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As part of a program to assess the adverse biological effects expected from astronauts’ exposure to space
radiation, numerous different biological effects relating to astronauts’ health have been evaluated. There
has been major focus recently on the assessment of risks related to exposure to solar particle event (SPE)
radiation. The effects related to various types of space radiation exposure that have been evaluated
are: gene expression changes (primarily associated with programmed cell death and extracellular
matrix (ECM) remodeling), oxidative stress, gastrointestinal tract bacterial translocation and immune
system activation, peripheral hematopoietic cell counts, emesis, blood coagulation, skin, behavior/fatigue
(including social exploration, submaximal exercise treadmill and spontaneous locomotor activity),
heart functions, alterations in biological endpoints related to astronauts’ vision problems (lumbar
puncture/intracranial pressure, ocular ultrasound and histopathology studies), and survival, as well as
long-term effects such as cancer and cataract development. A number of different countermeasures have
been identified that can potentially mitigate or prevent the adverse biological effects resulting from
exposure to space radiation.
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1. Introduction

As reviewed by Hellweg and Baumstark-Khan (2007), the pri-
mary components of radiation in interplanetary space are galactic
cosmic rays (GCR) and solar cosmic radiation (SCR). GCR originates
from outside of our Solar System and consists of 98% baryons
and 2% electrons. The baryonic component consists of 87% pro-
tons (hydrogen nuclei), 12% alpha particles (helium nuclei) and
approximately 1% of heavier nuclei with atomic numbers up to
92 (uranium). These heavier nuclei include highly energetic, heavy,
charged particles known as HZE particles. Although 56Fe ions, as a
specific type of HZE particle, account for less than 1% of the GCR
particle fluxes, they contribute significantly to the total radiation
dose received by individual cells exposed to GCR due to the fact
that the dose to an individual cell is proportional to the square of
the particle’s energy dependent effective charge (Katz et al., 1971).

SCR consists of low energy solar wind particles that flow con-
stantly from the Sun and the highly energetic solar particle events
(SPEs) that originate from magnetically disturbed regions of the
Sun, which sporadically emit bursts of energetic charged parti-
cles (Wilson et al., 1999; Smart and Shea, 2003). SCR is com-

posed predominately of protons, with a minor contribution from
helium ions (∼10%) and an even smaller contribution from heavy
ions and electrons (∼1%). SPEs are unpredictable, develop rapidly
and usually last for no more than several hours, although some
SPEs may continue for several days. Since protons are the major
component of SPE radiation, ground-based SPE radiation research
is focused on the biological consequences of proton radiation at
the appropriate energies, doses, and dose-rates expected during an
SPE. A large fraction of the protons during an SPE are in the range
of around 50 MeV, but there are also varying levels of protons
of higher energies characterizing each individual SPE (NCRP, 1989;
NCRP, 2006).

Exposure to space radiation may place astronauts at signifi-
cant risk for acute radiation sickness (ARS), significant skin injury
and numerous other biological effects resulting from exposure to
radiation from a major SPE, which normally includes some HZE
particles, or combined SPE and GCR. Doses absorbed by tissues
vary for different SPEs and model systems have been developed
to calculate the radiation doses that could have been received by
astronauts during previous SPEs (Hu et al., 2009). For instance, it
has been estimated that the August 1972 SPE could have delivered
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