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Abstract
Evaluations of the biological effects of space radiation must carefully consider the biological system response and
the specific nature of the source term. Acharya et al. (2019) review neurocognitive function during deep space
exposures to chronic, low dose rate, neutron radiation, but do not use a source term that reflects the actual space
environment in terms of radiation types and their respective energies. In addition, important biological effects,
including the adaptive response to the space radiation environment, are not addressed.
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This commentary addresses the article “New concerns
for neurocognitive function during deep space exposures
to chronic, low dose rate, neutron radiation” by Acharya
et al. (2019). Considering the limitations of currently avail-
able technology for simulating the space radiation envi-
ronment, this article (Acharya et al., 2019) outlines the use

of a new neutron irradiation facility to simulate the low
dose rates found in deep space. Their study showed
neurobehavioral and electrophysiological defects in ro-
dents subjected to continuous (6 month duration) expo-
sure to low dose rate (1 mGy/d) neutron exposures.
Despite the numerous strengths of this study, it has a few
major shortcomings. The first shortcoming is due to ig-
noring the key point that in a realistic space environment,
cells will be exposed to multiple low LET (linear energy
transfer) protons before being traversed by intermediate
and high-LET HZE (high charge and energy) particles. It is
worth noting that a National Aeronautics and Space Ad-
ministration report (Huff et al., 2016) clearly states that this
sequential exposure can lead to the induction of adaptive
responses in space that may significantly decrease the
level of damages induced by high-LET HZE particles:
“There have been several studies performed that indicate
an adaptive response to low-dose ionizing radiation can
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Significance Statement

Acharya et al. (2019) review neurocognitive function during deep space exposures to chronic, low dose rate,
neutron radiation, but do not use a source term that reflects the actual space environment in terms of
radiation types and their respective energies. In addition, important biological effects including adaptive
response to the space radiation environment are not addressed.
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provide a level of protection against future exposures
(Bhattacharjee and Ito 2001; Mortazavi et al., 2003; El-
more et al., 2008, 2011; Rithidech et al., 2012). This may
be particularly important for understanding risks in the
space environment because the GCR [galactic cosmic
radiation] environment is composed predominantly of
protons, and it is realistic to expect that cells will be
exposed to multiple hits of protons before being traversed
by an HZE particle” (Huff et al., 2016). Moreover, an article
authored by a large group of scientists from the United
States, Canada, the United Kingdom, Russia, and Bel-
gium have recently highlighted the cardinal role of
adaptive response as an efficient method of biological
protection in radiation risk reduction strategies for astro-
nauts participating in space journeys (Cortese et al.,
2018). It is worth noting that despite current controver-
sies, some studies show cells pre-exposed to a low dose
reveal decreased vulnerability to subsequent exposure to
higher doses and produce a neuroprotective effect (Bet-
lazar et al., 2016).

The second shortcoming is assuming that 252Cf neutron
radiation can represent the biological effects of the HZE
particles in a deep space mission. In �3% of decays,
spontaneous fission occurs. This yields energetic fission
products along with �3.75 neutrons per fission. The emit-
ted neutrons are “fast” with a most probable energy of
0.7–1.0 MeV and an average energy of 2.1–2.3 MeV.
Given this consideration, there are a number of issues
with simulating solar particle events (SPEs) and GCR with
a fission source, as follows:

1. The dominant dose component of 252Cf neutrons is
not equivalent to more energetic protons and HZE
particles. The energy differences are orders of mag-
nitude apart (Bevelacqua, 2008, 2017).

2. The interactions from the neutrons include elastic
and inelastic scattering and a limited number of re-
action channels such as (n,gamma), (n,p), and (n,d;
Bevelacqua, 1999, 2008, 2009, 2016). GCR and SPE
open numerous higher-energy channels with the pro-
ductions of pions, muons, and a host of spallation
products and their associated hadronic cascades
(Bevelacqua, 1999, 2008, 2009, 2016). The biological
effects of these various species are not readily
equated to a low-energy fission source.

3. In addition to direct reactions in tissue, the reactions
with the spacecraft shell and components will vary
significantly (Bevelacqua, 2008).

4. Characterizing a fission source in terms of delivered
biological dose is significantly easier than determin-
ing the dose from a spectrum of protons and HZE
particles of much greater energy (Bevelacqua, 2008).

5. The absorbed dose does not correspond to a bio-
logical detriment. This dose must be weighted with
an appropriate factor [e.g., RBE (relative biological

effectiveness), quality factor, or radiation weighting
factor] to obtain a biological dose. Determining these
factors is a nontrivial exercise (Bevelacqua, 2010).
Using a stochastic International Commission on Ra-
diologic Protection methodology (Bevelacqua, 1999,
2009), it is clear that energy dependence and radia-
tion type are significant factors. Neutron factors are
not the same as those for protons and HZEs.
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