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MIASMMA will address them

How far across Mars
would leaked particles disperse?

The problem Knowledge gaps and how

What is the rate of biogenic particle leakage
from a space suit?

Humans will bring our microbes
to every planet we visit

Every human carries~3.8x10" microbial cells [1], with ~10*-10°

microbes / cm? on the skin [2].
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No designs currently exist for Mars habitats or suits.

Leakage from individual suit parts

The NASA Ames Mars Global Climate Model (MGCM):

particles would spread and contaminate
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What mitigations would most effectively
reduce contamination?

OVAL HELMET

The NDX-2 is a rear-entry planetary EVA suit designed by

For a controlled assay of particle mobility in Mars-relevant conditions, we
the University of North Dakota [12]. It is closer to a potential

will measure whole-suit leakage rates inside the PAL, using the same
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In short, empirical testing of leak rates is needed.

To assess mobility of real human-associated particles,
we will measure leakage from a NDX-2 suit worn by a
human subject.

Preliminary results

We conducted an initial simulation using a
previous MGCM version with the following
assumptions:

* l[ong duration (~500 sols) stay

e habitat volume: 150 m?

e indoor air with: 700 viable cells/m?

* particle size range 0.5-1.5 pm

e constant leakage rate, 1.42-4 kg/s

The International Space Station (ISS) is the longest continuously-inhabited space habitat.
Leakage in 2011 was ~0.227 kg/day, with cabin pressure at 96.5-102.7 kPa, 899 m? free air volume.
Activities such as EVAs and vehicle undocking cause operational losses of several kg/event [14].
ISS air is filtered to maintain air quality at:

e viable organisms: <1000 CFU/m? bacterial counts <100 CFU/m? fungal spores [15]

* total particulates: <1 mg/m3 at 0.5-10 ym <3 mg/m3 at 10-100 pm [92,16].

Airborne viable microbes have been reported as <7.1x10? colony-forming units (CFU)/m?3 [17].
These values will be used to estimate the leak rate of a theoretical Mars habitat for modeling
purposes.
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Measurements will be made in a 12'x12' ISO 7 clean
room.

The suit will be wiped down with a commercial stericide
to mimic cleaning during a mission.

The suit will be overpressurized by 4 PSI above ambient
to simulate the pressure differential on Mars.

Subjects will do activities to simulate an EVA for 60-90 _
minutes. ~801 — - ; - : :

Latitude
log,, [cell/m?]

CORENNWWA R
oMo OROROKN

log,, [cell/m?]

Latitude

PEEpEpNNWNA R
oVoaHOHOKN

0
08_surf (30 days)

l mmee——— ———_ <

By the end of the 658-day simulation, all
regions had at least 10? cells/m?. This result
was similar for all three landing sites.

Particles will be measured using two methods:
e Cascade impactor for comparison with non-human

Any biogenic particles could compromise the
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search for extraterrestrial life tests (above), followed by ATP/ADP quantification, Sl Mitigations were not tested.
culturing, and staining + microscopy . 08 surt (658 days)

We are still looking for extant and past life on Mars.

While human-associated microbes might find it hard to colonize the Mars surface, any biogenic
particles (dead microbes, human skin cells, dust from habitats) would carry biomarkers (e.qg.
membrane lipids) that could confound the search for life.

These results suggest that planet-wide
particle dispersal is likely to happen on
human timescales.

However, further work is needed with an
updated model and parameters.

e Commercial biofluorescent particle counter
(BioVigilant IMD-A) a0}
NDX-2 during fit test. Z80]
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Results of simulation initiated in Hellas Basin, showing
abundance of 1 pm particles across space at 0.5 days, 7
days, 30 days, and 658 days. Units: log;o(cells/m?)

Current international planetary protection regulations for robotic spacecraft [18] dictate:
e for most missions, total surface bioburden <3 x 10° bacterial spores, average <300 spores / m?2
e search-for-life missions and/or visiting Mars Special Regions: total surface bioburden <30 spores
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But humans cannot be sterilized: astronauts will not meet current planetary protection standards.
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Data on the extent of potential human-associated contamination is essential to inform new
planetary protection policies compatible with crewed missions.

Preliminary work was suppored by an Ames Research Innovation Award (ARIA).




