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Radiation and human health - a perspective

Introduction

It seems that everyone is anxious about radiation. There is widespread public concern
about harmful effects of radiation, but Kttle understanding of what radiation is and how it
forms part of our natural environment. People who are in favour of nuclear power, especially
those who operate nuclear power plants, tend to say the risks are insignificant On the other
hand, people who are opposed to nuclear power tend to say the risks arc unacceptable. Where
does the truth lie?

On the basis of the scientific evidence available, it does seem that the extent of public
anxiety is out of proportion to the risks to health when compared with other hazards of daily
life. A gross discrepancy between perception and reality does not help good decision making.
so it is important to put the effects of radiation on human health in perspective.

To do this, it is necessary to discuss what radiation is, how it is produced, how it
affects biological tissues, and what harm it may cause to human health.

Radioactivity

People often mix up the terms 'radiation' and 'radioactivity'. Radioactivity is a
property of some materials in which unstable nuclei decay spontaneously. The nucleus of an
atom contains protons and neutrons and almost all of the mass of the atom.
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Each element is characterized by having atomic nuclei with a specific number of protons. A
carbon atom, for example, has six protons in its nucleus, but it may have a different number
of neutrons. In a stable atom, the protons and neutrons in the nucleus are 'in balance'. In an
unstable nucleus, there are too many neutrons or too few neutrons; the nucleus has more
energy than it can contain and it will decay to another, more stable, form by releasing energy.
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The number of neutrons in a carbon nucleus can be anything from 3 to 10.
Only two of these isotopes of carbon are stable, the rest decay spontaneously.

The more unstable a nucleus is, the shorter is the time for which it can survive. The
length of time required for half of a number of radioactive nuclei of a particular species to
decay is called the half-life for that species. Carbon-14, for example, is almost stable and has
a half-life of 5730 years; the other isotopes of carbon have half-lives of only a few minutes or
less.

The rate at which a given mass of radioactive material decays, that is the number of
disintegrations per second, is called its activity. The activity is directly proportional to the
mass of the material and is often used instead of mass as a useful measure of quantity. The
unit of activity (one disintegration per second) is given the special name becquerel (symbol:
Bq), after the French physicist who discovered natural radioactivity one hundred years ago.

A becquerel is a very small quantity of radioactive material. A smoke detector, for
example, contains tens of thousands of becquerels of a radioactive element called americium.
A wrist watch with a luminous dial may contain over one hundred million becquerels of
tritium, a radioactive isotope of hydrogen.

Radiation

When a radioactive nucleus decays, the released energy is called radiation - energy in
transit It is fired out from the nucleus either as small bundles of energy, such as gamma rays,
or as energetic particles, such as alpha particles and beta particles, or as a combination of
these.

Radiation can also be generated by other means, such as firing electrons into a metal
target at high speed: this is how an X ray machine produces X rays.
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The different types of radiation have different properties. Gamma rays and X rays are
forms of electromagnetic energy like visible light and radio waves, but with very short
wavelengths. When gamma rays or X rays fall on solid materials, some are scattered by the
atoms of the material but many of them are able to pass through. For this reason, gamma rays
and X rays are called penetrating radiation. It is also the reason that X rays are so useful in
diagnostic medicine, as it allows an image to be formed of the inside of the body.

Beta radiation was named before it was realised that beta particles are just electrons.
It comes from the radioactive decay of a nucleus, but is not very penetrating. A thin sheet of
metal will stop beta radiation. Alpha particles are the same as helium nuclei: two protons and
two neutrons. Alpha radiation is very weakly penetrating: a sheet of paper will stop it The
skin usually prevents alpha radiation from causing harm to the body. However, if radioactive
material is inhaled or ingested, the alpha particles and beta particles produced by decaying
atoms can be harmful to internal organs and tissues.
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Radiation in the environment

Radiation and radioactive materials occur naturally in the environment. Cosmic
radiation falls on the Earth from outside the atmosphere and accounts for about one seventh
of average human exposure. Natural radioactivity in much of the Earth's crust includes low
concentrations of radioactive elements like uranium and thorium in rocks and soil. The
gamma radiation from these materials contributes another sixth to the total average exposure,
but a much larger contribution, about half, comes from inhalation of the radioactive gas
radon, which is one of the decay products of uranium.

Radon is produced in the ground, but because it is a chemically inert element it
diffuses out of the ground surface into the air without reacting with other atoms. It is present
in all the air we breathe. When inhaled, the decay products of radon can lodge in the lung and
irradiate lung tissue.

Because there are small quantities of naturally occurring radioactive materials in soil
and water, they get into the food chain, causing internal exposure. The main contribution to
average dose, about one tenth, comes from a radioactive isotope of potassium: potassium-40.
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Because we consume small quantities of naturally occurring radioactive materials in
food and water, human beings are slightly radioactive. A person of normal weight has about
four thousand becquereis (4000 Bq) of potassium-40 activity, meaning that four thousand
potassium-40 atoms decay every second inside the body. This has always been the case, and
has nothing to do with artificial sources of radiation, nuclear weapons tests or nuclear power.

Measuring radiation

We know from accidents which have occurred in the past that exposure to large
quantities of radiation is harmful, and that the harm increases as the exposure increases. In
order to assess the extent or risk of biological harm, we need to be able to measure radiation
quantitatively. A special quantity has been devised called effective dose, or just 'dose' for
short, which is a measure of the amount of energy absorbed by biological tissues when they



are irradiated and of the consequent biological effects. Dose is measured in units called
sieverts. A sievert is a very large dose, and in most circumstances radiation is measured in
one-thousandths of a sievert, or millisieverts. (1 Sv - 1000 mSv)

For example, the worldwide yearly average exposure 10 radiation is about 2.4 mSv,
nearly 90% of which occurs naturally, with medical exposure contributing almost all of the
rest A chest X ray would give the patient a dose of around one twentieth of a millisievert.

How radiation affects biological tissues and leads to health effects

When gamma radiation is absorbed by biological tissue, many individual gamma rays
collide with individual molecules in the tissue. Each gamma ray carries a minute amount of
energy - many, many times too small to be felt But because the energy transferred in each
collision is deposited over a very small volume, the force of the collision can break the
molecules of which the tissue is made. If this happens inside a cell, and the broken molecule
was crucial to the functioning of the cell, the cell may be killed. Sometimes, however, the
cell may survive but in a damaged form.

At very high doses, which may occur in an accident or deliberately in radiotherapy,
there are very many gamma rays or X rays and a large number of collisions occur and a large
number of cells may be killed. If this happens inside an organ, such as the kidney, the organ
may stop working or may continue with reduced efficiency. The effect is similar to what
happens with a burn from a fire. A large amount of energy is absorbed and some of the tissue
is destroyed. With radiation, however, the damage can be-deep inside the body, not just near
the surface.

The clinical consequences of massive cell killing can include nausea, vomiting,
diarrhoea, ulceration, necrosis (death of tissue) and death. Effects such as these occur soon
after exposure and are called short-term effects. Below a certain level of dose, these effects
do not happen: there is some undetectable molecular or cellular damage, but the body is able
to replace or repair the damaged cells. The level of dose above which short-term clinical



effects become observable is called a dose threshold. One of the aims of radiation protection
is to keep doses below these thresholds.

At doses below the dose thresholds, the short-term effects do not occur. Human
organs and tissues contain millions of cells and the loss of a few cells is not noticed. Cells
die all the time and the body is constantly eliminating dead cells and replacing them.
However, there is a possibility that long-term effects, such as cancer induction, may occur
which arise not from cell killing, but from the survival of damaged cells. Most damaged cells
will be rejected by the body, but some may be able to divide and pass defects on to
subsequent generations of cells. When this happens in a way that the body's defence
mechanisms cannot control, a cancer can result.

Cancer risk

. There is clear evidence that radiation causes cancer at high and moderate levels of
dose. The evidence comes mainly from the survivors of the atomic bomb blasts at Hiroshima
and Nagasaki in the Second World War. That group of people has been studied since 1945
and their state of health monitored very carefully. The study of the incidence of disease in
population groups such as this is a branch of medical science called epidemiology. The
epidemiological evidence from the bomb survivors suggests that the risk of developing cancer
increases with increasing dose.
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For high doses and high dose rates (atomic bomb survivors),
the risk of cancer is proportional to dose.

At very low doses (less than about 50 mSv), there is no epidemiological evidence that
radiation causes harm, so the risk vs. dose relationship can only be guessed at. For the
purposes of radiation protection, it is assumed that risk is proportional to dose, without
threshold. However, because there is some evidence that the risk for low doses and low dose
rates is not as great as for high doses and dose rates, the risk factor derived for atomic bomb
survivors is reduced by a factor of two for radiation protection purposes.



The risk factors adopted by most countries are those recommended by the
International Commission on Radiological Protection (ICRP). For members of the public, the
ICRP recommends a risk-per-unit-dose factor of 5% per sievert, or one in twenty for each
sievert of dose received. However, doses of a sievert are not received by members of the
public, so it is best to work in terms of millisieverts. For example, if a person receives a dose
of one milHsievert, the risk of death from radiation-induced cancer is assumed to be one in
twenty thousand.
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The risk vs. dose relationship assumed for radiation protection purposes

Radiation protection principles

Protection from short-term effects of radiation is very easy in principle: regulations
require that all doses are kept below the dose thresholds. In practice, however, there may be
accidents in which thresholds are exceeded, but the regulatory requirements for controlling
sources of radiation axe intended to minimize the likelihood of accidents occurring.

Protection from the possible long-term effects of small doses is much more
complicated because of the assumption that risk is proportional to dose down to zero dose. It
means that safety concerns must be taken into account for all exposures so that unnecessary
exposure is avoided.

First, it must be shown that more good than harm will come from an activity which
causes exposure to radiation. This is the principle of justification. When a human activity
involving exposure to radiation is proposed (a proposal to build a nuclear power plant, for
example) the potential benefits must be weighed against. the possible risks. Only if the
benefits outweigh the risks should that activity be permitted. Judgements about justification
are usually made by governments or government authorities acting on behalf of the
population.



Second, protection should be opflmi^ That is, doses should be reduced to values
that are as low as reasonably achievable, taking into account what it costs to reduce them. As
with justification, a judgement is called for about what is reasonable, and again it is the
regulatory authorities which ultimately have to make that decision. In many cases of day-to-
day radiation protection, common sense and good practices learned from experience are
sufficient to satisfy the regulatory authorities, but a formal demonstration of optimization
may be required from time to time, particularly at the design stage of a plant where exposure
to radiation will occur.

Third, exposures must be kept below values that would generally be regarded as
unacceptable: the dose limits. In setting dose limits, most countries (and the IAEA) take note
of the recommendations of the ICRP. The ICRP has examined acceptability of risk in various
industries and for a number of human activities and formed the conclusion that workers
exposed to radiation should receive no more than about one sievert in a working life and that
members of the public should receive no more than one millisievcrt per year.

ICRP recommended annual dose limits

Workers Members of the public

20 mSv* 1 mSv

Averaged over 5 years

Regulation for radiation protection

The ICRP has no regulatory role. It offers independent advice based on detailed
review of the scientific literature. Regulations for controlling exposure to radiation have to
be promulgated by national governments. To assist in developing internationally consistent
regulatory standards the IAEA published in 1996 the International Basic Safety Standards for
Protection against Ionizing Radiation and for the Safety of Sources (Safety Series No. 115),
known as 'the BSS*. This document is jointly sponsored by the Food and Agriculture
Organization of the United Nations (FAG), the International Labour Organisation (ILO), the
Nuclear Energy Agency of the Organisation for Economic Cooperation and Development
(OECD/NEA), the Pan American Health Organization (PAHO) and the World Health
Organization (WHO). It represents a unique consensus of international opinion on radiation
protection standards and it is anticipated that most of the world's national regulatory
requirements will be consistent with the BSS in time. .--'

The BSS provides for certain activities to be exempted Iruiu regulatory control: those
which lead to trivial risk, for example, when doses arc of the order of one hundreth of the
public dose limit For activities that cannot be exempted, it adopts the recommendations of
the ICRP concerning justification, optimization of protection and dose limitation, and the
ICRP recommended dose limits. It is written in a regulatory style, setting out the minimum
requirements which must be satisfied in order to ensure safety. It is supplemented by a
number of Safety Guides which provide advice, based on international experience, about how



the requirements of the BSS can be met The IAEA is confident tha; national regulations
based on the BSS and properly put into effect will ensure that activities involving exposure to
radiation can be undertaken safely.

Comparisons of doses and risks

To put the hazards of radiation into perspective it is important to distinguish the short-
term effects caused by large doses from the long-term effects caused by small doses. If we
use the Eiffel tower in Paris to provide a scale, life-threatening doses occur only at the top. A
dose of about 3000 mSv to the whole body, delivered as an acute exposure (that is, over a
short period) may lead to early death in a few weeks; a dose of 10,000 mSv will almost
certainly be fatal in a few days. Doses below one or two thousand millisieverts will not cause
death, but can cause temporary illness, such as nausea and vomiting. Acute doses below one
or two hundred millisieverts (about the height of a three-storey building on this scale) will no:
cause any detectable short-term effects. Medical examination of a person exposed below this
level, or laboratory analysis of the blood, will not reveal any information about the exposure.
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The annual dose limit for occuptional exposure is 20 mSv (about the height of a
person on this scale). The annual dose limit for members of the public is 1 mSv (about the
height of a brick). Note, however, that these limits are for protection from long-term effects;
they are well below the dose thresholds for short-term effects.

To put the estimated hazards of long-term effects into perspective, it is useful to
compare them with other risks in daily life. The calculated risk of dying from radiation
induced cancer several years after a dose of 1 mSv is 1 in 20,000. For United Kingdom data,
this is about half the risk of being killed in a road accident or by an accident in the home. A
dose of a millisievert or two is a typical average for occupational exposure, but is very much
higher than doses received by members of the public from artificial sources.

Average annual risk of death in the UK from some common causes

Cause Risk of death per year

Smoking 10 cigarettes a day 1 in 200
Natural causes, 40 years old 1 in 700
Accidents on the road 1 in 10.000
Accidents in the home 1 in 10,000
Radiation dose of 1 mSv* 1 in 20,000
Accidents at work 1 in 50,000

*This risk is estimated from the assumption of a linear, no-threshold risk
vs. dose relationship; the other risks are from published statistics.

These comparisons support the conclusion that well-regulated industries which
involve work with radioactive materials and radiation sources can be considered safe in
normal operation from the perspective of human health. Adherence to regulations consistent
with those set out in the BSS ensures that risks to workers exposed to radiation are acceptably
small and that risks to members of the public are minor. Conversely, in order to ensure
safety, industries giving rise to radiation exposures must be properly controlled to acceptable
standards


