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Chapter 5

The Atomic Nucleus
THE MAIN IDEA

5.2 Radioactivity Is Natural

It is a common misconception that radioactivity is some-
thing new in the environment. Actually, radioactivity has 
been around far longer than humans. It has always been 
in the soil we walk on and in the air that we breathe, and it 
warms Earth’s interior. In fact, radioactive decay in Earth’s 
interior heats the water that spurts from a geyser or wells up 
from a natural hot spring.

As Figure 5.5 shows, most of the radiation we encoun-
ter is natural background radiation that originates from the 
Earth, from the Sun, and from other stars. At sea level, the 
protective blanket of the atmosphere reduces this radiation, 
but radiation is more intense at higher altitudes, where the 
air is thinner. In Denver, the “Mile-High City,” a person receives 
more than twice as much cosmic radiation as he or she does 
at sea level.

A common source of radiation of an Earthly origin is 
radon-222, an inert gas arising from uranium, which is widely 
found at low levels within all rock, soil, and water. Radon is 
a heavy gas that tends to accumulate in basements after it 
seeps up through cracks in the floor. Levels of radon vary 
from region to region, depending upon local geology. You 
can check the radon level in your home with a radon detector 
kit (Figure 5.6). If levels are high, corrective measures, such 
as sealing the basement floor and walls and maintaining 
adequate ventilation, should be taken. Radon gas poses a 
serious health risk.

The atomic nucleus is the source of a 
tremendous amount of energy.

^  Figure 5.5
Origins of radiation exposure for 
an average individual in the United 
States.

What is a common source of 
radiation arising from Earth?
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About 20 percent of our annual exposure to radiation 
comes from sources outside of nature, primarily medical pro-
cedures. Fallout from nuclear testing and the coal and nuclear 
power industries are also contributors. Interestingly, the coal 
industry outranks the nuclear power industry as a source of 
radiation. The global combustion of coal annually releases 
about 13,000 tons of radioactive thorium and uranium into the 
atmosphere (in addition to other environmentally damaging 
molecules, including greenhouse gases). Both of these elements 
are found naturally in coal deposits, so their release is a natural 
consequence of burning coal. Nuclear power plants also pro-
duce radioactive by-products. Worldwide, the nuclear power 
industries generate about 10,000 tons of radioactive waste each 
year. Most of this waste, however, is contained and not released 
into the environment.

When radiation encounters our intricately structured 
cells, it can create chaos. Cells are able to repair most kinds of 
damage caused by radiation if the damage is not too severe. 
A cell can survive an otherwise lethal dose of radiation if the 
dose is spread over a long period of time to allow intervals for 
healing. When radiation is sufficient to kill cells, the dead cells 
can be replaced by new ones. Sometimes a radiated cell will sur-
vive with damaged DNA. This can alter the genetic information 
contained in a cell, producing one or more mutations. Although 
the effects of most mutations are inconsequential in terms of a 
person’s health, some mutations affect the functioning of cells. 
Genetic mutations are the cause of most cancers, for example. 
In addition, mutations that occur in an individual’s reproductive 
cells can be passed to the individual’s offspring. In this case, the 
mutation will be present in every cell in the offspring organism’s 
body—and may well have an effect on the functioning of the 
organism.

Figure 5.6 > 
A commercially available radon 
test kit for the home. The canister is 
unsealed in the area to be sampled. 
Radon seeping into the canister is 
adsorbed by activated carbon within 
the canister. After several days, the 
canister is resealed and sent to a lab-
oratory that determines the radon 
level by measuring the amount of 
radiation emitted by the adsorbed 
radon.
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Rems Are Units of Radiation

We measure the ability of radiation to cause harm to living tissue 
in rems. Lethal doses of radiation begin at 500 rems. A person has 
about a 50 percent chance of surviving a dose of this magnitude 
received over a short period of time. During radiation therapy, a 
patient may receive localized doses in excess of 200 rems each day 
for a period of weeks (Figure 5.7).

Throughout our lives all the radiation we receive from nat-
ural sources and medical procedures is only a fraction of 1 rem. For 
convenience, the smaller unit millirem is used; 1 millirem (mrem) is 
1/1000 of a rem.

The average person in the United States is exposed to about 
360 millirems a year, as Table 5.1 indicates. About 80 percent of this 
radiation comes from natural sources, such as cosmic rays (radiation 
from our sun as well as other stars) and the Earth. A typical diag-
nostic X ray exposes a person to between 5 and 30 millirems (0.005 
and 0.030 rem), less than 1/10,000 of the lethal dose.

TABLE 5.1 Annual Radiation Exposure

<  Figure 5.7
Nuclear radiation is focused on 
harmful tissue, such as a cancerous 
tumor, to selectively kill or shrink 
the tissue in a technique known as 
radiation therapy. This application 
of nuclear radiation has saved mil-
lions of lives—a clear-cut example 
of the benefits of nuclear technol-
ogy. The CyberKnife System shown 
here uses robotics to deliver precise 
doses with extreme accuracy.

The deeper you go below 
the Earth’s surface, the 
hotter it gets. At a depth of 
merely 30 kilometers the 
temperature is over 500°C. 
At greater depths it is so hot 
that rock melts into magma, 
which can rise to the Earth’s 
surface to escape as lava. 
Superheated subterranean 
water can escape violently to 
form geysers or more gently 
to form a soothing natural 
hot spring. The main reason 
it gets hotter down below 
is that the Earth contains 
an abundance of radioac-
tive isotopes and is heated 
as it absorbs the radiation 
from these isotopes. So, 
volcanoes, geysers, and 
hot springs are all powered 
by radioactivity. Even the 
drifting of continents (plate 
tectonics) is a consequence 
of the Earth’s internal 
radioactivity.

FOR YOUR
INFORMATION
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Radioactive Tracers and Medical Imaging

Radioactive isotopes can be incorporated into molecules whose 
location can then be traced by the radiation they emit. When 
used in this way, radioactive isotopes are called tracers, and 
Figure 5.8 shows one use for them. To check the action of a 
fertilizer, researchers incorporate radioactive isotopes into the 
molecules of the fertilizer and then apply the fertilizer to plants. 
The amount taken up by the plants can be measured with radi-
ation detectors. From such measurements, scientists can tell 
farmers how much fertilizer to use, because fertilizer uptake 
is a physical and chemical process that is not affected by the 
radioactivity of the materials involved.

Tracers are also used in industry. Motor oil manufacturers 
can quantify the lubricating qualities of their products by run-
ning oil in engines containing small but measurable amounts 
of radioactive isotopes. As the engine runs and the pistons rub 
against the inner chambers, some of the metal from the engine 
invariably makes its way into the motor oil, and this metal carries 
with it the embedded radioactive isotopes. The better the lubri-
cating qualities of a motor oil, the fewer radioactive isotopes 
it will contain after running in the engine for a given length of 
time.

In a technique known as medical imaging, isotopes are 
used for the diagnosis of internal disorders. Small amounts of 
a radioactive material such as sodium iodide, NaI, which con-
tains the radioactive isotope iodine-131, are administered to a 
patient and traced through the body with a radiation detector. 
The result, shown in Figure 5.9, is an image that shows how 
the material is distributed in the patient’s body. This technique 
works because the path the tracer material takes is influenced 
only by its physical and chemical properties, not by its radio- 
activity. The tracer may be introduced alone or along with some 
other chemical, known as a carrier compound, that helps target 
the isotope to a particular type of tissue in the body.

Figure 5.8 > 
Tracking fertilizer uptake with a 
radioactive isotope.

The only element beyond 
uranium to find a commer-
cial application is americium, 
Am, which is a key compo-
nent of nearly all household 
smoke detectors. This ele-
ment completes an electric 
circuit by ionizing air within 
a chamber. Smoke particles 
interfere with this ionization, 
thus breaking the circuit and 
triggering the alarm.

FOR YOUR
INFORMATION
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TABLE 5.2   Uses for Various Radioactive Isotopes

<  Figure 5.9
The thyroid gland, located in the 
neck, absorbs much of the iodine 
that enters the body through food 
and drink. Images of the thyroid 
gland, such as the one shown 
here, can be obtained by giving 
a patient the radioactive isotope 
iodine-131. These images are 
useful in diagnosing metabolic 
disorders.


