l a y e r  
d i f fus ion  mcdel. It i s  expected that 
t.here w i l l  be s ign i f i can t  d i f f e r e w e s  
between the nbserved and predicted dust 
s i z e  d i s t r i b u t i o n  and dens i ty ,  s ince  
p r e c i p i t a t i o n  o f  wet dus t  i s  n o t  
i t .cluded '?  the nodel, and t h i s  e f f e c t  
i s  elcpected t o  change the character o 
dust f a l l o u t  i n  the ear ly  stages o f  t h  f 
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Surface ind ica tors  included pH paper and 
+ n d i C ,  a r  plants. The pH paper showed 
that  a l l  the drops hzd a pH below 3.5. 
Ind icator  p lants  were hot-house grown 
padish and pennywrt  plants, both o f  
which a r e  s e n s i t i v e  t o  HC1. The 
ind ica tor  p lants  showed the ac id  m is t  
droplets very c lear ly .  Figure 19-4 i s  a 
photograph o f  1 eaves o f  n a t i v e  
. -e re ta t i on ,  where spots  o f  n e c r o t i c  
p l a n t  t i s s u e  produced by  t h e  m i s t  
droplets we c lea r l y  seen. The spot t ing 
o f  nat iv? vegetata'or? was found t o  be an 
exrcl'wf i n d i c a k  - q f  ac ld  m is t  f a l l -  
3ut, and traverss: across vege ta t i on  
under the .7ioud trajectory were m a d e  t c  
def ine tl,d areas o f  ac id  m is t  f a l l o u t  
fwsl the cloud. 

Close study o f  the damaged spots on the 
planc leaves shows tha t  a white p a r t i c l e  
o f  Alz03 i s  present i n  near ly a l l  cases. 
This indicates tha t  the droplets have 
formed around A1203 dust par t ic les,  and 
t W  f a l l o u t  mater ia l  could be j u s t i f i -  
a ~ l y  ca l led  wet A1 C dust, ra ther  than 
l i q u i d  droplets c i n h n i n g  A1203 par- 
t i c l es .  

Close study o f  the photographs o f  the 
exhaust cloud showed t h a t  the ac id  mis t /  
wet dust f a l l o u t  was v i s i b l e  below the  
cloud. An analysis o f  the p a r t i c l e  f a l l  
t r a jec to r i es  was done, using Stokes law 
and estimates o f  wind ve loc i ty  below the 
clotid. The tra,jectory data were consis- 
ten t  w i t h  droplet  diameters ranging from 
about 300 microns 4 minutes a f t e r  
launch, t o  about 200 microns 10 minutes 
a f t e r  launch. 

Prel iminary estimates o f  the density o f  
the f a l l o u t  y ie lded a b u t  2 pa r t i c l es  
per square centimeter a t  3 km distance 
from the launch pad. 

The f a l l o u t  areas ( o r  " foo tpr in ts " )  fo r  
both the ac'id mist/wet dust f a l l o u t  and 
the dry A1 G3 dust f a l l o u t  are shown i n  
Figure 19%. As noted above, these 
areas were mapped by observations of  
vegetation. Sane areas i n  swamps and 
lagoons were not  accessible, and the 
more r e s i s t a n t  p l a n t s  were n o t  t o o  
af fected by the f a l l o u t ,  so t h a t  some 
regicns o f  f a l l o b t  may not have teen 
mapped by t h i s  techniwe. The area a t  8 
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h did receive ac id ic  dmplets, shown i n  
the mineral o i l  sample, but surface veg- 
e ta t i on  displayed only dust, as indi- 
cated i n  the Gust area shown fu r thes t  
frao the launch s i te .  

A i rborne  measurements o f  t h e  exhaust 
cloud were conducted by Daniel Sebacher, 
Gerald Gregory, Richard Bendura, Richard 
Storey, D. C. woods and W. R. Cofer o f  
LtRC- Measurements were made o f  temper- 
ature, r e l a t i v e  humidity, p a r t i c l e  den- 
s i t y  (nephelometric), s ize d i s t r i b u t i o n  
of Cry dust, gaseous HCl and Wtal HC1 
(gaseous p lus l i q u t d  aerosol). Also, a 
high-volme f i l t e r  sampler WBS used t6 
c o l l e c t  dust saaples f o r  l a t e r  analysis 
i n  t h e  l abo ra to ry .  Both t h e  low- 
a l t i t u d e  ground cloud and the coluun 
exhaust cloud which extended t o  h igh 
a1 ti tudes were saspl ed. 

A i r c r a f t  data from the ground cloud are 
s m a r i z e d  i n  Figure 19-6, where tota! 
and gaseous HC1, r e l a t i v e  humid i ty ,  
tauperatwe, and nephelometric p a r t i c l e  
densi t ies are plot*& as a funct ion of 
t ime a f t e r  launch. The t o t a l  HC1 pre- 
sent i s  8 t o  10 t i w s  l a r g ~ r  than the 
gaseous HC1 present ,  which i n d i c a t e s  
tha t  most o f  the HC1 i s  i n  s o l u t i m  as 
1 i qu id  aerosol  drop1 ets .  Humf d i  t y  
insfde the cloud was i n i t i a l l y  about 
90%, e l t i l e  ambient h m i d i t y  outside the 
c loud  was about  70%. The excess 
h m i d i t y  was a r e s u l t  o f  water vapor 
from the rocket engines and mators and 
from the vaporized deluqe water. The 
fomat ion  o f  l i q u i d  aeresol droplets i s  
the r e s u l t  o f  the hygroscopic nature o f  
HCl .  This gas i s  extremely soluble i n  
water, and the so lu t ion  has a lower 
vapor pressure than pure water. As a 
resu l t ,  HC1 gas mixed w i th  hunid a i r  
w i l l  induce the fomat ion  o f  an aemsol 
composed o f  droplets o f  HCl  solution. 
The e f f e c t  can be observed i n  t h e  
laboratory by not ing the white fumes 
produced by venting dry HC1 gas i n t o  the 
a i r ,  o r  by opening a b o t t l e  o f  
concentrated hydrochloric acid sol ution. 
These funes are an aerosol o f  aqueous 
HC1. The pa r t i t i on ing  o f  HC1 between 
1 i qu id  aerosol drops and gas observed i n  
the Shuttle exhaust cloud i s  i n  f a i r  
agreement w i t h  theory,  a s  shown i n  
Figure 19-7 where three points drawn 





from an a i r c r a f t  pass a t  9 minutes have 
been p lo t ted .  This F igure  shows t h e  
percent HCl present as l i q u i d  aerosol 
p l o t t e d  as a func t j on  o f  t o t a l  HCl  
concent ra t ion  i n  ppw. Theore t ica l  
predict ions are shown as dotted l ines 
p lot ted for constant h ra id i t y  values. 
n e  observed data points f a l l  between 
the predicted l ines  for 85% and 90% 
re1 a t i v e  h m i d i  t y  . The measured 
h w i d i t y  ins ide the cloud a t  that time 
was aroucd 80%. ind icat ing the aerosol 
was formed e a r l i e r ,  a t  a t ime when 
hus id l ty  i n  the cloud was higher. I t  
also indicates that  the aerosol a t  9 
minutes i s  unstable, and w f l l  eventually 
evaporate, l e a v i n g  behind d r y  A1 0 
dust. 
a f te r  28 minutes as seen by inspection 
o f  Figure 19-3, which shows a s i g n i f i -  
cant change i n  appearance o f  the cloud. 

Since ambient h m i d i t y  outside the cloud 
was about 70%, the Figure shows tha t  
l i q u i d  HC1 droplets which f a l l  out o f  
the cloud in to  the ambient below, would 
be even more unstable, evaporating as 
they f a l l .  

This process i s  w e l l  adva ad 

Total HCI i n  the airborne exhaust cloud 
i s  compared with theoretical predict ions 
from the HSFC nul t i l a y e r  d i f fus ion  model 
i n  Figure 8. The predicted values are 
larger than the observed values. The 
#SFC model i s  known t o  be conservatiue, 
so t h i s  difference WBS expected. 

A1,O dust measurements i n  the cloud 
resul t s  s i m i l  a r  t o  that  observed 

previously i n  Titan exhaust clouds. A 
bimodal f i z e  d i s t r i b u t i o n  w i t h  peaks 
near 10- micrcns and 10 microns was 
found. 

yfbi,ed 1 

An en t i re l y  d i f f e r e r t  prcperty o f  the 
exhaust cloud was studied usir\g weather 
radar. I t has been suggested thgt  the 
A1 0 dust i s  capable o f  local  modif f -  
ca?i%n o f  weather by inducing or 
suppresslng r a i n f a l l .  I n  order t o  t es t  
t h i s  poss ib i l i t y ,  the Daytona National 
&ather Service 10 cm radar, and the 
Cape Canaveral 5 cm radar were monitored 
u n t i l  iaunch p lus 4 hours. No evidence 
of  any type of  weather a c t i v i t y  was 
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observed i n  the path of both the high- a t  two stat ions,  one located near the 
and low-level exhaust clouds. launch area, and the other a t  a po in t  on 

KSC near the mainland. The most colllson 
Launch Operations Effects - 

The a c t i v i t i e s  associated wi th  preparing 
the vehic le f o r  launch, launching it, 
f a l l o w d  by cleaning up a f t e r  the launch 
a r e  expected t o  have environmental 
ef fects on the KSC ama, including the 
adjacent  Nat iona l  W i l d l i f e  Refuge. 
These e f f e c t s  were moni tored by 
measurements of a i r  and water qual i ty ,  
and by ecological observations. 

A i  r qucl i ty was m n i  tored continuously 

a i r  po l lu tants  were measured, inc lud ing 
CO, Od, SI nit rogen oxides, and non- 
wetha e hy ocarbons. Launch operations 
had no measurable e f fec t  on a i r  qual i t y  
as measured by these stat ions. 

Water qual i ty was monitored by analysis 
o f  34 d i f f e r e n t  ions i n  water from the 
lagoonal ponds. The only e f f e c t  noted 
was an increase i n  lead content a f t e r  
the  launch, from 0.01 t o  0.3 mg/ l i ter ,  
presunably a r e s u l t  o f  automobile t r a f -  
f i c  during the launch. 

DISTRIBUTION OF HCI BETWEEN GAS PHASE AND AQUEOUS SOLUTION 
COMPARISON OF OBSERVED PERCENT AQUEOUS HCI WITH 
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Ecologica l  e f f e c t s  were mon i to red  by 
observation o f  threatened and endangered 
species, p lant  populations, and analysis 
of benthic populations i n  lagoons? mud. 
Threatened and endangered species, 
including eagles, wood storks, cormo- 
rants, and pelicans, were monitored by 
F i s h  and Wild1 i f e  Serv ice  personnel 
p r i o r  t o  and during the launch. S t a r t l e  
e f f e c t s  were noted i n  some cases, b u t  
these were e n t i r e l y  temporary. There 
were no s i g n i f i c a n t  o r  l o n g - l a s t i n g  
e f fec ts  on these types o f  w i l d l i f e .  
Plant populations were mapped by photo- 
graphic surveys. As noted previously, 
wet ac id ic  d u s t f a l l  damaged some plants, 
acd t h e  damage areas a r e  mapped i n  
Figure 5. Rapid recovery o f  these areas 
was noted wi :h in  a few weeks a f t e r  
launch. No ;;crmanent e f f e c t s  a r e  
expected. 

The popu la t i on  o f  small  i n v e r t e b r a t e  
animals l i v i n g  a t  the bottom o f  the KSC 
lagoons was measured, since the diver-  
s i t y  and density of t h i s  population i s  
known t o  be a measure of mvironmental 
s t ress.  J u s t  p r i o r  t o  iaunch, t h e  
bottom o f  the lagoon opposite the flame 
trench was found t o  contain 22 species, 
w i t h  a popu la t j on  d e n s i t y  o f  9,211 
organisms per cm . Just a f t e r  launchj 
22 species and 10,211 organisms per cm 
were found. Six weeks a f t e r  l a u v ,  19 
species and 9,572 organisms per cm were 
found. Similar resu l t s  were found a t  
several other lagoon stat ions. There i s  
evidently no e f f e c t  o f  the launch on the 
population o f  these lagoon bottoms, and 
consequently no discernable e f fec t  o f  
the launch on local  ecology. 

Sonic Boom 

A sonic boom i s  produced during both the 
ascent and landing phase o f  the Space 
Shuttle. The ascent boom occurs o f f -  
shore i n  the At lant ic  Ocean adjacent t o  
KSC. The landing boom i s  produced by 
the Orbiter. During landings a t  Edwards 
A i  r Force Base (EAFB) the boom i s heard 
in land from the Paci f ic  Coast t o  the 
l and ing  s i t e .  The i n t e n s i t i e s  o f  
Shutt le sonic booms were calculated f o r  

- 

the € I S  by Frank 6arcia of JSC, using 
wind tunnel data combined wi th  sonic 
boom data measured during the Apollo 
program. I n  o r d e r  t o  v e r i f y  these 
c a l  cul  ated vel  ues , Johr: Stanley o f  JSC 
and Herbert Henderson o f  LsRC performed 
sonic boom measurements d u r i n g  t h e  
Orbi ter  landing a t  EAFB. Eleven sonic 
boom measurement s ta t ions were deployed 
along the ground track. A p i c t o r a l  
representation o f  each s ta t i on  i s  shown 
i n  Figure 19-8. A sensi t ive microphone 
measured the sonic boom, and the signal 
from t h e  microphone was recorded on  
magnetic tape f o r  l a t e r  analysis. 

Atmospheric soundings were made a t  about 
the time o f  Orb i ter  landing t o  provide 
data needed fo r  i n te rp re ta t i on  o f  t he  
sonic boom pressure waves. Communic- 
a t i o n s  wi th m i s s i o n  c o n t r o l  were 
required i n  order t o  s t a r t  the tape 
recorders j u s t  p r i o r  t o  a r r i v a l  o f  the 
Orbiter. A l l  b u t  two o f  the eleven 
stat ions were placed along the ground 
t rack o f  the Orbi ter ,  as shown i n  Figure 
19-9. Two stat ions were placed o f f  the 
ground track i n  the I-egion o f  maximum 
overpressure. Results from measurement 
o f  t h e  sonic  boon produced by t h e  
O r b i t e r  Columbit as i t  f l e w  over  
Ca l i f o rn ia  t o  i t s  landing a t  EAFB, are 
1 i sted bel ow : 

Stat ion Observed Sonic Predicted Sonic 
Boom Over- Boom Over- 

pressure,2 
pounds/ft 

pressure, 
pounds/ft 2 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

0.7 
1.1 
0.9 
1.1 
1.4 
1.5 
2.4 
2.0 
1.7 
2.3 
1.9 

0.8 
1.1 
1.0 
1.3 
1.5 
1.8 
2.0 
2.1 
1.9 
1.8 
1.9 

I n  general, dif ferences between predic- 
t e d  and observed overpressures a r e  
smal l .  Stat ion 6 showed a 20% higher 
overpressure than expected, and exceeded 
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by 0.3 psf the maximla predicted over- 
pwssure o f  2.1 psf .  The agreement bet- 
ween predicted and observed boom over- 
pressures i s  satisfactory. I n  no way do 
the  booms present a problem t o  the 
public. The in tens i t y  i s  j u s t  h igh 
enough to be c lear ly  audible, causing a 
m i ld  s t a r t l e  e f fect  i n  some people, bu t  
much too weak t o  a f fec t  structures o r  
bui  1 dings. 

Personnel from the U.S. Department o f  
the In te r i o r  monitored nesting s i tes  o f  
t h e  C a l i f o r n i a  condor, 1 ocated about 
for ty  miles south o f  the Orbiter ground 
track. A t  t h i s  location, the sonic boom 
overpressure ys predicted t o  be about 
0.5 pounds/ft , but  no boom was heard 
and the condors were t o t a l l y  unaffected. 

Concluding Remarks 
7he purpose o f  the enviromental meas- 
urements performed dur ing  the  STS-1 
f l i g h t  was t o  ve r i f y  predict ions made Zn 
the €IS and t o  assess any e f fec ts  not 
covered i n  the €IS. The resu l t  was tha t  

a l l  predict ions made i n  the €IS r e l a t i v e  
to  the exhaust cloud, launch operations, 
aad sonic boom were v e r i f i e d .  Wet 
acidic dust f e l l  from the exhaust cloud 
for  about ter! minutes a f te r  launch. A 
s imi lar  e f fec t  had been observed on rare 
occasi ons dur i  ng prev ious sol i d rocket 
motor f i r ings .  Hence, the f a l l o u t  wirs 
not en t i re l y  unexpected, bu t  the inten- 
s i t y  and d u r a t i o n  was l a r g e r  than 
anticipated- The f a l l o u t  material i s  
n o t  considered a s i g n i f i c a n t  h e a l t h  
hazard, bu t  u n t i l  more experience i s  
gained with fur ther  launches, i t  may be 
prudent t o  avoid exposure o f  the viewing 
publ ic t o  t h i s  material. 
During STS-2, fur ther  studies are plan- 
ned o f  f a l l o u t  from the cloud. Addi- 
t iona l  ground measurement stat ions - 4 1  1 
be deployed, and a i r c r a f t  f l i g h t s  
through the f a l l i n g  dust w i l l  c o l l e c t  
samples and measure density and pa r t i c l e  
sizes. Models t o  predic t  the f a l l o u t  
have been developed, and these w i l l  be 
tested agaf ns t  the STS-2 resul t s .  
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Medical lnformat ion Management 
Edward C. Moseley, Ph.D. 

During e a r l i e r  NASA programs, the time 
between f l i g h t s ,  the nunber o f  crewnen, 
and the complexity of the mission was 
such that  extensive automation was not  
required t G  handle medical operations.  
With S h u t t l e ,  a l l  of these f a c t o r s  have 
increased dramatically and automation 3f 
many of the funct ions o f  Medical Oper- 
a t ions  must occur i f  adequate sgpport  i s  
t o  be provided t o  each o f  the many 
pl anned Shut t le  m i  s s ions  . 
T h e  need f o r  i n c r e a s e d  au tomat ion  
was recognized  some y e a r s  ago and 
e f f o r t s  were made t o  gradually evolve t o  
a system c a p a b l e  o f  hand l ing  such 
requirements. A v a r i e t y  o f  1 aboratory 
miniccmputers were phased ou t  and were 
rep1 aced w i t h  s t a n d a r d i z e d  and c o s t  
effective microcomputers. Last year ,  
new hardware and software was acquired 
t o  replace a 10 year  old timeshared 
system minicomputer . STS-1 represented 
the first attempt a t  u s ing  this new 
system f o r  mission support. 

The o b j e c t i v e s  o f  Medical Opera t ions  
data  management a r e  t o  provide Medical 
Operations personnel , supporting 1 ab- 
o ra to r i e s ,  and management w i t h  t imely 
methods t o  c o l l e c t ,  s t o r e ,  re t r ieve ,  
manipul a t e ,  summarize, and s t a t u s  a1 1 
elements of medical support f o r  ii mis- 
sion from/to local  and remote locat ions.  

To accomplish these objec t ives  ,a cen- 
t r a l  i z e d  t imesha r ing  computer system 
ca l led  Life Sciences Medical Operations 
Computer (LSMOC) was imp1 ementeti a1 ong 
w i t h  appropriate  microcomput2rs, remote 
terminals ,  generalized system software,  
and s p e c i a l  appl i c s t i o n  so f tware .  
Appropri a t e  raw and der1 ved data ,  f a c t s  I 

impressions, and judgements were entered 
i n t o  this system f o r  mission management. 
A gener a1 i zed flow o f  t h i  s i nformati on 
i s  shown i n  Figure 20-1. 

In addi t ion,  f o r  STS-1, an attempt was 
made t o  define and implement a Medical 
Operations Reporti ng System. The goal s 
of  this system were t o  automate most 
repor t s ;  1 in i t  r t ;ort ing t o  t h a t  whicb 

20 
is  required; minimize time required t o  
produce repor t s ;  t o  h igh l igh t  and t r ack  
any problems f o r  action a t  the appro- 
p r i a t e  l e v e l ;  and t o  provide a timely 
in tegra ted  view across a l l  a reas  o f  med- 
i ca l  operational r e spons ib i l i t i e s .  

F ina l ly ,  the following repor t ing  objec- 
tives were establ ished: 

Define prel  i m i  nary report ing requi re- 
ments f o r  medical operat ions repor t s .  

Define and describe a scheme f o r  
obtai  n i  ng, i n t eg ra t i  ng and d i  stri bu t -  
ing p re f l igh t ,  i n f l i g h t ,  and post- 
fl i g h t  mission reports. 

Define s tandardi  zed report ing formats 
and individual repor t ing  responsi-  
b i l  i ties. 

Es tab l i sh  repor t ing  procedures for  
STS-1 w i t h  t h e  goal o f  t e s t i n g  and 
modifying them so t h a t  a more effec- 
t ive r e p o r t i n g  system will be  i n  
operat ion by STS-2 and follow-on mis- 
sions.  

Discussion 

The hardware for  LSMOC, a minicomputer 
system, c o n s i s t s  o f  a Digi ta l  Equipment 
VAX 11/780 mainframe, dual tape drives, 
two disks, system printer, and telecom- 
munication equipment. Hardware d e t a i l  s 
a r e  f u l l y  described i n  the con t r ac to r ' s  
doc m e n t a  t i  on (LSMOC Computer System 
Speci f i c a t i o n s ,  JSC-10284) and Figure 
20-2 shows the hardware configurat ion 
t h a t  was used t o  Test the STS-2. Main- 
tenance of this hardware i s  provided v i a  
a con t r ac t  w i t h  the manufacturer. 

In addi t ion t o  the rcanufacturer's time- 
sharing operat ing sys tcn  and u t i1  i t ies,  
a number cf comnercial softviare packages 
were implemented on the L W O C  system 
including a comnercial da ta  base man- 
agement system (TOTAL), a query l a ~ g u a y e  
(T-ASK), p lo t t i ng  software (PLOT l o ) ,  a 
s t a t i s t i c a l  ana l  sis package ( U C L A  

& 4  

93 



CREW MEDICAL EXAMS 
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CONTROL 
ROOM 

CONTROL 
ROOM 

Fieprre 2& 1.- Information flow fer OFT medical operations 

BMDP 1 , Fortran, and BASIC programni ng 
1 anguages. Deta i l  s o f  these packages 
a re  descr ibed i n  c o n t r a c t o r  documen- 
ta t ion.  

I n i t i a l  appl i c a t i o n  software devel oped 
by an inhouse contractor included: 

Tel epricessing Monitor - A program 
t h a t  prov ided the  c a p a b i l i t y  o f  
cmun 'ca t i on  d i t h  a wide var ie ty  o f  
terminal types. 

Database Input  - A program t h a t  
provided a capab i l i t y  f o r  users t o  
i n te rac t i ve l y  input  t o  a database 

Database Update - A program t h a t  
provided a capab i l i t y  f o r  users t o  
in te rac t ive ly  update or delete items 
i n  a database. 

Forms B u i l d  bocessor - A program 
t h a t  provided a capab i l i t y  f o r  users 
t o  define t o  the system the par t i c -  
u l a r  input  form they want t o  use. 

Log Processor - A program t o  a i d  
users Tn get t ing  on and o f f  the 
system and use "Menus" f o r  help. 

Access ,Processor - A program t o  
control  access t o  various systems 
resources 

1 

CREW NOSE 
NUTRITION 
T0XHX)iOGY 
WATERMlAStE MANAGEMENT 
FOOD HANDLING 
MlCROBlO LOGY 
BREATHING GAS 
RADIATION =FEN 
BLOOD ANALYSIS 
VESTlBU LAR P UNCTION 
ENVIRONMENTAL ASSESSMENT 
INFLIGHT EXERCISE 

OPERATIONAL 

EMERGENCY MEDICAL SERVICE 

ANTI-G SUIT 

BIOINSTRUMENTATION 

F i g u r e  20-3 shows t h e  general  
o r  a n i t a t i o n  o f  these programs i n  

software 
purchased w i th  the system. Technical 
d e t a i l s  o f  the software was avai lab le l'n 
contractor reports i n  time f o r  STS-I. 

r e  B at ion  t o  other commercial 

The LIME computer system i s  located a t  
JSC i n  Bui ld ing 37, Room 121OA, and was 
avai lab le f o r  remote and batch use 24 
hours a day, 7 days a week, except f o r  
several rours o f  preventive maintenance 
every other week. A system operator and 
database a d m i n i s t r a t o r  was a v a i l a b l e  
d u r i n g  normal work ing hours, and a t  
other times i f  required. 

Physical secur i ty o f  the system was pro- 
vided by l i m i t e d  access, and automated 
environmental  c o n t r o l  s. I n fo rma t ion  
s e c u r i t y  was handled by  i nformat ian  
r e s t r i c t i n g  access names and passwords 
f o r  d i f f e r e n t  types o f  in for r l ia t ion.  
Database information was saved d a i l y  and 
data disks are per iod ica l l y  :toted i n  an 
o f f s i t e  f a c i l i t y  t o  protect  against data 
:oss i n  case o f  any natural  d isaster.  
Other secur i ty measures are cur ren t ly  
be ing  evaluated. I n i t i a l  t e r m i n a l  
t r a i n i n g  was given t o  Medlcal Operations 
personnel f o r  STS-1. 
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Dur ing  STS-1, t h e  LSMOC system was 
configured t o  handle up t o  10 dial-up 
l i n e s  ( a t  300 o r  1200 baud rates) and 22 
d i r e c t  l ines.  A wide var ie ty  o f  t e r -  
minal types are avai lable w i t h i n  the  
Medical Sciences D i v i s i o n .  Most o f  
these terminals are dedicated t o  qedtcal 
1 a b o r a t o r i e s  suppor t i ng  bo th  medical 
operations and 1 aboratory research pro- 
j e c t s .  The remaining t e r m i n a l s  a r e  
relocated from time t o  time t o  meet 
changing program requirements. For 
STS-1 p o r t a b l e  a c o u s t i c a l  l y  coup1 ed 
te lep r in te rs  were used t o  support the 
mission requirements outside o f  Bui ld ing 
37 a t  JSC. 

I 

Medical examination o f  crews took place 
i n  a var ie ty  of laboratories. Simi lar ly,  
Orbi ter  assessments were done i n  various 
1 aboratories Because o f  the medical 
necessity o f  a comprehensive view o f  a 
s ingle indiv idual ,  as well as research 
needs t o  r e l a t e  i n f o r m a t i o n  f rom 
d i f f e r e n t  laboratories, data organized 
by f u n c t i o n a l  areas w i t h i n  a s i n g l e  
database 

VAX lli7eO 
'WU 

Data areas were defined and implemented 
f o r  t he  f o l l o w i n g  medical opera t fons  
f u n c t i o n a l  areas: Neurophysiology, 
Cardiovascular, JSC Dispensary, Archival 
Library, C1 i n i c a l  Laboratory, and F1 i g h t  
Medicine. The input formats f o r  these 
areas are maintained by the LSMOC Data- 
base Admi n i  s t ra tor .  These formats are 
displayed on any remote CRT where the 
user types the information i n  fo r  sub- 
sequent storage i n  the user's data area. 
Testing o f  a l l  o f  these formats was com- 
pleted during the Acceptance Test ( A T )  
on March 20, 1981. 

Input formats f o r  M i  oob io logy  , Toxic01 - 
ow, Radiation, Food, and Health Stabi l -  
i z a t i o n  were defined but not implemented 
f o r  STS- 1. 

- 
i 

Considerable h i  s t o r i  cal data was col 1 ec- 
ted and entered i n t o  another computer 
system during the past 10 years and much 
of i t  has been scheduled t o  be converted 
t o  the new system (LSMOC). For STS-1, 

LA.120 
OP. CON. COUPLER 

a l l  o l d  records from the JSC Dispensary, 
the Archival Library, and the C l i n i c a l  
Laboratory were edi ted and converted t o  
conform t o  the new system configuration. 

APQB 

DISK 
-. DATABASE 

C 

Figure 20-2 LSMOC System 7bst Hardmre Contiflumion. 

I VAX Ill780 COMPUTER OPERATINO SYSTEM 
WAWVMS 0.6.. VERSION 2.0) I 

TELEPAOCESSO R 
MONlTOn 
(TTMON) 

DATABASE 
MANAGEMENT - I CTOTAL) I 

~igure 2u3 LMOC SOFNVARE CONFIGURATION 
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Except f o r  the Reporting Subsystem, as 
described below, no special output o r  
special processing programs were w r i t t e n  
f o r  STS-1. A l l  data was ret r ieved by 
the avai lable comnercial query language 
program (T-ASK) and displayed i n  the 
formats provided by t h i s  software pack- 
age. For STS-1, standard pre-deftned 
r e t r i e v a l  requests were e s t a b l i s h e d  
which were executed remotely by typing 
an appropriate number. 

Most laborator ies had personnel t o  input  
the resu l t s  o f  t h e i r  findiDqs. For 
those who lacked t h i s  support, the JSC 
Medical Operations Znformatlm Mwage- 
ment O f f i ce r  provided support contri ic- 
tors  t o  input  t h e i r  i n f o n a t i o n  from 
hardcopy source docunents 

Medica; Operations may be described as a 
set of functional areas (e.g., labs, 
c l i n i c s ,  services) each o f  which has 

FUNCTIONAL AREAS, REPORTllUG MANAGER, A N D  ASSESSMENTS REQUIRED 

1. CREW HEALTH ASSESSMENT: 
RESPONSIBLE 

FUNCTIONAL AREA REPORTING MANAGER 

A. Flight Medicine STS Crew Sutgeons 

B. Clinical Lab Dr. Taylor 

C. Cardiovascular Lab Dr. R. Johnson 

D. Neurophysiology Lab Dr. Homick 

E. Microbiology Lab Dr. Piermn 

F. Clinical Evaluation Or. Berry 

!I. MEDICAL ASSESSMENT OF ORBITER: 
A. Microbiology Dr. riersoq 

B. Toxicology W. Rippstein 

C. Food, Water, Waste 

D. GFE Shuttle J. Bost 

R. Sauer 
IVlaneQoment 

E. Orbiter Atmosphere J. Waligora 

Table 2l?1 

ASSESSfrf ENTS R EQU I RED 

Dental, PE, Visual, 
History, Review, Rx, Ox 

Blood and Urine 

Treadmilr, Pulmonary, 
and Cardiovascular Eval- 
uation 

Motion Sickness Gues- 
tionnaire, Tert Battery, 
and Profiles 

Throat, Nasal, Urine, 
F am, Serums 

Crew Activity, EVA, Gen- 
eral Health Status 

Samples from Waste Man- 
agement, Food Prepara- 
tion Area, Sleep 
Sestraint, Spacecraft 
Interior 

Atmosphere Samples from 
Orbiter 

Status of Subsystems 

Food Carry-on, SOMS, 
Micro Check Valve, 
Exerciser, Air Sampler, 
Cm Sampling System, Tape 
Recorder, Food Tray, OPF 
Dispenser, Food Warmer, 
OBS 

Eva!uetion of Environ 
ment telemetrv 
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Table 2Q 1 (Continued) 
1!1. GROUND SUPPOR r ASSESSMENT: 

A. GFE Emergency Medical J. Dav 

B. Emergency Medical Dr. Po01 

O2 Bottles, Helo Equip 
n:mt, Black Bags 

Faeilith, Hardware, 
Procedures, Training, 
Communicatiom, Person- 
nel, and Deploymafit for 
EMS at JSC, KSC, DFRC, 
N/S, and DDMS 

Primary Contacts Notifi- 
cations 

Procedurus, and Person- 
nel in MCC 

E. Key Personnel Exam- C. Bergtholdt Examination, Certifica- 

C. Health Stabilization Dr. Ferguton Medical Certification of 

D. MCC Simulation Or. Berry Training, Facilities, 

ination tion, and Notification 

F. Radiation Dr. Barnes Radiation Exposure Pro- 

of Key Personnel 

files and Badges 

speci f ied respors ib i l  i t i e s  re la ted  t o  
tha t  area. The Medical Sciences Div is-  
i o n  computer system has been organized 
by these funct ional  areas w i th  input  
requirements, input  formats .' and output 
formats de f i ned  by tke  i nd ;v idua ls  
responsible f o r  t h a t  functior(a1 ares. 
Thus, most o f  the data reports, analyses 
o r  p lo t s  required were already standar- 
dized and automated. I n  short, repor ts  
necessary f o r  each funct ional  area were 
ta i l o red  'to the rqnager's requirements 
f w  t h a t  fuct ion, .  area so t h a t  the  
area manager could evaluate h i s  resul t s  
i n  a t imely manner. 

The essential ;,,tion o f  the repor t ing 
scheme was tha t  each funct ional  area 
woul.! complete information co l lec t ion ,  
ana lys is ,  and eval  u a t j o n  r e p o r t s  and 
these r e p o r t s  would be used f o r  
management control.  

The Medical Operations Branch had the 
respons ib l  i t y  o f  I n t e g r a t i n g  r e p o r t s  
from a l l  f u n c t i o n a l  areas and h igh-  
1 i gh t i ng  a1 1 appropriate probl ems f o r  
management cons ide ra t i ons  and any 
required action. This branch needed t o  
provide re1 a t i  b e l  y cont i  nuous a sseb'i- 

ments, status, and problems associated 
w i  t h  crew heal th, Orb i te r  environment, 
and ground suppor c. To accomplish t h i s  
w i th  minimal e f f o r t  and promote auto- 
mation, a standardized repor t  format was 
established and each o f  the funct ional  
area managers f o i  1 owed t h i s  format. 

A s t m d a r d i  1r:d fo rmat  cons i  s t i n g  o f  
d e s c r i p t i o n ,  r e s u l t s ,  problems and 
status was completed by each o f  the  
funct ional  area managers. Tab1 e 20-1 
i d e n t i f i e s  each o f  the funct ional  areas 
and the responsible ind iv idual .  

Three major p r e f l  i g h t  repor t ing periods 
(F-30, F-10, and F-2) were established 
t h a t  r q u i r e d  act ion on the pa r t  o f  a l l  
the repor t ing managers. The purpose o f  
these reports was t o  establ i s t i  readiness 
ana i d e n t i f y  problems anywhere i n  the 
sy s tem . 
Inst ruct ions and examples were given f o r  
r e t r i e v i n g  t h e  ded ica l  Operat ions 
reports f o r  crevJ health, Orbiter, an0 
ground assessments and!or a1 1 areas. 
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ConclucVng Remarks 
Oespfte a la t9  start because o f  hardware 
del i v e y ,  a s ; g n i f i c m t  amoufit of 
support was provided for STS-!. ?4o 
unexpecte4 hardwar?, software. logistic,  
o r  operatiotial f a i l u r e s  werP expcr- 
fenced. hput forms were esta>l iskd 
fcr all area5 0:' crew health assesmcc?. 
except nicmbiology. FilrWr, mic-o- 
processoo- systeccs 2nd remote terrains?: 
were fun:tional for a l l  medical I & -  - -  
tories. I n  short, the major obj t t t i rcs  
f o r  STS-1 of ber'n3 acle t o  collect, 
store, and retri e ;2 priaary m & i  ca i 
infornation from l x a l  acd ;-emt!e 

locations was accomplished while the 
objectiws of nanjpulation, s u r a r i t f n g ,  
ami statusing m w i r  to be accanplished. 

The i n i t i a l  Medical -rations &porting 
System ;.esii?:m! i n  a m'wtian i n  the 
nmber ef  repwts, in i t ia l  standardi- 
r ~ t i o n  of reports. and prwided a good 
statu check before the mission. Per- 
hacr. $-!e e s t  ilPpnrtact result was get- 
ting each functional elesmt to  repart 
m the system as t h i z  rill clearly be 
rem?t4  d u t + T  the nature operations 
s)?asoI A l l  qf the objectives fer the -- *.rp... -+ - n? Systes xere a xmpl i shed 
- I . .  tit for postnigh: aissio.. reports. 0 ..--.. 
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Management, Planning , and Implementation 
of Medica! Operatione 21 
brman Belasco 

Section f Hanagmeat of Medical Operations 

The Medical Orera t ions  Wanageaient Administrator f o r  Space Science ( O S S I  
Objectives f o r  STS-1 were oqanf ta t ion ,  with the overa l l  respons ib i l i t y  f o r  the 
lap leaen ta t i on ,  and 3 r ' rec t :m  o f  a Operational W c i n e  Program i n  support 
Redica l  Operat' ons team t h a t  waul d o f  STS. I n  tu rn  he har- assigned the 
e f fec t i ve l y  and e f f i c ien t . l y  provide for :  rpecf f?c f unc r ima l  responsibi l  i t i e s  of 

Aswring tke  heal th a f  f l i g h t  per- 
sonnel O w i n g  a l l  srigwents o f  the 
Shutt le tn'ssions as w e l l  ac oro- 
v id ing metical managerlent, analysis, 
treatment, and expert ise throughout 
t h e  S h u t t l e  OFT Program p lann ing  
from p r e f l i a h t  through p x t f l  i g h t  
phases. 

k q u i r e d  medical pa r t i c i p i i t i on  i n  
program management, et.d for s;edical 
and b i  oeng i new i ng expert i ss . Such 
tasks encompass the  alarming and 
implementation c f  i rcrcqenta l  f l i g h t  
a c t i v i t i e s ,  procedures, t ra in ing,  
and tes t ing  as wel l  t s  2 1 1  cther 
areas or s p c i f i c  item thai: trave a 
d i rec t  or i n d i r e c t  re la t i cnsh jp  t o  
crew hea: t h ,  i n c l  udi ng Lmergcccy 
Medical !3 *v ices. 

Acquisit ion o f  daqa as an a d t i f t i m  
t o  the medical info.wation base tr;r 
enhancing f u t u r e  manned f l  i g h t s ,  
i n i t i a t i n g  as well as b e r i f y i r l g  
selected t rms i t i ona !  caangw i n  the 
Shutt le heal th care se,v! 'as [and 
procedures) i n  preparation *or the 
STS mature operatiot i  phasr of t t 6 +  
Space Shuttl e. 

Dis c ussio n 
The S h u t t l e  Program dacumen+.s t h a t  
provide authorization for Shutt le Medj- 
cti l Operations Managemert (OFT), we. WJ 
8500.!A, "Operational Pediczl Iks,?ov.;i- 
b i l  i t i e s  f o r  the Space Transportatfcn 
System" ISTS)  , and Space Shutt7e f'rograc. 
D i  I'PC t i ve 778, "Space Shutt l  e t% 9 : c a l  
Operations Mqnagement and Imp1 m v t t a t i o ?  
Resclonribi l i t fes for Orbi ta l  F1 i g ? t  l e s t  
(OF 'T ) . "  These dc'legirte t h e  AS j u c i a t e  

'.he headquarters r o l e  t o  the Di rector  
L i f e  Wenccs  i l i v i s i c n  (Manager, Qper- 
6 t i ona l  Off ice).  

11 addit ion, these df rect ives assign the 
" l ead  center '  r o l e  t o  Johnson Space 
Cr?nter [JSC), and suppor t  r o l e s  t o  
Kennedy Space Center (KSC) , Dryden 
F l i ghc  and Research tenter  (WRC), and 
Depar W e n t  of Defense Manager f o r  
S R J t t l e  fD0M.S). Y i t h i n  JSC, The 
(ipwations lntegrat ions Of f i ce  (LA51, o f  
thc Space Shutt le Program Of f i ce  (SSI'OO) 
i s  responsible f o r  the oven i l l  mnage- 
went o f  Medical Operations, and has 
ass-;gned the conduct o f  these management 
functions t o  the Space and L i f e  Sciences 
Dircctorate, (SA)? wi.c adrsin sters tne 
Cs i l y  ;pad center a c t i v i t y  through thie 
Medical Jr;!ences Dfv is ion (SD). spec i f i -  
c a l l  y i t.5 RC ?icsl  9 p e r a t i  an!; Br ancb , 
(532.. k:crding!y, t!!e day-'r.-day mar,- 
a g m w t ,  plai.rlin9, acrl i2piemertat ion i s  
ccmhctcd a t  t9e btwch z v l  Div is ion 
wo rki rIg 1 egcl s . 



w t i o n s  and status a c t i v i t i e s ;  and (10) 
repor t ing . KSC Role 

The ro les of the primary team member 
organizations pa r t i c i pa t i ng  i n  and sup- 
por t ing STS-1 Medical Operations act iv-  
i t i e s  are smnari  red below. 

Headquarters Role 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Define and coordinate F i e l d  Center 
Wd ica l  Opemtions respons ib i l i t i es  
and roles, mi n t a i  ni ng cogni Lance 
over s ign i f i can t  issues . 
Establ  i s h  Medical Operations 
pol i c i e s  and guide1 ines. 

Review and approve requirements, 
standards, guide1 ines ,  and o t h e r  
c r i t i c a l  docmentation. 

P a r t i c i p a t e  i n  program planning, 
budgets, arld reviews b 

Exerci r e  srrrvei 11 ance and conduct 
reviews o f  Medical Operations 
management and support. 

JSC Role 

Overa l l  r equ i  rements p l  anni ng , 
management and implementation o f  a l l  
Medical wera t ions  a c t i v i t i e s ,  i n -  
c l  udi ng Emergency Medical Services 
(EMS) 

P ? t n n i n g  and implementat ion o f  
Med ica l  Cperations support a t  JSC 

Conduct medical operations reviews 
of s i t e  support readiness. 

Training coordfnation 

Doc unentr,tlon 

Health S tab i l i za t i on  

P1 anni ng , coordi n a t i  ng, and assuri ng 
implementation o f  Medical Operations 
a t  Northrop Str ip, DFRC, and KSC. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Medical Operations support, plan- 
ning, coordination, and implement?- 
t i o n  a t  KSC 

Medical b e r a t i o n s  t r a i n i n g  a t  KSC 

Emergency Medical Serv ice  System 
( E M S )  a t  KSC 

&cupations1 medicine f o r  a l l  ground 
operations personnel, e .g., Turn- 
around Team, Rapid Response Force, 
Deployed Gmund Operatiom Team. 

DFRC Role 

Medical Operations support, p l  an- 
ning, coordination, and implernen- 
t a t i o n  a t  DFRC/EKB 

Medical Operations t ra in ing,  plan- 
ning, and coordination a t  DFRC/ EAFB 

E M S  p lann ing ,  coo rd ina t i on ,  and 
implementation a t  DFRC/EAFB 

Occupational mediclne a t  DFRC/EAFB 

DOMS Role 

411 Medical Operations and iNSS a t  
a l l  DOD landing s i t e s  

Par t i c i pa t i on  i n  planning, coordin- 
ation, and Implementation o f  Medical 
Operations Support and EMS a t  a l l  
1 andi ng sf tes 

Medical Opzrations t r a i n i n g  support 
a t  a l l  landing sites. 

A "program c o n t r o l "  t o o l  s i m i l a r  t o  
leve l  3 and 4 milestone format was u t i -  
1 ized t o  designate both key rout ine and 
mission c r i t i c a l  a c t i v i t i e s  as well  as 
t r a c k  t h e i r  progresc and compl e t l o n .  
This method enabled those charged w i th  
the respective respons ib i l i t i es  t o  be 
a1ertr.d i n  time t o  plan f o r  and accom- 
p l i s h  the assignment, o r  close an act ion 
i tem. 
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Nedical Qperations Panel !W) 
and Slipporting Structure f o r  

Management imp1 men ta t i on  

As dep3cted i n  Figure ?l-1,  the JSC 
Space acd 1 ; f e  Sciences D i r e c t o r a t e  
(SLSD) e s t  l tJ1 ished an o r g a n i z a t i o n a l  
managerrtent s t r u c t u r e  t o  e f f e c t i v e l y  
conduct k d i c a l  Operations functions re- 
q u i r i n g  e r . l w t i s e  o f  i t s  panel and 
suppor t in9  boards, and dec i s ions  o r  
guidance by higher management author i ty.  
D i r e c t i d  by the JSC Director o f  Space 
and I:ife ! :iences, t h i s  s t r u c t u r e  
employed mm: jers and par t ic ipants  frw 
both s taf f  :'unction and l i n e  organiza- 
t i o n s .  Thi se o rgan iza t i ons  become 
active, as needed, dur i  ng pre-mi ss i  on 
preparat!ons .and as rout ine ly  scheduled 
i n  p re f ' l  ig : i t ,  th rough p o s t f l i g h t  
periods. 

The members a7d par t ic ipants  i n c l  wled 
represent, ti ves o f  JSC, Headquijrters , 
DFRC, KSC, USTIC, and DDMS organizations 
who provided the background and author- 
i t y  necesc, wy f o r  the Medica! Operations 
a c t i v i t i e s  that were addressed. 

The Medical Opevations ,?,el's technical 
support group, the hedical Operations 
F l i g h t  Contro: Team (ROFCT), and a Data 
and Records Ccntrol Team (DRCT) provided 
support t o  th9 panel as d id  the Space 
Medicine Board [SMB!. Various JSC, KSC, 
and DFHC l i n e  organizations and desig- 
nated Gd hoc grwps assisted the MOP, 
i t s  s-i$pTF€ pane ls  3 9 ;  teams 3 s  
requi red. 

Medical Operations ;upport comnitments 
were rupplemcnte-' by a series o f  formal 
agreements, tf -t were negotiated w l  t h  
Sands TeacP:ng Hospital, Gdinesvi l le, 
Flor ida,  and Loma Linda Medical Center, 
Loma L i  nc' , Cal ' fornia , des'gnati ng them 
as dei i n i  t i v e  nedical 'are f a c i l  i t . ies  
should a latrdimj contingency occur. i n  
addit ion, other aarcments were negoti- 
a ted w i t h  ( 1  1 J C S S  Par ish H o s p i t a l ,  
T i t u s v i l l e ,  r ' l o r i d a ,  ( f o r  medical 
services). ;2) with CFRC,* t o  assign the 
DFRC M;ldicul O f f i c e r  r o l e  t o  a JSC 

Fltfist Surgeon; and ( 3 )  DOMS t o  provide 
far  the turnaround crews' occupatioeal 
med ic ine  needs, shou ld  t h e r e  be a 
Shutt le landing a t  one o f  the DOD Con- 
t i  ngency L a d  ng Si tes (CLS) . 

Results 
The management rclas were conducted 
ef fect ively,  i n  t h a t  the  major functions 
were organi zed, p l  anned, i n tq ra ted ,  and 
coordinated i n  a manner t h a t  prodwed an 
e f f i c i e n t  process, measurable prcqress , 
and the desired r e s u l t s  t h a t  e r e  res- 
pensive t o  t h e  Medical Operat ions 
regui rements. 

The MOP was established, and t h r o q h  
reviews i t  assured the implementation o f  
requi rements i den t i f  i e d  i n  the Medical 
operations Requirements DLxunenO (KORD). 
The Panel ve r i f i ed  conformance t o  pol- 
i c y ,  and reviewed documentation. r e -  
p o r t s ,  change proposal  s, and post -  
mission program eval w t i o n s  requi r ing 
approval. The MOP h e l d  s t a t u s  arid 
readiness reviews t o  assure t imely prep- 
arat ion f o r  mission operations. 

Communications among t h e  respons ib le  
par t ic ipants  a t  a l l  s i t es  and working 
l c v o l s  went very w e l l ,  keeping i n f o r -  
mation adequately current and complete. 
The standard system management too ls  f o r  
def in ing and tracking open act ion items 
provided good resul ts.  Reports t o  the 
Program O f f  i c e  and hadquar te rs  Shutt le 
Readiness Review Boards i n d i c a t e d  no 
sigDlf icant incomplete actions remained 
beyond one week p r i o r  t o  launch, (even 
though n few days p r i o r  there had been 
impor tan t  procedural  changes i n  t h e  
landing t imel ine).  

No s ign i f i can t  problems were i d e n t i f i e d  
w i t h  respv c t  t o  Medical Operations 
Management. There were some minor 
refinements i n procedures, techni ques , 
and degree o f  support that  were proposed 
f o r  STS-2, t o  fur ther  improve the e f f i c -  
iency and reduce costs. 

101 



MEDICAL OPERATlONS PANEL AND SUPPORTINQ STRUCTURE 

I 

S C  CHIEF, MEDICAL 
SCl€NCES DIVISION 

MEDICAL CPERATIONS 

Jsc ASSSTANT DIRECTOR 

-.----- I OPT FLICIHf OPERAnoNS I /i SPACE AND LIP€ SCIENCES 1 

2 

sls m o Q w  Off  ICE: 

INTEGRATION OFFICE 

OF LIFE SCIENCES 

SPACE MEDICINE BOARD 
-------I 

I I 1 

I 

REPORT8 AND 
RLCOlYllllENOATlONS 

JSC CHIEF. MEOKAL SCIENCES DIVISION 
CHAIRMAN 

MEDICAL OPERATIONS PANEL 
--------- 

MANAGEMENT OFFICER 
DATA AND RECORDS 
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Concl udi ng Remarks 

I n  summary, a l l  elements o f  the Medical 
Owrations "System" functioned as inten- 
ded throughout the mission preparation, 
preflight, i n f l i g h t ,  landing and post- 
1 anding phases * 

* 
DFRC Medical Of f icer  (F l fgh t  Surgeon) 

placed on medical r e t i  r m e n t  September 
1980, and not betRg -eplaced by DFRC. 

Section I: 

Medical Operat ions Planning 

The Medical 0pera;ions p lann ing  
objectives were t o  p r w i d e  coordinated, 
accurate, comprehensive p lans  and 
planning ac t i v i t i es ,  .that would be the 
"roadmap" f o r  Medical 3perations conduct 
and integrat ion wi th  the other Shutt le 
operations facets. 

D i  scussi on 

Planning a c t i v i t i e s  wen? conducted t o  be 
responsive t o  :he po l i cy  and guidance o f  
Headquarters and Program Of f ice Direc- 
t i ves  6s well as t o  the MOR0 which pro- 
vided the framework f o r  M i c a 1  Opera- 
t ions needs. The three main elements o f  
planning ac t i v i t i es ,  inc: uded: close 
coordination wi th  the program o f f i ce ;  
prepar ing and coo rd ins t i ng  p lanning 
docunentation; c losely  in ter fac ing w4 t h  
the par t ic ipat ing s i tes  2nd DDMS. 

Medical Operations personnel coordinated 
c l o s e l y  w j t h  the  program o f f i c e  i n  
person and by telecon on a da i l y  basis, 
r e s o l v i n g  open issues, schedul ing 
changes , and receiving program guidance 
and direct ian.  I n  addition, Medical 
Operations personnel p a r t i c i p a t e d  i n  
formal meetings wi th  U N S ,  were rnenrbers 
o f  the Landing Gperations Support Panel, 
and part ic ipated i n  a series of i n te r -  

cen ter  working groups. The program 
o f f i c e  provfded Medical Operations with 
assi stanee i n  i n t e r f a c l  ng wi th  Shuttle 
p r o j e c t  o f f i c e s  and i n t e r n a l  o rgan i -  
zations a t  other centers and OOMS when- 
ever *qui red - 
P1 anning documentation f o r  Medical  
Operations was structured t o  support, 
amplify, and complement the Universal 
Docmentation Systew (UDS) used for the 
S h u t t l e  program. I n  w l d i t i o n ,  i t  
presented t h e  Medical Operations 
requirements f o r  t h e  e r t i  r e  Medical 
Operations system and provided imp1 e- 
mentatton de ta i l  s t ha t  assured accept- 
able responsiveness t o  the operational 
requi m e n t s .  

The implementing phi losophy f o r  t h e  
planning docmentation was based on a 
document s t r u c t u r e  t h a t  i nc luded  t h e  
MOBD, Imp1 m e n t a t i o n  P1 ans f o r  JSC, 
DFRC, KEC, NS, and DDMS; Implementation 
Subpl prns f o r  c r i t i c a l  f u w t i o n a l  areas 
(Microbiological Contamination Control, 
C l in ica l  Lab Suppwt and Health Stabi- 
1 i za t i on  Program); and rupporting and 
related docmentation (Figare 21-21 

In ter fac ing and coordinating the Medical 
Operations requirements and procedures 
w i t h  t h e  UDS occurred through t h e  
f o l  1 owi ng mechanf sms : 

Pro ram Re uirements Documents (PRD) * one or  aunc ;manding, one f a r  
f l  igh t )  , was the o f f i c ia l - -  means o f  
requesting support from other cen- 
ters,  agencies, etc. outside our awn 
center. 
0 orations Mai n tenance I ns t ruc ti ons, & T w h i c h  are  r e  sequenced 
f i e l d  procedvral instruct ions.  end 
t o  end, f o r  missfon t ra in ing  exer- 
cises and conduct. 

Operations and Maintlmnce Re u i r e -  
men t s s pec i f i  c a t  i i l k  
-l-uFRm 

These are the detai led procedures tha t  
authorize and provide d-irection t o  NASA 
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MEDICAL OPERATIQIVS REQUIREMENTS 

DOCUMENTATION TREE 
POLICY DIRECTIVES, SUPPORTING SUBPLANS 

AN0 
REFERENCE DOCUMENTS 

IMPLEMENTATION PLANS IMPLEMENTATION -RELATED DOCUMENTS 

VOLUME 1 VOLUME VOLUME m 
JSC 07700 
Spec- Shuttle W r n  L d  II 
w a r n  RwuiNnUmts 

JSC 09913 
Shuttle OrbilW M.diul Svs..m 
PRO 

JSC 1090 
Shuttle OF€ Ant8.G S u t t  PRO 

Jsc 11091 
Shunk GFE Oprm~O~l BMm. 
SWUIWOIIU~IOR S v a m  Ptqrem 
Document 

'JSC 11569 
Mdul Emlunmn and S t r " r d s  
tor Amonat S.lwa. NASA 
Clar 1. Rlot Amonout 

'JSC 11570 
Muticel Eduatton and S t d d  
rOr Astronaut S.IC1m. NASA 
c(nt I). Nlnun. ~ u l m  

JSC 14377 
STS Medical Console Handbook 

JSC 14378 
OFT Emmonmentd Roaa ion  
SuPwn Plan 

Jscl7100.8C 
Humen Remrch Policy and 
R o a d U N  

KVT.PLQO15 
OFT Convoy Opnationr Plan 

NMl 1800.1c 
NASA Occupetionel Medicine 
Pmmm 

MF-OOW-014 
Ermmnmenal R . g L m e n k  d 
T m  critoro for OrbltOI Vehiil. 

NASA Ref Pub. $045 

d t  Environmental Limia 

MI 1152.W 
Spoce Medislm -de in SUP- -t 
of Specs C ~ N  OuJiflutmn tor 
Sp8a Flqht 

PRO 40.000 
Space Y.:in* OFT Lund,  md 
Lmdlng P-am ROIIU~~WIWI~S 
Doeummt 

Shuttle OFT W l q h t  Atmowham 
AM~VSIS T.rt Plan 

JSC 17008 
Mmsnn Ynif lur ion T m  Ovaul 
Op.rmwmr Plan 

PhVvOloglcal Bnls fa sap 

JSC 13856 JSC 1282v 
SWN ShUItk RdIlphI and 
Porrflight Food Sew10 Program 

*Jsc 13942 
Mod~~al Evduetcon uui Cud. 
Iwm Annual Waul Cntlt  
cation. Pilot CIm IA, Mlamn 
SO.rrlnb Cl8a IIA 

OFT Fllpht Rulor 

Figum 2 1-2 
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and c o n t r a c t o r  personnel i nvol  ved i n  
ground operations a t  each s i te ,  t o  con- 
duct medlcal a c t i  v i  t i e s  requi red during 
launch o r  landing operations (i.e., o f f  
loading medical k i t s ,  do microbial samp- 
l ing ,  etc.). OlSRSD elements are, f o r  
t h e  most p a r t ,  e x t r a c t i o n s  from t h e  
PRD's, from t h e  r e s p e c t i v e  Implemen- 
t a t i o n  Support sub plans o r  from OMI's 
f o r  a respective functional area. 

Section I11 

Medical Operations Imp1 ementation 

The object ive o f  the Wdical  Operations 
Implementation was t o  conduct the 
increments o f  planned Medical Operations 
a c t i v i t i e s  i n  order t o  achieve end i tem 
STS-1 mission goals, f o r  a l l  l e v e l s  o f  
Medical Operations. 

Discussion 
As planned, the impl ementation organ- 
izat ion,  structure, and functions were 
based on a c lassic systems management 
approach of  system, subsystems, and 
components. As simply applied t o  STS-1 
Medical Operations t h e  system encom- 
passed the  t o t a l  complex o f  Medical 
Operations a c t i v i t i e s .  The subsystems 
were each speci f ic  pa r t i c i pan t  s i te ,  and 
t h e i r  t o t a l  i t y  o f  Medical Operations 
functions. ( I n  t h i s  structure, the 3 DOD 
contingency landing s i t es  ( CLS's), were 
t r e a t e d  through a s i n g l e  DDMS f o c a l  
point) .  The components o f  the subsys- 
tems, are the ind iv idual  Medical Opera- 
t ions functional areas which are the 
respons ib i l i t i es  of each s i te .  

The implementat ion o f  t h e  systems 
management approach proceeded i n  t h e  
f o l  1 b w i  ng manner: 

o JSC's lead center r o l e  as Medical 
Operations System Manager, was 
impl emented through coordinating and 
establ i shi ng requirements ; i nte r -  
f a c i  ng p l  anni ng and producing p l  an- 

n i n g  documentation; d i s e m i n a t i  ng 
per t inent  informatfon; organizing 
and conducting t ra in ing ;  providing 
guidance and d i rec t i on  through the 
Medical Operations Panel and i t s  
supporting groups; p a r t i c i p a t i n g  i n  
simulations, t r a i n i n g  exercises, and 
v e r i f i c a t i o n  test ing, and conducting 
and p a r t i c i p a t i n g  i n  read iness  
reviews. 

o The p a r t i c i p a t i n g  s i t e s ,  JSC, 
( inc lud ing WSTF f o r  Northrup S t r i p )  
KSC, DFRC, and CLS's, each had a 
S i t e  Medical O f f i c e r  who was 
respons ib le  f o r  a l l  Medical  
Operations support and crbordination 
w i t h  respect t o  t h e i r  s i t  . h e  t o  a 
meCical r e t i r e m e n t  i n  ieptember, 
1980 o f  the "URC Medical Of f icer ,  
and the DFRC management arx fs inn no t  
t o  provide a replacement, an i n t e r -  
cen te r  agreer n t  was n e g o t i a t e d  
between DFRC and JSC t o  have a JSC 
F l i g h t  Surgeon serve as DFRC Medical 
O f f i c e r  f o r  STS (OFT) l a n d i n g s  
scheduled f o r  DFRC. Thus, t h e  
medical of f icers a t  JSC, DFRC, and 
Northrop Str ip ,  (NS) were JSC F l i g h t  
Surgeons, a t  KSC the Medical O f f i ce r  
was the Medical Director, and a t  the 
CLS's t h i s  assignment was given t o  
the respective DOD medical o f f i c e r s  
i n  cl,mmand. A t  a l l  s i t e s ,  t h e  
Medical Of f icer  doubled as the EMSS 
Coord ina tor ,  f u n c t i o n i n g  from a 
1 oca1 s i  t e  control  center posi ti on 
t h a t  enabled him t o  have an EMSS 
communications network a t  h i  s d i  s- 
posal. Figure 21-3, l i s t s  the JSC 
missior! Medical Operations p a r t i c i -  
pants for JSC, KSC, DFRC, and NS. 
F i g w e  21-4, contains the comnunica- 
tion!; c.apabil i t y  availablc. t o  bled- 
i c a l  Operations at. a l l  p a r t i c i p a t i n g  
s i t es ,  2nd Figure 2i-5 indicates the 
Medical Operations system e l  ments. 

o I n  a d d i t i o n  t o  medical o f f i c e r s ,  
o the r  func t i ona?  r o l e s  were con- 
ducted i n  support o f  the mission. 

o A t  JSC the  F l i g h t  Contro l  Team 
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supported Launch, Orb i t  and Entry 
phases i n  the K C ,  M E R ,  and SSR. 
S t a f f i n g  d w i n g  t h e  m iss ion  was: 
M E R  Surgeons (3)  p lus  (1) backup, 
SSR BME s (31  p l u s  t l )  backup, 
Senior Wedkal Off icer (1) plus (1) 
backup, c l e r i c a l  support (2 ) .  MCC 
C l i n i c  Nurses (41, Data Management 
Of f icer  (1) plus (1) backup. 

Dur ing miss ion  a c t i v i t y  per iods,  t h e  
Deputy Chief o f  the Medical Operations 
Branch, p rov ided t h e  c o o r d i n a t i o n  o f  
overa l l  mission support elements throug- 
hout the bystem as needed. 

A t  KSC, the HSP o f f i c e r  (JSC) supe;. ised 
HSP procedu-a1 implementat ion.  I n  
addi t ion,  food services were provided i n  
t h e  KSC crew quar te rs  by t h e  JSC 
d i e t i c i a n  and ( 2 )  food technicians. 

M i c r o b i o l o g i c a l  and c l i n i c a l  l a b  
sampl i ng were camp1 eted , processed, and 
prepared f o r  t r a n s p o r t  by t h e  3SC 
microbfo lag is t  and h i s  technical assist-  
ants. Crew physicals were conducted by 
t h e  Crew Phys ic ian  and Deputy Crew 
Physician. For launch the Crew Physician 
(JSC) jo ined the EMSS coordinator (KSCJ 
and the BME (KSC) i n  the LCC f o r  the 
purpose o f  providing the "go", o r  "no 
go" crew heal th  status t o  the f l i g h t  
Director,  though the MOCR Surgeon. The 
Deputy Crew Physician deployed t o  the 
rescue h e l i c o p t e r  assembly area, f o r  
duty as a helo F l i g h t  Surgeon, should 
there be a contingency EMS s i tua t i on  a t  
launch, o r  i n  p repara t i on  o f  a 
contingency a t  landing should there be a 
Return t o  Launch S i te  (RTLS) decision. 
Once the RTLS decis ion point  was past, 
( 4  min., 17 sec. approx.) both the Crew 
Phys ic ian  and Deputy Crew Physic ian,  
u t i l i z e d  NASA provided transport  a i r -  
c r a f t  t o  t ravel  t o  the primary landing 
s i te ,  at. DFRC. 

I f  there had been I contingency event a t  
KSC, aqreements were effected t o  u t i l i z e  
Jess Par i sh  Hosp i ta l  i n  T i t u s v i l l e ,  
F lor ida ( f o r  s t a b i l i z i n g  the pa t ien t ) ,  
and Shands l e a c h i n g  i iosp i  t a l ,  

Gainesvil i e ,  f lor ida,  ( f o r  d e f i n i t i v e  
medical  care) .  S ta f f s  a t  b o t h  
f a c i l i t i e s  had been t ra ined and alerted. 

A t  NS, i n  a d d i t i o n  t o  t h e  medical  
o f f i c e r  duties, the  3SC F l i g h t  Surgeon 
was the EMSS Coordinator, stat ioned i n  
t h e  NS Operat ions Cont ro l  Center 
(NSOCC) , c ommun i c a ti on s 
capab i l i t i es  enabled him t o  carry  ou t  
h i s  assignments. I n  add i t ion  t o  the 
EMSS Coord inator ,  t h e r e  were 2 3SC 
F l i g h t  Surgeons, one assigned t o  each o f  
the two  rescue he1 icopters  containing 
medical equipment and DO0 parajmpers. 
DOD (HAFB) also provide an ambulance, 
staf fed by 2 EMT's and a DOD physician. 
NS was designated as the landing s i t e  
f o r  an Abort-Once-Around (AOA),  
Underburn, o r  Contingency Landing, i n  
addi t ion t o  being the backup End o f  
Mission (€OM) s i t e .  

where 

DDMS acquired agreement from the DOD 
Hospital a t  Hollman, AFB, Almogordo, NM 
( s t a b i l i z i n g )  and Win. Beaumont Army 
Medical Center, E l  Paso, TX, ( d e f i n i t i v e  
medical care) t o  support any occurrence 
requ i  r i n g  t h e i  r capab i l  i t i e s .  I n  
addi t ion,  the Brooks AFB Burn Center and 
t h e i r  burn team were comnited t o  NASA i f  
needed. 

For  any l and ing ,  o t n s r  than a 
(prescheduled) EON a t  MS, there wrrld be 
no microbial  samples or c l i n i c a l  l a b  
samples taken. f o r  an E a ,  the Crew 
Physic ian,  Deputy Crew Physic ian,  
mic rob io logy ,  and c l i n i c a l  l a b  teams 
woul d deploy t o  NS. 

A t  DFRC, i n  preparation f o r  the STS-1 
I ancii ng, t h e  Deputy Crew Phys ic i  an, 
a r r i v i n g  from KSC, replaced the DFRC 
c o n t r a c t o r  F l i g h t  Surgeon who was 
se rv ing  as backup EMSS Coord inator ,  
(should DFRC be designated f o r  an AOA o r  
contingency 1 analng before a r r i v a l  o.f 
the deputy crew physicfan from KSC). 

The Crew Physician when a r r i v i n g  from 
KSC, deployed t o  the convoy assembly 
area where he became pa r t  of the crew 
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van compl ement. Addi ti onal ly , t w o  JSC 
F l i g h t  Surgeons were assigned (1 each) 
t o  two rescue helos The convoy a1 so 
contained an ambulance, and s t a f f  o f  2 
EMT's and a DOD physic ian.  A f t e r  
v e h i c l e  r o l l o u t ,  and when t h e  area 
around the spacecraft was deemed safe 
for crew egress, the crew van approached 
the Colunbia. The egress procedures 
ca l led f o r  the Crew Physician t o  enter 
the vehicle wi th the f i r s t  changeout 
creman, b r i e f l y  assess condit ion o f  the 
crewnembers egress wi th  t h e  
crewnembers, ( i f  resul t s  so indicated) 
board the crew van, and depart  t h e  
inmediate r o l l o u t  area f o r  the (o ld)  
DFRC c l i n i c ,  where a more complete crew 
examication c o u l d  be conducted. 
However, iipon opening of the side hatch, 
Comiander Yaung enthusiast ical ly egress- 
ed before the Crew Physician could go on 
board. P i l o t  Crippen remained on board 
where the  Crew phys ic ian b r i e f l y  
conducted h i s  assessmept before egress. 
Once i n  the crew van, events went 
according t o  planned procedure. Two JSC 
physiological technicians assfsted the 
Crew Physician and Deputy Crew Phjsician 
during conduct o f  these examinations. 

Gur3i:ng 2nd a f t e r  crew egress t h e  
m i c r o b i a l  sampling acqu is t i cns  went 
according t o  plan and without incident. 
Cl in ica l  lab samples were acquired from 
t h s  crew dur ing t h e i r  crew exams 
conducted i n  the (o ld)  DFRC c l i n i c  (once 
the JSC s u i t  technicians had removed the 
crewnembers' sui ts)  . 

excellent support DDMS provided a t  NS, 
DFRC, and KSC, DQMS v e r l f j e d  readiness 
o f  t h e i r  DO0 CLS's t o  sup o r t  a 

occur 
contingency 1 anding shoul d t h  P s need 

There were 110 s ign i f i can t  problems other 
than, the procedural i rregul a r i  ty caused 
by Commander Young ' s premature 
egress, and the apparent need f o r  addf- 
t ional  medical comnunications capabi l i ty  
a t  KSC - (Need communication between 
h e l o  F l i g h t  Surgeons and Shands 
Hospi ta l  . I  DFRC - (Need d i r e c t  
communication between EMSS Coordinator, 
ambulance and crew van.) NS - (Need 
d i r e c t  communication between EMSS 
coord ina to r  DOD ambulance, and crew 
vehicle. 1 

Concluding Remarks 
The success o f  the readiness reviews, 
mission v e r i f i c a t i o n  tests,  and STS-1 
miss ion support  a t t e s t  t o  t h e  h i g h  
qual i ty of management, pl anni ng , coord- 
ination, and implementation achieved i n  
support o f  t h i s  f i r s t  STS f l i g h t .  It i s  
estimated t h a t  changes and improvements 
t o  t h e  e x i s t i n g  Medical Operations 
system f o r  STS-2 w i l l  be i n  the order o f  
3 t o  5 percent, a t  most. Addit ional ly, 
each part ic ipant deserves a special word 
o f  prafse f o r  cooperation, dedication, 
self  appl icat ion and achievement tha t  i n  
some p a r t  c o n t r i b u t e d  t o  t h e  t o t a l  
Medical Operatians successful support of 
t h i s  STS-1 missiori. 

I t  must be noted that  i n  addit ion t o  the 

JSC MEDICAL OPERATIONS ASSIGNMENT ROSTER 

PRIMARY NORMAL FUNCTION MISSION SUPPORT PRIMARY MISSION SUPPORT FUNCTION 
ASSiGNEE 

~ ~~ ~ ~ ~ 

Assistant Director for Distleln MCC Senior Medical Officer (SSR) 

Chief, Medical Sciences Division Pool 

Chief, Mrdicd Operations tlranch Fisher Crew Physicien (JSCiKSCfDF RC!NS) 

Life Sciences 

-- 
. --- -- -- 

Figure 21-3 
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JSC MEDICAL OPERATIONS ASSIGNMENT ROSTER 

PRIMARY NORMAL FUNCTION MISSION SUPPORT PRIMARY MISSION SUPPORT FUNCTION 
ASSIGNEE 

Deputy Chief, Me" Ops Branch BdasG3l Acting Chief; overdl mission 
support coordination 

Flight Medicine Physicians Berry; Bungo; MOCR Surgeons 
Tilton 

Flight Medicine Physician Degioonni Deputy Crew Physician; helo phy- 
sician for RTLS; DFRC responsi- 
Ye medical officer; DFRC EMS 
Coordinator - 

Mission Specialist Astronauts Bag*; Fisher; Helo physicians at launch and 
Fischer; Seddon; landing sites 
lhagsrd 

~ ~ ~~~ ~ ~~~~~~ ~ ~- ~ ~~ 

Physiological Training Physician LaPinta N/S E M S  Coordinator 
~~ ~~ ~~ ~~ ~~ 

Microbiologist Fergumn HSP Officer 
Occupational Health Officer Bergtholdt Backup HSP Officer 

Microbiologists Taylor; Pierton Micro samplinp at KSC, DFRC 
Laboratow Technicians Gaiser; Bowden; Lab sample analvats at KSC, DFRC 

Dardano 

Data Manapmem Officer Moreier SSR Data Management 
--- 

Emergency Services Supervisor Hoc#le N/S Occupational Medicine 

Biomedicil Engineers Hohn; Purdum; SSR Biomedical Eqineers in MCC 
Gentry - - 

Dietician Raw Food Services 
F w d  Technicians 2 assigned 

Medical Ofiicer ot &a Dw as scheduled MCC Clinic 
Nurses as scheduled 24 hr coverqe. MCC Clinic 

- -- 

Secretaw Fugitt; E wan SSR Aeromed Support 

Figure 21-3 (Continued) 
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