o

iE)PHYsms APPLIED

Biological damage

Passage of Radiation Through Matter;
Radiation Damage

When we speak of radiation, we include a, 3, y, and X-rays, as well as protons,
neutrons, and other particles such as pions (see Chapter 32). Because charged
particles can ionize the atoms or molecules of any material they pass through, they
are referred to as ionizing radiation. And because radiation produces ionization, it
can cause considerable damage to materials, particularly to biological tissue.

Charged particles, such as « and [ rays and prolons, cause ionization
because of electric forces. That is, when they pass through a material, they can
attract or repel electrons strongly enough to remove them from the atoms of
the material. Since the « and 3 rays emitted by radioactive substances have
energies on the order of 1 MeV (10° to 107 eV), whereas ionization of atoms and
molecules requires on the order of 10eV, it is clear that a single « or 3 particle
can cause thousands of ionizations.

Neutral particles also give rise to ionization when they pass through materials.
For example, X-ray and y-ray photons can ionize atoms by knocking out electrons
by means of the photoelectric and Compton effects (Chapter 27). Furthermore, if a
v ray has sufficient energy (greater than 1.02 MeV), it can undergo pair produc-
tion: an electron and a positron are produced (Section 27-6). The charged particles
produced in all of these processes can themselves go on to produce further ioniza-
tion. Neutrons, on the other hand, interact with matter mainly by collisions with
nuclei, with which they interact strongly. Often the nucleus is broken apart by such
a collision, altering the molecule of which it was a part. And the fragments
produced can in turn cause ionization.

Radiation passing through matter can do considerable damage. Metals and
other structural materials become brittle and their strength can be weakened if
the radiation is very intense, as in nuclear reactor power plants and for space
vehicles that must pass through areas of intense cosmic radiation.

The radiation damage produced in biological organisms is due primarily to
ionization produced in cells. Several related processes can occur, Tons or radicals are
produced that are highly reactive and take part in chemical reactions that interfere
with the normal operation of the cell. All forms of radiation can ionize atoms by
knocking out electrons. If these are bonding electrons, the molecule may break
apart, or its structure may be altered so that it does not perform its normal function
or may perform a harmful function. In the case of proteins, the loss of one molecule
is not serious if there are other copies of it in the cell and additional copies can be
made from the gene that codes for it. However, large doses of radiation may damage
so many molecules that new copies cannot be made quickly enough, and the cell
dies. Damage to the DNA is more serious, since a cell may have only one copy. Each
alteration in the DNA can affect a gene and alter the molecule it codes for, so that
needed proteins or other materials may not be made at all. Again the cell may die.
The death of a single cell is not normally a problem, since the body can replace it
with a new one. (There are exceptions, such as neurons, which are not replaceable, so
their loss is serious.) But if many cells die, the organism may not be able to recover.
On the other hand, a cell may survive but be defective. It may go on dividing and
produce many more defective cells, to the detriment of the whole organism. Thus
radiation can cause cancer—the rapid uncontrolled production of cells,

Radiation damage to biological organisms is often separated into cate-
gories. Somatic damage refers to any part of the body except the reproductive
organs. Somatic damage affects that particular organism, causing cancer and, at
high doses, radiation sickness (characterized by nausca, fatigue, loss of body
hair, and other symptoms) or even death. Genetic damage refers to damage to
reproductive cells, causing mutations, the majority of which are harmful and are
transmitted to future generations. The possible damage done by the medical use
of X-rays and other radiation must be balanced against the medical benetits and
prolongation of life as a result of their diagnostic use.
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