
   

Gravitational and Space Biology Bulletin 19(2) August 2006     131 

PERFORMANCE EVALUATION OF A LABORATORY TEST BED FOR PLANETARY 

BIOLOGY  

Nathan A. Thomas
1
, Paul Todd

1*
, G. William Metz

1
,  Michael A. Kurk

1
, David J. Thomas

2
, 

1
SHOT, Inc., 

Greenville, IN 47124, and 
2
Lyon College, Batesville, AR.*Corresponding author ptodd@shot.com 

 

    The major issues of planetary biology consist of 

searching for life, planetary protection, environmental life 

support for human visitors, and terraforming.  A 

definition of terraforming is the conversion of a planetary 

surface to earth-like conditions hospitable to Earth life. A 

subset of terraforming is ecopoiesis, the early 

development of a living ecosystem (Haynes and McKay, 

1992).  Despite approximately two decades of public 

discussion there has been little or no experimental 

research focusing on ecopoiesis.  Initially, small 

experiments with terrestrial organisms in a planetary 

(Mars-like) environment are required.  Such experiments 

simultaneously address issues of ecopoiesis and planetary 

protection.  To facilitate such experiments in research 

laboratories a laboratory test bed was constructed for the 

simulation of planetary environments for biological 

experimentation.   

   The surface of Mars was chosen as the principal 

environment to simulate. The requirements for high-

fidelity simulation of the Mars environment are based on 

current knowledge or understanding of each of the 

following features (Banin and Mancinelli, 1995): 

Atmosphere:  The atmospheric pressure on the surface of 

Mars varies between 7 and 15 mbar, depending on 

altitude (mountains vs. valleys) and season.  This is about 

1% of the pressure on the surface of the Earth.  The 

atmosphere contains 95% CO2, 2.7% N2, 1.6% Ar, 0.13% 

O2, 0.03% H2O and trace amounts of Ne, Kr, Xe and O3.  

Since the trace O3 does not contribute to the UV 

absorbance of the atmosphere it and the minor inert gases 

are not essential components of a simulated Mars 

atmosphere. Temperature:  The maximum temperature on 

the surface of Mars on a cloudless summer day at 

equatorial and mid-latitudes is about 26
o
C.  The minimum 

night-time temperature at higher latitudes is -135
o
C.  An 

average daily cycle under consideration for simulation 

purposes is -80
o
C minimum night-time temperature and 

+26
o
C maximum mid-day temperature (Carr, 1996).  This 

day-night temperature cycle must be repeated every 24.6 

h, the length of the Martian sol (day).  Sunlight:  The total 

intensity of sunlight on the surface of Mars is about 40% 

of that at the top of Earth’s atmosphere, so that the 

Martian surface receives 590 W-m
-2

 of the essentially 

unattenuated solar spectrum.  This spectrum includes 

ultraviolet light with wavelength below 300 nm, including 

down to 190 nm.  This spectral range is photochemically 

damaging to nucleic acids and known to kill cells and is 

included in the spectral output of xenon arc lamps.  

Regolith:  The dust on the surface of Mars has a high 

content of oxides of iron, some of which were found to be 

oxidizing agents in the experiments on the Viking 

missions.  In elemental composition the regolith is 12.5% 

Fe, 21% Si, 5% Mg, 4% Ca, 3.1% S, 3% Al, 2.3% Na, 

0.7% Cl, 0.3% P, and contains traces of Mn, Co, Cu,  I, 

Zn, B, etc.  Thus, in addition to the aluminosilicates there 

is an ample supply of components required by living 

organisms, except nitrogen and carbon, which are 

atmospheric (Banin and Mancinelli, 1995).  

   In order to match these requirements the test bed 

consists of the following subsystems: a 1,000 W xenon 

arc lamp with an “AM0” filter to simulate solar irradiance 

in space, an 8 ft
3
 cryogenic thermal cabinet capable of 

cooling to -135
o
C and heating to +50

o
C using evaporating 

nitrogen and resistive heaters, a fused silica cylinder that 

transmits the full solar spectrum and can be evacuated to 

<10 mbar through stainless steel end caps, a 500-gal 

liquid nitrogen storage tank, a cylinder of pressurized 

support gas, and a control system that automatically 

cycles the interior of the cylinder through a Mars daily 

cycle, for example.  Biological samples placed in the 

quartz cylinder are typically mixed with simulated 

planetary regolith.  A rendering of the simulator design is 

shown in Figure 1.  

  During initial operation the test bed was used for 

preliminary biological experiments designed to test 

concepts of ecopoiesis. The light and temperature profiles 

matched those of Mars near the equator at the vernal 

equinox.  The test bed was cycled daily between -80
o
C 

and +26
o
C following a published temperature curve (Carr, 

1996) shown in Figure 2, which includes a demonstration 

of maximum heating and cooling rates achievable in the 

test bed.  

  The atmospheric pressure on Mars is 7-15 mbar, and the 

day length is 24.6 hours, but internal pressure of 100 mbar 

and day length of 24.0 hours were used for early 

biological experiments.  The gas composition used was 

0.139% O2, 1.615% Ar, 2.760% N2 with the balance CO2  

or, in some cases, pure CO2.  The atmosphere was 

saturated with water by the daily injection of a few grams 

of (liquid) distilled water into the atmosphere (water boils 

at 49
o
C at 100 mbar).  The measured photosynthetically 

active photon flux was 1100 µmoles-m
-2

-s
-1

 in direct light 

and 12 µmoles-m
-2

-s
-1

 in the shaded interior of the 

cylinder.  This corresponds closely to values determined 

for the Martian surface and is consistent with the 590 W-

m
-2

 total energy flux. Pressure, illumination, cabinet 

temperature and regolith temperature were recorded 

during operation of the test bed for 1, 8, 14 and 35-day 

periods.  An example of a 14-day data set is shown in 

Figure 3.  Under daily cycling liquid nitrogen was 

consumed at approximately 1600 liters/week and was 

exhausted safely to the exterior of the laboratory. 
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Figure 1.  Laboratory Test Bed design showing components for illumination, temperature control, atmosphere supply, and 

specimen chamber (“Mars Jar”). 

 
Figure 2.  Temperature profile chosen for simulation in 

early test-bed experiments.  Left (triangles) and right 

(squares) vertical curves represent maximum heating and 

cooling rates, respectively, in the environmental chamber. 
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Figure 3. A record of physical data for a 14-day 

experiment with daily cycling of temperature between -

80
o
C and +26

o
C, 12 h of light and 12 h of darkness, 

pressure of 100 mbar. Lower trace is cabinet 

temperature, and upper trace is regolith temperature.  

Horizontal bar at 0 indicates illuminator on, bar at 10, 

off. 
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