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On 6 August 1972, a solar fl are erupted. 
Billions of tons of protons raced toward Earth.  
The particles, moving nearly as fast as light, 

swarmed around and past the planet. They enveloped 
Earth in one of the fi ve biggest space radiation storms ever 
recorded. On the planet below the event passed mostly 
unnoticed. Earth’s atmosphere and magnetic fi eld warded 
off the radiation, and no one was harmed.

But what if an astronaut had been “out there?” 

Only four months later the astronauts of Apollo 17 were. 
In December 1972 they spent 12 days cruising to the Moon 
and back, protected only by the aluminum shell of their 
spacecraft.  If they had left on 6 August, Gene Cernan, 
Ron Evans and Harrison Schmitt, would have absorbed, 
in a single hour, about 100 times more radiation than 
a person would living on Earth at the top of a high 
mountain—in a lifetime.

This is a story often told to illustrate the radiation dangers 
of space travel. A solar fl are can erupt at any moment, 
peppering astronauts’ bodies with light-speed particles 
they rarely encounter on Earth. It sounds bad.

“In fact, those Apollo astronauts would have been OK,” 
says Frank Cocinotta, the chief scientist for NASA’s Space 
Radiation Health project at the Johnson Space Center. 
“The command module was shielded well enough 
to ward off a strong solar fl are.”

What would be some ways 
to protect astronauts against 
radiation in space? 

• how the microgravity 
of space travel affects 
the human body  

• the threat of radiation 
to astronauts traveling 
in space

• the study of space 
biomedicine
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•  atrophy
•  deconditioning
•  vestibular system
•  physiological
•  ionize
•  cataract
•  telemedicine 

Radiation doses to humans are usually described in rem—
short for R. E. M.  A rem measures the amount of damage 
to human tissue from a dose of ionizing radiation.

“The August ‘72 radiation storm would have delivered 
a sudden dose of 30 to 40 rem inside an Apollo command 
module,” says Cocinotta.  For comparison, the threshold 
for radiation sickness—nausea, loss of appetite and fatigue—
is about 75 rem.  “Fatalities don’t begin until 300 rem,” 
says Cocinotta. “[At that dose,] without medical care, 
the death rate is 50 percent.”

So the Apollo astronauts wouldn’t have gotten sick. 
And they wouldn’t have died.
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232 CHAPTER 5 Exploring, Living, and Working in Space

How the Microgravity of Space Travel Affects the Human Body 
Some 50 years of US and Russian space missions have taught researchers important 
lessons about the dangers to human bodies in space—even when they’re protected 
by their space capsule or a space station.

If you’ve ever seen television news reports of astronauts in space, you’ve surely seen 
videos of them “fl oating” around their spacecraft. It looks relaxing. But medical 
experts see the microgravity of space as a real challenge to human health. 

The human body and all its parts need exercise to remain in good condition. Bones 
must bear weight. Otherwise they lose their density and strength. Muscles need 
to push or pull against something to stay in shape. But fl oating around in space 
is so “easy” that it’s not good for astronauts.

The rule “use it or lose it” applies to the human body on Earth. And it applies 
even more in outer space. Exercise programs to keep astronauts fi t are a key part 
of safe and productive space travel. For example, the International Space Station 
has a variety of exercise equipment. The exercise complement includes a resistance 
device and a cycle ergometer, which measures the amount of work different 
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An astronaut who weighs 
175 pounds on Earth would 
weigh 65.9 pounds on Mars but 
only 29 pounds on the Moon.

muscles are doing. The station also features two treadmills. The treadmills are 
different in many ways, but both share the need for an exercise harness. Astronauts 
must use a harness to attach themselves to the treadmill while running in space 
due to the lack of gravity. The harness prevents them from fl oating off the machine 
and provides friction against the treadmill belt as they run. It also exerts an external 
load, or force, on their body to simulate the resistance of gravity that a terrestrial 
workout would naturally provide.

There’s another thing to keep in mind as you read 
about the challenges of microgravity. Astronauts going 
to Mars via the Moon will not have to adjust only from 
Earth gravity to the microgravity of space fl ight. They 
will also experience lunar and Martian gravity. 

The Effect of Space Travel on the Human Heart 

The heart is a muscle—the most critical one in the human body. Medical experts 
know that astronauts lose heart mass and exercise capacity after long periods 
in microgravity. They suspect this could lead to impaired heart function once 
astronauts return to Earth—low blood pressure and even fainting. But they believe 
they still have a lot to learn. They aren’t sure, for instance, whether a heart in space 
simply loses muscle mass the way a body builder does when he takes a break from 
the gym, or actually becomes scarred. 

NASA scientists expect to answer these questions. They also hope to identify risk 
factors that will help fl ight surgeons pick the best candidates for long space missions.

A two-year study began in July 2009 on the International Space Station to 
determine how, how much, and how fast the heart deteriorates during long-
duration space travel. The study will examine 12 different astronauts before, 
during, and after their time in space. It will use equipment such as echocardiograms 
to watch how the heart relaxes and fi lls. Magnetic resonance imaging (MRI) will 
allow researchers to determine how much the heart weakens and whether it scars 
or is infi ltrated by fat.

The team is also studying the effects of heart weakening on crew members’ ability 
to exercise and on the likelihood of their developing unusual heart rhythms—
both on the space station and after returning to Earth. In addition, the researchers 
will look closely at other cardiovascular issues, such as how blood pressure 
responds to the reintroduction of gravity at the levels experienced on Earth, 
the Moon, and Mars.

It may also turn out that the heart does well in space. The strategies now used 
to keep astronauts in shape overall may turn out to be enough to keep their hearts 
functioning well, too. 
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The Effect of Space Travel on Bones and Muscles 

If heart function in space turns out to be not much of a problem, fl ight surgeons 
will still have plenty of other issues to think about. These include the effect of space 
travel on bones.

Astronauts in space lose calcium from their bones. The absence of the effects of 
Earth’s gravity disrupts the process of bone maintenance. Bones support body 
weight. With no gravity there is no weight and hence no bone maintenance. 

Researchers have found that in the microgravity of space, men and women of all 
ages lose a percentage of their bone mass each month. For example, they lose about 
2 percent of bone mass in the heel and 1 percent in the pelvis, lower hip, and spine. 
The loss of calcium in certain bones for one year in space is equivalent to 10 years 
of loss in a person starting at 50 and going to 60 years. The term for this is disuse 
atrophy. Atrophy is a wasting away or shrinking of a body part, typically from lack 
of use. This disuse atrophy is similar to the osteoporosis that troubles older women 
in particular. It’s not yet clear whether astronauts’ losses in bone mass will continue 
as long as they are in space. It may level off in time. Scientists are looking for 
the signals that permit bone tissue to adapt to either a microgravity environment 
or Earth’s gravity.

Deconditioning is space researchers’ term for the weakening of heart and lung function 
in microgravity. This weakening again illustrates the “use it or lose it” principle. 
It also shows how fi ghting against Earth’s gravity toughens humans up. As in the 
case of bone loss in space, scientists are looking for clues as to whether heart-lung 
deconditioning continues as long as an astronaut’s mission, or whether it levels off 
in time. Research on the astronauts aboard NASA’s Skylab space station, launched 
in 1973, showed that after four to six weeks, deconditioning stabilized.
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The body gets rid of the extra calcium released from bone mass loss through 
the kidneys. So people who have a history of kidney stones are not permitted 
to fl y into space—their body’s disposal of calcium would increase in microgravity.

Space researchers are studying the effects of reduced gravity on other muscles 
as well. NASA studies have suggested that after a long stay in space, an astronaut 
could lose up to 40 percent of his or her overall muscle function. This is obviously 
a concern for astronauts once they return to Earth. But loss of muscle function 
to this degree could put astronauts at greater risk of injury. It could also leave 
them less able to fulfi ll their missions in space.

How Space Travel Affects the Sense of Body Weight and Movement 

Human beings have evolved to cope with the gravity they experience on Earth. 
But the microgravity of space travel is a whole new thing. Human systems no longer 
work as they do on Earth. In microgravity it’s hard at fi rst for astronauts even 
to know the orientation of their own bodies. This is because they have no sense 
of weight to guide them. 

About two-thirds of astronauts feel some space motion sickness during their 
fi rst experience of microgravity. This is nausea similar to that of carsickness 
or seasickness. 
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The human brain has learned how to determine which way is up because of the 
force of Earth’s gravity. In space, the signals are different. 

Within the inner ear is the vestibular system—the system that helps people maintain 
balance and a sense of which way is up. Information from this organ, along with 
information from muscles, joints, and the senses of touch and vision, lets the brain 
identify and determine the body’s position relative to the pull of gravity. But in 
space, with virtually no gravity, the signals from the vestibular organ and other 
body sensors give confl icting information. 

Microgravity also fools the nerves that tell astronauts where their arms and legs 
are. “The fi rst night in space when I was drifting off to sleep,” recalled one Apollo 
astronaut, “I suddenly realized that I had lost track of … my arms and legs. For all 
my mind could tell, my limbs were not there. However, with a conscious command 
for an arm or leg to move, it instantly reappeared—only to disappear again when 
I relaxed.”

Another astronaut from the Gemini program reported waking in the dark during a 
mission and seeing a disembodied glow-in-the-dark watch fl oating in front of him. 
Where had it come from? He realized moments later that the watch was around his 
own wrist.

These sorts of mismatches between what the eyes can see and the body can feel 
trigger nausea. Fortunately, after a few hours or days astronauts typically overcome 
their space sickness.

Space Travel and Body-Fluid Shift

While on Earth, gravity causes most of the body’s fl uids to be distributed below 
the heart. In contrast, living in space with less gravity allows fl uids in the body 
to spread equally throughout the body. 

When astronauts fi rst travel into space, they feel as if they have a cold and their 
faces look puffy. Many astronauts talk about not feeling thirsty because of this 
fl uid shift. The body records this shift as an increase in blood volume. The body 
takes care of this fl uid shift by eliminating what it thinks are extra fl uids as 
it would normally—through the kidneys—resulting in visits to the restroom. 
Once this “extra fl uid” is fl ushed from the body, astronauts adjust to space 
and usually feel fi ne. 

Puffy faces and chicken legs are short-term changes that astronauts feel. 
Within three days of returning to Earth, the fl uid level of the astronauts 
return to normal, and the body is “back to normal.”
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The Effects of Space Travel on the Immune System

Various tests of organisms in space and of astronauts’ blood provide evidence that 
microgravity may also affect astronauts’ immune systems. In addition some bacteria’s 
ability to cause disease seems to be increased. That’s not a good combination!

Scientists need to understand more about how and why this happens. They’re 
conducting experiments to gain that deeper understanding. In the meantime, exercise, 
which helps keep people healthy on Earth, may be a good preventative measure.

The Psychological Challenges 
Associated With Space Travel 

You read earlier in the lesson about some 
of the physiological  challenges of space 
travel—having to do with the internal organs 
and how they work. These challenges include 
heart health, cardiovascular weakening, and 
the loss of bone and muscle mass. NASA 
researchers are also working on the mental, or 
psychological, challenges of long space fl ights. 
Sleep loss and anxiety can affect the health, 
safety, and productivity of space crews. So can 
communication woes and the problems of team 
dynamics. Researchers are looking for ways 
to keep astronauts motivated and productive, 
with good morale and team cohesion. 

may be a good preventative 
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When choosing crews for long-duration 
spacefl ights, NASA looks at the skills 
needed for the mission, the ability to 
work with others under stress, and the 
compatibility of team members. NASA 
also looks for teams whose members 
complement one another—balance one 
another’s strengths, in other words. The 
agency chooses leaders for their ability 
to coordinate and motivate crews, and 
to function under normal conditions 
and in a crisis.
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Outer space is no place for a bad 
mood. NASA chooses astronauts, in 
part, for their good interpersonal and 
team skills. Crew members receive 
a variety of tools to help them maintain 
what NASA calls good “behavioral 
health” and mental function. These 
include extensive training to help them 
identify early warning signs of trouble 
and make self-assessments. 

NASA tries to help the astronauts by 
sending up “care packages,” including 
books, comfort food, CDs, and so forth. 
Calls to family members and the ability 
to send e-mail are also morale boosters. 
As space missions get longer, the emphasis 
on maintaining the right mental outlook, 
no matter what, will only increase. 

The Threat of Radiation to Astronauts Traveling in Space 
One of NASA’s mission focuses—space radiation—deserves a closer look. In fact, 
NASA, along with other federal researchers and universities, devotes a good amount 
of attention to radiation’s effects on astronauts. 

In the previous lesson, you read about the damage radiation in space can cause 
to electronic equipment. But radiation—high-energy electrons and protons, gamma 
rays, and X-rays—poses an immense threat to human health, too, especially on long 
space voyages. Short-term exposure to radiation can cause nausea and decreased 
blood counts. In the long term, exposure can cause cancer, cataracts, and death. 
And children whom astronauts conceive after fl ying in space may have a larger risk 
of birth defects.

The Cancer Risk From Exposure to High Levels of Radiation in Space 

When highly charged particles come into contact with living tissue, they ionize 
molecules of water or oxygen (that is, they gain either a positive or negative electric 
charge as a result of gaining or losing electrons). This creates what are known as 
free radicals. These can damage cells. When free radicals affect cellular DNA, 
this can lead to uncontrolled cell division and ultimately cancer.
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Friendly communications with Mission Control 
are a critical part of keeping space crews 
motivated and productive. For instance, having 
some fun with morning wakeup music has 
long been a NASA tradition. On STS 92, a space 
shuttle mission that took place in October 2000, 
wakeup music included the Air Force song 
(“Into the Wild Blue Yonder”) and the Navy fi ght 
song (“Anchors Aweigh”). But it also included 
the “Mission Impossible” theme and a song 
from a Monty Python movie.
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One idea proposed to let astronauts 
prepare for a mission to Mars is a 
simulated Mars outpost in Antarctica 
or the Arctic. Either location would 
have some similarities to Mars. Such 
an outpost could serve as a test bed 
for Mars mission technologies and 
human factors studies. 
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Scientists calculate that a typical 
healthy, nonsmoking 40-year-old 
man already has a 20 percent 
chance of eventually dying of 
cancer. This is the “baseline” 
risk of death from cancer, in 
other words. They feel sure that 
exposure to radiation on long-haul 
space voyages will necessarily 
mean more cancer risk for 
astronauts. 

The question is, how much 
more risk? Scientists don’t really 
know. In 2001 they conducted 
a study of people exposed 
to large doses of radiation—
for example, survivors of the 
nuclear attack on Hiroshima 
and cancer patients who have 
undergone radiation treatments. 
The researchers concluded that 
the additional risk of a 1,000-
day Mars mission, aboard an 
aluminum spacecraft similar to 
other NASA vehicles, would be 
somewhere between 1 percent 
and 19 percent. The most likely 
percentage of increased risk is 
3.4 percent, NASA researchers 
say. But the margin of error in 
this study is wide. The scientists 
can’t say how likely the “most 
likely” number is to be the 
real number.

If the real number were not 
3.4 percent but 19 percent, 
then the average healthy 40-year-old astronaut would have a nearly 2 in 5, or 
40 percent, chance of eventually dying of cancer. That would be unacceptable.

It will take a lot more research to narrow the margins of error in estimating 
radiation hazards. Scientists know they need to simulate the conditions of actual 
space travel to get more accurate data than they could draw from studies of bomb 
survivors and cancer patients.

l
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NASA opened its Space Radiation Laboratory (NSRL), at Brookhaven National 
Laboratory in New York, in 2003. The NSRL has particle accelerators that can 
simulate cosmic rays. Researchers can expose cells and tissues to the particle beams 
and then see what damage occurs. The goal is to narrow the margin of error in 
risk estimates to only a few percent by 2015. 

The Risk of Cataracts Associated With Space Travel 

The Apollo astronauts saw things that no humans had ever seen before. They saw 
Earth as a bright blue disk against the black of space. They saw the far side of the 
Moon. And they saw fl ashes of light inside their eyeballs.

Astronauts aboard later space missions reported the same phenomenon. Scientists 
explain it as the result of subatomic particles zapping their retinas. The brain 
interprets these as fl ashes of light, and so that’s how astronauts see them. 

As you might guess, these fl ashes are not good for anyone’s vision. Years after 
they returned to Earth, many of these astronauts developed cataracts. A cataract  is 
a clouding of the lens of the eye. The lens focuses light onto the retina.

Flying Through Space in a Ship Made of Plastic?

All other things being equal, NASA would like to go to Mars in a spacecraft 
made of aluminum. Yes, that would be rather like fl ying through the heavens 
in an enormous and very expensive soda-pop can. But aluminum is a strong, 
lightweight material. The whole aerospace industry has accrued a lot of 
experience building aircraft and spacecraft with it. This metal offers a certain 
level of protection against radiation.

It may not offer enough, though. If ongoing research determines that a 
spacecraft bound for Mars will have to do a better job shielding astronauts 
from all those particles zipping and zapping around in space, NASA may 
have to turn to other materials.

Plastic, for instance. A plastic spaceship may sound even crazier than a fl ying 
soda-pop can. But plastics are rich in hydrogen, which is good at absorbing 
cosmic rays. Polyethylene—the stuff from which garbage bags are made—
absorbs 20 percent more cosmic rays than aluminum. The Marshall Space Flight 
Center has developed a reinforced polyethylene that’s 10 times the strength 
of aluminum, and lighter, too. It can also be cut and shaped by machine. 

If it can be made cheaply enough, the space industry could make whole ships 
out of it. If not, NASA and its partners could at least use plastic to shield crew 
quarters, as on the International Space Station.

If the plastic doesn’t prove strong enough against radiation, another idea would 
be to use pure liquid hydrogen. Some advanced designs for spacecraft call for 
big tanks of liquid hydrogen fuel. Engineers could wrap the fuel or water tanks 
around the crew’s quarters to protect them.

FFlFl iying
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A NASA study done in 2001 found that at least 39 former astronauts have suffered 
some form of cataracts after fl ying in space. Of those, 36 had fl own on high-
radiation missions—outside Earth orbit—such as the Apollo Moon landings.

Scientists have long known of a link between radiation and cataracts. But they’ve 
never fully understood it. They don’t know just how radiation clouds the eye’s lens. 
They also don’t know whether some astronauts’ genes make them more likely 
to suffer the problem.
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The Potential Risk of Birth Defects Caused by Exposure to Radiation 

The greatest threat astronauts would face on a trip to Mars is galactic cosmic rays—
GCRs. These rays consist of particles accelerated by supernovas (exploding stars) 
far outside the Solar System. These particles move at nearly the speed of light. The 
energetic nuclei of iron atoms are a particular concern. They can barrel like tiny 
cannonballs through the skins of spacecraft and of space travelers alike. They break 
the strands of DNA molecules, damaging genes and killing cells. Scientists’ research 
on Earth tells them that cells have not evolved to be able to repair such damage 
when they sustain it. An astronaut—man or woman—whose genetic material has 
been damaged this way is seen to be at greater risk of producing children with 
birth defects.

How Diet Can Help Defend Against Radiation

Studies have shown that an astronaut’s diet may help defend against radiation’s 
effects in space. Foods rich in antioxidants (vitamins E, C, and beta-carotene), 
fi sh oils rich in Omega 3, and fruit and vegetable fi ber may prevent or even repair 
radiation damage.

Getting enough calories, vitamins, and minerals is as important for astronauts 
as it is for people living on Earth. Astronauts need the same number of calories 
for energy during spacefl ight as they need on the ground.

The Study of Space Biomedicine 
Besides potential long-term effects from radiation, astronauts must prepare for 
medical emergencies in space that require immediate attention. When you’re in 
the deep reaches of space and far from any hospital, you have to carry your own 
doctor with you. NASA expects that on any mission to Mars, the crew will include 
at least one physician and one medically trained assistant. Already, all astronauts 
are trained in fi rst aid. That will continue. The doctor aboard a mission to Mars 
will have medicines and equipment to monitor heart rate, blood pressure, and 
other vital signs. The space doctor will also have to be able to test blood, administer 
medication, and even perform minor surgery. 

Using data from the US and Russian space programs, from military aviation, and 
from experience aboard submarines and in Antarctica, NASA fi gures it should peg 
its expected rate of signifi cant illness or injury at about 0.06 per person per year. 
(By “signifi cant” NASA means an illness or injury requiring a visit to an emergency 
room or admittance to a hospital.)

For a crew of six heading off on a 21/2-year trip to Mars, this means an incidence 
of about 0.90, or about one person per mission. That is, planners expect about one 
signifi cant medical episode per mission. The expected incidence of serious illness 
or injury is about 0.02 per person per year, or one incident every third mission.

89619_CH05_LS04_p230-245.indd   242 6/4/10   4:23 PM



LESSON 4 ■ Making Space People-Friendly 243

Of course, hospitals don’t exist in outer space—not even neighborhood emergency 
clinics. NASA medical planners expect that a serious illness will occupy the medical 
doctor’s time at some point in the journey. It will also require additional support 
from the ground.

Communication may be close. But it won’t be instant. A call from a base on Mars 
would take between seven and 40 minutes to get an answer, depending on the 
distance between planets at any given time.  Telemedicine is the term for the delivery 
of medical support to remote locations. This is typically done with computer, camera 
imaging, and audio systems. NASA expects to use telemedicine techniques during 
the fl ight to Mars as well as on the planet’s surface.

The Benefi ts of Space Biomedical Research for Health on Earth 

All of this biomedical research for the space program will more than likely fi nd 
applications on Earth. Many useful technologies, including tools for hospitals, have 
already come from space exploration. Medicine will continue to profi t from this 
kind of study. 
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Outer space may be an extreme environment. But many of the health challenges 
astronauts face in space have their counterparts on Earth. Many older women are 
under a medical verdict of osteoporosis, a condition in which their bones become 
porous and fragile. 

What’s learned about the loss of muscle mass in astronauts in space may benefi t 
sufferers from muscle-wasting disorders back on Earth. Sleep disorders, balance 
problems, and cardiovascular system troubles are other areas where space research 
may benefi t people on Earth. Space science could even benefi t people who have 
been bedridden for extended periods.

Research being done to understand the link between radiation and cataracts could 
also benefi t large numbers of people who will never see the inside of a space 
capsule. Medical experts say cataracts seem to be a natural sign of aging. But 
if science can prevent them, it would be a great boon for many older people. 

As with most adventures, space combines excitement with danger. Outer space 
is inhospitable to human beings, so NASA’s job is to make space people-friendly. 
The agency, along with teams from other federal departments and universities, 
has come up with and continues to invent new technologies to further mankind’s 
venture into space. It’s also probing the risks to human bodies from radiation, 
microgravity, subatomic particles, and more to protect US astronauts during fl ights. 
In the process, it hopes to fi nd solutions to health problems back here on Earth. 
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Lesson 4 Review 
Using complete sentences, answer the following questions on a sheet of paper.

 1. Medical experts know that astronauts lose heart mass and exercise capacity 
after long periods in microgravity. What do they suspect this could lead to?

 2. Why do astronauts in space lose calcium from their bones?

 3. Where is the vestibular system and what does it do?

 4. What are some of the mental, or psychological, challenges of long 
space fl ights?

 5. What are some of the ways NASA tries to boost astronauts’ morale?

 6. What tool does NASA’s Space Radiation Laboratory have that helps it study 
the connection between space radiation and cancer?

 7. How do scientists explain the fl ashes of light astronauts have seen inside 
their eyeballs? To what medical problem are these fl ashes linked?

 8. Why are the energetic nuclei of iron atoms a particular concern to scientists 
concerned about the health of astronauts?

 9. What kinds of foods help defend astronauts against the effects of radiation?

 10. Why do older women in particular stand to benefi t if biomedical research 
sheds new light on astronauts’ loss of bone tissue in space?

✔ CHECK POINTSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIINNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIIIIIIIIIIIINNNNNNNNNNNNNNNTTTTTTTTTTTTTTTSSSSSSSSSSSSSSSCCCCCCCCCCCCCCCHHHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCCCKKKKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTSSSSSSSCCCCCCCCCCCCCCHHHHHHHHHHHEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKK PPPPPPPPPPPPPPOOOOOOOOOOOIIIIINNNNNNNNNNNNTTTTTTTTTTTSSSSSSSSSSCCCCCCCCCCCCCHHHHHHHHHHHHHHHEEEEEEEEEEEEEEECCCCCCCCCCCCCKKKKKKKKKKKK PPPPPPPPPPPPPPPOOOOOOOOOOOOOOOIIIIINNNNNNNNNNNNNTTTTTTTTTTTTSSSSSSSSSSSS

 11. Explain how NASA predicts the level of illness and injury it expects 
on a Mars mission. How do the NASA predictions make you feel about 
the wisdom of proceeding with such a mission?
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