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Abstract

Future crewed missions and terrestrial analog operations require decontamination methods that min-
imize consumables, avoid liquid chemistries, and fit within rapid, routine maintenance workflows for
high-touch interior surfaces. This work presents an operations-relevant laboratory framework to quantify
hard-surface microbial inactivation by a handheld cold-plasma device that uses ambient air as the work-
ing fluid, enabling treatment without added reagents or wipes. The campaign measures log-reduction
performance against Staphylococcus aureus and Pseudomonas aeruginosa deposited on hard, non-porous
coupons representative of spacecraft and equipment touchpoints: stainless steel (304 and 316), aluminum,
and polycarbonate (PC). A defined inoculum targeting 106 CFU per coupon is applied to a standardized 4
em? area and dried under controlled temperature and relative humidity to emulate dried-touch contamina-
tion. Treatments are delivered using a rigid positioning fixture to enforce repeatable operational geometry
and timing, sweeping standoff distances of 10-30 mm and exposure durations of 5-60 s across defined
device operating modes and orientations. Ambient conditions (temperature and relative humidity) are
logged for each run to support cross-day comparability and assess sensitivity to environmental variability
relevant to habitat operations. Controls include untreated coupons and sham exposures (identical han-
dling with plasma generation disabled) to isolate plasma-mediated effects from airflow and manipulation.
Immediately after treatment, survivors are recovered into validated neutralizing/recovery media using a
standardized detachment protocol (e.g., vortexing and/or sonication as appropriate) selected to maximize
recovery while preventing post-exposure kill. Viable organisms are quantified as CFU per coupon via
serial dilution and agar plating, and efficacy is reported as logl0 reduction relative to untreated controls.
Neutralizer effectiveness and toxicity controls verify measurement validity, and repeatability is assessed
across 3 independent test days to bound run-to-run variance. The outcome will be a material-resolved
dataset of log-reduction efficacy versus operational parameters, along with a repeatable assay that can
be extended to additional stressors (soil loads, complex geometries, and higher bioburden scenarios).
This framework supports maturation of handheld, minimal-consumable decontamination concepts toward
crewed habitat maintenance and other constrained-environment operations.



