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Mars Exploration
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The Phoenix 
Mars Lander 
detected 

perchlorate in 
the Martian 
regolith.

The 
concentration of 
perchlorate in 
Martian regolith 
is 0.5-2 wt% (5-

20 g/kg 
regolith).

Perchlorate has 
been detected 
as sodium, 
calcium, and 
magnesium 

salts.

Perchlorate on Mars

Mars Phoenix—NASA Science. (n.d.). Retrieved 2024, from https://science.nasa.gov/mission/mars-phoenix/

https://science.nasa.gov/mission/mars-phoenix/


How will a human crew on a mission to Mars 
grow plants for crops and bio-regenerative 

life support?
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Eichler, A., et. al., (2020). doi:10.1016/j.icarus.2020.114022. 

Plants used: romaine lettuce (Lactuca sativa), thale 
cress (Arabidopsis thaliana)

Plant Growth in the Presence of Perchlorate

Plants used: Grain amaranth (Amaranthus 
cruentus) and common bean (Phaseolus vulgaris)

Oze, C., et. al., (2021), doi:10.3390/soilsystems5030037.
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Project approach
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Microbial Perchlorate Reduction

Perchlorate and 
chlorate reductase

https://doi.org/10.1038/nrmicro926


The ADS culture reduced perchlorate at salinities up to 4% NaCl, while the RAS 
culture exhibited significant inhibition of perchlorate reduction at 4% NaCl.

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

Perchlorate Reduction at High Concentrations
RAS – Return Activated Sludge, ADS – Anaerobic Digester Sludge



Given the high concentration of perchlorate in 
Martian regolith, is perchlorate reduction 

possible? If yes, to what extent?



Parameter MGS-1 MGS-1 + 
1 wt.% 
ClO4

−

pH (s.u.) 7.64 ± 0.03 7.81 ± 0.03

Conductivity (mS cm−1) 9.52 ± 0.26 14.82 ± 0.04

Total dissolved solids (g/L) 4.32 ± 0.03 6.50 ± 0.06

Salinity (g/L) 3.97 ± 0.06 7.18 ± 0.08

Total organic carbon (%) 0.234 ± 
0.001

0.156 ± 
0.004

Moisture content as received 
(%) 

2.65 ± 0.37

Moisture content at 100% 
water holding capacity (%)

19.06 ± 12.39
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Martian Regolith Simulant MGS-1 
Characterization
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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% CO2, 3% N2, 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 1 and 2.5 g/L by mixed and pure 
cultures

Condition

Mixed Culture Haloferax 
denitrificans

% 
reduction

Reduction rate 
(mg L-1d-1)

% 
reduction

Reduction rate
(mg L-1d-1)

1 g/L 
perchlorate 75.8% 50.6 ± 2.6 31.4% 13.4 ± 3.6

2.5 g/L 
perchlorate 45.2% 175.2 ± 148.2 36.0% 35.4 ± 16.9
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Between 31 and 75% of 
reduction was achieved both at 
1 and 2.5 g/L perchlorate with 
the mixed and pure cultures.
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Perchlorate reduction at 5 and 8 g/L by the halophilic 
archaeon, Haloferax denitrificans

Condition
Haloferax denitrificans

% reduction Reduction rate
(mg L-1d-1)

5 g/L perchlorate 48.6% 103.8 ± 9.0
8 g/L perchlorate 40.8% 144.7 ± 29.3
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Between 40 and 48% of reduction was 
achieved with Haloferax denitrificans at 5 and 8 
g/L.

The reduction rate for the pure culture was the 
highest at the 8 g/L condition which is the 
highest ever successfully reduced. 
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Perchlorate reduction at 5 and 8 g/L by mixed bacterial 
culture

Condition
Mixed Culture

% reduction Reduction rate 
(mg L-1day-1)

5 g/L perchlorate 100% 323.9 ± 34.8
8 g/L perchlorate 0% N/A
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The mixed culture was able to fully reduce 5 
g/L but had no reduction at 8g/L.

Acetate was completely consumed in both 
conditions, indicative of another microbial 
active process.
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Magnesium sulfate is present in Martian 
regolith simulant at 4 wt.% (40 g/kg 
regolith)

Sulfate reduction was the main process in the mixed culture 
at 

8 g/L perchlorate



Microbial perchlorate reduction is achievable in simulant at high concentrations relevant to Martian 
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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Key Messages
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