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Mars Exploration
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Perchlorate on Mars
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Mars Lander
detected
perchlorate in
the Martian
regolith.
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The Phoenix
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4 The A
concentration of
perchlorate in
Martian regolith
is 0.5-2 wt% (5-
20 g/kg

\___regolith). )

.
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Perchlorate has

been detected
as sodium,
calcium, and
magnesium
salts.
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How will a human crew on a mission to Mars
grow plants for crops and bio-regenerative
life support?
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Plant Growth in the Presence of Perchlorate
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cress (Arabidopsis thaliana) cruentus) and common bean (Phaseolus vulgaris)
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Microbial Perchlorate Reduction
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Perchlorate Reduction at High Concentrations

RAS — Return Activated Sludge, ADS — Anaerobic Digester Sludge
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The ADS culture reduced perchlorate at salinities up to 4% NaCl, while the RAS
culture exhibited significant inhibition of perchlorate reduction at 4% NaCl.

C. Park, E.A. Marchand, Modelling salinity inhibition effects during biodegradation of perchlorate, Journal of Applied Microbiology, 9
Volume 101, Issue 1, 1 July 2006, Pages 222—-233, https://doi.org/10.1111/j.1365-2672.2006.02950.x



Given the high concentration of perchlorate in
Martian regolith, is perchlorate reduction
possible? If yes, to what extent?
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Martian Regolith Simulant MGS-1

arameter MGS-1 MGS-1 +
MGS-1 Mars Global Simulant| Fact Sheet

003-05-001-1223 1 wt. OA)

Simulant Name: MGS-1 Mars Global Simulant CIO4

Simulant Type: General purpose pH (S.U.) 764 i 003 781 i 003

Reference Material: Rocknest soil
Uncompressed Bulk Density: 1.40 g/cm?3
Median Particle Size: 63 pm

Particle Size Range: >0.04 pm - 1000 pm

Conductivity (mS cm™) 952+0.26 14.82+0.04

Mineralogy Bulk Chemistry
Geotechqlcal . 'Relative abundances TOtal d|SSO|Ved SO“dS (g/L) 432 + 003 650 + 006
Properties As mixed. Measured by XRF.
Avg Angle of Repose: 38.9° Component  Wt.% Oxide Wt.% ..
Max Angle of Repose: 43.6° Anorthosite  27.1 Si0, 43.90 Salin |ty (g/L) 3 . 97 + O . 06 7.1 8 + O . 08
glassl;ﬂch 22.9 TiO, 0.46
More coming soon! B?:?izite 203 ALO, 12.84 .
Olivine 137 FeO  10.60 Total organic carbon (%) 0.234 + 0.156 +
Mg- sulfate 4.0 MnO 0.11
Ferrihydrite 3.5 MgO 14.81 O . OO 1 O . 004
Safet Hydrated . .
d silica 3 a0 1 Moisture content as received 2.65 +0.37
See SDS for details. Magnetite 1.9 Na,0 1.49
Primary hazard i dust Anhydrite 1.7 K,0 029 (%)
respieator in dusy Fe-carbanate 1.4 PO, 017 - 0
conditions. Hematite 0.5 LOlI 490 MO|StU re Content at 1 OO A) 1 906 i 1 239

Toal 9748 water holding capacity (%) —




Experimental Approach

Martian regolith simulant: 20 — 80 g/bottle of Martian
regolith simulant MGS-1 + 1 wt.% perchlorate

Perchlorate target concentration in the regolith
simulant water: 1-8 g/L

Gas composition: 95% CO,, 3% N,, 2% Ar
(approximating Mars atmosphere)

Acetate as electron donor

Mixed culture enriched from anaerobic digester
sludge and pure cultures of Haloferax denitrificans
and Dechloromonas denitrificans
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Perchlorate reduction at 5 and 8 g/L by the halophilic
archaeon, Haloferax denitrificans

Haloferax denitrificans-5g/L Haloferax denitrificans-8g/L Haloferax denitrificans-no acetate

5.0 J; 1.2 control-1g/L

(T~ 80 r L
4.0 @\ >~ — 1.0 ,/%-——__

{}-———0-\@\ 5.0 %\ 0 >’<>‘<:>—— <
3.0 ~ %— ——=>_ “1
\ \
>

N

o
o
~

—_—
o
N
o
o
N

Perchlorate Concentration (g/L)
o
D

Perchlorate Concentration (g/L)
Perchlorate Concentration (g/L)
AN
o

0.0 0.0 0.0
O 3 6 9 12 15 18 21 O 3 6 9 12 15 18 21 O 3 6 9 12 15 18 21
Time (d) Time (d) Time (d)
(- _ )
Between 40 and 48% of reduction was Haloferax denitrificans
achieved with Haloferax denitrificans at 5 and 8 oy :
gl Condition . . Reduction rate
S D %o reduction A
; < (mg L'd")
The reduction rate for the pure culture was the 5 g/L perchlorate 48.6% 103.8 + 9.0
highest at the 8 g/L condition which is the
\highest ever successfully reduced. ) 8 g/L perchlorate 40.8% 144.7 £ 29.3
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Perchlorate reduction at 5 and 8 g/L by mixed bacterial

culture
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The mixed culture was able to fully reduce 5 Mixed Culture

g/L but had no reduction at 8g/L. Condition _ Reduction rate
k D % reduction (mg L-"day-)
(" , ) g Y
Acetate was completely consumed in both 5 g/L perchlorate 100% 3239 + 34.8
conditions, indicative of another microbial T ]
kactive process. ) 8 g/L perchlorate 0% N/A
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Sulfate reduction was the main process in the mixed culture

mtime 0 otime 21 days

Mixed Culture 5 g/L Mixed Culture 8 g/L
perchlorate perchlorate

regolith simulant at 4 wt.% (40 g/kg

2 Magnesium sulfate is present in Martian
regolith)
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Key Messages

l“ Microbial perchlorate reduction is achievable in simulant at high concentrations relevant to Martian
r'y regolith.

The choice of culture will depend on other environmental conditions such as salinity, the presence of

!> sulfate or pH.

> Perchlorate in Mars regolith is both a challenge and a resource.

@ Results from this study are also relevant to bioremediation efforts at perchlorate contaminated sites.
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