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FOREWORD 

This  f i n a l  r e p o r t  summarizes t h e  experimental  work con- 

ducted from February 16, 1968 t o  J u l y  14, 1969 under t h e  

Nat ional  Aeronautics and Space Adminis t ra t ion Contract  No. 

NASr-22. By mutual agreement wi th  M r .  Lawrence H a l l ,  NASA 

Contract  Officer, a summary of t h e  work conducted during t h e  

o v e r a l l  c o n t r a c t  per iod o f  A p r i l  16, 1965 to  February 16, 

1968 w a s  n o t  included i n  t h i s  r e p o r t .  This work w a s  covered 

i n  d e t a i l  i n  t h e  fol lowing pub l i ca t ions :  

Su rv iva l  and 
con taminants 
Sc iences  and 
1966 . 

growth o f  p o t e n t i a l  microbia l  
i n  severe  environments e L i f e  
Space Research, Vol. I V ,  166-175, 

Surv iva l  of  Microorganisms i n  a Simulated Martian 
Environment. PI Moisture and Oxygen Requirements 
f o r  Germination o f  Bac i l lu s  cereus and Bacillus 
s u b t i l i s  var n i g e r  spores .  Microbiol,  l5, 
285-291, 1967. 

Effect o f  reduced barometr ic  p r e s s u r e  on water 
a v a i l a b i l i t y  r e l a t e d  t o  mic rob ia l  growth. 
Sciences and Space Research, Vole V., 174-186, 
1967 

L i f e  

A b i l i t y  o f  microorganisms t o  e s t a b l i s h  eco log ica l  
n iches  i n  d i f f e r e n t  s o i l s  and environments Dev. 
i n  I n d u s t r i a l  Microbiology, V o l .  I X ,  401-414, 
1968 

P r o b a b i l i t y  o f  growth o f  viable microorganisms 
i n  Martian environments L i f e  Sciences and Space 
Research, V o l ,  V I ,  146-156, 1968. 

A Martian su r face  s imulat ion f a c i l i t y  for  bacter ia l  
s t u d i e s .  Proc. Trans,  I n s t .  Environ. S c i .  327-332, 
1968 
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The s t u d i e s  w e r e  conducted wi th  t h e  advice  of D r ,  E.  J, 

Hawrylewicz and wi th  t h e  t e c h n i c a l  a s s i s t a n c e  of M r .  Bo T o  

Anderson, Mrs. M e  L. Cephus, M r s ,  B. J,  Larson, and M i s s  V. K. 

Tolkacz. 

Experimental d a t a  f o r  t h e  per iod  of  February 16, 1968 t o  

July 14, 1969 are recorded i n  IITRI Logbooks C18169, (218459, 

C18586, C18591, (218833, C19044, and C19157. 
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LIFE I N  EXTRATERRESTRIAL ENVIRONMENTS 

I, INTRODUCTION 

During t h e  p a s t  year  t h e  experimental  work concentrated 

on two s u b j e c t  areas, namely 

a. The effect  o f  u l t r a v i o l e t  r a d i a t i o n  on t h e  

s u r v i v a l  o f  a i rbo rne  b a c t e r i a  i n  Simulated 

Martian dus t  clouds 

b. The i s o l a t i o n  o f  s a l t  t o l e r a n t  bacteria from 

s o i l s  t h a t  included s o i l s  obtained from 

d e s e r t  and tundra regions,  and t h e  s u r v i v a l  

o f  t h e s e  organisms i n  a s imulated Martian 

environment 

A chamber w a s  cons t ruc ted  t o  create simulated Martian 

d u s t  storms and to study t h e  s u r v i v a l  o f  a i rbo rne  micro- 

organisms i n  t h e  Martian environment, inc luding  u l t r a v i o l e t  

i r r a d i a t i o n  Representa t ive  types o f  sporeforming and non- 

sporeforming b a c t e r i a  p re sen t  i n  s p a c e c r a f t  assembly areas 

and indigenous t o  humans w e r e  s tud ied .  The organisms i n -  

cluded Bac i l lu s  cereus ,  & s u b t i l i s ,  Escher ich ia  -3 c o l i  

S e r r a t i a  marcescens, and Staphylococcus aureus.  
7 It w a s  found t h a t  d a i l y  u l t r a v i o l e t  i r r a d i a t i o n  of  2 x 10 

7 2 ergs/cm t o  9 x 10 w a s  n o t  s u f f i c i e n t  t o  s t e r i l i z e  t h e  d u s t  

c louds,  The s o i l  p a r t i c l e s  apparent ly  p ro tec t ed  t h e  organisms 
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from u l t r a v i o l e t  i r r a d i a t i o n  s i n c e  t h e  numbers o f  surv ivors  

from i r r a d i a t e d  and u n i r r a d i a t e d  environments w e r e  similar. 

The r e s u l t s  i nd ica t ed  t h a t  long term s u r v i v a l  of organisms 

under t h e  e s t a b l i s h e d  environmental condi t ions  w a s  p o s s i b l e  

and t h a t ,  pending f u r t h e r  d a t a ,  t h e  contamination o f  Mars 

wi th  terrestr ia l  microorganisms would s t i l l  b e  a d i s t i n c t  

p o s s i b i l i t y .  

S a l t  t o l e r a n t ,  f a c u l t a t i v e  anaerobic  b a c i l l i ,  and cocc i  

i s o l a t e d  from d i f f e r e n t  s o i l s  w e r e  t e s t e d  f o r  t h e i r  minimum 

a requirement and t h e i r  s u r v i v a l  i n  a s imulated Martian en- 

vironment, 

t h e  p r e v a i l i n g  climatic condi t ions  i n  t h e  o r i g i n  a rea  o f  t h e  

s o i l  and t h e  a b i l j t y  o f  t h e  organism t o  grow i n  a simulated 

Martian environment than between t h e  minimum aw requirement 

o f  t h e  organism and s u r v i v a l .  

coccus spec ie s  i s o l a t e d  from d e s e r t  and tundra s o i l s  w e r e  able 

to grow i n  a simulated Mart ian environment than i s o l a t e s  from 

temperate climate s o i l s .  

W 

There appeared t o  be a g r e a t e r  c o r r e l a t i o n  between 

Larger numbers of b a c i l l u s  and 

The following papers summarizing t h e  work performed under 

t h e  c o n t r a c t  w e r e  presented o r  submitted f o r  pub l i ca t ion  during 

t h e  r e p o r t  per iod:  

1. Semiannual p r o j e c t  r e p o r t  presented a t  t h e  

Spacecraf t  S t e r i l i z a t i o n  Technology Seminar, 

Cape Kennedy, F lo r ida ,  February 11 and 12, 

1969 

2 



2.  

3. 

4 .  

"Effect o f  U l t r a v i o l e t  on t h e  Surv iva l  o f  

Bacteria Airborne i n  Simulated Martian Dust 

Clouds," paper presented a t  t h e  Annual COSPAR 

Meeting, Prague, Czechoslovakia, May 12 t o  23, 

1969 

Surv iva l  of Microorganisms i n  a Simulated 

Martian Environment. 111. Effect o f  S o i l  

Type and Moisture. Submitted f o r  pub l i ca t ion  

i n  Appl, Microbiol. 

Su rv iva l  of Microorganism i n  a Simulated 

Martian Environment. I V .  Effect o f  Baro- 

metric Pressure ,  Gaseous Composition of  

Atmosphere, and Moisture. Submitted f o r  

pub l i ca t ion  i n  Appl. Microbiol.  

I1 , EXPERIMENTAL METHODS 

A. Rota t ing  Drum Experiments 

1, Chamber 

The r o t a t i n g  chamber, 30 c m  i n  diameter and 30 cm long, 

w a s  cons t ruc ted  o f  aluminum. The chamber contained screen 

b a f f l e s  t h a t  c r ea t ed  d u s t  clouds as t h e  chamber r o t a t e d  a t  

approximately 20 rev/min, 

t u r e  and t o  s h i e l d  personnel  from t h e  u l t r a v i o l e t  i r r a d i a t i o n  

To enable  t h e  c o n t r o l  o f  tempera- 

t h e  r o t a t i n g  chamber w a s  opera ted  i n  an environmental chamber. 

I IT RESEARCH INSTITUTE 

3 



A s u p r a s i l  qua r t z  window w a s  se t  i n  t h e  face p l a t e  a t  one 

end o f  t h e  chamber. 

wavelengths i n  t h e  2000 t o  3000 A region.  Transmittance o f  

s u p r a s i l  drops o f f  sharp ly  a t  1600 A,  

p laced i n  t h e  oppos i t e  face p l a t e  toge ther  w i th  a p o r t  t h a t  

permit ted evacuation o f  t h e  chamber t o  e s t a b l i s h  t h e  des i r ed  

p a r t i a l  p ressures .  

S u p r a s i l  t r ansmi t s  90% o f  the  u l t r a v i o l e t  

A sampling p o r t  w a s  

2 U l t r a v i o l e t  Source 

The u l t r a v i o l e t  source w a s  a type A Hanover lamp No. 673A, 

550 w a t t s  (Hanover Lamp Divis ion ,  Newark, N o  J.) with an 11.4 c m  

arc length ,  The emit ted energy a t  d i f f e r e n t  wavelengths i n  t h e  

u l t r a v i o l e t  w a s  determined wi th  an Eppley thermophile, a c i r c u l a r  

12-junction, bismuth-si lver  instrument (Eppley Laboratory Equip- 

ment Coo,  Newport, Rhode I s l a n d ) ,  Approximately 50% of  t h e  

lamp's emission w a s  i n  t h e  u l t r a v i o l e t  region between 2200 and 

4000 A with about 10% i n  t h e  2400 t o  2800 A reg ion ,  

A t  a d i s t a n c e  o f  27 cm from t h e  f r o n t  o f  t h e  chamber t h e  
2 u l t r a v i o l e t  i n t e n s i t y  w a s  2.6 x lo4 ergs /sec ,  cm o r  approxi- 

ma%ely 8 t i m e s  t h e  u l t r a v i o l e t  i n t e n s i t y  repor ted  a t  t h e  sur -  

face o f  Mars (3 x 10 ergs /sec ,  cm ) o  The i n t e n s i t y  a t  t h e  

back o f  t h e  chamber, 59 ern from t h e  u l t r a v i o l e t  source,  w a s  

5 , 3  x 10 e rgs / sec ,  cm , To obta in  t h e  Martian equiva len t  f o r  

t h e  r e s p e c t i v e  i r r a d i a n c e s  t h e  lamp would have t o  ope ra t e  55 min 

and 270 min, 

3 2 

3 2 
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Since bacteria were homogeneously d i s t r i b u t e d  i n  t h e  d u s t  

clouds and s i n c e  t h e r e  were no apprec iab le  d i f f e r e n c e s  between 

b a c t e r i a l  counts o f  s o i l  from t h e  back o r  f r o n t  po r t ions  o f  

t h e  chamber a 1 h r  d a i l y  u l t r a v i o l e t  exposure w a s  used with 

t h e  i n t e n t i o n  t o  s tudy t h e  effect of increased  dura t ions  o f  

exposure i n  f u t u r e  experiments 

3 Preparat ion o f  Bacterial Cul tures  

Spores o f  _I B ,  cereus and Iz_, s u b t i l i s  were produced on t r y p t i -  

case soy agar  (BBL). A f t e r  incubat ion a t  35°C f o r  6 t o  7 days 

free spores  w e r e  harves ted  i n  c h i l l e d  0.025 M phosphate b u f f e r  

(pH 7.0) and w e r e  washed seven t i m e s  before  f i n a l  suspension 

i n  t h e  b u f f e r .  

used without  hea t  shock s i n c e  t h e  germination o f  spores  by s o i l  

p a r t i c l e  abrasion w a s  being inves t iga t ed .  

The suspensions w e r e  s t o r e d  a t  5°C and w e r e  

Stock c u l t u r e s  o f  E, c o l i ,  Lmarcescens,  and aureus 

w e r e  produced by growing t h e  organisms on t r y p t i c a s e  soy agar  

f o r  24 h r  or 48 h r  a t  35OC. Harvesting and s to rage  procedures 

w e r e  t h e  s a m e  as descr ibed for  - B,  cereus and s u b t i l i s ,  

4 Bacterial Inocula t ion  and Recovery 

F e l s i t e - l i m  n i t e  or l imoni te  coated s o i l s  were s t e r i l i z e d  

a t  121°C f o r  2 h r  on each o f  two succeeding days and d r i e d  f o r  

30 min i n  a vacuum autoc lave ,  A f t e r  cool ing,  t h e  s o i l  w a s  

inocula ted  by spraying 4 m l  o f  a phosphate b u f f e r  suspension 

o f  t h e  organisms. 

c e l l s / g  of  s o i l  without  in t roducing  excess ive  amounts o f  w a t e r  e 

This w a s  c a l c u l a t e d  t o  g ive  lo6 viable 

IlT RESEARCH INSTITUTE 
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Two o r  t h r e e  s o i l  samples w e r e  a s e p t i c a l l y  removed a t  

var ious  t i m e  i n t e r v a l s ,  u s u a l l y  a t  1 and 3 h r  and a t  I, 3, 

7,  14, and 21 days p o s t  i nocu la t ion ,  through the  sampling 

p o r t  whi le  t h e  chamber r o t a t e d ,  The samples were d i l u t e d  

wi th  0.1% peptone s o l u t i o n  and t h e  appropr i a t e  d i l u t i o n s  

were p l a t e d  i n  d u p l i c a t e  on t r y p t i c a s e  soy agar  f o r  recovery 

o f  t o t a l  viable bacteria count. Spore counts w e r e  performed 

by hea t ing  t h e  s o i l  suspension d i l u t i o n s  f o r  10 min a t  8 0 ° C  

before  p l a t i n g  on t r y p t i c a s e  soy agar .  The p l a t e s  w e r e  i n -  

cubated a t  37°C f o r  24 t o  48 h r o  

When s tudying environments with p a r t i a l  p re s su res ,  t h e  

chamber w a s  e q u i l i b r a t e d  t o  ambient p re s su re  wi th  t h e  simu- 

l a t e d  Martian atmosphere (67% carbon d ioxide ,  30% n i t rogen ,  

and 3% argon) and continuously purged u n t i l  samples w e r e  co l -  

l e c t e d  after which t h e  d e s i r e d  p a r t i a l  p re s su re  w a s  r ees t ab -  

l i s h e d ,  

B o  S a l t  Tolerance Experiments 

1, Recovery o f  S a l t  Toleran t  Organisms 

S a l t  t o l e r a n t  organisms were i s o l a t e d  from s o i l s  obtained 

from the  following loca t ions  

1. Desert S o i l s  

a ,  Libyan d e s e r t ,  Libya 

b.  Mecca H i l l s ,  C a l i f o r n i a  

c. Sonoran Desert, Arizona 

d. White Sands Nat iona l  Monument, New Mexico, 

IIT RESEARCH INSTITUTE 
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2 ,  Tundra S o i l s  

a ,  Rocky Mountain Nat ional  Park, Colorado 

b o  White Mountains, C a l i f o r n i a ,  

3. Temperate C l i m a t e  S o i l s  

a ,  Mol l i so l  s o i l ,  Kane County, I l l i n o i s ,  

b o  Podzol s o i l ,  Kane County, I l l i n o i s .  

The s o i l  samples w e r e  suspended i n  0.1% peptone so lu t ion  

and appropr i a t e  d i l u t i o n s  w e r e  p l a t e d  on t r y p t i c a s e  soy agar  

conta in ing  7.5% (w/v) o f  sodium ch lo r ide .  The p l a t e s  were 

incubated a t  25°C f o r  7 days. Simultaneously spore  counts 

w e r e  performed by hea t ing  t h e  s o i l  suspensions f o r  20 min 

a t  60°C be fo re  p l a t i n g  on t r y p t i c a s e  soy agar  conta in ing  7.5% 

(w/v) of sodium c h l o r i d e  and incubat ing  a t  25°C f o r  7 days. 

2. Determination of  M i n i m u m  a,, Requirements 

The i s o l a t e s  w e r e  f u r t h e r  t e s t e d  f o r  t h e i r  s a l t  t o l e rance  

by determining t h e i r  a b i l i t y  t o  grow i n  t r y p t i c a s e  soy b ro th  

ad jus t ed  t o  an aw of  0,90, 0,86, o r  0,84,  

were prepared by t h e  method o f  S c o t t  (Aus t ra l ,  J. Bio l ,  S c i .  

- 6, 549-564, 1953). The tubes were incubated a t  25°C and 

observed f o r  v i s i b l e  growth a t  7, 28 and 56 days. The i s o l a t e s  

w e r e  grouped according t o  t h e i r  c o l o n i a l  and c e l l u l a r  morphology 

and minimum aw requirements.  

tests w a s  conducted, 

The aw s o l u t i o n s  

A l i m i t e d  number of biochemical 
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C. Simulated Martian Environment 

The fol lowing condi t ions  were used i n  experiments designed 

t o  s tudy t h e  effects o f  a s imulated Martian environment on sur- 

vival  o r  growth of  b a c t e r i a :  

1. Atmospheric pressure :  15 mb 

2 ,  Gaseous composition: 67% carbon dioxide,  30% 

n i t rogen ,  and 3% argon, 

3 .  Incubation temperature:  d a i l y  16 h r  a t  -65°C 

and 8-hr a t  3OOC. 

111. RESULTS AND DISCUSSION 

A ,  Rota t ing  Chamber Experiments 

It has been suggested by Horowitz e t  a1  (Science -3 155 1501, 

1967) t h a t  t h e  u l t r a v i o l e t  r a d i a t i o n  reaching t h e  su r face  o f  

Mars i s  o f  s u f f i c i e n t  i n t e n s i t y  t o  prevent  t h e  s u r v i v a l  o f  

terrestrial  l i f e  forms, On t h e  o t h e r  hand,, a n  opposing v i e w  

w a s  expressed by Sagan e t  a1  (Science 159, 1191,  1968), who 

suggested t h a t  l imoni te  r e a d i l y  absorbs u l t r a v i o l e t  r a d i a t i o n  

and thus  may p r o t e c t  l i f e  forms from t h e  harmful effects o f  

i r r a d i a t i o n  

U l t r a v i o l e t  i r r a d i a t i o n ,  p a r t i c u l a r l y  i n  t h e  2400 t o  2800 A 

region, has a profound effect on b i o l o g i c a l  systems. The amount 

o f  u l t r a v i o l e t  i r r a d i a t i o n  r equ i r ed  t o  reduce a population t o  

about 37%, i s  approximately 1000-fold less (2 t o  4 x lo4 ergs/cm ) 

than t h e  d a i l y  exposure used i n  our s t u d i e s  ( D e m e r e c  and Latarjet ,  

2 
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Cold Spring Harbor Symposia Quant, B io l ,  _. 11, 38, 1946; Herich, 

J. Gen Phys io l ,  20, 589, 1936). Unshielded microorganisms, 

f o r  example, are r a p i d l y  k i l l e d  when exposed t o  u l t r a v i o l e t  
5 6 2 r a d i a t i o n  o f  t h e  o rde r  of 10 t o  LO ergslcm However, because 

o f  t h e  l o w  pene t r a t ion  o f  u l t r a v i o l e t  r ays  t h i n  f i l m s  o f  pro- 

te inaceous material o f  th icknesses  approaching dimensions o f  

bacter ia l  cells  g r e a t l y  reduce u l t r a v i o l e t  i n t e n s i t y  (Dunham, 

i n  D i s in fec t ion ,  S t e r i l i z a t i o n ,  and Prese-rvation, Lea and 

Febiger,  P h i l ,  1968, p. 480) ,  

Our s t u d i e s  w e r e  designed t o  i n v e s t i g a t e  t h e  p r o t e c t i v e  

effect o f  s o i l  p a r t i c l e s  i n  sh i e ld ing  b a c t e r i a  from u l t r a v i o l e t  

r a d i a t i o n ,  The s u r v i v a l  i n  t h r e e  types o f  environments w a s  

i nves t iga t ed :  

a ,  Bacteria a i rbo rne  i n  s o i l  clouds maintained a t  

cons tan t  25°C without  u l t r a v i o l e t  i r r a d i a t i o n  

b o  Bac te r i a  a i rbo rne  i n  s o i l  clouds exposed d a i l y  

t o  16 h r  a t  -65°C and 8 h r  a t  30°C wi th  2 t o  
7 2 9 x 10 ergs/cm u l t r a v i o l e t  i r r a d i a t i o n  i n  t h e  

2400 t o  2800 A reg ion ,  

c, Conditions similar t o  (b) b u t  i n  a s imulated 

Martian a a o s p h e r e  cons i s t i rg  o f  67% carbon 

dioxide,  30% n i t rogen ,  and 3% argon a t  15 m b  

p re s su re ,  The moisture  of  t h e  environments 

ranged f r o m  1 t o  2% which w a s  below t h e  normal 

-___. i n  s i t u  moisture  o f  5%. 
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-- c o l i  and - S, marcescens d i d  n o t  su rv ive  two days E ,  i n  any 

o f  t h e  environments, 

by des i cca t ion  and perhaps s o i l  abras ion .  The effect o f  t h e  

experimental  environments (b) and (c) on ce l l  death could n o t  

The r a p i d  d i e -o f f  w a s  probably caused 

be determined s i n c e  t h e  v i a b i l i t y  decreased as r a p i d l y  i n  t h e  

c o n t r o l  s o i l  clouds (a) maintained a t  cons tan t  25°C as i n  t h e  

o t h e r  environments 

Dai ly  exposures t o  u l t r a v i o l e t  i r r a d i a t i o n  ranging from 2 
7 2 t o  9 x 10 ergslcm , freeze-thaw temperature cyc le ,  o r  t h e  

simulated Martian atmosphere d i d  n o t  affect  t h e  s u r v i v a l  of  

- B o  cereus  (Figure 1) o r  B. s u b t i l i s  (Figure 2 ) .  I n  fact  a t  

a l l  sampling days t h e  percent  s u r v i v a l  of  t hese  organisms w a s  

h igher  i n  t h e  experimental  environments (b) and (c), than i n  

t h e  c o n t r o l  environment (a). 

The s u r v i v a l  o f  - S. aureus (Figure 3 )  w a s  e s s e n t i a l l y  t h e  

same i n  a l l  environments suggest ing t h a t  t h e  experimental  en- 

vironments (b) and (c) d i d  n o t  have any s i g n i f i c a n t  effect on 

t h e  v i a b i l i t y  o f  t h i s  organism, 

The d e c l i n e  i n  death of  microorganisms, which w a s  apprent  

from t h e  f l a t t e n i n g  of  t h e  surv ivor  curves between 14 and 2 1  

days, i nd ica t ed  t h a t  long term s u r v i v a l  o f  organisms i n  s o i l  

clouds i s  p o s s i b l e ,  This i s  an important observat ion when 

considered toge ther  w i th  our  o t h e r  s t u d i e s  which showed t h a t  

- Be cereus  and p a r t i c u l a r l y  S, aureus could grow i n  a simulated 

Martian environment i f  s u f f i c i e n t  mois ture  w a s  p re sen t  
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(Hawrylewicz e t  a l , ,  L i f e  Sciences and Space Research, V I ,  

North-Holland, Amsterdam, 1968, p o  1 4 6 )  

B. S a l t  Tolerance Experiments 

The s a l t  t o l e r a n t  i s o l a t e s  were grouped according t o  t h e i r  

c e l l u l a r  morphology and minimum aw requirement (Table l), 

Table 1 

NUMBER OF SALT TOLERANT ORGANISMS ISOLATED R O M  SOILS 
C e l l  Minimum aw Requirements Total Number 

0086 0084 o f  Is0 l a  t es - 0090 Morpho logy I__ 

Bac i l lu s  26 19 9 5 4  

coccus 4 15 5 2 4  

The term "sal t  t o l e r a n t "  w a s  given t o  those  organisms t h a t  

grew on t r y p t i c a s e  soy agar  with 7.5% sodium c h l o r i d e  (w/v) 

added 

A l l  of  t h e  organisms examined w e r e  f a c u l t a t i v e  anaerobes 

Twelve  o f  t h e  b a c i l l i  i s o l a t e d  were l e c i t h i n a s e - p o s i t i v e ,  o r  

cereus-type, S i x  of t h e  cocc i  i s o l a t e s  w e r e  c l a s s i f i e d  as 

Micrococcus based on t h e i r  a b i l i t y  t o  u t i l i z e  ammonium phos- 

pha te  as t h e  s o l e  n i t rogen  sourceo  Based on t h e  n i t r a t e  re- 

duct ion and anaerobic  u t i l i z a t i o n  of glucose and mannitol  tests 

t h e  remaining cocc i  w e r e  e i t h e r  spec ie s  o f  Micrococcus o r  

Sarcina 
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The i s o l a t e s  t h a t  grew a t  low awls w e r e  n o t  c h a r a c t e r i s t i c  

o f  any p a r t i c u l a r  s o i l  typeo  

men t s  were i s o l a t e d  from t h e  temperate climate s o i l s  i n  

addi t ion  t o  t h e  d e s e r t  and tundra s o i l s .  

Organisms wi th  l o w  aw requ i r e -  

A l l  78 i s o l a t e s  w e r e  t e s t e d  f o r  t h e i r  a b i l i t y  t o  surv ive  

and grow i n  a s imulated Martian environment c o n s i s t i n g  o f  67% 

carbon d ioxide ,  30% n i t rogen ,  3% argon a t  15 mb pres su re ;  d a i l y  

16 h r  a t  -65°C and 8 h r  a t  3OoC, f e l s i t e - l i m o n i t e  s o i l  wi th  1% 

A c  (Difco),  and an aw o f  Oo99, 

mined be fo re  and after 7 days i n  t h e  tes t  environment. Those 

c u l t u r e s  t h a t  had a f i n a l  v i a b l e  ce l l  count one log o r  g r e a t e r  

than t h e  i n i t i a l  count w e r e  scored as growing i n  t h e  simulated 

Martian environment (Table 2)  e 

Viable ce l l  counts w e r e  d e t e r -  

Table 2 

GROWTH OF SALT TOLERANT ORGANISMS 
I N  A SIMULATED MARTIAN ENVIRONMENT 

Minimum aw Requirement 
Morphology - 0.90 0.86 0.84 

Bac i l lu s  71269; 0/19 319 

C e l l  

Coceus 3 / 4  11/15 3 15 
%; 

Number o f  i s o l a t e s  t h a t  grewlnumber 
o f  i s o l a t e s  t e s t e d ,  
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A l l  of t h e  i s o l a t e s  t e s t e d  survived t h e  s imulated Martian 

environment wi th  a g r e a t e r  proport ion o f  t h e  coccus than b a c i l -  

l u s  i s o l a t e s  growing i n  t h e  s imulated Martian environment. In  

gene ra l  t h e  organisms t h a t  grew i n  t h e  Martian environment w e r e  

i s o l a t e d  from s o i l s  from severe terrestrial  environments : White 

Mountains, Mecca H i l l s ,  White Sands, and Libyan Desert s o i l s .  

There w a s  no apparent  r e l a t i o n s h i p  between low aw requirement 

and a b i l i t y  t o  grow i n  t h e  simulated Martian environment. 

I V ,  SUMMARY 

A chamber was cons t ruc ted  t o  s imula te  Martian d u s t  storms 

and t o  study t h e  s u r v i v a l  o f  a i rbo rne  microorganisms exposed 

t o  a simulated Mart ian environment t h a t  included u l t r a v i o l e t  

i r r a d i a t i o n  and d a i l y  freeze-thaw temperatures.  The percent  

surv ivors  o f  organisms exposed t o  u l t r a v i o l e t  r a d i a t i o n  w e r e  

equal. t o  o r  g r e a t e r  than t h e  non- i r r ad ia t ed  organisms suggest ing 

t h a t  some f a c t o r s ,  probably t h e  s o i l  p a r t i c l e s ,  p ro t ec t ed  t h e  

o r g a n i s m  from u l t r a v i o l e t  i r r a d i a t i o n  

S a l t  t o l e r a n t ,  f a c u l t a t i v e  anaerobes w e r e  i s o l a t e d  from 

d e s e r t ,  tundra,  and temperate climate s o i l s .  A l l  o f  t h e  s a l t  

t o l e r a n t  i s o l a t e s ,  which included b a c i l l u s  and coccus spec ie s ,  

survived i n  a s imulated Martian environment, The organisms t h a t  

grew i n  t h e  simulated Mart ian environment w e r e  c h i e f l y  i s o l a t e s  

from d e s e r t  and tundra s o i l s  which implied t h a t  growth w a s  more 
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r e l a t e d  t o  t h e  n a t i v e  environment of  t h e  organism r a t h e r  than 

t o  t h e  organism's low aw requirement. 
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