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1. Studies  were continued on the  eva lua t ion  of the  Sandia Corporat ion 's  
vacuum probe f o r  sampling sur face  contamination. The probe technique 
was compared with the standard s t r i p  assay procedure fo r  recovering 
Baci l lus  s u b t i l i s  var .  n iger  spores and n a t u r a l l y  occurr ing micro- 
organisms i n  dus t  from s t a i n l e s s  s teel  s t r i p s .  The dus t  w a s  prepared 
by s i f t i n g  a f r e s h  s o i l  sample,  c o l l e c t i n g  the f r a c t i o n  t h a t  passed a 
1 2 5 , ~  screen,  and drying t h i s  f r a c t i o n  a t  50 C f o r  4 8  hours to  reduce 
the vege ta t ive  microbial  population. 
contaminated dus t  on s t r i p s  w a s  descr ibed i n  Report No. 22 .  A summary 
of a l l  comparisons made to  d a t e  i s  presented i n  Table 1. Although no 
explanat ion can be of fe red  f o r  the d i f f e rences  i n  recovery rates f o r  
the three  s e t s  of  experiments, a l l  rates were considered r e l a t i v e l y  
high compared with those achieved with o ther  sampling procedures 
cu r ren t ly  i n  use.  
c i e n t s  of v a r i a t i o n  f o r  t he  probe and the standard s t r i p  assay 
procedure i n  each set  suggested t h a t  the probe accura te ly  r e f l ec t ed  
the inherent  v a r i a t i o n  i n  the  depos i t ion  of f a l l o u t  contamination. 

The method of depos i t ing  the 

The r e l a t i v e l y  good agreement between the  coe f f i -  

The vacuum probe was developed a s  a poss ib le  replacement f o r  the swab- 
r i n s e  procedure. Accordingly, a series of experiments was conducted to  
compare the  vacuum probe technique wi th  the swab r i n s e  procedure f o r  
recovering microorganisms from sur faces .  Sixty-two sampling s i tes  on 
a v a r i e t y  of ho r i zon ta l  sur faces  throughout the  labora tory  were 
se lec ted  randomly. A t  each s i t e  an  a rea  of four square inches was 
sampled using a swab. S imi la r ly ,  a contiguous four  square inch a rea  
was sampled using the vacuum probe. A r a t i o  of  the  contamination 
l eve l  detected by the probe t o  t h a t  detected by the swab was calcu- 
l a t ed  f o r  each s i te .  The mean of these  62 r a t i o s  was 3 . 1 : l  with a 
standard devia t ion  of 2.5:l. Overa l l ,  the  probe and swab r e c  vered 

sampled. This r e su l t ed  i n  a n  o v e r a l l  recovery r a t i o  of 2 .1 : l  i n  
favor of the vacuum probe. 

The na ture  of t he  experiments t o  evaluate  the  e f f ec t iveness  of the  
vacuum probe had r e s t r i c t e d  i t s  use t o  small sur face  a reas  and conse- 
quent ly  sho r t  running times. An experiment was conducted to  determine 
whether prolonged passage of a i r  through the probe and f i l t e r  resu l ted  
i n  a reduct ion i n  the number of microorganisms recovered. From a t r a y  
containing 28 s t r i p s  contaminated with n a t u r a l l y  occurr ing a i rborne  
microorganisms 14 s t r i p s  were se lec ted  and vacuumed i n  the  usual 
manner of running the probe f o r  l e s s  than 1 minute. 
remaining 14 s t r i p s  was vacuumed the  probe was allowed to  run i n  a 
laminar flow c l ean  bench f o r  10 minutes. This simulated prolonged 
use of the  probe without t he  depos i t ion  of add i t iona l  microorganisms 
i n  the probe o r  on the f i l t e r .  Assays of t he  probes and f i l t e r s  re- 
su l ted  i n  the recovery of a mean of  327 microorganisms from each 
probe t h a t  had been run  f o r  one minute and 331 microorganisms from 
each probe t h a t  had been run f o r  10 minutes. While these da t a  
revea l  no evidence of a marked reduct ion  i n  recovery of microorganisms 
because of  prolonged exposure t o  a i r f low,  the r a t h e r  small sample 

30,448 and 13,285 microorganisms r e spec t ive ly  from the  248 i n  9 

After  each of the 
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s i z e  suggested t h a t  conclusions based on t h i s  experiment should be 
considered t e n t a t i v e .  There was, i n  f a c t ,  no evidence t o  demonstrate 
t h a t  even one minute of exposure t o  t h i s  a i r f low may not be l e t h a l  
to  c e r t a i n  types of microorganisms. This aspect  w i l l  be invest igated 
f u r t h e r  during the next qua r t e r .  

Because surface contamination may r e s u l t  from handling as w e l l  as  
from airborne deposi t ion,  an experiment was conducted to  evaluate  the 
e f f ec t iveness  of the vacuum probe i n  removing t h i s  type of contamin- 
a t ion .  Forty s t e r i l e  s t a i n l e s s  s t e e l  s t r i p s  were contaminated by 
having one s i d e  of each s t r i p  touched by four  f inge r  t i p s  from each 
hand of a n  individual .  
The contaminated surface was vacuumed and an  assay was performed on 
the membrane f i l t e r  and the probe cone and t i p .  The s t r i p  w a s  then 
subjected to the  standard s t r i p  assay procedure t o  determine the 
number of microorganisms remaining on the surface.  The number of 
microorganisms obtained by summing the r e s u l t s  of these two assays 
was considered t o  be the t o t a l  number on the  s t r i p .  The number 
recovered by the  probe expressed as a percentage o f  the  t o t a l  number 
on the s t r i p  r ep resen t s  the e f f ec t iveness  o f  the probe as a sampling 
device.  The mean percentage of removal was 55 with a standard devi- 
a t i o n  of 27. 
removal value €or a i rborne deposi t ion o f  98 and a standard dev ia t ion  
of 2.  Because of the  g r e a t  v a r i a b i l i t y  encountered i n  the  l e v e l s  
of handling contamination no attempt was made t o  a s ses s  the  e f f e c t i v e -  
ness of t o t a l  recovery o f  such contamination using the probe. It 
was evident ,  however, t h a t  t o t a l  recovery would be r e l a t i v e l y  poor 
as long as e f f i c i e n t  removal was not being accomplished. 

Each s t r i p  was touched by only one individual .  

This value compared unfavorably with a percentage of 

I n  summary, the probe proved t o  be an e f f e c t i v e  sampling device f o r  
surface microbia!. contamination r e s u l t i n g  from airborne f a l l o u t .  It 
was less e f f e c t i v e  on contamination r e s u l t i n g  from handling. Arrange- 
ments have been made t o  f i e l d  t e s t  the vacuum probe on spacec ra f t  a t  
Cape Kennedy. These t e s t s  w i l l  provide add i t iona l  data  f o r  the com- 
par ison of the probe and swab r i n s e  procedures. 

2 .  A mathematical procedure has  been developed a t  the  Sandia Corporation 
f o r  determining the surface a rea  t h a t  must be sampled t o  estimate the 
l e v e l  of microbial  contamination on the Apo l lo  spacec ra f t .  One of 
the terms of t h i s  mathematical. expression t h a t  must be known i s  the 
mean number of v i ab le  microorganisms per v i a b l e  clump of n a t u r a l l y  
occurring microbial  Contamination r e s u l t i n g  from airborne f a l l o u t .  
Four experiments a t  the  Phoenix Field S t a t i o n  and two experiments a t  
the Apollo spacec ra f t  assembly area a t  Cape Kennedy were conducted t o  
determine t h i s  value. Each experiment consisted of exposing a t r ay  
of 44 s t e r i l e  s t a i n l e s s  s t e e l  s t r i p s  t o  n a t u r a l l y  occurring airborne 
contamination f o r  a period of 48 t o  96 hours. Every other  s t r i p  was 
removed from the t r ay ,  placed i n  a p e t r i  p l a t e  and gent ly  covered 
with TSA. The remaining s t r i p s  were assayed f o r  microbial  contamin- 
a t i o n  using the standard s t r i p  assay procedure i n  which u l t r a son ic s  
i s  employed t o  remove microbial  contaminants and t o  break up clumps 
of  microbial  c e l l s .  Colonies on the plated s t r i p s  were counted at  
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3. 

4. 

48 hours and recorded a s  the number of microbial  clumps p e r  s t r i p .  
P l a t e  counts from the 
and recorded as the number of viable  microorganisms per s t r i p .  The 
number of v i ab le  microorganisms p e r  v i ab le  clump was calculated f o r  
each experiment by dividing the mean number of v i ab le  microorganisms 
p e r  s t r i p  by the mean number of clumps on each d i r e c t  plated s t r i p .  
Table 2 presents  the results of these experiments. 

The v e r t i c a l  laminar flow bioclean room is being used rou t ine ly  f o r  
a v a r i e t y  of experiments and assays. P r i o r  to  i t s  rout ine use a i r  
samples  were co l l ec t ed  to  a s su re  t h a t  no r e s i d u a l  microbial  contamin- 
a t i o n ,  which possibly remained on f i l t e r s ,  p ro t ec t ive  screens,  walls, 
and two clean benches, was enter ing the a i r  flow. Each a i r  s a m p l e  
consis ted of 60 t .o f  a i r  drawn through a Reynier s l i t  sampler a t  
the r a t e  of 1 f t  /min. 
each.of  72 f l o o r  g r i l l s  (2 x 2 f t . ) .  Nine of the f i r s t  72 amples 
showed the presence of a t  l e a s t  1 v iab le  p a r t i c l e  per 60 f t  (11 
v iab le  p a r t i c l e s  i n  a l l ) .  The remaining 63 samples  were negative.  
The p o s i t i v e  samples occurred near one clean bench. After  add i t iona l  
c leaning of t h i s  bench a l l  subsequent samples were negative.  

standard assay procedure were made a t  48 hours 

s 3  The samplers were posit ioned a t  the cen te r  of  

3 

With 3 to  4 people working i n  the room using no personnel c lo th ing  
Constraints  such as  s u i t s ,  head covers o r  shoe covers,  30 samples 
were taken a t  work bench l e v e l  as c lose  to the ind iv idua l s  as possible .  
Only 7 v i ab le  p a r t i c l e s  were co l l ec t ed  from 1800 f t 3  of a i r  for  a 

of a i r  sampled a t  f l o o r  l e v e l  under the c h a i r s  of these ind iv idua l s ,  
a t o t a l  of 44 v iab le  p a r t i c l e s  a s  col lected f o r  a concentration of 
46 v iab le  p a r t i c l e s  per 1000 f t  of a i r .  Resul ts  of smoke t e s t s  showed 
t h a t  contamination shed by personnel w a s  most l i k e l y  to  occur a t  the 
a i r  intakes of two c l ean  benches located a t  opposite ends of the 
bioclean room. Twelve samples taken a t  these loca t ions  showed 272 
v i ab le  p a r t i c l e s  p e r  1000 f t 3  of a i r .  
fl) the concentrat ion of microbial. contamination i n  the a i r  of a 
v e r t i c a l  laminar flow room remains remarkably low even i n  the presence 
of personnel a c t i v i t y  and no personnel c lo th ing  c o n s t r a i n t s ,  and (2) 
a i r  sampling i n  a v e r t i c a l  laminar flow room i s  meaningful only a t  the 
loca t ion  of the sampler intake,  e .g . ,  marked d i f f e rences  i n  contamin- 
a t i o n  l e v e l s  can be found a t  locat ions only inches a p a r t .  

concentrat ion of 4 v iab le  p a r t i c l e s  per 1000 f t  3 of a i r .  From 360 f t 3  

9 

These values  demonstrate t h a t  

The bioclean room was operated rou t ine ly  from Monday morning to  Friday 
afternoon of each week and was turned o f f  over the weekend. To d e t e r -  
mine whether microbial  contamination generated during the week and 
possibly trapped i n  the f l o o r  p r e f i l t e r  would be resuspended i n  
increasingly higher concentrat ions during the weekends, a i r  samples 
were taken on each Monday morning before the room was placed i n  
operat ion.  It w a s  evident (Table 3 )  t h a t  no cons i s t en t  increase took 
place with time. 

Character izat ion of the b a c t e r i a l  spore f l o r a  of s o i l  sample X 
(Phoenix) was continued. Previous experiments showed t h a t  the slopes 
of both the f i r s t  and second phases of dry h e a t  survivor curves €or  
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n a t u r a l l y  occurr ing aerobic  and anaerobic spores  a t  125 C were 
e s s e n t i a l l y  the same (Fig. 1 i n  Report No. 22). This  suggested t h a t  
most of t he  spore population was probably f a c u l t a t i v e  with respect 
t o  oxygen requirements. To subs t an t i a t e  t h i s  hypothesis representa-  
t i v e  i s o l a t e s  were obtained from heated (2  h r s  a t  125 C) o r  unheated 
s o i l  sample X by picking colonies  from p l a t e s  of TSA which had been 
incubated ae rob ica l ly  o r  anaerobical ly .  O f  13 aerobic  and 17  anaerobic 
i s o l a t e s ,  a l l  proved t o  be f a c u l t a t i v e  when incubated both ae rob ica l ly  
and anaerobical ly .  

S tudies  on the  e f f e c t  o f  subcul tur ing on the  dry  h e a t  r e s i s t ance  of 
b a c t e r i a l  spores  i so l a t ed  from s o i l  and the  hea t  r e s i s t ance  of spores  
i so l a t ed  from space hardware were continued. The experimental pro- 
cedures remained the same (Report No. 19), with the  exception t h a t  
a l l  manipulations including hea t ing  (dry h e a t  oven) were conducted 
wi th in  a v e r t i c a l  laminar flow c lean  room (42% 2 2% R.H., 70 2 2 F). 
I n  order  t o  test the e f f e c t s  of d i f f e r e n t  c u l t u r e  media on the  d ry  
hea t  r e s i s t ance  of  spores ,  crops of g. s u b t i l i s  var .  n iger  spores  
and i s o l a t e  XA (Report No. 21) were prepared on four  d i f f e r e n t  media 
employing an a c t i v e  c u l t u r i n g  technique. The media used were (1) 
TAM Sporulat ion Agar (Difco) supplemented with 80 ppm calcium 
chlor ide  and 20 ppm magnesium s u l f a t e ;  (2) TAM Sporulat ion Agar 
supplemented with a s o i l  e x t r a c t  (prepared by b o i l i n g  100 g s o i l  i n  
100 m l  d i s t i l l e d  water;  100 m l  of t he  f i l t r a t e  w a s  used to  make 100 
m l  of the  f i n a l  medium); (3) A-K Medium #2 (Difco) supplemented with 
80 ppm calcium ch lo r ide  and 20 ppm magnesium s u l f a t e ;  and ( 4 )  Charcoal 
Agar (Difco). Cleaned spore crops were s tored  i n  95% ethanol  a t  4 C 
u n t i l  used. Resul t s  a r e  shown i n  Table 4. As reported l a s t  qua r t e r ,  
preliminary r e s u l t s  with 2. s u b t i l i s  var.  n ipe r  spores  had indicated 
no s i g n i f i c a n t  v a r i a t i o n  i n  D125c values  among the sporu la t ion  media 
used. However, spores  of i s o l a t e  XA showed a marked v a r i a t i o n  i n  d r y  
hea t  r e s i s t ance  depending on which sporu la t ion  medium was employed. 
TAM supplemented with a s o i l  extract produced spores  which were most 
r e s i s t a n t  t o  dry  hea t .  Further  evidence of dry  h e a t  r e s i s t ance  being 
dependent upon the  sporu la t ion  medium i s  shown i n  Table 5. Spores of 
i s o l a t e s  CK-4 and CK-5 were more r e s i s t a n t  t o  d ry  hea t  when TAM 
r a t h e r  than A-K Medium f2 w a s  used a s  the sporu la t ion  medium. 
spores  of i s o l a t e  CK-2 produced on these two media d id  not  show any 
s i g n i f i c a n t  d i f f e rences  i n  d ry  h e a t  r e s i s t ance .  

However, 

Var ia t ions  i n  death r a t e  of a p a r t i c u l a r  spore i s o l a t e  can be a t t r i -  
buted not  only t o  c u l t u r a l  condi t ions  b u t  a l s o  to  the method and/or 
l oca t ion  i n  which a d r y  hea t  assay i s  performed. An ethanol  sus- 
pension of 2. s u b t i l i s  var .  n iger  spores  (3 x 10 / m l )  was received 
from a cooperat ing labora tory  (Sandia Corporation) and appl ied i n  
0.1 m l  amounts t o  1 x 1 in .  s t a i n l e s s  steel  s t r i p s .  Dry hea t  resis- 
tance tests were performed using the  method described i n  Report No. 
19  with the  exception t h a t  the  s t a i n l e s s  s tee l  s t r i p s  were insonated 
i n  125 m l  f l a s k s  containing 50 m l  of buffered d i s t i l l e d  water.  This 
method was s imi l a r  t o  t h a t  used by the  Sandia Corporation. Resul t s  
of both l abora to r i e s  a r e  shown i n  Figure 1. It was evident  t h a t  the 
"Sandia" crop of E. s u b t i l i s  var .  n ige r  was more r e s i s t a n t  than the 

9 

' 

' 
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15 minutes). I n  addi t ion ,  the Sandia "standard" crop (D 
group obtained a d ip  a s i c  survivor  curve whereas our  group obtained 
a monophasic survivor  curve. Although the reason f o r  t h i s  v a r i a t i o n  
i s  not  known i t  i s  reasonable t o  assume t h a t  t he  d i f f e rence  i n  heat-  
ing systems may be a s i g n i f i c a n t  f ac to r .  

I2ZC = 

Preva i l ing  controversy regarding the  ca l cu la t ion  of  spacecraf t  
s t e r i l i z a t i o n  cyc les  rests, i n  pa r t ,  with the choice of 2. s u b t i l i s  
var. n ige r  spores  as a standard "conservative" o r  even "worst case" 
es t imate  of d r y  hea t  r e s i s t ance  of a c t u a l  spacecraf t  contaminants. 
The experimental  r e s u l t s  described above d e p i c t  some of t he  possibfe  
dangers involved i n  s e l e c t i o n  of a standard reference organism to  be 
used i n  c a l c u l a t i n g  a f ixed  s t e r i l i z a t i o n  cycle .  F i r s t ,  d i f f e r e n t  
methods of c u l t u r e  and assay o f  a "standard" organism ( i n  t h i s  case 
var ious crops of B. s u b t i l i s  var .  n iger  spores) have yielded D125c 
values  on exposed-surfaces ranging from 8 t o  36 min. Second, t he re  
i s  l i t t l e  ind ica t ion  t h a t  pure 3. s u b t i l i s  var .  n ige r  spores  represent  
a va l id  es t imate  of dry  hea t  r e s i s t ance  of the  mixed, na tu ra l ly  
occurr ing spore populations on spacecraf t  (Report No. 22). During 
the  next qua r t e r  emphasis w i l l  be placed on determining the  k i n e t i c s  
of dry hea t  i nac t iva t ion  of n a t u r a l l y  occurr ing spores  co l lec ted  
from f l i g h t  spacecraf t  i n  res idence a t  Cape Kennedy. 

5 .  Spacecraf t  Bioassay Laboratory 

Studies  were continued i n  the Apollo f a c i l i t i e s  t o  determine the 
l eve l s  of microbial  contamination i n  the intramural  environments of 
the Manned Spacecraf t  Operations Building (MSOB), Back Pack L i f e  
Support Clean Room, and the  Spacesui t  Clean Room. Figure 2 shows 
the  r e s u l t s  obtained i n  the Command and Service Module work stands.  

steel  s t r i p s  remained e s s e n t i a l l y  
period and were i n  the  range of 10' and lo5 aerobic  mesophilic micro- 
organisms p e r  square foot .  
spores  detected i n  the In tegra ted  work stand #2 are shown i n  Figure 
3. The l e v e l s  of microbial  contamination appeared t o  s t a b i l i z e  
a f t e r  3 weeks and d id  no t  increase  s i g n i f i c a n t l y  during the 11-week 
period. These l e v e l s  of microbial  contamination were similar to  
those observed i n  the  Command and Service Module work s tands.  The 
number of aerobic  spores  was usua l ly  wi th in  one l o g  of the  number of 
aerobic  mesophiles. Figure 4 shows the degree of f a l l o u t  contamin- 
a t i o n  i n  the Lunar Module (LM) work s tands.  Contamination l e v e l s  
were s l i g h t l y  higher  i n  the  LM P o l a r i t y  F ix ture  work stand than those 
observed i n  the LM Ascent and Descent work s tands.  Increased 
personnel a c t i v i t y  i n  t h i s  a r ea  could have accounted f o r  t h i s  differ- .  
ence. S i t e  1 was a t  the  LM-3 Ascent Stage work l e v e l ,  and S i t e  2 a t  
the LM-3 Descent Stage work l e v e l  of the P o l a r i t y  F ix ture  work stand. 
Levels of f a l l o u t  contamination f o r  t he  Spacesui t  Clean Room and 
Back Pack Clean Rooms a r e  seen i n  Figures  5 and 6 .  Contamination 
l e v e l s  i n  these c lean  rooms were s l i g h t l y  higher  than had been ob- 
served previously and probably were due to  concomitant increase  i n  
a c t i v i t i e s .  

, The l e v e l s  of microbial  contamination accumulating on s t a i n l e s s  
he same throughout a 12-week 

Aerobic mesophilic microorganisms and 
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The Apollo 7 spacec ra f t  (SCM-101) was studied i n  a l l  of the intramural 
environments to  which it was exposed during assembly and t e s t i n g .  The 
spacecraf t  was sampled fodjrnicrobial contamination while a t  the Manned 
Spacecraft  Operations Building (MSOB) and a t  Launch Complex 34. The 
l e v e l s  of microbial  contamination present  on the Command and Service 
Modules, and on the Spacecraft  Lunar Module Adapter (SLA) a r e  presented 
i n  Table 6. 
organisms were b a s i c a l l y  the same on the Command and Service Modules 
although one was an i n t e r i o r  surface and the o the r  an e x t e r i o r  surface.  
Levels of aerobic spores i s o l a t e d  from the Service Module were one log 
higher  than those recovered from the Command Module. This could be 
explained by the d i f f e rences  i n  the environments t o  which each module 
was subjected during assembly and t e s t i n g .  The i n t e r i o r  o f  the 
Command Module received HEPA-filtered a i r ,  and clean room procedures 
were observed by personnel working i n  the cabin; on the o the r  hand 
the Service Module was exposed to  environmental conditions of the 
MSOB, which is ra ted as a Class 100,000 clean room. 
approximately one log  i n  the aerobic  spore count occurred i n  the 
i n t e r i o r  of the Command Module a f t e r  i t  was sampled a t  Launch Complex 
34. The i n t e r i o r  su r f aces  of the SLA contained very low l e v e l s  of 
microbial  contamination. This was probably because i t s  su r faces  were 
v e r t i c a l  and there  was low personnel a c t i v i t y  i n  the SLA. 

The l e v e l s  of aerobic  and anaerobic mesophilic micro- 

An increase of 

Studies  were i n i t i a t e d  on the Lunar Module-3 (LM-3). Microbiological 
samples were taken from the i n t e r i o r  and e x t e r i o r  surfaces  of the 
Ascent Stage,  and from the e x t e r i o r  surfaces  of the Descent Stage. 
Table 7 shows t h a t  l e v e l s  of microorganisms recovered from the i n t e r i o r  
surfaces  o f  the LM-3 were higher  than those found on the i n t e r i o r  
surfaces  of the Command Module. 
the number of microorganisms a t  each sampling period. 
aerobic  spores were higher  than those found on the i n t e r i o r  surfaces  of 
the Command Module. Levels of aerobic  microorganisms on the Ascent and 
Descent Stages were e s s e n t i a l l y  the same (Table 8). An increase i n  the 
contamination l e v e l  was observed when the mated Ascent and Descent 
Stages were moved to  the Al t i t ude  Test  Chamber. Aerobic spore counts 
on the Ascent Stage were higher  than those on the Descent Stage while 
they were located on the P o l a r i t y  work stand, but  both counts were 
near ly  i d e n t i c a l  a f t e r  the spacec ra f t  were moved i n t o  the Al t i t ude  
Test  Chamber. 

There appeared to  be an increase i n  
Levels of 

The number and percentage of molds i so l a t ed  from the i n t e r i o r  surfaces  
of the Command Module and the SLAY and the e x t e r i o r  surfaces  of the 
Service Module are shown i n  Table 9. The l e v e l  of mold contamination 
on the Command (0- -18%) and Service Modules (.46-1.33%) was r e l a t i v e l y  
low. The i n i t i a l  sample taken from the SLA i n t e r i o r  revealed a high 
l e v e l  (44%) of mold contamination with each successive sampling re -  
s u l t i n g  in.lower mold counts. A t  the f i n a l  sampling, taken while a t  
Launch Complex 34, no molds were recovered. Low personnel d e n s i t i e s  
i n s ide  the SLA while a t  the MSOB, and purging with f i l t e r e d  a i r  while 
a t  Launch Complex 34 could have been responsible f o r  these r e s u l t s .  
Table 10 shows the l e v e l  of mold contamination detected on the surfaces  
o f  the Apollo Lunar Module-3 (LM-3);. The i n t e r i o r .  surfaces  o f  the 
Ascent Stages were found to  contain very low l e v e l s  of mold contaminstjoy 
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This  may have been due t o  the  use o f  f i l t e r e d  a i r ,  con t ro l  o f  personnel 
dens i ty ,  and the employment of c l ean  room procedures i n  the  LM-3 
cabin. Levels of mold contamination found on the  e x t e r i o r  su r faces  of 
the  Ascent and Descent Stages were higher  than those observed on the  
i n t e r i o r  surfaces .  

A comparative s tudy o f  the  number o f  microorganisms on v e r t i c a l  and 
ho r i zon ta l  surfaces  was continued. Resu l t s  (Table 11) reconfirmed 
previous s t u d i e s  which indicated t h a t  more microorganisms accumulate 
on ho r i zon ta l  su r f aces  than vertical  surfaces .  

Table 12 shows the  l e v e l s  and types o f  aerobic  mesophilic microorgan- 
i s m s  i s o l a t e d  from the  Apollo Command and Service Modules (CSM-101) 
and the SLA. No Bac i l lu s  spp. (sporeformers) were recovered from the 
i n t e r i o r  of the  Command Module. Most (ca. 96%) o f  the  microorganisms 
were Staphylococcus epidermidi s and Micrococcus spp. The Service . 
Module showed about 6% of Bac i l lu s  spp., and the  majori ty  (ca. 80%) 
o f  microorganisms were Staphylococcus spp .  and Micrococcus s p p .  The 
microorganisms found on the SLA were equal ly  divided between Micrococcus 
spp. and molds. Also, more B a c i l l u s  spp. were i so l a t ed  from the SLA 
than the Command and Service Modules. The levels and types of aerobic  
mesophilic microorganisms i s o l a t e d  from the  Apollo Lunar Module-3 
(LM-3) are shown i n  Table 13. The majori ty  (ca. 88%) of microorganisms 
detected were Staphylococcus spp.  and Micrococcus spp . 
A comparison of the types o f  microorganisms i s o l a t e d  from the  Apol lo  
spacec ra f t  (CSM-101) and the Lunar Module-3 i n  r e l a t i o n  t o  humans and 
the  environment i s  presented i n  Table 14. Microorganisms indigenous 
t o  humans (skin,  h a i r ,  etc.) accounted f o r  90 t o  100% of the t o t a l  
microorganisms recovered. 
microorganisms associated with humans and with the environment were 
e s s e n t i a l l y  equal.  

I n  the  case of the  SLA the  numbers of 

A preliminary study was i n i t i a t e d  t o  determine i f  extended incubation 
would increase the  recovery o f  molds from the  su r faces  of space hard- 
ware. Swab samples taken from various Apollo spacecraf t  were assayed 
according t o  NASA Standard Procedures, and incubated a t  32 C f o r  21 
days. Culture p l a t e s  ( t r y p t i c a s e  soy agar) were read a t  2 ,  3, 7, 14 
and 21 days. Five tests, which included a t o t a l  o f  165 c u l t u r e  plates  
have been conducted t o  da t e .  The r e s u l t s  showed t h a t  there was no 
s i g n i f i c a n t  increase i n  the  number of mold colonies  a f t e r  72 hours 
o f  incubation a t  32 C. 
s u l t s  w i l l  be reported next qua r t e r .  

This  s tudy i s  s t i l l  i n  progress and f i n a l  re- 
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TABLE 2 ,  NUMBER OF VIABLE MICROORGANISMS PER VIABLE CLUMP OF NATURALLY ’ 

OCCURRING MICROBIAL CONTAMINATION RESULTING FROM AIRBORNE 

FALLOUT. 

Mean No. Mean No. 
Viable Microorganisms 

Viable Clumps Microorganisms Per Viable 
Location Per  S t r i p  Per  S t r i p  Clump 

Phoenix F ie ld  S t a t i o n  
Room 114 18.- 83 4.7 

Phoenix F i e l d  S t a t i o n  
Room 114 23 112 4.9 

Phoenix F ie ld  S t a t t o n  
Room 213 10 92 9 .2  

Phoenix F i e l d  S t a t i o n  
Room 213 17 141 8.3 

Cape Kennedy, MSOB 20 193 9.7 

Cape Kennedy, MSOB 22 252 11.5 

Overall 18 146 8.1 
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TABLE 3.  CONCENTRATION OF AIRBORNE MICROBIAL CONTAMINATION I N  THE 

BIOCLEAN ROOM PRIOR TO OPERATION ON MONDAY MORNING. 

C u b i c  Feet V i a b l e  Particles 
of A i r  per 100 C u b i c  

D a t e  S a m p l e d  Feet of A i r  

June 24 120 ’ 64 

July 22 360 81 

A u g u s t  5 

A u g u s t  19 

A u g u s t  26 

S e p t e m b e r  9 

S e p t e m b e r  16 

120 

240 

240 

120 

180 

73 

66 

138 

16 

19 



TABLE 4. COMPARATIVE VATJl'E3 OF BACILLUS SUBTILIS VAR. NIGER 

AND ISOLATE XA SPORES GROWN ON VARIOUS MEDIA. 

Organism Sporulat ion Medium D125C @fin*) 

- B. s u b t i l i s  var .  n ige r  TAM1 15 
- B. s u b t i l i s  var .  n i a e r  TAM- S2 18 
- B. subtilgi, var. n ige r  AK #21 15 
- B. s u b t i l i s  var.  n ine r  Charcoal Agar? 13 

XA TAM 46 
XA TAM- S 82 
XA AI( #2 27 

3 X . A  Charcoal Agar 37 

IDifco. Supplemented with 80 ppm calcium ch lo r ide  and 20 ppm 
magnesium s u l f a t e .  

'Prepared with a bo i l ing  water-soi l  e x t r a c t :  c l e a r  f i l t r a t e  of 
100 g soi1/100 m l  d i s t i l l e d  water t o  make 100 m l  medium. 

3DifC0, 



TABLE 5. DEATH RATE OF SPORE ISOLATES FROM SOIL AND SPACECRAFT AT 125 C.  

D12yC of  2nd Phase 
Parent  S o i l  uspension 

'125C (Min . ) 3 Sporulat ion 
I s o l a t e  Source Medium' W n .  1 

G- 2 
G- 3 
G- 5 
J- 1 
J- 2 
M- 1 
XA 
CK- 2 
CK- 2 
CK-4 
CK-4 
CK- 5 
CK- 5 
CK- 6 
CK- 8 
CK- 9 
CK- 10 
CK- 12 
CK- 13 
CK- 14 
CK- 17 
CK- 19 
CK- 2 1 
CK-22 
CK-23 
CK- 24 

3 G- s o i l  
G- s o i l  
G- s o i l  
3 - s o i l  

4 J - s o i l  

X-soi l  6 
Surveyor 6 
Surveyor 6 
Surveyor 6 
Surveyor 6 
Surveyor 6 
Surveyor 6 
Surveyor 6 
Surveyor 6 
Surveyor 6 
Surveyor 6 
Surveyor 6 
Surveyor 6 
Surveyor 6 
Surveyor 6 
Apollo 20 
Apollo 20 
Apollo 20 
Apollo 2.0 
Apolvlo 20 

~ - ~ ~ i 1 5  

AK #2 
AK #2 
AK 112 
AK 112 
AK #2 
AK #2 
TAM 
TAM 
AK #2 
TAM 
AK #2 
TAM 
AK c 2  
AK 412 
AK ill2 
AK 1 2  
AK 112 
AK 112 
AK #2 
AK #2 
AK f 2  
AK #2 
AK #2 
AK 412 
AK #2 
AK 112 

109 
25 
21 
49 
36 
73 
46 
15 
14 
46 
19 
30 
20 
8 

10 
5 

10 
10 
7.5 
7.5 
3.6 

2.5 
15 

11 
27 

1.4 

'Both media were supplemented with 80 ppm calcium c h l o r i d e  and 20 ppm 

'The D125C value given i s  t h e  l a r g e s t  value exhibi ted by t h e  d iphas ic  

3McDonnell-Douglas; S t .  Louis, Missouri. 

k a n g l e y  Research Center;  Hampton, Virginia .  

'Marshall Space F l i g h t  Center;  Huntsvi l le ,  Alabama. 

'Phoenix, Arizona. 

magnesium s u l f a t e .  

s o i l .  See Report No. 20. 



TABLE 6. MICROBIAL CONTAMINATION DETECTED ON THE APOLLO COMMAND AND SERVICE 

MODULES (CSM-101) AND SPACECUFT LUNAR MODULE ADAPTER (SLA) . 

Microorganisms Per Square Foot  
Date Area Sampledl Aerobic Anaerobic 

Source Sampled (Sq. In . )  Aerobes Anaerobes Spores Spores  

., Command Module2 6-06- 68 
6-27-68 
8-L9-6B5 

- Service Module3 6-03-68 
6-17-68 
7-30-68 

sLA4 6-20-68 
7-09-68 
7-23-68 
9-05-68 

120 
120 
120 

140 
140 
120 

128 
128 
128 
128 

12 , 306 
17,562 
27,066 

1,542 
20,232 
13,938 

51 
264 
68 
45 

5 , 897 
4,914 
5,376 

422 
2,376 
8,467 

28 
225 
17 
29 

36 
12 
408 

118 
226 
703 

0 
62 
17 
29 

30 
12 
30 

42 
46 

0 

6 
28 
17 
17 

%wab-rinse technique. 

'Samples taken from i n t e r i o r  sur faces  of Command Module while located i n  
the  Manned Spacecraf t  Operations Building (MSOB) . 

3Samples taken from e x t e r i o r  sur faces  of Service- Module while located ' i n  

4Samples taken from i n t e r i o r  sur faces  of SLA while located i n  the  Manned 

the  Manned Spacecraf t  Operations Building. 

Spacecraf t  Operations Building. 

5Samples taken from i n t e r i o r  sur faces  while located a t  Launch Complex 34 .  



. TABLE 7. MICROBIAL CONTAMINATION DETECTED ON THE INTERIOR SURFACES OF THE 

LUNAR MODULE- 3 (LM- 3) . 

Microorganisms Per Square Foot 
Aerobic Anaerobic 1 

Source Sampled (Sq. In . )  Aerobes Anaerobes Spores Spores 
Date Area Sampled 

.. 
Lunar Module-3 7-02-6a2 116 28 , 101 16 , 647 87 37 

7- 18- 682 

7-31-68* 

8-19-6a2 

84 17,803 7,526 231 43 

112 47,131 9,144 1,080 919 

96 100,901 35,467 143 45 

8- 28- 683 108 65,707 29,030 2 74 46 

ISwab- r i n s e  technique. 

2Sarnples taken while Lunar Module-3 was located i n  P o l a r i t y  F ix ture  Work 
Stand i n  the  Manned Spacecraf t  Operations Building (MSOB) . 

3Samples taken while Lunar Module-3 was located i n  the  Al t i t ude  Tes t  
Chamber i n  the  Manned Spacecraf t  Operations Building. 

I 



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

OF THE LUNAR MODULE-3 (LM-3) ASCENT AND DESCENT STAGES. 

Microorganisms Per  Square Foot 
Date Area Sampled’ Aerobic Anaerobic 

Source Samp 1 ed (Sq. In . )  Aerobes Anaerobes Spores Spores  

- LM- 3 : 7-03-6a2 116 .19 , 744 3 , 997 248 155 
Ascent Stage 7-17-682 120 12,816 2,232 132 30 

8-01-68; 120 1 , 843 346 43 0 
.” 8-14-6a3 120 6,408 2,333 101 43 

8-28-68 120 53 , 698 29,333 259 86 

LM- 3 : 7 -03- 682 116 7,703 2,886 75 25 

8- 0 1- 682 112 10,411 2,002 65 26 
8- 14- 6g2 120 8,770 2,434 30 42 
8- 28- 683 92 48,571 12 , 686 212 32 

Descent Stage 7-17-6g2 88 15,357 2,790 49 33 

ISwab- r inse  technique. 

‘Samples taken while Lunar Module-3 was located i n  the P o l a r i t y  F i x t u r e  

3Samples taken while Lunar Module-3 was located i n  t h e  A l t i t u d e  T e s t  

Work Stand i n  the Manned Spacecraf t  Operations Building (MsOB). 

’ Chamber i n  t h e  Manned Spacecraf t  Operations Building. 



TABLE 9. MOLD CONTAMINATION DETECTED ON SURFACES OF TKE APOLLO COMMAND AND 

SERVICE MODULES (CSM-101) AND SPACECRAFT LUNAR MODULE ADAPTER (SLA) . 
I 

Experiment Date Area Sampled' Number Number Per 
Source Number Sampled (Sq. In . )  of Molds Sq. Inch Percent 2 

Command Module 1 6-06-68 120 5 0.04 0.08 
( In t e r  i o  r ) 2 6- 27 - 68 120 0 0.00 0.00 

3 8-19-68 120 40 0.33 0 .18  

Service Module 1 6-03-68 140 20 0.14 1.33 
(Exterior) 2 6-17-68 140 90 0.64 0.46 

3 7-30-68 120 115 0.96 0 .99  

SLA 1 6-20-68 128 20 0.16 44.44 
( In t e r io r )  2 7-09-68 128 55 0.43 23.40 

3 7-23-68 128 10 0.08 16.66 
4 9-05-68 128 0 0.00 0.00 

'Swab-rinse technique. 

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

, 

I 



. TABLE 10. MOLD CONTAMINATION DETECTED ON SURFACES OF THE APOLLO LUNAR 

MODULE-3 (LM-3). 

Sample Date Area Sampled' Number Number Per 
2 Source Number Sampled (Sq. In . )  of Molds Sq. Inch Percent 

Ascent Stage 1 
( I n t e r i o r )  2 

3 
4 
5 

Ascent Stage 
(Exterior) 

1 
2 
3 
4 
5 

Descent Stage 1 
(Exterior ) 2 

3 
4 
5 

7-02- 68 
7- 18- 68 
7-31-68 
8-19-68 
8- 2 8- 68 

7-03-68 
7-17-68 
8-01-68 
8- 14-68 
8-28-68 

7-03-68 
7-17-68 
8-01-68 
8- 14-68 
8-28-68 

116 
84 

112 
96 

108 

116 
120 
120 
120 
120 

116 
88 

112 
120 
92 

20 
25 
0 

10 
5 

30 
325 

5 
35 

225 

50 
65 
70 
50 

120 

0.17 
0.30 
0.00 
0.10 
0.05 

0.26 
2.70 
0.04 
0.29 
1.88 

0.43 
0.74 
0.63 
0.42 
1.30 

0 . 0 9  
0.24 
0.00 
0.01 
0.01 

0.19 
3 . 0 4  
0.33 
0.66 
0.50 

0.81 
0 . 6 9  
0 . 8 6  
0.68 
0 . 3 9  

'Swab-rinse technique. 

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



TABLE 11. COMPARISON OF THE LEVELS OF T%ICROORGANISMS DEPOSITED ON 

HORIZONTAL (H) AND VERTICAL (V) SURFACES OF THE COMMAND 

AND SERVICE MODULES (CSM-101) AND LUNAR MODULE-3. 

Aerobes Aerobic 
Area Sampled* Surface Per  Spores Per 

Source (Sq. I n . >  P o s i t i o n  Sq. In .  Sq. Inch 

Command Module 204 H 201 1 .5  
156 V 124 0.5 

Service Module 224 H 88 3.2 
176 V 75 1 . 2  

Lunar Module-3 396 H 433 2 .8  
( I n t e r  i o  r ) 96 V 157 1.8 

Lunar Module-3 3 64 
(Ascent ) 232 

Lunar Module-3 344 
(Descent) 184 

H 163 1.3 
V 89 0.8 

H 192 0.8 
V 21  0 . 2  

*Swab- r i n s e  technique. 



TABLE 12. LEVELS AND TYPES OF AEROBIC MESOPHILIC MICROORGANISMS ISOLATED 

FROM THE APOLLO COMMAND AND SERVICE MODULES (CSM-101) AND 

SPACECRAFT LUNAR MODULE ADAPTER (SLA) . I 

Command Service 
Module Module SLA 

(Interior 1 LEX ter i or 1 (Interior) Total ' 
'I Microorganisms No. % No. % No. % No. -x 

- Staphylococcus 
e p id ermid is 

Staphylococcus 
aureus 

Micrococcus s p p .  

Corynebacterium 
Brevibac terium 
Group 

Miscellaneous Gram 
negative rods 

Bacillus spp.  

Molds 

Sarcina s p p .  

Graffkya s p p .  

, , Streptococcus spp.  

' Yeasts 
I I 

I I 

TOTAL 

121 39.4 

8 2.6 

174 56.7 

2 0.7 

0 0 

0 0 

0 0 

1 0.3 

1 0.3 

0 0 

0 0 

307 100.0 

72 

1 

17 2 

15 

4 

18 

11 

0 

1 

2 

9 

305 

23.6 

0.3 

56.4 

4.4 

1.3 

5.9 

3.6 

0 

0.3 

0.7 

3.0 

100.0 

3 

0 

10 

2 

0 

4 

13 

0 

0 

0 

0 

32 

9.4 196 

0 9 

31.2 356 

6.3 19 

0 4 

12.5 22 

40.6 24 

0 1 

0 2 

0 2 

0 9 

100.0 644 

30.4 

1.4 

55.3 

3.0 

0.6 

3.4 

3.7 

0.2 

0.3 

0.3 

1.4 

100.0 

I 

I 

I 



TABLE 13. TYPES OF AEROBIC MESOPHILIC MICROORGANISMS ISOLATED FROM THE 

APOLLO LUNAR MODULE-3 (LM-3). 

LM- 3 LM- 3 LM- 3 
(Ascent) (Descent) (Ascent) 

(Exter ior)  (Exter ior  ) ( I n t e r i o r )  Total  
Microorganisms No. % No. % No. % NO. % 

S taphvloc occus 
epidermid i s  

Staphylococcus 
aureus 

Micrococcus spp .  

Corynebacterium 
Brevi ba c t e r i urn 
Group 

Miscellaneous Gram 
negative rods 

Baci l lus  spp.  

Molds 

Sarcina spp.  

Graf fkva spp  .. 
S t r e p  tococcus spp. 

Yeasts 

TOTAL 

44 

2 

187 

5 

0 

10 

9 

0 

4 

0 

1 

262 

16.8 

0.8 

71.4 

1.9 

0 

3.8 

3.4 

0 

1.5 

0 

0.4 

100.0 

48 

1 

221 

12 

1 

I 1 2  

19 

0 

6 

0 

2 

322 

14.4 

0.3 

68.6 

3.7 

0.3 

3.7 

5.4 

0 

1 .9  

0 

0.7 

100.0 

138 

0 

258 

5 

4 

6 

11 

0 

13 

0 

0 

435 

31.7 

0 

59.4 

1.1 

0.9 

1.4 

2.5 

0 

3.0 

0 

0 

100.0 

230 

3 

66 6 

22 

5 

28 

39 

0 

23 

0 

3 

1019 

22.6 

0.3 

65.4 

2.2 

0.5 

2.7 

3.8 

0 

2 . 2  

0 

0.3 

100.0 

! I 



TABLE 14. MICROORGANISMS ISOLATED FROM APOLLO SPACECRAFT I N  RELATION TO 

PERSONNEL AND ENVIRONMENT. 

Microorganisms Microorganisms 
Associated with 

Environment 2 
Associated T i  t h  

Per sonne 1 
Source NO % No. % 

Command Module (CSM-101) ( I n t e r i o r )  

Service Module (CSM- 101) (Exter ior)  

SLA ( I n t e r i o r )  

LM-3 Ascent Stage ( I n t e r i o r )  

LM-3 Ascent Stage (Exter ior )  

LM-3 Descent Stage (Exter ior)  

,, 

Combined Spacecraf t  Components 

307 

276 

15 

418 

243 

291 

1550 

100.0 0 0 

90.5 29 9.5 

46.9 17 53.1 

96.1 17 3.9 

92.7 * 19 7 . 3  

90.4 31 9 . 6  

93.2 113 6.8 

‘Microorganisms assoc ia ted  with human sk in ,  h a i r  and r e s p i r a t o r y  t r a c t  (i.e., 
Staphylococcug spp., Micrococcus spp. Corynebacterium-Brevibacterium 
group, etc.). 

*Microorganisms assoc ia ted  wi th  s o i l  and dus t  ( i .e . ,  Bac i l lus  s p p .  and m o l d s ) .  
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