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PROTECTING ASTRONAUTS FROM SPACE
RADIATION

Charles M. Werneth”
Durability, Damage Tolerance, and Reliability Branch, NASA Langley Research Center, Hampton, VA, United States

Astronauts on missions to the International Space Station, the moon,

YOUNG REVIEWERS: .
and beyond are exposed to several hazards, one of which is space

@ BRIAN radiation. Space radiation is composed of tiny particles from various
eI sources that spread out in all directions throughout the solar system.
These particles have a wide range of energies, and some of them

é RYAN are a serious concern for the safety of space crews. Radiation that
passes through the shielding on spacecraft and into the human body

SEAN can damage cells and may lead to the development of cancer or

AGE: 11 other negative health effects. To protect astronauts, the National

Aeronautics and Space Administration (NASA) is trying to better
understand the space radiation environment so they can minimize
the effects of radiation exposure on astronauts. This article describes
the kinds of space radiation and the approaches that NASA is using or
studying to keep astronauts as safe as possible.

In space, astronauts are exposed to several health risks, including a
low-gravity environment, stress from being in a small space for a
long time, and limited access to health care. One of the greatest risks
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SOLAR PARTICLE
EVENTS

Ejections of particles
(radiation) from the sun
that may be harmful

to astronauts

GALACTIC COSMIC
RAYS

Protons, helium nuclei,
and other particles that
move uniformly
through the solar
system and come from
supernovae located in
the Milky Way galaxy.

SUPERNOVAE

Events in which stars
explode and accelerate
high energy particles
into space.

RADIATION BELTS

Radiation consisting of
protons and electrons
that have become
trapped in the Earth's
magnetic field

SOLAR FLARES

Short-lived events of
mostly electrons
ejected from the sun
that usually do not
pose serious health
risks for astronauts.

CORONAL MASS
EJECTION

An ejection of charged
particles (mostly
protons) from the sun's
outermost
atmospheric layer.

DIFFERENTIAL
PARTICLE FLUX

The number of particles
per unit energy that
pass through a
specified unit of area.

SUNSPOTS

Dark spots on the
surface of the sun that
are cooler than

astronauts face is space radiation [1]. Space radiation may have high
enough energy to strip electrons away from the nuclei of atoms, so
it can damage human tissue and lead to numerous health problems,
including cancer. Space radiation comes from several sources. The
Sun ejects charged particles (called ions) into space during violent
eruptions known as solar particle events (SPEs). These events may be
hazardous to crew members if a SPE storm shelter is not available.
Galactic cosmic rays (GCRs) are formed when the shock waves from
galactic supernovae (events in which stars explode) send particles
like protons and heavier atomic nuclei into space at very high
energies, which may cause those particles to penetrate deeply into the
spacecraft and human tissue. In addition to these sources of radiation,
energetic protons and electrons may also become trapped in Earth's
magnetic field, in a region known as the Van Allen radiation belts.
This article describes SPEs, GCRs, the Van Allen radiation belts, the
potential health risks of radiation exposure, and methods that the
National Aeronautics and Space Administration (NASA) uses to reduce
radiation risks.

SOLAR PARTICLE EVENTS

Solar flares and coronal mass ejections (CMEs) are examples of
SPEs where particles are ejected into space from the sun [2]. Space
radiation is often described in terms of the number of particles with a
specific energy passing through a specified unit of area. This is called
differential particle flux. If a CME has a large flux, that means there
are a large number of the particles (more radiation) passing through
the area. Likewise, a small flux means a smaller number of particles
(less radiation). Solar flares consist mostly of high fluxes of electrons
but are usually short lived and do not cause significant health risks.
In contrast, CMEs may last from a few hours to several days and
consist of large plumes of plasma (hot ionized gas), mostly made
up of protons. Compared to solar flares, the abundance of protons
and the higher energies of CMEs can cause more damage to human
tissue. Since CMEs can be predicted several hours to days before they
reach a spacecraft, astronauts can protect themselves by setting up
storm shelters. Solar conditions are monitored by spacecraft such as
the Solar Dynamics Observatory, which can inform crew members of
approaching CMEs.

You may have seen pictures of the sun on which darker areas,
called sunspots, are visible. The Sun has been observed to have an
11-year solar cycle, where the solar activity transitions from a solar
minimum, with few or no sunspots, to a solar maximum, with a
larger number of sunspots [2]. CMEs occur most frequently during
the relatively high activity of solar maximum, when more sunspots
are seen. An example of a CME is shown in Figure 1. Have you heard
of the northern or southern lights, also called auroras? These bright,
colorful lights observed near the Arctic and Antarctic regions are
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the surrounding areas
on the solar surface.
Large numbers of the
spots are associated
with high solar activity
and an increased
likelihood for coronal
mass ejections and
solar flares to occur.

Figure 1

A CME captured by the
Solar Dynamics
Observatory on 7 June
2011. You can see the
ejected plasma on the
right side of the image,
which was nearly half
the diameter of the
Sun! To put this into
perspective, this CME
was approximately 50
times the diameter of
Earth (Image credit:
Solar Dynamics

Observatory and NASA).

caused by CMEs, as ions stream into Earth’s magnetic field and cause
molecules in Earth’s atmosphere to emit light. Large CMEs can even
damage satellites.

Figure 1

GALACTIC COSMIC RAYS

GCRs are produced from the remains of supernovae (Figure 2) [3]
and consist of protons, helium nuclei, and heavier ions that can move
nearly at the speed of light [2]. Supernovae are grouped into two types.
Type | supernovae occur when white dwarf stars (dense stellar cores
that are nearly the size of Earth) accumulate mass from a nearby star.
Once the mass of a white dwarf star exceeds 1.4 times the mass of the
Sun, the white dwarf explodes violently [4]. Type Il supernovae occur
when massive stars use all of their nuclear fuel and explode, with light
intensities that may be brighter than a galaxy for a short time.

GCRs vary with the solar cycle. During the solar maximum, the Sun'’s
magnetic field is more intense, so it deflects a lot of the GCRs, meaning
that differential particle flux is decreased. During the solar minimum,
the Sun’s magnetic field is less intense. There are fewer GCRs blocked,
and this means there is larger differential particle flux when compared
to solar maximum. The radiation risk is greater during solar minimum
because astronauts receive more radiation exposure. Low energy
GCR fluxes at solar minimum may be over 10 times greater than the
fluxes at solar maximum. However, particles with very high energies
are not as effectively blocked by the Sun’s magnetic field. These
high-energy GCRs can penetrate spacecrafts and may be harmful to
humans. Unlike SPEs, which happen only periodically, GCRs are always
present, which makes them a major challenge for long space missions,
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A supernova remnant
known as the Crab
Nebula. A supernova is
an event in which a star
explodes leaving
behind mostly gases
surrounded by a
shockwave that
accelerates protons,
helium nuclei, and
other particles into
space at high speeds.
The particles travel
through space and
eventually into the solar
system, where
astronauts may be
exposed to the harmful
radiation (Image credit:
NASA).

such as a mission to Mars. During long spaceflights, astronauts could
receive amounts of radiation greater than the career safety limit set
by NASA.

The Earth’s iron core creates a magnetic field around the planet that
exerts a force on charged particles. In space, protons and electrons
are charged particles that experience forces from the Earth’s magnetic
field and become trapped as radiation belts around the Earth. The Van
Allen radiation belts ( ) consist of inner and outer belts: the inner
belt mostly contains protons and electrons, and the outer belt contains
mostly electrons [2]. The flux of electrons in the outer belt is nearly
10 times greater than the electron flux in the inner belt; however,
this radiation does not penetrate deeply into spacecraft materials. The
protons are more energetic and pose a greater radiation risk. The
International Space Station orbits Earth at an altitude that is beneath
most of the trapped proton radiation, although there is a region known
as the South Atlantic Anomaly, where changes in Earth’s magnetic field
increase radiation exposure from protons.
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Earth's magnetic field
traps protons and
electrons in layers
around the Earth
known as Van Allen
radiation belts. Here,
you can see the belts
and the approximate
locations of the
International Space
Station in
low-Earth-orbit, probes
that measure the Van
Allen radiation belt, and
global positioning
system satellites (Image
credit: NASA).

Outer Belt
12,000 — 25,000 miles

GPS Satellites
12,500 miles

Geosynchronous Orbit (GSO)
NASA's Solar
Dynamics Observatory

Inner Belt \ e 22,000 miles
1,000 — 8,000 miles / :
/

Low-Earth Orbit (LEO)
International Space Station
230 miles

Van Allen Probe-A

Van Allen Probe-B

Space radiation may lead to many health effects such as cancer,
heart disease, stroke, problems with brain function, and diseases of
the brain and spinal cord. NASA uses several strategies to minimize
the risk of space radiation for astronauts. These include designing
spacecraft shielding to reduce radiation exposure, providing storm
shelters for use during SPEs, carefully planning space missions to
avoid as much radiation as possible (including timing with the solar
cycle), and selecting crew members that are best suited to perform
NASA's missions. Even with these precautions, astronauts are likely to
exceed their career radiation limits on long missions, such as a mission
to Mars. So, NASA is also investigating whether medications can be
used to reduce risk from radiation exposure. Studies have shown that
some well-known medications, including aspirin and medicines to
treat blood clots and diabetes, can reduce the chances of getting
cancer or dying from cancer. NASA has recently shown that these
medicines may also reduce the risk of cancer deaths caused by space
radiation exposure [5].

Space contains a complex mixture of radiation, consisting of particles
from SPEs, GCRs, and radiation belts, all of which can be dangerous to
human health. Timing missions so that they happen during the safest
part of the solar cycle is very important to keep radiation exposure
to a minimum. GCRs are the hardest type of radiation to protect
astronauts from; therefore, missions may be planned during solar
maximum to minimize GCR exposure, even though SPEs are more
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likely to occur then. Crew members may decrease their radiation risks
from SPEs by using storm shelters made from resources onboard
the spacecraft. Astronauts onboard the International Space Station
or other missions during which spacecraft stay relatively close to
Earth are somewhat protected from GCRs, since Earth’'s magnetic field
weakens the GCR flux. NASA is working to make spaceflight safer
for astronauts by taking various steps to protect them from space
radiation, including potential new medicines. The aim is to protect
astronauts enough that long-distance missions, such as to Mars, will
eventually be possible.
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