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Le but de cet atelier était de discuter et de promouvoir
les applications
L'Energie

futures de la médecine nucléaire .

At'omique du Canada, Limitée

à assister à ce rôle.

(EACL) est
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En plus, un système de

par rapporteurs assura un résumé des discussions
aux sessions et amena l'attention

sur les

reportage
irrégulières

conclusions

pertinentes des gens qui ont participé aux ateliers.

Laboratoires Nucléaires de Chalk River
Chalk River, Ontario KOJ 1J0
1986 Avril
AECL-9.177

ATOMIC ENERGY OF CANADA LIMITED

WORKSHOP ON
NUCLEAR MEDICINE TOMORROW
held at
Chalk River Nuclear Laboratories
1985 August 20-22

Edited by

A.M. Marko

ABSTRACT
The purpose of this Workshop was to discuss and promote
future nuclear medicine applications. Atomic Energy of Canada
Limited (AECL) is determined to assist in this role. A major aim
of this gathering was to form an interface that was meaningful,
representative of the two entities, and above all, on-going. In
the opening address, given by Mr. J. Donnelly, President of AECL,
this strong commitment was emphasized. In the individual
sessions, AECL participants outlined R&D programs and unique
expertise that promised to be of interest to members of the
nuclear medicine community. The latter group, in turn, described
what they saw as some problems and needs of nuclear medicine,
especially in the near future. These Proceedings comprise the
record of the formal presentations. Additionally, a system of
reporting by rapporteurs insured a summary of informal discussions
at the sessions and brought to focus pertinent conclusions of the
workshop attendees.
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PURPOSE OF WORKSHOP
The purpose of this meeting is threefold:
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OF CANADA LIMITED

1. To make the Canadian Muclear Medicine
community aware of the facilities and the
people at AECL Research Laboratories and
in particular its Health Sciences Division.
'["he objective is to identify mutual areas of
interest and the possibility of future collaboration.
2. To make AECL aware of the research and
development activities and the needs of the
Canadian Muclear Medicine community.
3. For AECL and the Nuclear Medicine community together to take a critical look at
the probable future of Nuclear Medicine in
Canada over the next 10 years having regard to the economic and social outlook as
well as technological advances in this and
other fields.
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INTRODUCTORY PRESENTATION BY
J. DONNELLY
PRESIDENT AND CHIEF EXECUTIVE OFFICER
ATOMIC ENERGY OF CANADA LIMITED

It is my very great pleasure to welcome you this morning to the Chalk River
Nuclear Laboratories of Atomic Energy of Canada Limited. As you know, this
two-day workshop is attempting to focus our attention on the trends and needs of
nuclear medicine into the foreseeable future. We all recognize that technology
forecasting is a difficult art but without some clear specific goals, the real
meaningful challenges are never presented adequately to the research
fraternity.
Since AECL's mandate covers the research, development and exploitation of
all aspects of the peaceful uses of nuclear technology, we as a Corporation have
been and remain greatly interested in nuclear applications in the medical field.
This workshop, therefore, I see, as a very important component in our interface
with you, the representatives of the medical community.
My staff very much appreciate the time you have taken from your own busy
schedules to participate in this event. By this participation, I believe you
share my own feelings about the significance of a forum such as this to enhance
the communications between you, the medical practitioners, and we, the
researchers. Before developing my thoughts on the workshop any further, I would
like to take a few moments to give you some of my thoughts on AECL as a whole.
AECL is a technology-driven organization with its roots firmly in research
and development. The role of R&D in this Corporation is prime. AECL employs
some 6 000 staff and operates facilities in four provinces in Canada. Organizationally, AECL consists of the Research Company with laboratories here at Chalk
River and at Whiteshell in Manitoba. Two other commercially-oriented parts of
AECL are:
-

CANDU Operations whose mandate is the engineering and marketing of the
successful CANDU power reactor; and
the Radiochemical Company which sells medical and industrial products
and radioisotopes.

Our Radiochemical Company (RCC) has for many years been the world's largest
supplier of bulk reactor isotopes for research and nuclear medicine, most of
them produced here at Chalk River Nuclear Research Laboratories. In fact, Paul
O'Neill, the President of RCC, was one of the first to offer his support to this
workshop because his Company has a particular interest in a continuing
assessment of basic research either currently underway or anticipated in the
future in the nuclear medicine specialty. This is because RCC is now changing
from its traditional role of basic reactor isotope supplier and plans to become
a world-wide leader in the commercial nuclear medicine supply field. Some
progress has already been made with the Canadian market introduction of "me-too"
products but to advance there must be an exploration of grass-roots ideas
emanating from the persons who use nuclear medicine, namely yourselves.
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I know that you too are involved in research and I have no wish that we
should interfere in any way in your work. But we feel we should know better
what nuclear medicine needs in the future or what avenues of research are being
ignored. It is impossible to gauge how many of your ideas lie within the
expertise of AECL, but I hope that this meeting will give us some better
appreciation. AECL is committed to developing a long-term interface with you,
the nuclear medicine community of Canada.
This workshop is a new venture for our Research Company. My own support
for this workshop stems from my fundamental belief that a meaningful long-term
research program should be established. We will not necessarily be discussing
concepts already visualized, which our Radiochemical Company is more than able
to pursue, but we hope to discuss ideas that are more fundamental such as, for
example, the use of stable isotopes and modes of imaging using radioisotopes.
In turn, we hope that you will take away some ideas from us. Perhaps you will
ask us to research on your behalf some of the new ideas which AECL is developing
for other purposes. The main theme is that no idea is fruitless or too complex
or, for that matter, too simple to be aired at this meeting.
As you well know, the future of nuclear energy is clouded by the perceived
dangers from ionizing radiation. To a much lesser extent, the future of radioisotope diagnosis and therapy may also suffer from this public perception. I
have no doubt that nuclear energy is the only plausible alternative to fossil
fuels now, and in years to come. I see nuclear medicine and radioisotopes also
remaining with us for many years to come. But we must not await a change in
public perception. Canada has built a substantial energy source in CANDU
reactors in Ontario and New Brunswick which have proven to be a very wise
investment. I see the same opportunity for nuclear medicine, especially if
advances in scanning techniques including enhancement of images or if positron
emission tomography becomes more than a research tool.
Although I do not personally have expertise in medicine I would like to
assure you that AECL has a long-term commitment to R&D in this field. It is our
hope that the interface that ought to develop at this meeting will be continued
into the future and that you, the participants, will continue to contribute in
AECL's long term development. Naturally, as a president of a Company that is
seeking to diversify its support, I would be glad if this interface ultimately
led us into some commercially viable enterprises. I do not apologize for this
because that is my job, but only part of it. I am also president of a Company
composed of highly trained scientists and engineers ready to take up any
challenge from any source and explore its theoretical possibilities and then, if
it is feasible, pursue it in the laboratory. That is why I do not want you to
be diffident about expressing ideas of the most nebulous substances.
The AECL staff that are present here today are from Chalk River, Whiteshell
and the Radiochemical Company. Each place carries out its own unique programs.
The scientists represent a diversity of disciplines: physicists, chemists and
biologists. There are also present mathematicians, computer scientists and
marketing people. Although involved in their own ongoing research programs,
these scientists are very interested in the new ideas that will be exchanged at
this workshop.
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Finally, I would ask you to consider my main points -

1.

We are here to promote nuclear medicine in the future, especially Canadian
nuclear medicine. If Atomic Energy of Canada, with its national nuclear
laboratories, can assist in this role then it is determined to do so.

2.

We must form an interface that is ongoing and meaningful. AECL does not
intend to run away with ideas and exclude in any way the Canadian nuclear
medicine community.

3.

AECL, through the Radiochemical Company, plans to become a worldwide
significant player in the nuclear medicine business at the end-product
level. To achieve this we need new product ideas. In return, Canadian R&D
will become the cornerstone of this major commercial activity.

4.

AECL Research Company is prepared to listen to your ideas now and in the
future and to develop a lasting partnership with you.

5.

AECL is prepared to explore any idea to help medical treatment.

AECL.
days.

I know that many of you have questions from your past associations with
I trust that these can be answered to your satisfaction over the next few
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HEALTH SCIENCES DIVISION
Director
A.M. Marko

The objectives of the research work in the Branches of the Health Sciences
Division are summarized as follows:
1.

Radiation Biology Branch - Head, D.K. Myers
1.1

Basic Research on Biological Effects of Radiation
Objectives:

1.2

Assessment of Hazards of Radiation
Objectives:

1.3

Studies on induction of genetic changes and of cancer in
mammals. To explore the effects of radiation damage in
cultured human cells from patients with abnormal sensitivity
to DNA damage caused by radiation and other carcinogenic or
mutagenic agents. Application of this information to
improvements in the diagnosis, treatment and prevention of
inherited human diseases. Extraction of human data on
hereditary disease and cancers. Application of all relevant
data to the assessment of hazards, including risk
estimates.

Risk Estimates for Humans
Objectives:

2.

Studies on biotechnology and DNA structure, with particular
emphasis on use of recombinant DNA techniques. Interaction
of hyperthermia with radiation effects. Molecular biology
of radiation damage to DNA and its repair. Analysis of
genetic effects of radiation in lower organisms. Assessment
of relevant information to suggest improvements in treatment
of cancer and of inherited human diseases.

Participation in work of national and international
committees concerned with risk estimates.

Environmental Research Branch - Head, R.V. Osborne
2.1

Environmental Research
Objectives:

To carry out research related to the fate of radionuclides
in the environment and the effects of radiation on organisms
and ecosystems. To assess low-grade heat for aquaculture.
Also, to develop and refine the use of radionuclides and
nuclear methods in the investigation of environmental
processes.
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2.2

Environmental Processes and Techniques
Objective:

2.3

Assessment: Techniques, Models and Applications
Objective:

2.4

To develop techniques to support the research and monitoring
program.

Dosimetric Research Branch - Head, J.R. Johnson
3.1

Radiation Dosimetry
Objectives:

3.2

To develop techniques for the estimation of doses from
external neutron, gamma, and electron radiation sources and
for the detection of concentrations of radioactive materials
in air and water and on surfaces.

Biomedical Research
Objectives:

h.

To establish criteria, models and experimental methods for
evaluating waste management and disposal sites and the
behaviour of wastes in them.

Analysis and Monitoring Techniques
Objective:

3.

To understand the physical, chemical and biological processes
controlling movement of fluid, dissolved and particulate
materials in the environment so that we can predict the
fluxes of contaminants in environmental systems.

To conduct basic research on the metabolism of radionuclides
to improve the metabolic and dosimetric models used in
internal dosimetry calculations. To develop techniques and
equipment and to maintain and improve CRNL's bioassay and
in vivo monitoring programs. To keep abreast with, and to
contribute to, national and international developments of
internal dosimetry and radiation protection.

Medical Branch - Head, D.W.S. Evans
4.1

Occupational Health
Objectives:

4.2

To promote occupational health and safety of the atomic
radiation workers. To carry out and maintain medical
surveillance of the workforce. To document possible workrelated injuries for submission to appropriate authorities.

Emergency Response
Objective:

To undertake emergency planning of possible injuries and to
provide emergency treatment.
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RADIATION BIOLOGY AT CRNL
D.K. Myers, Head
Radiation Biology Branch
Chalk River Nuclear Laboratories
AECL Research Company
Atonic Energy of Canada Limited

Radiation Biology is one of the four branches that currently comprise the
Health Sciences Division at CRNL. Members of the branch are involved in active
collaboration with certain medical specialties but have until now had little
contact with specialists in nuclear medicine. One of the primary purposes of
this workshop is an exchange of information and I will therefore begin with a
brief overview of the activities in which we are currently involved.
The objectives of work in Radiation biology Branch are (a) to carry out
basic research on the effects of ionizing radiation and related agents on living
organisms, (b) to use this information wherever feasible to suggest improvements
in the prevention, diagnosis and treatment of cancer and of inherited human
diseases, and (c) to assess the hazards of low doses of ionizing radiation to
human beings.
Induction of cancers and of genetic changes have been identified as the two
major hazards of exposure to low levels of radiation. Both are believed to be
caused by changes in the structure of DNA, the carrier of hereditary information
in all living cells. This DNA is exposed to a large number of insults from
various sources including spontaneous degradative changes; low level radiation
contributes a minute fraction to the total. All living cells possess a number
of enzymic systems which actively repair nearly all of the initial DNA damage.
The repair systems are not infallible and occasionally misrepair damage. We
would like to know more about the biological effects of small amounts of
misrepaired DNA damage. A large portion of our effort at CRNL is thus focussed
on the molecular biology of DNA and the repair of DNA damage. In order to
bridge the gap between molecular biology and its practical application to
assessment of hazards in humans, we also have available expertise in animal
studies and in epidemiology.
The facilities available include 8 professionals and 12.4 support staff,
well-equipped laboratories for work in molecular biology, tissue culture
facilities, X- and gamma-ray sources for irradiation at different dose rates, a
fast neutron source, facilities for handling certain carcinogenic chemicals and
viruses, a small animal house for work with mice and rats, a large central
library and computer facilities which are used by all branches at CRNL, good
support from radiation and industrial safety experts, and the opportunity for
collaborative effort with scientists in other disciplines. Collaboration with
personnel in Uosimetric Research Branch has been particularly valuable. Current
research programs in radiation biology are described below.
Recombination DNA Technology projects are carried out by 2 professionals.
We are interested in understanding gene function at the molecular level and what
happens if the sequence of DNA bases is changed in various portions of the gene
(for example, in control areas, in genetic material which is translated into
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functional enzymes in the cell and in the interspersed non-functional
portions of the DNA molecule)• This is a fascinating field of international
scientific endeavour and one which has led to improved comprehension of the
control of life processes at the molecular level. Other work involves
construction of a DNA plasmid which could be used to screen human cell lines for
their ability to carry out recombinational repair of DNA damage, since there are
some indications that certain hereditary diseases in humans may be associated
with an inherent deficiency in this particular DNA repair system. We have also
had until recently a small program on oncogenes (cancer-causing genes) but this
;
o currently in abeyance because of financial constraints.
The Hyperthermia Program involves 2 professionals and is carried out partly
in collaboration with two medical personnel, C. Danjoux and p. Rapphorst, at the
Ottawa Clinic of the Ontario Cancer Treatment and Research Foundation.
Hyperthermia, which has been found to inhibit temporarily the repair of
radiation damage to DNA, is being tested in combination with radiation and/or
chemotherapeutic agents in the clinic for treatment of superficial cancers. Our
role is to try to understand the problems involved and basic mechanisms.
Experiments with yeast cells, being cheap and rapid, are used to explore the
effects of inhibition of DNA repair by hyperthermia and to explore a secondary
phenomenon, the induction of thermal tolerance. Mice are being used to study
the effects of hyperthermia on initiation and promotion phases of the
development of skin papillomas and carcinomas; to date it appears that
hyperthermia may under certain circumstances stimulate the initiation phase but
inhibit the promotion phase of tumor development. These data may well be
relevant to the risk of developing secondary tumors at a later date as a result
of an initial chemotherapeutic treatment of cancer. Cultured human cells are
being used to study the interaction of hyperthermia with radiation and with
selected chemotherapeutic agents for preventing cell proliferation; distinct
differences have been observed in the interactions with different agents. And
finally a secondary project is being carried out in support of an Ottawa
dermatologist, J. Adam, to see if hyperthermia alone would be effective in the
inhibition of cell proliferation and treatment of psoriasis.
Cancer-Prone Families were studied for several years at CRNL with partial
support from the U.S. National Cancer Institute. This program is being
continued by one professional, partly in collaboration with a pediatrician,
Darryl Thomkins, from McMaster University. There are two classical examples of
hereditary deficiencies in the normal DNA repair systems in humans. Xeroderma
pigmentosum patients suffer from inherited defects in repair of DNA damage
caused by ultraviolet light and develop a very high incidence of tumors on areas
of their skin that are exposed to the ultraviolet component of sunlight. Ataxia
telangiectasia patients are hypersensitive to the effects of ionizing radiation
but not to those of sunlight, exhibit inherited deficiencies in repair of DNA
damage caused by ionizing radiation and suffer from many severe clinical
problems including early onset of cancer. Studies on cultured skin fibroblasts
from a variety of other individuals have shown considerable variation in their
susceptibility to different chemical carcinogens and chemotherapeutic agents,
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with smaller variations in sensitivity to ionizing radiation in most of the
cases studied to date. One of our goals is to develop a relatively cheap
screening assay which would be much more rapid than current assays using skin
fibroblasts. This assay might be of some value for screening radiation workers
and could be useful in development of tailor-made individual treatment protocols
in cancer therapy. In the latter case, the purpose would be to determine
whether or not the cells of the cancer patient in question are likely to be
abnormally sensitive or resistant to one particular chemotherapeutic agent but
not to another.
Animal Studies are carried out by one professional in cooperation with
others in the Health Sciences Division. The major portion of this effort has
been devoted to (a) long-term experiments on the relative biological
effectiveness of beta-, X- and gamma-radiations for tumor induction, as well as
to (b) support of the hyperthermia studies. Smaller amounts of effort are
devoted to (c) biological effects of recombinational exchange of genetic
material between chromosomes in fetal cells after in utero exposure to radiation
or a chemical carcinogen, and to (d) support of Dosimetric Research Branch
programs on the internal metabolism of various radionuclides. This last item
may be of most direct interest to specialists in nuclear medicine and will be
dealt with in the next talk at this workshop.
Assessment of Radiation Hazards involves two professionals directly, others
indirectly, and covers a range of topics. A major concern is defining the shape
of dose-response curves: What is likely to be the genetic and carcinogenic
effect of radiation doses which are so low that no effects can be detected
against the normal background of genetic diseases and of cancers in human
populations?
Some of our effort is devoted to basic research on this topic. We
also have a considerable interest in various epidemiological studies, for
example: (a) In order to assess the effect of an increase in mutation rates on
human health, one of the first things we need to know is the normal incidence of
genetic diseases in human populations ana what fraction of these diseases is due
to new mutations in each generation. A major study to obtain this information
was carried out in B.C. ten years ago; a collaborative reanalysis of accumulated
data since that time is currently in progress at the University of British
Columbia with AECB support. These data, like those of the previous study, will
presumably be used by responsible international and national agencies to assess
genetic hazards of radiation, (b) On the basis of epidemiological studies of
thyroid cancers resulting from medical X-ray exposures, primarily those of
children of Jewish descent, it is normally assumed that the thyroid gland is one
of the most sensitive tissues for radiation-induced cancers. A recent Swedish
study on patients exposed to diagnostic doses of 1-131 failed, on the other
hand, to detect any excess of thyroid cancers. We wanted to see if the Swedish
study could be repeated in Canada, which was one of the first countries to use
1-131 for diagnostic purposes. Following preliminary work by Dr. K. Gulenchyn
of Ottawa and Dr. A. Driedger of London, Ontario, a detailed study of past
records was carried out by Dr. T. Anderson of Vancouver with AECB support. It
appeared unfortunately that the desired epideraiological study could not be
carried out in Canada because a large proportion of the relevant paper records
had been destroyed. Computerised records in nuclear medicine are expected to
provide a better basis for such epidemiological studies in future, (c) An
in-house study on the mortality of past CRNL employees is continuing. To date
there is no indication of detectable long-term health effects resulting from
past occupational radiation exposures at CRNL.
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Another activity in which we have been involved in collaboration with
Radiation Dosimetry branch is review of the scientific data relating to relative
carcinogenic hazards of radioiodines, tritium, radon daughters, uranium ore
dusts, etc. This list could presumably be expanded to include other
radionuclides of special interest in nuclear medicine if required.
Divisional Activities involving all of the branches in the Health Sciences
Division might be noted under a separate heading. In addition to a variety of
ad hoc activities such as the present workshop, our Divisional Director
organizes an Annual Radiation Protection course lasting one week. Dr. A.
Driedger from London, Ontario, has generously given a talk on nuclear medicine
at this course for a number of years in succession, so that participants in the
course have also been introduced to some of the basic concepts in nuclear
medicine. Various members of the Health Sciences Division participate in
scientific meetings of the AECB Advisory Committee on Radiological Protection,
the International Commission on Radiological Protection, the United Nations
Scientific Committee on the Effects of Atomic Radiation, the International
Atomic Energy Agency and other related organizations. The Health Sciences
Division as currently constituted includes some of the best expertise in Canada
on estimation of the radiation doses that people are likely to receive from
various sources, the probable effects on humans and on other living organisms,
and practical measures for radiation protection. It is anticipated that this
expertise will be maintained following the reorganization of the AECL Research
Company which is anticipated over the next few months.
We trust that this overview has given you some idea of our expertise and
activities, and are looking forward to learning more during the next two days of
this workshop about the future requirements in nuclear medicine.
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DOSIMETRIC RESEARCH AT CRNL
J.R.A. Johnson, Head
Dosimetric Research Branch
Chalk River Nuclear Laboratories
AECL Research Company
Atonic Energy of Canada Limited

The Dosimetric Research Branch is a relatively new branch of the Health
Sciences Division at CRNL. It was formed by merging the Biomedical Research and
Health Physics Branches and currently consists of 8 professionals and about 20
support staff. The Branch responsibilities include supplying an internal and
external dosimetry service to Chalk. River Nuclear Laboratories (CRNL) and to the
Radiochemical Company (RCC), conducting a research and development program to
support this service and to develop specialized monitors for CRNL, and
conducting a general research program on radiation monitoring and dosimetry for
radiation protection purposes. Branch staff are also asked to serve on a
variety of committees and working groups that develop national and international
radiation protection criteria and procedures.
Dosimetry Service
Employees at CRNL operate and maintain high flux reactors, zero power
research reactors, radioisotope production facilities, accelerators,
experimental fuel laboratories and waste management facilities. In addition
much of the research and development carried out at CRNL involves work with
unsealed radioactive materials. During the course of this work, employees are
exposed to radiation fields (gamma, beta and occasionally neutrons) and to the
possibility of inhaling or ingesting radioactive material. In order to quantify
doses from exposures to gamma and beta fields, thermoluminescence dosimeters
(TLD's) in badges are issued to all employees and "finger tip" and other types
of TLD dosimeters are issued to selected employees as required. These TLD's are
read on a CRNL-developed system that is also used by most of the dosimetry
services in Canada. Doses from routine exposures to neutrons are measured using
a damage track detector system (CR-39). Possible inhalations or ingestions of
radioactive materials are evaluated using excreta analysis (usually urine) or by
various in vivo monitoring procedures. CRNL has developed techniques to analyse
urine for a large number of radionuclides, and has state-of-the-art capabilities
to monitor for lung contamination by low energy photon emitting radionuclides.
Dosimeter and Monitor Development
CRNL has a long history of dosimeter and monitor development, mainly
because in many cases we required these devices long before they were
commercially available. Over the years we have developed numerous monitors,
some of which are currently available through licencees. Current work in this
area includes:
examining the use of lasers to heat TLD's (to increase reliability and

improve cost) and the use of "glow curve" analyses to reject
erroneous results
developing tritium monitors that distinguish between tritiated water
and tritiated hydrogen gas for use in tritium extraction plants and
prototype fusion reactors
-

extending the energy and dose dependance for neutrons monitoring
using track damage detectors, and developing a new concept for
neutron detectors

-

developing an 1-125 specific, radioiodine monitor

-

Examining the usefulness of multi-wire open window proportional
counters for low energy beta monitoring.

Doslmetry - Calculations
Dosimetry calculations can be divided into external and internal dosimetry
for the sake of convenience, although there is no clear cut division between
them, and many of the same skills are required for both. CRNL has carried out,
and continues to carry out, calculations on neutron, gamma and beta external
dosimetry, but a detailed discussion of these are beyond the scope of this
report.
CRNL has a major program in internal dosimetry calculations. The program
initially concentrated on extending ICRP recommended metabolic and dosimetric
models to age groups other than adults. This work was required to support other
programs within AECL and the nuclear industry for environmental assessments and
licensing documents. During this work, we have developed detailed models of
bone dynamics, and of lung deposition and clearance.
Our work on lung models can be divided into three categories. The first of
these is a model for gas dynamics. We have developed a model to describe
tritiated hydrogen gas uptake and clearance, and extended this model to include
xenon and radon gases and their radioactive progeny. The second area of
modeling we have worked on is for vapors and aerosols with short radioactive
half-lives, where detailed deposition in the tracheo-bronchial tree is important
for dosimetric calculations. These models have been applied to radon daughter
exposures in mines and dwellings. The third area is for insoluble aerosols with
long radioactive half-lives, where regional deposition (particularly in the
pulmonary region) and clearance is of utmost importance.
More recently this program has extended to much more detailed work, and
includes detailed modeling of iodine, iron and carbon metabolism, and
considerations of energy deposition on a cellular and sub-cellular scale. This
work is expected to continue at CRNL and it is this area that we see as most
likely to result in collaborative programs with people working in nuclear
medicine.
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RESEARCH AT WNRE
H.M. Johnson
WNRE Environmental Authority
Whiteshell Nuclear Research Establishment
AECL Research Company
Atomic Energy of Canada Limited

INTRODUCTION
Good morning ladies and gentlemen, I am very pleased to have the
opportunity of presenting the work of the Whiteshell Nuclear Research
Establishments (WNRE) to you. And I thank the organizers of the Workshop for
giving me the opportunity of sharing in this learning experience. Some of you
know us very well at Whiteshell. Dr. Lentle, for example, had a career term in
our Health and Safety Division and has continued interactions with the site for
over a decade* Others of you from Western Canada also know the capabilities and
excitement of our research laboratories.
It is a formidable task to represent the creative pursuits of the
multidisciplinary Whiteshell staff. Before I attempt to give you an overview of
our programs and our capabilities, let me describe our locale and our
facilities.
WNRE was conceived in the late fifties as a logical extension of the work
of Atomic Energy of Canada Limited (AECL) into Western Canada. The laboratories
were established with the following purposes:
to place high technology laboratories in a Western locale devoid of this
resource and otherwise economically depressed.
to expand AECL laboratories beyond the facilities of the Chalk River
Nuclear Laboratories.
to provide a new site for the specific development of the organiccooled, heavy-water-moderated reactor.
The site selected for these laboratories was northeast of Winnipeg along
the Winnipeg River. For this purpose, the residential community of Pinawa was
established and this village has developed into an active society of 2300
persons.
Our laboratory setting is downstream of Pinawa in a tract of 40 square
kilometres of land set aside by the Atomic Energy Control Act as a designated
"Protected Place". The site is twenty-three years old, is the workplace of 1100
employees, and has achieved social, economic and technical goals of which AECL
and the Canadian public can be proud.
For example, the organic-cooled reactor was proven to be a viable concept
and capable as an alternate to CANDU; the Establishment is the largest single
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employer in Eastern Manitoba; WNRE has trained, or encouraged, a large number of
local apprentices to become ticketed journeymen, local young people to become
skilled technologists, professionals and administrators and provided a secondary
economic base for local service contractors which has given them a thriving
livelihood.
The Whiteshell Nuclear Research Establishment is a self-sufficient site
with a complete range of facilities, from laundry to design engineering services
in support of the research and development programs- The research programs are
divided amongst four divisions plus a new business project, as listed below
-

Waste Management Division
Applied Science Division
Chemistry and Materials Science Division
Mini-Reactor Business
Health and Safety Division

I would like to describe the action in each of these divisions briefly and
concentrate on some of the capabilities of the Health and Safety Division in the
final instance.
WASTE MANAGEMENT
The Canadian nuclear fuel waste management program is centred at WNRE. The
intensity of organization of this project, nationally in Canada, is akin to the
NASA effort to put a man on the moon. Many consulting firms, universities,
government departments and research laboratories have a role to play in this
project. The Canadian concept is centred on emplacement of nuclear fuel waste
in crystalline rock, and to this end a world class research laboratory is being
excavated out of the Lac du Bonnet pluton near our facilities. This Underground
Research Laboratory will operate at a depth of 240 m in a portion of a granite
block that has dimensions of 60 x 25 x 15 kilometres and has been stable for a
billion years. The rock is one of 1500 plutons on the Canadian Shield, devoid
of mineral content, massive and stable and seemingly a logical place for
emplacement of high-level nuclear waste somewhere in Ontario and sometime in the
next century.
Research includes cladding the waste, backfilling the disposal vault with a
selected buffer, sealing the disposal vault, understanding the hydrogeology of a
disposal site, and modelling of the possible transfer of any dissolved
radionuclides to man. Each of these capabilities is being developed in our
laboratories.
This highly mission-oriented research must have sufficiently complete
documentation by the end of this decade to enter into public hearings in the
nineties and construction of a facility somewhere in Ontario in the next
century.
APPLIED SCIENCE
The Applied Science Division operates major facilities and undertakes
research primarily directed towards reactor safety and advanced reactor fuels.
Some of this research is supported by the beneficiaries of the knowledge:
Ontario Hydro and the Electric Power Research Institute in the U.S.A. The WNRE
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computing facility and the Hot Cells Facility, as well as other major
laboratories, are operated by this division.
The Hot Cells Facility is particularly worthy of note. It is the only
facility of its kind in Western Canada and has shielded cells capable of
handling 370 TBq (10 000 curies) of cobalt-60. These cells are equipped with
remote manipulators and are used for examination of fresh reactor fuels and for
reprocessing experiments in support of advanced fuels research. They were used
to examine the radioactive debris from the Russian satellite, Cosmos 954.
A long campaign of fuel reprocessing studies called the Thorium Fuel
Reprocessing Experiment has been completed in these cells. These experiments
have involved much support from reactor physics and from analytical service as
well as extensive chemical engineering in the study of separating fissile and
fertile fuels for future fuelling of the CANDU reactors, beyond the use of
uranium.
The Hot Cells Facility is also supported by separate alpha-laboratories in
containing glove boxes in which high-level alpha activity is handled in
controlled and isolated containment.
Another notable project in this Division is the Containment Test Facility
in which hydrogen deflagration tests are performed using geometrical shapes
similar to those of the CANDU system. These studies are important for the
handling of radiolytically produced hydrogen in the reactor core.
Finally, the RD-14 Loop is a major thermalhydraulic research facility, six
stories tall and requiring 11 megawatts to drive its heaters. This facility is
capable of simulating many reactor piping and cooling accidents. These tests
generate computer models that provide the basis of safety studies in support of
reactor licenses.

CHEMISTRY AND MATERIALS SCIENCE
The Chemistry and Materials Science Division encompasses the Materials
Science Branch, the Analytical Science Branch, the Research Chemistry Branch and
the Radiation Applications Research Branch. Work by the first three of these
branches is described by their names. Their research tools are at the forefront
of their respective disciplines and the Analytical Science Branch, in
particular, provides a high-quality analytical service that meets on-site and
off-site needs.
The newly formed Radiation Applications Research Branch has groups
concerned with food and agriculture, physics and accelerators, and industrial
applications.
The three groups represent a new push by our site to use the irradiators
available through the Radiochemical Company in new markets. For example, the
food group is advancing the use of irradiators to extend the shelf life of
delicate fruits, vegetables and fish.
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The accelerator group is working to define a role for accelerators invented
in Chalk River and built in Ottawa. High through-put medical product
sterilization facilities, for example, will provide high radiation doses from
accelerators as an alternate to cobalt-60 sources in the future.
The third group is applying radiation to the radiolytic detoxification of
polychlorinated biphenyl (PCB), and in industrial processes in which
sterilization is a necessary part of bacteriological contamination control.
The collective aim of these groups is new business for and new market
applications of AECL's existing radiation technology.

MINI-REACTOR BUSINESS
Many of you are familiar with the AECL SLOWPOKE reactor system. Six of
these reactors operate in Canadian research centres, currently. They have a
power output of 20 kilowatts and are useful research tools, licensed for
unattended operation up to twenty-four hours. They are self-regulating and
convection cooled. Hence, they are simple heat sources, requiring little
attention and have few moving parts.
This concept is being exploited in a new generation of small reactor
systems for heat and electricity. Currently, a demonstration model with a
thermal output of 2 megawatts is under construction at Whiteshell. Cogeneration of electricity and heat for local distribution from such a system is
considered to be competitive with diesel electric generation in northern
Canadian communities. The concept is attracting increasing interest offshore as
well.
A substantial market appears to exist for this new product. 1 expect that
you will be hearing more about the SLOWPOKE Energy System in the Canadian press
in the next year when the current demonstration model has achieved criticality.

HEALTH AND SAFETY DIVISION
The WNRE Health and Safety Division is composed of the five groupings shown
below:
-

Environmental Research Branch
Medical Biophysics Branch
Medical Services Branch
Radiation and Industrial Safety Branch
WNRE Environmental Authority.

The Environmental Research Branch is divided into sections dealing with
ecological research, meteorology and environmental monitoring.
Ecological Research encompasses studies of environmental radiation and the
movement of radionuclides in soil, particularly soil of the Canadian Shield.
The environmental radiation studies use large cesium-137 sources elevato] in
towers in the midst of controlled areas. The FIG (Field Irradiator-Gamma)
experiment involves a large gamma radiation source that irradiates a kilometre
diameter tract. The botanical aspects make this a unique experiment yielding
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data that are applicable to the understanding of radiation stress on the
Canadian environment. A companion project called ZEUS has irradiated hectare
area tracts of meadow in a bushland setting to study radiation stress on the
meadow vole. This experiment has involved demographic and physiological studies
of the mouse population subjected during their nine-month life span to a uniform
radiation dose rate in their natural habitat.
The study of radionuclide movement in soils has been concentrated on
long-lived nuclides such as technetium-99, to provide data to develop a computer
code for predicting nuclide transport for the waste management program.
Meteorological research supports the waste management program and provides
an on-site service. Mobile facilities for airborne concentration measurements
and fixed meteorological monitoring stations have been used to obtain data for
computer models that predict airborne transfer of material from ground sources
and from elevated sources. This model has been tested internationally. It is a
basis for evaluation of on-site releases as well as a tool for predicting the
impact of postulated airborne releases in impact studies.
The major tools and services that are available to the Environmental
Research Branch are shown below. Of course, the environmental monitoring
section is a major analytical tool that supports the branch's research program
as well as monitoring the environmental impact of the Whiteshell site.
-

Field Irradiators
Field Laboratories
Herbarium
Environmental Monitoring
Radioana]ytical Service
Meteorological Stations.

Research in the Medical Biophysics Branch is divided into the four
categories shown below:
-

Kadiobiology
Radiation Biochemistry
Biochemical Technology
Molecular Radiobiology.

I want to briefly mention some projects which are underway in this branch
and to describe specialized capabilities of the researchers that may interest
you.
Scientists in this branch use cell cultures to investigate the nature of
radiation damage and the manner in which this damage may lead to consequences
for the whole organism. Over two dozen cell lines are maintained in the cell
culture facility, including bone cell progenitor cells.
In a recent study, the occurrence of multiple centrioles in C3H-T10 1/2
cells was studied by immunofluorescent staining of tubulin. Cytoplasmic
microtubule organizing centres were made visible by disrupting the microtubules
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and allowing them to reform. Within 48 hours after the administration of
1 Gray (100 rads) of x-radiation, the number of microtubule organizing centres
increased compared with the number in non-irradiated cells. The combination of
biochemical tools, microscopy for gross-structure observations, electron
microscopy for ultrastructure observations, and tissue culture facilities make
such studies possible.
The importance of activated oxygen in one of its several forms has been a
focus of attention by this branch. Superoxide radicals, hydroxyl radicals,
singlet oxygen, ozone, and peroxides have been implicated in pathological
conditions. Radioprotective enzymes remove the toxic components before they
attack cellular targets, and they provide protection to the cell in addition to
the repair enzymes, which remove selective DNA damage.
Superoxide dismutase is an enzyme that detoxifies the superoxide oxygen
radical. In a recent study, for example, phospholipid model membranes were
irradiated by incubation with tritiated water at a variety of dose rates to a
dose of b Gray (600 rads). Radioprotection effects of 80-90% were achieved by
use of superoxide dismutase in the model system.
The branch has learned to isolate superoxide dismutase and to use the
enzyme in a variety of radiobiological studies. This has led to the further
development of this enzyme from human sources. Clinical application of superoxide dismutase will initially exploit the drug's anti-inflammatory property in
the treatment of arthritis and the treatment of radiation side effects in
radiotherapy patients.
Thus these laboratories have demonstrated a capability of producing and
characterizing this drug with high purity, high stability and high specific
activity. This is a competence that the group can carry forward to other
enzymes.
Monoclonal antibodies to enzymes have been developed by the Medical
Biophysics researchers, and these offer potential applications in research and
medicine. Hybridomas that synthesize and secrete monoclonal antibodies with
desired characteristics are stored cryogenically and aliquots of the cells can
be used as needed. For example monoclonal antibodies to the cupro-zinc form of
human superoxide dismutase that recognize either the active or inactive
superoxide dismutase fractions but not both have been isolated. This capability
can be carried forward to the production of similar antibodies to other
enzymes.
I mentioned earlier that the laboratory has over two dozen cell lines in
its culture facility. This capability offers an opportunity of investigating
the carcinogenicity of a compound using a variety of cells. End points such as
survival, ability to transform to the cancer state, ability of transformed cells
to be brought back to normal, and ability to induce chromosome aberrations can
be studied.
The analtyical cell sorter in this laboratory will analyze a large number
of cells, rapidly, on a cell-by-cell basis. This is a laser-based instrument
with computer control that can characterize cells by size, viability, and
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membrane structure, and uses light scattering and fluorescent properties to
examine macroraolecular composition.
In addition to these capabilities the Medical Biophysics Branch operates a
whole body counter and a bioassay service. Liquid scintillation counting,
specific gamma emitting nuclide counting and gross-alpha and gross-beta counting
equipment are available. The radiochemical laboratory performs uranium, thorium
and plutonium assays. Hence this is a workplace monitoring capability that can
be applied to the mining industry, to contamination clean-up operations, or to
health care centres.
The main facilities of the Medical Biophysics Branch are listed below:

-

-

Irradiators
Cell Culture Facilities
Analytical Cell Sorter
Fluorescence Spectrometer
Fluorescence Microscope
Transmission Electron Microscope
Bioassay Laboratory
Liquid Scintillation Counter
Whole Body Counter

The Radiation and Industrial Safety Branch provides services of dosimetry,
contamination control and education. Amongst these services is the capability
for response to off-site emergencies and waste handling expertise. The branch
has portable equipment and packed supplies for response to off-site incidents on
short notice.
The Branch currently organizes courses on the handling of radioactive
material for site employees. A number of persons from industries in the West
have also joined the on-site courses for training. This service is being
organized into a formal offering of a technical radioactive material handling
course with hands-on experience in our laboratories. This course may be of
value to nuclear medicine departments in the training of their staff.
Pyrohydrolysis Incineration
The wNRE Environmental Authority and Chalk River have jointly sponsored the
testing of a new incineration concept, which is called pyrohydrolysis
incineration. Essentially waste is consumed at high temperature and high
pressure in the presence of excess steam. The off-gas is scrubbed and filtered
and can be exhausted without the treatment required in an excess-air
incinerator. Large volume reductions of liquid and solid feeds have been
observed.
I envision the production of an autoclave-sized device for the volume
reduction of nuclear medicine wastes, prior to their disposal in a radioactive
waste facility.
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A particular interest of mine in our informal discussions will be to
understand the manner in which you handle your radioactive wastes, what the
costs are, and what the market potential is for a volume-reduction device suc.-.
as the pyrohydrolysis incinerator.

SUMMARY
In review then, researchers in the WNRE Health and Safety Division operate
in the context of a large multi-disciplinary research site at the Whiteshell
Nuclear Research Establishment. The Division is akin to a mini-institute,
undertaking research, providing services and teaching. We have capabilities
based on our research programs, the talents of our staff and our capital
equipment and facilities that may be of use to you.
More than describing our capabilities, I hope to understand the
requirements you have and to identify areas in which we may assist in the
quality and efficiency of your health care contributions.
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INDUSTRIAL TOMOGRAPHY - AN OVERVIEW OF THE CRNL PROGRAM
C.J. Allan, Head
Instrument Development Branch
Chalk River Nuclear Laboratories
AECL Research Company
Atomic Energy of Canada Limited

Transmission tomography (CAT scanning) is widely used as a non-intrusive
imaging technique in medicine. We believe that its ability to generate
distortion-free images of test objects, be they solids or liquids, will be of
interest to industry.
Potential industrial applications include:
R&D studies of such things as multi-phase flow/mixing, casting and
extrusion processes,
-

inspection of products such as spent fuel containers, test fuel,
ceramics, rocket motors, complex castings and structures, concrete
columns and beams, turbine blades, artillery shells, and

-

dimensional measurements of the internals of complex objects and
vessels such as castings, moulds, and even rotating machines.

In these applications tomography can provide precise and detailed data that
has not, heretofore, been possible to obtain.
To develop this technology as an industrial tool we have constructed a
first generation translate-rotate scanner which we are using to demonstrate the
technology to industry. We are also using it in our fundamental R&D program
which we are carrying out so that we are in a position to:
-

specify the limits of the technology,

-

evaluate the efficacy of using tomography in any given application,

-

perform service inspections, and to

-

specify, design and build state-of-the-art instrumentation for
transmission tomography.

We are currently exploring methods that can be used to extend the limits of
the technology e.g. by using region-of-interest tomography.
We believe that the features of tomography of most interest to industry
are the ability to:
-

distinguish features within complex geometries where other nondestructive testing (NDT) techniques are difficult to apply because
of the complexity of the geometry,
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detect/locate small density changes/defects within objects, e.g.
void fraction measurements within thick-walled vessels, shrink
cavities in castings, etc.
provide quantitative data that can be used in analyses, e.g. of
complex processes, or fracture mechanics, and
provide objective quantitative data that can be used for (computerbased) quality assurance decisions, thereby reducing and in some
cases eliminating the present subjectivity often encountered in
NDT.
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RF AND MAGNETS
R.H. Hutcheon
Accelerator Physics Branch
Chalk River Nuclear Laboratories
AECL Research Company
Atomic Energy of Canada Limited

As a practitioner in the field of applied radiofrequency (RF) and magnet
technology my credentials for talking at a nuclear medicine workshop would
appear to be tenuous at best - and yet my area of technology has increasing
application to some related areas of medicine. To cite a few examples: A CRNL
team of Rf and magnet specialists developed an electron accelerator based cancer
therapy system, the THERAC 25, a unit that extended our radiation therapy
capabilities beyond those of the venerable old cobalt machine. Groups of
physicists at the Ontario Cancer Institute (OCI) in Toronto, the Ontario Cancer
Treatment and Research Foundation (OCTRF) and the National Research Council
(NRC) in Ottawa are working on the development of clinical applicators for
hyperthermia using both RF and ultrasound. The Nuclear Magnetic Resonance (NMR)
imager groups at OCI, Toronto and St. Joseph's in London are developing better
RF receiving coils (so-called "head coils") to improve resolution. For the past
two years, a small group at CRNL has been using RF and magnet technology to try
to develop a relatively non-invasive method to measure temperature distributions
inside people.
A few branches at CRNL have expertise which could contribute to development
of medical systems, and we thought you should be told of the capabilities and
interests of Accelerator Physics Branch. A brief historical survey of the
evolution both of accelerator technology and of the branch will be followed by a
"gee-whiz" demonstration of the type of work Accelerator Physics Branch does,
emphasizing areas where there have been and, in future, might be medical
applications•
The original mandate of the CRNL Accelerator Physics Branch was to develop
a proven design for a 1000 MeV, 300 mA proton accelerator to be used for
breeding fuel for nuclear reactors. This would be the great grand-daddy of all
radioactive isotope producing linear accelerators. When the project started in
1968, almost all components needed fundamental development, including high
current ion sources, RF and direct current accelerating structures, RF sources,
beam handling, control and diagnostic systems — all were in infancy! As well,
the scientists were mostly new to the field, coming from disciplines such as
plasma, reactor, nuclear and aeronautical physics. Only in the past few years
have most of the individual building blocks been brought to the practical
feasibility stage. However, the urgency for nuclear fuel breeding, at least in
the near future, has recently vanished — largely because of enormous uranium
finds in Saskatchewan.
While breeder accelerator development was taking place at CRNL, similar
expansion and development of accelerator systems was occurring both in the USA
and Europe, primarily aimed at production of proton beams for high energy
particle physics research. One spin-off of this development was smaller, more
practical, cheaper and better engineered accelerator components which made
possible commercial application of accelerator technology. Large research
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cyclotrons had been producing medical isotopes, but now dedicated isotope
producing "baby" cyclotrons were possible and it was realized that, on a reduced
scale, breeder accelerator technology might be used for commercial radioactive
isotope production. The only question was one of economics.
The first linear accelerator intended for dedicated commercial radioactive
medical isotope production was the New England Nuclear 50 MeV deuteron
accelerator — but it was finally mothballed without being fully commissioned,
partly because of technical problems but primarily because the bottom dropped
out of the market for the particular isotope it was designed to produce. At
present, Benedict Nuclear has a joint venture with the Department of Energy and
Los Alamos Laboratories to build another radioactive isotope producing linac,
based on refined technology which, they hope, will make it commercially viable.
At CRNL, the breeder accelerator program and subsequent spin-off programs
have generated a very broad range of accelerator and RF technologies within
Accelerator Physics Branch. The various RF systems developed span a frequency
range from 30 to 3000 MHz, peak power levels from microwatts to megawatts and
average powers up to 200 kilowatts. Magnet systems, both room temperature and
superconducting, have been developed for handling particle beams as diverse as
10 MeV electrons and 1000 MeV singly charged uranium ions — many are unique
state-of-the-art designs and have been patented. Accelerating structures as
diverse as 60 MHz heavy ion cyclotrons, 3000 MHz coupled cavity electron linacs
and 270 MHz proton radiofrequency quadrupoles have been built- Beam diagnostic
and control systems were also developed for most of these systems, including the
capability to study beams as diverse as a 0.5 amp 50 kV dc proton beam, a 25 mA
4 MeV CW electron beam and a 1 GeV heavy ion beam.
An example of spin-off technology having application to medicine is the
THERAC 25 electron accelerator project. While modeling the high energy portion
of the fuel breeding linac, Stan Schriber realized that a scaled down section of
standing wave coupled cavity structure could be used in a very efficient compact
cancer therapy system. He also realized that one could pass the beam through a
standing wave structure twice and double the efficiency. To realize such a
system, the group had to develop machining, assembly, brazing and tuning
techniques for long, multi-cavity copper sections of accelerator structure. As
well, two very unique magnets were designed (and patented) and detailed
experiments were performed to learn about optimization of x-ray producing
targets. This electron accelerator based cancer therapy unit is now in
hospitals in Canada and the USA, but further production has been cancelled.
Another area of spin-off technology with recent application to medicine is
that of large high-field magnet systems for NMR systems. These require fields
between 1.5 and 10 kilogauss with a uniformity of better than 10"^ over a
region 50 cm long and 60 cm diameter. The lower field value is accomplished with
"normal" room temperature magnets, but the high fields are only achievable with
superconducting magnet systems, a technology largely developed by the large
accelerator development groups.
At Chalk River, the idea of a very compact and efficient cyclotron based on
superconducting magnet technology was conceived and patented by Bruce Bigham and
Harvey Schneider. The Superconducting Cyclotron project developed from this —
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a multi GeV heavy ion research accelerator for Nuclear Physics Branch. The main
magnet is a solenoid of 1.5 metres inside diameter which, even without an iron
core, produces a 35 kilogauss field. The coil is wound with 15 kilometers of
17 mm x 4 mm cross-section copper wire in which are embedded 54 individual
niobium-tin filaments each of 0.25 mm diameter. The whole magnet is encased in
a super-insulated liquid helium cryostat. The beam is guided out of this large
field by a series of very small compact superconducting dipoles and quadrupoles
with very specially designed field shapes. Thus the technology for the design
and construction of very specific magnets spanning the extremes of size and
field strength have been demonstrated at CRNL, and with the increasing
application of NMR techniques to medical diagnosis, sue1-" specialized magnets may
be required.
As a final demonstration of the application of RF and magnet technology to
medicine, the hyperthermia treatment problem, at present being studied by
several groups, will be outlined. There are two main problems here: (1)
delivering the heat (i.e., RF power) to the treatment area while minimizing the
heating outside the area, and (2) accurately measuring the 3-dimensional
temperature distribution inside a person, preferably with a non-invasive
technique. The first problem is concerned with the design of RF antennae with
well defined radiation patterns which couple power effectively into lossy
liquids (i.e., the human body). Many studies have been done to determine the
optimum frequency for heating various tissue types at various depths — the
problem is not yet totally solved, but many very clever applicator (antenna)
designs exist (ridge waveguides, dielectric loaded guides, phased arrays) which
are the stock and trade of RF and microwave technology.
The second problem for hyperthermia, that of temperature distribution
measurement, has recently been approached with RF technology. All warm bodies
emit small amounts of microwave radiation (so-called black body radiation), the
amount increasing with temperature. The measurement of this radiation has
recently been developed as a technique for measuring general sub-cutaneous
temperatures, but the depth and spatial resolution is not sufficient for deep
hyperthermia treatment. A small think-tank group at Chalk River has been trying
to develop another technique which would use an NMR imager to measure the
magnetic state of small ferromagnetic particles distributed through the volume
being treated in the patient. The magnetic particles are chosen with a "Curie"
temperature such that their magnetic moment changes with temperature over the
range of desired hyperthermia treatment temperatures. Many problems remain to
be solved before even the feasibility of such a method can be proven. The
understanding, design and manufacture of suitable magnetic particles involves
the co-operation of experts in magnetic materials, RF properties, nuclear
magnetic resonance, and colloidal chemistry. Devising and testing magnetic
particle delivery systems could involve experts in body chemistry and function,
immune response and toxicity, small animal handling and trace analysis.
Obviously, the development of such a treatment technique requires a broad range
of interdisciplinary co-operation.
At Chalk River, we are fortunate to have many disciplines assembled in one
location with easy access to each other. Interdisciplinary co-operation is
easier here, especially with the small town atmosphere and close association
after working hours. However, because of our isolated location, contact with
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the outside world is more difficult. Thus on behalf of all CRNL I make a plea
— bring us your problems! If you need development or require assistance in an
area where CRNL has a relevant discipline, contact us and see if we can be of
help. Co-operation with outside groups on medical problems is certainly part of
the AECL mandate.
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INTEGRATED RADIATION MONITORING
AND ARCHIVAL (IRMA) SYSTEM
A.C. Capel
Electronics Branch
Chalk River Nuclear Laboratories
AECL Research Company
Atomic Energy of Canada Limited

Electronic information systems will continue to have an increasing impact
in medical applications. While the work at the Chalk River Nuclear Laboratories
has been directed mainly towards process control applications, many of the
requirements are similar, e.g. reliability of both the system and the
information delivered, guaranteed data delivery speed. New integrated
information systems are capable of acquiring real-time data, storing it in
archiving data bases, and delivering timely information pertinent to the enquiry
at hand.
For example, information acquired from discrete patient monitoring
equipment can be integrated and processed by data base and expert systems so
that emergency events can be predicted and staff alerted and provided with
timely concise diagnostic information. Such systems should not be confused with
accounting systems which generally have lower reliability constraints and do not
operate in real-time.
Integrated information systems combine four functions into a cohesive set:
sensing, communications, information storage and display. Since sensing devices
will be obtained from a variety of vendors, it is essential that a standardized
interface be available. The communications function will make use of modern
electronic networking technology, and for reliable time critical applications
the IEEE 802.4 or IEC Proway standards* are most appropriate. Information
storage will generally require that completely redundant copies of all
information be stored to meet reliability and continuous operation targets. The
display function is the least developed technology of those needed; in addition
to providing an easy-to-use interface, this function must include modern expert
system and knowledge system attributes so that adequate information filtration
is available to the user.
The Integrated Radiation Monitoring and Archival (IRMA) system has been
proposed to meet the area radiation monitoring needs of future CANDU power
stations. IRMA will exploit over ten years of CRNL experience with data
networking and data base systems. Using the IEC Proway data network standard, a
single CATV-style coaxial cable is laid throughout the power complex to acquire
data from radiation sensors and provide display terminals wherever required.
Off-site access would be available using gateways to the standard telephone

* Institute of Electrical and Electronic Engineers 802.4 Token Bus committee is
chaired by R.H. Douglas of Concord Data Systems, Phoenix, U.S.A. The author is
the Canadian representative to the International Electrotechnical Commission
Proway working group.
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based Public Service Data Network (PSDN). A modular approach is taken to permit
the addition of more functional elements later, e.g. for personnel dose
accounting. This partitioning strategy, along with the use of standard
interfaces, permits individual functions (sensors, displays, data bases) to be
acquired and installed largely independently thus simplifying the design process
and reducing the installation schedule.
This presentation has briefly outlined the promises of fully integrated
information systems for real-time applications. We envisage many applications
for this technology, including medical ones where reliability and timeliness of
the information are essential. Standardized local area networks provide for the
flexible physical siting of multi-vendor acquisition and display devices, and
data bases and expert systems provide for the display of concise information to
facilitate rapid responses to emergency situations.
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STABLE ISOTOPES
D.K. Evans
Physical Chenistry Branch
Chalk River Nuclear Laboratories
AECL Research Company
Atomic Energy of Canada Limited

INTRODUCTION
Stable isotopes used in nuclear medicine and elsewhere come mainly from one
supplier, Oak. Ridge National Laboratory (ORNL) in the United States. They
supply about 75% of the stable isotopes used in the western world with most of
the remainder coming from the Soviet Union. This paper will describe the
operation at ORNL and its limitations, present an overview of the various
methods of enriching isotopes and conclude with a description of the programs at
CRNL which involve research in isotope enrichment.
PRESENT SITUATION
Enriched stable isotopes have been supplied by ORNL since shortly after the
end of the Second World War. The equipment used there is a modification of part
of the CALUTRON (CALifornia jJniversity cycloTRON) facility constructed to
provide uranium-235 for the Manhattan Project.
This facility consists of electromagnetic separators which have a small
production capacity but are versatile enough to be tuned to allow enrichment of
most of the stable isotopes, with varying degrees of purity. Isotopes of small
natural abundance whose mass lies near that of a very abundant isotope are
difficult to enrich to high isotopic purity using the CALUTRONS.
For the last few years, funding has not been sufficient to operate enough
CALUTRONS to maintain a diverse inventory of isotopes and each time a price list
is published many isotopes are not available. For example, the April 1984 price
list showed that, of the about 60 elements with two or more isotopes, ORNL was
out of stock for at least one isotope of 21 elements. Different isotopes are
out of stock at different times, and it is likely that the situation will get
worse. Our concern as Canadian users of stable isotopes is that it is very
likely that foreign needs will be met only after US domestic needs are
satisfied. An official of the United States Department of Energy (USDOE) has
stated that while the users of stabler isotopes are international, the US
Congress/DOE produces these isotopes for domestic needs and interests. Thus any
shortages in supply will be felt outside the United States first.
The pricing policy at ORNL is such that when a new separation and recovery
of an isotope is completed, there will be a sudden large increase in price. For
example, new supplies of silicon and iron were added to the inventory between
the January 1985 and April 1985 prices lists. Table 1 shows the changes in
price for isotopes of these elements and checking with ORNL staff confirms that
this is the pattern to expect.

- 32 -

TABLE 1.

Isotope

Fe-54

-56
-57
-58
Si-28

-29
-30

PRICES FOR STABLE ISOTOPES FROM ORNL

Jan. 85 Price
(?US/mg)

Apr. 85 Price
($US/mg)

1.69
0.09
11.02
28.00*

5.75
0.40
16.25
150.00

0.84
3.07
5.62

0.90
27.00
48.00

Apr. Price/Jan. Price

3.0
4.4
1.5
5.4 (2.1*)
1.1
8.8
8.5

* Fe-58 was $70.13 US/mg in 1983 and 1984.
ISOTOPE ENRICHMENT TECHNIQUES
There are many ways of enriching one particular isotope of an element. For
simplicity these have been divided (somewhat arbitrarily) into three types which
are shown in Table 2.
TABLE 2.
1.

METHODS OF ISOTOPE ENRICHMENT

Mechanical Methods:
-

centrifuge
diffusion
nozzle

-

distillation

2.

Physical Property Based:

3.

- plasma centrifuge
- plasma separation process
electromagnetic
- molecular laser isotope separation
Thermodynamic Processes:

atomic vapour laser isotope separation

-

hydrogen sulphide-water exchange (heavy water)
electrolysis

The centrifuge, diffusion and nozzle techniques are used or proposed for
use in enriching uranium in U-235 for use in light water reactors. A gas
centrifuge spins a high vapour pressure compound, usually uranium hexafluoride,
very rapidly to get a very small difference in the concentration of the isotopes
across the machine. By cascading many of these machines, an enrichment of three
or four fold is obtained. Similarly, a diffusion process repeats a very small
enrichment step many times by forcing the gas through tiny holes. The nozzle
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process also requires cascading of many steps. Distillation takes advantage of
the small difference in the boiling point of different isotopic species and is
often used in the final stages of heavy water production.
Atomic vapour laser isotope separation is based on the small shift in the
absorption frequency of the different isotopes of elements in the gas phase.
Precisely chosen wavelengths of light will be absorbed by only one isotope which
becomes ionized. An electric field can then be used to remove that isotope from
the mixture. because there is a high probability of collisions with the other
isotopes leading to charge exchange, the initial high selectivity of the
ionization steps may be lost if the density of the atomic vapour is too high.
Thus very pure isotopes can only be obtained by this process if the throughput
is low. The two "plasma" processes each involve accelerating charged particles
through a magnetic field. In each case, high single step enrichment is
difficult to achieve at high throughput. Molecular laser isotope separation is
still in the research phase and while there is a large potential, more
development is required before such a process can be applied.
The exchange of deuterium between hydrogen sulphide and water is the basis
for the first stages of heavy water plants. This is a well understood process
involving many small enrichment steps and is economic for ton quantities of
heavy water. Whether similar processes could be developed, especially for the
heavier elements, is yet to be determined. Electrolysis is an alternative
process for the final purification of heavy water to reactor grade.
In all of these processes the main goal has been enrichment of very large
quantities of isotopes, usually uranium-235 or deuterium. Production of small
quantities of a wide variety of isotopes is only possible using an
electromagnetic separator and this is the process that AECL is investigating as
the basis of a proposed enrichment facility.
In many cases, one can see that the different processes could be placed
under one of the other headings depending on the characteristic of the system
which is used for the decision. All of these processes also tend to fall into
two other groupings: large quantities combined with relatively small enrichments
or small quantities combined with large enrichments. Because small amounts of a
radioisotope do a large job in diagnosis or therapy and often because minimizing
the dose to the patient requires high isotopic purity, the latter case is
usually the one of interest in medical procedures. A high price for an isotope
does not rule out its use. For example, a mass of tellurium-124 equal to the
mass of a five-cent coin would cost almost $70 000.00 CDN. A great deal of
research has gone on around the world for the last few years into new mean*: of
producing slightly enriched uranium-235. This research is not likely to i <
cheap, high purity isotopes of other elements.

RELATED RESEARCH PROGRAMS AT CRNL
A variety of research and development programs at Chalk River are related
to the enrichment of isotopes. In the Physical Chemistry Branch there are
programs in solution phase thermodynamic equilibrium chemistry of isotope
partitioning including the relevant kinetic studies to determine the rate of
reaching equilibrium and a fairly extensive fundamental program of catalysis
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research. In Chemical Engineering there is a large catalysis development
program, which includes other aspects of application of the catalysts developed
at CRNL in addition to isotope enrichment. Also in the Physical Chemistry
Branch, there is a program of fundamental research in molecular laser isotope
separation which includes a modest understanding of laser physics. Complementing all these programs is the necessary expertise in analytical chemistry in the
General Chemistry Branch which gives us the ability to develop new methods of
determining isotopic concentrations in samples. Finally, AECL is the world
leader in ion source development and has experience with large magnets. This
combined with the chemical skills on site allows us to consider building an
electromagnetic isotope separator in Canada which would remove the uncertainties
in supply because of the situation at ORNL. In the near future, it is very
likely that AECL will decide to enter the business of supplying enriched stable
isotopes.
SUMMARY
There is a great deal of uncertainty in the supply of stable isotopes for
users outside of the United States (the internal supply could also be in
trouble, but that is less likely). Many isotopes are not available at any
particular time; however, development of new procedures requires small
quantitites of the suggested isotope and such development will not be possible
if all the available production capacity is used to keep up with the demand for
the currently used isotopes.
Development of new uses of different stable isotopes requires more than the
medical research. The list in Table 3 shows some of these requirements. At
CRNL, we can provide most of the first four requirements and workshops or
meetings such as this could provide the fifth. Working together, we may provide
better means of diagnosis and treatment of illnesses.

TABLE 3. ADDITIONAL REQUIREMENTS FOR GENERATING NEW TECHNIQUES
USING STABLE ISOTOPES
1.
2.
3.
4.
5.

Availability of stable isotopes as precursors
Irradiation mechanism - reactors or accelerators
Chemical processing before and after irradiation
Design of measuring equipment - detectors, tomographs
Continuing interaction of 1-4 with the medical community
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NUCLEAR MAGNETIC RESONANCE (NMR)
Dr. John Saunders
Division of Biological Sciences
National Research Council of Canada
3111 Sussex Drive
OTTAWA, Ontario K1A 0R6

Nuclear magnetic resonance has been a friend to chemists for decades. As
the technique became increasingly sophisticated, due to higher magnetic fields,
wider magnet bores, and the use of complex computing methods, the viability of a
variety of biological applications became apparent. NMR is now an established
technique in physical biochemistry. More recently the ultimate application —
to living systems, both inanimate and animate — has been realized. In this
lecture I should like to give you an overview of the possibilities in the life
sciences, beginning with simple systems, and ending with the most complex —
man.
The proton ( H) is the best-loved NMR nucleus, since it has a high
detection sensitivity and a vast literature of chemical studies. However, in
contemplating its use for a biological system one might justifiably be
intimidated by the wealth of different but similar proton resonances available
in such a system, not to mention the strong water resonance. The spectrum on
the left of Figure 1 shows that these fears are quite justified — that on the
right shows that the difficulties can be largely overcome. These spectra are of
whole human blood. The water signal has been suppressed by saturation, but the
spectrum on the left shows a wavy baseline and broad shapeless resonances in
addition to some possible narrow resonances. Application of a sine-bell
deconvolution routine to the raw data which led to the left spectrum results in
the right spectrum. The latter is more like the type used by chemists, and can
be analyzed in terms of about twenty chemical components. Recently we have
found this useful in studying the toxic or deleterious compounds present in the
blood of patients with kidney disease, and in monitoring the efficacy of blood
purification techniques (1).
Figure 2 shows H NMR spectra of suspended tumour cells, and of a piece
of tumour. By the conventional wisdom no such high resolution spectrum should
result. It appears that cancer cells have in their membranes regions akin to
the fluid centers of golf balls. They are attached to large, slow moving
systems (cell walls), but internally they experience a rapid rate of molecular
reorientation. It is this motion which leads to the narrow resonances. Even
more interesting is the relaxation behaviour of the methylene resonances from
the triglycerides in these structures (at 1.2-1.3 ppm). In cancer cells, or
tumours, with a strong tendency to metastasize, at least one of these resonances
will have a long transverse relaxation time (T£ > 500 m s e c ) , compared to the
more usual short values (100-300 msec). This phenomenon occurs with no
exception in tumour cells and in tumours implanted in rats ( 2 ) . Recently, in
collaboration with our Australian colleagues and the Ottawa Civic Hospital we
have been examining human tumours for this behaviour. We do indeed find the
long relaxation times, most of the time, and are now following case histories to
see if the predicted metastases will occur.
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Another powerful nucleus which has been helpful to chemists is
F«
Unfortunately it does not occur in natural systems, and so we have little
opportunity to take advantage of its high detection sensitivity and wide scale
of chemical shifts. However, it is present in a variety of important drugs.
Figure 3 shows an innovative use by Malet-Martino et al. (3) of
F NMR to
follow the metabolites of the anticancer drug 5-fluorodeoxyuridine. The **F
spectrum of a urine sample from a patient treated with this drug shows patterns
due to unaltered drug and two metabolic products.
31
An extremely useful nucleus for the study of biological systems is
p.
It is relatively easy to detect and has a reasonable chemical shift scale.
Figure 4 shows the
P spectra of blood from a normal mouse and from a mouse
infected with malaria (4). The resonances marked NTP are due to adenosine
triphosphate, a principal energy source of the cell. Separate resonances are
also due to the two phosphates of 2,3-diphosphoglyceric acid (DPG), inorganic
phosphate ( P p , and serum lipid (SL). The resonances of both ATP and DPG
levels are lower in the parasitized cells. The low DPG level reflects the
anemia which accompanies malaria, since DPG is an effector of O2 uptake and
release by hemoglobin.
Further insight into the biochemistry of the red blood cell parasitized by
malaria can be gained by the use of
C NMR. This nucleus occurs naturally
at the level of only 1%, so isotopic enrichment is often necessary. Figure 5
shows the
C resonances due to the C-l carbon of the alpha- and betaanomers of glucose in malarial blood. The parasite metabolizes glucose very
rapidly, as seen by the rapid decrease in intensity of these resonances with
time. Note also the increase in the resonance due to lactic acid, the metabolic
product from glucose. Using the rates of glucose metabolism as a monitor, it
has been possible to test the relative efficacies of a variety of antimalarial
drugs ( 5 ) .
Thus far we have discussed relatively simple systems. Let us turn now to
an intact organ — perfused liver. Using a variety of life-supporting devices
(6) it is possible to maintain a mouse liver viable in an NMR spectrometer for
about 24 hours. Good
p PNMR spectra, such as those in Figure 4, can be
obtained in several minutes — the ATP levels can be used to monitor the
biochemical health of the organ. A variety of metabolic experiments can then be
performed, but I would like to mention only one, which I think has great
potential for future studies. The liver is the main factory for detoxification,
and hence, drug metabolism. If we inject a drug into the perfusion line, most
of it is immediately absorbed by the liver. Labelling the drug with
C
enables us to observe it readily via NMR, Figure 6. Note that as time goes on
the signal due to the drug decreases rapidly. Where is the signal due to the
product of metabolism? In this case an unfortunate choice of labelling site was
made — the methyl groups are converted to CG^* which is lost in the gas
exchanger of the life support system. Nevertheless, the experiment is
relatively easy to do, and a wealth of possible applications come to mind.
Chemical kinetics in an intact body can now be done by NMR ( 7 ) . Figure 7
shows us the •* P NMR spectrum of a crayfish tail (actually the abdomen; tail
is a common misnomer). The fast-acting energy source, arginine phosphate,
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is produced from ATP by the reaction:
Arg + ATP

^

Arg-P + ADP

The equilibrium levels of reactants are easy co measure by integration of the
various peaks in the
P NMR spectrum, but how can one measure the rates of
the forward and backward reactions? Is the reaction at equilibrium? A clever
NMR experiment, known as inversion spin transfer, can answer these questions.
We can irradiate a single resonance in the
p spectrum, using what is
called a soft 180° pulse, such that this resonance will appear inverted in the
NMR spectrum. If the species that is inverted, say the phosphate of Arg-P,
shortly finds itself part of an ATP molecule due to chemical reaction, then that
ATP resonance will be partly inverted. B} following the response of the
connected resonance, the rate constant can be measured. The experiment can be
done in both directions, and the chemical flux calculated. The reaction was
found to be essentially at equilibrium. Since crayfish can survive in water
from 5° to 30°, it is possible to measure the temperature dependence of the rate
constants, and hence the activation energies (41.8 and 46.8 kJ'mol ,
forward and reverse reactions).
For NMR measurements on whole animal or human bodies, new wide-bore magnets
and different probe configurations had to be designed. For animal work,
experiments can be done in bores of 30 cm at H NMR frequencies of 200 MHz;
for whole adult humans the highest frequency used for H so far is about 85
MHz. As an example of spectroscopy on humans I would like to use a recent
example from the literature. Figure 8 shows the
P NMR spectra of the
liver of a human baby with cancer of the liver ( 8 ) . The usual resonances are
there, plus one, labelled PME, which we have not discussed so far. This
resonance was a faithful indicator of the response of the tumour to chemotherapy. Note its relatively low intensity in the lower two spectra from
different regions of the now-recovered liver. It appears that this biochemical
indication of tumour response precedes by considerable time the morphological
changes. Thus, when searching various combinations of chemotherapeutic agents
for the most effective, NMR should save considerable tine and discomfort for the
patient.
An entirely different NMR technique has become almost routine in radiology
departments of modern hospitals — NMR imaging. In this technique large magnet
fipld gradients of known direction traverse the body, leading to NMR resonances
at different frequencies depending on the physical location of the nuclei. By
the use of several gradients, and image construction algorithms, images of ths
human anatomy can be made. They resemble those produced by the X-ray technique
of computed axial tomography (CAT scanning). The NMR images are mostly done
with protons for the moment, but in principle can be done with a variety of
other nuclei. The NMR technique lias no trouble seeing through bone, and is not
known to have any detrimental effects on humans. Two such images are shown in
Figures 9 and 10. The degree of contrast in these pictures can be varied widely
by the use of relaxation sequences, or contrast reagents. The latter was used
to enhance the brain tumour in Figure 9.
At this juncture the applications of NMR to biology and medicine are
growing at an unbelievable pace. Spectroscopy on well-defined, reasonably small
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volumes of the human body is already possible. The next decade should bring
major advances through the use of labelled compounds and nuclei other than
hydrogen for imaging. This area of investigation is a splendid example of the
interdisciplinary approach to research that is necessary to solve difficult
problems. In this blend, chemistry and one of its major analytical tools, NMR,
play principal roles. Excitement and employment for chemists should derive in
good yield from this area.
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FIGURE CAPTIONS
1

Figure 1.

H NMR spectra (500 MHz) of human blood, without and with
treatment by a sine-bell function.

Figure 2.

H NMR spectra (400 MHz) of the mammary adenocarcinoma cell line J
Clone. A. Solid tumour excised from a rat. B. Cells in suspension
in aqueous medium (2).

Figure 3.

19

F NMR spectra (250 MHz) of fluoroalanine (FBAL) and fluoroureidopropionic acid (FUPA), metabolic products of 5-fluorodeoxyuridine, in the urine of a patient treated with the anticancer drug
(3).

Figure 4.

-**P NMR spectra (121 MHz) of whole blood from (a) normal mice,
and (b) mice infected with Plasmodium berghei, a malarial parasite.
to b'i7o. For abbreviations see text (4).

Figure 5.

13C NMR spectra (75 MHz) of glucose, labelled at C-l with
13C, of a dimethylsulfoxide in a capillary tube, and of the
lactic acid produced from glucose by the malarial parasite in the
blood of a mouse, as a function of time after glucose addition to
the blood.

Figure 6.

C NMR spectra (75 MHz) of a perfused mouse liver before
(bottom) and at different times after addition of aminopyrine
labelled on an N-methyl group with * C (6).

Figure 7.

•^p NMR spectrum (121 MHz) of the abdomen (muscle) of a live
crayfish in a 20 mm NMR tube (7). The spectral assignments are the
same as in Figure 4, with the addition of Arg P (arginine phosphate)
and SP (sugar monophosphates).

Figure 8.

•* f NMR spectra (33 MHz) of the liver of a human child suffering
from Stage IV neuroblastoaia, taken as a function of time, (a) At
first presentation, patient age £a. 4 weeks; (b) 4 weeks later, 10
days after X-irradiation; (c) 8 weeks later; (d) 16 weeks after
initial response to treatment; (e) and (f), 24 weeks after initial
response to treatment, coil above different parts of liver

Figure 9.

H NMR image (10 MHz) of a human head, showing location of brain
tumour, with contrast enhanced by injection of Gd-DPTA (Courtesy of
Dr. H. Poste, Bruker Medizintechnik GMBH, Karlsruhe, and Professor
Wenz, RSntgen Institute, Freiburg University, Germany).

Figure 10.

H NMR image (10 MHz) of human female pelvis showing metastasis
from cervical carcinoma to region of coccyx (Courtesy of Dr. H.
Poste, Bruker Medizintechnik GMBH, Karlsruhe, and Professor Wenz,
RSntgen Institute, Freiburg University, Germany).
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NUCLEAR MEDICINE - THE PARTY IS OVER!
Michael J. Chamberlain
Director of Nuclear Medicine
University Hospital
LONDON, Ontario N6A 5A5

Any specialty based on a particular technology or disease is inherently
vulnerable in a world of rapid technological advances. The leech specialists
and the tuberculosis specialist have both experienced declines whereas the heart"
and kidney specialists go on forever!
Not surprisingly new technologies have come along and quite legitimately
replaced nuclear medicine diagnostic techniques because they are quicker,
cheaper, more sensitive and safer or perceived as safer. Ultrasound and nuclear
magnetic resonance (NMR) imaging are undoubtedly aided in their take over of
former nuclear medicine territory by the fact that they do not use ionizing
radiation. This safety advantage is legitimate but is often perceived to be of
greater importance than may be the case. The irrational fear of ionizing
radiation is not simply going to go away and may lead to the more rapid
embracing of these alternatives to nuclear medicine techniques than would
otherwise be the case. For that matter I see very little attempt being made by
Canadian nuclear medicine physicians to educate the public or their colleagues
on the facts of radiation and its danger.
Nuclear medicine physicians often become annoyed when the lay public or
even their colleagues over-emphasize the dangers of radioactivity. Ironically
they are guilty of the same error in defining their specialty and their right to
occupy certain territory in terms of their knowledge of and ability to handle
radioactivity. This leads to two unfortunate scenarios as technology advances.
A nuclear physician may be expert in receptor binding assays but justifies his
or her provision of the diagnostic service to the hospital because they are
radioimmunoassays". Along comes an advance and the radio label is replaced
by fluorescein or an enzyme. Immediately the territory is lost to a biochemist
or endocrinologist because radioactivity is no longer involved. All the other
knowledge and expertise, which in reality is much more important than the
particular nature of the label involved, then goes for naught. Alternatively a
new radiopharmaceutical is developed which makes accessible some diagnostic area
not previously within the nuclear physician's purview. His claim to be an
instant expert in that area merely because the diagnosis can be made by a
radionuclide technique is hardly credible. In the recent "who does what"
disputes between nuclear physicians and cardiologists some nuclear physicians
rightly lost out when their claiir to cardiological expertise was a direct
consequence of the availability of radio-thallium.
Over production of physicians is evident in North America and throughout
the western world. Competition between different specialty groups for a
shrinking share of the market is entirely predictable. Nuclear medicine
physicians will be subject to this competition and are generally poorly pliicM
to resist it.
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Nuclear medicine has repeatedly provided exquisite tools to explore
physiology and pharmacology in a research setting. The adoption of a large
volume service role is a recent phenomenon and probably merely a temporary
aberration when looking at the whole history of nuclear medicine. Even in
recent times the economics of nuclear medicine practice have differed
substantially from those of diagnostic radiology and have suffered because of
the lack of the equivalent of the chest X-ray. By this I mean an examination
which is very rapidly read and reported and which is ordered uncritically on
every patient who is admitted to hospital and on every subsequent occasion that
he or she coughs, hiccups, vomits or taints.
I find completely unconvincing the prediction of Wagner^ and others that
there will be a great proliferation of Positron Emission Tomography (PET) units
each with its own cyclotron and the ability to carry out dynamic biochenical
measurements in brain, myocardium etc. I believe that exciting research work
will be done in a handful of established centres (probably those which are
already established, including three in Canada). That work may well lead to all
kinds of advances in diagnosis and treatment but there is no reason to suppose
that PET will be generally applied to a mass market. The best may yet be to
come for a privileged tew nuclear physicians in PET facilities but this will be
scant comfort for the rank and file in district general hospitals. It is
important to remember the disparity between pharmacology and therapeutics. One
measures by the milliequivalent and subsequently treats by the bucketful.
I am extremely skeptical concerning the probability of the wide spread use
of radiolabelled monoclonal antibodies in the detection let alone the treatment
of malignant disease. Will testing be like that for allergies with a battery of
15 or 20 reagents? Consideration of blood flow alone makes it most unlikely
that tumour detection will occur with a functionally significant (in terms of
metastasis) improved sensitivity over existing techniques. Consideration of
general non-specificity of tumour markers, the variability of their presence and
their concentration lead me to conclude that the wide spread use of monoclonal
antibodies for tumour detection will be a bust — yet another failure of the
magic bullet dream! Monoclonal antibody research may produce interesting and
useful radiopharinaceuticals such as white blood cell labelling agents and will
probably produce in vitro tests for the presence of tumour. The problem is that
there is no particular reason why the latter should require radioactive labels.
My scepticism also extends to the hope that what is being achieved in
research centres by PET today will be done by quantitative single photon
emission tomography (SPET) tomorrow. In my view SPET offers a useful but
marginal improvement on conventional planar scintigraphic imaging. I do not
believe that it can be made sufficiently quantitative for biochemical studies.
Nor do I believe that the necessary equivalent "physiological" radiopharmaceuticals are about to be developed. Like others in the audience I have seen
iodoamphetamine scans of the distribution of cerebral blood flow achieved at a
cost of $400.00 - $600.00 for iodine-123 alone. They seem to me very poor value
for money and will remain so even if the price of iodine-123 comes down and its
availability goes up. Don't look for salvation in that direction.
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London, Ontario, unlike many Canadian communities, has had fully-developed
nuclear medicine services in its three major hospitals for over ten years. It
is generously provided for with staff and equipment as compared with the rest of
the country. At University Hospital the nuclear medicine workload has been
carefully and consistently measured. The workload peaked in 1982, whether
measured in work units or in procedures, and has since declined. The figures
are shown in Table I. The overall decline has been 11% but this includes a 24%
decline in in vivo studies compensated for by a sharp increase in in vitro work.
This has been achieved by hanging on to thyroid function tests even though
fluorescence polarization assays have replaced radioimmune assays.
Of course you will say that the decline reflects the involutional
melancholia of the Director and if he had any get-up and go new tests would have
been introduced to replace those which have become obsolete or otherwise fallen
from favour. It is difficult for me to refute the charge but in my defence I
would point out that:
1.

We were the first to introduce SPET in Canada and that our second SPET
camera has been operating for two years.

2.

Large numbers of gastrointestinal motility studies are being done.

3.

Labelled white cell and platelet studies are routine.

4.

Pulmonary ventilation studies have increased substantially due to the
introduction of radioaerosols including the development and marketing
of our own aerosol delivery system.

5.

A 24 hour service is offered throughout the year.

6.

The department is fully open to practitioners in the surrounding area.

The decline has occurred in spite of all this. We operate in a hospital with an
aggressive, competitive diagnostic radiology department offering high quality
CT, ultrasound, digital intravenous angiography, interventional angiography and
whicli is just about to install the second NMR unit in the city. I know that
workloads are not yet declining in many other Canadian centres but the decline
has been noted in places in the United States with a fully developed Nuclear
Medicine service. I suggest that the University Hospital experience is showing
you the shape of things to come.
Unfortunately the compartmentalized nature of medical specialties and "who
does what" disputes make it very difficult for changing utiliztion of different
diagnostic modalities to be accommodated smoothly, economically and without
wastage of highly trained personnel.
But what about those academic nuclear medicine centres for which the future
is so bright. Unfortunately most academic centres are very heavily dependent on
the service workload subsidizing the academic endeavours. I can illustrate this
by looking at the financial facts of life for the Division of Nuclear Medicine
at the University of Western Ontario.
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Let me boast a little and say that this is a relatively large and
successful academic unit, at least in Canadian terms- Our faculty consists of
10 nuclear medicine physicians and 1 endocrinologist, 5 physicists, 1 computer
scientist and 1 chemist. We have a variety of graduate students, research
fellows, secretaries and technologists. The annual budget is well in excess of
two million dollars. Of this only 1% is "hard money" from the University. This
includes the total University contribution to salaries, secretarial support,
supplies, teaching etc. The clinical activities of the Division generate the
major part of the budget and in the last two years $600,000.00 per year has been
obtained in research funding. You can see how vulnerable the operation is to
any decline in the service workload and hence in the income derived from it.
Large though the research grants may seem they can only work in departments
physically provided, staffed and equipped in the name of the service operation.
Thus the academic activities are utterly dependent upon the continuing ability
of the service work to generate funds. I believe there is good evidence to show
that this ability to generate funds is in decline and about to decline further.
Please don't shoot the messenger who brings the bad new but, ladies and
gentlemen, the party is over! Nuclear medicine will survive. The scientific
and intellectual activities of nuclear medicine will thrive. The party is over
for nuclear medicine as a large volume prosperous specialty of wide diagnostic
application.
1

Wagner, H.N. Jr. Nuclear Medicine in the 1990s: The Challenge of Change SNM Scientific Meeting Highlights. JNM 26: 679-686 1985.

TABLE 1
UNIVERSITY HOSPITAL LONDON
NUCLEAR MEDICINE WORKLOAD

YEAR

UNITS

198U
1981
1982
19»3
1984
1985 (projected)

443,672
489,279
570,842
556,326
546,068
508,068

1980
1981
1982
1983
1984
1985 (projected)

357,237
399,375
443,970
410,158
376,516
339,096

TOTAL IN VIVO + LAB
1982 - 1985 11% decline

TOTAL IN VIVO ALONE
1982 - 1985 24% decline
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NUCLEAR MEDICINE:
THE BEST IS YET TO COME
Brian C. Lentle
Department of Nuclear Medicine
Cross Cancer Institute
Edmonton, Alberta

INTRODUCTION
An attractively simplistic distinction to make is the one between the
ambiguity and allusion of art forms and the linear progression of scientific
thought from insight to hypothesis to experiment. The reality of course is that
science is a confusion of imagination and endeavour. For a profession such as
ours, therefore, which must be research based and forward-looking, there is an
inescapable conclusion: We are not observers of the future so much as agents of
change.
To that extent neither a bleak nor an optimistic view of the future
represents an objective reality, and either can be self-fulfilling. I wish to
suggest that the clinical science of nuclear medicine has not yet run its
course. I am reminded of a physicist who was providing advice to one of his
graduate students in the late nineteenth century. He contemplated the
comfortable analogy of reality provided by the Bohr atom and said, in effect,
"that physics had yielded nearly all of its secrets," and he suggested to the
student that he might like to make a career elsewhere.
What I propose to do is to describe a general frame of reference for the
future of nuclear medicine and then look at certain particular examples of that
future. It will become obvious that I am not about to suggest that we make our
careers elsewhere.
FRAME OF REFERENCE:
My thesis is a simple one.

It is that:

The most powerful single tool available to us to study bodily function of life
is positron emission tomography (PET). What can now be achieved by PET should
provide the impetus for the developments in nuclear medicine which will be
applied to the evaluation of disease five and ten years from now, perhaps using
single photon emission tomography (SPET).
However, I believe we must also do more than look introspectively at our
clinical science; we must put it in a wider perspective.
CARDIAC NUCLEAR MEDICINE
The investigation of heart disease has been one of the major growth areas
in nuclear medicine during the last decade.
Cardiology, has in large part, focussed in particular on coronary artery
atherosclerosis (CAA). There are, conceptually, three approaches to this
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disease now possible using radionuclide methods:
1.

Myocardial perfusion imaging -

Tl-thallous chloride.

2.

Myocardial function/wall motion imaging-

3.

Myocardial infarct imaging-

Tc-red blood cells.

Tc-pyrophosphate.

The role of nuclear medicine has come to be chiefly that of selecting out, among
patients with a high probability of CAA, those to be investigated by more
rigorous and invasive means. Epidemiologists call this selective screening as
distinct from whole-population screening, but like any screening method such
techniques should have the following attributes:
1.

Low false negative rate (or high negative predictive value).

2.

Low cost.

3.

Low risk.

4.

High patient acceptability.

Radionuclide methods meet those constraints but it is useful to examine the
changing technology. The next generation of computed tomographic (CT) scanners
is appearing with an exposure time of 50 milliseconds. Such a prototype device
has been built at the Mayo Clinic with exposure times of 20-40 msec. These
devices permit serial cardiac images to be made without gating. The use of
contrast media will permit studies of contrast density and hence blood flow
reserves, particularly using digital angiography. However, digital angiography
has not reliably proved able to yield images of the smaller branches of the
coronary arteries.
Thus for the forseeable future (1) the evaluation of the patient with
ischemic heart disease, prompted by considerations of safety and costeffectiveness, may be as follows:
Coronary anatomy: selective arteriography (?digital subtraction).
Global and regional left-ventricular function: radionuclide
ventriculography, rapid CT, echocardiography.
Myocardial perfusion: PET, SPET, dynamic CT.
Myocardial metabolism: PET, i-iRI.
Myocardial tissue characterization: MRI, ultrasonography, PET.
Receptor studies: sclntigraphy, SPET, PET.
The bedside use of radionuclides is also a major factor to consider in this
context because nuclear magnetic resonance (NMR) and CT machines are fixed and
potentially inaccessible to the very sick, and this is particularly true in
respect of NMR.
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Parenthically one can add how little simple operational research has been
done in comparing these methods and how poorly designed has been that which has
been done.
PET does offer the nearly unique capacity to study myocardial metabolism
and this has been done with "F-fluorodeoxyglucose. However, the usual
cardiac metabolic substrate is free fatty acid and iodinated free fatty acids
have been extensively investigated as agents for myocardial imaging. Tellurium
substitition into free-fatty acids causing them to block metabolic pathways ( 2 ) ,
by analogy with fluorodeoxyglucose., may be a method by v;hich such agents can
become clinically relevant.
Horizons need not be limited to the concepts which already define practice.
With the observation that
I-metaiodobenzylguanidine (MIBG) localizes in
tumors of the adrenal medulla and some analogous tissues (3) its use reveals
localization at sites where APUD cells (that is cells with a high amine content,
cells which show enhanced amine precursors or uptake and which have the property
of decarboxylation) are richly present. Quantitative studies of MIBG uptake in
the heart and other organs are underway in several centres (4). It may well be
that such studies are the first skirmishes in the single photon equivalents of
PET receptor studies.
In terms of both capital and operating expense as well as availability and
the modest radiation exposures involved, it seems likely that radionuclide
methods will remain a vital part of cardiac investigation.
NEURO-PSYCHIATRIC NUCLEAR MEDICINE
The central nervous system is the site of diseases which have enormous
socio-economic consequences. Such diseases include the psychoses, cerebro—
vascular disease and the pre-senile dementias such as Alzheimer's disease. In
ageing populations such as those in Western countries the adequate care of
patients with these diseases is vital both from the perspective of the patient
and his or her family, and society. And yet there is not, as yet, even a
satisfactory nosology in respect of the psychoses. The availability of an
objective standard by which to at least diagnose and classify the psychoses is
crucial to any hope that such disorders can be treated more effectively than at
present.
The sheer scale of this problem is reflected by the fact that in the US and
Canada Alzheimer's disease afflicts from 1.6 to 2.2 million persons and in
excess of 110 000 die of it each year. One in eight Canadians can expect, for
example, to be hospitalized for mental illness at least once during his or her
lifetime with schizophrenia causing about 30 000 hospital admissions yearly in
Canada.
Of course the wish for an objective means of diagnosis does not create the
reality. However, PUT does seem to be on the verge of bringing some order to
the nosology of psychiatric disorders. The difficulties which have had to be
overcome reflect the complexity of the technology: The understanding of novelty
effects and the need to examine untreated patients are typical constraints ( 5 ) .
Nevertheless, there is now general agreement that in chronic schizophrenia the
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frontal regions are characterized by less glucose consumption than the occipital
regions, perhaps particularly on the left. Reduced glucose uptake has also been
reported in the frontal regions of the brains of depressed patients.
Receptor studies promise to change the diagnosis of brain disease even more
dramatically as has been pointed out by Wagner (6). For example, patients with
Parkinson's disease have a decrease in both dopamine synthesis and dopaminereceptor levels between the ages of 19 and 70, and more marked in men. This
subject has been the subject of several reviews (7-10).
The role of PET in neuro-psychiatric diagnosis and research has become
accepted as having a major influence upon the neurosciences (9,10).
Already a partial list (8) of PET radiopharmaceuticals includes more than
70 compounds which have been developed and most are potentially of use in
respect of central nervous system investigation.
Of more immediate importance in nuclear medicine has been the use of PET to
validate studies using iodinated amphetamine analogues (11). Although not yet
fully understood, these agents are capable of imaging the brain in a
distribution which has some relationships to blood flow (12).
123
Clearly the further understanding of
I-iodamphetamine, linked to a
wider availability of
I, may well lead to a renaissance of brain
scanning in nuclear medicine.
CANCER DIAGNOSIS-DIRECT TUMOR SCINTIGRAPHY (12a)
I have recently had cause to reflect upon direct tumor scintigraphy and it
occurs to me that it is archetypical context in which we have failed to come to
grips with the strengths and weaknesses of what we do.
I define direct tumor scintigraphy as the methods which seek to reflect the
immediate presence of tumor deposits (e.g. 7 Ga scintigraphy, cancer radioimmunodetection), rather than reflect the epiphenomena caused by tumors (e.g.
the increase.in exchangeable calcium in proximity to a bone metastasis as
revealed by
Tc-methylene diphosphonate).
To date direct tumor scintigraphic methods have nearly uniformly been
validated by reference to the presence of focal radiotracer uptake at sites
which are subsequently shown, by whatever methods, to represent or not represent
sites to which tumor has spread. Thus various analyses, some of which I must
admit to, have found various percentages of metastases detectable in one or
other kind of cancer, and that various proportions of different cancers are, or
are not, imaged.
However, neither radioimmunodetection nor radiogallium scintigraphy have
proved consistently capable of being used to detect tumors of less than 1.0 or
1.5 cm in diamger (13,14). Such tumor masses represent enormous cell
populations, of the order of 10 ^ cells. While immunoscintigraphy, in
particular, is probably capable of refinement, an increase in detection
sensitivity of even two orders of magnitude will mean that tumor masses of up to
1011 cells will be undetectable. Not only are such lesions the cause of
serious disease but even one malignant cell is potentially lethal.
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The substantial problem represented by improving any technology by two
orders of magnitude is reflected by the fact that two decades of intensive
physical engineering and computational development has resulted in the system
linear resolution of the Anger gamma camera improving by a factor of only about
two, admittedly while field uniformity has increased by about an order of
magnitude.
As tumor scintigraphy is refined during the next two decades we will be
driven by our oncologist colleagues to detect even smaller tumor cell masses.
submit that there is no realistic technology which can be anticipated in the
near future which might allow us to achieve scintigraphic techniques to meet
these morphological constraints of cancer medicine.

I

Now to predict that something is impossible in science is to risk being
overtaken by events. It seems to me, however, that, within the lifetimes of
present investigators, the existing goals of tumor scintigraphy are simply
unrealistic. Moreover, I believe that they are capable of being replaced by
other goals which are realistic and relevant.
I propose that the validation of direct tumor sciutigraphy should not be
based upon methods which document tumor size and number and which record the
success or failure of tumor scintigraphy in these structural terms. Rather we
should exploit the power of nuclear medicine to reflect some of the
pathophysiological characteristics of a tumor. We need to know the invasiveness
of a cancer, its degree of differentiation or anaplasticity, or whatever other
characteristics are necessary to understand if a given tumor is likely to have
metastasized and, in effect, have escaped from the potential for local cure.
This definition of the local curability or incurability of cancers is, after
all, what determines treatment: On the one hand by surgery or radiation or both,
and on the other by systemic treatment such as chemotherapy. Thus we suggest
that research be directed to replacing the present morphological or anatomical
scintigraphic methods of tumor staging by a "functional staging".
In effect it seems to me that the question most often to be answered by
tumor scintigraphy should not be:
Does this patient's tumor have morphological evidence of having
metastasized, although many or all of these will be micrometastases
which I cannot hope to demonstrate?
but, rather should be:
Does this patient's tumor have biological characteristics (of
anaplasticity, invasiveness or otherwise) which lead me to expect
that it will metastasize, whether or not I can demonstrate such
metastases?
If scintigraphic techniques are to be directed to this second question not
only will the answers be intrinsically more powerful in patient care but they
will require quite different approaches to validation. Research must bo
directed to determining the relationship between tumor uptake (possibly
quantitative) of a radiopharraaceutical, or radiopharmaceuticals, and the
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subsequent behaviour of that tumor in terms of patient outcome, rate of disease
progression, or similar parameters.
Present programs to develop tumor scintigraphic agents may still be
relevant but their success or failure must thus be judged by different criteria.
Also, if the present initiatives in immunosclntigraphy lead to agents which
localize in tumors to an adequate degree, then their labelling with alpha or
beta emitters may permit the treatment of tumors which are occult to present
physical means of detection. Yet the administration of such powerful agents for
therapy, particularly at that early stage in the evolution of a tumor when they
are most likely to be effective, must be predicated on some rational
anticipation of how any given tumor is likely to behave biologically.
Nor need this be idle speculation pending the development of yet other
radiopharmaceuticals. Radiolabelled bleomycin may, when used, already reflect
DNA mass, and tracers serving as analogues of DNA precursors have been
investigated. Radiolabelled hematoporphyrin analogues possibly serve as markers
of cell division rates. A recent report concerning the uptake of radiogalliura
in fetal cells found that uptake to best fit with rates of cell division (15)
and it may be that 'Ga-citrate has been telling us all along something
that we have consistently ignored because of our preoccupation with a different
and less relevant question. Conceivably certain existing or proposed labelled
monoclonal antibodies, if their uptake is measured in quantitative terms
proportional to a tumor mass, reflect its degree of cellular differentiation or
anaplasticity; other such tracers may reflect invasiveness or other crucial
functional characteristics of a cancer. There is already evidence that *-P
in vivo tumor NMR spectroscopy is providing evidence in the context we
propose (16), if not formally conceptualized as "functional tumor imaging".
This approach may or may not need new agents: The recognition of the goals to
which tumor imaging is redirected, nevertheless, has to precede the definition
of the best radiopharmaceutical agents with which to meet those goals.
In essence I wish to suggest that tumor scintigraphy be brought into the
mainstream of diagnostic nuclear medicine as a method for examining the
behaviour of tumors, not recording their presence. The mere fact of their
presence can, with many limitations, be more readily ascertained by prosaic
methods such as computed tomography. Those limitations are defined by both
spatial and contrast resolution and, for the forseeable future, appear
formidable. The presence of formidable obstacles on a path one does not wish to
take is, I suggest, irrelevant.

OTHER CLINICAL APPLICATIONS OF RADIONUCLIDE METHODS
Without question one use of radionuclide methods
idiometric assays involving chiefly 4"CJII and
and i£*C»
^C«
of radiometric
replaced by such techniques as enzyme and fluorescent
is that nuclear medicine will almost certainly become
with in vivo diagnosis.

which is declining is that
These are
at being
These
immunoassays. The result
more and more involved

In this context the tracer method has unique advantages which are not open
to completion from any other "imaging" methods. One example is in studying the
flux of radiolabelled cells in a tumor or a site of infection.
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The uptake of receptor and transmitter compounds, already alluded to, is a
domain which as yet only exists in any real sense in PET methods (10). However,
a number of such systems can be identified (17) and it seems reasonable to
anticipate that further investigation may lead to radiolaballed compounds for
use in this context which can be detected either by simplified PET methods (6)
or by quantitative or semi-quantitative SPET if that difficult goal can be
achieved.
If there is one criticism that can be made of our thinking in nuclear
medicine it is that we are conditioned to think of our specialty in respect of
m
in vivo diagnosis as dominated by the Anger camera, and
T c . If
those technological choices are made for sound reasons, so be it. However, if
we define our skills in terms of machines we become technologists. That is why
I believe we should be alert to the relevant aspects of NMR spectroscopy and to
innovations such as the use of a multi-wire proportional counter and the
tungsten-tantalum generator recently employed in US National Aeronautics and
Space Agencies programs (18,19). This is a technology that could rapidly be
transposed to the intensive or coronary care units of acute hospitals and which
is very inexpensive in comparison with other methods of imaging the heart.
Single photon ring detectors also represent an uncertain equation in terms of
cost-benefit.
Otherwise, as I have had reason to suggest, there is still the potential
for innovative radiopharmaceutical developments such as the use of
I-MIBG, in this instance both in the diagnosis and treatment of
metastatic pheochromocytoma (20). In relation to treatment with this and other
possible therapeutic agents certain logistical problems in respect of patient
access and preparation of the material in "hot" cells need to be overcome.
THE POLITICAL ENVIRONMENT:
We cannot be so naive as to imagine that we practise medicine in a vacuum.
Indeed there are some factors that strongly inhibit the development of nuclear
medicine in Canada. There are also some instructive differences between Quebec
and Uttermost Canada. I use the term Uttermost with intent. Nuclear medicine
in Quebec has become strong by securing its independence. That independence
should not lead to its isolation.
What are the ingredients of our disarray?

I believe I can identify some of

them:
(a) Research Funding: The radiological sciences are seriously underrepresented
on the granting agencies in Canada. The result is that, for example, the
National Cancer Institute has not spent one penny on NMR (or MRI) research in
this country.
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The Medical Research Council-Royal College of Physicians and Surgeons of
Canada Joint Task Force on Clinical Scientists has concluded that:
"....(S)ome types of clinical research activity
usually go unfunded in the present MRC peer review
system. Clinician scientists, in fields such as
surgery and radiology, may wish to perform innovative
research involving novel operative or non-operative
procedures and diagnostic techniques. Such projects
may involve either animal or human subjects and lead
to advances in diagnosis and therapy, sometimes of
benefit to large numbers of patients."
A simplistic view is that research in this field in Canada does not matter
since the relevant investigations are going to be done anyway by business
interests or in universities in the United States. I submit that if we accept
that view we will be forever behind and forever unable to attract good Canadian
physicians to our programs and our specialty.
I believe that there is need for support of investigative nuclear medicine
in Canada. If it is too late to expect support on the scale of the Commission
de l'Energie Atomique in France then we can hope for soiae recognition of our
needs.
(b) Administration: As a radiologist I do not seriously question the fact that
the academic affiliation of nuclear medicine physicians should be within
university or radiology departments. I do think a case to the contrary can be
made in terms of some administrative autonomy.

Sh

•VGH

• us
>UBC

• MU

• WHSC
^•TGH

•SCH

»RAH
Table 1. Subjective assessment of the effectiveness of nuclear medical
teaching units in Canada as a function of their autonomy.
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If one plots the effectiveness of a number of nuclear medicine units across
Canada as a function of autonomy (Table 1) it seems to me, and this is highly
subjective, that the relationship is nearly linear. I do not wish to make much
of subtle differences, but I think one can broadly distinguish the strong Quebec
presence in nuclear medicine, along with a few effective centres in English
Canada. There is an intermediate group where the centres are either autonomous
or in which the presiding radiologist understands nuclear medicine, and, lastly,
there is a group in which nuclear medicine is largely subject to the needs of
radiology and nuclear medicine languishes. This is usually the result of a lack
of foresight, poor planning of equipment and of staff rooted in some pattern of
practice which becomes increasingly irrelevant.
Just as nuclear medicine in the United States (US) has recently
successfully defended its autonomy with the US Office of Veterans Affairs it is
crucial that we collectively understand the lessons we should learn from this
and become activistic in respect of our universities, our faculties and other
professional agencies.
THE ECONOMIC AND SCIENTIFIC ENVIRONMENT:
At this point I wish to stand aside from the dictates of defending
professional territory and look at the future of radiological science.
Linear resolution: Radiology has received enormous impetus from CT scanners.
Alas, although not yet in every hospital, their day is already done for tumor
diagnosis. Any machine only able to reveal disease when it is on the scale of,
say, lO 1 ^ cells in a tumor nodule, has little long range capacity to
influence disease outcome in cancer and is, indeed, likely to remain most
eloquent in respect only of gross trauma and other structural disease.
Contrast resolution: NMR or magnetic resonance imaging is unlikely to yield
linear resolution much higher than those afforded by CT but has some potential
advantages in contrast resolution. However, what can be shown is gross and
often untreatable disease. The hopes for any specificity conferred by
relaxation time measurements have almost certainly yielded to a reality in which
this is not so (21).
It is relevant to consider why MRI has such a powerful hold on our
collective imagination at present at the expense of PET. The answer can only be
that MRI is fashionable, and PET complex. One is tempted to paraphrase a
remark of Begbe originally made about Christianity: It is often not that PET
has been tried and found wanting;it has been found difficult and left untried.
Of course PET is expensive and requires a more complex infrastructure than
MRI but by much less than an order of magnitude.
Indeed MRI and PET can be viewed as having complementary roles in
converging upon the potential solution of the same biomedical problems.
In the context of a role for Canadian medical science and for Atomic Fnergy
of Canada Limited a case might certainly be made for a national resource hi. NMR
and PET, and in particular a centre or centres where PET is used to validate
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bPET methods which might then become more widely and cheaply used. A resource
for truly multidisciplinary research done in a context in which all the relevant
disciplines have a voice seems to me to be important, particularly recognizing
the crucial roles that studies of kinetics, and of modelling tracer metabolism
are likely to have in PET, SPET and NMR spectroscopy.
Perhaps the realization that nuclear medicine in Canada is a partnership
not only between many disciplines but between clinical units and industry is
overdue.
I think that it is possible to propose an eloquent and compelling but
nihilistic view of the future. That view recognizes the inexorable nature of
the relationship between marginal social benefit and marginal social cost of any
evolving technology (Table 2 ) . Computed tomography has already reached the
plateau part of that curve at which technological advances can only be made in
return for vast expenditures. And yet CT is still a very limited tool in some
crucial respects e.g. tumor involvement of many sites such as retroperitoneal
lymph nodes, the psychoses, myocardial ischemia, early renal disease.
To some extent MRI will provide gains over CT but at least initially it
will be possible to argue that it is unlikely to have any substantial yields in
terms of influencing disease outcome. Indeed I have always believed that NMR
was likely to have its greatest return in respect of its (as yet unrealized)
potential for in vivo spectroscopy.

Marginal
social
(scientific)
benefit

j
Marginal social cost
Table 2. Marginal social costs plotted against marginal social benefit for
"new" medical technologies.
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The future of NMR and the potential it presents for "turf battles" is
probably immaterial. NMR is constrained by its very nature to reveal only
endogenous tissue concentrations of biochemical substrates, if this becomes
possible. PET alone can reveal the flux of such substrates and this is a more
crucial distinction in respect of dynamic processes: Moreover, PET is sensitive
to concentrations of biochemical substrates in life of at least two and possibly
three orders of magnitude smaller than those detectable by NMR (Table 3)

Table 3. Attributes of PET and NMR spectroscopy in vivo. ( ) = theoretical

MRI

PET

Biochemical substrate

(concentration)

flux

Sensitivity

(10~9

10" 12 M

-

10~ 10 M)

It is also necessary to reflect that not all positron emitting radiotracers
are cyclotron produced (Table 4 ) : There are thus cheaper alternatives which
deserve consideration in the wider dissemination of PET techniques.

Tablefr.Positron Emitting Radionuclides
System

Generator produced

Parent tj$

Rubidium-82

75 sec

Sr-82+ R u 8 2

25 days

Cesium-128

3.8 min

Ba-128 + Cs 128

2A days

Manganese-52m

21.1 min

Fe-52 ->•Mn 52m

8.3 hrs

Gallium-68

68.3 min

Ge-68-> Ga68

275 days

Copper-62

9.8 min

Zn-62-* C u 6 2

9.2 hrs

Iodine-122

3.6 min

1-122-> Xe-122

20.1 hrs

Reactor produced
1.8 hrs

-

-

Carbon-11

20.4 min

-

-

Nitrogen-13

9.96 min

-

-

Oxygen-15

2.0* min

-

-

Fluorine-18

1.8 hrs

Fluorine-18

Cyclotron produced

_
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Table 5.

A Syllabus of Change

Machine Factors

Tracer Factors

The computer:quantttatlve physiology

Receptor/transmitter analogues

(activity/time studies)

hetabolic substrates

image reconstruction
(PET and SPET)

Stable isotopes

Alternatives: multi-wire proportional
detectors

Treatment

PET alternatives
Nuclear magnetic resonance spectroscopy
(Electron spin resonance)

"Political" Factors
Research support
Physiology vs morphology
Identity/autonomy

Therefore I wish to suggest that there is a large syllabus for change
possible in nuclear medicine (Table 5 ) . An agenda for change is somewhat more
difficult (Table 6) in the sense that it is not an abstract construction. It is
an agenda that represents the investment of time and effort. I also recognize
that my agenda may differ slightly from each of yours.
I think I should also make it clear that I do not propose "turf battles"
within the radiological sciences between what I might call classical radiology,
nuclear medicine, computed tomography and ultrasonography in relation to NMR. I
think it very likely that a radiology department 20 years from now will look
very different to what it does today. For us to play trivial games between
ourselves is merely to open the door to other specialties with histories of
exercising territorial imperatives.
The clinical application of NMR spectroscopy, in particular, is likely to
be so difficult, at least initially, as to require all the collective skills a
medical centre can muster.
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Table 6.

An Agenda for Change

1.

A focus for studies in kinetics and modelling.

2.

Development of quantitative or semi-quantitative analyses to the
degree possible for SPET.

3.

Development of analogues of PET tracers for SPET:
(a)

metabolic substrates

(b)

receptor/transmitter labels

4.

Tracers: stable, therapeutic

5.

"Political" infiltrations:

granting agencies
faculties

I am at a particular advantage in coming from a university department which
has been predicting the death of nuclear medicine for one and a half decades. I
have, therefore, had cause to think carefully about my future. Of course such
predictions become locally self-fulfilling in respect of staffing, and poor
equipment which has been wastefully and carelessly purchased* However, my
vision is not just that of survival. Within radiology those skills which we now
associate with nuclear medicine are likely to become increasingly important.
Hevsey's tracer method remains a powerful clinical and investigative tool.
Thus, if we debate the future
sciences it is apparent that there
exercise to distinguishing between
having become the warp and weft of

at the leading edge of the radiological
is a point at which it becomes an abstract
nuclear medicine having ceased to exist and
in vivo medical diagnosis.

1 will go so far as to suggest, and it is not an original view of mine (6),
that a leading medical centre in 1995 cannot be that without some PET
capability: Moreover no university department of radiology will be likely to
flourish without skills such as those we possess.
I believe that if we have no future, then there is no future at all: In
that sense it is not the future of nuclear medicine that is on trial, it is us.
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RAPPORTEURS' REPORT - SESSION I
F.S. Prato
St. Joseph's Hospital
LONDON, Ontario

and

R.G.C. McElroy
Atomic Energy of Canada Limited
Chalk River Nuclear Laboratories
CHALK RIVER, Ontario

Session I consisted of seven presentations by AECL staff. In general these
presentations were meant to present a selection of AECL programs and
capabilities. The brief summary and comments are meant to highlight those
aspects that seemed to have some relevance to the nuclear medicine community.
The comments are largely responses to the formal presentation, but have also
been augmented by informal discussions with other participants.
Mr. James Donnelly
The Workshop was opened by an address by Mr. James Donnelly, President of
Atomic Energy of Canada. While not formally a part of Session I, these opening
comments are significant to the aims of this workshop.
AECL is prepared to explore any ideas which will help medicine in general
and nuclear medicine in particular. AECL wishes to develop an interface with
the nuclear medicine community through long-term research programs. AECL is
hoping to develop commercially viable opportunities without stepping on the toes
of already established Canadian enterprises. AECL intends that the
Radiochemical Company becomes a world class supplier of medical isotopes.
Comment (Prato): The implication is that some of what is currently being done
can be justified as a National Laboratory activity. The nuclear medicine
community may want to use this National Laboratory function as a service.
However, it is difficult to currently predict what our interests will be ten
years into the futureNuclear medicine cannot contribute significantly to augmenting AECL's
finances because the nuclear medicine community has its own funding
difficulties.
Comment (McElroy):
some concern about
Laboratory or as a
expressing concern
Research Company's

On the basis of later discussions, it appears that there is
whether the Research Company will be operating as a National
commercial enterprise. Further, there were some comments
about possible conflicts of interest centering around the
scientific collaboration with the nuclear medicine community
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and its corporate dealings with the Radiocheinical Company. The Research Company
must remain aware that this is perceived to be a source of difficulty.
Dr. Dave Myers "Radiation Biology at CRNL"
Dr. Myers spoke about CRNL programs in recombinant DNA, hyperthermia,
epidemiological studies of cancer and inherited (genetic) diseases, and the
evaluation of risk estimates for organizations such as the ICRP.
Comment (Prato): Much of the current work is already being applied to medicine.
Clearly, there are some important skills here.
Comment (McElroy): A major topic of discussion following this talk centered
upon hyperthermia. Clearly there was interest in this subject area, but it is
outside the bounds of nuclear medicine. (Nuclear medicine is concerned with
diagnosis rather than therapy.)
Dr. John Johnson "Dosimetry Research at CRNL"
Dr. Johnson spoke about development of radiation protection criteria for
groups such as the ICRP, detector and monitor development, population studies
and dosimetry calculations.
Comment (Prato): The maturing of the dosimetry models being used by Johnson
makes these calculations much more attractive to the nuclear medicine community
than was the case five years ago. In nuclear medicine we are often interested
in doses which may approach possible somatic damage. This may require a more
sophisticated model than that required for evaluating stochastic effects. It is
encouraging to see the use of some of the MIRD (Medical Internal Radiation Dose
Committee) models. A possible collaborative or national laboratory project
would be to work out the dosimetry of a new drug. The question arises: "How
would this be financed?"
Dr. Harry Johnson "Research at WNRE"
Dr. Johnson started by outlining the social impact that WNRE has had on the
Pinawa area. He went on to discuss the 2 MW SLOWPOKE heating reactor, waste
disposal for reactor fuel, hot cells, the medical biophysics group, response
capabilities to offsite problems, radiological training and pyrohydrolysis
incineration.
Comment (Prato): The hot cell facility could have applications with regard to
the "magic therapy bullet". The pryohydrolysis incineration could be useful for
radioactive waste volume reduction and organic solvent waste. Currently, much
of this waste is being released to the environment. The key question is one of
economics.
Dr. Colin Allan "Tomography"
Dr. Allan outlined the development of a positron emission tomography (PET)
machine at CRNL and the subsequent market problems. He went on to describe the
current program which centres on industrial applications and transmission
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tomography and also the recent development of an Intelligent colony counter.
Comment (Prato); There is obviously expertise in both transmission, albeit at
much higher energies, and emission tomography, associated detectors and display
systems. The latter might have some applicability to the general area of
digital radiography. There may be an opportunity to sell single photon emission
computed tomography (SPECT) software. There is perhaps a $250 K market in
Canada.
Dr. Ron Hutcheon "RF and Magnets"
Dr. Hutcheon described his involvement with hyperthermia — looking for a
noninvasive temperature probe — and then went on to describe the Accelerator
Physics Branch's capabilities in radiofrequency (RF) technology, magnet design
and fabrication.
Comment (Prato): There is currently a need for RF dosimetry. Absorbed RF power
densities must be limited to 0.4 W/kg average and to 4 W/kg maximum. Static
magnetic fields are also limited. There is a need for appropriate
instrumentation.
The quality of nuclear magnetic resonance (NMR) images is dependent upon
the design of the receiving coil. CRNL capabilities in computer simulation
could perhaps be utilized to improve current designs. We would be interested in
three dimensional uniformity and sensitivity. There may be a possible
commercial spin-off available here but there may also be strong regulatory
constraints — especially the FDA in the US.
There may be an opportunity in the design and construction of large magnets
for NMR. Currently, magnets are the bottle neck with respect to the delivery of
new NMR machines. However, GE has shown that in the x-ray CT market (much like
the present NMR market) a latecomer can be successful in the business. It is my
belief that if the NMR market is not large enough for viable commercialization
of new instrumentation, then the nuclear medicine market, which is presently
saturated and may in the future be smaller, is certainly not large enough.
Mr. Tony Capel "Integrated Radiation Monitoring and Archival (IRMA)"
Mr. Capel described the IRMA System which is a local area network system,
including both hardware and software, for industrial requirements.
Comment (Prato); Networking problems associated with both inter- and intradepartment transmission of images will have to be faced over the next ten years.
There are significant problems in the transmission, storage, fast access and
viewing of radiological images.
Dr. Keith Evans "Stable Isotopes"
Dr. Evans described various isotope enrichment processes, the proposal to
AECL for a stable isotope production facility, and the OKNL pricing policy.
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Comment (Prato): A Canadian isotope facility would be a boon to Canadian radioisotope users. It would enable the use of enriched targets. It would protect
Canadian users from the vagaries of international suppliers. (If there was a
shortage, the current US and USSR suppliers would obviously serve their home
market first.)
There was some discussion about the size of the market for C-13 but it was
not clear how much the market would open up if there were to be a significant
reduction in price.

Specific Proposal for National Laboratory Research Project
There are many possible projects that a National Laboratory could undertake
in support of nuclear medicine. The following is an example:
Investigate the safety of magnetic field exposure associated with NMR
imaging. This would include the development of a reliable and inexpensive
magnetic field dosimeter and then, in association with Radiation Protection
Bureau, the performance of related epidemiology studies.
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RAPPORTEURS' REPORT - SESSION II
M. Billinghurst
Winnipeg General Hospital
WINNIPEG, Manitoba
and
N.E. Gentner
Atomic Energy of Canada Limited
Chalk River Nuclear Laboratories
CHALK RIVER, Ontario

In the first session the nuclear medicine community in essence accused AECL
of confusing them — with AECL's multitude of companies, the distinctions
between them, and their different practices/approaches/emphasis. This
afternoon, however, the nuclear medicine community seemed to utterly confuse
AECL people about the future prospects for nuclear medicine! With good sense,
good hunior, and good arguments, all three speakers pleaded their cases well —
we, as rapporteurs, are now in the enviable position of what is usually
construed as having the final word. Our purpose is not judgment, however, but
rather emphasis and comment. To this end, we will discuss each address in
turn.

Dr. John Saunders "N.M.R."
Dr. Saunders furnished us with both an introduction to nuclear magnetic
resonance (NMR) and an evaluation of current applications. He is to be
complemented on the ease with which he took the less knowledgeable among us from
one to the other.
Until 5-6 years ago, NMR was basically a tool of chemistry laboratories;
today it has gone into medicine. Magnetic resonance imaging (MRI) makes it
possible to localize a substance within a body, and possesses certain undeniable
advantages: no ionizing radiation exposure, no known biological hazards, high
resolution isotropic images, and good soft tissue contrast. Factors influencing
image intensity include: proton (or other 'signal' atom) distribution,
relaxation times (Tl, T 2 ) , and flow/motion. (Since the return from the excited
to the ground state is a measure of molecular motion, this of course can be
utilized to do relaxation time imaging.)
The ability of MRI to take a series of lateral slices of a tumor enables us
to get its spatial orientation. The examples Dr. Saunders showed us illustrated
its utility. Of particular interest was his recapitulation of the proton NMR
relaxation time data on tumors. Those with the capacity for metastasizing have
a T2 that is distinguishable from non-metastatic tumors (no significant Tl
difference is detectable). For metastatic tumors, a relatively longer T2
relaxation time is evident, ca. 400-500 msec versus ca. 140 msec for one lacking
metastatic capability.
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High field NMR has applications for in vitro studies and is an area of
significant research effort. The small sample size is a limitation; biopsy
samples and, of course, in vitro experimental material can be accommodated.
A further limitation to future use is that it is invasive.
At the moment, MRI is well developed, and is an excellent complementing
modality to CAT scan. The proton, for a variety of obvious reasons (prime among
which is its abundance), is the best NMR nucleus there is; others, however, have
very distinct advantages in particular applications and should be more used than
at present. Other future emphases might include using contrast agents (a
technique used in other branches of imaging) and a 'dual modality 1 : use imaging
for localization and then spectroscopy for observation.

Dr. Michael J. Chamberlain "Nuclear Medicine - The Party is Over!"
Dr. Chamberlain lamented that he got "the short straw" - the unsympathetic
role to play. Nevertheless, he portrayed the pessimist with a vigour that, if
not in fact truly heart-felt, would well justify an Oscar nomination!
Mike emphasized first that semantics — reinforced by our own narrow views
— can fence us in. Any procedure that defines itself by a disease process or
by a technology is inherently vulnerable, viz. a TB physician or a leech
specialist. There is a tide one should watch for, and (we would gather) ship
out on! A nuclear medicine specialist who defines his field by radiation paints
himself into a corner, and the escape or maneuvering room for the nuclear
medicine practitioner is in danger of being taken up by other specialties.
Moreover, another potent force is operating: the public has an unreasonable fear
of anything connected with radiation.
Therefore, the party is over for nuclear medicine as a diagnostic service
in our hospitals as we see it today. The lesson: no one should define their
specialty too narrowly. Physicians are as keen to have a demarcation dispute as
any other tradesperson, and any over-production of physicians will make the
barriers even higher. Alternate procedures will become increasingly available
for measurements that are done today using a radioactive label.
From University Hospital, London, Dr. Chamberlain provided some figures
that supported his contention that the party's over. There the nuclear medicine
workload peaked in 1982, and there has been a significant decline (11% to 1985)
since. This 11% figure was the total for in vivo and laboratory; the actual
decline was 24% for in vivo alone, so this decrease has been partly
compensated for by the lab work. This London situation, several other
attendees said, is somewhat atypical. It reflects partly a market which is
over-provided (e.g. four CAT scanners, the same as Toronto, for one-tenth the
city population), but in part shows what happens when other modalities are
aggressively pushed. And the 'lost' market has not gone unfairly, Mike judges:
those procedures taken by ultrasound and angiography are best done these new
ways.
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The budget income from the Division of Nuclear Medicine, University of
Western Ontario, was used to illustrate a sort of common dilemma: the dependence
on a research role was significant (,~30%) and this would not survive without the
equipment, which was all provided in the name of service. This dependence on
service was judged to make nuclear medicine very vulnerable.
In recognition of a trend to ever finer specialization, the nuclear
medicine community must understand — to survive — that retraining has got to
occur in the physician's working lifetime, perhaps as many as 3-4 times. And
always remember, Mike tells us, that greater opportunity to proceed into new
areas is available if you're not excluded from them by your own definitions.
Dr. Brian Lentle "Nuclear Medicine - The Best is Yet to Come"
Lentle played the optimist, to finish this session on an upbeat note. He
did not deny that there are problems, but saw his task as to suggest appropriate
solutions. An interesting comment of his was that one has to guard against
either an optimistic or a pessimistic view as being self-serving.
Brian chose to show us some ways out. One is PET. This is the most
powerful current tool to study body medicine, and should be a procedure for many
future studies. Several 'growth areas' for nuclear medicine were identified:
(i)

Cardiac nuclear medicine
This has been a major area of growth in the last 10 years (coronary/
artery artheriosclerosis). Radionuclide imaging of the myocardium
can be done by perfusion with ^"'•thallous chloride; the
deficient area is the ischaemic part. Favourable aspects of
selective screening methods include: low false-negative rates, low
cost, low risk, high patient acceptability. New CT scanners, with
exposure times of ca. 50 msec, permit serial cardiac imaging. Global
and regional left ventricular function can be assessed by
radionuclide ventriculography, rapid CT, or echocardiography, and
myocardial perfusion by PET, SPECT, or dynamic CT. PET has a unique
capability to study myocardial metabolism (e.g.
^N-ammonia,
*°F-fluorodeoxyglucose) .

(ii)

Neuropsychiatric nuclear medicine
CNS diseases have enormous socioeconoraic consequences. Care of these
persons is vital from the point of view of the individual, the
family, and society. One in eight Canadians can expect to be
hospitalized for mental illness at least once in their lifetime. New
methods are needed to bring order into this chaos.
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(iii) Cancer diagnosis —

direct tumor imaging

Lentle suggested that nuclear medicine's approach to cancer diagnosis
has not been as elegant as it might be.
'Gallium citrate can
be used to stage (determine the extent of) tumors. So could
monoclonal antibody (MCA) imaging, but both Lentle and Chamberlain
expressed scepticism about MCA imaging, and questioned whether MCA's
will achieve the realization of a 'magic bullet'.
Present detectable tumors represent enormous cell masses — some
lO1-! cells. NM needs to be able to detect below 10
cells
— even one cell — to indicate metastases. NM will be driven to
detect even smaller tumor masses, and the techniques are not
presently available. Are such goals realistic? Physical methods
offer detection only late in the stage of progression of a cancer
from a single cell and Lentle questioned whether it may ever be
possible to diagnose metastases of less than approximately 1 cm
diameter.
The suggestion was made that it is a definition of the curability or
not of a tumor that is of interest. Perhaps we should get away from
anatomical staging to a functional staging, and seek to answer the
question of whether a particular tumor has molecular properties that
make it capable of metastasizing. Such an approach will require a
variety of Nuclear medicine strategies for validation.
The ability of nuclear medicine to study the flux of radiolabelled cells is
a unique characteristic. It could assume increasing importance.
131
Treatments of the sort exemplified by use of
I-MIBG(meta
iodobenzylguanidine) for liver carcinomas may become more prevalent; these
require a hot cell operation. Somewhere in Canada, the possibility of treating
this sort of patient should be made available, and nuclear medicine people may
need to agree on some form of centralization.
In a broader sense for the future of radiology, an enormous impetus has
been received from CT scanners. The resolution is better, but the number of
cells in a tumor nodule required for detection will limit its days, Lentle
feels, and down the road CT will remain 'elegant' only in gross trauma. NMR and
PET are likely to yield much higher resolution. NMR and PET are complementary
in a real sense: NMR to measure concentration and PET to measure flux. One
possible role suggested for AECL was to act as a national resource for NMR and
PET, and possibly to evaluate SPECT methods as well. The new directions of AECL
may especially suit this enterprise, because nuclear medicine is also a
partnership — not just between many disciplines but also between clinical
departments and industry.
"It's not the future of nuclear medicine that is on trial, but us", Brian
said. One desirable change he identified for survival is for nuclear medicine
people to become more autonomous from radiology, a move that is in progress in
Quebec.
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RAPPORTEURS 1 FINAL COMMENTS
Many of our own comments, as well as those from others which seem in
accord with the 'sense' of those in attendance, have been woven into the
discussion and comments on each of the outlined addresses.
Some powerful questions remain that we consider not to have been adequately
answered. These can be phrased in terms of the following apparent
contradiction: nuclear medicine claims that a unique strength is its ability to
do function studies, yet very few.are being done. WHY?
Will the challenge
(or the assistance) of MRI and CT imaging alter this? Or is the utility of
functional studies in nuclear medicine a myth? If it is not, just what is the
impediment to more function studies?
We also wish to add a note here on an aspect not addressed today;
radiopharmaceuticals. There is growth, but "shake and bake"
Tc kits
have gone essentially as far as they can. "The party is over" without
significant development of a new generation of radiopharmaceuticals.
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I.D. Greenberg
Winnipeg General Hospital
WINNIPEG, Manitoba
and
R.J.J. Cornett
Atomic Energy of Canada Limited
Chalk River Nuclear Laboratories
CHALK RIVER, Ontario

Session III of the Nuclear Medicine Workshop allowed time for presentations
by the invited participants and by members of the audience. Participants used
this opportunity to:
a)

Present brief summaries of current research work,

b)

Discuss where collaboration with AECL or AECL support would be useful
in nuclear medicine, and

c)

Present rapporteurs' reports of earlier sessions.

The brief report presented below emphasizes objectives 1 and 2.
will be fulfilled in the other rapporteur's reports.

Dr.

Objective 3

David Evans, AECL-RCC

Dr. Evans reported on the changes to RCC structure and products which have
occurred over the past several years. He emphasized that RCC has increased the
diversity of its products and the number of customers which it services. To do
this they have improved their facilities, sold technology for isotope production
and participated in several clinical trial experiments. By achieving these goals
RCC has ensured that there will be a guaranteed supply of Canadian radiopharmaceuticals available to the nuclear medicine community. AECL-RCC remains
interested in supporting research to improve its products and their utility to
the Nuclear Medicine community.
Dr.

Walter Ammann, UBC

Dr. Ammann presented an overview of the PET facility at UBC. The principal
isotopes used in their research are fluorine-18 and oxygen-15. They also have
the potential to produce C-ll. Projects that these isotopes have been used for
emphasize movement disorders, Alzheimer's disease, epilepsy, and cerebral
vascular problems. One important research tool that they have developed is the
ability to simultaneously display and manipulate images from three systems
including MRI, PET and CT systems.
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Dr. Lucas Yamamoto, Montreal Neurological Institute

Dr. Yamamoto reported on the use of positron-emitting and other cyclotron
produced nuclides in brain metabolism research. He believes that PET systems
will be the most useful images system in this field. The total cost of PET
systems and the cost of the system per procedure is rapidly decreasing. The
principal reason for decreasing research costs are changes in the types of
isotopes that are being used. In addition to oxygen-15 he believes that there
may be a heavy use for carbon-11 for early diagnosis of Alzheimer's disease.
However it is too early to tell whether or not PET research will be able to
contribute to other types of psychiatric treatment.
Dr. Barry Bowen, Chedoke-McMaster Hospitals
Dr. Bowen emphasized three points. First, he felt that AECL-RCC could
provide useful assistance in clinical trials of radiopharmaceuticals and in the
marketing of new Pharmaceuticals. The specific example he used was the design of
a yttrium-90 radio-colloid which he has developed for synovial treatments.
Second, Dr. Bowen felt that AECL could provide a useful education facility for
the entire nuclear medicine facility. Finally, he believed that the nuclear
medicine community might often use AECL expertise to perform dose calculations
for non-routine treatments.
Dr. Karen Gulenchyn, Ottawa Civic Hospital
Dr. Gulenchyn reported on a recent study of doses received by technologists
working in the hospital who were not atomic radiation workers. All of her
analyses suggested that doses that the technologists and nurses received were
well below permissible limits. She did however note that there was a paucity of
data on the dosimetry of technetium-99 compounds available in the literature.
Dr. Ron Hutcheon, AECL-CRNL
Dr. Hutcheon reported on the CRNL program to measure temperatures in the
human body using non-invasive techniques. His plan is to develop a ferromagnetic particle with a Curie point of approximately 42°C. This would provide a
temperature switch to be used in hyperthermic treatment of cancerous tumours.
Dr. Hutcheon solicited advice in two areas. First he noted that his gold
colloids did not localize at tumor sites but instead were taken up by other
organs. He also inquired about a joint program which would utilize MRI
facilities located at one of the nuclear medicine establishments.
Dr. Alex Wilkinson, University Hospital, Saskatoon
Dr. Wilkinson emphasized that nuclear medicine has changed dramatically over
the past 25 years, and in his opinion it will continue to evolve. As a result
there will be a continual need for the education of all members of the community.
AECL should increase its profile in the nuclear medicine community and could
contribute to that education.
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SUMMARY

Participants at ;he workshop all agreed that nuclear medicine is evolving
very rapidly. New imaging and scanning techniques will continue to be at the
forefront of research* These techniques will in turn change the demand for some
isotopes. As the resolution of various imaging methods improves there will be a
continual increase in the areas where they can be applied. There was less
agreement over which types of imaging will be most useful as diagnostic and
therapeutical tools. However there was support for any research which would
improve the coils and detectors used in imaging systems. Most participants also
believed that a nuclear magnetic imaging system would be near the core of nuclear
medicine technology tomorrow. Participants supported an interdisciplinary
approach to problems in imaging and in other areas. They also wish to encourage
interactions between AECL and members of the nuclear medicine community. This
conference was viewed as a first step. It has increased the profile of AECL in
the community and should lead to further collaboration.
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REPORT TO THE CANADIAN ASSOCIATION ON NUCLEAR MEDICINE
SUMMARY: MEETING OF INVITED REPRESENTATIVES OF THE CANADIAN NUCLEAR MEDICINE
COMMUNITY WITH SCIENTISTS AT CHALK RIVER NUCLEAR LABORATORIES: AUGUST 1985
Brian C. Lentle
Director
Department of Nuclear Medicine
Cross Cancer Institute
Edmonton, Alberta

The two-day meeting was held at Chalk. River Nuclear Laboratories in the
Ottawa Valley. Attendance was by invitation but was designed to represent both
Canadian regions and the various types of expertise to be found in a typical
major nuclear medicine department.
Session 1
The meeting began with a series of reviews of scientific activity in Chalk
River which can be briefly summarized as follows:
Dr. J. Donnelly (President): The commitment of a restructured AECL to research
and development, with a willingness to do collaborative investigation with
Canadian group(s).
Dr. D.K. Myers (Radiation Biology): Research activities in relation to cancer,
hazards of low doses of radiation and molecular biology. Expertise in small
animal care and animal models. Involvement in basic and applied hyperthermia.
Dr. J. Johnson (Dosimetry): Development of detection and monitors including
detectors for digital radiography; expertise in metabolic and dosimetric models,
milli-micro- and nano-dosiraetry, lung models for the kinetics of radiogasses and
short and long term particle clearance.
Dr. H.M. Johnson (WNRE-Pinawa): Major research programs in waste management
materials handling, chemistry and materials science, "Slowpoke" reactor
development, and health and safety. The latter includes two of particular
interest: (a) environmental research studies, and (b) medical biophysics
embracing radiobiology, radiation biochemistry, molecular radiobiology and
biochemical technology. Training in radiation safety is offered as well as waste
disposal including an emergency capability in this context.
Dr. C. Allan (Tomography): PET giving way to industrial CT and other technology
transfer (including an "intelligent colony counter" - perhaps they are working on
an "intelligent scan interpreter").
Dr. R. Hutcheon (Accelerators): Considerable development potential in magnets,
RF coils. Capacity up to ability to build NMR machines but economic
justification questioned.
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Dr. A. Capel (Computer Science):
Dr. K. Evans (Stable Isotopes):
and supply.

Expertise on "networking".
Probable commitment to stable isotope inventory

Session 2
Two of Dr. Ian Smith's staff members at NRC capably stood in for Dr. Smith
who was unable to be present for family reasons. They reviewed the biomedical
applications of NMR in respect of in vitro studies, proton imaging, imaging
of nuclides such as -%a atlcj the potential for in vivo
P spectroscopy.
Drs. Michael Chamberlain (most eloquently) and Brian Lentle presented
contrasting views of the future of nuclear medicine. Their perspectives had been
intended to stimulate debate and they ranged over the "impossible" dilemma of
funding academic medicine out of service revenue to the "inevitability of PET"
(the Wagnerian imperative). Ultimately their arguments proved to have some
convergence: a need not to identify too closely with machines and the sense that
it is not nuclear medicine which is on trial but its practitioners.
They proved perhaps less articulate than those debating the issues they
raised- Questions such as the nature of functional imaging and what are labeled
monoclonal antibodies really all about, will be the substance of our future.
'What is semi-quantitative SPET' and 'are single-photon receptor studies an
illusion 1 provide ammunition for both futurists and nihilists?
131
A rational national approach to therapeutic
I-MIBG and other
potential needs in treatment nuclear medicine did materialize as a problem with
no clear solution in sight.
Session 3
This session took, the form of spontaneous brief reviews of the preceeding
sessions and presentations which I will highlight briefly as follows:
Dr. David Evans (AECL-Radiochemical Company): This Company is the only domestic
source of a wide inventory of radionuclides used medically: Will probably be
next 12 months. New products are
I compounds
"privatized" over the %next
( 2 3 I available and 25 I-J
•fibrinogen). Development support available to
Canadian researchers as well as funding assistance to educational programs.
Entering stable isotope market.
Dr. Walter Ammann (UBC): An interesting account of UBC PET programs directed to
movement disorders, psychoses, Alzheimer's disease etc. Technology transfer
TRIUMF-PET prominent.
Dr. Ron Hutcheon (CRNL):

The perils and rewards of multidisciplinary research.
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Dr. Lucas Yamamoto (MNI): Dr. Yamamoto described the fascinating PET studies
being done at MNI in regional energy metabolism, regional blood flow, oxygen
consumption etc, as well as in receptor studies. He classified PET studies as
(a)
(b)
(c)
(d)
(e)

revealing specific regional metabolic changes
revealing specific regional receptor abnormalities
demonstrating altered pharmacokinetics
indicating treatment effectiveness
demonstrating cerebral correlates of altered physiological
behaviour.

He emphasized the importance of nuclear medicine sections leading the
development of PET, as well as the falling capital and operating costs.
He had begun by quoting Henry Wagner:
"This meeting (the 1985 SNM Annual Meeting) is evidence that
nuclear medicine is beginning to turn and meet the challenge of
change. Cyclotrons and positrons are becoming the new focus
of nuclear medicine."
Dr. Barry Bowen (McMaster University): Explorations of the local intraarticular
kinetics of colloids, including reference to microdosimetry. Passing examples of
McMaster receptor PET.
Dr. Karen Gulenchyn (Ottawa): Staff radiation hazards from the blood of nuclear
medicine patients. Hazards trivial but a conspicuous potential to confuse In
vitro radiometric assays.
Drs. Prato, Billinghurst and Greenberg acted as rapporteurs for the three
sessions, adding their own insights. Dr. Alex Wilkinson (U of Saskatchewan)
provided some wise perspective and the thanks of all present to CRNL in the hope
that tangible results follow.

The social and transport arrangements were very satisfactory and a tribute
to Dr. Marko and his staff. As is usually the case in such meetings the informal
contacts were valuable and kept me and my secretary (like many others I am sure)
busy for a week between service demands. Also CANM business was facilitated in
respect of the CMA "Task Force" and the Nominations Committee. The meeting was
very fortuitous in these respects.
Several membf s stayed on for a few hours to tour CRNL and do homage to the
source of our "°Mo. A memorable vignette from this tour was Dr. David
Greenberg looking at a poster size photograph of the first Solvay conference and
observing that Einstein really bore something of a resemblance to him. (David
will probably never forgive me for that, as I have somewhat misquoted him for
effect).
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Two immediate outcomes can be identified:
(a) The review of resources of CRNL as they may relate to scientific
activities in contents as varied as networking, modelling, RF coil
construction, etc.
(b) A wish by the staff at CRNL to maintain scientific and informal
"creative" contacts with our community.
I have been asked to formalize this report by Dr. Marko so that both parties
have a short-term formal record of business transacted. Rather selfishly, I can
report that the introspection provoked by this meeting and the Banff
Radiopharmacy meeting has swollen my C.V. However, perhaps that is the message.
By groups of us sitting down and examining where we are and where we are going in
a rational and wider sense, perhaps we will clarify in our own minds the route
ahead. It is sometimes possible to spend so much time on the rigging and the
sails that the problem of plotting a course is overlooked.
In that sense, we are indebted to Dr. Marko and his capable staff for the
opportunity for a "retreat". Our Association would do well to offer them a
formal note of thanks and individual members to consider how they may benefit
from scientific collaboration with a national resource which it is too easy to
overlook.
The present intention is to publish a "proceedings."
For my part, I concede defeat to Michael in the debate. But then he lives
nearer to Stratford than I do, and in defence I must quote the observation of
Macaulay that: "the object of oratory alone is not truth but persuasion."
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October 11, 1985

y
Dr. A.M. Marko
Atomic Energy of Canada Limited
Chalk River Nuclear Lab.
CHALK RIVER, Ont. KOJ 1J0
Dear Art:
At the annual meeting of the Canadian Association on Nuclear Medicine I was instructed
to write you a letter of thanks for the interest that Atomic Energy of Canada Ltd. has
recently displayed in Canadian nuclear medicine. The symposium that you and your colleagues
organized at Chalk River in August was well received and I suspect that the gesture will
continue to open doors of opportunity for both you and the nuclear medicine community in
Canada.
With best personal wishes,
Sincerely yours,
1

rUdei M.D.,F.R.C. P. (C)
A. A. Dr&dger,
President, Canadian Association of Nuclear Medicine
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