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Introduction:  Future human missions to Mars will 

transport terrestrial microorganisms to the sites of ex-
ploration.  This will be an unintended experiment in 
directed panspermia [1].  In April 2009, a modified 
Humvee vehicle called the Moon-1 rover (Fig. 1, back-
ground) conducted a 496 km traverse over sea ice 
along the Northwest Passage from Kugluktuk to Cam-
bridge Bay, Nunavut, Canada.  This Northwest Pas-
sage Drive Expedition was carried out under the auspi-
ces of the NASA Haughton-Mars Project in support of 
field studies of pressurized rovers in future Moon/Mars 
human exploration.  During the traverse, team mem-
bers collected samples from within the Moon-1 rover, 
and from pristine snow-covered surfaces around the 
rover at three overnight locations (Fig. 1, foreground).  
The objective was to determine the extent of microbial 
dispersal away from the Moon-1 rover and on to pris-
tine snow during EVA activities. 

Methods: The Moon-1 rover is a non-pressurized 
all-terrain rover simulating some of the basic attributes 
of a pressurized planetary rover, including the ability to 
traverse unprepared terrain and offer shelter to a crew 
of five. The diesel-powered Moon-1 was accompanied 
by two gasoline-powered snowmobiles, with each 
snowmobile pulling a komatik sled loaded with food, 
fuel, and other equipment and supplies.  

Samples of surface snow were collected in sterile 
50 cc plastic tubes at three sites along the traverse: 
Sites A, B, and C. At each of these sites, six tubes of 
samples were collected systematically in specific loca-
tions in relation to the Humvee (Fig. 2): 1 = inside, on 
driver side floor; 2 = inside, in drainage gutter on rear 
access steps; 3 = outside, upwind; 4 = outside, down-
wind; 5 = outside, up-track; 6 = outside, down-track. 
Site A was a brief science stop during day 1 of the 7-
day traverse. Sites B and C were overnight stops with 
samples collected in the morning. Food was prepared 
and consumed outside the Humvee within 3 m of the 
rear of the vehicle at Sites B and C. 

Microbial characterization. Snow and ice samples 
were kept frozen (-25 to -5 oC; HOBO data logger) 
during the traverse, and then shipped on-ice to micro-
biological labs at Kennedy Space Center, FL for pro-
cessing (Schuerger lab).  After melting snow samples at 
4 oC for 48 hrs, aliquots of all samples were plated on 
R2A agar plates at undiluted rates.  Samples were in-
cubated at 37, 24, or 4 oC, and the numbers of colony-
forming units (cfu’s) per sample and temperature were 

estimated after 7 and 28 days of incubation.  Unique 
colonial morphotypes were recovered and purified 
from all petri plates; over 200 individual isolates of 
bacteria and fungi were collected and archived.  

Fig. 1: Microbial sampling of pristine snow in the 
vicinity of the Moon-1 Humvee Rover (back-
ground). 

 
Fig. 2: Moon-1 sampling pattern for human associ-
ated microorganisms.   

Table 1: Moon-1 traverse summary data. 

Recovered isolates of culturable bacteria and fungi 
were processed with established 16S and 18S sequenc-
ing protocols [2,3,4,5]. 16S and 18S sequences were 
then generated by the Interdisciplinary Center for Bio-
technology Research (ICBR) at the University of Flori-
da.  All sequences were subsequently identified using 
the BLAST library on the NCBI website 
(http://blast.ncbi.nlm.nih. gov/Blast.cgi).   

Results:  All samples collected from within the 
Moon-1 rover were heavily populated by culturable 
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bacterial and fungal species.  Bacterial populations in 
samples collected within the Moon-1 rover ranged be-
tween 1.25 x 102 and 2.7 x 103 cfu/mL for samples 
incubated at 37 oC, and from 10 to 1.1 x 103 cfu/ml for 
cultures incubated at 24 and 4 oC.  Fungal populations 
from inside the rover ranged between 2-3 cfu/mL and 
2.5 x 102 cfu/mL.  All snow samples from the upwind, 
downwind, up-track, and down-track sample sites exte-
rior to the Moon-1 rover were negative for both bacte-
ria and fungi except for two cfu's recovered at Site A 
from sample A4 (downwind; bacterium) and A5 
(uptrack; fungus).  The bacterial isolate was identified 
as Brevibacillus agri (accession JX517278; closest 
match 0.998), and the fungal isolate was identified as 
Aspergillus fumigatus (accession JX517279; closest 
match 0.991).  Both microbes were also recovered 
from within the Moon-1 rover.  Thus, while the internal 
samples from the Moon-1 rover contained a wide range 
of colony morphotypes of culturable bacteria and fun-
gi, only two individual colonies (1 bacterial and 1 fun-
gal) were recovered from all of the snow samples col-
lected exterior to the rover.  

Fig. 3: Top row:Microbial diversity typically observed 
for samples collected from within the Moon-1 rover.  
Bottom row: Most snow samples from outside the  rov-
er were negative for culturable bacteria and fungi. 

The dominant fungi recovered from within the 
Moon-1 rover include species from the genera 
Alternaria, Aspergillus, Cladosporium, Geomyces, 
Phoma, Penicillium, and Tetracladium.  The dominant 
bacterial species recovered from within the Moon-1 
rover were Bacillus circulans, B. licheniformis, B. 
megaterium, B. psychrodurans, B. subtilis, B. simplex, 
Brevibacillus borstelensis, Kocuria rosea, 
Microbacterium paraoxydans, Paenibacillus pabuli, P. 
illinosensis, P. amlolyticus, and Sporosarcina 
aquimarina.   

Discussion: The results support the conclusion that 
human-associated microorganisms were not easily dis-
persed on to the snowy terrains during the Moon-1 
traverse.  The sampling was designed to investigate 

contamination of pristine snow aound the Moon-1 ve-
hicle as a possible prediction of airborne microbial 
dispersal away from a crewed rover and EVA activities 
by humans during a future crewed Mars mission.  The 
recovery of only one bacterium and one fungus on 
hundreds of R2A petri plates from 11 snow samples is 
also consistent with the emplacement of the microbes 
in to the samples during the collection process in the 
field or lab contaminantion during processing.  Current 
data did not permit the elimination of these latter two 
possibilities.  But clearly, snow contamination of the 
snow sample sites along the 496 km traverse of the 
Moon-1 rover did not occur at a high rate of exchange 
between the crewed rover and the local terrain.   

The implications for a human mission to Mars is 
that even if crew members are involved in collecting 
field samples, as long as they are using sterilized im-
plements when interacting with the terrain, they are 
likely not to contaminate sample sites.  Furthermore, 
two additional factors present on Mars, but lacking in 
the Arctic, are likely to reduce the chances of contami-
nating regolith or rock samples during human missions: 
(1) all humans will be fully contained within sealed 
spacesuits which will greatly isolate their indigenous 
microflora during EVA activities, and (2) the surface 
of Mars has at least 17 biocidal factors [6] that will 
increase the inactivation of human-associated microbes 
on the outside surfaces of spacesuits, equipment, and 
rovers; thus reducing viable external bioloads during 
human missions on Mars.  It is likely that the biocidal 
stresses on Mars will be several orders of magnitude 
harsher than were encountered during the Moon-1 mis-
sion, and thus, potential microbial dispersal is likely to 
be reduced proportionally from that described herein.   
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