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1. The evaluation of certain aspects of the swab-rinse technique was con- 
tinued by investigating the effect of training and experience on the 
subsequent performance of inexperienced individuals. A second individ- 
ual (Trainee #2) whc achieved very poor removal (70%) in the initial 
test was selected for study. The subject was trained and his perform- 
ance was measured as described for Trainee #1 (Q.R. # 3 3 ) .  The results 
achieved by Trainee # 2  were compared with the results achieved by the 
instructor (Table 1). The mean removal value for the instructor was 
significantly higher than the value for the trainee. However, in each 
of the five tests the removal value for the trainee was markedly higher 
than the value.he achieved in his initial test as an inexperienced , 

individual. Also, the trainee's mean recovery value was not signifi- 
cantly different from that of the instructor. 

As a result of the tests conducted with inexperienced individuals and 
trainees, it was concluded that removal of surface contamination with 
a swab is not the major source of variation in results achieved using 
the swab-rinse technique. These experiments demonstrated that with a 
minimum of training, inexperienced individuals remove as much OK nearly 
as much surface contamination with a swab as do experienced individuals. 
Furthermore, recovery of microorganisms from samples collected by inex- 
perienced individuals always equaled or exceeded that from samples 
collected by experienced individuals. Since the recovery value most 
directly influences the results of surface sampling using the swab-rinse 
technique, it was concluded that the experience and training of the in- 
dividual collecting the sample was not a significant variable. 

An effort was made to determine the major source of variation in recovery 
values achieved using the swab-rinse technique. Twenty-four swab samples 
were collected from 2 x 2" stainless steel strips by a single experienced 

sonation, plating of rinse fluid, addition of fresh rinse fluid, vortex-\ 
individual and subjected to the standard assay procedure of vortexing, 

ing and plating of second portion of rinse fluid. Following this proce-11 
dure, 5 ml of rinse fluid were added to the tubes containing the swabs 1 

and the entire standard procedure was repeated. 
procedures were totaled for each swab. The plate count from the first 
procedure was then expressed as a percentage of the total plate count 
for each swab to determine the efficiency of the first procedure. The 
standard deviation of this mean was only 2%, indicating that .the procedure 
was quite consistent. At this point the major source of observed varia- 
tion in the recovery of microorganisms from swabs has not been defined. 
Kowever, these data suggest that for purposes of estimating the level of 
microbial contamination on surfaces, the efficiency of the swab-rinse 
technique can be approximated at 50%. 

i6' 
I 

Plate counts from both 

2 .  Studies were initiated using the biodetection grinder to detect and . 
quantitate buried microbial contamination in a methyl methacrylate model 
system. The initial objective was to relate the efficiency of recover- 
ing microorganisms to particle size distribution of the ground material. 
It was anticipated that the design of the biodetection grinder would 
permit grinding seeded methyl methacrylate to achieve distinctly differ- 
ent particle size distributions. However, experimentation revealed that 



i n  s p i t e  of  va ry ing  t h e  parameters  or' the b i o d e t e c t i o n  g r i n d e r  w i t h i n  
maximum l i m i t s ,  ground methyl methacry la te  c o n s i s t e n t l y  produced similar 
p a r t i c l e  s i z e  d i s t r i b u t i o n s .  As car, 'ne seen i n  Table  2 ,  t h i s  was no t  
i n  agreement wi th  t h e  f ind ings  r epor t ed  by t h e  developers  of t h e  b i o -  
d e t e c t i o n  g r i n d e r  a t  MSFC. The observed d i f f e r e n c e s  were probably due 
t o  d i f f e r e n t  techniques  used i n  c o l l e c t i n g  t h e  p a r t i c l e s  €or  s i z i n g .  
A t  MSFC par t ic les  were c o l l e c t e d  and s i z e d  i n  a d r y  cond i t ion ,  whi le  I \  
a t  t h i s  l a b o r a t o r y  p a r t i c l e s  were c o l l e c t e d  i n  s tandard  r i n s e  s o l u t i o n  I /  
and d i spe r sed  f o r  s i z i n g  on a da rk  membrane f i l t e r .  
l a r g e  p a r t i c l e s  produced by g r ind ing  i n v a r i a b l y  broke-up i n t o  many s m a l l  
pa r t i c l e s  upon c o n t a c t i n g  t h e  r i n s e  s o l u t i o n .  Since microbio logic  a s say  
of  t h e  p a r t i c l e s  i s  performed i n  l i q u i d s , i t  w a s  f e l t  t h a t  t h e  pa r t i c l e  
s i z e  d i s t r i b u t i o n  o f  t h e  f i n e s  i n  l i q u i d  was most meaningfu l . '  S ince  t h e  
p a r t i c l e  s i z e  d i s t r i b u t i o n  could no t  be  v a r i e d  i n  our l a b o r a t o r y ,  t h e  
p l a n  t o  re la te  recovery  t o  p a r t i c l e  s i z e  d i s t r i b u t i o n  could no t  be 
implerncnted. 

It was observed tl-dat 

Experiments were conducted t o  determine t h e  f r a c t i o n  of B a c i l l u s  s u b t i l i s  
v a r .  n i g e r  spo res  bu r i ed  i n  methyl methacry la te  t h a t  su rv ive  g r ind ing  i n  
t h e  b i o d e t e c t i o n  g r i n d e r  as w e l l  as t h e  f r a c t i o n  t h a t  can be  d e t e c t e d  by 
d i r e c t  p l a t i n g  as a r e s u l t  of be ing  r e l e a s e d .  
methyl methacry la te  prepared i n  t h i s  l a b o r a t o r y  and s i x  samples prepared  
by Boeing were sub jec t ed  t o  t h e  a s s a y  procedure.  
sample was decontaminated u s i n g  t h e  NASA s t anda rd  p e r a c e t i c  ac id -p rocedure .  
A measured volume of each s a m p l e  w a s  a s e p t i c a l l y  ground us ing  t h e  b io-  
d e t e c t i o n  g r i n d e r  and t h e  f i n e s  were c o l l e c t e d  i n  10 m l  of s t e r i l e  r i n s e  
s o l u t i o n  t o  produce d i s p e r s i o n  of  t h e  p a r t i c l e s .  
were p l a t e d  i n  TSA and incubated a t  32 6. 
day f o r  10 days and 11. s u b t i l i s  va r .  n i g e r  c o l o n i e s  were counted.  A . 

measured volume from edch of  s ix  samples prepared  i n  t h i s  l a b o r a t o r y  and 
t h e  s i x  samples prepared a t  Boeing w a s  ground, d i s so lved  i n  ace tone  and 
t h e  concen t r a t ion  of s u r v i v i n g  sp,ores was determined u s i n g  a membrane 
f i l t e r  a s say  technique .  

The r e s u l t s  of t h e s e  a s says ,  p resented  i n  Table  3 ,  i n d i c a t e d  t h a t  on ly  
a v e r y  small  pe rcen t  of spo res  bu r i ed  i n  methyl methacry la te  su rv ive  
t h e  g r ind ing  procedure and t h e  percentage  of bu r i ed  spores  t h a t  i s  re- 
l e a s e d  f o r  d e t e  t i o n  by d i r e c t  p l a t i n g  i s  even smaller. I n  f a c t ,  none 
of t h e  7 .8  x lo5  spo res  i n  t h e  12  ground samples from t h e  second se t  
prepared a t  t h i s  l a b o r a t o r y  was d e t e c t e d .  Six samples of  seeded Ecco- 
bond prepared a t  Boeing a l s o  were assayed u s i n g  t h e  b i o d e t e c t i o n  g r i n d e r .  
Although Eccobbond cannot b e  d i s so lved  t o  determine t h e  a c t u a l  concentra-  
t i o n  of bu r i ed  spores ,  t h e  b e s t  estimates made at Boeing p laced  t h e  
concen t r a t ion  a t  v e r y  near tha t  i n  t h e  Boeing methyl methacry la te  

times 2s many spores  i n  the EccoSond a s  i n  t h e  methyl methacry la te .  Even 
a t  t h i s ,  assuming t h e  Boeing c o n c e n t r s t i o n  estimate t o  be  c o r r e c t ,  t h e  
procedure de t ec t ed  only  I% of t h e  bu r i ed  spores  i n  t h e  ground Eccobond. 
The p a r t i c l e  s i z e  d i s t r i b u t i o n  f o r  ground Eccobond and methyl methacryl-  
a t e  i n  t h e  sanples t e s t e d  i s  presented  i n  Table  4 .  

Eighteen samples of seeded 

The s u r f a c e  of each 

The d i spe r sed  p a r t i c l e s  
The p l a t e s  were inspec ted  each 

(2  x 10  4 spores p e r  c m  3 ). However, t h e  g r i n d i n g  procedure detected.  40 

L 
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The d i s p a r i t y  between rccovery r c s u l  'is ~ i ~ h  Xccobond an2 those  wi th  
methyl methacry la te  i n d i c a t e  a need .for a d d i t i o n a l  s t u d i e s  w i t h  model 
systems t o  b e t t e r  d e f i n e  t h e  v a r i a b l e s  i n f l u e n c i n g  t h e  s u r v i v a l  and 
d e t e c t i o n  of bu r i ed  spores  i n  grodnd s o l i d s .  O n l y  i n  t h i s  way can a 
meaningful va lue  be s e l e c t e d  f o r  use  i n  e x t r a p o l a t i n g  r e s u l t s  from b io -  
d e t e c t i o n  g r i n d e r  a s says  of  s p a c e c r a f t  p i e c e - p a r t s  t o  t h e  a c t u a l  con- 
c e n t r a t i o n  of  bu r i ed  microbia l  contaminat ion i n  t h e  s p a c e c r a f t .  

Two types  of r e s i s t o r s  and t h r e e  types  of p r i n t e d  c i r c u i t  boards,  r e p - .  
r e s e n t a t i v e  of  p i ece -pa r t s  t o  be  used i n  planet-bound s p a c e c r a f t ,  were 
acqui red  from.the Martin-Denver Company and were assayed f o r  bu r i ed  
microbia l  contaminat ion us ing  t h e  b i o d e t e c t i o n  g r i n d e r .  Wire Leads 
were trimmed from t h e  r e s i s t o r s  find c i r c u i t  boards were c u t  i n t o  pieces 
small enough to f i t  t h e  g r i n d e r  chuck. A l l  p i e c e s  were s u r f a c e  decon- 
taminated and s u r f a c e  s t e r i l i t y  C e s t s  w e r e  performed on a p p r o p r i a t e  
samples with  nega t ive  r e s u l t s .  Each p i e c e  was assayed a s e p t i c a l l y  u s i n g  
t h e  b i o d e t e c t i o n  g r inde r .  A l l  procedures  were perEormed i n  a v e r t i c a l  
laminar  flow c l e a n  room o r  i n  c r o s s  flow benches i n  t h e  c l e a n  room. A 
measured volume of  each p i e c e  was ground and t;ie f i n e s  c o l l e c t e d  i n  
10  ml of  s t e r i l e  r inse s o l u t i o n .  .The  f i n e s  were then  p l a t e d  i n  TSA 
con ta in ing  n e u t r a l i z e r ,  incubated a t  32 C, and examined f o r  t h e  appear-  
ance of  c o l o n i e s  each day f o r  10 days.  Colonies  t h a t  appeared were 
counted and subcu l tu red  f o r  subsequent i d e n t i f i c a t i o n .  A second measured 
volume was ground and t h e  f i n e s  placed i n  tubes  con ta in ing  TSB wi th  
n e u t r a l i z e r .  Tubes were incubated  a t  32 C and observed f o r  t h e  presence  
o f  growth f o r  10 days .  Growth appear ing  i n  tubes  w a s  subcul tured  f o r  
subsequent i d e n t i f i c a t i o n .  A f t e r  10 days of  i ncuba t ion ,  f i v e  nega t ive  
tubes  con ta in ing  each  of t h e  f i v e  ground m a t e r i a l s  were inocu la t ed  w i t h  
1 x l o 2  spores  of  3. s u b t i l i s  v a r .  n i g e r  and a g a i n  incubated a t  32  C to 
determine whether i n h i b i t o r y  materials were p r e s e n t .  No i n h i b i t i o n  w a s  
d e t e c t e d  i n  any of t h e  tubes .  

The q u a n t i t a t i v e  r e s u l t s  of t h e  g r i n d e r  a s says  a r e  presented  i n  Tables  
5, 6,  7 ,  8, and 9 .  Most noteworthy was t h e  frequency w i t h  which micro- 
organisms were d e t e c t e d  i n  h o t  molded r e s i s t o r s .  

Forty-two percent  of samples  ground from h o t  molded r e s i s t o r s  demon-. 
s t r a t e d  t h e  presence  of  v i a b l e  microorganisms compared t o  only  2 pe rcen t  
o f  t h e  samples ground from a l l  o t h e r  p i e c e s .  The types  of microorganisms 
i s o l a t e d  from ground samples are l i s t e d  i n  Table  10. 
pec ted ,  B a c i l l u s  spp. predominated. An unexpected f i n d i n g  w a s  t h e  number 
of  Actinomycetes and Micrococcus spp . tha t  were recovered.  The presence  
of t h e s e  organisms, as w e l l  as t h e  two G r a m  nega t ive  i s o l a t e s  could be  
i n t e r p r e t e d  as contaminants  in t roduced  i n  t h e  a s say  procedure.  However, 
t h e  e f f o r t  made t o  prevent  such contaminat ion l e a d s  us  t o  g ive  equal  
weight t o  t h e  p o s s i b i l i t y  t h a t  t h e  organisms were i n  f a c t  bu r i ed  i n  t h e  
p i e c e - p a r t s .  It may b e  s i g n i f i c a n t  t h a t  bo th  G r a m  nega t ive  orgaiiisms 
were i s o l a t e d  from nixed c u l t u r e s ,  both inc lud ing  B a c i l l u s  spp.  

As would be cox,- 

3 .  The s i e v e  processed vacuum c l e a n e r  d u s t  from Hangar A 0  (KSC) r epor t ed  
l a s t  q u a r t e r  w a s  sub jec t ed  t o  hea t  r e s i s t a n c e  t e s t i n g .  One gran of the 



li d u s t  t h a t  passed t h e  4 3  m i  ron  s i e v e  vzs stuspendcd i n  10 ml of  95% 
e thano l ,  and 0 .1  ml was app l i ed  t o  staandard 1 / 2  x 1/2" s t a i n l e s s  s t e e l  ' 1  I1 
s t r i p s .  Four inocu la t ed  s t r i p s  and one uninocula ted  c o n t r o l  were SQS- 1 ,  

pended i n  a forced  a i r  oven a t  125 C a t  each i n r e r v a l  ax3 were assayed 1 1  
f o r  su rv ivo r s  i n  the usual  manner ( Q . R .  31) w i t h  supplemented TSA. Al . l / l  
p l a t e s  were overlayed wi th  t h e  TSA t o  r e t a r d  spreading  growth and were ' 1  / /  incubated f o r  one week a t  3 5  C .  A l l  c o n t r o l  s t r i p s  were nega t ive ,  and 

l i n e  ignor ing  No w a s  94 min. The vacuum c l e a n e r  d u s t  conta ined  approx 
imate ly  EO' spores  p e r  gn a f t e r  s i e v i n g  which vas che h i g h e s t  t i t e r  so 
f a r  i n  a sample such as t h i s .  As r epor t ed  p rev ious ly  ( Q . R .  3 1 )  t h e r e  
were about 107 spores  per  gm i n  the  s i eved  Cape Kennedy soil, Figa re  
shows t h a t  t h e  v i a b l e  su rv ivo r s  p e r  s t r i p  a t  t h e  120 min i n t e r v a l  rang 
from 4 t o  11, which. a r e  obvious ly  no t  d e s i r a b l e  numbers from a s t a f i s t d c a l  
s t andpo in t .  
r e s i s t a n t  organisms i n  a n a t u r a l l y  occur r ing  popula t ion  are u s u a l l y  €0 

i n  r e l a t i v e l y  low numbers, &.e.> 1-2 logs beiow t h e  s t a r t i n g  concentra-  
t i o n .  Work i s  c u r r e n t l y  underway t o  develop rmthkods whereby n a t u r a l l y  ' 
occur r ing  spores  may be p h y s i c a l l y  sepa ra t ed  and concent ra ted  from soiqs 
and dusts. I n  l i e u  of these.  methods a t  p r e s e n t ,  0 .1  gm por t io i l s  o f  the '  
A 0  Hangar vacuum c l e a n e r  dusr: a r e  be ing  hea t  t e s t e d  i n  o r d e r  t o  ra ise  
t h e  concen t r a t ion  of  t h e  r e s i s t a n t  spo res  t o  a more a c c u r a t e l y  measurable 
range.  Also extended incuba t ion  of p l a t i n g s  w i l l  be a t tempted employing 
aga r  underlay and double ove r l ays  t o  i n h i b i t  spreading  growth. 

F igure  1 shows t h e  r e s u l t s .  The D125C vz lue  obta ined  f ro=  the b 2 s t  f i  I 

i t  has  been OUK exper ience  i n  t h e  p a s t  t h a t  t h e  snore h e a t ' '  

/ *  

4.  B a c i l l u s  s p .  125-48 ,  t h e  organism repor t ed  l a s t  q u a r t e r  t h a t  Eormed , I  
s p h e r i c a l ,  rough su r faced  spores ,  was i d e n t i f i e d  b iochemica l ly  ( I d e n t i - '  
f i c a t i o n  Scheme f o r  Microorganisms I s o l a t e d  from A p o l l o  Spacec ra f t )  as 
- B .  l en tus .  According t o  Smith, e t . a l . ,  (Smith, N .  R . ,  R .  E .  Gordon, and 
F. E .  Clark ,  1952,  Aerobic Sporeforming Bacteria, A g r i c u l t u r e  Monograph 
KO. 15, USDA), E. l e n t u s  forms ova l ,  th in-wal led  spores wi th  the sporangium 
only s l i g h t l y  swollen,  i f  at a l l .  Colonial  c h a r a c t e r i s t i c s ,  such as a 
s l imy o r  mucoid cons is tency ,  were no t  i n d i c a t e d  f o r  E. l e n t u s .  A colony 
of B a c i l l u s  sp ,  125-48 on TSA i s  i n i t i a l l y  small and slow-growing, i n -  
c r e a s i n g  i n  s i z e  and mucoid cons i s t ency  a f t e r  1 week of incubat ion ,  
resembling t h e  d e s c r i p t i o n  of E. polyrnyxa growth. E. pol~myxzi spo res  
a r e  ova l  r a t h e r  t han  s p h e r i c a l ,  however they  e x h i b i t  much t h e  sane s u r -  
f a c e  roughness and p a t t e r n  a s  B a c i l l u s -  s p .  125-48 spores .  
spore  morphology, Smith, Gordon, and Clark  would i d e n t i f y  B a c i l l ~ s  sp  
125-48 a s  B .  sphaer icus : ,  " 0 . 7 - 1 . 2 ~  i n  d iameter ;  round --- sporz  .wal l  

l a t i o n  v a r i a b l e  --- ". - B.  sphae r i cus  i s  desc r ibed  as  i n a c t i v e  ~hysio- 
l o g i c a l l y ,  i t s  morphology and un reac t ive  c h a r a c t e r  de te rmining  i t s  
i G e n t i r y  f o r  t h e  most p a r t .  It i s  l i k e l y  t h a t  B a c i l l u s  s p .  125-48 is  
a v a r i a n t  of 2. sphner icus .  
des i cxa r ion  u n t i l  a more c e r t a i n  i d e n t i f i c a t i o n  can be made. 

Consider ing only  

u s u a l l y  t h i c k ,  s t a i n a b l e ;  --I t h e  s u r f a c e  rough and sp iny;  - - -  sporu- 

It w i l l  be referre: t o  by irs numerical 

T>IO spore suspensions of Bacillus s p .  125-48 were prepared usi-iz TAN 
ar.d X i f 2  s p o r u l a t i o n  aga r .  The media were ir?,ocu'lated. w i t h  : . s < ~ L  shocked 
(90 C, 15 minj growth from TSA and were incubated a t  25 C l o r  30 days. 
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The  growth from two p l a t e s  of each mcdiuin,all having a cons ide rab le  
amount of  s l i m e  material ,  were harves ted  i n  co ld  s t e r i l e  d i s t i l l e d  water. 
The r e s u l t a n t  suspensions were used as i nocu la  f o r  i n i t i a l  hea t  r e s i s t -  
ance t e s t i n g .  One-tenth m l  amounts of  t h e s e  suspensions on s t a i n l e s s  
s t e e l  s t r i p s  gave N~ values of  approximately 5 x 102 s p o r e s / s t r i p .  
S t r i p s  were hea ted  i n  t h e  usua l  manner (Q.3. 31) a t  125 C u s i n g  8 h r  
i n t e r v a l s  t o  a maximum t i m e  of  48 h r .  I n s u f f i c i e n t  d a t a  f o r  p re sen ta -  
t i o n  o €  su rv ivo r  curves  have been ga thered  a t  t h i s  t ime,  however, D 1 2 5 ~  
v a l u e s  appear  t o  be i n  t h e  range of  50 h r .  More complete d a t a  w i l l  be  
presented  next  q u a r t e r .  Larger  c rops  of Eiaci l lus  sp .  125-48 a re  be ing  
prepared us ing  TAM and AI<. Repeated a t t empt s  t o  c u l t u r e  t h e  organism 
i n  SSM-10 l i q u i d  s p o r u l a t i o n  medium (Q.R.  25) have no t  been s u c c e s s f u l .  

5. Work has begun t o  p repa re  a d d i t i o n a l  subcul tured  spore  c rops  $or h e a t  
r e s i s t a n c e  t e s t i n g .  P e r t i n e n t  i s o l a t e  sou rces  inc lude  B a c i l l u s  f i r m s ,  
B.  l e n t u s ,  and B .  sphaeri.cus c u l t u r e s  from r e c e n t  Apollo s p a c e c r a f t  
'samplings,  hea t - r e s i s t an t  i s o l a t e s  from t h e  A 0  Hangar vacuum 
d u s t  and t h e  Cape Kennedy s o i l  suspension,  and spore  formers ecovered 
from s p a c e c r a f t  p i e c e - p a r t s  u s ing  t h e  b i o d e t e c t i o n  g r inde r .  '1 

l e a n e r  4 - 

i 
6. A t o t a l  of 1123 microorganisms were i s o l a t e d  and i d e n t i f i e d  from t h e  

Apollo 14 s p a c e c r a f t .  
i n  Table  11. T h i r t y  two d i f f e r e n t  s p e c i e s  o r  groups were d e t e c t e d .  
Table  12 shows t h e  types  of  ae rob ic  mesophi l ic  microorganisms i s o l a t e d  
from each of t h e  d i f f e r e n t  component p a r t s  o f  t h e  s p a c e c r a f t .  The type$ 
of  microorganisms d e t e c t e d  on components of  Apollo 14 were s imi l a r  t o  1 
t hose  found on previous  Apol lo  s p a c e c r a f t  (Q.R. 27, 29, and 30) .  

The v a s t  m a j o r i t y  of microorganisms d e t e c t e d  on t h e  Command Module ( C Z I ) ,  
Lunar Module (LAI), and Spacec ra f t  Lunar Module Adapter ( S U )  i n t e r i o r ,  
s u r f a c e s  were those  cons idered  t o  be  indigenous t o  human h a i r ,  sk in ,  and 
r e s p i r a t o r y  t r a c t .  The occurrence  of  microorganisms a s s o c i a t e d  wi th  s o . 1  

component parts of  t h e  s p a c e c r a f t  (Table 1 3 ) .  A comparison o f  t h e  micrj-  
organisms indigenous t o  humans d e t e c t e d  on f i v e  Apollo s p a c e c r a f t  i s  shoiwn 
i n  Table  14. , The d a t a  show t h a t  the Apollo 14 s p a c e c r a f t h a d  a dec rease  

The number and types  of  microorganisms are  shown 

L 

i 

and d u s t  i n  t h e  environment were found i n  h i g h e r  l e v e l s  on t h e  o t h e r  7 
of t h e s e  types  when compared t o  previous  Apollo spacecraEt .  I '  

I 

I1 

The microorganisms i s o l a t e d  and i d e n t i f i e d  from t h e  Apollo 1.4 spacecraf?  
were l y o p h i l i z e d  and s t o r e d  f o r  f u t u r e  r c f e r e n c e .  I n  a d d i t i o n ,  a l l  d a t  
p e r t a i n i n g  t o  enumeration and i d e n t i f i c a t i o n  of  microorganisms from t h e  
Apol lo  s p a c e c r a f t  were t r e a t e d  and s t o r e d  i n  a CDC 3100 computer a t  Cap 
Kennedy f o r  r a p i d  r e t r i e v a l .  Computer p r i n t o u t s  were compliled and sent; 

(1 
t o  t h e  P l a n e t a r y  Quarant ine O f f i c e r .  

Microbio logica l  a s says  of the  two Mariner-Mars 1971  s p a c e c r a f t  were 
accomplished a t  Cape Kennedy as desc r ibed  by t h e  "Mariner-Mars 1 9 7 1  

(1 
I 
i 

Microbio logica l  Assay and Monitori;zg Plan".  Independent v e r i f i c a t i o n  o f  
t h e  J e t  Propuls ion  Labora to ry ' s  a i c r o b i o l o g i c a l  a s says  w a s  conducted ti 
by PHS personnel  who assayed h a l f  of a l l  swab samples  taken  from t h e  t w  



6 

i 

f l i g h t  s p a c e c r a f t .  
two Mariner-Mars 1971 s p a c e c r a f t  and t h e s e  isoiaEes a r e  i n  t h e  p rocess  
being i d e n t i f i e d .  

The microorganisms i s o l z t e d  “om chc Apollo 14 s p a c e c r a f t  were i d e n t i f i  
bo th  manually and by a CDC 3100 computer u s i n g  t h e  Q u a l i t a t i v e  I d e n t i f i  
c a t i o n  Program as  developed by Sandit; Corporat ion.  There were a t o t a l  
of 1123 b a c t e r i a l  c u l t u r e s  i d e n t i f i e d  f ron  A p o l l o  14.  O f  t h i s  t o t a l ,  
224 d i f f e r e n c e s  e x i s t e d  between the  computer and manual i d e n t i f i c a t i o n  
methods. An a n a l y s i s  of t h e s e  d i f f e r e n c e s  r evea led  t h a t  i n  87 c a s e s  bo 
i d e n t i f i c a t i o n  methods were c o r r e c t .  T h i s  can occur when t h e r e  are  two 
p o s s i b l e  i d e n t i f i c a t i o n s  for a microorganism, each d i f f e r i n g  by on ly  on 
t e s t  r e a c t i o n .  The computer i s  programmed t o  p i ck  t h e  f i r s t  one of t h e  
two i n  t h e  sequence. S u b t r a c t i n g  t h e  cases wi th  equal i d e n c i f i c a t i o n  
from t h e  t o t a l  d i f f e r e n c e s  l e a v e s  137 c a s e s  i n  which t h e  manual i d e n t i f  
c a t i o n  was found t o  be i n c o r r e c t  and t h e  computer made t h e  c o r r e c t  
i d e n t i f i c a t i o n .  

An a n a l y s i s  of t h e  above d a t a  shows t h a t  20% of t h e  microorganisms 

d i f f e r e n c e ,  7.8% were due t o  cases tihere e i t h e r  i d e n t i f i c a t i o n  would be 
c o r r e c t  and 12 .2% were due t o  e r r o r s  made by t h e  manual i d e n t i f i c a t i o n .  
These r e s u l t s  i n d i c a t e  thar: i d e n t i f i c a t i o n  by t h e  computer system i s  
s u p e r i o r  t o  manual i d e n t i f i c a t i o n  of nilcroorganisms. S i m i l a r  r e s u l t s  
were ob ta ined  by t h e  Sandia Corporat ion who compared both i d e n t i E i c a t i o  
methods w i t h  t h e  Apollo 10, 11, and 1 2  b a c t e r i a l  i s o l a t e s .  They showed 
t h a t  t h e  computer system a g r e e s  wi th  t h e  manually determined i d e n t i f i c a  
t i o n  more than  90% of t h e  time. The human e r r o r s  p r e s e n t  when handlingl 
a l a r g e  number of s i m i l a r  m a t e r i a l  are e l imina ted  by use of t h e  compute . 
Because of t h e  r e s u l t s  and reasons s t a t e d  above, a l l  b a c t e r i a l  c u l t u r e s  [ 
from A p o l l o  14 were i d e n t i f i e d  by t h e  computer system, a s  w i l l  a l l  E u t u ‘ e  

A t o t a l  of 463 microorganisms were i s o l a t e d  from t h &  

i d e n t i f i e d  d i f f c r e d  between t h e  two i d e c c i E i c a t i o n  methods. Of t h i s  - 

i s o l a t e s .  I 
7 .  The s tudy  f o r  t h e  e v a l u a t i o n  of a t e rmina l  s t e r i l i z a t i o n  p rocess  f o r  un- 

manned l a n d e r  s p a c e c r a f t  w a s  cont inued.  The pre l imina ry  r e s u l t s  are 
desc r ibed  i n  t h e  “Ecology and Thermal I n a c t i v a t i o n  of Microbes I n  and On 
I n t e r p l a n e t a r y  Space Vehicle Components”, (Q.R.  24) FDA, C i n c i n n a t i ,  

1 ,  Ohio. I n  this q u a r t e r ,  experiments have been conducted t o  i n s u r e  t h a t  
l a b o r a t o r y  t echn iques  a r e  adequate  and t h a t  t h e  s t e r i l e  cups can be 1 1  

I handled a s e p t i c a l l y .  ( P r o b a b i l i t y  of background. contaminat ion,  i f  any, 
m u s t  be  less than  1 x The oven was f i l l e d  wich 2100 empty cups,  
s e a l e d ,  and t h e  temperature  r a i s e d  t o  150 C fo r  a minimum of  6 hours  and 
allowed t o  cool  t o  room temperature .  The sample cups were then  
removed, n u t r i e n t  media were added Eo each cup, and allowed t o  incuba te  
f o r  7 days.  The cups were then  in spec ted  and scored f o r  growth. Three 
r e p l i c a t e  experiments w e r e  conducted v i t h  no p o s i t i v e s  observed. These 
experiments f u l f i l l  t h e  a s e p t i c  technique c o n s t r a i n t .  I n  a d d i t i o n ,  two 
tests f o r  independence of cuns haire been clone. These r e s u l t s  have been 
forwarded t o  D r .  Campbell, FDA, C i n c i n n a t i ,  Ohio, for s t a t i s t i c a l  a n a l y s i s .  

I 1  
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TABLE 2 .  EFFECT OF G R I T  NO. ON PARTICLE S I Z E  D I S T R I B U T I O N  OF METHYL 

METHACRYLATE OBTAINED k T f Z  BIODETECTION GRINDER. 

Lab 
Cutter 
G r i t  No. 

6 

I 
% Particle S i z e  - 1Iicrons 

1 

I 

' 2 - 4  5 - 8  i > 8  

MSFC 60 

P HS 60 

MSFC 240 

PHS 240 

1 

21 

43 

63 

41 

22 

30 

20 

i3 9 20 

I 

I 
I , .  

, .  

,' ! 
I t  
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TABLE 4 .  EFFECT OF S A ~ L E  MATERIAL ON PARTICLE SIZE DISTRIBUTION 

OBTAINED W I ~ H  BIODETECTION GRINDER. 
/ 

I 

1 
i 

% Par t i c l e  S i z e  - Microns 

< 5  5 - 15 15 - 45 > 45 
I I 

Sample Material 
i u  

Methyl Methacryla 'e 9 / 

Ec cobond 

I 1 '  
34 

22 

38 

58 

18 

17 

10 

3 
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TABLE 5. RESULTS OF BIODETECTION GRINDER ASSAYS OF HOT MOLDED RESISTORS. 
/ '  

Pieces Sampled '. 

Mean Vol. per 
( L  

3 Mean Vol. per Plated in TSA (cm ) 

No. Plates With /Positive Samples 

1 

24 

9.7 x 

2'.4 x 

13 

77 I 

/ i /  
1 

i 42 

Positive Samples 

All Samples 

Placed in TSB (cm3) 

Samples 

I 

I #  

1 

2.41~ 



TABLE 6. RESULTS OF BIODETECTION GRINDER ASSAYS OF METAL FILM RESISTORS. 

I 
i 

Pieces Sampled i 

Mean Vol. per Piece (cm3) 

/ 

i 

Mean Vol. per Sample Plated in TSA (cm3) 
I 

No. Plates With Posittve Samples 
1 
i 

Mean Concentratio n. Positive Samples - 
(Microorganisms / cm s f  ) 

i 

1 

Mean Concentration-in All Samples ' 
(Microorganisms/cm ) 

Mean Vol. per Sample 1 Placed in TSB (cm3) 
No. TSB Tubes Positive Samples 

8 

1.7 x 10" 
0 

3 . c  x 10-2 

.1 

65 

8 

3..1 x 10" 

0 

i 
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TABLE 7. RESULTS OF BFODETECTION GRINDER ASSAYS OF PRINTED CIRCUIT 

BOARD # 1. 1 I 
i 

i 

/ -  
I ," 

Pieces Sampled 

Mean Vol. per Piec (cm3) 

Mean Vol. per Sample Plated in TSA 
/ 

No. Plates With Samples 

Mean Samples ' 

All Samples- . 

3 Mean Vol.per Placed in TSB (cm ) 

No. TSB Tubes Positive Samples 

I 

30 

6.4 x' 10-1 

6.7 x 

1 

15 

0.5 

6.7 

(0 



I 

I 

I 
1, 

I 

TABLE 8 ,  ESULTS OF BIODETECTION GRIND& ASSAYS OF PRINTED !CIRCUIT 
1 

OARD d .2. i i 1 i 
I 

i n  TSA (cm3) 

I 
I 

12 

8 . 7 ' ~  10-1 

1.6 x 10-l 

I 

0 I 

0 

0 

8.0 x lo'* 

1 



TABLE 9. RESULTS OF BIODETECTION GRINDER ASSAYS OF PRINTED CIRCUIT 

BOARD f 3 .  

Pieces Sampled e 

Mean Vol . per Piece (cm3) 
Mean Vol, per Sample Plated in TSA (cm3) 

No. Plates with Positive Samples 

Mean Concentration-in Positive Samples 
(Microorganisms /cm3) 

Mean Concentration in All Samples 
(Microorganisms/cm 3 ) \ 

Mean Vol, per Sample Placed in TSB (cm3) 

No. TSB Tubes With Positive Samples 

. :i 

20 

8.1 x' 10-1 

8.1 x low2 

0 

8.1 x loy2 

0 
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TABLE 11. COMPARISON OF THE NUMBERS AND TYPES OF MICROORGANXSMS DETECTED 

ON APOLLO 14 SPACECRAFT. 

Number Percent 

Staphylococcus spp.  

Subgroup I 11 

Subgroup 11 ,I L 161 

Subgroup I11 105 

Subgroup I V  85 

Subgroup V 110 

Subgroup V I  118 

Micrococcus spp.  

Subgroup 1 

Subgroup 2 

Subgroup 3 

Subgroup 4 

Subgroup 5 

Subgroup 6 

Subgroup 7 

Subgroup a 

B a c i l l u s  spp.  

B. a lve i  

- E .  badius  

- B. b r e v i s  

B .  cereus 

- -  

- 
t,B. - c i r c u l a n s  

28 

2 

11 

7 

121 

1 

1 

1 

4 

15 

1 .o 

* 14.3 

9.4 

7.6 

9.8 

10.5 

2.5 

0.2 

1.0 

0.6 

10.8 

0.1. 

0.1 

0.1 

0.4 

1.3 



TABLE 11. CONPARISON OF THE NUMBERS AND TYPES OF MICROORGANISMS DETECTED 

ON APOLLO 14 SPACECRAFT. (Continued) 

Number Percent 

Bacillus spp. 

- B. coagulans 
- B. firmus 
- B. laterosporus, 
- B. lentus 
- B. lichenifomis 
B. macerans 

- 8 .  megaterium 

- B. pantothenticus 
- B. polymyxa 
- B. pulvifaciens 
- B. pumilus 
- B. sphaericus 

20 

5 

- B. subtilis 

Corynebacterium-Brevibacterium 
Group 

10 

3 

13 

3 

158 

Actinomycetes 7 

Streptomycetes 

Yeasts 

Molds 

Atypical Mi.crococcus spp , 

Atypical Bacillus spp .  

No growth on subculture 

4 

2 

31 

36 

30 

12 

1.8 

0.4 

0.4 

0.2 

0.2. 

0.9 

0.3 

1.2 

0.3 

14.1 

0.6 

0.4 

0.2 

2.8 

3.2 

2.7 

1.1 

Number I so la ted  1123 
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TABLE 1 3 .  TYPES OF MXCROORGANISMS ASSOCIATED WITH THE COMPONENT ?ARTS 

OF APOLLO 14 SPACECRAFT. 

Source 

Human 
Types 

Environmental  
Types 

Pe rcen t  Pe rcen t  

CMI 9 4  6 

L A X  9 4  6 

LAE 89 11 

LD E 

SLA 

83 

9 4  

17 

6 

I . U .  64  36 

S - 4 B  51 49 

Total Spacec ra f t  86 14 
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