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Chapter 1 Introduction

Radiation is a fact of life. We live in a
world in which radiation is naturally
present everywhere. Light and heat from
nuclear reactions in the Sun are
essential to our existence. Radioactive
materials occur naturally throughout the
environment, and ‘our bodies contain
radioactive materials such as carbon-14,
potassium-40 and polonium-210 quite
naturally. All life on Earth has evolved

in the presence of this radiation.

Since the discovery of X rays and
radioactivity more than 100 years ago, we
have found ways of producing radiation
and radioactive materials artificially.
The first use of X rays was in medical
diagnosis, within six months of their
discovery in 1895. So a benefit from the
use of radiation was established very
early on, but equally some of the
potential dangers of radiation became
apparent in the doctors and surgeons who
unwittingly overexposed themselves to X
rays in the early 1900s. Since then, many
different applications of radiation and
radioactive materials have  been

developed.

We can classify radiation according to
the effects it produces on matter, into

ionizing and non-ionizing radiation.
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Tonizing radiation includes cosmic rays,
X rays and the radiation from radioactive
materials. Non-ionizing radiation
includes ultraviolet light, radiant heat,

radio waves and microwaves.

This book deals with ionizing radiation,
a term, which for simplicity, is often
shortened to just radiation. It has been
prepared by the International Atomic
Energy Agency (IAEA) in co—operation with
the National Radiological Protection
Board (United Kingdom) as a broad
overview of the subject of ionizing
radiation, its effects and uses, as well

as the measures in place to use it safely.

As the United Nations agency for nuclear
science and its peaceful applications,
the IAEA offers a broad spectrum of
expertise and programmes to foster the
safe use of radiation internationally.
It has a statutory responsibility for the
development of safety standards that are
applicable to managing the wide variety
of applications that use radiation. It
provides assistance to its Member States
on the application of those standards

through technical co-operation projects

such as training courses and advisory

services. It also facilitates

information exchange through
conferences, and publications, such as

this one.
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Benefits and risks

The benefits and risks of any practice
involving radiation need to be
established, so that an informed
judgement can be made on their use, and
any risks minimized. The discovery of
ionizing radiation and radioactive
materials has led to dramatic advances in
medical diagnosis and treatment, and
they are used for a wide range of
procedures in industry, agriculture, and
research. Neverfheless, they can be
harmful to human beings, and people must
be protected from unnecessary or
excessive exposures. So in circumstances
that we can control, we need to make a
careful balance between the benefits and
the risks of the procedures that expose

people to radiation.

Public anxiety

The greatest concern about ionizing
radiation stems from its potential to
cause malignant diseases in people
exposed to it and inherited defects in
later generations. The likelihood of
such effects depends on the amount of
radiation that a person receives,
whether from a natural or an artificial
source. As the effects of ionizing
radiation have become better understood
during recent decades, a system of
radiological protection has been
developed to protect people from

exposure to sources of radiation. But
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public anxiety remains.

Radiation is one cause, among many, of
the “dread disease” cancer. Our senses
cannot detect radiation, making this
invisible risk seem even more insidious.
Our collective anxiety is strengthened
by memories and, in some cases, ongoing
effects of accidents at nuclear power
plants and other facilities, and by the
common tendency to associate any form of
radiation with all things “nuclear”,

including nuclear weapons.

Another contributory reason for general
heightened sense of concern about
radiation may be the lack of reliable and
accessible information and the
misunderstandings that arise. The aim of
this book 1is to help by providing
information for those who are not experts.
In the following chapters, we describe
the sources and effects of ionizing
radiation of all types and explain the

principles and practices of radiological

protection.
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Structure of matter

All matter i n the world about us consists
of atoms. These are the basic building
blocks of the elements such as hydrogen,
carbon, oxygen, iron, and lead. Each atom
contains a tiny central positively
charged nucleus and a number of electrons.
The electrons carry negative electric
charge and move around the nucleus in
clouds or shells as they are called—
with loosely defined boundaries. The
nucleus is typically 10 000 times smaller
than the electron clouds and the
electrons themselves are even smaller.
This means that the atom is mainly empty
and difficult to depict except in

diagrams, which are largely schematic.

The nucleus of the atom contains protons,
which carry a positive charge equal to
the electron’s negative charge, and
neutrons, which carry no charge at all.
It is not necessary here to consider the
more fundamental structure of protons
and neutrons, or how in detail they are
bound together in the nucleus. Each atom
contains equal numbers of protons and
electrons and is therefore electrically
neutral. Atoms of the same or different
elements can, combine to form larger,
uncharged entities called molecules. For
example, two atoms of oxygen form one
molecule of oxygen, and two atoms of
hydrogen combine with one atom of oxygen

to form one molecule of water.
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The number of electrons in the atom and
hence the number of protons in the
nucleus, called the atomic number gives
an element its unique characteristics
The atomic number of carbon is 6, for
instance, whereas for lead it is 82.
Because protons and neutrons have the
same mass, and are much heavier than
electrons, most of an atom s mass is
concentrated in the nucleus, and the
total number of protons plus neutrons is

called the mass number.

Since the number of electrons equals the
number of protons in an electrically
neutral atom, we can specify an atomic
species by the number of protons and

neutrons it contains. Moreover, since the
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Hydrogen
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number of protons is unique to each
element, we can simply use the name of the
element together with the mass number to
specify each species or nuclide. So
carbon-12 is a nuclide with six protons
plus six neutrons. Lead-208, for
comparison, is a nuclide with 82 protons

and 126 neutrons.

Nuclides of an element that have the same
number of protons, = but different
numbers of neutrons, are called
isotopes of that element. Hydrogen, for
instance, has three isotopes: hydrogen-1
(common hydrogen with a nucleus of only
one proton), hydrogen—2 called deuterium
(one proton and one neutron), and
hydro gen—3 called tritium (one proton
and two neutrons). Iron has ten isotopes
from iron—52 to iron—61, all with the 26

protons that characterize the element,

but with 26 to 35 neutrons.

@

Deuterium Tritium

i

ZAHFEAIZE (Isotopes of hydrogen)
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s of radiation and half-lives for uranium—238

Radioactivity and radiation
Although many nuclides are stable, most
are not. Stability is determined mainly
by the balance between the number of
neutrons and protons a nuclide contains.
Smaller stable nuclei have about equal
numbers: larger stable nuclei have
slightly more neutrons than protons.
Nuclei with too many neutrons tend to
transform themselves to a more stable
structure by converting a neutron to a
proton: this process, known as beta decay,

results in the emission of a negatively




B, ASHE (saxwm)

Radiation, People and the Environment

BHRRTEE, EMSUARELSE B HEK
H—MITRIEZ RO THEERRT T, Bk
T S IE AT K BT (BRVEIE R
F) REIEHRF.

I A 3 A 0 A R T A LA I R £ R
&, EfEELUmS Cr) 5 (—FEhk
XFO MR, vHERERER .
PP BRI T, BELRE A, R
TR AR A KR RILSAR e,
B CHLES) R 5 0T ORI 780 O R R A
Ko RFHERNLTHREARE, REZK
I RS ARAT HR PR B AR

REERTRSEIRBFARE (a)
RLF AT TEAR o X PR T AN A A
FFAR, SRR TEMR. o BT R
BEW B R THRREL, WA HEAMIE
LT o

charged electron called a beta particle.
Nuclei with too many protons convert the
excess protons to neutrons in a different
form of beta decay: they lose positive
charge through the emission of a positron,

which is a positively charged electron.

These transformations often leave the
nucleus with excess energy that it loses
as gamma rays——high energy photons,
which are discrete parcels of energy
without mass or charge. The spontaneous
transformation of a nucleus is called
radioactivity, and the excess energy
emitted is a form of (ionizing) radiation.
The act of transformation is termed
decay and the nuclide that changes and
called a

emits radiation ils

radionuclide.

Some heavy nuclei decay by producing an
alpha particle consisting of two protons
and two neutrons. Identical with a
nucleus of helium, the alpha particle is
much heavier than the beta particle and

carries two units of positive charge.

10
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FKRBAEZ T Natural Radionuclides
Many radionuclides occur in nature.
ARABHFAEETFZ BN EZE. LK

K, EEEUEGH 6 MFTH 6 AP TH form of carbon-—12 with six protons and
W-12 MR EE, EERE, HEEXRR six neutrons and is completely stable.
RS A R A EAERE, B R e Interactions with cosmic rays in the

atmosphere can produce carbon-14, a
6 ANFTH 8 A F I TR R B -14. & radionuclide.consisting of six protons
HLZ P FHR-14, B — ) FEE R and eight neutrons. Carbon—14,’ with its
FFH RS A B R TFHATES, BERSE extra neutrons, decays by changing a

neutron to a proton and emitting a beta
HTAREA T AT R R -14. 0 particle: in this way, the nuclide
R TR X L TE AR 2 AR B R (K B Al transforms to stable nitrogen—14, which

consists of seven protons and seven

Carbon, for instance, is mostly in the
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neutrons. Measuring these decays in
carbon—bearing materials is the basis of

the technique of carbon dating.

Other naturally occurring radionuclides
are formed in sequences or series of
decays that originate from the elements
uranium and thorium. Each of these series
ends with a stable nuclide of lead, but
they also pass through radionuclides of
other familiar elements. The diagram
shows the decay series from uranium—238

ending in the stable nuclide lead-206: it

JEH IER B BRI . passes through the radionuclide
radon—222, which is of special
significance in radiological
protection.
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TS R 5t
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Radionuclides

Radioactivity

Radiation types

Activity

Half-life

Unstable nuclides

Emission of radiation

Alpha, beta, gamma,
neutron, and X ray

Decay rate of radionuclide

Time to half activity
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5 HE B o BT 09 B B 20 7. TMeV,
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BB CRERE Y 1. OVeV, FEBA= A1 v SH 1

ReE&m N 0. 35MeV,
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Radiation Energy

The energy of the various types of
radiation —— alpha and beta particles and
gamma rays —— is usually expressed in the
unit of electron volt, symbol eV.
Multiples of this unit are often used;
such as amillion or 10° electron volts,
symbol MeV. For instance, the energy of
alpha particles emitted by polonium—-214
is about 7.7 MeV. Beta particles from
lead-214, also formed in the uranium-238
decay series, have a maximum energy of
1.0 MeV, and gamma rays broduced by it
have energies up to 0.35 MeV.

During the past few decades, several
hundred

(radioisotopes) of natural elements have

radioactive isotopes
been produced artificially including,
for example, strontium—90, caesium—137
and iodine—131. Several new radioactive
elements have also been produced in
quantity, for instance promethium and
plutonium, although the latter does

occur naturally in trace amounts in

uranium ores.
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