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Summary

A brief primer on radioactivity is presented then some examples of the beneficial
applications of radioactive materials in several fields including medicine,
pharmaceutical research, agriculture, industry and environmental sciences. These
applications produce radioactive wastes which are classified as exempt, low and
intermediate level, high level and transuranic wastes. Both countries are already
disposing of their low and intermediate level wastes within their borders, but high level
wastes are stored mostly at sites of production, pending provisions for permanent
disposal. A model program for waste management is presented, with major elements
listed as generate, treat, store, release, package/ship, dispose and monitor. The programs
in both countries conform quite well to this model and descriptions of these programs
are presented.
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It is notable that the programs in both countries are progressing very slowly because
government officials seem to require more public support than is feasible in these
democratic societies in a reasonably short period. Any such public support requires a
significant amount of public education to overcome the negative, misleading
information already spread through the political arena and the media.

Furthermore, in both countries, the programs are designed for disposal on land, although
there appears to be significant scientific support for disposal in the sea bed where the
wastes would not recycle into the biosphere. The focus on land disposal seems to be
based on the decisions of the London Dumping Convention where many nations agreed
to a ban of dumping at sea, a common former practice in some countries. A careful
reading of the report of the London Dumping Convention, however, shows that this ban
does not apply to controlled disposals on the sea bed, if it is determined to be
scientifically sound, technically feasible, environmentally safe and more economical
than disposal on land.

It is therefore proposed that an earlier solution than the possible outcome of the present
course may be found by determining whether disposal in the sea bed meets the above
criteria, and, if so, redirecting the disposal efforts accordingly.

1. Objectives and Primer
1.1. Objectives

a) To review some beneficial uses of radioactive materials that cause the generation of
radioactive wastes, to denote the classification of wastes and to present a model
solution to waste management that is scientifically sound, environmentally safe and
economically feasible.

b) To review the actual state of the management of radioactive wastes in Canada and
the United States of America (USA), and account for any delays in finding a
permanent solution.

c) To analyze the major gaps between the optimum process for radioactive waste
management and the previously discussed state-of-the-art. Taking into consideration
the political and social restraints, an attempt is made to put the current management
program into a single management strategy, which allows for the utilization of
appropriate processes/technologies.

d) To suggest corrections that may still be made to achieve an early solution to
radioactive waste disposal in Canada and the USA, and to make critical projections
of the state of the art with a view towards determining probable outcomes.

1.2. Primer on Radioactivity

Radioactive materials contain atoms with an imbalance of protons and neutrons in the
nuclei, causing them to disintegrate spontaneously. These disintegrations result in the
emissions of sub-atomic particles or gamma radiation, which are readily detected by
several types of detectors, the most commonly known being the Geiger counter. Some
radioactive materials occur naturally, such as uranium, radium and potassium-40.
However, there are several artificially-produced radioactive materials such as cobalt-60,
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strontium-90 and cesium-137, generated by bombarding stable (hon-radioactive)
materials with nuclear particles from a reactor or accelerator. Specific radioactive
materials can now be made to order, as needed for particular applications.

Naturally-occurring radioactive materials in the soil and buildings, as well as cosmic
radiation from outer space, provide a continuous stream of background radiation in the
environment. The annual exposure to a person in USA. or Canada from this background
radiation may be approximately 0.9 to 1.7 millisieverts (mSv), depending on the
location of the person (NCRP 1987). To put this level of background radiation in
perspective, it is worth noting that the National Council for Radiation Protection and
Measurements (NCRP) recommends standards of radiation exposure above background
at 50 mSv to occupationally exposed individuals and 1.0 mSv to the general public
(NCRP 1993). These levels should keep any potential risk from radiation well within
the normal hazards of life. Exposure levels less than 0.01 mSv are classified as
Negligible Individual Dose and may therefore be regarded as trivial.

The hazards of radioactive materials are mainly based on the radiation they emit. Hence
it is necessary to explain a little about the hazards of radiation to put the issues related
to the disposal of radioactive wastes in proper perspective. Radiation may originate
from X-ray machines or from radioactive materials which were discovered in 1895 and
1896 respectively. It is important to know that there is no physical difference between
X-rays from machines and gamma rays from radioactive materials. Because of their
different sources, however, X-rays can be turned on and off with a switch, while
radioactive materials emit radiation continuously, until they decay fully to stable (non-
radioactive) conditions. Protection from radiation is obtained by limiting the time of
exposure, shielding or keeping the source at a discreet distance. X-ray machines may
cause radiation damage but not contamination. To illustrate this point, a person may
receive a tan from ultraviolet radiation but cannot share that tan with anyone even by
the most intimate relationship. On the other hand if contaminated liquid or dust falls on
an object, the object becomes contaminated. Hence radioactive materials may
contaminate people or objects. This difference between radiation damage and
radioactive contamination is not fully appreciated by the average person.

When radiation impacts atoms, its energy may disturb the structure of the atom by
knocking off one or more electrons, a process called ionization. This disruption of
atomic structure may lead to damage of cells and also permits the detection of radiation
via gases, liquids or solids. Here is a short answer to the dichotomy presented by
radiation: On the one hand, radiation damage to normal cells may lead to cancer, while
on the other hand radiation may destroy sensitive cancer cells to cure the disease.
Additional details of applications of radioactive materials will be presented later.

Some biological effects of radiation were observed within a few years of its discovery,
largely through the development of techniques for radiography, and the handling of
radioactive materials like radium without adequate shielding and other safety measures
that are common practice today. It is now known that single radiation doses of the
equivalent of 3 Sv may cause reddening of light skin and doses of the next order of
magnitude (ten times higher) can produce skin damage similar to third degree burns.
While some genetic effects have been observed in animal studies, it is important to note
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that the bizarre effects suggested in comics such as Spiderman and the Incredible Hulk
are merely fictitious. Genetic effects from radiation are no different from those due to
other causes such as chemicals. The greatest legitimate concern of populations to long-
term waste disposal is the possibility of the disposed wastes re-entering the biosphere
and causing cancer: hence the need for long-term sustainability in disposal of these
wastes.

It appears that people’s fears of radiation are based largely on exaggerated perceptions
of radiation hazards, based on childhood prejudices from misrepresentations through the
comics and reinforced by distorted treatment of radiation through the media.
Furthermore, part of the mystery of radiation may be attributed to the fact that it cannot
be detected directly by any of the five human senses. The first widely publicized public
incident associated with radiation was due to the use of two atomic bombs on Japan
during the last world war. Although radiation was not responsible for the primary
damage of these bombs, its effects lingered longest in the news, as the casualties are still
being studied. These effects have supplied the scientific world with most of the human
data for studying the long-term effects of radiation on people.

The valuable uses of radioactive materials are based largely on two significant
properties of the radiation they emit: (1) Radiation is easily detected in very small
quantities by extremely sensitive detectors that permit the accurate tracing of the
behavior of chemical substances to which they belong; (2) Large quantities of radiation,
as stated above, can do significant biological damage. A useful analogy to consider is
fire, which in small quantities under controlled conditions can be very useful (e.g.
heating and cooking), but in large quantities under uncontrolled conditions can be
devastating. In many applications, the use of radioactive materials is the least expensive
and easiest method of acquiring the desired result. In other applications, the use of
radioactive materials supplies the only known method of conducting the investigation.
Examples supplied in the next section will clarify these points.
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