
Overview of Solar Energetic Particle Event Hazards to Human Crews 
 

Lawrence W. Townsend 
Department of Nuclear Engineering 

The University of Tennessee 
Knoxville, TN 37996-2300 USA 

 
 
One of the most significant health risks for human missions to Earth’s moon and Mars is 
exposure to the harsh space radiation environment. Crews on these exploration missions 
will be exposed to a complex mixture of very energetic particles.  Chronic exposures to 
the ever-present background galactic cosmic ray (GCR) spectrum consisting of various 
fluxes of all naturally - occurring chemical elements are combined with infrequent, 
possibly acute exposures to large fluxes of solar energetic particles, consisting of protons 
and heavier particles.  The GCR environment is primarily a concern for stochastic effects, 
such as the induction of cancer, with subsequent mortality in many cases, and late 
deterministic effects, such as cataracts and possible damage to the central nervous 
system.   An acute radiation syndrome response (“radiation sickness”) is not possible 
from the GCR environment since the maximum organ doses are well below levels of 
concern. The sporadic occurrence of extremely large solar energetic particle events, 
usually associated with intense solar activity, is a major concern for Lunar and Mars 
missions because of the possible manifestation of acute effects from the accompanying 
high doses of such radiations, especially acute radiation syndrome effects such as nausea, 
emesis, hemorrhaging or possibly even death.  Large solar energetic particle events can 
also contribute significantly to crew risks from cancer mortality. In this presentation an 
overview of current estimates of critical organ doses and equivalent doses for crews of 
Lunar and Mars bases and on those on transits between Earth and Mars is presented.  
Particular emphasis is placed upon potential doses from large solar energetic particle 
events.  The current status of space radiation transport code development for use in 
shielding analyses for human missions in deep space is also described. 
 


