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APOLLO 1 2  QUARANTINE AND BIOLOGICAL SCIENCES REPORT 

INTRODUCTION 

Man has now made his second successful trip to  the moon and has safely 
returned. On th i s  t r i p ,  referred t o  as  the most complex manned space 
f l i g h t  ever attempted, man was able t o  perfect and demonstrate the 
f eas ib i l i t y  of pinpoint landing on an ex t ra te r res t r ia l  body, establish 
a functional long-term sc ien t i f ic  base on the surface of the moon, 
examine and reclaim parts from an ear ly  unmanned vehicle sent t o  the 
moon, and col lect  some seventy-five pounds of lunar material for  return 
to  earth and detailed sc ien t i f ic  investigation. T h i s  lunar mission, as 
was the case for  Apollo 11,  necessitated the implementation of a quaran- 
t ine  program to prohibit the introduction of possible lunar originated 
contamination i n t o  the te r res t r ia l  biosphere, The Apollo 1 2  f l i gh t  
crew have successfully completed the i r  quarantine stay w i t h i n  the Lunar 
Receiving Laboratory Crew Reception Area without exhibiting any dele- 
terious affects  that  can be attr ibuted to  the i r  f l i gh t  t o  the moon. 
The lunar samples collected by the Apollo 1 2  crew have been biomedically 
evaluated by the Lunar Receiving Laboratory s ta f f  and i t  has been 
determined t h a t  they do n o t  represent a hazard t o  t e r r e s t r i a l  l i f e  
forms. The samples have been released t o  the sc ien t i f ic  community 
without additional biological containment res t r ic t ions.  All items 
contaminated by the Apollo 12  lunar  samples have also been released 
w i t h o u t  decontamination or biological containment res t r ic t ions.  



A .  Inf l ight  

QUARANTI NE OPERATIONS 

Quarantine operations for the Apollo 12  mission were in i t ia ted  on the 
luna r  surface w i t h  the crews collecting the lunar samples. 
1 2  f l i gh t  crew was able to  obtain a l l  planned sample types; t h a t  i s  
the selected sample, the documented sample, a contingency sample, and 
selected rocks i n  a to te  bag. The total  amount of l una r  sample 
collected by the Apollo 12 crew was approximately seventy-five pounds. 
This sample ranged from surface fines and rocks, to  material collected 
i n  the bottom of shallow trenches, to  material collected to  a depth of 
approximately 18 inches below the  surface us ing  a double core tube 
arrangement. A combi n a t i  on of  house-cleani ng procedures , 1 eavi ng 
certain equipment items on the lunar  surface, and the bagging of 
materials i n  the LM were again uti l ized to  reduce the contamination 
level w i t h i n  the LM. The environmental control system and i t s  
associated vacuum cleaning capabili t ies were also ut i l ized t o  minimize 
the amount of residual, loose lunar  material t h a t  would be available 
for possible movement from the LM to the CM d u r i n g  crew transfer i n  
lunar orbi t .  Apparently these systems were not as effective i n  this 
mission as they were i n  Apol l o  11. The f l i gh t  crew and luna r  samples 
were successfully transferred from the LM to  the CM i n  lunar orb i t  and 
housekeeping procedures similar t o  those u t i  1 ized i n  Apol l o  11 were 
performed i n  the CM to  minimize the amount of lunar material that  was 
present a t  reentry. 

The Apollo 

B .  Landing and Recovery 

The Apollo 12  reentry procedures were normal and the recovery procedures 
ut i l ized were those described i n  mission operations documentation. 
attacked Apollo XI1 Recovery Surgeon's Report for de ta i l s .  Briefly, 
these procedures consisted of the crew remaining inside the CM until 
the primary recovery forces transported clean f 1 i g h t  garments and 
biological respirators t o  the astronauts. After donning the clean 
f l i g h t  suits and the biological respirators,  the f l i g h t  crew exited 
the CM and were flown t o  the recovery car r ie r ,  the USS Hornet, v i a  
helicopter. 
the area around the post-landing ventilation valve, and the recovery 
r a f t  and associated equipment were decontaminated. 
car r ie r  the helicopter was wheeled adjacent to  the Mobile Quarantine 
Faci l i ty  (MQF) and the crew exited the helicopter and entered the MQF. 
The MQF containing the f l i g h t  crew, the f l i g h t  surgeon, and an MQF 
engineer was then sealed for the return t r ip  to Houston. The helicop- 
t e r  was sealed and decontaminated w i t h  formaldehyde by a Navy team from 
the U.S. Army Biological Laboratories a t  Fo r t  Detrick. 

See 

The hatch of the CM was sealed a t  sea and the hatch area, 

Upon reaching the 



The CM was r e t r i e v e d  by he l i cop ter ,  re turned t o  the USS Hornet, and 
placed adjacent t o  the MQF. A p l a s t i c  panel was a f i x e d  between the 
MQF and the CM hatch and the CM was then downloaded i n t o  the MQF. 
A f t e r  the downloading was completed, the CM hatch was sealed, the 
tunnel and hatch area decontaminated, and the tunnel r e t r i e v e d  back 
i n t o  the MQF. The pre l im inary  physical  examinations were completed 
and the MQF engineer was successful i n  packaging and t ranspor t ing  of 
i tems o u t  o f  the NQF f o r  f l i g h t  back t o  the Lunar Receiving Laboratory. 
The i tems t o  be returned t o  the LRL were f lown o f f  o f  the USS Hornet 
by COD a i r c r a f t  t o  Johnson Is land and t rans fer red  by j e t  a i r c r a f t  fo r  
the  f l i g h t  back t o  E l l i n g t o n  A i r  Force Base. The MQF remained on the 
c a r r i e r  deck u n t i l  reaching Hawaii where i t  was of f - loaded, placed 
aboard a j e t  a i r c r a f t ,  and f lown back t o  the Lunar Receiving Labora- 
t o r y .  A l l  operat ions i n v o l v i n g  landing and recovery and r e t u r n  of 
i tems t o  the Lunar Receiving Laboratory occurred according t o  approved 
documentation w i thout  p o t e n t i a l  breaks i n  b i o l o g i c a l  containment. 

C.  Lunar Receiving Laboratory 

The secondary b i o l o g i c a l  b a r r i e r  o f  the LRL Sample Laboratory was 
a c t i v a t e d  on November 19, 1969. A t  t h a t  t ime a l l  entrances and e x i t s  
t o  the Sample Laboratory area were c o n t r o l l e d  i n  the same manner 
u t i l i z e d  a f t e r  lunar  samples have been returned. 
Quarant ine Control  O f f i c e r  and Laboratory Test D i r e c t o r  were merged 
f o r  support of the Apol lo  12 mission i n t o  a s i n g l e  func t iona l  p o s i t i o n  
re fe r red  t o  as Operations and Containment O f f i c e r .  This p o s i t i o n  was 
f i l l e d  by the Apo l lo  11 Quarantine Control  O f f i c e r s .  From the  t ime 
the secondary b i o l o g i c a l  b a r r i e r  was a c t i v a t e d  u n t i l  the samples were 
released, the  operat ions o f  the Lunar Receiving Laboratory were 
managed by the Operations and Containment O f f i c e r  from the LRL Central  
Status S t a t i o n  on a 24 hour a day, seven day a week bas is .  

The support personnel entered the Crew Reception Area on November 24, 1969, 
t o  make f i n a l  preparat ions f o r  r e c e i p t  o f  the lunar  samples and crew. 
The f i r s t  Apol lo  12 Apol lo Lunar Sample Return Containers (ALSRC) 
a r r i v e d  a t  the  LRL a t  1520 hours on November 25, 1969. It was passed 
i n t o  the Crew Reception Area and removed from the shipping conta iner .  
Visual inspec t ion  revealed t h a t  the outs ide p l a s t i c  b i o l o g i c a l  b a r r i e r  
had been t o r n  dur ing shipment. 
was then considered as 1 unar contaminated. Addi ti onal p l  as t i c  b a r r i e r s  
were placed around the rock box, heat sealed, and then the e x t e r i o r  
s t e r i l i z e d  w i t h  sodium hypochlor i te  as i t  was t rans fer red  from the  
Crew Reception Area t o  the Sample Laboratory. Since the Crew Reception 
Area was then considered lunar  contaminated, a l l  t ranspor t  conta iners 
e x i t i n g  the CRA were decontaminated. The f i r s t  ALSRC was t ranspor ted 

The p o s i t i o n s  o f  

As a r e s u l t ,  the Crew Reception Area 



i n t o  the Sample Laboratory and up t o  the Vacuum Laboratory R-cabinets 
f o r  pressure measurement and passage i n t o  the F-201 vacuum complex. 
The second Apol lo  12 ALSRC ar r ived  a t  the Lunar Receiving Laboratory 
a t  2340 hours on November 25, 1969. 
Crew Reception Area, downloaded from the sh ipp ing container,  and the 
e x t e r i o r  b i o l o g i c a l  b a r r i e r  s t e r i l i z e d  f o r  passage o f  the ALSRC i n t o  
the Sample Laboratory. 
Vacuum Laboratory R-cabinets f o r  pressure measurements. 
measurements i n  the R-cabinets revealed t h a t  the ALSRC conta in ing the 
b u l k  sample had the lowest pressure and would there fore  be opened and 
processed i n  the vacuum complex w h i l e  the ALSRC conta in ing the se lected 
sample was t ranspor ted t o  Room 1-126 f o r  opening and processing under 
a n i t rogen atmosphere. F l i g h t  f i l m  and biomedical samples were t rans-  
por ted ou t  o f  the Crew Reception Area according t o  approved Apo l lo  12 
documen t a  t i on. 

This box was passed i n t o  the 

The second ALSRC was a l s o  t ransported i n t o  the  
Pressure 

A t  0730 hours on November 29, 1969, the MQF conta in ing the Apo l lo  12 
f l i g h t  crew a r r i v e d  a t  the Lunar Receiving Laboratory. 
successful ly docked t o  the f a c i l i t y ;  the f l i g h t  crew, the f l i g h t  
surgeon, and the MQF engineer entered the CRA; and the MQF was demated 
and placed i n  quarant i  ne storage t o  awai t sampl e re1 ease. Contingency 
sample and the t o t e  bag samples were placed i n  heat sealed p l a s t i c  
b i o l o g i c a l  b a r r i e r s  w i t h i n  the Crew Reception Area , s t e r i l i z e d  through 
the CRA t o  Sample Laboratory a i r l o c k  using sodium hypochlor i te ,  and 
t ranspor ted t o  the cabinet ry  o f  the Physical-Chemical Test area. The 
surveyor p a r t s  and f l i g h t  i tems returned i n  the MQF were placed i n  
bonded storage i n  the Crew Reception Area. 
December 2, 1969, the  Apol lo  12 CM entered quarant ine i n  the LRL Crew 
Reception Area. The pre l im inary  ana lys is  o f  f l i g h t  r e s u l t s  ind ica ted  
t h a t  there were no major anomalies occur r ing  dur ing  f l i g h t  t h a t  would 
r e q u i r e  the CM t o  undergo extensive t e s t i n g  p r i o r  t o  re lease o f  the 
Apo l lo  12 samples. Therefore, the CM was downloaded and serv iced fo r  
prolonged storage by the MQF engineer. 
had experienced anomalies such as the lunar  surface camera, a CM 
c o l o r  camera, and a u r i n e  f i l t e r  were requ i red  outs ide o f  the Crew 
Reception Area p r i o r  t o  re lease o f  the  l u n a r  samples. These i tems 
were s t e r i l i z e d  w i t h  formaldehyde o r  d r y  heat t ranspor ted ou t  o f  the 
Crew Reception Area. 

The MQF was 

A t  1330 hours on 

Cer ta in  equipment i tems t h a t  

Because o f  the d e t a i l e d  operat ional  procedures t h a t  a re  conducted 
dur ing downloading o f  each o f  the ALSRC's, there i s  a considerable 
t ime delay between the t ime the rock boxes f i r s t  enter  the LRL and 
the t ime the samples are made ava i lab le  f o r  b i o l o g i c a l  t e s t i n g .  
Therefore, an e a r l y  b i o l o g i c a l  sample was obtained t o  permi t  several 



days of incubation of -- in v i t ro  t e s t  systems prior t o  crew release. This 
early biological sample consisted of material from two of the core tubes. 
This material was inoculated into bacteriological and mycological culture 
media and t issue cultures on December 2 and 3 ,  1969. A t  the time of 
release of Apollo 1 2  crew on December 10, 1969, there were no signs of 
bacterial or fungal growth in the culture media and no deleterious 
effects  or signs of replicating vial par t ic les  in the t issue cultures. 

For conduct of the complete biological t e s t  protocol a representative 
sample of a l l  material in the two ALSRC's i s  uti l ized. These samples 
were compounded and made available for  biopreparation on December 6 ,  1969. 
The biological preparation and direct  observation procedures were con- 
ducted on December 7 and 8, 1969. 
biological testing was available fo r  each laboratory on December 8, 1969, 
with the s t e r i  1 ized lunar sample control available on December 9 ,  1969. 

The unsterilized lunar sample for  

Duri ng operations wi t h i n  t h e  Sample Laboratory one i nci dent occurred 
which required the q u a r a n t i n i n g  of personnel i n  the Crew Reception 
Area. The incident involved the Physical-Chemical Test Laboratory 
and occurred on December 1 ,  1969. An operator in the gloves attached 
t o  the cabinet uni t  noticed a hole in one of the gloves. 
to  draw the gloves back outside of the cabinetry t o  examine the hole. 
After verifying the presence o f  a hole, the operator then t ied the 
glove between the hole and the cabinet. This operation resulted i n  
loss of the negative pressure within the glove and thereby the escape 
of the a i r  from the glove i n t o  Room 1-124. A t  the time of th i s  
occurrence there were eleven personnel in the room. 
t h a t  i t  was necessary t o  quarantine a l l  the occupants of the room i n  
the Crew Reception Area. 
room s te r i l i zed  with formaldehyde gas before personnel reentered the 
room and operations resumed. 

The Lunar Receiving Laboratory f ac i l i t y  systems performed well during 
Apollo 1 2  operations. The two minor problems experienced on Apollo 11,  
that  i s  sewage system and autoclave door gaskets, were repaired between 
missions and the problems did not  ex is t  during Apollo 12 operations. 
One normal power supply fa i lure  occurred d u r i n g  mission operations b u t  
a l l  containment system equipment i s  connected t o  the emergency power 
generator and t h i s  generator performed flawlessly w i t h  no delay or 
loss of containment capabi l i t ies .  
a l l  systems performed i n  support of Apollo 1 2 ,  there are no plans for 
any modifications t o  f a c i l i t y  systems prior to  the next mission. 

He proceeded 

I t  was determined 

The room exi t s  were sealed and the ent i re  

Due to  the excellent manner i n  which 

On January 7 ,  1970, the 30 day quarantine t e s t  period for Apollo 1 2  
lunar samples was completed. A t  that  time, d a t a  from the extensive 
biological testing program indicated t h a t  there were no deleterious 



effects  t o  t e r res t r ia l  living systems as a resu l t  of exposure to  lunar 
samples returned by the Apol l o  12  crew. In addition, there were no 
indications of replicating microbial l i f e  forms by any of the cultural 
procedures ut i l ized.  
tions on the Apollo 1 2  lunar samples were l i f t e d .  

Therefore on t h a t  date the quarantine res t r ic -  

4 

. 



APOLLO XI1 RECOVERY SURGEON'S REPORT 

I .  Recovery Procedures 

Recovery quarant i  ne procedures were exac t ly  as planned. A1 1 swimmers 
remained i n  f u l l  SCUBA gear, and on closed SCUBA breath ing system, 
w h i l e  i n  the v i c i n i t y  o f  the spacecraf t .  The astronauts donned t h e i r  
covera l l s  and r e s p i r a t o r s  before e x i t i n g  the spacecraf t ,  and noth ing 
was brought from the spacecraft.  
the  hatch, w i t h  t h e  hatch being opened and p a r t i a l l y  c losed three t imes. 

There was some d i f f i c u l t y  i n  c l o s i n g  

The Recovery Surgeon maintained i s o l a t i o n  technique by wearing a res-  
p i r a t o r  i n  the h e l i c o p t e r  u n t i l  the crew had donned t h e i r  r e s p i r a t o r y  
p ro tec t ion .  
had donned oxygen masks and were on 100% oxygen. 
h o i s t  operator  had donned BIG's w i thout  hoods, and oxygen masks 
at tached t o  t h e i r  regu la r  f l i g h t  helmets. 
i n  a b i o l o g i c a l  f i l t e r .  

Before pickup o f  the  astronauts , the h e l i c o p t e r  p i l o t s  
The crew c h i e f  and 

The masks hose terminated 

Af ter  u p r i g h t i n g  of the spacecraft,  recovery operat ions proceeded 
normal ly and w i t h o u t  inc ident ,  w i t h  one exception. On the  second 
ast ronaut  pickup t h e  swimmers f a i l e d  t o  p lace the n e t  sea-anchor 
i n t o  the net.  This r e s u l t e d  i n  a hazardous s i t u a t i o n  w i t h  the sea- 
anchor l i n e  c o i l e d  i n  the l i f e  r a f t  as the n e t  was je rked c l e a r  by 
the h e l i c o p t e r .  The crew l a t e r  po inted o u t  t h a t  the n e t  w i t h  which 
they t ra ined i n  the Gul f  d i d  n o t  have a sea-anchor, and f e e l  t h a t  a 
sea-anchor does create a hazardous s i t u a t i o n .  

As the astronauts were brough aboard the h e l i c o p t e r  they were helped 
from the n e t  by the Recovery Surgeon w i t h  no contact  between ast ro-  
nauts and he1 i c o p t e r  crewmen occurr ing . A f t e r  a1 1 three astronauts 
were aboard, the two he l i cop ter  crewmen i n  the a f t  compartment were 
helped from t h e i r  BIG's by the Recovery Surgeon w h i l e  they maintained 
t h e i r  helmets and masks. A t  no t ime d i d  they come i n  contact  by the 
e x t e r i o r  o f  t h e i r  BIG's. The two crewmen then went t o  the forward 
compartment o f  the he1 i c o p t e r  f o r  landing . A1 1 he1 i copter crewmen 
maintained r e s p i r a t o r y  p ro tec t ion  u n t i l  they e x i t e d  the  h e l i c o p t e r .  

Capt. Bean, f i r s t  crewmen brought aboard, was noted t o  have an 
adhesive bandage over h igh r i g h t  eyebrow. 
it, he repor ted t h a t  a 16mm camera mounted i n  the r ight-hand window 
had come loose a t  impact and s t ruck him i n  the head. He denied any 
loss  o f  consciousness; however, l a t e r  repor ts  by h i s  crewmates i n d i -  
cate t h a t  he was stunned f o r  approximately 5 seconds, w i t h  r e s u l t a n t  
l a t e  re lease of the parachute r i s e r s .  A l l  three crewmen appeared t o  
be i n  e x c e l l e n t  c o n d i t i o n  i n  the he l i cop ter ,  w i t h  no evidence o f  
or thos t a t i  c in to lerance,  nor undue fa t igue.  The Recovery Surgeon 
cornrnunicated the as t ronaut 's  cond i t ion  t o  the Hornet Surgeon on the 
way back t o  the  ship, p r i m a r i l y  t o  e x p l a i n  the  bandage on Capt. Bean's 
head. 

When questioned about 
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The helicopter, w i t h  the a f t  door closed, became quite hot and humid ,  
b u t  the astronauts suffered no i l l  effects .  
deck crew was very short ,  and therefore the exposure of the crew to  
h i g h  temperatures were not sufficiently long to  produce demonstrable 
heat s t ress .  
hour and one-half i n  the helicopter prior t o  recovery, was completely 
sweat-drench upon entering the MQF. 

Handling time by the 

The Recovery Surgeon subjected to  the heat s t ress  fo r  an  

11. MQF Activit ies 

A.  MQF time-line. (All times are local ship time). 

1050- - Astbonauts and recovery surgeon enter MQF. 
1055 - Commence microbiology specimen collection, weights, 

1130 - Presidential phone ca l l  
1145 - Begin hematology specimen collection 
1230 - Lunch 
1320 - Repair of Capt. Bean's laceration 
1340 - Spacecraft hatch opened 

1430 - Spacecraft microbiology (except for  s u i t s )  
1430 - Rock boxes out of spacecraft 
1500 - First rock box out of spacecraft 
1500 - Hematology specimens ready fo r  bagging 
1515 - All f l i gh t  film bagged and spacecraft microbiology completed 
1545 - First COD load l e f t  MQF area 

1830 - Physicals and ECG's 
1830 - Supper 
2100 - Completion of ECG's and physical exams 
2130 - Completion of chest films 
2140 - Last crewmember i n  bed 
2200 - 
0100 - WBC's, different ia ls ,  hematocrits, and uranlyses 

showers , and clothes change 

1400 - 

1600 - 

B. The crew requested that  the Presidential phone call  be delayed 
for  approximately 5 minues, i n  order that  they could complete 
showering and changing clothes and open the curtains for  te le-  
vision coverage. This was done. 

Microbiology swab and gargle specimens were collected without 
d i f f icu l ty ,  and each crewmember weighed himself and recorded 
his weight on his way t o  the shower. 

Hematology specimen collection went we1 1 , with the MQF engineer 
ass is t ing.  
manifested by palor bradycardia and mild naeusea. After lying 
down fo r  approximately 3 minutes, he was completely recovered. 
(Due to  space limitations, a l l  hematology s ecimens were drawn 
with the crewmbmer s i t t ing  beside the table Y . 

The Commander experienced an hypotensive episode, 
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Both M r .  Stone and Capt. Gordon helped a t  var ious times dur ing  
the l a c e r a t i o n  r e p a i r .  

The COD schedule could no t  have been met w i thout  the help of the  
crew. 
spacecraf t  m i  c rob i  o l  ogy samples . A1 1 three o f  the crewmembers 
p a r t i c i p a t e d  i n  unstowing and s o r t i n g  o f  the f i l m  i n t o  two ship- 
ments. 
and Gordon ass is ted D r .  Jernigan i n  completing the spacecraf t  and 
pressure s u i t  microbiology specimen c o l l e c t i o n .  

Capt. Conrad ass is ted M r .  Stone i n  c o l l e c t i o n  o f  the i n i t i a l  

While M r .  Stone was bagging the rock boxes, Capt. 's  Conrad 

A l l  medical requirements ob jec t ives  were f u l l y  met, w i t h  the  two 
f o l l o w i n g  exceptions: 

1. Toxicology - A pre l iminary ear, nose, and t h r o a t  examination 
was performed a t  the t ime o f  the  microbiology specimens were 
taken. 
h i s  eyes a f t e r  enter ing the MQF and removal o f  the r e s p i r a t o r s .  
No p a r t i c u l a t e  matter was seen i n  nasal passages o r  conjunc- 
t i v a l  sacs. Therefore, swabbing o f  these areas was n o t  
performed. 
t i g a t i o n  were returned. 

a)  

Each crewmember had been blowing h i s  nose and wipping 

However, three specimens f o r  tox ico logy  inves- 
These c o n s i s t  of: 

dust  and l i n t  from the spacecraf t  ECS screens c o l l e c t e d  
i n  f l i g h t  on a piece o f  tape. 

b) swab samples o f  dust and l i n t  which had accumulated on 
the  l e f t  hand c i r c u i t  breaker panel from an ECS hose. 

c )  grey colored l i n t  removed from the MQF a i r  cond i t ion ing  
f i l t e r s  on R+3, when the f i l t e r s  became so clogged t h a t  
i t  was necessary t o  c lean them i n  order t o  improve a i r  
cond i t ion ing  e f f i c i e n c y .  

2 .  O r t h o s t a t i c  to lerance t e s t  - Blood pressures and pulse r a t e s  
were recorded en the standard MEDATA form used f o r  annual 
physical  examinations. 
the t e s t  performed was the standard two minute standup 
f o l l o w i n g  recumbancy, r a t h e r  than a f i v e  minute t e s t .  

Through overs igh t  and f o r c e  o f  h a b i t ,  
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I I I .  Physical F i  nd i  ngs 

ORAL RECUMBENT STAND I NG 
TEMP WEIGHT PULSE B.P .  PULSE B . P .  

CDR 
R+O 99.0°F 145 lbs .  86 124/78 98 118/80 
R+ 1 98.3 147 78 11 4/69 76 108/70 
R+ 2 98.2 147 
R+ 3 98.2 148 
R+4 97.5 147 

CMP 
R+O 98.4 148 
R+ 1 97.1 152 
R+2 98.4 152 
R+3 98.8 152 
R+4 98.8 152 

LMP 
R+ 0 98.4 140 
R+ 1 97.6 143 
R+ 2 98.0 142 
R+3 98.9 147 
R+4 88.9 146 

90 126/78 100 100/32 
76 134/88 100 130/92 

68 1 05/ 72 112 100/99 
66 102/70 92 110/82 

A. Commander. The nasal mucosa was red and glistening when f i r s t  
examined, b u t  had returned t o  f a i r l y  normal p i n k  appearance 
w i t h i n  8 hours. The mucosa of the posterior pharynx was s l igh t ly  
erthematous w i t h  some lymphoid prominence when f i r s t  examined. 
There were lesions present a t  a l l  biosensor s i tes ,  which appeared 
t o  be healing pustules. There were some which occurred i n  the 
center of the areas as well as  the margins. There were three 
crusted lesions,  just posterior t o  the auditory meatus of the 
l e f t  ear ,  and chapping and cracking of the d is ta l  crease of the 
r i g h t  pinna. 
the r i g h t  forearm volar surface. Many of the lesions had a 
prominent central point. This rash had almost en t i re ly  disappeared 
by 24 hours a f t e r  recovery. On R+l Capt. Conrad experienced pro- 
gressive l e f t  sided nasal congestion throughout the day w i t h  l e f t  
maxillary pressure symptoms and a small amount of moderately thick 
yellow tinge discharge from the l e f t  side. 
taken from the l e f t  s ide and he was s ta r ted  on act i fed and t e t r a -  
cycline. 
f o r  a moderate amount of mucoid discharge. 

There was also a f ine  papular erythematous rash on 

A nasal cul ture  was 

Some 24 hours l a t e r  the symptoms had a l l  abated except 
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. 

B.  CMP. 
t i o n ,  b u t  was a normal p i n k  color some 8 hours l a t e r .  The mucosa of 
the posterior pharynx was moderately erythematous i n  patches , w i t h  
a pebbling effect  of the lymphoid t issue.  
pustules both a t  the margins and center of the sensor s i t e s ,  as  well 
as excoriations corresponding to  the sensor margins. 
healing apthous ulcer i n  the floor of the mouth on the l e f t  side 
which the CMP s ta tes  was present before f l i gh t .  

The nasal mucosa was red and glistening upon i n i t i a l  examina- 

There were multiple 

There was a 

C .  LMP. 
over the la teral  r i g h t  eyebrow. 
the bone and there was no  underlying boney defect. 
material was seen. 
p r o b i n g .  I t  was repaired under 1% lidocaine anesthesia, using one 
subcutaneous 3-0 plain g u t  suture, and s ix  5-0 permalon skin 
sutures. Twenty-four hours l a t e r  there was a small area of red- 
ness and two small vesciles a t  the infer ior  la teral  corner of the 
wound. 
edema around the superior portion of the r i g h t  o rb i t ,  and the r i g h t  
eyelid was discolored, being reddish-purple i n  color. The vesicles 
had developed into three pustular lesions, and one was pointing. 
There was no tenderness in the immediate vicinity of the wound and 
no indura t ion  nor heat. The pus was streaked on blood aga r ,  b u t  
there was no growth. Ampicillin 250mg QID was started about l O O O X  
on 27 November and continued for 5 days. 
i n i t i a t ion  of the antibiotic the swelling of the eyelid and 
supraorbital region was completely gone and the pustules were 
s u b s i d i n g .  The skin sutures were removed on 29 November a f te r  
arrival a t  the LRL. 

There was a 2cm jagged laceration w i t h  downward beveled edges 
The laceration d i d  not extend to  

No foreign 
The wound was cleansed and investigated by 

On R+3 when Capt. Bean arose i n  the morning there was 

Twenty-four hours a f t e r  

Immediately a f t e r  recovery Capt .  Bean was noted t o  have clear 
f luid and bubbles behind the r i g h t  tympanic membrane. Valsalva 
maneuver was effective.  There was moderate injection over the 
handle of the malleolus on the l e f t .  After 24 hours of Actifed 
therapy bo th  conditions had returned to  normal. 
was b r i g h t  red and glistening a t  the time of the recovery, b u t  
some 8 hours l a t e r  was p i n k  and normal appearing. 
material was noted. 

The nasal mucosa 

No foreign 

There were red areas and small pustules noted about a l l  sensor 
s i t e s .  
h a i r  i n  the center. 
of the skin between the l e f t  l i t t l e  toe and the fourth toe. 

There was one small pustule on the l e f t  elbow w i t h  a 
There was moderate scaling and cracking 
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IV. Laboratory Findings 

Laboratory d a t a  w i t h  the exception of the MQF bacteriology will be 
reported w i t h  the r e s t  of the crew lab data i n  Apollo Flight Data 
Astronaut Resumes. 

Bacteriology Data: 
comander ' s  nasal secretions. The predominant organisms as judged 
by colony characterist ics and gram staining characterist ics appeared 
to be a staphalbus. Each colony type was picked and inoculated into 
tryptocase soy broth and veal infusion bro th .  These tubes were then 
incubated a t  approximately 850 until return to  the LRL.  
agar plates were taken from the incubator (37OC) a t  24 hours and 
placed i n  the refr igerator ,  and also passed to  the microbiology 
laboratory upon return to  the L R L .  

Three separate organisms were isolated from the 

The blood 

V.  Medical Kit Usage History. 

A.  C D R :  Actifed tab le t s ,  approximately 5 ,  one a f t e r  ascent from the 
lunar surface and then one each night thereafter taken fo r  nasal 
conges ti  on. 

B.  CMP: Actifed, three tablets.  One the day before re-entry, one 
the morning of re-entry and one just before re-entry. 
two tab le t s ,  approximately day 8 "as a precaution against a 
developing sore throat." 

Asprin, 

C .  LMP: 
headache which accompanied the fu l l  headed sensation which a l l  
three crewmen experienced for  the f i r s t  24 hours of f l i gh t .  He 
also noted nasal congestion on the second day of the mission and 
took approximately two Actifed tablets  per day for  the duration 
of the mission. Additionally, six seconal capsules were used. 
Capt.  Bean s ta tes  that  he would sleep for  approximately f ive  
hours, wake u p ,  take a seconal and sleep fo r  another f ive  hours. 
This occurred each n i g h t  o f  the mission except for  the lunar 
surface stay and  the n i g h t  imnediately preceeding lunar descent. 

Capt. Bean took two asprins the f i r s t  n i g h t  fo r  a generalized 

Medical k i t  inspection - The outer container had two rips on the 
top. The following items were missing: 6 agprin tab le t s ,  6 
seconal capsules, 18 Actifed tab le t s ,  2 adhesive bandages, 4 
UCD roll-on cuffs,  1 sternal electrode harness, and 1 axi l lary 
harness, 5 electrode assemblies, and 1 bot t le  of Afrin nasal 
spray. 
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The crew reported unsatisfactory operation of the Afrin spray 
bot t le  Og. 
medication from the bottle,  by squeezing the bottle.  
checked in the MQF a l l  three Afrin bottles delivered a f ine 
spray when sharply squeezed. 

That i s ,  they were unable to  o b t a i n  suff ic ient  
When 

Clarence A .  Jernigan, M.D. 
Recovery Surgeon 



n, CREW OPERATIONS AND THE OPERATION OF THE CREW RECEPTION AREA; APOLLO XI1 

The Crew Reception Area and the  C l i n i c a l  Laborator ies loca ted  i n  the 

Lunar Receiving Laboratory supported the  Apo l l o  XI1 crew quarant ine 

a c t i v i t i e s  dur ing  November and December, 1969. A p ro fess iona l  s t a f f  

cons i s t i ng  o f  e i g h t  l abo ra to ry  analysts , two physic ians , three stewards 

and one recovery engineer, was quartered i n  the  quarant ine space of t he  

laboratory .  A l l  l o g i s t i c a l  and c l i n i c a l  du t i es  were perfornied by the 

a t tend ing  s t a f f  dur ing  the  quarant ine per iod.  A d d i t i o n a l l y ,  the Apol l o  XI1 

Command Module was housed w i t h i n  the  Crew Reception Area and subjected 

t o  a c o n t r o l l e d  down-loading exerc ise du r ing  the  quarant ine pe r iod  by 

i n d i v i d u a l s  cros's-trained t o  e f f e c t  t h i s  program according t o  s p e c i f i e d  

protocols .  The Command Module was n o t  subjected t o  decontamination proce- 

dures and w i  11 remain behind the  b i  o log i  ca l  b a r r i e r  u n t i  1 sample re1  ease. 

\ 

During the  normal course o f  quarant ine w i t h i n  the  Crew Reception Area, 

e l  even i ndi  v i  duals f rom the Sample Operat i  ons Laboratory were invo lved 

i n  a " s p i l l "  cond i t i on  which resu l ted  i n  the  t r a n s f e r  o f  these eleven 

personnel i n t o  the Crew Reception Area f o r  quarant ine.  These i n d i v i d u a l s  

p r i n c i p a l  l y  members o f  the Pre l  i m i  nary Examination Team and severa l  

support  personnel , were quartered w i t h i n  the Crew Reception Area u n t i l  

crew release. A l abo ra to ry  which normal ly  f unc t i ons  w i t h i n  the  

C l i n i c a l  Laborator ies was made ava i l ab le  f o r  the  use o f  the PET members, 

and w i t h  the  a d d i t i o n  o f  s t e r i l i z e d  Apo l l o  X I  and Apo l l o  X I 1  f i n e  and 

t h i n  sec t i on  mater ia l ,  t he  i n d i v i d u a l s  were ab le  t o  cont inue t h e i r  

p r e l  iminary examination work while quar tered w i t h i n  the  CRA. 
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A. Crew Operations Time L ine  

The at tached t a b l e  describes the t i m e  p r o f i l e  c h a r a c t e r i s t i c  of t he  

Apo l l o  X I 1  mission. 

temporal sequence w i t h  the  C 1  i n i  ca l  Laboratory p ro toco ls  exerc ised 

dur ing  the miss ion sequence. Crew exposure p r o f i l e s  a re  por t rayed 

i n  t h i s  f i g u r e  from F-30 (9  October) through quarant ine te rmina t ion  

(10 December). Postmission medical s u r v e i l l a n c e  was i n i t i a t e d  a t  

crew re lease and w i l l  cont inue i n  e f f e c t  f o r  a pe r iod  o f  one calendar 

year .  

Pre- and postmission a c t i v i t i e s  are noted i n  

The Apo l lo  XI1 crew spent approximately 21 days (504 hours) i n  

quarant ine f o l l o w i n g  f i n a l  c losure o f  the  LM hatch on the l una r  

sur face (135 hours GET; 20 November). The e n t i r e t y  of t h i s  per iod  

was spent i n  the  conf ines o f  the Lunar Module, the  Command Module, 

t he  Mobi le Quarant ine F a c i l i t y  and the  Crew Reception Area. 

re lease was e f f e c t e d  approximately eleven hours e a r l y  s ince  improved 

data management techniques a1 lowed complet ion o f  re lease c l i n i c a l  

examinations ahead o f  schedule. 

I 

Crew 

The crew, i n  general,  worked a nominal 5 1/2 - 6 day-week w h i l e  i n  

quarant ine.  The work c y c l e  was d i v ided  between s c i e n t i f i c  and techn ica l  

deb r ie f i ngs  and compi la t ion  o f  the p i l o t ’ s  repo r t .  

r e l a x a t i o n  and f ree- t ime occupied the  remainder o f  t h e i r  t ime spent i n  

the  CRA. The Apo l l o  X I 1  crew accepted the  miss ion phi losphy o f  quarant ine 

and o ther  than separat ion f r o m  t h e i r  f a m i l y  and the ou ts ide  wor ld,  

voiced no s i g n i f f c a n t  complaints. 

Exercise per iods , 

It i s  worthy o f  note t h a t  the Apo l l o  X I 1  
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crew, much the same as the Apollo XI crew, commented on the des i r ab i l i t y  

and efficiency of quarantine in terms o f  compilation and completion 

of p i lo t  reporting and the orderly progression and completion o f  

sc i en t i f i c  and technical debriefings. 

B. Clinical Laboratory Operations 

The Clinical Laboratory supported the Apollo XI1 misson from F-30 

through the release of the crew a t  the termination of quarantine. 

Specific protocols in  the areas of Hematology, Imnunology and 

Biochemistry were employed as specified i n  the MSC document en t i t l ed ,  

"Medical Requirement; F Type Mission Lunar Landing." 

sequence o f  specif ic  protocols is depicted i n  the attached table. 

The teiiiporal 

The Data Management Program of the Clinical  Laboratory provides 

f o r  continuous update of a l l  laboratory data pertinent to  individual 

crew members as well as categorizes a l l  medical d a t a  on i n d i v i d u a l s .  

Laboratory analytical controls pertaining t o  specif ic  analyses are  a l so  

continuously updated t o  insure the r e l i a b i l i t y  o f  generated data. 

Through the operation o f  this laboratory data management and qual i ty  

control system, data collected previously on the three crewmen were 

correlated w i t h  the data generated d u r i n g  the en t i re ty  of mission 

a c t i v i t i e s  for  Apollo XII. The results o f  the Apollo XI1 Clinical 

Laboratory determinations i n d i c a t e  t ha t  no findings d i rec t ly  a t t r i b u -  

table  t o  ex t ra te r res t r ia l  exposure a re  apparent. 

of Hematology, Immunology and Biochemistry a l l  values were w i t h i n  

established normal limits and are unremarkable. However, i t  should 

In the spec i f ic  areas 
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be noted t h a t  postmission p ro toco ls  a re  incomplete and t h a t  cont inued 

surve i  1 lance w i  11 be e f fec ted .  

C. Quarant ine Aspects o f  Sample Operations Laboratory Personnel 

The eleven i n d i v i d u a l s  t rans fe r red  i n t o  the Crew Reception Area 

f o l l o w i n g  the " s p i l l "  cond i t i on  i n  the  Sample Operation Laboratory 

p r e c i p i t a t e d  a minimum o f  l o g i s t i c a l  requirements on the  r e s i d e n t  

s t a f f  and support personnel o f  the CRA. 

and accomodat ing these eleven i n d i v i d u a l s  was met and was repor ted  

i n  a postmission debr ie f i ng  o f  the  i n d i v i d u a l s  i nvo l ved  t o  have been 

extremely adequate and caused no s i g n i f i c a n t  problems concerning the 

e f f e c t i v i t y  o f  t he  PET Program. 

The requirement f o r  housing 

I 

With the except ion o f  one i n d i v i d u a l  t r a n s f e r r e d  from the  Sample Lab 

i n t o  the Crew Reception Area f o l l o w i n g  the " s p i l l " ,  the e n t i r e t y  o f  

the  group was hea l thy  and remained so throughout the quarant ine 

per iod.  One i n d i v i d u a l  developed, dur ing  the  course o f  h i s  s t a y  

i n  the CRA, an i n f e c t i o u s  disease which requ i red  t h i s  p a r t i c u l a r  

i n d i v i d u a l  t o  be conf ined t o  the  Mobi le Quarant ine F a c i l i t y  f o r  a 

pe r iod  o f  approximately 72 hours which was a t  t h a t  t ime a p a r t  o f  

the CRA. Other than confinement and l o n l i n e s s  and the i n a b i l i t y  t o  

v i s i t  under comfortable cond i t ions  w i t h  h i s  f a m i l y ,  t h i s  i n d i v i d u a l  

voiced no complaints regarding h i s  s tay  i n  the  Mobi le Quarant ine 

F a c i l i t y .  The MQF was operated as an i n f e c t i o u s  disease ward w i t h  

the  i n d i v i d u a l ' s  food being passed i n  under c o n t r o l  cond i t i ons  and 

access l i m i t e d  o n l y  t o  the  Crew Surgeon i n  charge of the  area. The 
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individual involved subsequently returned to  the Crew Reception Area 

following the 72 hour s tay and was released with the remainder o f  the 

individuals i n  quarantine a t  crew release time. 

D. Conclusion 

The Crew Reception Area operated i n  an e f f i c i en t  manner throughout 

the quarantine period, a1 t h o u g h  the increased contingent of personnel 

posed logis t ical  constraints uncommon t o  normal operations. 

Clinical Laboratory processed i n  excess of 2500 samples in d i r ec t  support 

of the quarantine mission. I t  i s  s ingif icant  t o  note t h a t  MSC Dispensary 

samples were processed in a routine manner on a dai ly  basis throughout 

the quarantine period. This was accomplished by dai ly  t ransfer  o f  

samples from the Dispensary into the Crew Reception Area for  analysis.  

Results were reported via the Clinical Laboratories data link. 

The 

c 
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IV. BIOPREPARATION - DIRECT OBSERVATION AND APOLLO BACTERIOLOGY/MYCOLOGY 

I -  

A. General 

The lunar material obtained during the Apollo 12 mission and used for 
biological investigations was divided into two different groups based 
upon the method of collection. The two samples were tested independ- 
ently and never mixed. 

1. 
tube #12026 and ten grams from the bottom of core tube #12028 (deep 
core). 
consisted of 57.23 grams of finely powdered lunar material (most 
particles less than 100 microns in diameter). 

The early bio-sample was composed of one-half (47.239) of core 

The combined portion, used in the early biological protocols, 

2. The conventional bio-sample pool contained a combination of rock 
chips, which were the result of preliminary geological examinations, and 
fine material scooped from the other ALSRC. This sample weighbd 
approximately 500 grams. 

B. Preparation of Conventional Lunar Bio-Sample Pool Material for Use 
in Biological Sxstems 

Lunar sample was sieved through a normal laboratory sieve with a pore 
size of 104 microns. Particles larger than 104 microns were ground 
with a motor-driven sample crusher (Model 150, LeMaire Instruments, 
Reno, Nevada) and added to the 104 sample. 

The resulting composite was then ground with an electric mortar grinder 
(Torsion Balance Company, Model MG-2). 
homogenize and distribute the resulting sample. 

A riffle sampler was used to 

A microscopic examination was performed on dried, n-butyl alcohol 
suspensions of homogenized lunar material. The volume mean diameter 
(VMD) was calculated for each sample. 
found to be 20 microns for both samples. 

Sterile control samples (when required) were heated in a 16ooc drying 
oven for sixteen hours before passage out of the Class I11 cabinetry. 

The volume mean diambBer was 

C. Direct Observation of Lunar Material 

Samples of lunar material were observed for traces of recognizable life 
forms using the following methods: 

1. Ground and unground dry samples were observed at 7X and 25X 
= 2537A) magnification, using white light and ultraviolet light ( 

illumination. 
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2.  
c a t  ion by : 

Aqueous concentrates  were observed a t  430X and 1,OOOX magnifi- 

a .  Phase c o n t r a s t  microscopy 
b .  Typical gram s t a i n  procedure 
c .  "cold" a c i d  fas t  s t a i n  procedure 

The above observat ions were recorded on high-speed Ektachrome f i l m .  

3. Aqueous d i l u e n t s  were observed and photographed a t  20,OOOX 
employing t h e  e l e c t r o n  microscope. These d i l u e n t s  were f i x e d  i n  t h r e e  
per  cent  gluteraldehyde f o r  twenty-four hours before  being passed out 
of t h e  Class I11 cab ine t ry  f o r  electronmicroscopic examination. 

4. No o b j e c t s  of biogenic o r i g i n  were observed by any of t h e  t e s t  
methods. 

D .  Methods f o r  Detection of  Viable Microorganisms i n  Lunar Mater ia l  

Port ions of each category of l u n a r  material were cu l tu red  with t h e  addi- 
t i o n  only of melted 1.5 per  cent  aga r .  This c u l t u r e  method w a s  used t o  
promote t h e  growth of r e p l i c a t i n g  agents  using luna r  m a t e r i a l  as t h e  
only n u t r i e n t  and energy source.  Each P e t r i  p l a t e  containing 669 mg of 
l u n a r  material i n  t e n  m l  of agar w a s  incubated, along with an uninocu- 
l a t e d  c o n t r o l ,  a t  one of  two temperature/atmosphere combinations. 
growth w a s  observed on any of these  p l a t e s  throughout t h e  twenty-one 
day incubat ion per iod.  

No 

For a l l  o t h e r  t es t  systems, t h e  lunar material w a s  suspended i n  s t e r i l e  
phosphate b u f f e r  and f i l t e r e d  through Whatmann No. 3 f i l t e r  paper.  
Both t h e  f i l t r a t e  and t h e  r e s idue  were divided i n t o  a l i q u o t s ,  each 
r ep resen t ing  wash o r  r e s i d u e  from 233 mg of l u n a r  material. 

Aliquots from t h e  e a r l y  bio-sample were inoculated onto Blood Agar ( B A ) ,  
Trypt icase Glucose Yeast Ex t rac t  Agar (TGY)  , and Thioglycol la te  
Broth (Thio. ) . 
Aliquots from t h e  conventional bio-sample pool were inoculated onto a l l  
of t h e  above, i n  a d d i t i o n  t o  Czapek Dox Agar ( C D ) ,  Sabouraud dextrose 
agar  (SDA), t e r r e s t r i a l  s o i l  e x t r a c t s  i n  aga r ,  and s i x  d i f f e r e n t  
aquatic/mud media. 
and water t y p e s ,  were used i n  two concen t r a t ions :  
c e n t r a t i o n  recommelided by t h e  vendor, and ( 2 )  a d i l u t i o n  of 1/100 t h e  
normal concentrat ion.  

Each of t hese  media, except t h e  terrestr ia l  s o i l  
(1) t h e  normal con- 

A l l  s o l i d  media, both inoculated and uninoculated c o n t r o l s ,  were 
incubated under one of t h r e e  d i f f e r e n t  atmospheric cond i t ions .  These 
condi t ions were: (1) t e n  p e r  cent carbon d iox ide ,  ( 2 )  one hundred p e r  
cent  dry s t e r i l e  n i t rogen ,  or, ( 3 )  ambient t o  room (and c a b i n e t )  a i r .  
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Likewise, all control and test systems were incubated at one of the 
following four temperatures : 4OC , 24OC, 35OC , and 55OC. 

To accomplish these varied environmental requirements, the plates were 
placed in groups of three into a specially designed controlled environ- 
ment enclosure. All plates were incubated for twenty-one days with 
periodic observations for growth. 

Results 

No growth was observed on these plates during the 21-day incubation 
period. If growth had occurred, the microorganisms would have been 
isolated and identified using appropriate morphological-biochemical 
procedures. 

. 

. 



APOLLO CREW BACTERIOLOGY/MYCOLOGY 

A. General 

Eleven microbiological samples were taken from each crewmember immediately 
after recovery. These included seven external body swabs, nasal passage 
swabs, throat-mouth gargle, urine, and feces. In addition, the space- 
craft was sampled at four sites, and each set of clothing was sampled 
at three sites. 

These specimens were transported to the LRL Sample Lab where the contents 
were evaluated by standard microbiological methods. The resulting 
isolants were categorized on the basis of their morphological and 
biochemical integrity. Any microorganisms which were not readily 
identified were compared with preflight baseline date (T-30, T-14 , 
and T-0) to assist in establishing their origin in relation to the 
crew. The various microorganisms isolated from each sample were also 
enumerated. 

B. Results 

A greater number of microbial isolations were made on Apollo 12 than on 
any previous Apollo mission. 
identifications were made in addition to approximately 200 fungi. 
these 220 isolations were made from the postflight samples. 

A total of 861 bacterial isolations and 
Of 

Staphylococcus aureus was found on only one crewman at the immediate 
preflight sampling period. The microorganism was found at a number of 
sites on all three crewmen at the postflight period. A number of 5. 
aureus isolations were also made from the clothing and spacecraft 
samples. 

As on previous Apollo flights high counts of gram negative rods were 
obtained from samples of the UCD's. 
dominate microorganism found at this site. 

Proteus mirabilis was the pre- 

No microo~ganism with unfamiliar morphological structure, or unusual 
response to biochemical tests, was found. 

. 



V .  LUNAFt SAMPLE AND CREW VIROLOGY 

The v i ro logy  program conducted i n  support  of t h e  Apollo 1 2  mission 
cons i s t ed  of ( a >  an ana lys i s  of lunar m a t e r i a l  f o r  r e p l i c a t i n g  agents ,  
( b )  a c h a r a c t e r i z a t i o n  of t h e  v i r a l  and mycoplasma f l o r a  of t h e  Apollo 
crewmembers, and ( c )  an a n a l y s i s  of specimens obtained as a r e s u l t  of 
t h e  mission personnel  su rve i l l ance  program designed t o  a s c e r t a i n  t h e  
na tu re  of i l l n e s s e s  i n  personnel  who were e i t h e r  con tac t s  of t h e  Apollo 
1 2  crew or worked behind t h e  b i o l o g i c a l  b a r r i e r .  I n  t h e  a n a l y s i s  of 
t h e  luna r  ma te r i a l  f o r  r e p l i c a t i n g  agen t s ,  n ine  types  of c e l l  c u l t u r e ,  
embryonated eggs, and mycoplasma media were inocula ted  wi th  superna tan t  
f l u i d s  from 50% suspensions of lunar material. Specimens obtained from 
t h e  Apollo 12  crewmembers 30 days and immediate p r e f l i g h t  and immediate 
p o s t f l i g h t  were inocula ted  i n t o  embryonated eggs, suckl ing mice, and 
t h r e e  types of c e l l  c u l t u r e s .  This r e p o r t  descr ibes  t h e  v i ro logy  pro- 
cedures employed and t h e  r e s u l t s  obtained from s t u d i e s  conducted i n  
support  of t h e  Apollo 12 mission.  

A.  Mater ia l s  and Methods 

Primary Afr ican green monkey kidney (GMK) , primary human embryonic 
kidney ( H E K ) ,  and human embryonic lung (WI-38) c u l t u r e s  were obtained 
,from HEM Research Incorporated,  Rockvi l le ,  Maryland. The c u l t u r e s  were 
ampouled i n  100 c u l t u r e  tube  equiva len ts  ana were maintained f rozen  i n  
l i q u i d  n i t rogen .  They were determined t o  be f r e e  of contaminating 
agents  p r i o r  t o  use.  Hetereploid bovine kidney (MDBK) he t e rep lo id  
porcine kidney (PK15 1, and primary duck embryonic f i b r o b l a s t  (DEF) 
c u l t u r e s  were obtained from Microbiological Associates  , Bethesda, 
Maryland. These c u l t u r e s  were a l s o  ampouled i n  100 c u l t u r e  tube  
equiva len ts  and were maintained frozen i n  l i q u i d  n i t rogen .  

Primary rhesus monkey kidney c e l l s ,  suspended i n  monkey kidney medium 
A wi th  10% f e t a l  bovine serum, were rece ived  weekly from National  
Communicable Disease Center, A t l a n t a ,  Georgia. 

Rainbow t r o u t  gonad , Salmo pa i rdne r i  (RTG-2) ; fa thead  minnow, Pimephales 
promelas (FHM); and grunt  f i n ,  Haemulon s c i u r a s  (GF) t i s s u e  c u l t u r e s  
were obtained from t h e  American Type Culture  Co l l ec t ion ,  Rockvi l le ,  
Maryland. These t i s s u e  c u l t u r e s  were maintained by continuous passage. 

For c u l t u r i n g ,  Eagle ' s  b a s a l  medium and 10% f e t a l  bovine serum i n  
Hank's balanced salt  s o l u t i o n  (BSS) w a s  used f o r  t h e  HEK, WI-38, RTG-2, 
and FHM c u l t u r e s ;  monkey medium A with 10% f e t a l  bovine serum w a s  used 
for t h e  GMK c u l t u r e s ;  Eagle 's  minimal e s s e n t i a l  medium and 10% f e t a l  
bovine serum i n  Hank's BSS w a s  used f o r  BEK and PEK c u l t u r e s ;  Eagle ' s  
minimal e s s e n t i a l  medium and 10% f e t a l  bovine serum i n  Eagle ' s  BSS 
w a s  used f o r  DEF c u l t u r e s ;  and Eagle 's  b a s a l  medium, 10% f e t a l  bovine 
serum, and 10% human serum i n  Hank's modified BSS conta in ing  0.206 
molar sodium ch lo r ide  w a s  used f o r  t h e  GF c u l t u r e s .  The mammalian and 
av ian  c u l t u r e s  were incubated a t  35OC, t h e  GF and FHM c e l l s  were 
intmbated at 27OC, and t h e  RTG-2 c e l l s  were incubated a t  2OoC. For 



cha l l enge ,  t h e  growth media from t h e  mammalian and avian c e l l s  w a s  
r ep laced  with a maintenance medium c o n s i s t i n g  of 49.5% Eagle 's  minimal 
e s s e n t i a l  medium, 49.5% medium and 199 and 1% f e t a l  bovine serum. The 
c u l t u r e s  from t h e  poiki lothermic animals were maintained on t h e  growth 
media. A l l  of t h e  t i s s u e  c u l t u r e  media contained 100 u n i t s  of  p e n i c i l l i n  
and of streptomycin per  n i ~ .  

Embryonated eggs from White Leghorn chickens,  b red  r e s i s t a n c e  inducing- 
f a c t o r - f r e e ,  were used. ( K i m b e r  Farms, Fremont, C a l i f o r n i a ) .  

Pregnant a l b i n o  mice (Webster s t r a i n )  were obtained from Texas Inbred 
Mice Company, Houston, Texas. 

1. Lunar S o i l  Virolopy 

All of t h e s e  procedures were conducted i n  Class I11 cab ine t s .  Two 
samples of lunar material were s tudied - an e a r l y  sample composed of 
material  from one of t h e  co res  and a conventional pooled sample. 

The e a r l y  sample w a s  used f o r  t o x i c i t y  determination and prel iminary 
a n a l y s i s  of t h e  luna r  material. S i x  screwcap tube  c u l t u r e s  of GMK, 
HEK and WI-38 c e l l s ,  containing maintenance medium, were challenged 
wi th  0.2 m l  of t h e  supernatant  from a 65% suspension of t h e  e a r l y  
sample and incubated a t  35OC. 'The c u l t u r e s  were examined d a i l y  f o r  
t o x i c i t y  and evidence of v i r a l  r e p l i c a t i o n  u n t i l  crew release. By 
t h i s  t i m e ,  t h e  complete virology p ro toco l  on t h e  conventional pool 
sample had been i n i t i a t e d  and the s tudy on t h e  e a r l y  sample w a s  
terminated.  

S i x  screwcap tube c u l t u r e s  of GMK, HEK, WI-38, MDBK, PK1 , and DEF c e l l s  
w e r e  challenged with 0.2 m l  of  the supernatant  from a 500 P suspension of  
t h e  conventional pooled sample in  maintenance medium. Controls w e r e  
unchallenged c u l t u r e s  and cu l tu re s  challenged wi th  t h e  supernatant  from 
a suspension of  s t e r i l i z e d  luna r  material. The c u l t u r e s  were incubated 
i n  s t a t i o n a r y  racks - t h e  DEF' c u l t u r e s  a t  ambient temperature and t h e  
remaining c u l t u r e s  a t  35OC.  The c u l t u r e s  were observed d a i l y  f o r  
evidence of v i r a l  r e p l i c a t i o n  and were subpassaged af ter  10 days incu- 
b a t i o n .  Two subpassages were made. 

I n  t h e  f i n a l  passage, d e t e c t i o n  o f  p o s s i b l e  inapparent i n f e c t i o n  w a s  
i n v e s t i g a t e d  by ( a )  presence of i n t e r f e r o n  by chal lenge with v e s i c u l a r  
s t o m a t i t i s  v i r u s ,  ( b )  use of  t h e  plaque technique,  ( c )  hemadsorption 
w i t h  guinea p i g ,  sheep, goose, monkey, ra t  and human 0 r e d  blood c e l l s ,  
( d )  h i s t o l o g i c a l  examination of c u l t u r e s  s t a i n e d  with hematoxylin and 
eos in  s t a i n  and s a f r a n i n  s t a i n ,  and ( e )  ul t ramicroscopic  examination of 
t h e  c u l t u r e s .  

Falcon f l a s k s  containing RTG-2, FHM, and GF c e l l s  were inocu la t ed  with 
supe rna tan t s  from 50% suspensions of  t h e  conventional pooled sample. 
The c e l l s  were incubated a t  l 5 O C  and were observed d a i l y  f o r  
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cytopathogenicity. After 10 days incubation, the RTG-2 cultures were 
challenged with infectious pancreatic necrosis virus for the determina- 
tion of possible plaque reduction. After 20 days incubation, all of 
the cultures were subjected to ultramicroscopic examination. 

Embryonated eggs were inoculated with 0.2 m l  of the supernatant from a 
suspension of pooled lunar material in phosphate buffered saline. 
trols were eggs inoculated with supernatant from a sterile lunar material 
suspension and eggs inoculated with phosphate buffered saline. Each 
specimen was inoculated into 5 eggs by 3 routes of inoculation - yolk 
sac, amniotic-allantoic sac, and charioallantoic membrane (CAM). Six- 
day-old eggs were used for the yolk sac inoculation and 10-day-old eggs 
were used for the amniotic-allantoic sac and CAM inoculations. The 
yolk sac inoculated eggs were incubated for 6 days, and the amniotic- 
allantoic sac and CAM inoculated eggs were incubated for 4 days at 36'~. 
Three subpassages were carried out. The allantoic and amniotic fluids 
were tested for hemagglutinating particles with guinea pig and chick 
red blood cells, and the yolk sac and CAM from the final passage were 
examined histologically and ultramicroscopically. 

Con- 

.For mycoplasma isolation, the supernatant from the pooled lunar material 
suspension was inoculated into media developed by Chanock, Hayflick, 
and Barile (Ref. 1 and 2). Broth cultures and agar plates were ino- 
culated and incubated at 35OC.  
The broth cultures were subpassaged after 3 days, and three blind 
passages were made. 
cultures were examined d191y for the appearance of microcolonies. 

The plates were incubated in a "Gaspak''. 

The plates were incubated f o r  14 days, and the 

2. Crew Virology 

The isolation of viruses and mycoplasma was attempted from specimens 
obtained from the Apollo 12 crewmembers 30 days, 14 days, immediate 
preflight, and immediate postflight. The virology on the immediate 
postflight specimens was carried out in Class I11 cabinets. The 
specimens were whole blood, urine, feces, and a pharynegal swab. 
The whole blood was inoculated into six-day-old embryonated eggs via 
the yolk sac and into a litter of 24-48 hour old suckling mice (at 
least 6 mice) intracerebrally and intraperitoneally. The urine was 
adjusted to neutrality with Tris (hydmoxymethyl) aminomethane buffer; 
treated with penicillin, streptomycin, and Fungizone; and inoculated 
into HEK and WI-38 cells. A 10% suspension of the stool was made in 
Hank's basal salt solution with 0.5% gelatin. 
treated with penicillin, streptomycin, Fungizone and trypsin inhibitor 
and inoculated intracerebrally and intraperitoneally into suckling mice 
and into HEK and GMK cells. 
rinsed in TPB containing 0.5% gelatin. 
penicillin, streptomycin, and Fungizone and inoculated into HEK, GMK, 
and WI-38 cells. 
to inoculate six lo-day-old eggs via the amniotic-allantoic sac. 

The supernatant was 

The pharyngeal swab was immersed and 
The TPB was treated with 

A similar specimen with the Fungizone omitted was used 

7 



A l l  of t h e  specimens were t r e a t e d  wi th  a n t i b i o t i c s  and inoculated i n t o  
mycoplasma media. The mycoplasma, t i s s u e  c u l t u r e ,  and embryonated egg 
procedures descr ibed i n  t h e  lunar Boi l  virology s e c t i o n  were followed. 
The suckl ing mice w e r e  observed d a i l y  f o r  1 4  days f o r  s i g n s  of  infec-  
t i o n .  One b l i n d  subpassage w a s  made. 

3. Mission Personnel Survei l lance Program 

Two weeks be fo re  l i f t - o f f  and u n t i l  t h e  end of l u n a r  sample quarant ine,  
specimens were obtained from personnel,  e x h i b i t i n g  i l l n e s s ,  who were 
p o s s i b l e  con tac t s  f o r  t h e  Apollo 12 crew or who worked behind t h e  
b i o l o g i c a l  b a r r i e r .  The specimens f o r  v i ro logy  were usua l ly  t h r o a t  and 
f e c a l  swabs. 
obtained.  

Acute and convalescent s e r a ,  14-21 days a p a r t ,  were a l s o  

The specimens were t r e a t e d  with a n t i b i o t i c s  and were r o u t i n e l y  inoculated 
i n t o  HEK, WI-38, and rhesus monkey kidney c e l l s .  
suckl ing mice were used when ind ica t ed  by t h e  symptomatology. One 
passage, a f te r  7 days,  w a s  c a r r i e d  out  i n  t h e  t i s s u e  c u l t u r e s .  The 
agents  i s o l a t e d  were i d e n t i f i e d .  

&bryonated eggs and 

B. Results and Discussion 

1. Lunar S o i l  Virology 

There w a s  no evidence of v i r a l  or mycoplasma r e p l i c a t i o n .  These r e s u l t s  
are similar t o  t h e  r e s u l t s  obtained from t h e  a n a l y s i s  of Apollo 11 lunar 
m a t  e r i  a1 . 

2. C r e w  Virology 

No v i r u s e s  were i s o l a t e d  from the  Specimens obtained from t h e  Apollo 12  
crew 30 days,  1 4  days,  and immediate p r e f l i g h t  and immediate p o s t f l i g h t .  
Since i s o l a t i o n  ra tes  of 2-4% would be extreme i n  hea l thy  a d u l t s  t h e  
r e s u l t s  were as expected. Mycoplasma were i s o l a t e d  from t h e  t h r o a t  
and u r i n e  of a l l  of t h e  a s t ronau t s  (Table 1). Although t h e s e  organisms 
are considered t o  be of no medical importance t h e  d a t a  i n d i c a t e s  a high 
c a r r i e r  s t a t e  f o r  t h e s e  organisms. The poss ib l e  pathogenici ty  of t h e s e  
organisms during extended space f l igh t s  should not be ignored. 

3. Mission Personnel Survei l lance Program 

There w a s  a w a d  amount of g a s t r o i n t e s t i n a l  and r e s p i r a t o r y  i l l n e s s  i n  
t h e  personnel support ing t h e  Apollo 1 2  mission. 
i s o l a t e d  from t h e  specimens obtained. 

Nine viruses have been 

Adenovirus 5 and 2 rh inov i ruses  have been i d e n t i f i e d .  The remaining 
6 v i r u s e s  have been t e n t a t i v e l y  i d e n t i f i e d  as rh inov i ruses  and con- 
f i rma to ry  procedures are i n  progress.  
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c.  summary 

No evidence of v i r a l  r e p l i c a t i o n  was obtained by an ana lys i s  of t h e  
Apollo 12 lunar m a t e r i a l  i n  9 t i s s u e  c u l t u r e  systems and embryonated 
eggs. Attempts t o  i s o l a t e  mycoplasma were negat ive .  

Mycoplasma were i s o l a t e d  from the  u r i n e  and t h r o a t  specimens obtained 
p r e f l i g h t  and p o s t f l i g h t  from a l l  of  t h e  a s t ronau t s .  Virus i s o l a t i o n  
a t tempts  from blood, u r i n e ,  f eces ,  and pharyngeal swabs were nega t ive .  

Nine v i r u s e s  have been i s o l a t e d  from personnel  support ing t h e  Apollo 12  
mission. Two rh inovi ruses  and an adenovirus 5 have been i d e n t i f i e d ,  
and t h e  remaining 6 v i r u s e s  have been t e n t a t i v e l y  i d e n t i f i e d  as 
rh inov i ruses .  
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TABLE 1 

Specimens 

A. Commander 

Throat 
Swab 

Urine 

MYCOPLASMA ISOLATED FROM APOLLO 12 CREW 

B. Command Module Pilot 

Throat 
Swab 

Urine 

C. Lunar Module Pilot 

Throat 
Swab 

Urine 

Time of Sample Species 

30 day preflight M. salivarim 
14 day preflight M. salivarium 
0 day preflight M. salivarium 
0 day postflight M. salivarium 

30 day preflight M. nominis I 
0 day preflight M. hominis I 

30 day preflight M. salivarim 
14 day preflight M. laidlawii A 
0 day preflight M. salivarium 
0 day postflight M. salivarim 

30 day preflight M. hominis I 
0 day preflight M. laidlawii A 
0 day postflight Unidentified 

30 day preflight 
14 day preflight 
0 day preflight 
0 day postflight 

30 day preflight 
0 day preflight 
0 day postflight 

M. orale I 
M. orale I 
M. laidlawii A 
M. salivarium 

M. hominis I 
M. hominis I 
M. laidlawii A 



V I .  BIO-TEST OPERATIONS - MA.MMALIAN AND AVIAN 

The ob jec t ives  of t h i s  study were: (1) t o  determine whether lunar 
m a t e r i a l  r e tu rned  t o  Earth as a p a r t  o f  t h e  Apollo 1 2  mission contained 
e x t r a t e r r e s t i i a l ,  b i o l o g i c a l l y  ac t ive  a g e n t ( s )  capable of producing 
acu te  d i s e a s e  i n  s p e c i f i c  homoiothermic t e s t  spec ie s ;  ( 2 )  t o  determine 
whether t h e  l u n a r  material contained extraterrestr ia l  agent ( s  ) capable 
of r e p l i c a t i n g  i n  t h e  t e s t  species ,  and (3 )  t o  conduct a l l  experiments 
so as t o  con ta in  any hazardous in fec t ious  materials. 

I n  order  t o  accomplish t h e  above o b j e c t i v e s ,  one m a m m a l i a n  spec ie s  and 
one avian spec ie s  were chosen. 
choices were t h a t  t h e  t e s t  systems be (1) small and ( 2 )  s u f f i c i e n t l y  
t r a c t a b l e  t o  be housed and experimented upon i n  Class I11 quarant ine 
i s o l a t i o n  cab ine t s .  
p re s su re  and t e s t  systems were manipulated by t echn ic i ans  wearing 
f a e x i b l e  gloves and s l eeves  at tached t o  p o r t s  i n  t h e  f a c e  of t h e  cabi- 
n e t s .  The animal species  and s t r a i n s  chosen were t h e  same as employed 
during t h e  Apollo 11 mission b i o - t e s t  p ro toco l ,  i . e .  -- germ-free mice 
and Japanese q u a i l .  

The major considerat ions f o r  t h e s e  

These cabinets  were maintained under negat ive 

The tes t  plan f o r  Apollo 1 2  s tud ie s  w a s  b a s i c a l l y  t h a t  employed f o r  
t h e  Apollo 11 pro toco l  with t h e  following changes: 
housed sepa ra t e  from t h e  c o n t r o l  mice i n  p o s i t i v e l y  p re s su r i zed  i so -  
l a t o r s .  Pre-exposure body weights w e r e  not  recorded. All t h e  q u a i l  
were housed wi th in  a Class I11 quarantine cab ine t .  
bo th  spec ie s  t o  d i l u e n t  alone was e l iminated.  The number of q u a i l  pe r  
t e s t  group w a s  reduced from 30 t o  20. Spleen weights were measured on 
a l l  mice k i l l e d .  No t o x i c i t y  t e s t i n g  w a s  done on t h e  animals p r i o r  t o  
t h e  i n i t i a t i o n  of  t h e  b i o l o g i c a l  a c t i v i t y  s tudy.  An i n d i v i d u a l l y  
measured a l i q u o t  of  inoculum w a s  prepared f o r  each animal sub jec t .  

The tes t  mice were 

The exposure o f  

A.  Materials and Methods 

The mammalian t es t  sub jec t s  were commercially obtained,  random-bred, 
germ-free, CD-1 male and female m i c e ? - 5  weeks o ld .  
under p o s i t i v e  p re s su re  i n  t h e  p l a s t i c  f l e x i b l e  i s o l a t o r s  which were i n  
a nega t ive ly  p re s su r i zed  Class 111 quarant ine cabinet .  The mice were 
a t t ended  i n  t h e s e  l i v i n g  q u a r t e r s  through two sets of f l e x i b l e  gloves 
and s l eeves .  The mice were housed s i x  t o  a 7 x 11 x 5 i n .  "shoe box", 
polycarbonate cage with a wire  top, were f e d  a s t e r i l e  moist d i e t ,  and 
were given free access  t o  steri le water. The bedding w a s  ground corn 
cobs,  whiah were replaced as needed. The accl imat ion t i m e  i n  t h e  
housing q u a r t e r s  p r i o r  t o  t h e  start of t h e  s tudy w a s  t h r e e  days during 
which t i m e  t h e  i n d i v i d u a l  animals were i d e n t i f i e d  by ear-punch coding. 

They were maintained 

The avian s u b j e c t s  were commercially obtained,  young a d u l t  (6-8 weeks 
o l d )  Japanese q u a i l ,  Coturnix coturnix j apon ica  (Pharaoh s t r a i n ) .  The 
r a t i o  of females t o  males w a s  9:l. All of t h e  b i r d s  were housed i n  a 
s i n g l e  nega t ive ly  p re s su r i zed  Class I11 cab ine t .  They were housed one 
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b i r d  per  w i r e  cage i n  two rows of t e n  cages each. They had some contact  
w i th  t h e i r  neighbor through t h e  wire s i d e  common t o  each cage. 
q u a i l  were f ed  a commercial game b i r d  f eed  and watered ad libitum. 
cages had w i r e  f l o o r s  through which droppings f e l l  t o  absorbent paper 
t h a t  w a s  replaced d a i l y .  

The 
The 

The l u n a r  material used t o  make up t h e  inoculum w a s  a pool of  rock chips  
and "fines".  
The u n s t e r i l e  sample w a s  used without f u r t h e r  processing. The s t e r i l e  
sample used f o r  one of t h e  con t ro l s  w a s  dry heated t o  1600~ f o r  16 hours .  

This material w a s  ground t o  a s i z e  less  than  100 microns. 

The following experimental procedures were undertaken: D i rec t  observa- 
t i o n  of each animal w a s  done every hour f o r  t h e  f i r s t  e i g h t  days post- 
exposure t o  d e t e c t  i l l n e s s  or death as r a p i d l y  as poss ib l e .  After t h e  
e i g h t h  day, d i r e c t  observat ions were made once every f o u r  hours during 
a worked s h i f t .  The egg production of each female q u a i l  w a s  noted d a i l y  
from 16  days p r i o r  t o  exposure. 

The following procedure w a s  used t o  examine mice k i l l e d  a t  s p e c i f i c  t i m e  
pe r iods  following inocu la t ion  of l una r  m a t e r i a l .  

1. The r e c t a l  temperature w a s  measured by probe and t h e r m i s t e r .  

2. The animal w a s  anes the t i zed  with Metofane 

3.  The t o t a l  body weight was taken with a top-loading balance.  

4. After being r e s t r a i n e d  i n  a supine p o s i t i o n ,  t h e  mouse w a s  
exsanguinated by inc i s lng  t h e  a x i l l a r y  v e s s e l s .  The blood w a s  c o l l e c t e d  
on g l a s s  s l i d e s ,  i n  micropipet tes  ( c a p i l l a r y  t u b e s ) ,  and i n  Pasteur  
p i p e t t e s .  

5 .  A p e r i t o n e a l  swab w a s  obtained by s te r i le  technique and w a s  
p l aced  i n  t h i o g l y c o l a t e  b r o t h  f o r  microbiological  c u l t u r i n g .  

6. The v e n t r a l  body mass was d i s s e c t e d  away and t h e  spleen removed, 
weighed, and b i s e c t e d  long i tud ina l ly .  H a l f  w a s  f i x e d  i n  Bouin's 
s o l u t i o n  and h a l f  i n  3% glutaraldehyde. 
d i s s e c t e d  out and f i x e d  i n  Bouin's f i x a t i v e .  The remaining organs 
from tongue t o  anus were removed i n  t h e  manner of Rokitansky and placed 
i n  Bouin's s o l u t i o n .  Any abnormalit ies were noted. 

The mesenteric lymph node w a s  

7. The blood smear w a s  s t a i n e d  automatical ly  with modified 
Wright's s t a i n .  A d i f f e r e n t i a l  leukocyte  count w a s  done. 

8. Using t h e  mic rop ipe t t e  technique,  t h e  hematocrit  w a s  c a l c u l a t e d .  

9 .  A t o t a l  leukocyte Count w a s  determined using Unopettes, e i t h e r  
manually or with an automatic p a r t i c l e  counter .  
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10.  The t o t a l  serum p r o t e i n  w a s  determined by t h e  b i u r e t  spectro- 
photometric method. 

11. Cellulose a c e t a t e  serum electrophoreses  w a s  used t o  c a l c u l a t e  
percentages of t h e  serum f r a c t i o n s .  

12. Following r o u t i n e  his tology procedures f o r  hematoxlyn and eos in  
s t a i n i n g ,  t h i n  sec t ions  of spleen and mesenteric lymph node were scanned 
f o r  germinal c e n t e r  development. Sect ions of  t h e  h e a r t ,  lungs,  l i v e r ,  
pancreas ,  g a s t r o i n t e s t i n a l  t r a c t ,  kidneys,  ad rena l s ,  and thymus were 
observed f o r  abnormali t ies .  

13. Se lec t ed  spleens were prepared f o r  e l e c t r o n  microscopy t o  
observe germinal cen te r s  i n  more d e t a i l .  

B. Spec i f i c  Protocols  and Results 

1. Mice 

On December 13, 1969, each of t h e  60 mice i n  t h e  t e s t  (green or T) group 
. w a s  i nocu la t ed  i n t r a p e r i t o n e a l l y  ( i P  ) with a suspension of u n s t e r i l i z e d  
l u n a r  material ,  vo lumet r i ca l ly  measured t o  220 mg quantum s u f f i c i t  (q . s .1  
t o  1.5 t o  2.0 m l  with s t e r i l e  i s o t o n i c  phosphate buffered (0.04M) s a l i n e  
(IPBS) (pH 7.2 - 7.4). 
accomplished with a small scoop c a l i b r a t e d  with 220 mg of ground l u n a r  
rcck from t h e  Apollo 11 mission. 

Measurement o f  t h e  ground luna r  material w a s  

Each of  t h e  60 mice i n  t h e  control-1 ( r e d  or C - 1 )  group w a s  inoculated 
i p  wi th  a suspension of 220 mg of s t e r i l i z e d  luna r  material q.  s .  t o  
1 . 5  t o  2.0 ml IPBS. 

Each of t h e  60 mice i n  t h e  control-3 (yellow o r  C - 3 )  group w a s  l e f t  
uninoculated.  

One cage ( 6  s u b j e c t s )  of each group w a s  k i l l e d  and processed on post- 
exposure days 2, 4, 6,  8, 1 0 ,  1 4 ,  20, 35, and 50. One cage p e r  group 
has been r e t a i n e d  f o r  long term observation. All animals of  t h e  same 
sex  were processed on a given day. 
t 2 0 ,  and +50; females on D$4, 98, f14, $35, and long term. 
r e p o r t  t h e  p ro toco l  has only proceeded through Dayt20. 

Males were used on D42, j 6 ,  t10, 
A s  of t h i s  

Results 

A s  of t h i s  t i m e  no mice have d i ed  or become v i s i b l y  ill i n  e i t h e r  t h e  
t e s t  or t h e  two c o n t r o l  groups, with t h e  exception of t hose  i n t e n t i o n a l l y  
k i l l e d  as p a r t  of t h e  protocol .  
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Microbiological da t a :  Routine screenlng of t h e  housing i s o l a t o r s  p r i o r  
t o  t h e  exposure of t h e  mice t o  the  luna r  material w a s  a l l  negat ive.  
The p repa ra t ion  and inocu la t ion  o f  t h e  mice w a s  on December 13. 
days l a t e r ,  December 17, t h e  rou t ine  screening of  t h e  two housing 
i s o l a t o r s  and f e c a l  samples turned up p o s i t i v e  c u l t u r e s  from both.  
The s i n g l e  organism found i n  both i s o l a t o r s  w a s  a gamma-hemolytic 
Streptococcus sp .  A l l  subsequent t es t s  have been p o e i t i v e .  Routine 
screening on December 23 revealed a gram negat ive rod i n  t h e  i s o l a t o r  
housing t h e  two c o n t r o l  groups. On December 30, a gram negat ive rod 
w a s  i s o l a t e d  from t h e  t e s t  group i s o l a t o r .  

Four 

The p e r i t o n e a l  swabs of t h e  processed mice have had p o s i t i v e  r e s u l t s  
a l s o .  
Streptococcus sp .  l i k e  t h e  one contaminating t h e  mice. 
Pseudomonas aeruginosa,  a gram negative rod,  w a s  i s o l a t e d  from two 
animals i n  t h e  s t e r i l e  l una r  sample group. A mold, Rhizopus s p . ,  has 
been found as a contaminant of the "s ter i le"  swabs used i n  t h e  
p e r i t o n e a l  sampling. 

I n  a l l  bu t  two p o s i t i v e  cases t h e  b a c t e r i a  i s  a gamma-hemolytic 
On D+6 only 

0 0 C l i n i c a l  da t a :  Body temperatures ranged from 95.0 t o  100.4 F. The 
.averages of t h e  uninoculated con t ro l s  range from 95.60 t o  98.4OF while  - - 

t hose  mice inocu la t ed  with lunar material, both t e s t  and c o n t r o l  groups, 
overlap g r e a t l y  and gene ra l ly  between 96.8O and 99.9OF. 

The average body weight and average spleen weight pe r  t e s t  group pe r  
day i s  cha r t ed  by sex (F igs .  1 and 2 ) .  

The hematology d a t a  were analyzed us ing  t h e  a n a l y s i s  of va r i ance  
technique. Signif icance w a s  determined a t  t h e  0.01 l e v e l  using a 
number of d i f f e r e n t  comparisons. The following c h a r t  shows t h i s  
comparison pe r  i tem p e r  day on non-cumulative da t a .  

Day 
2 4 6 8 io 1 4  20 35 50 

hematocri t  
TWBC 
neu t roph i l  % 
neu t roph i l  count 
lymphocyte % 
lymphocyte count 
monocyte % 
monocyte count 
eos inoph i l  % 
eos inoph i l  count 

- - - - -  0 -  
- - - - -  0 -  
0 0 0 0 0  0 0 
0 0 0 0 0  0 0  
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The cumulative average hematocrit values for each of the three test 
groups over the 20 days were: 
The walues for D+6 were: 
the significance between T and C-3. The values for D+8 were: 
T = 52.42p6, C - 1  = 46.00% and C-3 = 46.50% with significance between 
both T and C-1 and T and C-3 .  

T = 46.921, C - 1  = 46.54%, C-3 = 46.27%. 
T = 45.75%, C - 1  = 50.33%, C-3 = 54.33% with 

On D+2 the neutrophil and lymphocyte percentages show significance in the 
analysis of variance. The C-1 group average was 35.17% and was higher 
than either the 14.17% of T or the 18.00% of C-3. Since the lymphocytes 
are essentially the reciprocal of the neutrocytes in percentage, the 
C - 1  lymphocyte percent was statistically lower than the other two 
groups. 

On D+4 the total W B C ' s  and the actual lymphocyte count of the unino- 
culated controls (C-3) are statistically higher than the other two 
groups. 

The serum protein values were analyzed using the analysis of variance 
technique. Significance was determined at the 0.01 level using a 
number of different comparisons. The following chart shows this com- 
parison per item per day on non-cumulative data. 

total serum protein 
albumin % 
albumin amount 
alpha 1 globulin % 
alpha 1 globulin 

alpha 2 globulin % 
alpha 2 globulin 

amount 
beta globulin % 
beta globulin amt. 
gamma globulin % 
gamma globulin amt 

amount 

Day 
io 1 4  20 35 50 

The total serum protein cumulative mean per test group through D+20 
is: g%, C - 1  = 5.65 g%,  and C-3 = 5.44 g%. 
showed that the C-1 average (4.97 g%) was statistically lower than the 
C-3  average (5.80 g%) yet not different from the T group ave.rage 
(5 .50 g%). The range of the means of all groups was 4.85 to 6.63 g% . 

T = 5.64 The D+20 values 
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The analysis of the serum albumin percentage on D+2 and D+10 shows that 
the C-3 group was higher than .either of the stone inoculated groups. 

Test 
c-1 
c- 3 

Day 
2 10 

55.40% 57.20% 
50.00% 56.17% 
61.67% 62.50% 

On D+2 the C-3 group was statistically higher than T or C-1. 
the C-3 group was statistically higher than C-1. 

On D+10 

The albumin amount (in grams-percent ) average per group through D+2O 
was: 
T = 3.13 g%, C-1 = 2.71 g% and C-3 = 2.95 g%. 
tically lower than T. 

T = 3.14 g%, C-1 = 3.14 g%,  C-3 = 3.14 g%. On D+20 the data was: 
Only C-1 was statis- 

The alpha 1 globulin percentage on D+2 showed the T group appreciably 
lower than C-1 or C-3 but only statistically lower than C-3. 
both T and C-1 were statistically lower than C-3 but only the T group 
was statistically lower than C-3 in actual alpha 1 globulin mount. 

On D+4 

The C-1 group was statistically higher than either T or C-3 with the 
percentage and amount of alpha 2 globulin on D+2 while on D+20 the 
C - 1  percentage only was statistically nigher than the T group. 

The cumulative averages of each of the test groups are: 
C-1  = 24.35%, and C-3 = 21.47%. Statistically the T and C-1 groups 
are and have always been higher than the C-3 group. However, using 
only non-cumulative data these two groups are only statistically 
higher on D+2 and D+10. 

T = 24.55%, 

Test 
c-1 
c- 3 

Day 
2 10 

26.30% 22.58% 
25.55% 23.72% 
16.75% 17.78% 

The beta globulin amounts are also statistically different on D+2 and 
D+10 with T and C-1 being higher than C-3. 

Day 
2 10 

Test 
c- 1 
c- 3 

1.43 g% 1.22 g% 
1.35 g% 1.21 g% 
0.82 g% 0.92 g% 
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Graphs of t h e  non-cumulative da i ly  group averages f o r  t e hematology 
and t h e  serum biochemistry d a t a  a re  included (F igs .  3- 9 ) .  --ace 
three graphs per i t e m ;  one composite of-&& et&u 6 m -  all .deys, one 
each of t h e  same daka per sex. 

His to logic  examination of t h e  spleen and mesenteric lymph nodes through 
D+20 i s  complete. No o t h e r  t i s s u e s  have y e t  been evaluated.  Granules 
of l una r  m a t e r i a l  has been observed i n  most of t h e  sec t ions  of t h e  
sp leens  or lymph nodes i n  t h e  t e s t  and Control-1 groups. The amount of 
m a t e r i a l  p re sen t  i s  not as concentrated i n  foeri as w a s  seen i n  t h e  
t i s s u e s  from mice used i n  Apollo 11. The germinal c e n t e r  product ion 
i n  t h e  sp leen  i s  n e g l i g i b l e .  It appears  i n  both t h e  t e s t  and Control-1 
not i n  Control-3. It i s  v i r t u a l l y  absent  from any of t h e  lymph nodes. 

Ultramicroscopic examination of the  sp l en ic  white  pulp i s  j u s t  underway 
and i s  unremarkable t o  da t e .  

2. Japanese q u a i l  

On December 9 ,  1969, each of t h e  20 Japanese q u a i l  i n  t h e  t e s t  (green 
'or T) group was i n o c u l a t e d i p  with a suspension of u n s t e r i l i z e d  luna r  
material, vo lumetr ica l ly  measured t o  220 mg q.s.  t o  1 . 5  t o  2.0 m l  
with  IPBS. 

Each of t h e  20 q u a i l  i n  t h e  Control-1 ( r e d  or C - 1 )  group w a s  inocula ted  
i P w i t h  a suspension of 220 m g  of s t e r i l i z e d  lunar m a t e r i a l  q.s .  t o  

1 . 5  t o  2.0 ml IPBS. 

Each of t h e  20 q u a i l  i n  t h e  Control-3 (yellow or  C - 3 )  group w a s  l e f t  
uninoculated.  

The b i r d s  had been housed i n  t h e i r  cages i n  t h e  quarant ine  cabine t  l i n e  
f o r  16  days p r i o r  t o  exposure. Ind iv idua l  egg product ion records  
were kept  from t h a t  d a t e  on. 
each group. 
scheduled l abora to ry  work. 

There were two males and 18 females i n  
This p ro toco l  was observa t iona l  only and included no 

Resul t s  

Three q u a i l  (one T and two C - 1 )  were k i l l e d  immediately by t h e  inocu la t ion .  
Replacement b i r d s  were secured and each w a s  app ropr i a t e ly  exposed t o  t h e  
lunar m a t e r i a l .  
exposure. 
t h e  inocu la t ing  needle  and d ied  with a Esche r i ch i i  c o l i  p e r i t o n i t i s .  
An abdominal blood v e s s e l  i n  t h e  o t h e r  b i r d  had been nicked by t h e  
inocu la t ing  needle  and i n t e r n a l  hemorrhage w a s  t h e  cause of death.  
All t h e  o t h e r  b i r d s  i n  a l l  t h ree  groups have been and a r e  we l l .  

Two b i r d s  i n  the C-1 group d ied  wi th in  48 hours of 
Necropsy revea led  t h a t  one had i t s  i n t e s t i n e  pe r fo ra t ed  by 
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? G  
The graph of  egg production (Fig. 3) shows an inc reas ing  volume of 
egg production i n  a l l  t h r e e  groups t h a t  has  s t a b i l i z e d  a t  Bbout 
75 - 80%. 

C.  Discussion 

This r e p o r t  on t h e  r e s u l t s  of t he  murine bioprotocol  f o r  t h e  Apollo 12 
mission encompasses only t h e  f irst  seven processing days out  of a t o t a l  
of nine.  It i s  of t h e  f i r s t  20 of 50 days f o r  t h e  complete p ro toco l .  
It i s  apparent even now, however, t h a t  t h e r e  i s  no ach te ly  i n f e c t i o u s  
d i s e a s e  producing agent i n  t h i s  l u n a r  material used t o  expose mice. 
It i s  a l s o  apparent t h a t  t h e r e  is no i n d i c a t i o n  of any d e l e t e r i o u s  
t o x i c  e f f e c t  following i n t r a p e r i t o n e a l  i n j e c t i o n  of  t h e  material. N o  
mice t o  d a t e  have sickened or have d i ed  which have received e i t h e r  t h e  
u n s t e r i l i z e d  or t h e  s t e r i l i z e d  pulvartzed luna r  rock. A comparable 
f a c t  between t h e  mice of Apollo 11 and those  of  Apollo 1 2  w a s  t h e i r  
l a c k  of any apparent i n i t i a l  response t o  t h e  ground l u n a r  rock. 
d i d  not r e a c t  v i s i b l y  t o  t h e  i n j e c t i o n  of  t h i s  volume of  fo re ign  
.material. The necropsy r e s u l t s  of t hose  mice which w e r e  k i l l e d  f o r  
d a t a  c o l l e c t i o n  have revealed no i n d i c a t i o n  of gross  pathology. This 
i n s p i t e  of t h e  f a c t  t h a t  t h e  m i c e  i n  a l l  t h r e e  t e s t  groups have become 
contaminated 
Streptococcus sp .  ) on or  about t he  t i m e  of exposure t o  t h e  luna r  
material. There i s  a t  present  i n d i c a t i m  t h a t  t h e  two housing i s o l a -  
t o r s  have become contaminated with a second spec ie s  of bacterium ( a  
gram negat ive r o d ) .  

They 

with a t  l eas t  one b a c t e r i a l  microorganism (gamma hemolytic 

It i s  a l s o  i n t e r e s t i n g  t o  no te  t h a t  with t h e  known contamination of t h e  
mice with one or two b a c t e r i a l  spec ie s ,  t h e  development of  sp l en ic  or 
lymph node germinal c e n t e r s  has been n e g l i g i b l e  and when p resen t  t h e  c e n t e r s  
have been s c a t t e r e d  i n  i n t e n s i t y  and numbers through only t h e  mice which 
have received luna r  ma te r i a l .  His tologic  eva lua t ion  o f  o the r  organs 
has not been done y e t .  Electron microscopic s t u d i e s  of t h e  germinal 
cen te r s  of t h e  spleen have not  progressed far  enough for comment. 

The Apollo 11 mice remained i n  a germ-free s t a t e  through out  t h a t  
p ro toco l .  Comparison of some of t h e  d a t a  from both missions might be 
i n t e r e s t i n g .  One item worthy of no te  i s  t h a t  t h e  germinal c e n t e r  
production i n  t h e  spleens of these mice seem comparable t o  those  of  
Apollo 1 2 .  The following f igu res  from both missions are t h e  D+20 
cumulative means. The ana lys i s  of va r i ance  on t h e  cumulative d a t a  
f o r  Apollo 1 2  h a s  produced more s t a t i s t i c a l  d i f f e r e n c e s  than  w a s  
apparent i n  t h e  Apollo 11 da ta .  
t h e s e  f i g u r e s  at t h e  0.01 l e v e l  of s i g n i f i c a n c e ,  it i s  d i f f i c u l t  t o  
determine a p a t t e r n  and thus  the  real  value of  t h e  information. 

I n  s p i t e  of  t h e  apparent v a l i d i t y  o f  
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Hematocrit 
t e s t  
control-1 
control-  3 

T o t a l  White Blood Ce l l  Count 
t e s t  
c ontrol-1 
control-  3 

Neutrophil  percentage 
t e s t  
control-1 
control-3 

Neutrophil  Count 
t e s t  
control-1 

. control-3 

Lymphocyte Percentage 
t e s t  
con t r  01-1 
control-  3 

Lymphocyte Count 
t e s t  
control-1 
control-3 

Apollo 11 

49 85% 
51.23% 
50.26% 

4863 
5288 
4739 

15.71% 
19.95% 
12.44% 

748 
1108 
588 

83.67% 

87.00% 
79.50% 

4090 
4154 
4129 

Apollo 1 2  

46.92% 
46.54% 
46.27% 

4605 
3859 
5011 

23.40% 
25.83% 
19.74% 

1231 
1044 
929 

75.98% 
73.52% 
79.82% 

3317 
2787 
4128 

The serum gamma g lobu l in  f r a c t i o n  i n  t h e  Apollo 1 2  mice compared t o  t h e  
Apollo 11 mice i s  i n t e r e s t i n g .  I n  n e i t h e r  p ro toco l  w a s  t h e r e  a dramatic 
change over t h e  f i r s t  20 days nor were t h e r e  dramatic d i f f e rences  
between t h e  t h r e e  t e s t  groups. The Apollo 11 mice w e r e  germ-free and 
t h e i r  gamma g lobu l in  percentages were: 
C - 3  = 1.97%. Like d a t a  f o r  t h e  Apollo 1 2  mice a r e :  T = .86%, 
C - 1  = .93% and C-3 = .89%. 

T = 1.82%, C - 1  = 1.86% and 

2.  Japanese q u a i l  

The Japanese q u a i l  have been under observat ion f o r  a pe r iod  of 28 days 
following t h e i r  exposure t o  t h e  luna r  material. I n  t h i s  p ro toco l ,  i n  
counter d i s t i n c t i o n  from t h e  Apollo 11 pro toco l ,  a l l  t h e  b i r d s  were 
housed i n s i d e  quarant ine cabinets .  The only untoward e f f e c t s  seen i n  
t h e  s u b j e c t s  occurred as a d i r e c t  e f f e c t  of t h e  inocu la t ion ,  not t h e  
inoculum. Five b i r d s  t o t a l  were k i l l e d ,  t h r e e  immediately and two 

- f  
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w i t h i n  t h e  f i r s t  48 hours post  exposure. 
have appeared extremely heal thy and t h e i r  egg production has r i s e n  t o  
i t s  p re sen t  l e v e l  (Fig.  5 4 ) .  The r a t h e r  dramatic bouncing around of 
t h i s  egg production over D+17, +18, +19, and +20 w a s  because of a 
s t a f f i n g  e r r o r .  
i n t e r v a l .  
t h e  downward ones,  l ess  than 24 hour production. 

From t h a t  po in t  on t h e  b i r d s  

The eggs were not counted a t  t h e  usual  24 hour 
The upward spikes  were more than  24 hour production and 

D. Conchs ion  

This sample of  l una r  m a t e r i a l  re turned by t h e  Apollo 1 2  crew and 
inocu la t ed  i n t o  germ-free mice and Japanese q u a i l  contained no b i o l o g i c a l  
hazard which w a s  i n  any way de le t e r ious  t o  e i t h e r  o f  t h e s e  two s i g n a l  
homoiothermic animal spec ie s .  
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A .  Mi1 c'fials and Mclt,horls. The an imnls  exposed t o  l i in . : r*  m!it q-ri-Alz ' 1.1 

t h o s e  t h a t  could be success fu l ly  miintaincd w i t h i n  t h e  conr'ii;lxr; 01' t,iie Cl*. c. 
I11 glove-cabinetry e s s e n t i a l  t o  t h e  maintenance of  t h e  b io l  o,:i c:i1 h r r  i t  !* 

system within t h e  LF&. The following animal s p e c i e s  were exposcd t o  ApL3110 
12  l u n a r  samples: 

\ Commercial Oyster  Cr?srozt.rrqi vi  ryi ri i mi 

Pink Shrimp Pen a c! i 1 s ri 11 o r*ii*i I rn 

German Cockroach H1 a t t e l l  n EOrrn,?n i c*n 

House Fly Mii::cn dornnst,j cn 

Crca te r  Wax Moth 

1,ebi s t e s  rct, i c u l n  t.iis 

Mummichog Fun du 111 s h t? t. c r o c 1 i t i 1  s 

Optimum temperatures ,  photoperiods,  feed ,  c o n t a i n e r s ,  mcdia o r  sub- 
s t r a t e s ,  and s tock  colon 
e x t e n t  poss ib l e  (Table  

condi t ions  were provided f o r  each spec ic s  t o  t h e  

* 
Only minor modi f ica t ions  i n  procedures were made w i t h  respect, :.o th. 

The protozoan Eu.zlena was d e l e t e d  from t h e  Apollo 12 ter.1 bec.iu:, p ro toco l .  
of  i t s  s i m i l a r i t y  t o  s e v e r a l  aqua t i c  a l g a l  forms t e s t e d  by t h e  Botany Group. 
The pink shrimp was used i n  p l ace  of t h e  brown shrimp due t o  t h e  s c a r c i t y  ot' 
sinal; brown shrimp a t  t h e  time of year t h i s  t es t  was conducted. The  guppy, 
long e s t ab l i shed  i n  t h e  pro tocol  as a s u b s t i t u t e ,  r ep laced  t h e  fa thead  minnow 
because of a mechanical f a i l u r e  of the  building a i r  oendi t ion jng  ny1itHttl fn  
L I E  s toak aalany area that; k i l l e d  t h e  e n t i r e  popula t ion  of f a thead  minnows. 
Ccncern was a l s o  f e l t  t h a t  t h e  fa thead  minnow might be t o o  s e n s i t i v e  t o  t o x i c  
a g e n t s  commonly used t o  d i s i n f e c t  rooms and hallways wi th in  the b i o l o g i c a l  
s a r r i e r  a rea .  
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The l u n a r  m a t e r i a l  uscz t o  cl.zllcn,;c t!ie test n::!m*ils VIS II p o r t i o n  

This m a t e r i a l  was ground t o  a mean p a r t i c l c  s.1~1. o!' 2 microns. 
o f  t h e  pooled convcntion:il sample t h a t  h c i  bccn prc.p:irtd :'or a11 biolo[!ic?l 
t e s t s ,  On(. 
h a l f  of  t h e  sample was t h e n  s t e r i l i z e d  by d r y  hcnt ,  a t  luO0 C., f o r  16 hours  
under ambient atrnosphcric p recc  a4ure.  

Animals were divided i n t o  fou r  Groups f o r  thc tt7st. >Io I ' C W C ~ ~ '  t l inn  t,wo 
A t ,  t I i t -  r e p l i c a t e s  were e s t a b l i s h e d  within cac !~  t c s t  group of cncii spccj(8s. 

t ime of i n o c u l a t i o n ,  all t e s t  animsls  had bccn acclim-itcd t o  t,hc cfitiint>t, 
environment f o r  up to  two weeks i f  appropriat ,e.  
f o u r  t e s t  groups was as follows: 
m a t e r i a l ,  a second group was inoculated obth s tc r . i l i r . i -  I rn*itcri:il, n t h j  rd 
group was miintained within t h e  el ovc-cabinetry ns nn unj nocu'l:it,ocl c o n t r o l  , 
while  t h e  f o u r t h  group was.maintainod i n  t h c  animal support, colony ?IS fI 

c a b i n e t r y  environment c o n t r o l  group. 

T h c  trcotmlmt, of (vtc11 ni' 1,Iic 
onc group was inor~u1:itcd with u1 i s t .~~r i1 ixcd  

Due  t o  t h e  d i f f e r e n c c s  i n  c u l t u r a l  methods i-or t l i v  nqun1,i.c nnd 't,cr-t'(.c- 
t r i a l  spec ie s ,  t h e  mcthods of  i nocu la t ion  providing I xposurc 1.0 1 7.uruiI. 
samples d i f f e r e d .  I n  b r i e f ,  t h c  sovcn aquut.ic s p o c i c s  wcro expo::( by n c i t l  inr: 
l u n a r  material t o  t h e  medium i n  which t h e  a n i m a l s  were l i v i n g .  Tlit.  l,hr.c*(: 
i n s e c t  spec ie s  were exposed by mixing t h c  samplcs with t h e i r  food. T:lbLc 1 
shows t h e  amount o f  l u n a r  material used pe r  animal o r  c u l t u r c .  

' The r e s u l t s  of  t h e  exposure t e s t s  ircre based p r i m a r i l y  upon qunlitnt . ivc> 
obse rva t ions  on t h e  g e n e r a l  h e a l t h  and appearance of' t h e  t c s t  animnls riuppor1,cd 
by p e r i o d i c  h i s t o p a t h o l o g i c a l  examination of specimms rcmovcd from tach con- 
t a i n e r .  Daily r e c o r d s  were maintained and processcd i n t o  n computcr sy::tmn 
for a n a l y s i s  and r e t r i e v a l .  I n  a d d i t i o n  t o  t h e  examination of h i s t o l o g i c n l  
p r e p a r a t i o n s  from sampled animals,  any m o r t a l i t i e s  t h a t  occurrctl wcre .i mmrvl-  
i a t e l y  examined f o r  cause of  dea th  and a l s o  subjected t o  histopntho1ogic:nl 
study. Photographic documentation, c o n s i s t i n g  of  bo th  s t i l l  and moving pic-  
tures ,  s u c c e s s f u l l y  recorded t h e  exact  na tu re  of b e h a v i o r a l  changcs. Supple- 
mentary d a t a  such as t h e  f i s s i o n  r a t e  of  t h e  paramecium and t h e  devclopmc.nI,:il 
r a t e s  of t h e  i n s e c t s  was a l s o  recorded and evaluated. 

B. Resul ts .  No pa tho log ica l  e f f e c t s  r e s u l t e d  from t h e  exposure of any  
o f  t h e  t e s t  animals  t o  l u n a r  material. 
h e a l t h  nor p e r i o d i c  h i s topa tho log ica l  examinations r evea led  harmful effects 
a t t r i b u t a b l e  t o  c o n t a c t  with, o r  i n g e s t i o n  o f ,  l u n a r  material. S p e c i f i c  
f i n d i n g s  from each animal system were as follows: 

Nei ther  d a i l y  obse rva t ions  of g a n c r a l  

Paramecium (Paramecium a u r e l i a )  - 
of paramecium d i d  no t  d i f f e r  between exposed and unexposed groups.  
Daily f i s s i o n  counts were made from depres s ion  p l a t e  c u l t u r e s  t h a t  were 
prepared with lunar-exposed and c o n t r o l  media. 
exposure of  t h e  animals f o r  t h e  e n t i r e  t e s t  per iod.  

Rates of f i s s i o n  of c l o n a l  c u l t u r e s  

Th i s  system provided 
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P11nq.r.in ( h z e z j i  c!orotocnp!l?!?) - NO his?oprit!:ologicnl ch?n,ys  nor 
c:ianges i n  morphology were de tec ted  i n  any ol" t h e  t c s t  t ~ o u p s  invo lv td  
i n  t h e  Apollo 1 2  t e s t s .  
i n  o rde r  t o  t o  compare pre-  and pos t - t e s t  animnl w c i ~ h t s .  Con t ro l  miti 
s t e r i l i z e d  t e s t  group popula t ions  remained s t a t i c  tliroug!iout t h c  t c s t  
while  t h o s e  p l ana r i ans  exposed t o  u n s t e r i l e  l u n a r  incrcnscd hy 3 ( l f$) .  

A l l  cu l tu re s  vent  x i t h o u t  food f o r  t l i c  tcst, 

. .  

- Ovstor (Crasnost,ren v i r p i  ni ca) - NO unusunl m i  c r o o q p n i  sms o r  ii i  st.0- 
p a t h o l o g i c a l  condi t ions  were noted i n  t h e  s e c t i o n s  prcpnrcd ~'rom c o n t r o l  
o r  l u n a r  sample-exposed oys t e r s .  A l l  o y s t e r s  wcrc i n  ~ o o d  cond i t ion .  
Mm-eover, most of t h e  gonadal m t e r i a l .  had becn absorbctf .in n l l  oy::ta(brs. 
T h i s  i s  a normal condi t ion  t o  be expectcd a t  this ::cnson oi' th1. y(vir. 
Based on t h e  condi t ion  of t h e  oys t e r s  sampled o f t c r  14 tlnys 01' c>xpo::urc 
t o  l u n a r  m a t e r i a l ,  one may expect good s u r v i v a l  f o r  anothcr  30 t o  GO 
days under good condi t ions  . 
Pink Shrimp (Penaeus rliiornrum) - Test  shrimp, exposed l,o 1un:ir snmpl.c:s, 
showed no abnormal behavior o r  d e l e t e r i o u s  e f f e c t s  a t t r i bu tnb lc !  t o  ox-' 
posure t o  l u n a r  ma te r i a l .  Some g ross  changes i n  t h e  corapiico and :irq)(m- 
dnges were observed i n  an imals  i n  a l l  t e s t  and c o n t r o l  groups d u r i n c  thc 
f i r s t  t,wo weeks of t h e  t e s t .  
some pa tho log ica l  changes bu t  these 'changes could not  be a1 , t r ibu ted  t o  
l u n a r  exposure. A l l  animals  were i n  g e n e r a l l y  improved c o n d i t i o n  ncnr  
t h e  end of t h e  t e s t  as ind ica t ed  by t h e  r egene ra t ion  of appendages and 
t h e  cond i t ion  of t h e  exoskeleton. 

His topa thologica l  exsminnt,ion inti ; cntcd 

German Cockroach ( B ' l a t t e l l a  germanicrl) - Daily observa t ion  together 
wi th  h i s t o p a t h o l o g i c a l  examination of samples c o l l e c t e d  a t  one and t h r c c  
weeks showed t h e s e  animals  t o  be i n  e x c e l l e n t  cond i t ion  throughout  t h o  
exposure per iod .  
The mid-gut epi thel ium, c e n t r a l  nervous system t i s s u e  and r e n a l  t i s s u e s  
showed no pathology. 

The symbiot ic  b a c t e r i a  i n  t h e  f a t  bodies  appeared normal. 

House Fly (Musca domestica) and Grea ter  Wax Moth (Ga1.1eria mpl lons l ln )  - 
S e c t i o n s  were prepared from house f l y  and g r e a t e r  wax moth l n r v a c  wh.ir:h 
h:id bocn exposed t o  l u n a r  m:itcri:il. Nis topnthol  ogi c a l  studies showcd nn 
d i f f e r e n c e s  between t h e  c o n t r o l  and t e s t  groups. 
vascu la r ,  and adipose t i s s u e s  were examined and found normal i n  a l l  r e s p e c t s .  
No pa thogenic  microorganisms were d e t e c t e d  and no evidence of d i s e a s e  was 
found . 

Gut, nervous,  hy-porlcrmxl, 



G i i ~ n l  (T,Pbi s t  RS r p t i  ru l - t t u s )  
cloudy t o  t u r b i 4  during t:ie t e s t ,  t h e  f i s h  rcmninc.d i n  &ood cont i i t ion Jn 
a l l  t e s t  groups. T1:e b i r t h  of s eve ra l  young wns obccrvcd nnd bclinviornl 
c h a r a c t e r i s t i c s  were normil.  
samples were co l l ec t ed .  
some g i l l  pathology i n  a l l  groups which could be attributed t o  t h c  nqunriwn 
cond i t ions .  
animals exposed t o  l u n a r  ma te r i a l .  

- A1thour:h most p p p y  aqIia!*i:1 r m x i n d  

Both  1 4 4 a y  and ?'?-day ~iistopntliolnr:ic-nl 
The r e s u l t s  from t h e  f i r s t ,  snmplinb: i nd i  cnt ccl 

No evidence of r e p l i c a t i n g  organisms was obscrvcd i n  t81ic 

M u m m i  choE (Fiinduliis h0i;erocl.i tiis) - 
i n  e x c e l l e n t  condi t ion  u n t i l  about day 20 of t h e  exposurc pcr iod .  
t h i s  t ime s e v e r a l  f i s h  i n  each aquarium were noted t o  be swimmin.: nt. t . 11~  , 

.- suri 'ace as if' s ta rved  f o r  oxygen. Mor ta l i t y  soon followcd cnd :'ish w<?rc: 
l o s t  from each group. 
but  b a c t e r i a l  growth l e a d i n g  t o  g i l l  i r r i t a t i o n  and anoxia  was f'ounri t o  
be t h e  cause.  
s e n s i t i v i t y  of t h e  t e s t  system. Hi s topa tho log ica l  r e s u l t s  from snmpl(is 
c o l l e c t e d  a t ,  14 days s u b s t a n t i a t e d  t h e s e  f ind ings .  
p r e p a r a t i o n s  gave no evidence of any pa tho log ic  changes a t t r i b u t a b l c  t o  

A l l  groups of  mummi chor:r. rcx:n:iinivl 
A t  

, . - 
Aerea t ion  of t h e  water  a l l e v i a t e d  tile conciitjon 

Treatment could .not be adminis te red  without a f f c c t i n i :  the 

These h i s t o l o g i c a l  

, exposure t o  luna r  ma te r i a l .  

C. Discussion. The r e s u l t s  of t h e  Apollo 12 l u n a r  sample teetin,: 
program involv ing  n ine  lower animal s p e c i e s  c l o s e l y  p a r a l l e l e d  t h e  fincli nf:s 
of  t h e  Apollo I1 experiments. The uniformly nega t ive  r e s u l t s  couplod with 
a h i n t  of  b e n e f i c i a l  e f f e c t s  a r e  t h e  most s t r i k i n g  b i o l o g i c a l  s i m i l a r i t i o s .  
These r e s u l t s  suppor t  t h e  geo-chemical ana lyses  performed by o t h e r  workars i n  
t h e  LRL who a l s o  r epor t ed  b a s i c  s i m i l a r i t y  between t h e  two samples. 
minor d i f f e r e n c e s  were noted,however. 

Some 

A s  repor ted  fo l lowing  t h e  Apollo 11 mission,  t h e  sample t h a t  had beon 
hea t  s t e r i l i z e d  was hydrophobic, cohesive and r equ i r ed  cons iderable  s t i r r i n g  
and a g i t a t i o n  t o  suspend it i n  water. The u n s t e r i l i z e d  Apollo 11 bio-sample 
w a s  e a s i l y  wetted and promptly sank. Both t h e  s t e r i l i z e d  and u n s t c r i l i z e d  , 

'Apollo 12  samples were hydrophobic 'and cohesive making t.hc d i f f e r e n c e s  be- 
tween t h e  two samples was much less marked. These c h a r a c t e r i s t i c s  a f f c c t c d  
t h e  t e s t s  i n  no way once suspension of t h e  m a t e r i a l  was achieved. 

The r e s u l t s  of t h e s e  pre l iminary  b i o l o g i c a l  test; invo lv ing  n ine  s p c c i e s  
of lower animals  have provided no informat ion  t h a t  would i n d i c a t e  t h a t  t h e  
l u n a r  m a t e r i a l  r e t u r n e d  by t h e  Apollo 12 mission should n o t  be r e l e a s e d  from 
qua ran t ine  f o r  f u r t h e r  i n v e s t i g a t i o n .  
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V I I I .  BIO-TEST OPERATIONS - BOTANY 

A p o r t i o n  of t h e  luna r  ma te r i a l  c a r r i e d  t o  e a r t h  by t h e  Apollo 1 2  a s t ro -  
n a u t s  w a s  held i n  quarant ine i n  the  Botanical  Sample Laboratory f o r  30 
days. During t h i s  pe r iod ,  a v a r i e t y  of p l a n t  species  w a s  challenged 
wi th  a mixture of  ground rock samples and f i n e  powder c o l l e c t e d  on t h e  
l u n a r  su r face .  The o b j e c t i v e  o f  t hese  tes ts  w a s  t o  determine i f  l u n a r  
material  can cause d i sease  i n  p l a n t s  grown under a s e p t i c  condi t ions 
w i t h i n  t h e  Class I11 b i o l o g i c a l  enclosures.  

The b o t a n i c a l  program at  t h e  Lunar Receiving Laboratory i s  one o f  a 
number of b i o l o g i c a l  endeavors aimed a t  i n s u r i n g  t h a t  t h e  l u n a r  material 
i s  no t  a t h r e a t  t o  t h e  terrestrial  biosphere.  Max imum d i v e r s i f i c a t i o n  
i n  t e s t i n g  w a s  achieved by assessing t h e  e f f e c t s  of l u n a r  m a t e r i a l s  on 
a v a r i e t y  of p l a n t  systems, including c e l l s  i n  c u l t u r e ,  germinating 
spores  and seeds,  and young seedl ings.  De ta i l ed  observat ions were made 
on bo th  f r e s h  and f i x e d  materials. The appearance of microbes w a s  con- 
firmed by c u l t u r i n g  techniques and i d e n t i f i e d  as t e r r e s t r i a l  by t h e  
Microbiology Group. 

The purpose of t h e  present  communication i s  t o  document t h e  r e s u l t s  of 
t h e  p l a n t  t e s t i n g  p ro toco l  on Apollo 1 2  i n  summary form. Details of t h e  
. t e s t i n g  procedures a r e  a v a i l a b l e  i n  unpublished form (Walkinshaw, 
MSC 00059, Volume 111, November 5 ,  1969).  
b e n e f i c i a l  e f f e c t s  of l una r  ma te r i a l  on p l a n t s  w i l l  be given l a t e r .  

An e l abora t ion  of  t h e  

A. Materials and Methods 

A l l  p l a n t  systems challenged with l u n a r  material w e r e  contained i n  pre- 
s t e r i l i z e d ,  gas t i g h t  enclosures  designated as Class I11 cab ine t s .  A l l  
i t e m s  passed i n t o  t h e  enclosures  were s t e r i l i z e d  by steam autoclaving 
or decontaminated by soaking i n  5000 ppm sodium hypochlor i te  for 30 
minutes.  The only p l a n t  ma te r i a l s  removed from t h e  cab ine t s  during t h e  
30-day p ro toco l  were small p i eces  of t i s s u e  f i x e d  i n  Bouin’s or 6% 
glutaraldehyde s o l u t i o n  f o r  a per iod of  24 hours.  
p l a n t s  could be  accomplished only by using rubber gloves.  Incoming a i r  
w a s  f i l t e r e d  through a c t i v a t e d  charcoal and a 99.97% b i o l o g i c a l  f i l t e r .  
There were 4 gloves 

Manipulations of 

s during t h e  4 months of 
v prepa ra t ion  and t e s t i n g .  *,, , ‘ 1 . -  I ” ,  . / L ! / ’ .  ) ,<) -  

0 
The a i r  temperature for t h e  algae w a s  25 and f o r  a l l  o the r  s p e c i e s ,  
2 1  t o  27OC. 
per  hour. 
dioxide w a s  enriched t o  1% f o r  t he  a lgae .  Tissue c u l t u r e s  and a lgae  
received from 300 t o  500 f c  of continuous, f u l l  spectrum l i g h t  while 
s eed l ings  received 1000 t o  2000 f c  f o r  a 16-hour photoperiod. 
humidity of a l l  systems w a s  above 80%. 

The turnover  r a t e  of  a i r  w a s  ad jus t ed  f o r  1 t o  4 changes 
A i r  w i th in  t h e  cabinets  w a s  r e c i r c u l a t e d  with f ans .  Carbon 

The 
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A t o t a l  of 1320 chal lenge u n i t s  was esiiployed i n  an experimental design 
o f  f o u r  t reatments  and t e n  r e p l i c a t e s  pe r  t reatment  p e r  spec ie s .  
chal lenge u n i t  w a s  an a l g a l  c u l t u r e ,  a group of 10 seeds or 1000 spores ,  
an i n d i v i d u a l  p l a n t ,  or a jar o f  t issue c u l t u r e .  The spec ie s  t e s t e d  are 
l i s t e d  i n  Table 1. 
n e t s .  Phytopathogenic microorganisms were not de t ec t ed  during t h e  
pe r iod  of t e s t i n g .  

The 

All species  were germ free when introduced i n  cabi- 

Challenge of t h e  10  r e p l i c a t e  u n i t s  for each spec ie s  w a s  made by exposure 
t o  l u n a r  material, dry-heat-s ter i l ized luna r  material, and dry-heat- 
s t e r i l i z e d  e a r t h  material. The challenge dose w a s  0.22 g which w a s  
added as a dry powder or as a s l u r r y  i n  5.0 ml of O.O5M phosphate b u f f e r ,  
pH 7.0.  One set  of r e p l i c a t e s  served as t h e  c o n t r o l  and w a s  not 
challenged . 
Observations were made a t  r egu la r  i n t e r v a l s ,  and a l l  changes were docu- 
mented on 35 mm film. Health of individual  chal lenge u n i t s  was def ined 
as t h e  summation of  numerical scores (.l = poor,  2 = quest ionable ,  and 
3 = good) f o r  a se t  of d e s c r i p t i v e  cha rac t e r s .  
t e r s  were graded t h r e e  times pe r  week a l t e r n a t e l y  by two observers .  
.Tabulations were accumulated on magnetic t a p e ,  and analyses of var iance 
were made t o  determine t reatment  and spec ie s  s ign i f i cance .  H i s to log ica l  
examinations and analyses  of c e l l u l a r  morphology were performed on 200 
of 1320 challenge u n i t s .  

Four t o  t h i r t e e n  charac- 

B. Resul ts  and Discussion 

Cultures  of a lgae  challenged with luna r  m a t e r i a l  v a r i e d  i n  t h e i r  response.  
A l l  spec ie s  were i n h i b i t e d  i n i t i a l l y  by both l u n a r  and e a r t h  m a t e r i a l s .  
There w a s  no s i g n i f i c a n t  difference i n  t h e  response of  any a l g a l  spec ie s  
t o  l u n a r  and e a r t h  materials. 

There appeared t o  be no e f f e c t  of  l una r  and t e r r e s t r i a l  materials on t h e  
percentage germination of  seeds.  Observational d a t a  taken 1 2  days a f te r  
i n i t i a t i o n  showed t h a t  a l l  challenge u n i t s  had normal growth, pigmenta- 
t i o n ,  and stem and r o o t  configurat ion.  
t o x i c i t y .  

There w a s  no evidence of  

Fern gametophytes which developed d i r e c t l y  on or around t h e  l u n a r  and 
t e r r e s t r i a l  materials showed a marked s t imu la t ion  i n  growth. 

Lunar material w a s  not harmful t o  p l a n t  s eed l ings .  
appeared hea l thy  throughout t h e  t e s t  per iod;  Apollo 12  seed l ings  grew 
s i g n i f i c a n t l y  b e t t e r  t han  those  employed i n  Apollo 11 tests.  

All seed l ings  
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A number of changes were observed when t i s s u e  c u l t u r e s  were challenged 
with luna r  and e a r t h  m a t e r i a l s .  
exh ib i t ed  marked nec ros i s  i n  those areas t h a t  contacted t h e  crushed 
l u n a r  rock. However, recovery occurred, and a f t e r  20 days t h e s e  
c u l t u r e s  appeared as w e l l  as,  or b e t t e r  t h a n ,  un t r ea t ed  c o n t r o l s .  Since 
p l a n t  t i s s u e s  were not subcultured during t h e  t e s t ,  most exh ib i t ed  a 
gene ra l  dec l ine  due t o  n u t r i e n t  deplet ion.  

A number of species  of t i s s u e  c u l t u r e s  

H i s t o l o g i c a l  samples taken at random from 20 species  were graded on 
c h a r a c t e r i s t i c s  of t h e i r  c e l l u l a r  morphology. Resul ts  show c l e a r l y  
t h a t  t h e r e  w a s  no d i f f e r e n c e  among t h e  t reatments .  Lesions character-  
i s t i c  of an i n f e c t i o u s  process were not found. 

Summary 

Many e f f e c t s  of a phys io log ica l  na tu re  were observed when p l a n t  spec ie s  
were exposed t o  l u n a r  materials. Most of  t h e  changes were b e n e f i c i a l ;  
none could be a s s o c i a t e d  with a,n i n f e c t i o u s  process.  A f e w  spec ie s  
were s t imu la t ed  by t h e  Apollo 1 2  l u n a r  sample used i n  t h e  b o t a n i c a l  
t e s t i n g  . 



LIST OF PLANT SPECIES CHALLENGED WITH APOLLO 1 2  LUNAR MATERIAL ACCORDING 

TO EXPERIMENT TYPE 

Challenge Species Family 
system 

Algae Anacystis nidulans (Richt  ) Drouet 
Ch lo re l l a  pp-enoidosa Chick 
Phaeodactylum tr icornutum Bohlin 
Porphyridium cruentum (Ag. ) Naeg. 

Seeds 

Seedl ings  

A l l i u m  cepa L. 
Brass ica  o le racea  L. 
Capsicum f ru t e scens  L.  
Lactuca sativa L. 
Nicot iana tabacum L. va r .  Samson 
Phaseolus aureus L .  
Raphanus sativus L. 
Spinac ia  o le racea  L. 

Brass ica  o le racea  L. 
Capsicum f ru t e scens  L. 
C i t r u l l u s  v u l g a r i s  Schrad. 
C i t rus  l imonia L. 
Cucumis melo L. 
Lycopersicum esculentum M i l l .  
Lycopodium cernuum L. 
Marchantia polymorpha L. 
Onoclea s e n s i b i l i s  L. 
Osmunda cinnamomea L. 
Phaseolus v u l g a r i s  L. 
Pinus e l l i o t t i i  Ehgelm. 
Raphanus s a t i v u s  L .  
Sorghum vulgare  Pers .  
Todea barbara  ( L .  ) Moore 
Tri t icum vulgare  V i l l .  
Zea mays L. var. e v e r t a  - 

Tissue c u l t u r e s  Glycine s o j a  ( L . )  S ieb  & Zucc. 
Haplopappus g r a c i l i s  (Nutt . Gray 
Helianthus annuus L.  
Nicot iana tabacum L. 
Nicot iana tabacum L. (Albino)  
Oryza sativa L .  
Pinus p a l u s t r i s  M i l l .  
Zea mays L .  - 

Chrooc oc cac eae 
Oocystaceae 
Phaeodactylaceae 
Bangiaceae 

L i l i a c  eae 
Brass i cac  eae 
Solanaceae 
A s t  eraceae 
Solanaceae 
Fab ac e ae 
Bras s icaceae  
Chenopodiaceae 

Brass icaceae  
Solanaceae 
Cucurbit  ac eae 
Rutaceae 
Cucurbit  aceae 
Solanaceae 
Lycopodiaceae 
Marchantiaceae 
Polypodiaceae 
Osmundaceae 
Fabac eae 
Pinaceae 
Brassicaceae 
Poaceae 
Osmundaceae 
Poaceae 
Poaceae 

Fabaceae 
Compositae 
Asteraceae 
Solanaceae 
Solanaceae 
Poaceae 
Pinac eae 
Poaceae 



SUMMARY 

Approxi ma te l  y 7xpounds of lunar material originating from the moon's 
Ocean of Storms have been successfully returned to  the earth and an 
aliquot of t h i s  material subjected to  detailed biomedical evaluations. 
The resul ts  of these evaluations indicate t h a t  the presence of this 
material i n  a t e r res t r ia l  biosphere does n o t  represent a hazard to  
t e r r e s t r i a l  l i f e .  In addition, the Apollo 12 astronauts who were 
d i rec t ly  exposed to  th i s  material have successfully completed the i r  
quarantine i n  the Lunar Receiving Laboratory's Crew Reception Area. 
Biomedical evaluations conducted d u r i n g  this quarantine period 
revealed t h a t  the crewmembers did n o t  harbor any a l ien ,  hazardous 
l i f e  forms. Review o f  the detailed data included i n  this report will 
reveal t h a t  although the samples are  n o t  deleterious t o  t e r r e s t r i a l  
l iving systems, there i s  some species specific enhancement of certain 
biological parameters stimulated i n  the presence of the samples. 
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