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1. I n  the pas t ,  s tud ie s  on dry  hea t  r e s i s t a n c e  of b a c t e r i a l  spores have been 
conducted i n  a forced a i r  oven (Prec is ion  S c i e n t i f i c  model no. 625). 
l e s s  s t e e l  s t r i p s  (1/2" x 1/2") and unlaquered $11 paper c l i p s  were cleaned 
and s t e r i l i z e d  separa te ly ,  assembled a s e p t i c a l l y ,  and inoculated wi th  spore 
suspensions suspended i n  e i t h e r  water o r  95% ethanol .  Three s t r i p s  were 
suspended from wire hangers i n  the oven f o r  each ind iv idua l  hea t ing  i n t e r v a l .  
Af te r  the door was closed,  the comeup time t o  125 C f o r  the s t r ip -pape r  c l i p  
un i t s  was 2.5 minutes. This oven has been modified t o  allow i n s e r t i o n  and 
removal of samples without opening the  door. 
i n  the oven top. Hangers were constructed of  bronze rod, . f iberg lass  shee t ing  
and $130 aluminum a l i g a t o r  c l i p s ,  each capable of holding a maximum of s i x  
qu in tup l i ca t e  samples. Under t h i s  system the comeup time of a s t a i n l e s s .  s t e e l  
s t r i p  t o  125 C was 1.5 minutes i n  any por t ion  of t he  oven a s  measured by 
thermocouples. 
crops a s  determined i n  the modified oven was i d e n t i c a l  t o  the  value obtained 
with the previous procedure k., 15 min.). 

Stain-  

Six 11' x 5" po r t s  were i n s t a l l e d  

The D125C values  of the  standard g. s u b t i l i s  var .  n ige r  spore 

I n  the pas t ,  s t r i p -pape r  c l i p  u n i t s  were inoculated with 0.05 m l  of e thanol  
o r  water suspensions from a 1 m l  p i p e t t e .  Since t h i s  procedure was very time 
consuming p i p e t t e  droppers ( S c i e n t i f i c  Products s tock  no. 8-11861, 0.025 m l )  
were evaluated a s  a more rapid means of s t r i p  inocula t ion .  Using the  0.025 
m l  dropper, the  mean c o e f f i c i e n t  of v a r i a t i o n  between numbers of spores  re -  
covered from 20 s t r i p s  was 9.5%, and consequently, t h i s  instrument w i l l  be 
used rou t ine ly  i n  f u t u r e  s t u d i e s .  

2. A s  reported l a s t  q u a r t e r ,  add i t ion  of 0.2% yeas t  e x t r a c t  and 0.1% soluble  
s t a r c h  t o  TSA improved recovery of both heated and unheated b a c t e r i a l  spores.  
During rout ine  su rv iva l  t e s t s ,  s e v e r a l  i s o l a t e s  showed su rv iva l  curves with 
"shoulders" ind ica t ing  a requirement f o r  "heat ac t iva t ion" .  When the  TSA 
with supplements was compared t o  standard TSA a s  a recovery medium, the  
supplemented medium appeared t o  s a t i s f y  a por t ion  of the "heat a c t i v a t i o n  
requirement" f o r  spores i n  the unheated con t ro l s  (See Report $124, Figs .  1, 
2 and 3 ) .  
surv ivor  curves were equiva len t  when e i t h e r  TSA o r  supplemented TSA was used 
a s  the  recovery medium. 

D125C values  ca lcu la ted  from the logari thmic death por t ions  of the  

To i n v e s t i g a t e  the  poss ib le  r e l a t i o n s h i p  between hea t  a c t i v a t i o n  and c o n s t i t -  
uents  i n  the p l a t i n g  medium upon recovery of unheated and hea t - in jured  spores ,  
two spore crops i n  95% ethanol  were used: 1) i s o l a t e  G-2 sporulated a t  35 C 
f o r  48 hours on AK Medium $12 (BBL) supplemented with 20 ppm magnesium s u l f a t e  
and 80 ppm calcium ch lo r ide ,  and 2) i s o l a t e  6-2 sporulated i n  the  same manner 
on TAM Sporulat ion Agar (Difco) supplemented with 20 ppm magnesium s u l f a t e  . 

and 80 ppm calcium ch lo r ide .  T r i p l i c a t e  s t r i p s  of each spore crop were sus- 
pended i n  a forced a i r  oven f o r  each of s i x  time i n t e r v a l s ,  and processed a s  
usual (Report $119). The suspension was p la ted  i n  t r i p l i c a t e  wi th  both TSA 
and TSA supplemented with yeas t  e x t r a c t  and so luble  s t a rch .  The suspensions 
were then hea t  shocked i n  an 80 C water bath f o r  15 minutes. Repl ica te  por- 
t i ons  were aga in  p la ted  i n  t r i p l i c a t e  wi th  both media. 
shown i n  Figs .  1 and 2. Supplemented TSA was supe r io r  t o  r egu la r  TSA a s  a 
recovery medium i n  every ins tance .  
conventional 80 C moist  "heat shock", both spore crops exhib i ted  increased 
v i ab le  counts (shoulders) compared t o  the  unheated con t ro l s  dur ing  the  f i r s t  
30 minutes of exposure t o  125 C dry  hea t .  Recovery dur ing  t h i s  period was 
appreciably improved by 80 C "heat shock" p r i o r  t o  p l a t ing .  Heat shocking 

Survivor curves are 

When p la ted  with r egu la r  TSA without 
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a t  80 C f a i l e d  t o  appreciably increase  recovery of G-2 (TAM) spores  a f t e r  30 
minutes of exposure a t  125 C. I n  add i t ion ,  recovery of the  G-2 (AK) spores  
decreased r ap id ly  a f t e r  45 minutes a t  125 C followed by hea t  shock. 
most dramatic increases  i n  recovery were noted when both crops were p la ted  
with supplemented TSA. Heat shocking the  suspension p r i o r  to  p l a t i n g  with 
t h i s  medium yielded very l i t t l e ,  i f  any, improvement i n  recovery. Table 1 
i l l u s t r a t e s  the  e f f e c t s  of 80 C hea t  shock and supplemented TSA upon recovery 
o f  spores  which were not  exposed t o  dry  hea t .  The g r e a t e s t  i nc reases  wi th  
both crops were noted when ,supplemented TSA was compared t o  r egu la r  TSA. 

The 

Although complete explanat ion of the  above r e s u l t s  i s  unclear  a t  the  present  

ac t iva t ion"  i s  thought t o  involve loss of spore cons t i t uen t s  ( for  example, 
calcium d i p i c o l i n i c  acid)  i n t o  a l i q u i d  medium o r  c e r t a i n  enzymatic rearrange- 
ments o r  a combination of both. 
spore a c t i v a t i o n  has d e a l t  only w i t h  moist  hea t .  A s  can be seen by the  sur-  
v ivor  curves presented here ,  d r y  hea t ing  of dess ica ted  spores  apparent ly  
s a t i s f y s  a por t ion  of the  hea t  a c t i v a t i o n  requirement. The mechanisms in-  
volved may o r  may not  be s i m i l a r  t o  those of  moist h e a t  but  c e r t a i n l y  could 
provide a t o o l  f o r  more exac t  d e f i n i t i o n  of dry h e a t  a c t i v a t i o n .  Whether o r  
no t  the increased recover ies  noted upon a d d i t i o n  of  yeas t  e x t r a c t  and so lub le  
s t a r c h  t o  the  TSA recovery medium involve physical  o r  n u t r i t i o n a l  mechanisms 
i s  a l s o  open t o  specula t ion .  It  i s  evident ,  however, from the  "shoulders" 
i n  F igs .  1 and 2 t h a t  some f a c t o r ( s )  necessary f o r  maximum recovery of the  
v i ab le  unheated spores  i s  s t i l l  required even a f t e r  a p p l i c a t i o n  of a hea t  
shock t reatment  and use of the  supplemented medium. 

. t i m e ,  s eve ra l  observat ions can be made. C l a s s i c a l l y ,  h e a t  shock o r  "heat 

The g r e a t  major i ty  of s t u d i e s  concerning 

3. A s  mentioned l a s t  qua r t e r ,  the  P lane tary  Quarantine Of f i ce r ,  NASA, has re -  
quested production of a s tandard spore crop of g. s u b t i l i s  var .  n iger .  The 
crops was prepared employing the  l i q u i d  medium descr ibed by Lazza r in i  and 
Santangelo (J-. Bac te r io l .  94:125-130) : 

SSM-10 (Synthet ic  Sporulat ion Medium-IO), per  l i t e r  

7.3 g 

2.4 g 

Sodium C i t r a t e  1.0 - g 

T r i s  (hydroxyme thyl )  
Aminomethane ( f r ee  base) 3.6 g 

Glutamic a c i d  

G 1 uc os e 

Tryptophan 

Methionine 

CaC12 

4.4 g 

1.5 g 

25.0 g 

25.0 g 

111.0 mg 
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ZnC12 6.81 mg 

MnC12-4H20 9.89 mg 

FeC13 2.703 mg 

The above ma te r i a l s  with the  except ion of the  metal s a l t s  were dissolved i n  
900 m l  of d i s t i l l e d  deionized water. The metal  s a l t  s o l u t i o n  was made up i n  
ten-fold concentrat ion and 100 m l  were added a s e p t i c a l l y  a f t e r ' s t e r i l i z a t i o n  
f o r  15 min a t  1 2 1  6. Three hundred m i l l i l i t e r  por t ions  of 'the complete 
medium i n  1 L baf f led  f l a s k s  were inoculated with 5 m l  of a 24 h r  E .  s u b t i l i s  
var .  n ige r  c u l t u r e  (obtained from A.  I rons ,  J e t  Propuls ion Laboratory) i n  the  
SSM-10 l i q u i d  medium. 
days (s. 90% spores) i n  a Psychro-Therm Incubator Shaker (New Brunswick 
S c i e n t i f i c  Co.). Af t e r  incubation, growth i n  800 m l  of medium was harvested 
with a r e f r i g e r a t e d  continuous flow cen t r i fuge  a t  936 x g. P e l l e t s  were 
pooled and exposed t o  u l t r a s o n i c  energy t o  d i s r u p t  clumps and c e l l  debr i s .  
The bulk of vege ta t ive  c e l l  ma te r i a l  was removed by repeated cen t r i fuga t ion .  
Thre qua r t e r s  of the  cleaned spores  were suspended i n  d i s t i l l e d  water  (5.6 

values  were 40 min f o r  the  ethanol  suspension x 10 / m l ) .  Prel iminary D 
and 36 min f o r  the  water &@ensione 

F lasks  were then incubated a t  136 RPM and 32 C f o r  5 

5 

4. I n  conjunction with the  study t o  obta in  a frequency d i s t r i b u t i o n  of D125C 
values  of  spores  assoc ia ted  wi th  p e r t i n e n t  spacec ra f t ,  one-hundred and fo r ty -  
f i v e  spore i s o l a t e s  from the  Mariner '69 spacec ra f t  were received from Cape 
Kennedy. A s  c u l t u r e s  were received,  they were s t reaked  on TSA, and 12 impure 
cu l tu re s  o r  c u l t u r e s  o the r  than gram p o s i t i v e  rods were discarded.  Pure 
c u l t u r e s  were s t reaked on quadrant p l a t e s  of TAM Sporulat ion Agar supplemented 
with 20 ppm magnesium s u l f a t e  and 80 ppm calcium chlor ide .  P l a t e s  were incu- 
bated a t  32 C f o r  a maximum of 96 h r  and growth was s t a ined  t o  observe spore 
production. Eighteen c u l t u r e s  of gram pos i t i ve  rods not  forming spores  were 
discarded.  
of s t e r i l e  buffered d i s t i l l e d  water ,  exposed t o  u l t r a s o n i c  energy, washed 
twice and suspended i n  2 m l  of 95% e thanol  and s to red  a t  4 C f o r  subsequent 
t i t e r i n g .  A t o t a l  of 115 spore crops were prepared. The frequency d i s t r i -  
but ion of D125C values  w i l l  be obtained using the  modified d ry  hea t  oven 
described above i n  p a r t  1 and a rap id  assay system. 

Growth showing any degree of spo ru la t ion  was harvested i n  3 m l  

5 .  A s  discussed i n  Quar te r ly  Report 1/23, v a r i a t i o n s  i n  dea th  rate of a par t icu-  
l a r  spore i s o l a t e  can b e , a t t r i b u t e d  t o  c u l t u r a l  condi t ions  a s  wel l  as the  
method and/or l o c a t i o n  i n  which a dry  hea t  assay is  performed. 
shows a sununary of D125j;, values  obtained a t  t h i s  labora tory  from s e v e r a l  
d i f f e r e n t  suspensions o E. s u b t i l i s  var .  n ige r  spores .  This summary serves  
t o  emphasize the  ca re  whic'h must be taken i n  i n t e r p r e t a t i o n s  of data employ- 
ing  such a ' 'standard re ference  organism" wi th  regard t o  hea t  r e s i s t ance .  
Argument has been made i n  the  p a s t  (Reports 20-24) a g a i n s t  using a subcul- 
tured spore preparat ion,  p a r t i c u l a r l y g ! .  s u b t i l i s  var .  n ige r  spores ,  as an  
absolu te  d ry  hea t  r e s i s t a n c e  index of  n a t u r a l l y  occurr ing  spores .  

Table 2 

S tudies  on the  d ry  hea t  resistance of n a t u r a l l y  occurr ing  spore populat ions 
from spacec ra f t  assembly and t e s t i n g  environments is underway and resu l t s  
w i l l  be reported later.  
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6. The Virg in ia  Polytechnic  I n s t i t u t e  (WI)  technique f o r  recovering anaerobic  
bac te r i a  was evaluated a t  Cape Kennedy using samples of microbial  contamin- 
a t i o n  assoc ia ted  with spacecraf t .  This technique was compared with the  one 
spec i f i ed  i n  the "NASA Standard Procedures f o r  the  Microbiological Examina- 
t i o n  of Space Hardware" i n  th ree  ways. (1) Natura l ly  contaminated components 
were insonated using the  V P I  procedure (k, use of pre-reduced r i n s e  f l u i d  
and conta iners  flushed with n i t rogen  gas p r i o r  t o  insonat ion)  and the  r i n s e  
f l u i d  was s p l i t  and assayed by each recovery technique (pre-reduced agar  and 
r o l l  tube vs TSA pour p l a t e .  (2) Addit ional  components from the  same batch 
were both insonated and assayed using the  NASA technique (TSA pour plates). 
(3) A series of swabs taken from ad jacen t  a r eas  on the  sur faces  of spacec ra f t  
were assayed using both the VPI and NASA techniques.  

Table 3 shows the  mean values  of anaerobic microorganisms i n  90 s p l i t  samples 
from components and the  mean values  of anaerobic  spores  i n  74 s p l i t  samples. 
The r e s u l t s  of 110 a d d i t i o n a l  component assays using the  NASA technique a r e  
also presented. The VPI and NASA techniques produced comparable mean values  
f o r  t o t a l  anaerobic  microorganisms i n  the  s p l i t  samples. Components inson- 
a ted  using the NASA technique, however, gave lower values' than the  VPI method 
suggest ing t h a t  insonat ion i n  presence of oxygen may have had a de t r imenta l  
e f f e c t  on the  recovery of c e r t a i n  anaerobes. 
technique used on the  s p l i t  samples gave markedly h igher  r e s u l t s  than the  
VPI method and even the  mean value obtained using the  NASA insonat ion  tech- 
nique was th ree  t i m e s  t h a t  of the  VPI value.  

The NASA anaerobic  spore assay 

7. 

Table 4 presents  the  r e s u l t s  of assays  f o r  t o t a l  anaerobes on matched swabs 
taken on th ree  d i f f e r e n t  days.  The r e s u l t s  obtained by both techniques 
was comparable on the  f i r s t  and t h i r d  days. On the  second day the  V P I  tech- 
nique ind ica ted  a much higher  l e v e l  of anaerobes than the  NASA technique. No 
apparent  explanat ion f o r  t h i s  inconsis tency was ev ident .  The r e s u l t s  of 
anaerobic  spore assays on swabs taken on these  th ree  days a r e  presented i n  
Table 5. Although the  l e v e l s  were very low, both techniques appeared t o  
give comparable o v e r a l l  r e s u l t s .  I n  c o n t r a s t  t o  t h e  r e s u l t s  from the  com- 
ponent assays the NASA technique f o r  recovering anaerobic  spores  from swabs 
did not  r e s u l t  i n  markedly higher  levels  than the  VPI method. 

On the  bas i s  of these  da t a  i t  i s  obvious t h a t  t he re  was no c o n s i s t e n t  superi-  
o r i t y  of  e i t h e r  technique i n  the  recovery of anaerobic  microorganisms assoc i -  
a t ed  with spacec ra f t .  Considering the  r e l a t i v e  s i m p l i c i t y  of the  NASA tech- 

nique it would appear t o  remain the  assay method of choice.  

The Apollo 9 (CSM-104) spacec ra f t  was s tudied dur ing  i t s  residency a t  the  
Manned Spacecraf t  Operations Building (MSOB), Vehicle Assembly Building 
(VAB) and a t  Launch Complex 39A. The l e v e l s  of microbial  contamination p r e -  
s e n t  on the  Command Module (C/M), Instrument Unit  (I .U.)  and the  Saturn 
S-4B engine a r e  presented i n  Table 6. Contamination l e v e l s  f o r  t he  C/M re- 
mained b a s i c a l l y  the  same throughout the  s tudy period except f o r  the  sample 
taken 2/11/69 when a marked increase  was observed. Samples taken from f i v e  
sampling si tes,  (a t o t a l  of f i f t e e n  sites were sampled), revealed r e l a t i v e l y  
high levels of microbial  contamination, which was r e f l e c t e d  i n  the  high mean 
obtained f o r  t h a t  sampling period. The I.U. and S-4B were sampled only  once 
due t o  schedul ing d i f f i c u l t i e s .  
organisme were lower than those observed for the  I.U. and S-48 sampling areas 

The levels of aerobic  mesophilic micro- 
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with hypergolic blankets  p l u s  the  fo rc ing  of high volumes of a i r  beneath the  
blankets  could have caused the reduct ion  by means of d e s s i c a t i o n  and physical  
r emova 1. 

Tables 7 and 8 present  a l l  of t he  q u a n t i t a t i v e  da t a  co l l ec t ed  on the  i n t e r i o r  
and e x t e r i o r  sur faces  of the  a scen t  and descent  s t ages  of the  Lunar Module 3 
(LM-3). 
(Table 7) ranged from 1.8 x 10' t o  1.2 x 10 p e r  square f o o t  dur ing  the  
sampling period. The e x t e r i o r  su r faces  of the  LM-3, ascent  and descent  
s t ages ,  showed some v a r i a t i o n  i n  the  contamination l e v e l s  a t  d i f f e r e n t  
sampling period (Table 8). .A one t o  two log  reduct ion  i n  contamination l e v e l s  
was noted when the  LM-3 was enclosed i n  the  SLA and loca ted  a t  Launch Complex 
39A. The e x t e r i o r  sur faces  of the  LM-3 were con t inua l ly  being purged with 
l a rge  volumes of f i l t e r e d  a i r  while a t  Complex 39A and t h i s  may have con t r ib -  
uted to  the  reduct ion  i n  contamination l eve l s .  

The l e v e l s  of microbi 1 contaminat'on i n  the  i n t e r i o r  of the  LM-3 3 

The percentage of aerobic  spores  and molds de tec ted  on the i n t e r i o r  sur faces  
of the  Apollo 9 Command Module (CSM-104), the  I . U .  and the  S-4B a r e  shown i n  
Table 9. The l e v e l s  f o r  both the  aerobic  spores  and molds were r e l a t i v e l y  
low f o r  the  Command Module. Although the  I . U .  revealed lower l e v e l s  of  
aerobic  mesophilic microorganisms (Table 6) than was reported f o r  the  I . U .  of 
Apollo 8 (Report #24), the  percentage of aerobic  spores  and molds was found 
t o  be twice a s  high f o r  the  aerobic  spores  and four  times a s  high f o r  molds. 
S imi la r  r e s u l t s  were obtained with the S-4B and the  i n t e r i o r  sur faces  of the  
LM-3 (Table 10).  The percentage of spores  and molds on the e x t e r i o r  sur faces  
of the EM-3 (Table 11) was g r e a t e r  than those observed on the i n t e r i o r  sur-  
faces  of the Command and Lunar Modules. An increase  i n  percentage of spores  
and molds de tec ted  on the  LM-3 while i t  was loca ted  a t  Launch Complex 39A 
c o r r e l a t e s  with the decrease i n  the  aerobic  mesophilic l e v e l s  (Table 8) ob- 
served during the  same period. The cons tan t  f l u sh ing  with f i l t e r e d  a i r  
might have s e l e c t i v e l y  reduced the  microbial  vege ta t ive  population, r e s u l t i n g  
i n  a r e l a t i v e l y  high population of sporeformers and molds. 

S tudies  were i n i t i a t e d  on the  Apollo 10 and Apollo 11 spacec ra f t .  This i n -  
c ludes the  Command Module (CSM-106) of  the  Apollo 10 and the  Lunar Module 5 
(LM-5) of the  Apollo 11. Resul t s  of the  prel iminary sampling a r e  presented 
i n  Table 12. The i n i t i a l  da ta  appears t o  be similar to  those obtained with 
previous Apollo Command and Lunar Modules a 

The types of aerobic  mesophilic microorganisms i s o l a t e d  from the  Command 
Modules of Apollo 8 (CSM-103) and Apollo 9 (CSM-104) are shown i n  Table 13. 
A t o t a l  of 1561 i s o l a t e s . w e r e  i d e n t i f i e d  from the  i n t e r i o r  of CSM-103. Most 
of the  contaminants i s o l a t e d  from Apollo 8 Command Module (CSM-103) were 
Staphylococcus spp .  and Micrococcus spp .  (a. 98%) . Aerobic sporeformers 
(Baci l lus  spp.) accounted f o r  l e s s  than 2% of  the  population. The Apollo 9 
Command Module (CSM-104) revealed a higher  percentage (ca. 21%) of gram 
pos i t i ve  non-sporeforming rods (Corynebacterium-Bre.vibacterium group) than 
were found on CSM-103. Whether t h i s  increase  i s  due t o  seasonal  v a r i a t i o n  
i s  y e t  to be determined. The percentage of molds was low i n  both command 
modules. 
LM-4 a r e  shown i n  Tables  14 and 15. I n  both luna r  modules the predominant. 
types of microorganisms were 
t o t a l  of 2561 microorganisms was i s o l a t e d  from the  Apollo 8 spacec ra f t  and 

The types of aerobic  mesophilic microorganisms de tec ted  on LM-3 and 
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4262 microorganisms from the  Apollo 9 spacec ra f t .  For both spacec ra f t ,  6823 
microorganisms were i s o l a t e d ,  and t o  d a t e  4698 have been i d e n t i f i e d .  
remaining 2124 i s o l a t e s  a r e  i n  the process of i denTi f i ca t ion  and w i l l  be re- 
ported i n  the next q u a r t e r  

The 

Figure 3 shows the percentage of microorganisms considered t o  be indigenous 
t o  humans (staphylococcus s p p .  and Micrococcus spp.)  compared t o  those a s soc i -  
a ted  with s o i l  and d u s t  i n  the  environment (Baci l lus  spp.,  molds and ac t ino-  
mycetes). 
ment was noted i n  the two month period t h a t  the  CSM-103 was i n  the  Manned 
Spacecraf t  Opera 1-5 ~(1xng (MSOB). A s l i g h t  increase  was observed a f t e r  
moving the spacec ra t t  from the VAB t o  Launch Complex 39A. 
s t a b l e  while located a t  Launch Complex 39A. 

A decrease i n  the  types of microorganisms indigenous t o  the environ- 

_. 1. 

The l e v e l s  remained 

8. A t  the reques t  of  M r .  George Mallison, Chief ,  Biophysics Sect ion,  Epidemiology 
Program, National Communicable Disease Center, a i r  samples, using s t e r i l e  
mi l l ipore  f i e ld ’mon i to r s ,  were taken i n  three  d i f f e r e n t  environments a t  Cape 
Kennedy, F lo r ida ,  and i n  four  d i f f e r e n t  environments a t  Phoenix. Continuous 
seven hour samples were taken i n  each of the  following environments: 1) out- 
s i d e  the Spacecraf t  Bioassay Laboratory, 2) i n s i d e  the MSOB high bay a rea ,  
3) in s ide  the Spacesui t  Clean Room (Class 100,000), 4) outs ide  the  Phoenix 
Laboratories,. 5) in s ide  the Phoenix bioclean room (Class loo),  6) i n s i d e  a 
microbiological  labora tory  i n  the  Phoenix Labora tor ies ,  and 7) i n  the  hallway 
serv ing  the  adminis t ra t ive  o f f i c e s  i n  the  Phoenix Laborator ies .  The purpose 
of t h i s  s tudy i s  t o  i n v e s t i g a t e  the r e s i s t a n c e  of n a t u r a l l y  occurr ing micro- 
b i a l  contaminants recovered on membrane f i l t e r s  t o  e thylene oxide. 

9 .  The Pro tocol  f o r  the  I d e n t i f i c a t i o n  Schemes f o r  Microorganisms I so la t ed  from 
Apollo Spacecraf t  was completed. A t o t a l  of 2,000 i s o l a t e s  from each Apollo 
spacec ra f t  during the  next  s eve ra l  missions w i l l  be i d e n t i f i e d  t o  spec ies  by 
these  procedures.  

10. I n  accordance with a reques t  from the P lane tary  Quarantine Off icer ,  a s tudy 
f o r  de t ec t ing  v i rus  on space hardware was i n i t i a t e d .  
from the i n t e r i o r  sur faces  of the  CSM-106 and Lunar Module 5 and s e n t  t o  the  
EIP Phoenix Laborator ies  f o r  v i rus  assay. 
r e s u l t s  w i l l  be descr ibed l a t e r .  

Swab samples were taken 

Spec i f i c  methods.and prel iminary 



TABLE 1. EFFECTS OF MEDIUM AND MOIST HEAT SHOCK UPON RECOVERY OF BACTERIAL 

SPORES. 

Recovery Medium and 
Moist Heat Treatment3 

Ra t io  of Colony Counts' 

I s o l a t e  G-2 (TAM)' I s o l a t e  G-2 (AK #q5 

20.7:l Supplemented TSA 2 :TSA 1 7 . 6 ~ 1  

TSA:TSA + Heat Shock + Heat Shock 

TSA :Supplemented TSA + Heat Shock 

:TSA ' TSA 
+ Heat Shock 

8.9:l 

1.6:l 

3.1:l 

2.5:l 

1.7:l 

14.7:l 

'Counts obtained from unheated con t ro l s ;  see Figs .  1 and 2. 

2TSA supplemented wi th  0.2% y e a s t  e x t r a c t  and 0.1% so lub le  s t a rch .  

380 C, 15 minutes. 

'Sporulated on TAM Sporula t ion  Agar (Difco) supplemented with 20 ppm magnesium 
s u l f a t e  and 80 ppm calcium chlor ide .  

5Sporulated on AK Medium #2 (BBL) supplemented wi th  20 ppm magnesium s u l f a t e  
and 80 ppm calcium chlor ide .  



TABLE 2. D125C VALUES OF VARIOUS 2. SUBTILIS VAR. NIGER SPORE PREPARATIONS~. 

D125C 
Suspension Sporula t ion  Suspending Value 
Designation Source Medium F lu id  b i n )  

BgAK+ 

BgTAM- S 

BgC 

BgLRL 

BgSSMl OA 

BgSSMlOW 

BgJPL 

BgS 

Bg'J: 

Phoenix Labora tor ies  

Phoenix Labora tor ies  

Phoenix Labora tor ies  

Phoenix Labora tor ies  

Lunar Receiving 
Laboratory, Houston 

Phoenix Labora tor ies  

Phoenix Labora tor ies  

Je t  Propuls ion  
Laboratory, Pasadena 

Sandia Labora tor ies ,  
A 1 buque rq  ue 

Taf t San i t a ry  Engin- 
e e r i n g  Center (R. 
Angelo t t i )  

TAM 4- minerals 95% e thanol  

AK #2 + minerals3 95% e thanol  

TAM + s o i l  extract495% e thanol  

Charcoal Agar5 95% e thanol  

no t  known 6 d i s t i l l e d  water 

SSM- lo7 95% e thanol  

SSM-10 d i s t i l l e d  water 

SSM-10 d i s t i l l e d  water 

TAM d i s t i l l e d  water  . 

- -- 8 d i s t i l l e d  water 

15 

15 

18 

13 

15 

40 

36 

21 

36 

15 

ID-values obtained a t  Phoenix Labora tor ies  by s tandard  procedure (Report ~''19) 

*TAM Sporula t ion  Agar (Difco) supplemented wi th  20 ppm magnesium s u l f a t e  and 
80 ppm calcium ch lo r ide ,  

3AK Medium #2 (BBL) supplemented wi th  20 ppm magnesium s u l f a r e  and 80 ppm 

4Prepared wi th  a b o i l i n g  wa te r - so i l  ex t r ac tgc lean  f i l t r a t e  of 100 g soi1/100 

calcium ch lo r ide .  

d i s t i l l e d  water t o  make 100 m l  medium. 
U l l  

5Difco 

6Suspension made a t  Phoenix Labora tor ies  from B. s u b t i l i s  var. n ige r  spore 

7Synthetic Sporu la t ion  Medium-10 ( l i qu id ) ,  s e e  t h i s  r e p o r t .  f o r  composition and 

'8Seitz f i l t e r e d  glucose, 0.25%; casamino a c i d s  (tech,) 

powder o r i g i n a l l y  cu l tu red  and prepared by t h e  U.S. Army Bio logica l  Labora tor ies .  

procedure. 

0.25%; y e a s t  extract 
0.5%; MnSO40H20, 0.001%; FeS04.7H20, 0.0014%. 



TABLE 3. COMPARISON OF V I  AND NASA TECHNIQUES FOR RECOVERY OF ANAEROBIC 

MICROORaNXSMS FROM COMPONENTS. 

Split Samples 
Mean No. 

No. Microorganisms 
Assayed Recovered . 

W I  NASA 

Separate Samples 
Mean No. 

Assayed Recovered 
NO Microorganisms 

NASA 
~- 

Total Anaerobes 90 23 17 110 7.6 

Anaerobic Spores 74 2.2 13 110 6.7 



TABLE 4 .  COMPARISON OF VPI AND NASA TECHNIQUES FOR RECOVERY OF TOTAL ANAEROBIC 

MICROORGANISMS FROM SWABS. 

No. Samples 
Assayed by Mean No. Anaerobic Microorganisms Recovered 

Each Technique VPI Technique NASA Technique 

1 40 98 105 

2 40 109 17 

3 40 50 66 



TABLE 5. COMPARISON OF V P I . A M )  NASA TECHNIQUES 

FROM SWABS. 

FOR RECOVERY OF ANAEROBIC SPORES 

No. Samples' 
Assayed by 

Each Technique 

Mean No. Anaerobic Microorganisms Recovered 

VPI Technique NASA Technique 

1 40 2.5 4.7 

2 40 2.3 0.8 

3 40 0 0.1 



TABLE 6. MICROBIAL CONTAMINATION DETECTED ON THE APOLLO 9 COMMAND MODULE 

(CSM-104), INSTRUMENT UNIT AND THE SATURN S-4B. 

Microorganisms per square foot Area 
Date Sampledl Aerobic Anaerobic 

Source Sampled (sq.in.) Aerobes Anaerobes spores spores 

Command Module 10-29-682 

11- 14-682 
(CSM- 104) 

11-26-682 

12-19-683 

1 - 17 - 694 

Instrument Unit 2- ~ 2 - 6 9 ~  

108 

104 

120 

56 

56 

60 

60 

60 

12,053 

18 , 086 

11,865 

52 , 949 

13,051 

140,904 

11 , 549 

6,019 

3 , 845 
5,484 

7 , 747 

19 , 872 
3,021 

8 , 266 
2,606 

1,123 

158 

27 

24 

115 

91 

46 

84 

7 63 

43 

14 

30 

0 

13 

48 

36 

84 

S-4B 2-12-6g4 40 18,331 3,931 1,022 163 

'Swab-rinse technique, 

2Samples taken from the interior of Command Module while 'located in the 
Manned Spacecraft Operations Building. 

3Samples taken from the interior of Command Module while located in the 
Vehicle Assembly Building. 

4Samples taken from the interior of the Command Module, Instrument Unit and 
S-4B while located at Launch Complex 39A. 



TABLE 7. MICROBIAT, CONTAMINATION DETECTED ON THE INTERIOR SURFACES OF THE 

LUNAR MODULE 3 OF THE AF'OLLO 9 SPACECRAFT 

Microorganisms per square foot Area 
Date S amp 1 ed Aerobic Anaerobic 

Source Sampled (sq. in.) Aerobes Anaerobes spores spores 

Lunar Module 3 7-2-682 

7-18-682 

7-31-682 

8- 19- 682 

8 -28 - 682 

9-13-682 

9-24-682 

10- 10-682 

11 - 29 -683 

12 - 20 - 684 

116 

84 

112 

96 

108 

92 

92 

100 

112 

116 

28,101 

1 7  , 803 

47 , 131 

100,901 

65,707 

82,987 

54,187 
* 

57,744 

17,654 

61,603 

16  , 647 87 

7,526 231 

9,144 1,080 

35,467 143 

29,030 274 

38,909 157 

19,915 94 

20,275 151 

8,986 86 

40,032 173 

37 

43 

919 

45 

46 

16 

32 

43 

19 

49 

1-16-6g5 56 67,507 28,426 141 52 

2-11-6g5 40 21,139 4,090 ' 72 19 

2-20-6g5 60 115,200 43,920 533 25 

'Swab-rinse technique. 

2Samples taken while Lunar Module was located in the Manned Spacecraft 
Operations Building. 

3Sarnples taken 5 days after LM-3 was placed in the Spacecraft Lunar Module 
Adapter. 

kamples taken while LM-3 was located in the Vehicle Assembly Building. 

5Samples taken while LM-3 was located at Launch Complex 39A. 



TABLE 8. LEVEL OF MICROBIAL CONTAMINATION DETECTED ON THE EXTERIOR SURFACES 

OF THE LUNAR MODULE 3 ASCENT AND DESCENT STAGES. 

Microorganisms p e r  square f o o t  Area 
Date Sa rnp 1 ed Aerobic Anaerobic 

Source Sampled (sq. in . )  Aerobes Anaerobes spores  spores 

Lunar Module 3 7-03-682 
Ascent Stage 7-17-682 

8-01-682 
8-14-682 
8-28-683 
9- 13- 6 82 
9- 26-682 

10-09- 682 
11-29-682 
12 - 19- 6 84 
1- 16-6g5 

’ 2-11-6g5 
2-20- 6g5 

Lunar Module 3 7-03-682 
Descent Stage 7-17-682 

8-01-682 
8- 14- 682 
8-28-683 
9-13-682 
9- 26 - 682 

10-09-68’ 
11-29-682 
12-19-684 
1- 16- 6g5 
2-11-6g5 
2-20-6g5 

116 
120 
120 
120 
120 
120 
116 
120 
120 
120 
60 
60 

.60 

116 
88 

112 
120 

92 
104 
104 
120 
48 
48 
60 
60 
60. 

19,744 
12,816 

1,843 
6,408 

53,698 
15,293 
13,579 
11,722 
21,096 
10,570 
2,534 

907 
5,731 

7,703 
15,357 
10,411 

8,770 
48,571 
15,350 
47,246 

8,323 
33,120 
19,598 

997 
7,920 
2,995 

3,997 
2,232 

346 
2,333 

20,333 
4,162 
3,010 
4,003 
2,232 
1,195 

432 
518 

1,642 

2,886 
2,790 
2,002 
2,434 

12,686 
4,334 
5,040 
2,333 
4,867 
4,306 

120 
3,226’ 

648 

248 
132 
43 

101 
259 
37 9 
266 

72 
475 

30 
0 

108 
72 

75 
49 
65 
30 

2 12 
187 
346 
158 
965 

60 
36 

158 
,274 

155 
30 
0 

43 
86 
91 
75 
12 

138 
12 
29 
36 
12 

25 
33 
26 
42 
32 
27 * 

125 
12 

230 
0 

29 
12 
97 

1Swab-rinse technique. 

2Samples taken while  Lunar Module 3 was loca ted  i n  the  P o l a r i t y  F i x t u r e  Work 

3Samples taken while Lunar Module 3 was loca ted  i n  the  A l t i t u d e  Test Chamber 

4Samples taken while Lunar Module 3 was loca ted  i n  the  Vehicle Assembly 

5Samples taken while Lunar Module 3 was loca ted  a t  Launch Complex 39A. 

Stand i n  the Manned Spacecraf t  Operations Building. 

i n  the Manned Spacecraf t  Operations Building. 

Building. 



TABLE 9. COMPARISON OF AEROBIC BACTERIAL SPORES AND MOLDS DETECTED ON THE 

APOLLO 9 COMMAND MODULE (CSM-104), INSTRUMENT UNIT AND THE 

SATURN S-4B. 

Percent2 . Area 
Samp 1 e Date Samp l ed  Aerobic 

Source Number Sampled (sq.in.)  Bac te r i a l  Spores Molds 

Apollo g3 1 10-29-69 108 1.30 0.17 

2 11-14-68 . 104 0.15 0.04 
(CSM-104) 

3 11-26-68 120 0.20 0.20 

4 12- 19-68 56 0.20 0.05 

5 1-17-69 56 0.70 0.10 

6 2-11-69 60 0.03 0.02 

7 2-21-69 60 0.73 0.00 

Instrument Uni t  3 1 2-12-69 60 12.68 14.66 

S-4B3 1 .  2-12-69 40 5.58 2.85 

lSwab-rinse technique. 

'Percentage of t o t a l  ae rob ic  mesophilic microorganisms. 

31nterior sur faces .  



TABLE 10. AEROBIC BACTERIAL SPORES AND MOLDS DETECTED ON INTERIOR SURFACES 

OF THE LUNAR MODULE 3 OF THE APOLLO 9 SPACECRAFT. 

2 Area Percent 
Date Sampledl Aerobic Sample 

Source Number Sampled ( s q . i n . )  Ba,cterial Spores Molds 

Lunar Module 3 ' 1 7- 02- 68 116 

2 7- 18- 68 84 

0.30 0.09 

1.30 0.24 

3 7-31- 68 . 112 2.30 0.00 

4 8- 19-68 96 0.10 0.01 

5 8-28-68 108 0.40 0.01 

6 9-13-68 92 0.20 0.00 

7 9-24-68 92 ' 0.20 0.06 

8 10- 10- 68 100 0.30 0.10 

9 11-29-68 112 0.49 0.15 

10 12-20-68 116 0.28 0.06 

11 1-16-69 56 0.21 0.13 

12 2-11-69 40 0.34 0.09 

13 2-20-69 60 0.50 0.00 

lSwab-rinse technique 

- 2Percentage of t o t a l  aerobic mesophilic microorganisms. 



TABLE 11. AEROBIC BACTERIAL SPORES AND MOLDS DETECTED ON THE EXTERIOR SURFACES 

OF THE LUNAR MODULE 3 ASCENT AND DESCENT STAGES. 

2 Percen t  
Area 

Sample Date Samp l e d  Aerobic 
Source Number Sampled (sq. in.) B a c t e r i a l  Spores Molds 

Lunar Module 3 1 
As cent Stage 2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

Lunar Module 3 
Descent Stage 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

7-03-68 
7-17-68 
8-01-68 
8-14-68 
8-28- 68 
9-13-68 
9-26-68 

10-09-68 
11-29-68 
12-19-68 
1-16-69 
2-11-69 
2-20-69 

7-03-68 
7-17-68 
8-01-68 
8- 14-68 
8-28-68 
9- 13- 68 
9-2 6- 68 

10-09-68 
11-29-68 
12-19-68 

1-16-69 
2-11-69 
2-20-69 

116 
120 
120 
120 
120 
120 
116 
120 
120 
120 

60 
60 
60 

116 
88 

112 
120 

92 
104 
104 
120 
48 
48 
60 
60 
60 

1.30 
1.00 ' 

2.30 
1.60 
0.50 
2.50 
2.00 
0.60 
2.30 
0.30 
0.00 

11.90 
1.30 

1 .oo 
0.30 
0.60 
0.30 
0.40 
1.20 
0.70 
1.90 
2.90 
0;30 
3.60 
3.50 
5.30 

0.19 
3.04 
0.31 
0.66 
0.50 

15.58 
0.18 
0.47 
2.10 
0.20 
1.42 

10.70 
1.70 

0.80 
0.70 
0.87 
0.70 
0.39 
1.90 
0.35 
0.57 
1.20 
1.00 
3.61 
1.60 
6.24 

'Swab-rinse technique.  

'Percentage of t o t a l  mesophi l ic  microorganisms. 



TABLE 12. MICROBIAL CONTAMINATION DETECTED ON THE SURFACES OF APOLLO 10 

COMMAND MODULE (CSM-106) AND LUNAR MODULE 5 ASCENT STAGE OF THE 

APOLLO 11 SPACECRAFT 

Microorganisms per  square foo t  Area 
Date Sampled' Aerobic Anaerobic 

Source Sampled (sq. i n . )  Aerobes Anaerobes spores spores  

Command Module 
106 ( I n t e r i o r )  12-18-68 60 22 , 565 8,870 97 84 

Lunar Module 5 
(Ascent 
I n  te  r i o r) 2-27-69 60 47,866 12,643 48 25 

Lunar Module 5 
(Ascent 
Exter ior )  2-27-6g2 60 4 , 637 1,152 48 12 

'Swab-rinse technique. 

2Samples taken while modules located i n  the  Manned Spacecraf t  Operations 
Building. 



TABLE 13.  TYPES OF AEROBIC MESOPHILIC MICROORGANISMS ISOLATED FROM THE 

APOLLO COMMAND MODULE 8 (CSM-108) AND COMMAND MODULE 9 (CSM-104) 

Microorgamisms 

CSM-103 ( I n t e r i o r )  CSM-104 ( I n t e r i o r )  

No. Percent  No. Percent  

Staphylococcus 
epidermidis 

Staphylococcus 
aureus 

204 

3 

13.1 

0.2 

75 

0 

18.8 

0.0 

Micrococcus spp. 1,087 69.6 220 55.2 

Corynebacterium- 
B r ev i b  ac t e r i um ' 
Group 

Miscellaneous gram 
negat ive  rods 

Baci l lus  spp. 

Molds 

Sarc ina  spp. 

,Ga f fkya s p p  . 
Streptococcus s p p .  

Yeasts 

A c t  inomy ce tes 

13 9 9.0 

5 0.3 

17 1.1 

10 0.6 

81 20.4 

1 0.2 

8 2.0 

1 0.2 

10 0.6 0 0.0 

47 3.0 11 2.8 

38 2.4 1 0.2 

0 0.0 1 0.2 

1 0.1 0 0.0 

TOTAL 1,561 100.0 399 100.0 



TABLE 14. TYPES OF AEROBIC MESOPHILIC MICROORGANISMS ISOLATED FROM TJ33 APOLLO 

LUNAR MODULE 3 OF APOLLO 9 SPACECRAFT 

Ascent A s  cen t  Descent 
Stage Stage Stage 

I n t e r i o r  Ex te r io r  Ext e r i o  r To ta l  
Microorganisms No. % No. % No. % .NO. % 

Staphylococcus 
epidermidis 278 31.5 1 5 1  16.2 179 19.4 , 6 0 8  22.2 

Staphylococcus 
aureus 0 0.0 2 0.2 1 0.1 3 0.1 

Micrococcus spp .  527 59.6 590 63.2 563 61 .1  1680 61.4 

Coryncbac terium- 
Brevibac ter  ium 
Group 18 2.0 7 1  7.7 59 6.5 148 5 .4  

Miscellaneous gram 
negative rods 7 0 .8  5 0.5 28 3.0 40 1.5 

Baci l lus  s p p .  7 0.8 3 1  3.3 36 3 .9  7 4  2.7 

Molds 19  2.1 31  3.3 22 2.4 72 2.6 

Sarc ina  spp. 0 0.0 2 0.2 3 0.3 5 0.2 

Gaffkya s p p .  23 2.6 31  3.3 17 1.9 7 1  2.6 

Streptococcus spp. 4 0.5 3 0.3 7 0 .8  14 0.5 

Yeasts 1 0.1 12  1.4 4 0 .4  17 0.6 

A c t  inomyce tes 0 0.0 4 0 .4  2 0 .2  6 0.2 

TOTAL 884 100.0 933 100.0 921 100.0 2738 100.0 



TABLE 15. TYPES OF AEROBIC MESOPHILIC MICROORGANISMS ISOLATED FROM THE LTJNAFi 

MODLJLE 4 OF THE APOLLO 10 SPACECRAFT 

As cen t  Ascent Descent 
Stage Stage Stage 

I n t e r i o r  Ex tc r io r  Ex te r io r  Tota l  
Microorganisms No. % No. % No. % No. % 

St Aphylococcus 
e p i d  e r m i  d i s  

Staphylococcus 
aureus 

Micrococcus spp. 

Coryneb ac t e r  ium- 
Brevibacterium 
Group 

Miscellaneous gram 
negat ive  rods 

Baci l lus  spp. 

Molds 

Sarcina spp. 

Gaffkya  SPQ. 

Streptococcus s p p .  

Yeasts 

Actinomycetes 

TOTAL 

47 

0 

112 

24  

0 

1 

0 

2 

11 

1 

0 

2 

200 

23.5 

0.0 

56.0 

12.0 

0 . 0  

0.5 

0.0 

1.0 

5.5 

0.5 

0.0 

1.0 

100.0 

40 

0 

106 

23 

0 

1 

5 

0 

1 9  

0 

1 

0 

195 

20.5 

0.0 

54.4 

11.8 

0.0 

0.5 

2.6 

0.0 

9.7 

0.0 

0.5 

0.0 

100.0 

23 

0 

135 

21 

3 

3 

3 

1 

6 

2 

1 

1 

199  

11.6 

0.0 

67.8 

10.6 

1 .5  

1.5 

1 . 5  

0.5 

3.0 

1.0 

0.5 

0 .5  

100.0 

110 

0 

353 

68 

3 

5 

8 

3 

36 

3 

2 

3 

5 94 

18.5 

0.0 

59.4 

11 .5  

0.5 

0.8 

1.4 

0.5 

6 .1  

0.5 

0.3 

0.5. 

100.0 
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