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Pro tec t i on  Branch Report o f  Test No. 19-65 

Dry Heat S t e r i l i z a t i o n  o f  Microorganisms a t  
l f i c  

105" C 

The e f fec t i veness  of d r y  heat a t  105" C (221" F )  /aga ns t  d i f f e r e n t  
leve  s of m ic rob ia l  contaminat ion on g lass 
not  embedded ' 3  p l a s t i c ,  was invest igated.  
&Z.U..&&FGS&-~WeFmKdU ? 

~ 4 - 1 - ? ~ 3 2 2 0 "  F)-wi th  emphasis an temperatures between 115" t o  c. 
L imi ted  tes ts  were run a t  105" C and those which were performed 

-ne w i t h  spores on exposed surfaces o r  organisms i n  s o i l .  No death 
ra tes  were determined on organisms embedded i n  p l a s t i c .  The reason f o r  
conduct ing f u r t h e r  s tud ies a t  t h i s  low temperature was t h a t  Dr. Imshenetsky 
i nd i cated 
the  Russian spacecraf t  would be s t e r i l i z e d  by exposure t o  105" C f o r  a 
few days. This  temperature i s  considerably lower than any temperature 
NASA has considered f o r  d ry  heat s t e r i l i z a t i o n  o f  space probes. There- 
fore, the  i n v e s t i g a t i o n  repor ted here was undertaken t o  o b t a i n  more 
in format ion on the  e f fec t i veness  o f  d r y  heat s t e r i l i z a t i o n  a t  t h i s  

_ _  .- 

1 ower tempecat ure. 

MATERIALS AND METHODS 

Contamination o f  Glass 

Glass s l i d e s  ( 1  x 13 inches) were contaminated w i t h  B a c i l l u s  s u b t i l i s  
va r  n iqe r  spores by p l a c i n g  an a l i q u o t  o f  an aqueous spore suspension 
upon the  sur face o f  each s l i d e  and a l l o w i n g  i t  t o  d ry  overn ight  a t  ambient 
r e l a t i v e  humid i ty  and temperature. Approximately the same number o f  
s l i d e s  were inoculated w i t h  e i t h e r  a low spore concent ra t ion  (8.9 x 10 

7 per  s l i d e )  o r  a h igh  one (6.4 x 10 

3 
per  s l i d e ] .  

I n  add i t ion ,  g lass s l i d e s  were n a t u r a l l y  contaminated w i t h  micro-  
organisms by exposure t o  a e r i a l  f a l l \ ou t  f o r  e i g h t  t o  ten  weeks. 

P l a s c i c  

About one-hal f  o f  the  glass s l i des  t h a t  were contaminated f o r  t h i s  
study were embedded i n  s i l i c o n e  p l a s t i c  RTV-602" t o  o b t a i n  a cover ing  
t h a t  would s imulate the  p ro tec t i on  prov ided microorganisms entrapped i n  
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so l i ds .  The embedding procedure involved the f o l l o w i n g  stages: 

1. The p l a s t i c  was prepared by mix ing  15 drops o f  c a t a l y s t  SRC-05 
i n  each 100 grams o f  RTV-602. 

2. Small p l a t e s  (about 2 inches i n  diameter and 5/8 inch deep) 
were f i l l e d  about one- th i rd  f u l l  w i t h  l i q u i d  p l a s t i c .  

3 .  A f t e r  the  p l a s t i c  had set one day a t  room temperature, the  
contaminated s ide  o f  t he  glass was placed downward on the  hardened p l a s t i c .  

4. Enough l i q u i d  p l a s t i c  was poured over the  g lass  s l i d e  t o  cover 
i t  and t o  f i l l  two- th i rds  o f  the  p la te.  

Test Procedure 

Three t o  f o u r  small p lates,  each con ta in ing  one contaminated g lass 
s!Ide w i t h  o r  vt i thout the  embedding plastic, were placed I:: a la rge  covered 
d i s h  and t rans fe r red  t o  the 105" C c i r c u l a t i o n  d ry  heat oven, 
two hours lapsed before the oven temperature rose t o  105" C again;  a t  which 
time, the  exposure per iod  was recorded as s t a r t i n g .  A f t e r  var ious  exposure 
per iods f rom 4 t o  48 hours, the  l a rge  covered dishes con ta in ing  the  samples 
were removed, w i t h  s t e r i l e  tongs, from the  oven and placed i n  a p l a s t i c  
chamber. The chamber and i t s  contents (b ro th  blanks, scapels, and forceps)  
had been p rev ious l y  s t e r i l i z e d  w i t h  ethylene ox ide gas. 
were t raps fe r red  t o  t r yp tose  b r o t h  blanks i n  t h i s  chamber t o  prevent the 
p o s s i b i l i t y  o f  in t roduc ing  a i rbo rne  contamination d u r i n g  the  t r a n s f e r  pro-  
cedure. The embedded s l i d e s  were e a s i l y  separated from the p l a s t i c  by use 
o f  scape1 and forceps and were placed i n  the  b r o t h  w i thou t  t h e  p l a s t i c .  I n  
a d d i t i o n  t o  c u l t u r i n g  samples i n  bro th  t o  determine s t e r i l i t y ,  o ther  samples 
exposed t o  heat were assayed f o r  v iab le  count. Contro l  samples, i.e., 
contaminated glass s l ides,  embedded and not  embedded i n  p l a s t i c  f o r  one o r  
two days a t  room temperature, were a lso assayed f o r  v i a b l e  count. A l l  
assays were done by the  pour p l a t e  method and c u l t u r e d  i n  t r yp tose  agar a t  
37" C f o r  48 hours before colony counts were made. Broth samples were i n -  
cubated a t  37" C f o r  seven days before checking f o r  b a c t e r i a l  growth. 

Approximately 

The g lass s l i d e s  

RESULTS AND D I S C U S S I O N  

The r e s u l t s  obtained f o r  d ry  E. s u b t i l i s  var  n iqe r  spores subjected 
t o  d r y  heat a t  105" C are  summarized i n  Table I. Apparent s t e r i l i t y  was 
achieved f o r  a l l  samples a f t e r  48 hours exposure t o  105" C. Th is  s t e r i -  
l i t y  t ime i s  comparable t o  the  t ime estimated from Koesterer ' s  thermal 
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death r a t e  curve f o r  9. s u b t i l i s  var n ige r  z! 
a considerable l o n g e r t i m e  was required t o  k i l l  spores embedded i n  p l a s t i c  
than those exposed on surfaces since others u' have a l s o  observed slower 
death ra tes  f o r  spores entrapped i n  s o l i d s  i n  t e s t s  conducted a t  h igher  
temperatures. 

I t  i s  not  s u r p r i s i n g  t h a t  

Glass s l i d e s  contaminated w i t h  a h igh  spore Concentrat ion requi red a 
longer t ime f o r  s t e r i l i z a t i o n  than the  s l i d e s  contaminated w i t h  a low 
spore concentrat ion.  However, f o r  t he  s l i d e s  embedded i n  p l a s t i c ,  the  
' level o f  spore contaminat ion d i d  not appear t o  have as marked an e f f e c t  
on the  s t e r i l i t y  time. One contaminated s l i d e  was s t i l l  found i n  the low 
spore popu la t ion  as w e l l  as one i n  t h e  h igh  a f t e r  32 hours (Table I). 

FGT the  glass s l  ides contaminated by a e r i a l  fa1  Bout (not tabulated),  
the  contaminat ion l e v e l  was c n l y  about 40 microorgapisms per  s l i d e ;  bu t  
even so a f t e r  a 24 hour heat treatment, contaminat ion was found i n  one 
sample oclt o f  14 t h a t  had been embedded i n  p l a s t i c .  S l i des  not  embedded 
i n  p l a s t i c  were s t e r i 3 i z e d  w i t h i n  24 hours a t  805" C and the  embedded 
s l i d e s  were s t e r i l i z e d  i n  48 houx.. 

The da ta  from t h i s  study, wh i l e  not  extens ive i n  number,do i n d i c a t e  
t h a t  the  r e s i s t a n t l .  s u b t i l i s  var n iqe r  spores even i f  embedded i n  p l a s t i c  
can be k i l l e d  when subjected t o  dry heat a t  105" C f o r  48 hours. Thus 
space probes could probably be s t e r i  1 ized w i t h  d ry  heat a t  a temperature 
as low as 105" C i n  a few days as t h e  Russians have ind icated.  I n  t h e  
l i g h t  o f  these resu l ts ,  the  NASA time-temperattire requirements f o r  heat 
s t e r i l i z a t i o n  might be recozsidered. The important f a c t o r  ir! heat s t e r i -  
l i z a t i o n  o f  a spacecraf t  i s  not  the ex terna l  temperature but  the  ternper- 
a tuse a t  the s i t e  o f  the  microorganisms w i t h i n  the  veh ic le .  When a 
spacecraf t  i s  placed i n  ail oven there may be a considerable t ime lapse 
be fore  the  most inacxess ib le  and best insu la ted  areas reach the  des i red 
temperacure. With ail extezded exposure t ime f o r  the  heat cyc le  one' 
would bave mo:'e umficier!.x t h a t  the e n t i  :-e spacecraf t  reached the  des i red  
temperatui-e ar?d would i-ideed be s t e r i  1 ized. 

P,e f e r e  R c e s 
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