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Radiation can be very useful
(not just a danger)
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Radiation therapy

FIGURE 31-15 Radiation source
rotates so that the beam always
passes through the diseased tissue.
bul minimizing the dose in the rest
of the body.
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Tracers in medicine and biology

m Radiation Therapy

The applications of radioactivity and radiation to human beings and other
organisms is a vast field that has filled many books. In the medical field there
are two basic aspects: (1) radiation therapy—the treatment of disease (mainly
cancer)—which we discuss in this Section; and (2) the diagnosis of disease,
which we discuss in the following Sections of this Chapter.

Radiation can cause cancer. It can also be used to treat it. Rapidly growing
cancer cells are especially susceptible to destruction by radiation. Nonetheless,
large doses are needed to kill the cancer cells, and some of the surrounding
normal cells are inevitably killed as well. It is for this reason that cancer patients
receiving radiation therapy often suffer side effects characteristic of radiation
sickness. To minimize the destruction of normal cells, a narrow beam of y or
X-rays is often used when a cancerous tumor is well localized. The beam is
directed at the tumor, and the source (or body) is rotated so that the beam
passes through various parts of the body to keep the dose at any one place as
low as possible—except at the tumor and its immediate surroundings, where
the beam passes at all times (Fig. 31-15). The radiation may be from a
radioactive source such as $JCo, or it may be from an X-rayv machine that
produces photons in the range 200 keV to 5 MeV. Protons, neutrons, electrons,
and pions, which are produced in particle accelerators (Section 32-1), are also
being used in cancer therapy.

In some cases, a tiny radioactive source may be inserted directly inside a
tumor, which will eventually kill the majority of the cells. A similar technique is
used to treat cancer of the thyroid with the radioactive isotope '3iI. The thyroid
gland concentrates iodine present in the bloodstream, particularly in any area
where abnormal growth is taking place. Tts intense radioactivity can destroy the
defective cells.

Although radiation can increase the lifespan of many patients, it is not
always completely effective. It may not be possible to kill all the cancer cells, so
a recurrence of the disease is possible. Many cases, especially when the
cancerous cells are not well localized in one area, are difficult to treat without
damaging healthy organs.

Another application of radiation is for sterilizing bandages, surgical equipment,
and even packaged foods, since bacteria and viruses can be killed or deactivated
by large doses of radiation.
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Radioactive isotopes are commonly used in biological and medical research
as tracers. A given compound is artificially synthesized using a radioactive
isotope such as ';C or {H. Such “tagged” molecules can then be traced as
they move through an organism or as they undergo chemical reactions.
The presence of these tagged molecules (or parts of them, if they undergo
chemical change) can be detected by a Geiger or scintillation counter, which
detects emitted radiation (see Section 30-13). How food molecules are
digested, and to what parts of the body they are diverted, can be traced in
this way. Radioactive tracers have been used to determine how amino acids
and other essential compounds are synthesized by organisms, The permeability
of cell walls to various molecules and ions can he determined using radioactive
isotopes: the tagged molecule or ion is injected into the extracellular fluid, and
the radioactivity present inside and outside the cells is measured as a function
of time.

In a technique known as autoradiography, the position of the radioactive
isotopes is detected on film. For example, the distribution of carbohydrates
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