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Dissolved salts: perchlorate and chlorate

• Martian regolith is ~0.6% perchlorates/chlorates by mass                 
(Hecht et al. 2009, Elsenousy et al. 2015, Chevrier et al. 2022)

• Estimate concentrations in extracted water on order of 1%
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Why are perchlorate and chlorate important?

• Acute toxicity at ~15g for both molecules via hemolysis, hemoglobin 
oxidation, and renal failure
• Effects of chronic exposure include thyroid inhibition and lung toxicity

• Must reduce perchlorate/chlorate levels approximately 100,000 fold

Water Limit (Agency) Mars water estimate

Perchlorate 6 ppb (CA) ~5,000,000 ppb

Chlorate 800 ppb (CA 
notification level) 

~5,000,000 ppb



Traditional engineering solutions

• Anion exchange resins

• Reverse osmosis 

• Adsorption

• Distillation



Challenges for traditional approaches

•Perchlorates are potent oxidizers and increase wear 
on equipment and membranes

•Desalination creates concentrated brines
•Water wasted
• Dump locally or transport?

• The stricter the requirements, the more challenging 
the design (and higher power/mass)



Solution: controlled reduction of perchlorates
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Reduction of perchlorates is thermodynamically favorable

Microbes and enzymes to catalyze these reactions are known

Image: Dechloromonas
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Natural perchlorate reduction

• Natural perchlorate reducing 
bacteria are abundant on Earth

• Research over several decades has 
identified environmental conditions 
most conducive to promoting native 
microbial perchlorate reduction

• Now considered as a standard 
option for perchlorate detoxification



Controlled reduction of perchlorates

Problem Solution

Reduction is slow Increase gene expression
Engineer for speed, not efficiency

Reduction is strictly 
anaerobic

Change gene regulatory logic

Uncertain system stability Transfer genes to well-characterized 
organism (e.g., Bacillus subtilis)



Perchlorate reduction: a transferable application
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Overall goal: use microbes for controlled 
reduction of perchlorates

• Integrate perchlorate reduction genes to B. subtilis strain 
168 with strong, continuous expression

• Test efficacy and speed of reducing perchlorate & chlorate 

• Engineer elevated reaction rate and robustness

• Explore possibility of extracellular and purified proteins 
(leveraging AstroPharmacy and BioMining)
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kanR AmyEAmyE

Tolerance to treated media

Additional genes for error handling?
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