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Effect of Ultrahigh Vacuum on 

Viability of Microorganisms 
Abstract. Three species of resistant 

microorganisms were exposed for 5 days 
to an ultrahigh vacuum approaching that 
of interplanetary space. Since no lethal 
effect was observed, there is no indication 
that the vacuum of outer space would pre- 
vent transport of viable microorganisms 
on unsterilized space vehicles. 

'The effect of ultrahigh vacuum on 
microorganisms is of current practical 
interest in connection with the concern 
that interplanetary vehicles be sterile. 
Although ordinary laboratory vacuum 
(10- to 10'- mm-Hg) is used to pre- 
serve microorganisms, Phillips and Hoff- 
man (1) pointed out that the effect of 
the extreme vacuum of outer space 
[estimated as low as 10-" mm-Hg (2)] 
on microorganisms is unknown. Prince 
(3) reported that microorganisms with- 
stood pressures from 10- to 5 X 10' 
mm-Hg for 32 days. However, data 
on the effect of higher vacuums are 
needed, especially since odd surface 
effects have been noted (4) on some 
materials in ultrahigh vacuum (defined 
as pressures lower than 10- mm-Hg). 
The experiment reported here was per- 
formed in an 85-liter chamber (5) at 
the National Research Corporation (6), 
where pressures as low as 2 X 10-"? 
mm-Hg have been reached. It was 
hoped that if the vacuum of outer space 
is lethal to microorganisms, evidence 
of it would be obtained at this level of 
pressure. 
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Three of the more resistant types of 
saprophytic microorganisms were ex- 

posed to ultrahigh vacuum for 5 days, 
a period chosen arbitrarily as a little 
longer than the time required for tran- 
sit from the earth to the moon. Expo- 
sure was at ambient temperature which 
corresponds to the usual temperature 
maintained within space vehicles for 
the proper functioning of instruments. 
The chamber chosen for these tests 
operates at room temperatures, not at 
elevated temperatures as many high- 
vacuum sources do. 

Each of a number of ashless filter 
paper patches (/z inch in diameter) 
was contaminated with one of the three 
test microorganisms, Bacillus subtilis 
var. niger spores, Aspergillus fumigatus 
spores, or Mycobacterium smegmatis 
cells suspended in water, 0.1-percent 
Tween 20, and Dubos broth base, re- 
spectively. After drying over calcium 
sulfate, three patches of each type were 
assayed for viable microorganisms to 
serve as a baseline control. 

At the same time that the baseline 
control patches were assayed, nine test 
patches, three with each microorganism, 
were placed in the ultrahigh vacuum 
chamber. For comparison, similar 
patches, kept within desiccators in the 
sanme room, were maintained under 
five other environments. These environ- 
ments were air, atmospheres lacking 
oxygen or water vapor or both, and 
low vacuum. At the end of a 5-day ex- 
posure period, each patch was removed 
from its exposure chamber, placed in 
distilled water, and shaken until the 
paper patch disintegrated. Samples 
from serial decimal dilutions were then 
plated by the spread plate technique, 
with a trypticase soy agar as the cul- 
ture medium. The plates were incu- 
bated at 37?C, and colonies were 
counted after the optimum growth pe- 
riod which was 24 hours for Bacillus 
subtilis var. niger, 48 hours for Asper- 
gillus fumigatus, and 72 hours for 
Mycobacterium smeg7matis. 

The results shown in Table 1 indi- 
cate that, in general, ultrahigh vacuum, 
ordinary laboratory vacuum, and stor- 
age in a nitrogen atmosphere were the 
environments most conducive for the 
preservation of microbial viability. Sta- 
tistically, the recoveries of Bacillus sub- 
tilis var. niger spores or Aspergillus 
fumigatus spores obtained after expo- 
sure to these three conditions were not 
significantly different from each other 
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Table 1. Microorganisms recovered after 5 days 
of exposure to ultrahigh vacuum and other test 
conditions. Each entry is an average count for 
three patch samples. Temperature during test 
ranged from 23? to 24?C. 

B. A. M. 
Test sub- fumi- smeg- 

condition tills gatus matis 
(X 104) (X104) (X 102) 

Baseline control 102.2 31.8 469.1 
Vacuum, ultrahigh* 118.2 21.9 156.0 
Vacuum, labf 121.9 27.4 106.6 
Nitrogen + CaSO4 96.3 6.4 10.8 
Nitrogen only 96.4 23.2 140.9 
Air + CaSO4 37.6 0.1 0.8 
Air only 132.1 1.1 3.3 
* At 6 hours, pressure was 5.0 X 10-9 mm-Hg; at 
24 hours, pressure was 7.2 X 10-10 mm-Hg; and at 5 
days, pressure was 3.6 X 10-10 mm-Hg. t Pressure 
was 4 X 10-2 mm-Hg, produced by a Welch high- 
vacuum air pump. 

smegmatis, the recoveries obtained after 
exposure to these three conditions were 
also not significantly different from 
each other, but were significantly lower 
than the baseline control assayed 5 
days before. 

These data furnish no evidence to 
indicate that the vacuum of outer space 
would kill microorganisms and thus 
prevent their conveyance in a viable 
state on interplanetary vehicles. At the 
vacuum reached, the effect upon the 
test organisms was less adverse than 
exposure to normal atmosphere (7, 8). 
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