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Chapter 1
Radiation: A Primer

One of the most challenging parts for the human journey to Mars is the risk of radiation 
exposure and the inflight and long-term health consequences of the exposure. This ionizing 
radiation travels through living tissues, depositing energy that causes structural damage to 
DNA and alters many cellular processes.

—NASA Space Radiation Element Scientist Lisa Simonsen, Ph.D.

Galactic cosmic ray exposure can devastate a cell’s nucleus and cause mutations that can 
result in cancers. We learned the damaged cells send signals to the surrounding, unaffected 
cells and likely modify the tissues’ microenvironments. Those signals seem to inspire the 
healthy cells to mutate, thereby causing additional tumors or cancers.

—Dr. Francis Cucinotta, University of Nevada, Las Vegas

Exposure to these particles can lead to a range of potential central nervous system compli-
cations that can occur during and persist long after actual space travel—such as various 
performance decrements, memory deficits, anxiety, depression, and impaired decision-
making. Many of these adverse consequences to cognition may continue and progress 
throughout life.

—Dr. Charles Limoli, radiation oncology professor at the University of California, 
Irvine

As long as there have been astronauts there has been talk of a manned mission 
to Mars. Hardly a week goes by without an announcement of another humans-to-
Mars initiative. Over the years the public has been introduced to Inspiration Mars, 
Mars One, and SpaceX’s Interplanetary Transport System. Most such announce-
ments garner plenty of press before dying a slow and natural death, but each mission 
shares one common denominator: they are either oblivious to (such as in the case of 
Mars One) or choose to ignore (Mars One again) the dangers of space radiation 
(Figs. 1.1 and 1.2). So let’s take a look at what radiation sources are out there. We’ll 
begin with galactic cosmic rays (GCR)
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