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Abstract. Studies were conducted to determine the effects of a simulated Martian environment on 
the survival of terrestrial microorganisms. Mariner IV data were utilized to establish the Martian 
model. Day/night cycling, temperature, humidity, pressure, atmospheric constituents and solar 
irradiation were controlled in a 3600 ft z simulation chamber at the Boeing Kent Space Simulation 
Laboratory. 

Microorganisms used in this study included suspensions of: Bacillus subtilis var. niger spores, a 
psycbrophilic sporeformer, and the organisms contained in a soil emulsion prepared from several 
soils. Aliquots of each suspension were placed on separate sterile stainless steel planchets, air dried, 
and positioned in 4 layers in sterile limonite. One-half of the samples placed on the surface received 
the total solar spectrum (0.44 earth solar constants); the remainder of the surface samples received 
the above treatment minus the ultraviolet (UV) portion of the spectrum. Subsurface samples were 
placed in limonite at depths of 0.5, 1.5 and 3 in. 

Survival data were obtained for chamber exposure periods of 2, 4, and 8 days. These data indicate 
that: (1) organisms exposed to the total solar spectrum did not survive, (2) a time dependent, 1 to 3 log, 
reduction in numbers occurred in the surface samples that received the solar spectrum minus UV, 
and (3) subsurface survival varied with depth and type or organism. 

1. Introduction 

Terres t r ia l  mic roorgan i sms  may  reach the surface of  Mar s  th rough  d i s lodgement  

f rom unster i l ized orbi t ing or  fly-by vehicles; by accidenta l  impac t  of  these unster i l ized 

vehicles on the p lane t ' s  surface;  or  by  inadequa te  s ter i l izat ion o f  Mar t i an  lander  

vehicles. This invest igat ion was ini t ia ted to de te rmine  the effect o f  a Mar t i an  environ-  

ment  on the survival  of  these organisms.  A n  est imate of  the survival  p robab i l i t y  is 

required in o rder  to p rope r ly  evaluate  this fac tor  within the to ta l  p l ane ta ry  quarant ine  

p robab i l i ty  a l locat ion  set for th by the Commi t tee  on Space Research  ( C O S P A R ,  

1964) and the Na t iona l  Aeronau t ics  and  Space Admin i s t r a t i on  (Hall ,  1968). 

N u m e r o u s  invest igat ions have been under t aken  to ascer ta in  the effect of  indiv idual  

Mar t i an  envi ronmenta l  pa ramete r s  on terrestr ial  organisms,  Mic roorgan i sms  have 

been exposed to s imula ted  Mar t i an  t empera tu re  cycles (Hawrylewicz,  et  al., 1965; 

Y o u n g  et  al., 1968), a tmospher ic  pressures (Rober ts ,  1963; Hagen  and  Jones,  1963; 

Si lverman et  al., 1967); solar  i r rad ia t ion  (Si lverman et  al., 1964, 1967); and  mois ture  

levels (Hagen  et al., 1967) to de termine  wha t  effect each pa rame te r  has on growth  

and survival.  Whi le  studies of  the effects o f  ind iv idua l  pa ramete r s  are impor t an t ,  it  is 

necessary to combine  these pa ramete r s  into a single test in o rder  to est imate the 

p robab i l i t y  o f  microbia l  survival  for  use in p l ane ta ry  quaran t ine  calculat ions.  Z h u k o v a  

* Present address: The Jet Propulsion Laboratory, Pasadena, Calif., U.S.A. 
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and  K o n d r a t y e v  (1964), and  many  others  have po in ted  out  tha t  organisms may  

respond  differently to ind iv idua l  c l imatic  pa ramete r s  act ing successively than  they 

will to combined  env i ronmenta l  condi t ions .  Therefore ,  this s tudy was in i t ia ted  in an 

a t t empt  to ob ta in  i m p r o v e d  est imates of  microbia l  survival  in a M a r t i a n  env i ronment  

by  combin ing  as many  indiv idual  pa ramete r s  as poss ible  into a ' t o ta l '  s imula t ion  

p rog ram.  S imula t ion  tests were conduc ted  for  2, 4 and 8 day  exposure  periods.  

2. Methods 

A. E N V I R O N M E N T A L  P A R A M E T E R S  

Mar ine r  IV da ta  were ut i l ized to es tabl ish the envi ronmenta l  test parameters .  These 

da t a  ind ica ted  tha t  the M a r t i a n  a tmosphere  was p r imar i ly  composed  of  ca rbon  

dioxide  with lesser concent ra t ions  of  n i t rogen and an iner t  gas. The a tmospher ic  

pressure was ca lcula ted  to range between 4 and  8 m m  Hg with only traces o f  b o u n d  

water  es t imated  to be present  (Kl iore  et al., 1965). 

A surface t empera tu re  profile was selected for  tha t  ca lcula ted  at  45 ~  dur ing  

the M a r t i a n  summer.  This t empera tu re  range appears  to be the most  conducive to 

microbia l  g rowth  and,  therefore,  a conservat ive condi t ion  upon  which to base p roba -  

bi l i ty  es t imates  for  use in p lane ta ry  quarant ine  calculat ions.  The mode l  of  the M a r t i a n  

env i ronmenta l  pa ramete r s  s imula ted  in this p r o g r a m  are summar ized  in Table  I. 

TABLE I 

Model of martian environmental parameters ~ 

Day-Night Cycle 
Temperature 

Humidity 
Atmospheric Composition 

Pressure 
Solar Simulation 

Spectral Range 
Ultraviolet (UV) 

Soil 

16 h light and 8 h dark 
Surface temperature 

max, 25 ~ 
min, -- 60 ~ 

Subsurface temperature: 
soil at 6 in., -- 40 ~ 

Trace (calculated at less than 1%) 
Carbon dioxide (CO2)-70 % 
Nitrogen (Nz)-25 % 
Argon (A)-5 % 
6 mm Hg 
0.44 Earth solar constants 
(45 ~ lat. at midsummer) 
2000 A to 25,000 
Total UV between 2000 A 
and 3000 2k = 7000 erg/cm2/sec 
Limonite 

The following parameters were monitored and recorded continuously throughout the tests. 
(1) Temperature: Copper-constantan thermocouples tied to a Brown 24-channel multipoint strip 
chart recorder. (2)Atmospheric Composition: Varian residual gas analyzer with an ion pump. 
(3) Atmospheric Pressure: Wallace & Tiernan Bourdon Tube-Type Pressure Gage (0-20 Torr range). 
(4) Soil Pressure: Pirani Gage. (5) Solar Intensity: TRW Model DR-2 Total Radiometer. 
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B. TEST FACILITIES 

The tests were conducted in Chamber 'B', (Figure 1) at the Boeing Kent Space 
Simulation Laboratory. The chamber has a net working space that is 8 ft in diameter 
and 8 ft high. The total volume is approximately 2000 ft 3. The chamber is equipped 
with a Spectrolab Model A-1200 Solar Simulator which, through a series of mirrors 

Fig. 1. Space simulation chamber 'B'. 
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and lenses, projects a collimated 42 in. diameter beam onto the test samples at the 
bottom of the chamber. The solar simulation system contains nineteen 2.5 kW zenon 
arc lamps. Each of these lamps illuminates the full beam diameter, thus the light 
intensity received by the samples may be varied incrementally by utilizing various 
numbers of lamps. In addition, the power of each lamp may be varied approximately 
25~ to control the intensity. 

To determine the effect of ultraviolet (UV) light on the survival of organisms under 
the test environment, the experiment was designed so that one-half of the surface of 
the cell was exposed to the total solar spectrum and the other half to the total spectrum 
minus wave lengths of 3200 ~ and less. The UV light was filtered from one-half of the 
projected beam by placing a piece of plate glass above the test specimens. Quartz 
plates that allowed passage of the total solar spectrum covered the other half of the 
beam to balance the energy level and assure a uniform temperature across all surface 
samples. 

A temperature gradient through the simulated Martian soil was produced by 
placing the sample box containing 6 in. of soil on a fluid controlled cold plate main- 
tained at -40~ A cylindrical black shroud measuring 28 in. in diameter and 6 ft 
high was positioned above the samples and was maintained between - 7 8  and - 84~ 
The cold plate and shroud in combination with the heat supplied by the solar simu- 
lator produced the desired temperature gradients and cycling during the tests. 

The Martian atmosphere was simulated by maintaining a composition of 70~ CO2, 
25~ N 2, and 5~ A at a total pressure of 6 mm Hg. To achieve this atmosphere, the 
chamber was evacuated to 4 mm Hg and then backfilled to 40 mm Hg with CO2.The 
chamber was again evacuated to 4 mm Hg. At this time the Bemco heat exchanger, 
which cooled the cold plate, was activated. The chamber was backfilled to 40 mm Hg 
with a mixture of CO2, N2 and A in approximately the above proportions. The 
chamber was evacuated again to the operating pressure of 6 mm Hg and the heat 
exchanger controlling the shroud was put into operation. Discrete additions of the 
individual gasses were made, as necessary, during the duration of each test and 
monitored on a mass spectrograph. The gasses were supplied from cylinders to a 
common manifold and then into the chamber through a sterile filter and shutoff valve 

C. TEST M I C R O O R G A N I S M S  

A broad spectrum of microorganisms was selected for use in this program. The 
microorganisms were chosen to meet one of the following criteria: (1) availability to 
contaminate spacecraft, and (2) physiological characteristics that may permit survival 
in the Martian environment. The 3 test inoeula used throughout the tests included the 
following: 

(1) Mixed Population containing: 
(a) Heterogeneous population obtained from a composite soil. 
(b) Spores of the fungus Cephalosporium acremonium. 

* Source: Douglas King, Western Regional Laboratories, Albany, California. 
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(c) Spores of the fungus Byssochlamysfulva N N RL A 13, 158" heat resistant, 
will grow in small quantities of oxygen (less than 1~ 02). 

(2) Bacillus subtilis var. niger spores - ATCC No. 9372 resistant to dry heat. 
(3) Bacillus psychrosaccharolyticus sp. Strain T15A* psychrophile, facultative 

anaerobe. 

D. SAMPLE PREPARATION 

The 1 in. stainless steel planchets were thoroughly cleaned prior to use. The planchets 
were boiled in a Haemo-Sol (commercial detergent) solution, then rinsed successively 
in tap water, distilled water, iso-propyl alcohol, and ether. They were then air dried, 
placed in petri dishes, and sterilized in a dry heat oven at 204~ for 4 h. 

The mixed population of microorganisms was prepared from a composite of soils. 
The soils were mixed together, air dried, and ground with a mortar and pestle. Spores 
of the fungi Cephalosporium acremonium and Byssochlamys fulva were added to the 
soil mixture. 1 g of this mixture was diluted in 100 ml of sterile distilled water and 
then filtered through sterile gauze. The resulting suspension was used as the mixed 
population inoculum. 

The Bacillus subtilis var. niger spores were suspended in sterile distilled water. The 
inoculum of Bacillus psychrosaccharolyticus sp. was prepared by growing the organ- 
ism on agar plates. The growth was then scraped from the agar surface and suspended 
in sterile distilled water. 

Each of the inocula was placed in sterile Erlenmeyer flasks containing magnetic 
stirring bars. The suspensions were stirred continuously during the inoculation 
process. All of the planchets for one test were inoculated at the same time using 0.1 ml 
aliquots of the suspensions. Controlled numbers of the 3 groups of microorganisms 
were spread evenly on each planchet and the planchets were allowed to air dry, 
overnight, in the air flow of a Class 100 clean bench. 

E. SAMPLE ARRANGEMENT 

The planchets were arranged in oven sterilized limonite in 4 layers within a 2-ft 
diameter circle. 1 layer of planchets was placed on the surface of the limonite and 
the other 3 layers were placed at 0.5, 1.5, and 3.0 in. depths beneath the surface. An 
aluminum sample box was used to contain the limonite and planchets. 

The surface layer was divided into halves. 48 planchets (16 replicates of  each of 
the 3 test inocula groups) were randomly arranged, within a previously determined 
grid, in each half. One-half was exposed to the total solar spectrum and the other half 
was exposed to the solar spectrum minus UV as previously described. The subsurface 
layers contained the same number of randomly distributed replicates of the 3 groups 
of microorganisms as each of the surface halves. The planchets in the 3 subsurface 
layers were offset so that they were not directly below a planchet in the layer above. 
This was done to facilitate heat transfer and maintain even heating gradients. In 

* Source: John Larkin and J. L. Stokes, Department of Bacteriology and Public Health, Washington 
State University, Pullman, Washington. 
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addition, 8 sterile planchets were included in each subsurface layer. 8 sterile planchets 
were also placed in the UV and non-UV surface areas. These sterile planchets were 
used as controls to monitor for possible background microbial contamination. 

Included on the surface layer were inoculated planchets which were turned upside 
down, i.e., the inoculated area was not exposed to the solar radiation. 8 planchets 
containing the mixed population and 8 planchets containing B. subtilis spores were 
used for this facet of the study. 

To simulate the possible surface contamination by spall ejected from a spacecraft 
as the result of meteoroid impact (Olson et al., 1967) solar panels were ground into 
small particles, heat sterilized, and inoculated with B. subtilis spores. After drying, 
the spall was mixed thoroughly and 0.1 g aliquots were placed in planchets. 16 plan- 
chets were placed on the surface layer in the sample box. 8 of these were positioned 
to receive the total solar radiation and the other 8 were positioned to receive the same 
treatment minus the UV. 

F. S A M P L E  E X P O S U R E  

After the sample box was loaded, the lid was closed to prevent contamination. The 
motorized, sliding lid was kept closed at all times except during the actual test in the 
simulation chamber. Extreme care was taken to avoid getting limonite into any of 
the surface layer planchets. 

The loaded sample box was placed in the test chamber on the fluid-cooled plate 
attached to the bottom lid of the chamber. The sides of the box and the bottom of 
the cold plate were insulated with layers of aluminum foil. Cables were installed for 
monitoring the environment. The chamber was closed and the atmosphere was 
established by the previously described technique. At this time, the remotely operated 
motorized lid of the sample box was opened exposing the samples and starting the 
test. The test cycle was always started at the beginning of the 8 h Martian 'night'. 

After the required number of 'night' and 'day' cycles, the test was concluded by 
closing the motorized box lid, warming the cold plate to 7~ and backfilling the 
chamber to 100 mm Hg with gaseous nitrogen. The chamber was then evacuated to 
6 mm Hg and again backfilled with gaseous nitrogen to atmospheric pressure. During 
this time, the sample box was allowed to warm gradually. This temperature stabili- 
zation period ranged from 6 to 8 h after test completion to removal of the sample box 
from the chamber. 

The sample box was taken to the Microbiology Laboratory and placed in a Class 
100 clean bench before the lid was opened. Each of the surface planchets, containing 
the test microorganisms, was removed with sterile forceps and placed in a bottle 
containing 60 ml of 0.1~ peptone water. The subsurface planchets were retrieved by 
scooping out the excess limonite to a point �89 in. above the layer being extracted. 

A template was then placed on the limonite and by gently probing each hole in 
the template, all of the planchets were recovered. One complete layer of planchets 
was analyzed before removing the next layer from the sample box. 

Each planchet was analyzed separately to obtain the number of surviving micro- 
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organisms per planchet. A schematic diagram outlining the procedural steps of the 
microbial analyses for the mixed population of microorganisms is presented in 
Figure 2. The other test cultures were analyzed by plating 5 replicate 10 ml aliquots 
in Trypticase Soy Agar. 

The sterile planchets from the surface and subsurface layers were analyzed by 
placing each one in a petri dish. The direct surface agar pour (DSAP) technique was 
used to determine if contamination had occurred throughout the test cycle. 

Planchet ] 
r 

6O ML 

Sonic Oscillation 
30 Min. 

Ii0 ML 

Molds 

Potato 
Dextrose Agar 
20~ 
72 Hrs. 

0.1% Peptone 
Water Planchet 

25 ML 

T~ptiease 
Aerobes Soy War 

30"C 
T~pticas e 1 Week 
S~ Agar 
30"C 
72 Hrs. 

Heat Shock 
80"C, 15 Min. 

10ML/ ~i0~ 

Heat Shocked Heat Shocked 

Aerobes Anaerobes 

Trypticase Trypticase 
Soy Agar Soy Agar 
30~ 30~ 
72 Hrs. I Week 

Analysis of mixed population. Fig. 2. 

Planchet 

Tryp ticase 
Soy Agar 
30~ 
72 Hrs 

G. TEST CONTROLS 

A set o f  planchets inoculated with the test microorganisms was maintained in an 
ambient environment. One-half o f  these planchets were exposed to a surface environ- 
ment and the other half were exposed to a subsurface environment in limonite. All 
of  the planchets were enclosed in a metal can which was maintained in the Micro- 
biology Laboratory for the duration of  each test cycle. The analyses of  these planchets 
followed the same procedure as outlined above. 

Sterile planchets were also processed through each of  the outlined procedural steps. 
Procedural controls were performed prior to and after processing the test planchets 
to obtain data on possible contamination occurring during handling. 

3. Results 

The effects of the simulated Martian environment on the survival of microorganisms 
was investigated for 2, 4 and 8 days of exposure. However, for purposes of limiting 
the volume of data, the environmental data from one representative day (day 5 of 
8-day row) was selected for inclusion in this paper. 
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A. ENVIRONMENTAL PARAMETERS 

Copper-constant thermocouples were used to measure the planchet temperatures at 
each layer. Figure 3 shows the typical planchet temperatures recorded on day 5 of 
the 8-day test. The atmospheric composition and total pressure were measured con- 
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Fig.  3. Typical planchet temperature profile. 

tinuously throughout the tests. The means of these measurements taken during day 5 
of the 8-day test are 70.18~ CO2, 24.02~0 N2, 5.78~ A, and 5.97 torr total pressure. 

The solar radiation incident on the surface test planchets was measured with a 
TR W Model DR-2 Total Radiometer. Figure 4 gives the radiation measured for day 
5 of the 8-day test. 



20 R . H .  GREEN ET AL. 

B. BIOLOGICAL ANALYSIS 

A summary of the survival data is presented in Tables iI, III, IV and V. An analysis 
of variance technique was used to evaluate the survival data obtained from the envi- 
ronmental chamber tests. Comparisons were made between surface samples and 

_~ 4C 

zc 

5 I0 15 20 

Time - Hours From Start of Martian Night 

Fig. 4. Surface solar radia t ion (5th day of  8 day test). 

T A B L E  II 

Surface compar i son  - 2 day s imula t ion  test 
Means  for total n u m b e r  of  microorganisms  recovered per planchet  

(Based on 16 replicates) 

Mar t i an  env i ronment  

Microorganisms  Surface Surface 2b Surface Surface 
ambient  upside  no  UV. UV. 

down 

Soil aerobes 26500 22600 479 87 
a ~ b c d 

Soil anaerobes  2430 1080 112 6 
a b c d 

Hea t  shocked 9 540 6130 271 19 
Soil aerobes a b c d 
Heat  shocked 2850 2500 47 4 
Soil anaerobes  a b c d 
Soil molds  100 79 20 2 

a b c d 
Bacillus subtilis 621 526 5 0.0 
spores a a b c 
Spall b 526 NO test 266 5 
Bacillus subtilis a b c 

a Means  in each row followed by the  same letter are no t  significantly different at the  
0.05 level of  prObat~itfty, based on the  D u n c a n  Multiple Range  Test.  
b Means  based on 8 replicates. 
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T A B L E  III 

Subsurface  compar i son  - 2 day s imula t ion  test 
M eans  for total  n u m b e r  of  mic roorgan i sms  recovered per p lanchet  

(Based on  16 replicates) 

Microorgan isms  

Mar t i an  env i ronment  

Subsurface  Second Thi rd  Fou r th  
ambient  layer layer layer 

(�89 (1�89 (3") 

Soil aerobes 18800 37100 36800 22900 
a ~ b b a 

Soil anaerobes  3 590 N o  data  N o  data  N o  data  
Hea t  shocked 7 670 t 1400 11200 9140 
Soil aerobes  a b b b 

a 

Heat  shocked 3 530 2560 1740 807 
Soil anaerobes  a b c d 
Soil molds  58 86 101 44 

a b b a 
Bacillus subtilis 613 628 667 579 
spores a a b c 

Means  in each row followed by the same letter are no t  significantly different at  the  
0.05 level o f  probabili ty,  based  on the  D u n c a n  Multiple Range  Test.  

T A B L E  IV 

Surface compar i son  - 8 day s imula t ion  test 
(Based on  16 replicates) 

Mar t i an  env i ronment  

Mic roorgan i sms  Surface Surface b Surface Surface 
ambien t  ups ide  no  UV.  UV.  

down 

Soil aerobes 533000 395000 6896 6.8 
a a b c d 

Soil anaerobes  68000 29000 301 2.6 
a b c d 

Hea t  shocked 513000 400000 5 774 8.0 
Soil aerobes a b c d 
Hea t  shocked  148000 185000 1728 0.4 
Soil anaerobes  a a b c 
Soil molds  177 248 25 1.9 

a b c d 
Bacillus subtilis 670 505 0.6 0.0 
spores a b c c 
Bacillus 19200 N o  test 0.8 0.0 
psyehrosaccharolytieus a b b 
SpaU b 514 N o  test 145 4 
B. subtilis a b c 

a Means  in each row followed by the  same  letter are not  significantly different at the  
0.05 level of  probability,  based on  the  D u n c a n  Multiple R a n g e  Test. 
b Means  based on  8 replicates. 
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TABLE V 

Subsurface comparison - 8 day simulation test 
Means for total number of microorganisms recovered per planchet 

(Based on 16 replicates) 

Microorganisms 

Martian environment 

Subsurface Second Third Fourth 
ambient layer layer layer 

(�89 (1�89 (3") 

Soil aerobes 644000 575000 609000 638000 
a a a a a 

Soil anaerobes 70000 57000 78000 73000 
a a a 

b b b 
Heat shocked 544000 523000 477000 527000 
Soil aerobes a a a 

b b b 
Heat shocked 146000 134 000 153 000 141000 
Soil anaerobes a a a a 
Soil molds 177 178 194 199 

a a a a 

Bacillus subtilis 641 676 650 636 
spores a a a a 
Bacillus 18900 13 900 17300 19100 
psychrosaccharolyticus a a a a 

a Means in each row followed by the same letter are not significantly different at the 
0.05 level of probability, based on the Duncan Multiple Range Test. 

between subsurface samples  to determine  if  the var ious  envi ronmenta l  condi t ions  

significantly affected the survival of  the microorganisms.  The survival  da t a  ob ta ined  

f rom the samples  ma in ta ined  at  Ear th  ambien t  condi t ions  have been included in the 

analysis.  The survival  da ta  f rom the 4-day s imulat ion test are  no t  included because 

the ini t ial  inoculum on the samples was too  small  to give stat ist ically valid results. 

However ,  the t rends were comparab le  with those ob ta ined  for  the 2 and 8 day  tests. 

The sterile planchets  p laced  on the surface and  in the subsurface layers  to detect  

microbia l  con tamina t ion  were analyzed.  Al l  o f  the sterile cont ro l  results indica ted  

tha t  no con tamina t ion  occurred dur ing  the tests. 

4 .  D i s c u s s i o n  

The envi ronmenta l  condi t ions  tha t  were s imula ted  in this series o f  tests were as 

fol lows:  (1) direct  surface solar  environment ,  (2) the surface solar  spect rum minus 

UV, (3) the surface envi ronment  minus solar  rad ia t ion  (upside down planchets) ,  and  

(4) the Mar t i an  subsurface environment .  

The da ta  indicate  tha t  the p robab i l i t y  o f  microorgan isms  surviving exposure  to the 
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total Martian surface environment is very low. As an example, the soil aerobes were 
reduced by 5 logs within 8 days. This general trend is exhibited in all cases and 
substantiates the conclusion. Microbial death is probably caused by a combination 
of factors including temperature cycling and dehydration; however, the primary cause 
of death in this case is solar radiation. 

A significant reduction was observed when microorganisms were exposed to the 
surface environment minus the UV portion of the spectrum (Tables iI and IV). This 
reduction, which was exhibited in all of the tests, may be attributable to a combination 
of factors including: sensitivity to the white light portion of the spectrum; or temper- 
ature variations in combination with the reduced pressure which would affect dehy- 
dration of the organisms. The water which would be released from the samples would 
be trapped on the cold wall and, in essence, develop a molecular flux away from the 
microorganisms. Various investigations including Murrell and Scott (1966), Angelotti 
(1968), and Fox and Pflug (1968) have reported that water activity has an influence 
on resistance of microorganisms to dry heat and that dehydration may be the mecha- 
nism primarily responsible for lethality of dry heat. While water activity is undoubt- 
edly an important factor in survival under these conditions, white light appears to 
have a significant influence. This conclusion is reached when the results from these 
samples (minus UV) are compared to the surface upside down and subsurface data. 
When microorganisms were placed in surface planchets turned upside down (surface 
environment, no solar exposure) less than one log reduction was demonstrated in all 
the samples tested. The organisms on these planchets were not subjected to the solar 
radiation. The dehydrating environment was modified in this case since it is probable 
that the position of the planchets over the microorganisms afforded some protection 
to dehydration. The planchet temperatures were approximately the same in the ex- 
posed planchets as those that were upside down. 

No log numerical reductions were demonstrated in the subsurface samples in the 
8-day test. These samples were not exposed to extreme temperature variations or 
solar radiation as were the surface samples. They were exposed to the same pressure 
which was confirmed by the pressure measurements taken during the tests. The sub- 
surface environment probably had some negating effect on dehydration. However, 
the fact that log reductions were not observed in the subsurface environment, provides 
substance to the conclusion that solar radiation was the primary cause of death in 
this study. 

5. Conclusions 

These data support the conclusion that the Martian surface environment is a very 
hostile environment in which survival probabilities for exposed microorganisms 
would be very small. However, if microorganisms are protected from the solar irra- 
diation or on spall which might result from meteoroid impacts, the probability for 
survival increases. Microorganisms protected in subsurface environments would be 
expected to survive for extended periods. 
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