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ABSTRACT

In order for humans to safely explore space across great distances and for extended durations, there are still many risks for which mitigating technologies are insufficient or immature.  NASA’s Bioastronautics Roadmap has identified 45 key risks associated with human space exploration, and many of these for a mission to Mars have been assessed as “high.”  These risks are as diverse as bone demineralization, radiation-induced carcinoma, immunodeficiency, reliability of Environmental Control and Life Support systems, and trace contamination.
Experience on the International Space Station (ISS) certainly supports the assessment of these risks.  Though various hardware failures and crew health issues through the years have been rectified, visibility, diagnosis, and solution would not have been possible outside the close proximity to Earth.  Sufficiently mitigating these critical risks is a matter of life and death.
In order to mitigate these risks, a diverse suite of sensors is required that must meet all space flight requirements, including being accurate, lightweight, low power, portable, and robust.  Many of the necessary sensing capabilities already exist, but cutting-edge technologies will be required to acquire critical information in various in situ settings.
The off-gassing and possible combustion of various materials produce myriad trace contaminants that must be controlled in closed environments.  To properly study these trace contaminants in air requires their sensing in three-dimensional space and time, necessitating the knowledge of each crewmember’s position at all times.  This four-dimensional information will allow each crewmember’s trace contaminant exposure, as well as accumulated radiation exposure, to be mapped to the space vehicle or habitat.

The study of trace contamination on ISS fits in very well with NASA’s stated ISS Utilization Plan.  This study will advance knowledge of materials in their in situ settings, provide the information necessary for developing related countermeasures, aid in the development of a 1000-day Spacecraft Maximum Allowable Concentration (SMAC) critical for long-duration space exploration, provide visibility to and diagnosis of chronic ISS concerns, and provide a solution pathway to ISS and future Constellation vehicles for long-term human health and safety.
