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17 Biocidal or Inhibitory Factors on the Surface of Mars

(2) extreme desiccating conditions (i.e., low water activity; a,)
(3) low pressure (7 mbar)

(4) anoxic CO,-enriched atmosphere

(5) low temperature

(6) high salts levels [e.g., MgCl,, NaCl, FeSO,, and MgSO,] in surficial soils
(7) galactic cosmic rays

(8) solar particle events

(9) UV-glow discharge from blowing dust

(10) solar UV-induced volatile oxidants [e.g., O,, O, H,0,, O;]
(11) globally distributed oxidizing soils

(12) high concentrations of heavy metals in martian soils

(13) acidic or alkaline conditions in martian solils

(14) perchlorates in most solils

(15) lack of defined energy source free of UV irradiation

(16) no sources of available nitrogen and carbon

(17) no obvious redox couples for microbial metabolis

(Schuerger et al., 2013, Astrobiology, 13, 115-131.)



6 Key Biocidal Factors in Interplanetary Space

(1) solar UV irradiation

(2) solar heating

(3) extreme desiccating conditions

(4) extreme low pressure (~ 10:° mbar)
(5) galactic cosmic rays

(6) solar particle events
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Mars Simulation Chamber (MSC) ‘
Schuerger et al., 2008, /carus, 194, 86-100.

»>Pressure: down to 0.01 mbar

> lemp: -100 to +160 °C (programmable)
»Gases: CO,; O,/N,; Mars mix (top 5 gases) T i
>UV-VIS-NIR: equatorial to polar: fluence rates f§£{¢
>Dust loading from tau 0.1 to 3.5 b 3
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Monolayers vs Multilayers Exposed to Solar UV
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Sterility Assurance Level (SAL; —12 logs)

Bacterial
species

B. atrophaeus

B. pumilus

B. subtilis

100C + 0.05 mb | VAC +low-UV | VAC + high-UV

linear model linear model linear model
(hrs) (min) (min)
48.0 69.9 2.8
22.8 59.7 9.5
41 .4 /6.3 12.9

(Schuerger, 2024, doi.org/10.3390/microorganisms12101976)



Synergism for 3 Space Biocidal Conditions
VAC=48hrs + HEAT=2hrs + high-UV =2 min
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(Schuerger, 2024, doi.org/10.3390/microorganisms12101976)



Europa Clipper Jupiter Cruise Trajectory

Perihelion: 0.82 AU
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Conclusion

***Synergism among the 3 biocidal space conditions tested here
significantly increases the lethality of most space environments.***



Strategic Knowledge Gaps (SKGs)

SKG #1: nylon JETT bags under Apollo LEMs SKG #2: Sample deployed equipment.

B d - gl

SKG-1 and SKG-2 would help validate LMS and CPMS models.



SKG #3: Diffusion of biocidal volatile
oxidants into equipment.

SKG #4: Diffusion of biocidal volatile
oxidants thru regolith and under habitats.
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