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Abstract

As plans for human missions to Mars become more realistic through initiatives such as NASA’s Moon-
to-Mars program, the risks faced by astronauts on long-duration missions are becoming harder to ignore.
One of the most serious and least understood of these risks is gender-based exposure to space radiation,
particularly on missions that extend far beyond low Earth orbit. Despite continued progress in diversifying
the global astronaut corps - including the first wheelchair user to fly on a Blue Origin mission and the
first woman slated to orbit the Moon on the Artemis II mission in 2026 - gender-specific differences in
radiation risk remain insufficiently addressed. This is particularly significant given that women astronauts
generally reach their career radiation exposure limits sooner than their male counterparts.

Using data collected from the Artemis I mission’s male and female-shaped anthropomorphic manikins
equipped with radiation sensors-this study will incorporate empirical radiation exposure measurements
into risk modelling. Additional data and modelling frameworks will be drawn from the NASA Technical
Reports Server and the NASA Space Cancer Risk Model.

Radiation risk to crew members on a Mars-bound mission will first be calculated using traditional mis-
sion parameters, including mission duration, solar cycle phase, shielding characteristics, and the likelihood
and intensity of solar particle events (SPEs).

Extending beyond conventional approaches, the assessment will also incorporate diversity-informed
variables such as gender, disability status (e.g. from parastronaut feasibility study), time spent outside
the habitat (e.g., during extravehicular activities), and genotype-adjusted dose-response relationships.
This integrated approach aims to move beyond the “average astronaut” model toward a more inclusive
and individualized framework for radiation risk evaluation.

Monte Carlo techniques will be used to simulate radiation exposure over extended mission durations
and operational scenarios. Due to limited data-particularly for female astronauts and crew members
with disabilities during extravehicular activities-probabilistic modelling will be used to extrapolate from
existing datasets. These estimates will help address uncertainty and improve evaluation of differential
radiation risks across diverse crew profiles.

The resulting model will help improve understanding of astronaut health risks on future missions to
Mars. Beyond the technical work, this research will also consider the ethical implications of long-duration
spaceflight, including how acceptable risk is defined and whether current approaches adequately account
for gender differences in the space sector.



