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FIGURE 39.21 �
The pie chart shows origins 
of radiation exposure for 
an average individual in the 
United States.

An average ton of coal 
contains 1.3 grams of 
uranium and 3.2 grams 
of thorium. That’s 
why the average 
coal-burning power 
plant is a far greater 
source of airborne 
radioactive material 
than a nuclear power 
plant.

39.11 Radiation and You
Radioactivity has been around longer than humans have. It is as 
much a part of our environment as the sun and the rain. It is what 
warms the interior of Earth and makes it molten. In fact, radioactive 
decay inside Earth is what heats the water that spurts from a geyser or 
that wells up from a natural hot spring. Even the helium in a child’s 
balloon is the result of radioactivity. Its nuclei are nothing more than 
alpha particles that were once shot out of radioactive nuclei.

As Figure 39.21 shows, most radiation you encounter originates 
in nature. Sources of natural radiation include cosmic rays, 
Earth minerals, and radon in the air. Radiation is in the ground you 
stand on, and in the bricks and stones of surrounding buildings. Even 
the cleanest air we breathe is slightly radioactive. This natural back-
ground radiation was present before humans emerged in the world. If 
our bodies couldn’t tolerate it, we wouldn’t be here.

Cosmic Rays Much of the radiation we are exposed to is cosmic 
radiation streaming down through the atmosphere. Most of the pro-
tons and other atomic nuclei that fly toward Earth from outer space 
are deflected away. The atmosphere, acting as a protective shield, 
stops most of the rest. But some cosmic rays penetrate the atmo-
sphere, mostly in the form of secondary particles such as muons. At 
higher altitudes, radiation is more intense. In Denver, the “mile-high 
city,” you receive more than twice the cosmic radiation you receive at 
sea level. A couple of round-trip flights between New York and San 
Francisco exposes you to as much radiation as in a normal chest X-
ray. The air time of airline personnel is limited because of this extra 
radiation.
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39.11  Radiation 
and You

The first paragraph of 
Section 39.11 ought to be 
printed twice for emphasis!

� Teaching Tip Explain 
that radiation is not good for 
anybody, but we can’t escape 
it. It is everywhere. We can, 
however, take steps to avoid 
unnecessary radiation. Radiation, 
like everything else that is both 
damaging and little understood, is 
usually thought to be worse than 
it is. Alleviate fears about the 
dangers of radiation by pointing 
out that radiation is not new.

� Teaching Tip The text states 
that a couple of round-trip cross-
country flights expose one to as 
much radiation as a normal chest 
X-ray. More specifically, a dose of 
2 millirems is typically absorbed by 
people flying across the U.S. in a 
jet. This is the same dose received 
annually from old luminous dial 
wristwatches. Cosmic radiation 
at sea level imparts 45 millirems 
annually, and radiation from 
Earth’s crust imparts about 
80 millirems. Living in a concrete 
or brick house makes this figure 
slightly higher, for these materials 
contain more radioactive material 
than wood. The human body 
contains small amounts of 
carbon-14, potassium-40, and 
traces of uranium and thorium 
daughter products, which give 
people an annual dose of 
25 millirems. So the total natural 
background radiation annually is 
about 150 millirems. This makes 
up about 56% of the radiation 
the average person encounters, 
the rest being mainly medical and 
dental X-rays.
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Neutrinos We are bombarded most by what harms us least—neu-
trinos. Neutrinos are the most weakly interacting of all particles. 
They have near-zero mass, no charge, and are produced frequently in 
radioactive decays. They are the most common high-speed particles 
known, zapping the universe, and passing unhindered through our 
bodies by the billions every second. It would take a “piece” of lead 
6 light-years in thickness to absorb half the neutrinos incident upon 
it. About once per year on the average, a neutrino triggers a nuclear 
reaction in your body. We don’t hear much about neutrinos because 
they ignore us.

Gamma Rays Of the types of radiation we have focused upon 
in this chapter, gamma radiation is by far the most dangerous. It 
emanates from radioactive materials and makes up a substantial part 
of the normal background radiation. Exposure to gamma radiation 
should be minimized. The cells of living tissue are composed of intri-
cately structured molecules in a watery, ion-rich brine. When gamma 
radiation encounters this highly ordered soup, it produces damage 
on the atomic scale. These altered molecules are often more harmful 
than useful to life processes. Altered DNA molecules, for example, 
can produce harmful genetic mutations.

Radiation Safety Cells can repair most 
kinds of molecular damage if the radiation 
they are exposed to is not too intense. This 
is how we are able to tolerate small radiation 
doses. On the other hand, people who work 
around high concentrations of radioactive 
materials must be specially trained and pro-
tected to avoid an increased risk of cancer. 
This applies to medical people, workers in 
nuclear power plants, and personnel on 
nuclear-powered ships. People who receive 
high doses of radiation (on the order of 
1000 times natural background or more) 
run a greater risk of cancer and have a 
shorter life expectancy than people who are 
not so exposed.

Whenever possible, exposure to radiation 
should be avoided, as indicated by the sign 
in Figure 39.22. Unavoidable, however, is the 
natural background radiation that all living 
beings have always absorbed.

CONCEPT
CHECK ...
... What are sources of natural radiation?

FIGURE 39.22 � 

This is the internationally used symbol to indi-
cate an area where radioactive material is being 
handled or produced.

For:
Visit:
Web Code:  –

Links on radioactivity
  www.SciLinks.org
 csn 3911
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 Sources of natural 
radiation include 

cosmic rays, Earth minerals, and 
radon in the air.
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� Teaching Tip An average 
ton of coal contains 1.3 ppm 
of uranium and 3.2 ppm of 
thorium. According to the Energy 
Information Administration in 
2002, U.S. coal-burning plants 
collectively consumed 1065 
million tons of coal, releasing 
1385 tons of uranium and 
3408 tons of thorium as fly 
ash and solid residue into the 
environment. That same year, 
global combustion of 
5261 million tons of coal released 
about 16,835 tons of thorium and 
6839 tons of uranium (of which 
47 tons was U-235). Ironically, 
in 1982, 111 U.S. nuclear plants 
used 540 tons of nuclear fuel 
to generate electricity (Science 
News, Oct. 1, 1994) while 
2800 tons of nuclear components 
were released (Environmental 
Protection Agency). The release 
of nuclear components from 
coal far exceeded the entire U.S. 
consumption of nuclear fuels 
that year! The energy value of 
radioactive materials released 
in burning coal was 1.5 times 
more than the energy provided 
by coal itself. Have your students 
research the latest figures on 
this. Would the same amounts 
released by nuclear facilities 
prompt public outcry?
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