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Introduction: The stratosphere (10 km to 50 km
above  sea  level)  is  a  unique  place  on  Earth  for
astrobiological  studies  of  microbes  in  extreme
environments  due  to  the  combination  of  harsh
conditions  (high  ultraviolet  radiation,  low pressure,
desiccation,  and  low  temperatures).  Future
aerobiology missions will attempt to characterize the
diversity of microbes at these altitudes using collection
devices on meteorological weather  balloons. A major
challenge of such aerobiology studies is the potential
for  ground  contamination  that  makes  it  difficult  to
distinguish  between  collected  microbes  and
contaminants.  One  solution  is  to  use  germicidal
ultraviolet  light  emitting  diodes  (UV  LEDs)  to
sterilize collection devices [1].

UV LEDs (Fig. 1) are especially advantageous for
spaceflight  because  of  their  low  mass,  long  lives,
ability  to  instantly  be  turned  on/off,  and  efficient
killing  of  cells.  For  balloon  aerobiology  missions,
irradiation  of  the  collection  devices will  take  place
during  the ascent  of the balloon to the stratosphere.
This technology and method can also be incorporated
into  the  Planetary  Protection  program  for  future
missions to places we may expect to find traces of life
or  for  life  to  survive,  including  Mars,  and  Europa
Titan.

Materials  and  Methods: Spores  of  Bacillus
pumilus SAFR-032  were  purified  and  harvested  for
testing  against  UVC  irradiation  according  to
previously described protocols [2].  To determine  the
optimal  spatial  and  temporal  arrangement  for
sterilization, a novel LED test stand was built (Fig. 2).
This stand allowed for the precise directions of angles
and distances of the LED toward an aluminum coupon
that  had  been  doped  with  spores.  After  angle,
distance,  and/or  time  treatment,  the  coupons  were
processed by the Most Probable Number (MPN) cell

enumeration  method  [3]  to  determine  relative  spore
reductions.

Results  and  Discussion: The  data  suggest  that
time and distance are the most important variables in
terms of viable spore reduction,  with >95% reduction
after 15 minutes of UV exposure at 4 cm compared to
unexposed controls.  Decreasing  the distance reduced
viable spores by >99% at 1 cm, with greater exposure
times  increasing  reduction rates.  The  angle  of  the
LED relative to the spores did not significantly change
reduction rates.  From these data,  it  is  recommended
that  a  surface  be  exposed  to  UV  irradiation  for  a
minimum of 15 minutes at a distance of 4 cm or less.

Future  studies  should  continue  determining  the
optimal  arrangement  required  to  achieve  complete
inactivation  of  spores by  varying  UV  exposure
conditions. Upon  optimization, it would be necessary
to  verify  similar  results  with  the  stronger  LEDs
working simultaneously to sterilize the surface of the
collection device. A systematic approach based on the
results  presented  would  allow for  a  relatively quick
confirmation  of  high  spore  reduction.  After  initial
in-flight testing, this method of sterilization should be
further  generalized  to  other  devices  that  could  be
modified for sensitive astrobiology missions.  The use
of this new method of in-flight  sterilization  in future
space missions  can  significantly increase  confidence
in positive life and/or biosignature detections.
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Figure 2. LED test stand allows for precise 
changes in angle and height relative to the 
challenge microbes.

Figure 1. QPhotonics, L.L.C. UVC LED.
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