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INTRODUCTION

The use of radioactive materials in industry. medicine,
research or nuclear power production inevitably results in the
generation of radioactive wastes which must be managed in such
a way that human health and the environment are protected. The
goals of radioactive waste management are the same, regardless
of the source of the waste. They are;

1) to process the wastes (if necessary) in such a way
that they are in a suitable form for storage and
disposal, and

2) to dispose of the wastes in such a way that there are
no unacceptable risks to present and future
generations.

This paper describes the radiation protection standards which
have been developed to assist international and national
authorities in deciding what risks should be regarded as
acceptable in relation to activities which involve exposure to
radiation.

Radiation protection standards are based on our knowledge of
the biological effects of radiation on nan. From very early
this century it has been recognised that ionising radiation can
be harmful as well as beneficial to man, and a great deal of
effort has been put into studying radiation effects; detailed
summaries of this research may be found in reports of the
United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR). the most recent of which was published in
1962 (1).

The effects of radiation on man may be manifest in the exposed
individual himself, when they are called somatic effects, or
they may arise in his descendants, when they are termed
hereditary effects. Many of the biological effects which can
be caused by ionising radiation can also be caused by exposure
to other agents, so that it is not always possible to ascribe a
cause to a particular effect.
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BACKGROUND RADIATION

Han has always been exposed to radiation from natural sources -
cosmic radiation, the radioactivity in soils and rocks, and the
râdionuclides present in his own body. Man also continually
breathes radon gas which is present in the air due to
exhalation Croni the surface of the earth, which contains
uranium and its decay products. The natural background varies
from place to place, but most of us receive a dose of one or
two millisievert (mSv)(100-200 millirem) per year from this
source. It has not been possible to ascribe any ill-effects in
roan to this low level of radiation exposure. Our knowledge of
radiation induced ill effects in man comes from the study of
people exposed to very much higher doses.

RADIATION HAZARDS

Studies of early radiologists showed that some of them
developed skin cancer, and some studies suggested an excess of
leukemia. Some workers who used radium in luminous compounds
for painting dials on clocks and watches developed bone
tumours; studies of underground uranium miners from earlier
decades showed an excess of lung cancer; patients treated with
radiation for a number of medical conditions showed an
increased cancer incidence; and the survivors of the nuclear
weapons exploded at Hiroshima and Nagasaki show an excess of
leukemia and other malignant diseases following their exposure
to radiation. From these studies. information has been
obtained on the relationship between dose and the incidence of
the radiation effects. In all these cases the doses were
comparatively large - very many times the doses from natural
background radiation:

Attempts to correlate the incidence of radiation effects with
very much lower doses in man have been hampered by inadequate
statistics and confounding factors. To try to gain information
on this important area, studies have been done on animals and
plants.

BIOLOGICAL EFFECTS

from all these studies it has been concluded that the
biological effects of radiation fall into two categories. For
some, the severity of the effect varies with the dose, and a
threshold may occur, below which there is no effect. These are
called non stochastic effects, and examples include reddening
of the skin (erythema) and the formation of opacities in the
lens of the eye (cataracts). For other types of effect, the
probability of an effect occurring, but not its severity, is
related to the total dose received, and it is considered that
there is no threshold dose below which the probability is
zero. These are called stochastic effects.

Footnote:

The term "dose" is used in this paper with the meaning of
"effective dose equivalent".



The most important of the stochastic effects are the induction
of various types of cancers (including leukemia), although
these nay not become manifest until many years after the
exposure to radiation. Genetic effects are also stochastic.

The aim of radiation protection is to prevent the
non-stochastic effects altogether, and to limit the probability
of stochastic effects to levels which are considered
acceptable. The non-stochastic effects can be prevented
readily by setting limits for exposure to radiation which are
below the thresholds for those effects. It is the limitation
of stochastic effects which requires more detailed
consideration.

All the available evidence from human and other studies
suggests that, for the range of doses and dose rates we are
normally concerned with for radiation protection purposes, the
relationship between dose and the probability of stochastic
effects, i.e. the 'risk', can be assumed to be linear down to
zero dose. This is thought to be a conservative assumption,
which may over-estimate the risk at low doses, but it is a
prudent one to adopt for radiation protection purposes. Thus
international and national bodies concerned with radiation
protection recommend that it be assumed that the risk of
deleterious effects such as cancer is proportional to the dose,
and there is no threshold, that is, even the smallest dose
carries with it some risk, although that risk is of course also
very small. This is called 'the linear hypothesis'.

The risk factor estimated from the dose response relationship
is generally taken to be 10~z per Sievert for fatal cancers
and a similar quantity for the total genetic damage that may be
expressed in all subseguent generations. Hence a dose ot l
millisievert corresponds to a risk of I in 100.000 for Catal
cancers and 1 in 100,000 for total genetic damage.

It is interesting to note that some reports have suggested that
very low doses of radiation may actually be beneficial to man
(2). Whether this is true remains unproven. and this
hypothesis plays no part in the formulation of radiation
protection standards.

RADIATION PROTECTION STANDARDS

The International Commission on Radiological Protection. (ICKP)
a body of scientific experts in radiation protection from many
countries, has made recommendations from which many countries
including Australia. derive their radiation protection
standards (3).

In Australia, radiation protection standards for individuals
exposed to ionising radiation, based on ICRP recommendations,
have been published by the National Health and Medical Research
Council<4). and adopted into legislation in the States and
the Northern Territory. ,
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The radiation protection recommendations of the ICRP and the
National Flealth and Medical Research Council have three main
parts:

1. The first is that, since any exposure to radiation is
assumed to carry some risk of deleterious biological
eCfects. no practice involving exposure should be
permitted unless there is a benefit from the practice
which outweighs the risk. This is the principle of
'justification' of a practice. The consideration of
whether a practice is justified usually involves many
factors apart from exposure to radiation. A H the
benefits and risks associated with the practice must
be assessed and compared with those of any available
alternative.

2. The second part of the . recommendations is that, even
when a practice is justified, all exposures to
radiation should be kept as low as reasonably
achievable, economic and social factors being taken
into account. This is commonly known as the 'ALARA'
principle." The ICRP suggests that this principle
should be applied by considering the collective dose
for the whole exposed population, that is, the sum of
all the individual doses. The collective dose
provides a measure of the total health detriment to
the population from a particular radiation practice.
The ICKP philosophy is that the practice should be
carried out at the lowest level of collective dose
which is reasonably achievable, that is. any further
reduction in collective dose cannot be justified in
terms oC the incremental costs which would be incurred
in achieving that reduction. This is called
'optimisation' of radiation protection. While it is
usually very difficult to guantify all the costs and
benefits of a practice (including social aspects) and
this may well involve some subjective value judgments,
it is often possible to use differential cost-benefit
analysis to compare two or more methods of carrying
out an activity, which have different costs and result
in different collective doses.

3. Whatever the result of the optimisation of protection
in terms of collective dose, there is a constraint on
individual doses which must be observed. No
individual must be allowed to receive, in any one
year. a dose which exceeds the limit for the
appropriate circumstances recommended by the ICRP.
This is the third very important part of the
recommendations.

What are these limits for individuals, and what are
the risks associated with them?
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DOSE LIMITS FOR INDIVIDUALS

The ICRP distinguishes two groups of people: those who
are occupationally exposed to radiation, and those who
are not - the members of the public. Among the
occupationally exposed group are medical and
industrial radiographers, radiotherapists and nuclear
medicine specialists, people using radioactive
substances for various research purposes, borehole
loggers and of course, workers in various parts of the
nuclear fuel cycle such as uranium miners. For the
occupationally exposed people, it is considered that
the risk associated with this exposure should be no
greater than the risk incurred by workers in other
occupations which have a high standard of safety.
This is generally considered to be those in which the
average annual mortality due to occupational hazards
does not exceed 10'4, or a risk of 1 in 10,000.

The annual dose limit for radiation workers is set at
50 millisievert (5 rem in the old units) foe uniform
exposure of the whole body, and this limit has applied
for well over 20 years. It has been shown that, with
the application of this SO mSv limit, the actual doses
received have boen considerably lower, with an average
of about 5 mSv or one-tenth of the limit, and vmy few
doses approaching the limit. If wo had a million
workers each exposed to 5 mSv, we could expect, using
the risk coefficient quoted above, an average of SO
radiation-induced fatal cancers per year. The
fatalities per year per million workers in some other
occupations are shown in Table 1.

It is worth noting that, if a_l_l the workers were
exposed at the limit of 50 mSv. we would expect, an
upper limit of 500 fatalities, and this would be
unacceptably high.

For members of the public, radiation risks are
compared with other risks of everyday life. After
reviewing available information related to risks which
are regularly accepted, the ICRP concluded that a risk
an order of magnitude lower than for occupational
exposure would be likely to be generally acceptable.
It says that an annual dose limit of 5 millisievert
(500 millirem in the old units) for the individual
members of the public who receive the highest dose
will be likely to result in average doses of at least
a factor of ten lower provided there are few practices
which result in radiation exposure of the public, and
the number of people exposed is relatively small.
(The doses actually received by individuals within a
group of the public, due to a given radiation
practice, may vary considerably depending on such
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factors as age, size, metabolism and habits). Where
the same individual may approach the 5 inillisievert
limit over many years, it is recommended that measures
be taken to restrict the average dose (taken over a
lifetime) to not more than 1 millisievert per year.
This is of the same order as the average dose from
natural background.

These limits apply for uniform exposure of the whole
body. When the whole body is not irradiated
uniformly, the ICKP gives weighting factors to be
applied to the doses received by individual organs and
tissues, in order to derive an equivalent 'whole-body1

dose.

INTERNAL EXPOSURE

In the case of exposure due to radioactive materials
taken into the body, it is possible to calculate
annual limits on intake which will result in exposure
at the dose limit, using available information and
appropriate biological models of distribution and
metabolism of the individual radionuclide in the body.

RADON DAUGHTERS

One particular annual limit on intake is of special
interest that applied to the inhalation of radon
daughters. The first four decay products of the gas
radon have short half-lives, and are collectively
known as the radon daughters. These are of special
importance in underground mines of various kinds - not
just uranium mines - where radon gas escapes from
broken rock or is introduced by other mechanisms. The
radon daughter atoms attach themselves to dust
particles present in the air. and when these are
breathed, they may be deposited in the lungs provided
they are in a certain size range. The decay of the
radon daughters in the lung results in a localised
irradiation, and this is the cause of the increased
incidence of lung cancer which has been observed in
underground uranium miners. Radon is also present in
open-cut uranium mines and is exhaled from uranium
tailings. It is also exhaled continuously from the
surface of the earth and from building materials which
contain small quantities of uranium or radium, but it
is usually only a problem in enclosed spaces where
ventilation is poor.
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Substantial epidemiological studies have been carried
out on groups oC underground miners exposed to radon
and its daughters. and in addition, theoretical
studies using lung models have been performed. The
ÏCRP has analysed the results of all this work and has
concluded that, for workers, an intake of 0.02 Joules
of c<- energy from short-lived radon daughters will give
rise to a risk equivalent to that of 50 millisievert
of uniform whole body radiation (5). This quantity
(0.02 Joules) is often expressed in terms of another
unit, the working level month (WLM). and with certain
assumptions, corresponds to 4.8 HLH.

It is worth emphasising that 50 millisievert per year
is the limit for occupational exposure from all.
sources of radiation other than natural background and
medical exposures. Thus if there are both external
and internal sources, each must be reduced below the
limit, so that the combined risk is still no more than
that associated with the limit.

SUMMARY

To recapitulate, then, the three important things to bear in
mind are. whether the practice is justified, whether the
collective dose is as low as can reasonably be achieved, taking
into account economic and social factors. and that. no
individual must be allowed to receive a dose greater than the
appropriate limit.

These principles can be applied to radioactive waste
management, just as they are applied to any activity involving
sources of radiation. Firstly, the activity which gives rise
to the waste (e.g. the use of radionuclides in medicine, or the
generation of power by nuclear fission), must be justified,
taking into account its benefits and risks and comparing them
with those of any available alternatives. Radiation protection
is only one of many factors to be considered in making this
decision.

The application of the principle of optimisation of radiation
protection to radioactive waste management presents some
difficulties. Many radionuclides. including some of those
involved in the nuclear fuel cycle, have such long half lives
that they may give rise to exposures over a very long time
span. Because of the impossibility of predicting population
numbers and distribution in the long term (say many thousands
of years hence), we cannot estimate the collective dose
commitment to future generations from a particular waste
management practice in these circumstances. However, the
optimisation principle may still be of value in a
multi-attribute analysis to decide between waste management
options.
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These ideas ace being developed at present by the ICRP and by a
working group of the Nuclear Energy Agency of the OECD. ;
Because of the large uncertainties associated with estimating
collective doses in the long term, it seems to me more fruitful [!
to consider the acceptability or otherwise of radioactive waste |
management practices in terms of the doses which might be I
expected to be received by individuals. [

It is possible to calculate these doses fairly readily for L
wastes which are discharged deliberately and in a controlled
manner, into the environment, as is the practice with low \
levels of short lived radionuclides. Calculation of doses i
which may be received far in the future, from long-lived wastes L
which are contained to isolate them from the environment is •
much more difficult because of the uncertainty in how or when
these wastes may be returned to man's environment.

it is possible to postulate different mechanisms which may lead
to future leakage of contained radionuclides. e.g. contact with
groundwater may eventually weaken the containment and lead to
slow release, or unwitting intervention by man or a seismic
event may cause a sudden release. A radiation safety
assessment of a proposed waste management practice can take
these possibilities into account by assessing the risk to
individuals in terms of the probability of a particular type of
release multiplied by the doses likely to be received in such
an event. The upper limit of risk to an individual can then be
set in the same way as an upper limit of dose is set for
current practices which have a predictable outcome. It would
be necessary to assume that any individual may be subject to
risk from more than one radiation source (e.g. more than one
disposal site), and to reduce the upper limit of risk allowed
from any one source accordingly.

Can risks to individuals commensurate with those currently
considered acceptable by radiation protection authorities be
achieved in prônent or predicted waste management systems? A
recent report suggests that they can. At a recent
international conference on radioactive waste management in
Seattle it was suggested that in the most likely conditions and
even in most other less likely scenarios the appropriate choice
of a disposal option can reduce the individual radiation risks
to very low levels, generally much less than those associated
with natural background radiation. These matters will be -
discussed in more detail by other speakers later in this :
Symposium.



TABLE 1

.million fie.r..annuji

All Industrial Accidents

Trade

Manufacturing

Service

Government

Transport and Utilities

Agriculture

Construction

Mining

Traffic accidents (b)

Lung Cancer from smoking (maies)

1.47

60

07

97

1 10

327

r>S I

603

6S7

213

400

(a) Derived from Cohen. B.L. and 1.- Ging I,oo. Iloalth
Physics 26. pp. 707 722. 1979.

(b) From South Australian Health Commission. Epidemiology
Branch.
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