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i'v'e live in a naturally
radioactive world. Radioactive
polonium and radium are pre-
sent in our bones; our muscles
contain radioactive carbon and
potassium and there are
radioactive noble gases and tri-
tium in our lungs. We are bom-
barded by cosmic radiation
from space and irradiated from
within by the natural and artifi-
cial substances we eat and
drink each day.

Until the invention of the X-ray
tube in 1895, the only radiation
in existence was natural radia-
tion. In 1896, natural radioac-
tivity was discovered and was
used for medical and research

purposes until 1934, when the
first artificial radioactive mate-
rials were produced. Since
then, many such substances
have been utilized to the bene-
fit of society in science,
research, industry, environmen-
tal protection, medicine and a
number of academic and
commercial fields

In spite of the
advantages of
radiation, many
people are
afraid of it and
its effects. The
public are particu-
larly worried about
nuclear accidents in their

own country or in neighbour-
ing countries that could affect
their health and everyday lives.
The accident in 1986 at the
Chernobyl nuclear power plant
continues to have psychological
and social repercussions even
today.



Some fears of radiation may be
justified. Many, however, are
due to lack of knowledge. Most
people have acquired a basic
understanding of radiation, but
that may not be enough to
answer all their questions in a
satisfactory manner and, as in
any sphere, incomplete knowl-
edge may lead to inflated and
unnecessary fears.

The purpose of this booklet is to
provide a comprehensive and
factual overview of radiation
and its uses in society. It
explains, in particular, acute
and long-term effects of radia-
tion on the health of those who
are exposed to it. As everyone is
exposed, every day, to some
radiation from nature and from
man-made sources, the infor-
mation is relevant to us all.
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-t-very person and every thing
consists of atoms.

The average adult is a package
of approximately
4,000,000,000,000,000,000,000,
000,000 atoms of oxygen, car-
bon, hydrogen, nitrogen, phos-
phorus, potassium and other
elements.

The mass of an atom is concen-
trated in the nucleus, whose
volume is a mere one hun-
dredth of a billionth of the
entire volume of the atom.
The space around the nucleus
is almost empty except for tiny,
negatively charged particles,
called electrons, that encircle

it. Electrons determine the
chemical behaviour of a given
substance. They have nothing
to do with radioactivity.
Radioactivity is solely depen-
dent on the structure of the
nucleus.

An element is defined by the
number of protons in its
nucleus. Hydrogen has 1 pro-
ton, helium 2, lithium 3, beryl-
lium 4, boron 5 and carbon has
6. As the number of protons
increases, nuclei become heav-
ier. Thorium has 90 protons,
protactinium 91 and uranium
92. Heavy elements with more
than 92 protons are known as
transuranics.

The number of neutrons deter-
mines whether the nucleus is
radioactive. For the nucleus to
be stable, the number of neu-
trons should in most cases be a
little higher than the number of
protons. In a stable nucleus, the
protons and neutrons are
bound together by nuclear
forces so strong that no parti-
cles can escape. If that is the
case, all is well and the nucleus
will stay balanced and calm.
Things are very different, how-
ever, if the number of neutrons
is out of balance. In such a case,
the nucleus has excess energy
and simply cannot hold
together. Sooner or later, it will
discharge its excess energy.
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Different nuclei release their
energy in different ways, in the
form of electromagnetic waves
and /or streams of particles.
That energy is called radiation.

Radioactive decay

An event during which an
unstable atom emits its excess
energy is called a radioactive
decay. Light nuclei, with a few
protons and neutrons, become
stable after one decay. When a
heavy nucleus such as radium
or uranium decays, the result-
ing nucleus may still be

unstable and the final stable
state will be reached only after
several decays.

Uranium-238, for example,
which has 92 protons and 146
neutrons, always loses 2 pro-
tons and 2 neutrons when it
decays. The number of protons
remaining after uranium-238
decays is 90, but a nucleus
with 90 protons is thorium.
The uranium nucleus has thus
given birth to a daughter
nucleus, thorium-234, which is
also unstable and will turn
into protactinium through a
new decay. The final stable
nucleus, lead, will not be gen-
erated until after the four-
teenth decay.

The radioactive decay process
accounts for the existence of

many radioactive nuclides in
the environment.

The unit of activity: the
becquerei

Radioactivity refers to the capa-
bility of a given substance to
emit radiation. It does not give
an idea of the intensity of radia-
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tion emitted or the possible
health hazards involved. That
is provided by the unit of activ-
ity, the becquerel, named after
the French physicist, Henri Bec-
querel.

The activity of an amount of a
radionuclide is provided by the
rate at which spontaneous
decays occur within it. If the
number of decays is one per
second, the activity of the sub-
stance is said to be one bec-
querel (Bq). The activity is in no
way related to the size or mass
of a substance. A radiation
source the size of a cigarette

butt used in the radioscopy of
steel may be billions of times
more active than a barrel of
radioactive waste. If the num-
ber of decays taking place in a
small amount of substance is
1,000 per second, then its activ-
ity is 100 times higher than a
large amount of substance
undergoing only 10 decays per
second.

The half-life

An idea of the decay rate is
provided by the half-life, the
period of time during which
half the unstable nuclei in a cer-

tain amount of material will
decay. The half-life is unique
and invariable for every
radionuclide and can be any-
thing from a fraction of a sec-
ond to billions of years. The
half-life of sulphur-38 is 2
hours 52 minutes, of radium-
223, 11.43 days and of carbon-
14, 5,730 years. In successive
half-lives, the activity of a
radionuclide is reduced by
decay to 1/2,1/4,1/8,1/16
and so on of the initial value.
That makes it possible to pre-
dict the activity remaining in
any given substance at any
future time.

9c 1 0 c 12C 13 C 14C 15 C
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Si adiation is present through-
out the environment. The most
long-lived radioactive sub-
stances date back to the time
before Earth began, thus a cer-
tain level of exposure is, and
always has been, both unavoid-
able and normal. Over the last
century, background radiation
has increased infinitesimally
because of activities such as
weapons testing and nuclear
power generation. The inten-
sity of background radiation
depends on many factors:
where we live, the composition
of the ground, building materi-
als, the season, the latitude and,
to some extent, the weather
conditions. Rain, snow, high

pressure, low pressure and
wind direction all affect radia-
tion levels. Radiation is classi-
fied as natural or artificial
according to its origin.

Natural radiation

Some background radiation,
cosmic radiation, comes from
space. As most is blocked by
the atmosphere of the Earth,
only a fraction reaches the
ground. On a mountain top
or aboard an aircraft, expo-
sure is many times more
intensive than at sea level.
Air crews spend much of
their working life at altitudes
where cosmic radiation is 20

times higher than normal
background radiation.

Natural, long-lived radioactive
substances are present as impu-
rities in fossil fuels. In the earth,
such substances irradiate no-
one, but when burned, they
spread into the atmosphere and
later migrate into the ground,
causing a minor increase in
background radiation.

The most common reason of a!!
for increased background radi-
ation is radon, a gaseous sub-
stance formed as the metal
radium decays. Other radioac-
tive substances formed during
the decay process stay in their
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original place in the ground;
radon, however, rises to the
surface. If it spreads and
dilutes, it causes no trouble,
but if a house is built where the

radon reaches the surface,
heavy concentrations may
build up inside the house,
especially where ventilation is
inadequate. The radon concen-

tration in the house may thus
be hundreds or even thousands
of times higher than outside.

With the exception of radon
gas, natural radiation has not
been shown to be harmful to
health. It is part of nature and
the radioactive substances in
our bodies are part of our nat-
ural makeup.

Artificial radiation

Human activities have also
caused radioactive substances
to be found in the environment
and in each of us. Some sub-
stances were discharged into
the atmosphere through
nuclear tests and to a far lesser
degree by releases from nuclear
power plants; authorized
release limits in force for the
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latter normally ensure that
these are insignificant.
Most of the radioactive sub-
stances produced by nuclear
fission decay remain in
radioactive waste which, dur-
ing disposal, is isolated from
the environment.

Consumer goods

Some consumer items
contain radioactive sub-
stances. Homes are often
equipped with smoke detec-
tors containing a tiny alpha-
emitting radiation source,
and paint used in luminous
watches and measuring
instruments also contains
radioactivity which bom-
bards the phosphorous sub-
stances in the paint making
them emit light.

Industry

Many people deal routinely
with radioactive materials in a
surprisingly large number of
industrial fields. The all-seeing
eye of radiation is used in vari-
ous applications, often to
ensure human security.

X-rays are used to pry into
suitcases at airports, to exam-
ine possible letter bombs and
to check for welding errors
or cracks in buildings,
pipelines and structures. In
process control, it can help in
monitoring for irregularities
in the thickness of paper
products, plastic films and
metal sheets. Radiation can
even be used to measure liq-
uid levels in large storage
tanks.

12



Agriculture

Strong radiation has been suc-
cessfully used in developing
over 1,500 new strains of food
crops and plants that give a
better yield and are more resis-
tant to heavy rain, frosts or
pests than the original species.

Radiation has been used to con-
trol the tsetse fly in Zanzibar,
the Mediterranean fruit-fly in
Mexico and the New World
screw worm in the southern
USA and North Africa. Using
the Sterile Insect Technique or
SIT, male pest flies are irradi-
ated to make them sexually
sterile before being released to
mate, producing no offspring.

Nuclear technologies are widely used to ensure
safety in many fields. Credit: NRPB (National
Radiation Protection Board)

Unlike chemical pesticides, this
method is non-polluting and
extremely selective.

Healing radiation

In the health field, most
applications are based on the
ability of radiation to see
behind the scenes and the
capacity of intense radiation
to kill cells.

In many countries, women in
middle age are checked by
mammography for breast
cancer; a dentist will X-ray
the jawbone for hidden
abnormalities; bones are X-
rayed for osteoporosis and
fractures. Sometimes, medical
treatment requires radioac-
tive substances to be injected
into the body for diagnostic

purposes. Radiation may be
used alone to cure cancer or
as a complement to surgery
or drugs.

Early warning in diagnostics

Many diseases can be revealed
by X-rays at an early stage
while they are still curable.

When X-radiation partly pene-
trates the body, it causes a
semi-shadow containing darker
and lighter areas. A piece of
film, placed in the X-ray
shadow of a patient, produces
an image of the internal organs
that can be read for diagnostic
purposes. Bones show up well
on film, but to examine
intestines or cartilage, the
patient is often given a contrast
medium which is injected into

13



the blood stream, swallowed,
or pumped up through the
colon. The medium settles into
the place to be X-rayed and, as
it readily absorbs radiation,
provides a clear image of the
organ on the X-ray film

Radiation in therapy

Where radiation with higher
energy than X-rays is needed,
as in radiotherapy, a telecobalt
unit or, more recently, linear
accelerator is used. The linear
accelerator sends a high-energy
electron beam deep into body
tissue requiring treatment, such
as tumours. As the beam is
very easy to direct and define,
it subjects cancerous tumours
to powerful cross-fire over a
period of several weeks with-
out causing too much damage

to surrounding tissue or the
skin. Damage to healthy tissue
has time to heal between treat-
ments. Where required, the lin-
ear accelerator can be used to
produce internal body images
of a far greater intensity than
those produced by an X-ray
machine.

Another form of radiotherapy
is used to treat excessive pro-
duction of the thyroid hor-
mone (hyperthyroidism) and
some types of thyroid cancer.
The patient drinks a solution
containing iodine-131 which
finds its way to the thyroid
gland and provides internal
radiotherapy. In specialized
cases, a small intensive radia-
tion source can also be
inserted into the body near
the treatment site to provide

short-term localized radio-
therapy.

Sterilization and food
preservation

Very strong radiation can be used
to sterilize equipment such as sur-
gical instruments and gloves that
are unable to withstand tempera-
tures used in conventional steril-
ization. Certain drugs may be
sterilized by radiation and food-
stuffs can be irradiated to improve
conservation. Currently, some 20
per cent of foodstuffs spoils before
reaching the consumer, whereas
irradiated food keeps for months.
Food irradiation also eliminates
parasites like trichinae and patho-
logical bacteria like salmonella.
Irradiated food does not become
radioactive itself and presents no
risk to the consumer.

14
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adiation occurs in many
forms. As far as human health
is concerned, the most impor-
tant types are those that are
able to pass through matter and
cause it to become electrically
charged or ionized. If ionizing
radiation penetrates living tis-
sue, the ions produced may
sometimes affect normal bio-
logical processes. Exposure to
any of the common types of
ionizing radiation: alpha radia-
tion, beta radiation, gamma
rays, X-rays and neutrons, may
thus have effects on health.

Alpha radiation consists of
heavy, positively charged parti-
cles or packages of two protons

and two neutrons emitted by
the atoms of heavy elements
such as uranium, radium,
radon and plutonium. In the
air, alpha radiation cannot
travel further than a couple of
centimetres and is blocked
totally by a sheet of paper or by

the epidermis, the outer dead
layer of skin. If, however, an
alpha-emitting substance is
taken into the body, it will
release all its energy to the sur-
rounding cells. Once in the
lungs, for instance, it will pro-
vide an internal dose to the sen-
sitive tissue which, unlike the

15



skin, is not shielded by an epi-
dermis.

Beta radiation consists of elec-
trons, which are much smaller
than alpha particles and able to
penetrate a little deeper. It can
be stopped by sheet metal, win-
dow glass and ordinary cloth-
ing and will usually penetrate
only the top layer of skin. It
can damage bare skin. During
the accident at Chernobyl
nuclear power plant in 1986,
very strong beta exposure
burned the skin of fire fighters.
If beta-emitting particles enter
the body, they will irradiate
internal tissues.

Gamma radiation is electro-
magnetic wave energy. Its
range in air is long and its pen-
etration power substantial.

16

From the moment gamma radi-
ation enters a substance, its
intensity starts decreasing.
Along its path, it bumps into
atoms here and there. Such
interaction with body cells may
damage skin or internal tissues.
Dense materials, such as lead
and concrete, are excellent bar-
riers against gamma rays.

X-radiation is similar to
gamma radiation emitted by
nuclei, but is produced artifi-
cially in an X-ray tube which is
not itself radioactive. As an X-
ray tube is electrically operated,
production of X-rays can be
turned on and off with a switch.

Neutron radiation, formed
during nuclear power genera-
tion, is not itself ionizing radia-
tion, but if it hits another

nucleus, it may activate it or
cause emission of a gamma ray
or charged particle, indirectly
giving rise to ionizing radiation.
Neutrons are more penetrating
than gamma rays and can be
stopped only by a thick con-
crete, water or paraffin barrier.
Fortunately, neutron radiation
is practically non-existent else-
where than close to nuclear
reactors and nuclear fuel.



oon after the X-ray tube was
invented, people working with
it observed damage to the skin
on their hands. Some scientists
then intentionally irradiated
their skin to collect more infor-
mation and found that heavy
exposure could cause reddening
or burns (erythema) several
weeks after exposure. Very
severe exposure could even
cause open wounds (skin
ulcers) and temporary hair loss.
It also became evident that can-
cer could develop in radiation-
exposed, healed tissue many
years later. In the 1920s, scien-
tists also began to theorize
about a connection between the
concentration of radon gas in

mines and the higher than aver-
age incidence of lung cancer
among miners.

For people working with X-radia-
tion or radiation from concen-
trated natural radium, it therefore
became vitally important to have
guidelines on how to work safely
with radiation. One of the first
safety norms, based on experi-
ence, stated that radiation was
safe as long as it did not cause
darkening of a photographic film
in seven minutes. Primitive
though that may sound, it did pro-
tect X-ray workers from skin
damage and other acute health
effects, and a similar technique is
used in radiation protection today.

17



Benefits and risks

If there were no practical ben-
efit from radioactive sub-
stances and the radiation they
emit, their production and
handling could not be justi-
fied. Over the decades, how-
ever, artificially produced
radiations have led to great
advances in medical diagnosis
and treatment as well as to a
range of techniques in science,
research, agriculture and
industry that have improved
life on earth to an inestimable
extent.

The subject of radiation is a
topical one today and there is
no doubt that many people
feel a genuine anxiety, espe-
cially about its long term
effects on their own health and

that of their descendants. The
possibility of accidents in
nuclear establishments, the
management, transport and
disposal of nuclear waste, the
effects of emissions from
nuclear power stations on the
environment and weapons
testing are all recurring
themes in books and newspa-
pers, television broadcasts and
daily conversation.

Radiation protection across
the borders

In tandem with the growth of
new technologies, however,
the effects of both ionizing
and non-ionizing radiations
have become better under-
stood and an advanced system
of radiological protection has
been developed.

Over the years, sophisticated
safety norms and procedures
have been developed that lay
down maximum exposure lev-
els, based on detailed observa-
tion and research, for the

18



general public and occupa-
tionally exposed workers.
Thanks to the work of interna-
tional organizations, such
safety standards are harmo-
nized across national borders,
so that the norms and radia-
tion limits are identical all
over the world.

Few risk factors are so well
understood as radiation and
few so well-regulated and
implemented. Though acci-
dents have occurred, out-
standing progress is being
made in the field of nuclear
safety, such as the decommis-
sioning of older and less reli-
able nuclear power stations, to
minimize or ultimately even
eliminate the possibility of
major accidents, such as the
one at Chernobyl in 1986.

Many international organizations are involved directly and
indirectly in radiological protection:

I.

The International Commission on Radiological
Protection (ICRP)

The International Commission on Radiological
Protection, (ICRP), was founded in 1928. A non-
governmental expert organization, it is still
active today. Its members are chosen on the
basis of their qualifications in radiation physics,
medical radiology, radiation protection, biology,
biochemistry and genetics. ICRP recommenda-
tions are of a general nature so that different
countries can incorporate them into their legis-
lation, but the Commission has no mandate to
force countries to adopt them. It is thanks to the
efforts of ICRP that almost all countries in the
world use the same safety norms in the field of
radiation protection.



II.

United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR)

Founded in 1956 to estimate the possible risks of radioactive fallout from atmospheric
nuclear weapon tests, UNSCEAR exceeded its brief by systematically analysing all the
natural and artificial radiation sources in the environment or utilized by man. Their report
was published in 1958. UNSCEAR is assisted in its data collection by other United Nations
organizations, the most important of which are the International Atomic Energy Agency
(IAEA), the World Health Organization (WHO), the Food and Agriculture Organization
(FAO) and the World Meteorological Organization (WMO). Many states also report data
directly to UNSCEAR and there is intensive scientific cooperation between UNSCEAR and
ICRP.

From recommendations to laws

While ICRP recommendations do not have the force of law, other UN organizations may
transform them into a more practical form and give advice on implementation. That type of
work is done by IAEA, WHO, FAO, the International Labour Organization (ILO) and sev-
eral other international bodies. Important work in data collection and processing, trans-
forming international recommendations into directives and training on safety-related issues
is carried out by regional bodies such as the European Commission and the Nuclear
Energy Agency of the Organization for Economic Cooperation and Development.

20
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ince the 1930s, the Interna-
tional Commission on Radio-
logical Protection has
recommended that any expo-
sure to radiation above the
normal background limits
should be kept as low as rea-
sonably achievable. That rec-
ommendation has been
supplemented by recom-
mended dose limits, modified
over the years, to protect radi-
ation workers and the general
public from over-exposure.
The latest recommended limits
were specified in 1990. They
are not compulsory, but in
many countries, have been
enacted as legally binding
regulations.

The radiation dose is
expressed in sieverts (Sv),
named after Dr Rolf Sievert, a
Swedish pioneer in radiation
protection. It represents the
amount of radiation energy
absorbed by living tissue and
the extent of biological effects
involved. As the sievert is a
fairly large unit of measure-
ment, the millisievert (mSv) is
frequently used. To put the
scope of the sievert into con-
text, the average dose to a per-
son from background radiation
in nature is 0.001 to 0.002 Sv or
1 to 2 mSv per year. Radon gas
in homes on average causes
additional doses of some 1 to 3
mSv per year, although in

severely affected homes, it can
be ten or a hundred times
higher. An X-ray examination
most often causes exposure of
between 0.2 and 5 mSv.

Quantifying the health
risks

Radiation emitted by a radioac-
tive substance is absorbed by
any material it encounters,
dead material or living cells.
Every kilogram (kg) of mater-
ial absorbs some energy (joule
or J). That unit, the J/kg, is
used for the measurement of
the absorbed dose. In radiation
protection, that unit is called
the gray (Gy).

21



The absorbed dose itself does
not give an indication of possi-
ble biological effects. One Gy of
alpha radiation is about 20
times more severe than one Gy
of gamma radiation. Gamma
radiation has a relatively
smaller biological risk than
alpha radiation. It penetrates
further in tissue before hitting a
molecule, then continues
through and out of the body, its
energy decreasing as it goes.

A gamma ray causes damage
only here and there, thus tissue
can withstand it reasonably
well and may even be able to
repair any damage. A heavy,
relatively large alpha particle,
however, causes a great deal of
damage in a small area and is
more detrimental to living
tissue.

The degree of biological risk
caused by different types of
radiation can be calculated by
multiplying the absorbed radia-
tion dose (Gy) by a radiation
weighting factor. The lowest is
1 for gamma radiation and the
highest 20 for alpha radiation.
When an absorbed dose is mul-
tiplied by the appropriate radi-
ation weighting factor, the
resulting quantity is the equiva-
lent dose, measured in sieverts.
All doses given in Sv or mSv
are comparable regardless of
the type of radiation involved.

Whole body or single
organ dose?

In manycases, including back-
ground radiation and nuclear
power plant work, the radia-
tion dose is evenly distributed

throughout the body. Exposure
may also be directed to a lim-
ited area of the body (radiation
therapy) or single organs (beta
exposure of skin or radioactive
iodine in the thyroid). As some

Doctor examining thyroid glands after the Chernobyl arcidi>ni
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organs are more sensitive to
radiation than others, tissue
weighting factors are used to
demonstrate the equivalent
risks of locally limited exposure
and a whole body dose. To

edit: Mouchkin/IAEA
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stress that the tissue weighting
factor has been applied, the
term effective dose is used. For
example, the ICRP has recom-
mended that a tissue weighting
factor of 0.05 should be used
when the thyroid has been
exposed. Thus, if the thyroid
receives an absorbed gamma
dose of 1,000 mGy, the corre-
sponding effective dose (radia-
tion weighting factor 1) is 50
mSv (0.05 x 1 x 1,000).

The effective dose puts all ion-
izing radiations on an equal
basis in terms of their potential
to cause harm.

Dose limits

For workers. According to
ICRP recommendations, occu-
pational exposure to radiation

should not be higher than 50 mSv
in any one year, and the annual
average dose over five years must
not exceed 20 mSv. If an occupa-
tionally exposed woman is preg-
nant, a more stringent dose limit
of 2 mSv to her abdomen is
applied for the remainder of the
pregnancy. The dose limits cho-
sen mean that the occupational
risk to radiation workers is no
greater than the occupational risk
in other industries generally con-
sidered safe.

For the public. The dose limits for
the general public are lower than
those for workers. The ICRP rec-
ommends that the public should
not be exposed to more than an
average of 1 mSv per year.

For patients. No limits have
been set by the ICRP for
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patients. In many X-ray exami-
nations, people receive doses
which exceed many times the
limit specified for the public. In
radiotherapy, doses are perhaps
a hundred times greater than
the limits set for workers. As
the radiation dose is given to
find out whether a person is
sick or to cure a sick patient,
the benefit of treatment is seen
to far outweigh the harm even
of high doses.

Thanks to high safety standards
in the nuclear industry, risks to
workers from radiation are
kept to the minimum.

Dosimeters measure
doses

The dose is measured with a
dosimeter and the dose rate

with a dose rate meter. In cer-
tain workplaces, such as
nuclear power stations, many
hospitals, industries using X-
rays and research centres, peo-
ple are required to wear
dosimeters like a badge. Some
types, worn during the perfor-
mance of a short task, can be
read on demand. Others, used
routinely, need to be placed in a
dosimeter reader for evalua-
tion, typically every one to
three months. The traditional
dosimeter is based on photo-
graphic film in a light-proof
casing. Radiation passes
through the film and exposes it.
By developing the film and
measuring the degree of dark-
ness, say every month, the radi-
ation dose received by the
wearer can be estimated. Each
time the film is checked, it is

Average radiation dose levels

Radoji gas in hom^si average
2roSv per year. Usual variation
range 0.2 to 500 mSv pej yt*ar

Natural tackgroaud radiation
oaost regions: ! to 2 mSv rev '
year, In some cases tip to !>0 tr-Sv '
per year j

From construction materials:
0.2 to 1 mSv per year

Environmental effect of nuclear
power stations: actual in most
cases 0.001 to 0.01 mSv per year

Chest X~iay examination:
about 0.1 mSv per exam varia-
tion range 0.05'mSv to 0.2 mSv
per exam

Major X-ray examination: about
5 mSv per exam
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replaced with a new film.
Another newer type of dosime-
ter is the TLD or Thermal
Luminescence Dosimeter,
which is more sensitive than a
film dosimeter and immedi-
ately reusable after reading. In
nuclear power stations, many
research institutions and high
risk locations, electronic real-
time dosimeters are carried and
can be checked at any time.

The dose rate:The dose rate
tells the dose received in a unit
of time, for example an hour. If
a dose of 0.5 mSv is received in
an hour, the dose rate is 0.5
mSv/h. In two hours, the dose
received is 1 mSv and in six
hours it is 3 mSv. If the dose
rate in a room where a person
works is 0.1 mSv/h and the
dose limit for that person is 20

mSv, then the work must be
completed in 200 hours.

If a radionuclide enters
the body

Iodine-131 and caesium-137 are
among radionuclides released
into the atmosphere after a
nuclear accident.

Cobalt-60 is used in food irradia-
tion, antimony-122 in metal pro-
cessing and rubidium-88 in the
manufacture of photoelectric
cells. Technetium-99m is used in
medical diagnostic scanning
techniques. Radon-222 is present
in many homes. Discharges of
radionuclides to the environment
originate from several sources.
As they can be ingested or
inhaled, especially in the work-
place, it is important to know
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what exposure to an individual
radionuclide is equivalent to
the annual recommended dose
limit for radiation in general.

Iodine-131 and the food chain

Splitting of the uranium
nucleus in a nuclear reactor
produces a great deal of iodine-
131. As iodine is gaseous when
hot, it may, after a nuclear
explosion, migrate into the
environment.

Fortunately, the half-life of
iodine-131 is only 8 days. After
8 days, its activity has
decreased to half its original
value, after 16 days to a quarter
and after 24 days to only one
eighth. If, after a fallout situa-
tion, radioactive iodine has
entered the milk supply via the

pasture and cattle, fresh milk
will not be considered safe to
drink. Cheese can, however, be
made from that milk. As
cheese-making is a slow
process, taking several months,
there will be no iodine activity
when the cheese is finally ready
and the cheese will thus be safe
to consume.

The effective half-life in
the body

The fact that radioactive sub-
stances undergo progressive
disintegration means that
radioactive fallout does not
remain in the environment for
ever. Short-lived substances in
the fallout will decay rapidly
and longer-lived substances
will decay over time. It also
means that man-made radioac-

tivity incorporated into the
body will continue decreasing
as long as there is no new
intake.

Radioactive substances that
have entered the body are dis-
charged more quickly than
their physical decay rate would
indicate. A radioactive sub-
stance is not only discharged
by the natural decrease in its
own activity, but also by excre-
tion. The compound effect of
physical half-life and excretion
is called the effective half-life.
Most radioactive substances
leave the body relatively
quickly. There are, nevertheless,
certain quite rare elements that
find their way to a certain
organ and try to remain there,
for example radium which
gravitates to the skeleton. In
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that case the excretion rate may
be slow and the effective half-
life several years. While in the
body, the radioactive substance
causes an internal radiation
dose.

Activity concentration

After a radioactive fallout, the
activity concentration of milk
may be 100 Bq per litre or of
meat 300 Bq per kilo. That
means there are 100 nuclei per
second decaying in a litre of
milk or 300 decays per second
in a kilo of meat. At such
activity levels, the milk and
meat may be judged suitable
for consumption. In some
countries, the upper limit for
activity concentration in food-
stuffs is around 1,000 Bq per
kilo for certain radionuclides.

Radon gas concentrations and
lung cancer

Most people receive their great-
est exposure to natural ioniz-
ing radiation from the
radionuclide, radon, a natural
radioactive gas created when
radium-226 decays. Radon
itself decays to form short-lived
daughter products which
remain suspended in the air. If
radon is inhaled, the particles
will enter the lungs and give an
internal dose.

At the beginning of the century,
uranium miners, exposed to
large doses of radon, showed
an increased incidence of lung
cancer, which may have been
radon-related or partly due to
other causative or aggravating
factors such as inhaling mineral

dust, toxic ores or gas from
explosives.

No study has demonstrated
absolute proof of the relation-
ship between radon and lung
cancer, but in view of the risk,
remedial measures are taken to
exclude the gas from buildings
or reduce its concentration lev-
els. Outdoors, the natural
radon concentration is usually
about 10 Bq per cubic metre of
air. Inside, it can be anything
from 20 to 10,000 Bq per cubic
metre or more. In many coun-
tries, it is recommended that
radon concentration in new
houses should not exceed 200
Bq per cubic metre of air. If the
annual average is more than
400 Bq per cubic metre, refur-
bishment is recommended to
exclude the gas.
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Ligh doses are radiation doses

which are either at least hun-
dreds or thousands of times
higher than the dose limits, or
so heavy and intensive that the
victim will suffer almost imme-
diate health effects. Radiation
doses high enough to cause
acute or immediate health
effects can be received only in
nuclear war or in an accident
when a person is inside or close
to the accident location. Con-
trolled doses given locally dur-
ing radiation treatment for
cancer, may also be high
enough to cause calculated and
acceptable acute health effects,
such as erythema. An extremely
high dose to the whole body of

28



100,000 mSv, kills instantly. A
dose of 10,000 mSv is likely to
kill, too, but only after a few
days or weeks. A dose of some
1,000 mSv, still considered to
be an exceptionally high dose,
may cause passing symptoms of
illness, but is not fatal.

Acute effects of high doses

The probability of a person
being killed instantly by radia-
tion is extremely small. There
are very few such cases in
world history. On 6 August
1945, part of the population of
the city of Hiroshima in Japan
received radiation doses of
varying magnitudes when the
first atomic bomb used in a war
was dropped. Three days later,
many people in Nagasaki met
the same fate. The two bombs

claimed more than 100,000
victims. Atomic bombs have
not been used in war since.

Fatal doses of between 12,000
and 16,000 mSv were received
by workers trying to put out
the graphite fire at the nuclear
reactor in Chernobyl in Russia
in April 1986. The Chernobyl
accident is the only accident at
a commercial nuclear power
plant in which people have
died immediately from radia-
tion. In some research reactors
and radiation facilities used for
sterilization of surgical instru-
ments, there have also been a
few accidents in which a fatal
radiation dose has been
received.

Acute effects appear in every-
one receiving a high enough

dose. Threshold values for
acute health effects do exist.
Doses of the same magni-
tude, distributed over a
period of weeks, months or
years would give less severe
symptoms or no symptoms
at all.

High local doses

In some radiation accidents,
only part of the body is
exposed to radiation. It has
happened, for instance, that
a person by mistake has held
a very strong source of radia-
tion in the hand or unknow-
ingly carried it around in his
pocket. The limited beam
used in radiotherapy will
also expose only a small part
of the skin and tissues to
intense radiation.
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In these cases, not even a large
dose is life-threatening, since
no vital organs are damaged. A
high local dose will cause local
damage, but the intestines,
bone marrow and central ner-
vous system will continue to
function as before.

There will, however, be local
damage to skin and underlying
tissue. The first and mildest
symptom will be a temporary
redness of the skin, also known
as erythema. That was one of
the first symptoms noticed
when, in the late ninteenth cen-
tury, scientists and researchers
deliberately exposed their hands
to X-rays to study their effects.
The redness to the skin appeared
a few hours after exposure and
vanished a few days later leav-
ing no permanent after-effects.

t- 300 m An acute dose over 3000 mSv
t.ife-threatening dose

Radiation illness
Passing symptoms

# No symptoms, temporary
changes in blood picture"

f No detectable effects
Dose limit for occupational^
exposed (a man)

Dose limit for
public (a brick)

if a 8fe-«hreateni«g dose & Htusttsteti with the height of the Eiffel tower,
the $tm ?imit for oscupatSw&Hy exposed people corresponds to the
h i h of a man, m4 ths $&t$ for fh& p«bi»c to the thickness of a brick.
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Exposure of the skin to strong
radiation, however, results in
acute skin damage strongly
resembling burns with redness,
blisters and open sores. If the
dose is not very high, the sores
will heal in a few weeks. If the
dose is high enough to destroy
all the base skin cells in some
places, healing will be slow and
the skin will scar. As always in
the treatment of open wounds,
there will be a risk of inflam-
mation and complications. In
extreme cases, the injury may
lead to necrosis, that is death of
tissue, and amputation will be
necessary.

Neither life-time doses nor sin-
gle doses of less than 1,000 mSv
will result in any acute health
symptoms. The only possible
effect is an increase in the risk

of cancer later in life. The bio-
logical/health effects for whole
body doses received in a short
time (seconds, minutes or
hours) are as follows:

Less than 1,000 mSv: No
noticeable symptoms will be
caused by a single dose. With-
out a dosimeter or accurate
information about the incident,
the person will be unaware of
exposure. Blood analyses will
show a temporary drop in
leukocyte or white blood cell
levels, possibly to around 80
per cent of initial levels over a
few weeks, but normal levels
will be regained in a short
period.

Around 2,000 mSv: A single
dose can give slight, unspecific
symptoms, such as nausea,

headache or vomiting about
two hours after the exposure.
As people react differently,
however, it is not possible to
establish an absolute minimum
dose for the appearance of
noticeable symptoms. A 2,000
mSv dose causes a drop of
about 50 per cent both in lym-
phocyte and thrombocyte lev-
els, the former being observed
within a week and the latter
within three to four weeks.
Levels return to normal rela-
tively quickly.

Around 3,000 ntSv: Many peo-
ple will suffer from the most
common symptoms of radia-
tion sickness if the dose is 3,000
mSv or more. The symptoms
are unspecific and resemble
those of many common dis-
eases: in moderate cases,
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(above) Children receiving radiation treatment in
Colombia. Credit: J.Perez Vargas/IAEA

(left) Children monitored for radiation exposure
near Chernobyl. Credit: Fadini / Legambiente

nausea, vomiting, fatigue and
loss of appetite; in severe cases,
vomiting, diarrhoea and fever.
Symptoms may also be psy-
chological in origin. The speed
at which physical symptoms
appear depends on the dose
and dose rate. The larger the

dose, the earlier the symptoms
develop (hours or days). After a
few days, the patient may feel
better, but a new bout of illness
occurs with symptoms such as
blood in the faeces, infections,
dehydration and possibly hair
loss. Though there is a small
risk of death, survivors usually
make a good recovery within
weeks or months.

4,000 - 6,000 mSv: Symptoms
appearing a few weeks after
exposure to radiation are
caused by damage to the
mucous membranes of the
intestines and / or bone marrow
tissue. At that dosage, damage
may be too great to repair. Four
thousand mSv poses a signifi-
cant threat to life, 5,000 mSv
signifies a strong probability of
death and 6,000 mSv means
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almost certain death without
intensive medical care.

The intestinal damage makes
intake and absorption of fluids
and nutrients difficult, and
treatment includes fluid
replenishment. The damage to
the bone marrow changes the
blood picture enough to cause
serious health consequences.
Lymphocyte and thrombocyte
levels drop severely and inter-
nal bleeding occurs. There is
also a serious drop in levels of
other types of white blood
cells, granulocytes, which
increases the risk of infection.
The patient must be protected
from infections. Treatment
involving blood transfusions
and bone marrow transplants
have also been tried with vary-
ing results.

"It is important to note that
even a 1,000 mSv dose is
exceptional and could be
received only in nuclear war,
during radiation therapy or
as a result of a serious
radiological or nuclear acci-
dent/'

Higher than 6,000 mSv: After a
single dose exceeding 6,000
mSv, the chances of surviving
longer than a few weeks are
slim. If the dose exceeds 10,000
mSv, the mucous membrane of
the intestines will be damaged
beyond repair causing death
from dehydration within two
weeks. If the dose is close to
50,000 mSv, the central nervous
system will be damaged. The
onset of vomiting and cramps

will be almost immediate, fol-
lowed by loss of consciousness
within hours and death in a
matter of days.

Other injuries from high
doses

In addition to radiation sickness
caused by very high whole-
body doses and skin damage
due to skin radiation, the fol-
lowing special cases should be
mentioned for the list of acute
health effects to be complete.

If the reproductive glands are
exposed to a dose that would
be lethal if it were a whole-
body dose, the radiation will
cause temporary or permanent
sterility. In radiotherapy, when
the malignant tumour is
exposed to strong radiation
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repeated daily for several
weeks, the adjacent healthy tis-
sue may be damaged.

Long term effects of high
doses

The first people in history to be
exposed to intensive radiation
in large numbers were the
Japanese victims of the atomic
bombs dropped on Hiroshima
and Nagasaki in 1945. The sur-
vivors, who had been exposed
to radiation, were monitored
over the subsequent decades for
cancer. The studies showed a
slight but clear increase in cer-
tain types of cancers such as
leukaemia, cancer of the thyroid
and breast cancer in women.
Under normal circumstances,
some 20,000 cancer cases occur
per 100,000 people. The number

of additional cases among
Hiroshima and Nagasaki sur-
vivors was a few hundred for
the common types of cancer
and a few dozen for the rare
types. The overall increase was
around 6 per cent. Now, half a
century later, follow-up contin-
ues, but the figures have not
changed significantly.

In addition to the Japanese vic-
tims of the atomic bombs, other
sufficiently large groups of peo-
ple have received radiation
doses large enough to induce an
observable increase in cancer
cases: X-ray physicians working
a century ago before the appro-
priate dose limits were applied;
patients, treated with radiother-
apy, who later developed skin
cancer; some groups of miners,
before the importance of mine

Special precautions must be taken to protect
workers applying radiation. Credit: NRPB
(National Radiological Protection Board)
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Increased thyroid cancer lias been detected
in children near Chernobyl nuclear power plant.
Credit: Mouchkin/IAEA

ventilation in the removal of
radon gas was understood,
who developed lung cancer;
and groups of women
employed at the beginning of
the century to paint numbers
on watch faces with a paint
containing radium. The
women used their lips to
shape the brush, ingesting
radium, which, in many
cases, led to bone cancer.

In 1986, fallout from the acci-
dent at Chernobyl nuclear
power plant caused a high
intake of radioactive iodine,
particularly among children,
resulting in a higher than
normal incidence of thyroid
cancer amongst the exposed.
The total number of cases
observed to date is over
1,000.

As all the groups of people
mentioned above did not have
dosimeters, efforts have been
made to estimate the radiation
doses they received. When an
estimate of exposure was made
and the number of additional
cancer cases was known, it was
possible to assess the size of
increased risk per unit dose.
That means that for heavily
exposed populations, it has
been possible to determine risk
factors based on observed
effects. Separate risk factors for
each type of cancer and for the
total risk have been calculated.

Quantifying the long-term
risks

The risk factors are based on
those cases where detrimental
effects of radiation have been
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detected, that is after high
doses. It is in no way clear
whether they are also applica-
ble to small doses, too. To cal-
culate the risks of small doses,
as will be seen, risk models
must be used.

Risk factors are often expressed
as the probability of contracting
fatal cancer after exposure to a
radiation dose of 1,000 mSv.
According to the most recent
recommendations by the ICRP,
the risk factor for leukaemia is
0.005 for a dose of 1,000 mSv.
Thus a person receiving a sin-
gle dose of 1,000 mSv would
have a 0.5 per cent probability
of dying from radiation-
induced leukaemia, that is, a
slight risk. If the risk factor is
correct, it also means that in
every 1,000 people exposed to a

1,000 mSv dose, the estimated
number of radiation-induced
leukaemias in the future would
be five. Those extra 5 cases
would be in addition to the 200
to 250 natural cancer cases
that, according to statistics,
would be expected in that
same group.

The ICRP has recommended
that the risk factors of fatal
cancer in the following table
should be used for the popula-
tion as a whole.

More important than individ-
ual risk factors is the total risk
when all fatal types of cancer
are taken into account, calcu-
lated by adding all individual
fatal cancer risk factors. The
total probability of contract-
ing a fatal type of cancer is

approximately 0.05 after a radi-
ation dose of 1,000 mSv. In
other words, for every 1,000

Probability of fatal cancer after
a radiation dose of 1,000 mSv

Tissue or organ
Bladder
Bone marrow
(leukaemia)
Bone surface
Breast
Colon
Liver
Lung
Oesophagus
Ovary
Skin
Stomach
Thyroid
Other

Total

Risk factor
0.0030

0.0050

0.0005

0.0020

0.0085

0.0015

0.0085

0.0030

0.0010

0.0002

0.0110

0.0008

0.0050

0.0500
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people exposed to a radiation
dose of 1,000 mSv, there will be
an additional 50 cases of fatal
cancer.

It should be stressed that radia-
tion doses below the threshold
value for acute, immediate radia-
tion illness do not cause other
health effects in the exposed per-
son than cancer. All other symp-
toms a patient may be suffering
from must have another reason.

The theory of radiation-
induced cancer

When radiation, even a high
dose, hits an inanimate object,
there is no significant change in
the structure of the material.
When radiation hits the critical
point of a living cell, however,
there may be damage to the

Radiation hits a molecule of a
living cell. Was that molecule a

DNA molecule?
No

/ ' " Radiation may or may not cause ' \
damage to the molecule Was the DNA

\ molecule damaged?

Damage to a DNA molecule"
normally corrects itself. Was the

damage corrected?

An eFror remlfried ]?i the DNA
molecule. Was that error of any

significance to the eel!?

f tie changed characteristics of
the new cells may be harmless or harm-

ful. Are they harmful (cancer cells)? ,
--.„-. . . _ __

/ Cancer cells may be destroyed by ~x<
' the normal immune system of the body

Are these cancer cells destroyed?

No health effects to
the individual

3s- Yes

' " The cellular reproduction rate '
may be too slow for cancer to develop '.

during the lifetime of the individual ;

Is that so? /

S^ZJy
A mafignarit disease wilt develop
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tissue in the long term. In princi-
ple, even the smallest amount of
ionizing radiation could change
an important molecule, and that
could affect the behaviour of the
entire cell. The probability of
slight exposure leading to can-
cer, however, is small. The cells
in the body are renewed contin-
uously. Radiation hitting the
body today will not encounter
the same cells which absorbed
radiation a year previously. As
can be appreciated, therefore, a
high one-time dose could be
deadly, whereas the same dose,
received little by little over a life-
time, would probably not cause
any signs of illness.

From DNA damage to cancer

Small radiation doses may dam-
age molecules of single cells,

but single damaged cells do not
have any impact on health. The
DNA (deoxyribonudeic acid)
molecule contains the genes and
controls the production of cells of
that particular type. The only way
in which low exposure can cause
health effects to an individual is
by causing very specific damage
to important DNA molecules.

If a cell housing a damaged DNA
molecule continues to produce
new cells, the damage will be
copied over and over again into
the DNA molecule of each new
cell. The result may be a duster of
cells that behaves in an abnormal
way. In the long run, there may be
an adverse impact on health.
There are, however, many bridges
to be crossed before a damaged
DNA molecule actually results
in a malignant disease.

Hereditary effects

What holds true for cancer, also holds
true for the so-called hereditary effects
of radiation. In theory, radiation could
cause ionization in those molecules that
contain the genetic code of the germ
cells, and thus a mutation in the germ.
Under certain circumstances, a chain of
unfortunate events could theoretically
lead to a pathological change in the off-
spring. While ICRP does not exclude
the possibility of a theoretical risk due
to small radiation doses, it states that
the risk of hereditary effects caused by
radiation is far smaller than the risk of
contracting radiation-induced cancer.

Many people believe that deformities
were common in the descendants of peo-
ple who were exposed to the bombings
of Hiroshima and Nagasaki. To date
those exposed to high radiation doses
during the bombings have had more
than 80,000 children and tens of thou-
sands of grandchildren and great
grandchildren. The offspring have
naturally been of great interest to scien-
tists worldwide. Researchers have not
been able to detect any increase in
hereditary damage that would allow
them to define a specific risk factor.
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Radiation and cancer

A cancer is always a cancer.
Radiation does not cause any
new or specific kinds of cancer.
Lung cancer caused by smok-
ing tobacco is medically identi-
cal to lung cancer caused by
inhalation of contaminated air
or radioactive gas. If a patient
suffers from cancer, there is no

absolute certainty that the rea-
son was radiation. Even if a
cancer patient has received a
life-time dose (effective dose) of
500 mSv, which is many times
higher than the annual dose
limit for professional radiation
workers, then it is 10 times
more likely that his or her can-
cer was caused by another rea-
son than radiation.

On the other hand, if a specific
cancer appears in many
exposed persons at an age
when that type of cancer is
normally rare, then it must be
concluded that exposure to
radiation was probably the rea-
son. That has indeed been the
case with thyroid cancers in
children exposed to radioactive
iodine from the Chernobyl
fallout.
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J*» mall doses are normal doses
to the public caused by natural
background radiation or X-ray
examinations and doses that
are within the dose limits for
workers or that exceed the lim-
its only moderately, say tenfold
or so. What is quite clear is that,
as long as the dose limits are
not exceeded, there will be no
immediate health effects or
signs of illness.

Risk Models

In principle, even a single radi-
ation quantum could change an
important molecule in such a
way that the cell could be dam-
aged and the damage copied

as the cell divides, j
Thus, a certain risk '
exists in theory, but
no effects of small
doses on the health
can actually be
observed. To assess
the risk associated \
with small doses,
therefore, theoretical;
risk models must be i
used. i

• L /

Linear f
risk model jr

/
/

/

Area where
detrimental
effects have
been observed

Dose

A risk model is a
graph in which the horizontal
axis represents the radiation
dose and the vertical axis
describes the risk. The straight
or curved line shows how the

are many risk models, each
with its own supporters. All the
models agree in the high dose
region. Where they differ from
each other is in the low dose

risk depends on the dose. There region.
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The most widely used risk
model is the linear risk model,
according to which a specific
radiation dose always increases
the risk by the same amount.
Used in safety analyses and
radiation protection, whenever
there is a need to play it safe,
the linear risk model is believed
by some experts to overesti-
mate the risk for most types of
late health effects in the low
dose region.

According to the linear-qua-
dratic risk model, the risk is
not a straight line, but a
curve. At small doses, the
curve is gentle, but as the
doses grow, the curve
becomes steeper. Both practi-
cal and theoretical tests have
been found to support this
model.

Some researchers go a step fur-
ther and argue that the risk
from small doses is practically
zero. According to the thresh-
old value risk model, only
doses exceeding a specific toler-
ance limit would be harmful.
One of their arguments is that
cancer is no more common in
areas where background radia-
tion is many times higher than
average. Supporters of that
model have a strong faith in the
recuperative powers of the
body.

A few "lonely prophets", sup-
porters of the supra linear risk
model, are totally opposed to
that view, maintaining that
small radiation doses are rela-
tively more dangerous than
large ones. It is difficult to find
support for that model. One

piece of convincing evidence
against it is that large differ-
ences in background radiation
do not have significant effects
on health.

According to the hormesis
model, some radiation is bene-
ficial to health, a phenomenon
that holds true for many sub-
stances, including medicines:
large amounts are poisonous,
small amounts are beneficial. A
massive dose of ultra-violet
light, for instance, would burn
a person to death, but our
health suffers if we get no sun
at all. Supporters of the horme-
sis model say that people who
live in mountainous areas, at
high altitudes with high radia-
tion levels, suffer less cancer
than others. That is a true, but
not necessarily correct
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conclusion, as cancer is a dis-
ease with not just one cause,
but many.

Long term effects of small
doses

The long term biological effects
of small doses of radiation are
so minute that not even careful
epidemiological studies have
been able to demonstrate them.
For instance, it is not known
how many cases of cancer, if
any, are caused by natural
background radiation.

Several extensive mortality
studies on large groups of
exposed radiation workers
have been carried out around
the world. Causes of death as
well as personal radiation
exposure records covering

entire working lives have been
examined. Studies have tried
to establish a link between radi-
ation doses and cause of death,
but no such relationship has
been found at low doses. The
cause of death of unexposed
people has also been studied
and compared with the statis-
tics of occupationally exposed
workers. Results show cancer
deaths to be no more common
amongst occupationally
exposed workers who receive
low doses than other workers,
although there is some statisti-
cal evidence for an increased
risk of leukaemia for workers
who receive the highest doses.

Even though the risk of small
doses is too small to cause an
observable rise in cancer statis-
tics, it must be conceded that

they may increase the risk of
cancer. In industrialized
nations, between 20 per cent
and 25 per cent of the popula-
tion die of cancer, but as the
number fluctuates from year to
year, it is impossible to prove or
disprove the role of radiation in
causing cancer. What can be
argued is that a risk which pro-
duces no observable effect is
not a risk worth worrying
about.

The psychosomatic dimension

After the radioactive fallout
from the Chernobyl accident,
nobody in western European
countries and Scandinavia
received an instant radiation
dose exceeding 0.1 mSv. Never-
theless, many people said that,
due to the radiation, they had
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suffered rashes, headaches,
nausea, upset stomachs, diar-
rhoea and insomnia.

There is no reason to doubt that
such symptoms existed, but the
claim that their sickness was
the biological effect of radiation
must be contested. Fear, con-
cern, anxiety and lack of
knowledge may cause tempo-
rary physical signs of illness.
Tension and psychological
stress cause anxiety, sleepless-
ness, head aches and stomach
pains. Those who were ade-
quately informed and under-
stood the situation did not
experience those symptoms,
even though they were exposed
to the same fallout radiation.

It is also possible that there was
no connection at all, even a

psychosomatic one, between
the sickness and the radiation.
People who felt sick for any
reason during the fallout
period may have believed that
the sickness was caused by
radiation even if it was not. To
sum up: if after moderate expo-
sure to radiation, a person is in,
the symptoms are caused not
by radiation, but by fear of
radiation, or even coincidence.

Even radiation doses up to sev-
eral hundred mSv per year, 1CF
times higher than the dose lim-
its for workers, would never
cause any acute symptoms of
illness. Patients feeling sick
may believe their symptoms
are the biological effects of radi-
ation, but they are wrong. If
they have not been instantly
exposed to strong radiation in

43



an accident or radiotherapy,
they are quite simply wrong.

To cure such a person, other
reasons for the illness must be
found. It is probable that a nor-
mal medical diagnosis can be
given and the reason for the ill-
ness treated conventionally.

If the symptoms are psychoso-
matic, caused by fear of radia-
tion, patients must be told the
facts: that small radiation doses
do not produce signs of illness.
Any suggestion from a health-
care professional that symp-
toms might be radiation-related
could cause unnecessary anxi-
ety and make the patient feel
worse.

Positive ignorance

Researchers working in the
field of radiation biology have
not yet reached an agreement
as to which of the various risk
models is correct for the low
dose region. That is because no
actual effects have been
observed, and cannot be
observed, at low levels. Possi-
ble additional cancer cases due

to radiation can never be distin-
guished from all the natural
cases. Since even the best experts
in the world cannot calculate the
risk of small radiation doses,
how can lay people be expected
to make an educated assess-
ment? The simple answer is that
they cannot.

In the case of radiation, the
inability to work out a risk factor
on the basis of observations must
mean, in fact, that the risk is rela-
tively low and that is a positive
thing. We cannot know the risk.
We can only make assumptions.

It may thus be stated that the
health risk from small radiation
doses is so minute that no scien-
tific research methods, based on
observations, are able to distin-
guish it from zero.



I ;: ost people are afraid of
nuclear accidents. So is the
nuclear industry, but not for
exactly the same reasons as the
public. The public are primar-
ily worried about accidents in
their own country or in neigh-
bouring countries that would
have an effect on their own
lives. The nuclear industry is
concerned about accidents any-
where in the world. Its repre-
sentatives firmly believe that an
accident anywhere is an acci-
dent everywhere, in other
words that no matter where a
nuclear accident takes place,
the credibility of the nuclear
industry suffers worldwide and
that is something that the

nuclear industry and interna-
tional bodies, such as the IAEA,
would not want to see. The
international community there-
fore puts great efforts into the
improvement of safety, includ-
ing closing some of the least
advanced power plants.

Splitting the atom: generating
nuclear power

Nuclear power generation is
based on the splitting of ura-
nium-235, the most important
of a group of nuclei, (fissile
nuclei), that can be made to
split by neutron bombardment.
When a neutron hits a fissile
nucleus such as U-235, the

nucleus splits in two. Fission
releases heat, gamma radiation
and two or three new neutrons.
In a nuclear reactor, conditions
are set up so that as a nucleus
splits, one of the neutrons
released hits another fissile ura-
nium nucleus at the right speed
and makes that nucleus split,
and so on. That chain reaction
leads to the heating up of the
nuclear fuel. The two new
nuclei produced during split-
ting are called fission products.

Radioactive releases

The fission products, which
accumulate in the nuclear fuel
while the reactor is operating,
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are the most important poten-
tial hazards from a nuclear
reactor or nuclear reprocessing
plants. Irradiation of the
nuclear fuel creates an enor-
mous increase in radioactive
material which could be
released in the event of an acci-
dent. Careful cooling and
shielding of the irradiated fuel
are therefore essential, as, in the
unlikely event of failure of the
safety systems of a nuclear
plant, part of those fission
products may be released into
the atmosphere.

Continuous monitoring

As conditions within a nuclear
plant are closely monitored, it
is now possible to identify, well
in advance, the circumstances
that may give rise to a release

of radioactivity and, in many
cases, to adopt appropriate
counter-measures. Computer-
ized stack-monitoring devices
also provide continuous infor-
mation about emission levels
and will alert power station
personnel instantly, should pre-
set safety values be breached.

In many countries, environ-
mental radiation levels are
monitored continuously at hun-
dreds of locations on a round-
the-clock basis, sometimes by
fire-brigade or civil-defence
personnel, sometimes by means
of a dense network of advanced
automatic radiation control sys-
tems that can detect even the
smallest deviation from normal
the instant it occurs. Many radi-
ation measurement systems
installed in the environment are

extremely sensitive, able not
only to detect the slightest
change in radiation values, but
also identify the radioactive
substance causing the change.
For example, nuclear tests can
often be detected from the
infinitesimal fallout of radioac-
tive iodine on the other side of
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the world. The energy spec-
trum of the radiation tells
which substances are present in
the radioactive fallout and
sometimes can even reveal the
type of incident or the plant
that caused the release.

Consequences of a
nuclear accident

A major reactor accident may
lead to a release of gaseous and
volatile radionuclides from the
fuel into the internal coolant
system of the reactor. In the
event of containment failure,
there would also be a release to
the atmosphere and the
radioactive material would be
carried away by the wind,
diluted and dispersed. Some
radionuclides would be
deposited on the ground.

A major accident would cause
heavy local contamination up
to tens of kilometres from the
accident site. It is therefore pos-
sible for people to suffer an
unacceptable level of exposure
to radiation as a result of an
accident in another region or
another country.

The risks of heavy exposure
can be reduced by the use of
iodine tablets, restrictions in the
use of specific foodstuffs, tak-
ing shelter indoors or perma-
nent or temporary evacuation
of the population to a cleaner
region.

The use of iodine tablets

If the nuclear fuel is damaged,
radioactive iodine gas will be
released and may escape into

the environment, first as air-
borne contamination and later
as radioactive fallout. If iodine
enters the body, for example
through inhalation, it finds its
way to the thyroid gland where
it remains for some days or
weeks. During that time, the
thyroid gland receives a
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radiation dose which may dam-
age it or cause thyroid cancer a
few years later.

If a severe reactor accident
takes place, the radiation
authorities may recommend
that people nearby take iodine
tablets. An iodine tablet gives
the protection needed if the
thyroid gland is likely to be
exposed to a high radiation
dose from an intake of radio-
active iodine.

The thyroid gland can take only
a limited amount of iodine. If
an iodine tablet is taken quickly
after the nuclear accident, the
non-radioactive iodine in the
tablet reaches the gland and
fills it before the radioactive
iodine can reach it. Iodine is not
accumulated in any other

organ. Thus any inhaled
radioactive iodine will leave
the body quickly without caus-
ing a significant dose.

Monitoring the fallout

It is possible and often essential
after a fallout for the radiation
level out doors to be measured
using a hand-held radiation
meter. To achieve values com-
parable with those measured
by other people at other places,
measurements are always con-
ducted in an open field at waist
level. The measurements are
neither conducted near the wall
of a house nor under a roof or
trees as the values will be too
low, nor directly from the
ground or from standing water,
as the values will be too high.
Measurements confirm if early

decisions on whether emer-
gency counter-measures men-
tioned above, such as shelter,
restrictions on foodstuffs, dis-
tribution of iodine tablets or
evacuation should be main-
tained or modified.

Nuclear accident or
incident?

To give non-experts a more
realistic idea of the potential
hazards of nuclear events, an
international safety signifi-
cance scale, the International
Nuclear Event Scale (INES)
was introduced a few years
ago.

In the INES scale, nuclear events
are numbered according to the
safety significance of the event
from 0 (no safety significance) to



7 (serious or major accident).
Guidance is also given as to the
correct terminology to be used
in various events.

The scale is applied to all
nuclear installations, for exam-
ple, nuclear fuel treatment
plants, fuel stores and certain
military installations, as well as
nuclear power stations. In some
ways, INES resembles the
Richter scale for earthquakes.

There are good reasons for
everybody, especially those
working with radiation, to study
the INES scale, understand its
meaning and use the right termi-
nology in various situations.
The so-called big reactor failure
at the nuclear plant a mile away
may, on the INES scale, just be a
Class 1 generator failure.



In these circumstances, there
would be no need to call it an
accident, to panic or spread fear
and concern. Still more impor-
tant would be that where an
actual hazard situation did
exist, any warning given would
be trusted and respected and
no unnecessary risks taken.

IAEA safety inspectors at the Confrentes nuclear
power plant, Spain. Credit: IAEA

Measuring fallout -What do the readings* mean?
0.0001 mSv/h (0.1 microSv/h)

Normal. The value of background radiation in most places is
0.0001 to 0.0002 mSv/h (or 0.1 to 0.2 microSv/h).

0.001 mSv/h (1 microSv/h)
The radiation level outdoors has definitely increased and the situation

is not normal. Radiation control in the country will be intensified.

0-01 mSv/h (10 microSv/h)
A serious increase in the radiation level shows that something is
clearly wrong. The value indicates a heavy radioactive fallout.

0.1 mSv/h (100 microSv/h)
Warning! A radiation hazard situation is possible. Authorities

will have to warn the public. In practice, the public would
be informed at much lower values.

1.0 mSv/h (1000 microSv/h)
Emergency! Immediate measures must be taken to protect

the public. The first priority for everyone
is to go and stay indoors.

*Readings taken at waist height in an open place
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se si - s -*• 7

. i n 26 April 1986 an accident
occurred at the Chernobyl
nuclear power plant that
changed the lives of hundreds
of thousands of people. The
purpose of the following chap-
ter is not to analyse the
progress of the accident. Nor is
it to assess the safety aspects of
the reactor type in question,
the expertise, skills or actions of
the personnel, the decisions
made by the authorities after
the accident or the legal conse-
quences. No attempt is made to
analyse any of the social, eco-
nomic, or political repercus-
sions of the accident. The
purpose is to show the actual
effects of the radioactive

releases on health and to com-
ment on some of the statements
and judgements which have
been made about the effects of
the radiation on the local com-
munity and communities fur-
ther afield.

The accident at Chernobyl hap-
pened because of the overheat-
ing of the nuclear fuel which
set the graphite mass in the
reactor on fire. It is impossible
to extinguish thousands of tons
of blazing graphite and the fire
burned continuously for 10
days, in spite of every imagin-
able effort to put it out. The fire
destroyed much of the fuel, and
radioactive fission products

were carried in the flue gases to
a height of over 1,000 metres.
From there, it dispersed and
fell to the ground in dry or wet
fallout. As a result of two chem-
ical explosions, radioactive sub-
stances were also ejected on to
the roofs of the plant buildings
and into the environment.

Deaths and injuries

Two people were killed in the
course of the explosions and
fire and another person died,
probably from coronary throm-
bosis. Some 28 fire fighters also
died from acute radiation sick-
ness in the first three months
after the accident. A total of 31
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people were killed in the
acute phase of the accident,
receiving radiation doses in
the range of 4,000 to 16,000
mSv.During the fire, many
people were also heavily
exposed to radiation or
injured. In addition to those
mentioned, 237 people were
hospitalized. Subsequently,
134 were diagnosed as suffer-
ing from acute radiation ill-
ness. All recovered and left
hospital within a few weeks
or months. All the facts and
figures given here were
reported to a major interna-
tional conference, convened
by the World Health Organi-
zation, the IAEA and the
European Union at Vienna,
Austria, in 1996 to discuss the
health-related aspects of the
accident.

Emergency procedures

Soon after the accident, it was
decided to evacuate everyone
living within a 30 kilometre
radius of the plant. Some
116,000 people were moved
from their homes. Although a
tragedy for the families
involved, it was not a unique
occurrence as similar popula-
tion movements have been
forced by natural occurrences
such as floods and earthquakes.
Some people have since moved
back.

After the accident, a large num-
ber of people were hired or
ordered to collect the radioac-
tive material which had been
spread in the two explosions
across the power plant site and
outside it. The buildings

around the destroyed reactor
also had to be cleaned and the
soil restored. Some 650,000 to
800,000 people were associated
with the work. Information on
how many people were
involved varies depending on
job definitions and records, but
it is known that approximately
200,000 of the "liquidators"
received an average dose of
lOOmSv during 1986-87.

Dose levels

International dose limits speci-
fied for rescue personnel were
applied to the workforce who
cleaned up at Chernobyl. As
permissible doses are higher in
rescue operations than in rou-
tine work, ICRP recommenda-
tions were that the individual
dose should not exceed 500
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mSv. This would ensure that
radiation did not cause any
immediate health effects and
that the calculated risk of long
term effects would be within
acceptable limits. According to
the dose measurement results
available, the average dose of
the Russian liquidators was 120
mSv, while the dose of those
participating in the work dur-
ing the first year was 165 mSv.
Since 1988, the doses of most
liquidators were kept success-
fully below the normal annual
dose limit of 50 mSv.

Health effects

It is sometimes said that tens of
thousands of people from the
area surrounding Chernobyl
have died. If any group of the
same size of normal adults is

taken, several thousand of
them will die from natural
causes each year and tens of
thousands will die in 10
years. The number reported
does not differ from expected
figures. In the long term,
150,000 or approximately 20
per cent of the liquidators
will contract cancer. Only the
future will show if the inci-
dence of cancer among the
liquidators will be higher
than in a comparable refer-
ence group. According to
some experts, the statistics
will reveal nothing excep-
tional in their illness or death
rate. According to others,
there will be some extra cases
of leukaemia: up to 200 in the
200,000 liquidators involved
in decontamination work in
1986-87.

It must be strongly empha-
sized that the radiation dose
received by the liquidators will
not cause any danger or health
risk to their families or those
coming into contact with them.
A radiation dose cannot be
transmitted from one person to
another. Doses were also so
small that they are not expected
to cause hereditary damage to
their descendants.

After the accident, there were
some 4,000 abortions in west-
ern Europe, due to fears of
deformity in the offspring.
Given the low dose received in
these instances and thus the
low theoretical risk, the actual
risk of birth defects over and
above those that would have
occurred normally was
extremely small. The abortions
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were tragic, unnecessary and
unjustified.

Psychological consequences

According to studies carried
out by international scientific
groups in areas with the high-
est exposure to radiation, Rus-
sia, Belarus and Ukraine, the
most severe problems were not
caused directly or biologically
by radiation, but by trauma,
fear, hopelessness, depression
and eating disorders. Those
and not the radiation were, in
many cases, the direct cause of
actual physical problems.

Cancer

It has been stated by the World
Health Organization that the
only direct consequence of

radiation for health in the vicin-
ity of the Chernobyl plant has
been thyroid malfunction and
thyroid cancer in children. Ten
years after the accident, over
1,000 cases of thyroid cancer
have appeared among children
under 15 in affected Republics.
Thyroid cancer is more easily
curable than other cancer types
and, according to the WHO,
has led to fewer than 10 deaths.
Every death is tragic and even
one death is one too many, but
the number has remained low.
More thyroid cases may arise as
children in this age group move
into adulthood.

Rises in other cancer types have
not been noticed after the first
10 years of the accident. It is
possible some cancer cases
were caused by the accident,

but that cannot be proved or
disproved. There are, however,
no signs of abnormal peaks in
any type of cancer, except for
thyroid cancer. The claims of a
clear increase in leukaemia
cases have also not been scien-
tifically verified. Some individ-
ual cancer patients have
publicly blamed Chernobyl for
their illness. It is a statistical
fact, however, that one person
in five would have contracted
cancer, even if the accident had
never happened.

54



onci

J\ adiation is present every-
where. Using a radiation meter
will prove it. The meter can be
used to measure radiation
from the ground, from stones,
from buildings and even from
friends: to see where it crackles
most and least. Such a device
makes it easy to see that radia-
tion is less intensive at sea
level than in the mountains, to
run checks on the relative
intensity of radiation indoors
and outdoors. Most people do
not own a radiation meter,
however. Nevertheless, each
one of us has the right to know
when we can feel safe and
when action on radiation lev-
els needs to be taken.

As long as we are outdoors, we
are exposed to a normal
amount of radiation. Depend-
ing on where we live, natural
radiation gives a dose of some
1-2 mSv per year, in exceptional
cases up to 10-20 mSv per year.
That dose cannot be avoided.
There are some theories, but no
evidence, of health effects from
natural background radiation.
Some scientists believe that nat-
ural radiation may have
adverse health effects; some say
it has no significance at all and
some even insist that it is
healthy. There are no observa-
tions to support any of these
theories. We cannot know, we
can merely assume.

Slightly more than a century
ago, natural radiation was the
only form of radiation. The
invention of the X-ray tube in
1895 signalled the dawn of a
new era in medicine. The first
artificial radioactive substances
were produced in 1934, nuclear
fission was achieved in 1938,
the first atomic bomb was used
in 1945. The history of nuclear
energy has not been without
reproach or above censure, as
many who lived during the
cold war will testify. But if
radiation has proved a bad mas-
ter, it has also been a good ser-
vant. Formerly inoperable and
fatal cancers are now being
treated with tailored radioactive
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isotopes. Nuclear energy, pow-
ering so many homes and fac-
tories throughout the world, is
a cheaper and cleaner alterna-
tive to the coal-fired energy
whose effluents once choked
the atmosphere. In agriculture
and industrial production, the
controlled use of radiation is
helping to replace outmoded,,
dangerous and inefficient farm-
ing methods and industrial
processes.

The effects of radiation have
been studied now for over a
century. Nuclear physics is no
longer a young science and few
risks are as well understood
and known as the risks of radi-
ation. The international com-
munity, through bodies such as
the International Commission
on Radiological Protection

(ICRP), the United Nations Sci-
entific Committee on the Effects
of Atomic Radiation and the
International Atomic Energy
Agency, lay down stringent
standards for dose limits, work-
ing practices, nuclear waste
transportation and disposal, as
well as verifying that nuclear
energy is used only for peaceful
purposes. Less reliable nuclear
power plants are being decom-
missioned and closed, and
modern plants have greatly
enhanced operational safety.

Experience from over one hun-
dred years of working with
radiation and follow-up studies
of hundreds of thousands of
workers has not revealed
health hazards caused by nor-
mal exposure to natural radia-
tion or to artificial radiation

below the limits prescribed by
ICRP. For the public, dose lim-
its are only a fraction of those
specified for occupationally
exposed workers.

While many people feel anxiety
about the possibility of acci-
dents in nuclear establishments
and the short and long term
effects on their health and on
the health of their descendants,
the risks from radiation must
be seen in perspective.

Human activities have added
some artificial radioactive
substances to the environ-
ment, but on the whole, that
amount is far slighter than
most people realise, and so
slight that its impact on health
can only be characterized as
minimal.
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