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Introduction: Preventing the forward contamina-
tion of Mars is required for United States and interna-
tional space missions. Yet, spacecraft leaving Earth
still carry microorganisms onboard, embedded within
surfaces, instruments, electronics, and other inaccessi-
ble areas that cannot be readily cleaned. Currently-
allowable microbial bioburden on spacecraft — while
relatively low [1] — makes the pristine Mars environ-
ment vulnerable to contamination. Moreover, future
life detection missions could be threatened by false
positives without a better understanding of which mi-
croorganisms are most capable of persistence, growth
or replication once delivered to the Red Planet. A re-
cent analysis from the Second MEPAG Special Re-
gions Science Analysis Group [2] identified major
knowledge gaps associated with polyextremophiles
(microorganisms resistant to more than one environ-
mental stressor), particularly when shielded from ultra-
violet (UV) light on Mars by global dust storms, rego-
lith, or overlying dead microorganisms.

Methods: Smith [3] argued that the Earth’s strato-
sphere would allow multiple Mars-like conditions to be
simultaneously tested if polyextremophilic species
could be exposed to the upper atmosphere and returned
for analysis. Recent missions have demonstrated the
feasibility of transporting biological samples to the
stratosphere using large scientific balloons [4]. The
pressure of the thin and dry stratospheric air around 25
to 38 km above sea level (ASL) is roughly equivalent
to the surface pressure on Mars (0.5 to 1 kPa). The
stratosphere is also a cold and extremely dry environ-
ment with elevated levels of ionizing and non-ionizing
radiation [5]. Relative humidity levels can drop below
1%, and temperatures in the lower stratosphere regular-
ly reach -100 °C. Stratospheric radiation is substantial-
ly higher than doses at other frequently-visited Mars
analog environments, including the McMurdo Dry Val-
leys of Antarctica and the Atacama Desert. Laboratory
environmental chamber experiments have been em-
ployed in the past to simulate martian conditions but
artificial illumination sources do not realistically repre-
sent the dynamic nature of sunlight. Moreover, most
ground-based simulation studies do not simultaneously
create the full range of biological stressors present on
Mars (i.e., hypobaria, desiccation, irradiation, nutrient-
deprivation, oxidation, and low temperatures). Con-
veniently, Earth’s upper atmosphere produces a natural

combination of these extreme conditions. Measuring
the response and survival of polyextremophilic species
in the stratosphere can therefore be used to test Mars
forward contamination scenarios.

Results: On 10 October 2015 we flew a balloon
experiment to the stratosphere reaching an altitude of
31.4 km ASL [6]. The Exposing Microorganisms in
the Stratosphere (E-MIST) payload carried known
quantities of bacterial endospores to the Mars-like en-
vironment for 2, 4, 6, and 8 h exposures. We used a
spacecraft assembly facility-isolated bacterial strain
Bacillus pumilus SAFR-032 for the balloon flight (and
subsequent ground experiments). We found that within
120 and 240 min, spore viability was significantly re-
duced by 2 and 4 orders of magnitude, respectively.
By 480 min, < 0.001% of spores carried to the strato-
sphere remained viable. Unfortunately, an instrument
malfunction prevented the acquisition of ultraviolet
(UV) light measurements during our balloon mission.
To make up for the absence of radiometer data, we
calculated a stratosphere UV model and also conducted
ground tests with a 271.1 nm UVC light source (0.5
W/m?), observing a similarly rapid inactivation rate
when using a lower number of contaminants (640
spores per sample). With the relatively few spores that
survived the stratosphere, we performed a re-
sequencing analysis and identified 3 single nucleotide
polymorphisms compared to unexposed controls.

Conclusions: Our balloon flight results predict that
most terrestrial bacteria would be inactivated within the
first Sol on Mars if contaminated spacecraft surfaces
receive direct sunlight. The starting concentration of
spores and micro-configuration on hardware surfaces
appeared to influence survivability outcomes in both
experiments.  Our re-sequencing results suggest the
small portion of bacteria enduring radiation-rich envi-
ronments (e.g., Earth’s upper atmosphere, interplane-
tary space, or the surface of Mars) may be pushed in
evolutionarily consequential directions.
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