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Faits nouveaux dans le domaine des appareils
de rayonnement et des radioisotopes

par

J.M. Beddoes

Résumé

On passe en revue la technologie de l ' u t i l i s a t i o n des matériels
d ' i r r ad i a t i on et des radioéléments, domaine où le Canada est à l 'avant-garde
dans le monde e t , ce , depuis longtemps. Le Groupe des produits commerciaux de
l'KACL a fa i t oeuvre de pionner dans de nombreuses applications parmi les plus
importantes. Le développement et la vente d 'apparei ls de cobalthérapie pour le
traitement du cancer est l 'une de ces appl icat ions . Le Groupe des produits
commerciaux est le plus grand fournisseur d 'apparei ls de ce genre sur le marché
mondial.

Une autre application typique est la vente du Mo-99 produit dans les
réacteurs NRX et NRU â Chalk River et à pa r t i r duquel le descendant radioactif à
courte vie Tc-99 est élue selon les besoins des diagnostics in vivo. De
nouveaux radioéléments de plus en plus employés en médecine, parmi lesquels se
trouvent Tl-201, 1-123, Ga-67 et In-111, sont produits dans le cyclotron TRIUMK
à Vancouver, tandis que 1-125 continue d ' ê t re demandé pour les dosages radio-
immunologiques L̂n v i t r o .

Les radioéléments continuent de jouer un rôle important dans les opérations
de fabrication où i l s servent, entre au t res , à contrôler les épaisseurs, l es
contenus, e t c . , et à radiographier les produits . L 'u t i l i sa t ion de grands
i r rad ia teurs indus t r ie ls pour la s t é r i l i s a t i o n des fournitures médicales est
devenue une industr ie mondiale de grande envergure où le Groupe des produits
commerciaux est le principal fournisseur. Les radioéléments sont également
employés dans des d i spos i t i f s comme les détecteurs de fumée.

Les radioéléments continuent d ' ê t re t rès employés comme radiotraceurs aussi
bien dans les applications indus t r i e l l e s que dans les études biologiques
re l a t ives aux animaux et aux plantes. Certaines applications plus récentes
comprennent le contrôle des insectes par la technique de la s t é r i l i s a t i o n des
mâles a ins i que l ' ac t iva t ion neutronique et le comptage par neutrons retardés
dans les essais de l 'uranium.

Le rapport se termine par une description du développement et des perspec-
t ives d'avenir du Groupe des produits commerciaux de l'EACL.

*Rapport présenté au 18eme Congrès annuel de l 'Association nucléaire
canadienne, tenu à Ottawa, Ontario, du 11 au 14 juin 1978.
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RECENT DEVELOPMENTS IN RADIATION EQUIPMENT AND RADIOISOTOPES*

by

J.M. Beddoes

ABSTRACT

A review is given of the technology of the uses of radiation equip-
ment and radioisotopes, in which field Canada has long been a world
leader. AECL Commercial Products has pioneered many of the most
important applications. The development and sale of Co-60 radiation
teletheraphy units for cancer treatment is a familiar example of
such an application and Commercial Products dominates the world
market.

Another such example is the marketing of Mo-99, which is produced
in the NRX and NRU reactors at Chalk River, and from which the
short-lived daughter Tc-99 is eluted as required for use in in-vivo
diagnosis. New products coming into use for this purpose include
Tl-201, 1-123, Ga-67 and In-Ill, all produced in the TRIUMF cyclo-
tron in Vancouver, while 1-125 continues to be in demand for in-
vitro radioimmunoassays.

Radioisotopes continue to play an important part in manufacturing,
where their well-known uses include controlling thickness, contents,
etc., in production, and industrial radiography. The application
of large industrial irradiators for the sterilization of medical
products is now a major world industry for which Commercial Products
is the main manufacturer. Isotopes are also used in products such
as smoke detectors.

Isotopes continue to find extensive use as tracers, both in
industrial applications and in animal and plant biology studies.
Some more recent uses include pest control by the "sterile male"
technique and neutron activation and delayed neutron counting in
uranium assay.

The review concludes with an account of the development and pros-
pects of AECL Commercial Products.

*Presented at the Canadian Nuclear Association Eighteenth Annual
Conference, Ottawa, Ontario, 11-14 June 1978.

Chalk River, Ontario KOJ 1J0
September 1978 AECL-6350



RECENT DEVELOPMENTS IN RADIATION EQUIPMENT AND RADIOISOTOPES

J.M. Beddoes

First may I thank the CNA and the Conference Director
for inviting me to speak at the 1978 CNA Conference. I am
aware of - and support - the preoccupation of the CNA with
Canada's CANDU* nuclear reactor power program; however, for
the next few moments I want to talk about another set of nu-
clear activities which, although dwarfed in size - both phys-
ically and financially - by the CANDU program, are nevertheless
making an important and unique contribution to the total wel-
fare of mankind. I refer, of course, to the Canadian world-
wide programs in Radiation Equipment and Radioisotopes.

In the short time at my disposal I can do no more
than skim the highlights of this important topic. I do, how-
ever, intend to underline two important footnotes to this
story. The first is the predominant role that Canada has
played in these medical, life-giving, humane applications.
It is still fashionable in some quarters to downplay and de-
grade Canadian high technology - particularly the successful
commercialization of such technology in Canada - and I am
proud to help, in part, to dispel that myth! Secondly I want
to use my own division of AECL to illustrate some of the de-
velopments I shall be describing.

The Commercial Products Division of AECL has suc-
cessfully pioneered many of the application areas I want to
discuss and, at least in recent times, has done so at a com-
mercial profit, without undue drain on the hard hit Canadian
taxpayer!

The question "What do isotopes do?" was answered in
a penetrating and satisfactory way in 1954 by Gordon Dean, the
then Chairman of the U.S. Atomic Energy Commission. He wrote:

"Isotopes are used to treat the sick, to learn more about
disease, to improve manufacturing processes, increase
the productivity of crops and livestock, and help man
understand the basic processes of his body, the living
things around him and the physical world in which he
exists."

Let us take this quotation and break it down into its
constituent parts, analyzing the specific application areas
of isotopes and radiation equipment applied to each. The
field is truly vast, for it can be said that all nuclear energy
is the behaviour of isotopes in a variety of different situations!

* CANDU - Canada Deuterium Uranium



ISOTOPES ARE USED TO TREAT THE SICK AND LEARN MORE ABOUT DISEASE

It is in this area perhaps that radiation equipment
and isotopes have made their greatest impact in recent years.

Before a doctor can treat the sick he must first
diagnose the disease. It is in this field of diagnostics
that isotopes have truly come of age. When a citizen of North
America enters hospital with an ailment requiring diagnostic
procedures there is a 2 5% chance that a radioisotope will be
utilized in his diagnostic work-up. Radioisotope production
began in 1934 when Irene Curie and Frederic Joliot discovered
artificial radioactivity. They bombarded aluminum with alpha
particles from polonium and produced the positron emitter
phosphorus-30. By the end of 19 35 about 100 radioisotopes had
been produced, many of them by Fermi and his associates, using
neutrons. Over two thousand radioisotopes and isomers are now
known.

Unstable nuclides with an excess of neutrons are
best produced by processing targets in a high flux reactor.
On the other side of the nuclear stability line are the
nuclides which are neutron deficient and are produced in an
accelerator or cyclotron.

The higher the available flux in a reactor the easier
and more efficiently can a useful radioisotope be produced.
In Canada, the foresight which built the NRX and NRU reactors,
with neutron fluxes greater than 10 n/(cm^s) over 20 years
ago gave Commercial Products the basic start necessary to
become the supplier of around 70% of the bulk radioisotopes
in use today.

To produce the neutron deficient radioisotopes we
are fortunate to have in Canada the TRIUMF cyclotron in Van-
couver,which ranks with LAMPF (Los Alamos), SIN (Switzerland)
and Saturne (France) in terms of size, beam current and cap-
acity. Commercial Products has just announced a cooperative
venture with TRIUMF to irradiate, process and market medical
isotopes using the TRIUMF cyclotron.

1. In-Vivo Diagnosis

These procedures involve the administration of ra-
dioisotopes to a patient either as a simple inorganic material
or in complex, biologically active compounds. Subsequent
measurement of activity distribution is used to delineate
body organs or locate and localize tumours.

Since the early 1950 's Canada has been a major sup-
plier of bulk radionuclides which are processed to become ra-
diopharmaceuticals. Whilst a variety of reactor-produced iso-
topes have been utilized, the field today is dominated by
technetium-99. The artificial isotope technetium-99 contains



the most desirable collection of properties for nuclear medicine
of all currently known radioisotopes. It emits a single gamma
photon energy ideal for organ imaging. It has high specific
activity and thus little chance of toxicity problems. Its
compounds can readily be used for visualizing a variety of
different body organs and its short, 6-hour half-life min-
imizes any unnecessary radiation dose to a patient.

Naturally, with a 6-hour half-life, the isotope
possesses some commercial logistical problems' Fortunately
technetiom-99 has a parent, molybdenum-99, which has a much
longer half-life of 66 hours. Although still fairly short, this
is long enough to enable a well-organized commercial enterprise
to remove the target from a reactor, process it and ship it
to a radiopharmaceutical manufacturer anywhere in the world
who, in turn, prepares and ships the generator to a hospital
with sufficient radioactivity left for the doctor to use!

There are two techniques for molybdenum-99 production —
the first is via thermal-neutron bombardment of molybdenum
and the second is neutron bombardment of uranium in a reactor
yielding molybdenum as a fission product. This latter produces
carrier free molybdenum-99, allowing a higher yield of the
daughter nuclide technetium, and is the preferred production
method used today.

Commercial Products is the world's largest producer
of fission molybdenum-9 9; last year nearly 35 thousand curies
(1.3pBq) were processed and shipped to customers.

Technetium is usually supplied to hospitals through a
molybdenum-99/technetium-99 generator or "cow". This consists of
an inorganic ion exchange column from which the daughter technetium-99
is eluted as pertechnetate with physiological saline. The
resulting solution is ready to inject directly for some diagnostic
procedures or to be modified chemically for others. Generally
hospitals receive generators from their radiopharmaceutical
suppliers on a weekly basis. At present over 3000 generators
are shipped every week in North America.

New developments in in-vivo diagnosis indicate that
certain cyclotron-produced isotopes (thallium-201, iodine-123,
c,allium-67 and indium-Ill are perhaps the most popular) will
play a major role in the future. Such isotopes produced by
bombarding the nucleus with particles which are accelerated
in a cyclotron are also generally carrier free and low in
patient radiation exposure. Thallium-201 shows promise of
wide use in the fast, painless diagnosis of myocardial mal-
functions. A thallium-201 scan can indicate the size, site and
depth of a beart branch block more efficiently than can the
conventional electrocardiogram. Positron-emitting isotopes



such as carbon-11 and gallium-68 permit organ function, rather
than shape, to be studied.

2. In-Vitro Diagnosis

These procedures, principally radioimmunoassays
(RIA's), represent the fastest growing area of clinical isotope
usage. Antigen-antibody complexes are formed by mixing radio-
isotopically labelled and unlabelled natural antigens in blood
or other samples. The amount of radioactivity found at
equilibrium is a measure of the naturally occurring antigen in
the sample. The tests are rapid, simple to perform and inex-
pensive and offer great potential to developing countries pre-
viously denied access to more cumbersome or complex techniques.
carbon-14, iodine-131 and iodine-125 have been used for this
isotope; however, because of its ease in counting iodine-125 is
now the isotope of choice. The quantity of activity is so
small that 10 million assays may be performed from one curie
(37 GBq) of iodine-125.

Taking the above two segments of medicinal diagnosis
together, Canada supplies the bulk radioactive material from
which 25-50 million in-vivo diagnoses and over 100 million
in-vitro analyses are performed worldwide each year.

3. Radiation Teletherapy

The third major contribution made by Canada to com-
bat disease through isotope utilization is the treatment of
cancer by radiation therapy.

This important tool in man's arsenal' against cancer
is an entirely Canadian story. In 1951 Drs. T.A. Watson and
Harold Johns, then at the University of Saskatchewan, performed
the initial research and built the first prototype cobalt
machine for cancer treatment. This machine, using CRNL*-pro-
duced cobalt-60, treated its first patient in 1951, continuing
in operation until 1972 when it was retired to a museum in
Saskatoon. In the same year, 1951, the first commercially
produced cobalt-60 machine, manufactured by Commercial Products,
was installed in the Victoria Hospital in London, Ontario.
It, too, continued to treat patients until 1967 when it was
placed in the Museum of Science and Technology in Toronto(now the
Ontario Science Centre).

The outstanding contribution made by Commercial
Products to the radiation treatment of cancer is now relatively
well known. Commercial Products has supplied between 55-65%
of the world's cobalt therapy units and currently has around 1200
units in clinical use in over 80 countries of the world. Indeed,
Commercial Products is better known outside Canada than within
our borders for its contribution in this field!

*CRNL - Chalk River Nuclear Laboratories



Figure I shows the worldwide and AECL sales of co-
balt teletherapy units over the past ten years. The graph
illustrates two phenomena - the major market share obtained
by Commercial Products and the gradual decline in worldwide
usage of cobalt-60 machines, corresponding to the advent of
the more powerful and versatile medical accelerator.

The first unit manufactured by Commercial Products
had a radioactive source containing 1000 curies (37 TBg) of
cobalt-60 and delivered an output of 20 roentgens per minute per
metre. The smallest of today's Commercial Products range of
accelerators has an output 20 times greated! In addition, the
accelerator offers a choice of electron or photon treatments,
delivering well-defined beams to very deep-seated tumours and
possessing a lower skin surface dose than the cobalt machine,
thus enhancing the phenomenon of "skin-sparing". The practice,
today, in the modern, industrialized countries, is towards the
establishment of sophisticated, large, multi-purpose cancer
clinics, having one, two or three accelerators as the preferred
treatment machines, possibly with a cobalt-60 machine as back-up,
plus a simulator and treatment-planning system as support equipment.
These latter machines, also produced and sold by Commercial
Products, are used by the clinic physicists to exactly plan and
simulate the radiation treatment before it is used to treat the
tumour in the patient.

, The medical accelerator, whilst it is thus patently
the superior machine, is not a universal panacea. It is a
very complex, electronic machine and requires highly developed
skills on the part of hospital therapists, physicists and en-
gineers in order to operate it, keep it at maximum operational
efficiency and make fast repairs and adjustments should ser-
vicing be required. Such skills are in short supply worldwide -
hence another reason for the trend to larger, centralized
clinics in North America - and virtually eliminate the wide-
spread use of such machines in the developing countries, at
least until a cadre of trained people becomes available. It
thus appears that, in such countries - and, indeed, in many
smaller clinics in the industrialized world - the simpler
cobalt-60 therapy machine will continue to be used and stories
of its impending demise are obviously premature!

Presently there are around 20 00 cobalt machines and
700 accelerators in worldwide use. Figure II shows the world-
wide sales of medical accelerators over the last ten years
together with the share obtained by Commercial Products and
our French partners, CGR MeV. This is obviously one market
in which AECL is not the major supplier, although our percentage
of market is improving.



Figure III illustrates one method of calculating
the life-giving abilities of AECL's cobalt units alone. Note
the calculation shows nearly 10 million added years of human
life made possible through AECL's cobalt-60 radiation. In
Canada alone the figure is 30,000 added years of life amounting
to an addition to the Gross National Product (GNP) of around
$150M.

Fast neutron high LET radiation treatment of cancer,
although still a new modality, has shown promising results in
several countries. A few companies, specializing in large
accelerators or cyclotrons, have started to supply machines
adapted to this purpose. The B.C. Cancer Foundation has
started experimental work with pi-meson heavy-charged particles
using the cyclotron beam at TRIUMF in Vancouver.

It is probable that these new treatment modalities
will become more widespread in the next 20 years, maintaining
the link between radiation technology and cancer treatment.

TO IMPROVE MANUFACTURING PROCESSES

There can be only a few processes which have not
been improved by radioactive isotopes and many commodities
used in our daily lives are dependent upon them.

Radiography utilizes gamma irradiation from radio-
isotopic sources (principally iridium-192) to detect structural
faults, impurities, porosities in metal components, such as
aircraft castings and welds in oil and gas pipelines. These
sources are more penetrating than conventional X-rays, are
portable and do not require high voltage power supplies and are
thus very convenient for field use. More than 5 00 iridum-192
sources are used in Canada each year with each one performing
5 to 50 radiographs per day during a useful life of 3-6 months.
These play an important part in environmental protection and
personal safety.

, Many sophisticated electronic gauges used in indust-
rial and process control are based on nuclear radiation. Ex-
amples are level and density gauges measuring and controlling
the thickness of sheet materials such as plastic films, metal
foils, sheet strips and also coatings of metal or plastic on
a wide variety of materials. Even the contents of a beer can
may be constantly monitored on line.! Isotopes commonly em-
ployed are caesium-137, krypton-85r or strontium-90.

Radioisotopes are also used as tracers to find lost
buried pipes or leaks in pipes or storage tanks. Flow patterns
and foam/solution conditions may be monitored in closed re-
action vessels.



The smoke detector is a fast growing new product,
with almost universal application. Here the potential id-
diation hazards are minimal due to the extremely small amount
of radioactivity utilized - typically one microcurie (37 kBq)
or less.

Smoke detectors using the ionization principle op-
erate by sensing continuously the ionization current in a
chamber containing a small, radioactive source. When combus-
tion products enter the chamber the current drops and an alarm
is activated. It has been estimated that the North American
market will be around 10-15 million units this year at a
selling price of $20-$50 - this market may increase dramati-
cally if various governmental bodies legislate their usage in
homes, offices, apartment blocks and stores. The alpha-
emitter americium-241 is commonly used as the source; however,
at Commercial Products we are generating a great deal of in-
terest with a nickel-63 source.

Radioisotopes have also found some application in
nuclear batteries for remote operation. Most such batteries
work on a thermoelectric principle utilizing the decay heat.
from a radioisotope such as cobalt-60 or strontium-90. Radio-
isotope powered heart pacemakers are also becoming more pop-
ular as the battery life within the patient may be 4 to 5
times that of a conventional battery.

However, without doubt, the largest industrial usage
today for radioisotopes is in industrial irradiation using
cobalt-60. Nuclear radiation may be utilized to sterilize,
preserve, and induce chemical reactions or supply energy to
a system.

Large cobalt-60 gamma irradiators are now a major
form of industrial sterilization. There are 82 such units
worldwide of which Commercial Products has sold 52 units in
26 countries with an installed base of 24 million curies (1 EBq)
of cobalt-60. Products such as the wide range of medical dis-
posables used in hospitals, sutures, hypodermics, catheters,
surgeons gloves, etc. are passed through the irradiator pack-
aged in their final plastic containers and shipping boxes,
the cobalt-60 killing all bacteria, spores, viruses, and other
living organisms. The materials remain sterile until the
package is opened in the final hospital environment.

The sterilizing dose given in derived from the
equation:

Dose = D log -£• , where

D is a decimal reduction factor based
on the radiosensitivity of the microbe species.



No is the number of microbes before
sterilization.

N is the infinitestiinally small number
of surviving organisms.

The usual sterilization dose is 2.5 megarads (25 kGy),
and it is a measure of the uniformity and degree of sterility
obtainable that microbiologists now accept that proof of rad-
iation dose is also proof of sterility.

Important as the sterilization of medical disposables
is, the large-scale irradiator has a variety of other, fast
developing, very interesting applications.

The use of ionizing radiation for food processing
has three major objectives:

a) Sterilization of food products for long-term unrefrig-
erated storage.

b) Sub-sterilization radiation doses for the extension of
shelf life and marketing times for fresh foods.

c) Higher radiation doses for long-term sprout inhibition
in vegetables, such as onions and potatoes, to preserve
the crop year round between harvests.

An example of b) above is the sterilization, now carried on
in many countries, of plastic milk, cheese and cream containers
to increase the store life of these foods.

A joint WHO/FAO/IAEA committee on irradiated food
was held in Geneva in 1976. This meeting analysed all the
data collected throughout the world since the early 1950's -
much of it from Canada.

Potatoes, grain, strawberries, papayas and chicken
were unconditionally accepted with rice, onions and fish being
accepted conditionally. In addition, the wholesomeness of
irradiated meat is being studied. Since this meeting, further
studies have been sponsored and coordinated by IFIP (Inter-
national Project in the Field of Food Irradiation). The IAEA
has already announced a follow-up convention .in 1980 in con-
junction with the WHO. At Commercial Products we are confid-
ent that food irradiation will become an established fact
after this conference as an additional aid to the immense task
of feeding all the world's population. Once again Canadian
radiation and isotope technology will be ready to play a major
part.



Even before the advent of food sterilization, gamma
irradiation was increasing at 25% worldwide each year. An in-
dustry which once was overwhelmingly concerned with medical
disposables is diversifying into wire and cable insulation
hardening, treatment of sewage wastes and the decomposition
of PCB wastes - wastes which pose a serious environmental
hazard.

The major competing technology to gamma irradiation
in this area is ethylene-oxide-based equipment. Today there
is growing concern about possible health dangers of ethylene
oxide residues and about the guaranteed levei of sterilization
which can be obtained. In addition the cost of ethylene oxide,
an oil-based product, has increased and radiation sterilization
is now t'.ie optimum form of sterilization from both the micro-
bio logical and an economical viewpoint.

TO INCREASE PRODUCTIVITY OF CROPS AND LIVESTOCK
•

The forthcoming major usage of radiation in food
sterilization has already been discussed above. In addition
to this important topic the uptake of radioisotopes from soil
or nutrient solutions by plants and animals has been used to
study trace element deficiencies and the effects of fertilizers.
Radioactively labelled pesticides and environmental contain- &

inants have been followed through their sequences of distri-
bution, metabolism and ultimate detradation or deposition.
Tritium has been used extensively to find the origins of
groundwater, flow velocity and direction. In Ontario,
phosphorus-32 has been employed as a tracer to find ground-
water contamination from sewage disposal systems.

An extremely interesting application of gamma irrad-
iation in this field is being realized through the sale of a
Commercial Products irradiator to Mexico. Some 5 million male
rruit flies are being neutered during each pass through the
irradiator. After release back to the countryside the next
generation of flies is reduced in numbers, to the consider-
able improvement in crop yields.

TO HELP MAN UNDERSTAND THE BASIC PROCESSES OF HIS BODY, THE
LIVING THINGS AROUND HIM AND THE PHYSICAL WORLD

This final, all-embracing phrase of Gordon Deans
refers to the use of isotopes in fundamental research - es-
pecially in the life sciences. As tracers, isotopes are immensely
powerful in unravelling nature's extraordinary systems. Their
use has yielded much information about the complex machining
of living cells and their genetic material. They are essential
tools in molecular biological research. More than 50% of the
carbon-14 used worldwide i:; labelled compounds for biological,
pharmacological and medical research is produced in Canada by
Commercial Products.
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The major instrument used in such research is the
Commercial Products range of small irradiators. Called
Gammabeams and Gammacells, utilizing, generally, either
cobalt-60 or caesium-137 as the radioactive source, over 325
have been sold to laboratories, universities and hospitals
thoughout the world.

The final new application of radioisotopes I wish to
discuss is Neutron Activation/Delayed Neutron Counting. As
the search for uranium ore is carried on by mining organizations
throughout the world it is increasingly necessary to utilize
a fast, accurate, non-destructive and low-cost technique to
determine the amount of uranium ore present in a sample.

When a mining sample is bombarded with a neutron flux
in a small reactor, fission of the uranium (if present) occurs.
Some of the fission-product nuclides emit delayed neutrons.
The number of neutrons emitted is a linear function of the
amount of uranium present in the sample. Because the delayed
neutrons can be detected and selectively counted, the amount
of uranium present in the sample may be determined by refer-
ence to a standard material containing a known level of uran-
ium. This technique, pioneered by Commercial Products using
its small Slowpoke reactor, is fast becoming the preferred
method of uranium assay in Canada.

COMMERCIAL PRODUCTS - A CANADIAN SUCCESS STORY

The product and application examples given, so far,
in this paper illustrate vividly the wisdom behind the remarks
made by Gordon Dean nearly twenty five years ago. Then it is
realized that all of them, as well, are drawn from the product
portfolio of one high-technology, secondary-manufacturing,
Canadian-owned company, it can perhaps be appreciated that
some exceptions do exist to the rather dismal success story of
high technology in Canada. Radiation equipment and isotopes,
as a spin-off of Canada's total nuclear program, have also
helped create a commercially successful enterprise.

The degree of success can be illustrated by Figures
IV and V. Figure IV shows the dramatic increase in sales
achieved by Commercial Products in the last five years. The
Company has also become profitable during the same time-span
and receives no givernment funding of its commercial operations.
It does receive a relatively small R&D grant from the federal
government to partially cover its R&D expenditures in medical
accelerator design, although, even here, Commercial Products
contributes close to 50% of the total R&D costs from existing
revenues.



Of even greater interest is the contribution made
by Commercial Products towards Canada's export trade. Stat-
istics show that Canada's annual trade deficit on manufactured
goods rose from $3.6 billion in 1971 to $11 billion in 1977.
Further, the manufacturing industry employed only 18% of the
nation's work force in 19 77 compared to 26% in 1950. The
amount of R&D performed by Canadian industry, as a percentage
of GNP, was the lowest of the eight most industrialized coun-
tries of the world.

Canada clearly cannot afford a broad approach which
pursues technological development on all fronts simultaneously.
We can - and should - however, develop an intensive expertise
in selected areas of scientific and technical specialization.
That the nuclear industry - including radiation equipment and
isotopes - is clearly one of these areas of specialization is
surely beyond question!

Figure V shows the geographical distribution of the
orders received by Commercial Products over the last five
years. Out of a total of $107 million of orders received,
$95 million, or 89%, came from foreign customers. Commercial
Products thus represents a small ray of hope for the continuance
of export-oriented, high-technology, secondary manufacturing
in Canada. Its continuing success should be a challenge, and
a source of pride, to all of us in the nuclear industry.
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Figure II
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Figure IH

IMPACT OF RADIATION THERAPY TREATMENTS
DELIVERED BY AECL/COBALT 60 TELETHERAPY UNITS

ON WORLD POPULATION

Total AECL units installed 1154 units

Average life of unit 10 years

Total "unit years" : 1154x 10 11,540 unit years

Numberof patients treated per unit year 550 patients

Total patients treated: 11 540 x 550 6,347,000 patients

Average cure rate 50%

Total patients who received successful treatments 3,173,500

Average survival, numberof years 3 years

Total added years: 3,173,500x3 9,520,500 years

L'INFLUENCE DES TRAITEMENTS A LA RADIOTHERAPIE
EFFECTUES PAR LES APPAREILS TELETHERAPEUTIQUES AU COBALT 60

DE LE.A.C.L., SUR LA POPULATION MONDIALE

Montantd'appareilsdel'E.A.C.L. installes 1154

Duree moyenne d'un appareil 10ans

Montantdes"annees-ipcareil": 1154 x 10 11540

Nombrede malades traite: par"annee-appareil" 550 malades

Montantdes malades traites: 11540x550 6.347,000 malades

Frequence moyenne deguerison 50%

Montantdes maladesdontletraitementestefficace 3,173,500

Esperance moyenne de vie en nombred'annees 3 ans

Montant total d'anneesde vie: 3,173,500x3 9,520,500 ans
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