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Radioactive waste and its disposal

Radioactive waste is extremely heterogeneous in every sense.
Physically, it may be gaseous, in solution, contaminating a
solid or porous surface (paper towelling, gloves, wood,
concrete), or incorporated into solid material (human faeces,
chemical precipitates, waste from mining, spent nuclear fuel
elements and their metal cladding). Chemically, the radio-
activity may be in a form which is readily metabolised, such as
iodine vapour or salts, or in an insoluble compound, such as
heavy metal oxide. The radiation emitted by the waste material
may be very penetrating or, conversely, completely absorbed
in the thickness of a sheet of paper and thus capable of causing
harm only if the radioactivity becomes incorporated into the
tissues of the body. The concentration of radioactivity may
range from a level which is barely measurable above back-
ground levels to millions of times higher, when so much heat
is produced by absorption of the products of radioactive decay
that special measures may have to be taken to cool the waste.
Thus no general statements may be made about radioactive
waste and such journalistic simplifications as "nuclear
dustbin" serve only to mislead. The public image of radio-
active waste does not include the fact that much lower level
waste comes from hospitals, where more radioisotopes are
used each year in diagnosis and treatment.
There are two quite distinct approaches to the disposal of

radioactive waste. The first makes use of the environment to
dilute the waste either in the atmosphere (for gaseous waste) or
the water of rivers and the sea (for liquid and solid waste). The
second method depends on concentrating the radioactivity in
such a way as to reduce to a minimum the transfer of radio-
activity to the environment. Detailed information on these
techniques has been published by the Nuclear Industry
Radioactive Waste Executive Unit (UKAEA, Harwell, Didcot,
Oxon OXl1 ORA), ranging from short illustrated pamphlets
intended for the general public, such as NIREX and The
Management of Radioactive Waste (second edition), to more
technical papers on topics such as deep sea disposal.1 2 The
National Radiological Protection Board, Harwell, has also
published and continues to publish highly informative reports
on many technical aspects of options for the disposal of radio-
active waste.
The choice between the dilution and concentration ap-

proaches is determined by the same considerations for public
safety that govern all measures of protection against radio-
active material. Small increases in the amount of radioactivity
in the environment are acceptable if they arise from uses of
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atomic energy which bring industrial, medical, social, or
scientific benefits. Exactly how radioactivity may be disposed
into the environment is highly complex and based on a mass of
detailed scientific information. For example, the degree of
dilution of radioactive waste in the atmosphere or in the sea
depends on how well these are kept mixed by natural forces.
Unlike disposal into the atmosphere the rate of transfer of
radioactivity from waste to sea water may be controlled by the
way the waste is packaged. In terms of tonnage about 90% of
what is dumped into the sea is non-radioactive packaging like
concrete intended to limit the rate of diffusion from waste to
water. Both the atmosphere and sea water contain radioactive
material in a variety of forms including a emitters-and have
always done so-so that the disposal of radioactive waste into
the environment produces quantitative rather than qualitative
changes.
Widespread dispersal into the environment may be inad-

visable if the increase in environmental radioactivity and
radiation levels is not deemed to be sufficiently small, so
alternative means of disposal must be considered. Some waste
may be buried, for a few feet of earth can reduce appreciably
the amount of gamma radiation which reaches the surface and
thereby reduce the potential exposure of people. Burial may be
carried out in ordinary local authority waste disposal sites,
special sites, or in guarded sites, depending on the properties
of the waste. Some radioactive waste may be kept in store for
years, even decades, until its activity has decayed to a level at
which dispersal into the environment or burial is acceptable.
Such methods are unsuitable, however, for large quantities

of radioactive materials with a long half life, especially a
emitters, which form about 95% of the waste originating from
nuclear power sources. In these circumstances the radioactivity
must be converted into a chemical and physical form which
limits the rate at which it is released into the environment.
Various other options are available such as the recovery of the
waste and its subsequent use in fast reactors. Permanent
options are incorporation into glass or into artificially syn-
thesised minerals whose natural counterparts have been found
to be stable over a long time in geological terms. It is
important to establish whether vitrified waste containing high
levels of radioactivity should be stored in such a way that it can
be monitored and, if necessary, recovered or transferred to
another site or both, or whether it is acceptable to dispose of it
in such a way that it would be impossible to retrieve it-for
example, deep in the sea or deep in geological formations.
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Irrational emotions have been aroused by mere proposals to
examine the properties of certain geological formations to see if
they might be suitable for permanent disposal sites. Some of
the depth of feeling may be based on misapprehension.3 The
process by which radioactivity placed deep in geological
formations reaches the human environment is leaching by
water. The water does not come up to the overlying surface
immediately, but travels laterally to reach the surface some
distance away-a process which dilutes substantially the
radioactivity.

Dedicated environmentalists may believe that no one can
ever know enough about the future to justify "disposal" ofhigh
level radioactive waste. But such anxieties are often based on
grossly exaggerated fears ofthe dangers of radiation and radio-
activity. In my opinion4 the Royal Commission on Environ-
mental Pollution5 failed to complete its task and left future
discussion to thrash around in an ill defined vacuum, some-
times with the suspicion that policy making on the disposal of
radioactive waste is essentially dishonest. The commission
concluded that "there should be no commitment to a large
programme of nuclear fission power until it has been demon-
strated beyond reasonable doubt that a method exists to ensure
the safe containment of long lived, highly radioactive waste
for the indefinite future." No one could possibly disagree. But
what was not provided-and is still needed-is an ack-
nowledged set of principles by which a judgment could be
made about whether a particular option-say, for disposal of
high level waste-does, or does not, meet the requirements of
safe containment. This is not merely a scientific or techno-
logical problem, nor is it an issue which an independent waste
disposal authority, a civil service, or even a government can
settle on its own, for it is a problem of great complexity and of
great public concern-just what royal commissions are meant
for.
The World Health Organisation has sponsored a recent

attempt (though admittedly incomplete)6 to explain how safe
containment may be defined in the context of high level radio-
active waste. Its working group says (in my view correctly) that
an insistence on the correct use and understanding of words
with emotive connotations is not mere pedantry and it goes on
to define such terms as "concern," "hazard," "probable," and
"risk." The basic equation in the context of nuclear power is
stated: the justification for accepting risks of exposure to
ionising radiation lies in balancing them against the public
health risk of not developing nuclear power, and there is
considerable uncertainty in the estimation of both sets of risk.
Social and economic effects must also be considered, says the
World Health Organisation, but these lie outside its scope. The
group agreed that some hypothetical mechanism may always
be identified by which stored or disposed of radioactive waste
might be unwittingly released, however unlikely this may be,
which would lead to higher doses of radiation in the environ-
ment than those deemed to be acceptable. Nevertheless, this is
not regarded as a barrier to making practical decisions.
Those with suspicions a priori will notice at once that the 30

odd members ofthe World Health Organisation working group
were all without exception professionals already concerned
with radioactive waste disposal and radiological protection and
with more or less official addresses. This should at least
guarantee the accuracy of the technical information provided
and the realism of the recommendations on how to select an
option for waste disposal.
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Institutional malnutrition
Hospital food, school meals, and other institutional catering
share a reputation for predictable awfulness. Modernisation of
facilities has in some instances led to some improvements, but
both the complaints and the improvements have tended to
concentrate on palatability and the variety of the menu rather
than on the nutritional content.

Isaksson discussed hospital diets as a general, worldwide
problem, when he stated that "rarely do physicians take
responsibility for that part of the patient care, particularly if
the patient does not have clear signs and symptoms of mal-
nutrition ... this is one of the reasons why malnutrition may
develop during hospitalisation."l We are still reading reports
such as that of long stay patients with psychiatric illness in a
London hospital who had nutritional deficiency of vitamins C
and D and folate-though without the appearance of clinical
signs.2

Dietary deficiencies have to be of long standing and severe
before signs appear-even in developing countries where
undernutrition is obvious. Nevertheless, doctors do not have to
wait for such signs before becoming concerned. Mortality is
increased in undernourished compared with well nourished
patients after fracture of the femur, and supplementary
feeding improves the rate of recovery.3 The same report shows,
however, that the problem is not as simple as just improving
the menu. Firstly, the undernourished patients arrived in that
state, and, secondly, despite their being offered an adequate
diet while in hospital, their intake remained only 1000 kcal
(4-2 MJ) a day.
The patients most likely to become malnourished are-not

surprisingly-those who are most ill. An additional problem
may be the side effects of treatment with drugs. The relation
between drugs and nutrients is complex-foods may influence
the effectiveness of drugs and interactions may cause harmful
side effects, especially in the elderly.4 Another problem is that
people differ in their nutritional needs. Tables ofrecommended
intakes of nutrients do not apply to individuals, so that it is
difficult to be certain that their diet satisfies their requirements.
Thus illness, drug treatment, poor appetite, and the possi-

bility ofmonotonous menus and unattractive food may all help
to explain a report from the United States that half of all
hospital patients are suffering from some degree of malnutri-
tion-and that between 5% and 10% literally die ofstarvation.5
Two recommendations can be made. Firstly, more attention

should be given to nutrition in medical education so that
doctors can understand these problems better.6 Secondly, the
nutrient content of institutional diets (and indeed of all diets)
should be improved so far as is practicable and palatable.
Since we cannot be certain that every patient is meeting his
nutritional needs, we might attempt to improve all diets. This
can be done partly by better selection of foods and dishes and
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