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FOREWORD

VOO Ft WOORD

One of the main themes of the research and development
program of the Atomic Energy Board is the promotion of
nuclear technology and the beneficial application of nuclear
techniques in agriculture, medicine and industry, as well as
in research. Where necessary, this activity is supported by
training, assistance and advice and is undertaken in close
collaboration with other organisations. For example, there
is excellent cooperation between the Atomic Energy Board
and the Council for Scientific and Industrial Research in the
field of isotope production. In its accelerator the CSIR
produces radioactive isotopes which are proton-rich and
therefore complementary to the reactor- or neutron-produced
isotopes of the AEB.

Een van die hooftemas van die navorsings- en ontwikkelingsprogram van die Raad op Atoomkrag is die bevordering
van kerntegnologie en die toepassing van kerntegnieke waar
dit met voordeel in die landbou, die geneeskunde, die
nywerheid en ook in navorsing aangewend kan word. Hierdie
aktiwiteit word, waar nodig, deur opleiding, hulp en advies
ondersteun en word in noue samewerking met ander organisasies onderneem. So bestaan daar byvoorbeeld uitstekende
samewerking tussen die Raad op Atoomkrag en die Wetenskaplike en Nywerheidnavorsingsraad waar laasgenoemde
instansie ook protonryke radioaktiewe isotope produseer
wat aanvullend tot die reaktor- of neutrongeproduseerde
isotope van die RAK benut word.

The application of nuclear techniques is based on the
detection and utilisation of nuclear radiation from radioactive isotopes. The AEB has been engaged in the manufacture of radioactive isotopes since 1967, shortly after the
SAFARI-1 reactor at Pelindaba was commissioned. Since
then the use of radioactive isotopes in South Africa has
grown rapidly and at present approximately 90 % of the
in vivo diagnostic radiopharmaceuticals utilised in nuclear
medicine are manufactured locally.

Die toepassing van kerntegnieke berus op die waarneming
en benutting van kernstraling vanaf radioaktiewe isotope
en die RAK het reeds sedert 1967, kort nadat die reaktor
SAFARI-1 te Pelindaba in gebruik geneem is, met die
vervaardiging van radioaktiewe isotope begin. Sedertdien
het die gebruik van radioaktiewe isotope in Suid-Afrika snel
gegroei en tans word sowat 90 % van die in vivo diagnostiese radiofarmaseutiese produkte wat in die kerngeneeskunde aangewend word, plaaslik vervaardig.

Because radioisotopes are applied mainly in sophisticated
chemically or mechanically processed forms, production
requires not only a skilled production team, but also the
appropriate processing facilities for the manufacture of
high-quality products which comply with the necessary
safety standards. Compliance with such standards is
especially important for the routine production of radioactive preparations used in medicine. To this end a radioisotope production complex has been erected at Pelindaba
at a cost of R3 million, which was formally inaugurated on
Thursday 12 March 1981 by Prof F.G. Geldenhuys, President
of the SA Medical and Dental Council. The opening
ceremony was preceded by a symposium in which the
production aspects and the main applications of radioisotopes were discussed. Two distinguished guest speakers
from abroad presented papers at the symposium which was
attended by a total of 170 invited guests. Visits to the
Isotope Production Centre, as well as several radiationtechnology and other facilities on the Pelindaba Site, were
included in the program.

Aangesien radioisotope meestal in gesofistikeerde chemies
of meganies geprosesseerde vorms aangewend word,
vereis produksie nie alleen 'n kundige produksiespan nie,
maar ook die nodige prosesseerfasiliteite vir die vervaardiging van produkte van hoë gehalte wat aan die nodige
veiligheidstandaarde voldoen. Laasgenoemde is veral van
belang vir die roetineproduksie van radioaktiewe preparate
wat in die geneeskunde gebruik word. Vir dié doel is 'n
radioisotoopproduksiekomnleks teen 'n koste van R3miljoen op Pelindaba opgerig en is dit formeel op Donderdag
12 Maart 1981 deur prof F.G. Geldenhuys, President van
die SA Mediese en Tandheelkundige Raad, geopen. Die
openingseremonie is voorafgegaan deur 'n simposium
waarin produksie-aspekte en die hooftoepassings van
radioisotope bespreek is. Twee vooraanstaande oorsese
gassprekers het tot die simposium bygedra. Altesaam 170
uitgenooide gaste het die formele program bygewoon en
hulle het ook besoeke aan die Isotoopproduksiesentrum
sowel as aan enkele stralingstegnologie- en ander fasiliteite
op die Pelindaba-terrein, afgelê.

The appl ication of radioisotopes and radiation may be seen
as one of the byproducts of a fully fledged nuclear energy
program.- which can be utilised for the benefit of the
community. The AEB is therefore proud of the progress
made in this field over the past 21 years, as well as of the
contribution it has been able to make towards bringing the
many benefits of the peaceful application of nuclear
technology to South Africa.

Waar die toepassing van radioisotope en straling as een
van die neweprodukte van 'n volwaardige kernenergieprogram beskou kan word wat tot voordeel van die gemeenskap
benut kan word, is die RAK trots op die vordering wat oor
die afgelope 21 jaar ook op hierdie gebied gemaak is en die
bydrae wat hy kon lewer om die talie voordele wat ook
hierdie vredestoepassing bied, tot plaaslike beskikking
te stel.

I trust that this report on the proceedings of 12 March 1981
will serve not only as a record of what has already been
achieved, but also as an indication of the great potential
which these techniques present for application in
various spheres.

Ek vertrou dat hierdie verslag van die verrigtinge op 12
Maart 1981 nie alleen as 'n boekstawing van wat reeds
bereik is, sal dien nie, maar ook as 'n aanduiding van die
aansienlike potensiaal wat hierdie tegnieke steeds vir
aanwending op verspillende terreine bied.

J.W.L DE VILUERS
PELINDABA
1 August 1981

J.W.L DE VILLIERS
PELINDABA
1 Augustus 1981

INAUGURAL ADDRESS
F.G. GELDENHUYS
President South African Medical and Dental Council
and Dean of the Faculty of Medicine, University of Pretoria

Mr President of the Atomic Energy Board, Dr de Villiers,
Board Members, Ladies and Gentlemen With apologies to Dr Murphy - as I look around and I see the hungry, anticipatory gleam in the eyes of the
audience here today, when it comes to the "imaging" of my address, I think I should in emitting the photons of
this address, use one of Dr Murphy's minincation methods! However, there are a few remarks that I would not like
to miniaturise and one is to say that it is with very great pleasure that I accept this pleasant task of delivering the
inaugural address on this important occasion because it affords me the opportunity of not only congratulating
you. Sir, and your Board and your Organisation, on the achievement of establishing this Isotope Production
Centre but it also allows me to thank you on behalf of my Council, myself and the medical profession as a whole,
for the excellent assistance and cooperation we have received from you through the years.
Many areas of mutual interest exist between the Atomic Energy Board and the South African Medical and Dental
Council, which make cooperation so essential. Today, medicine can no longer be applied effectively without
utilising radioisotopes for diagnostic, therapeutic and research purposes. It has been calculated, as we heard this
morning it is also the case in the USA, that one out of every three people who today, as a patient enter an
academic hospital within the Republic, will be examined by means of radioisotope tracers. Nuclear medicine is
playing an increasingly important role in medicine as a whole. In 1974, I understand, the first department of
nuclear medicine at a South African university was created and at present all the faculties of medicine in the
Republic have a department of nuclear medicine, in most cases with a professor and chief specialist in charge.
Requests have already been received for recognition by the Medical Council of nuclear medicine as a separate
area of specialisation. The Specialists' Committee of that Council has decided, since this area also needs other
specialised expertise, to create it as an "endorsement" which will be built on previous specialisation in
diagnostic or therapeutic radiology or internal medicine. As soon as legislation has been passed to allow the
category of endorsement, medical practitioners in nuclear science will receive full recognition and will be better
able to realise themselves fully in their area of specialisation.
As the South African Medical Council performs the functions of registering medical technologists in the category
of nuclear medicine, and also radiographers in this category, whereas the Atomic Energy Board authorises or
licenses persons to use radioactive material, it may in the first instance appear as if there is some overlapping in
the function of these two organisations; this, however, is not the case. Following discussions, agreement was
reached that the Medical Council should determine and assess the professional training requirements of persons
applying for registration, whereas the Atomic Energy Board will see to the safety requirements in the use of
radioactive material and license persons using such substances. This clearly demonstrates that great harmony
exists between our two organisations and I have the fullest confidence that this will continue.
On a day like this, and listening to papers delivered at this morning's meeting, one is again brought to realise how
rapidly scientific knowledge is expanding at this time. We are living in a changing world. It has been stated that
Adam told Eve as they left the Garden of Eden - "we are living at a time of great change!"
Ever since then the speed of the cultural, scientific and political changes has been so great that human beings
have experienced problems of anxiety and tension to keep up with their changing environment. However, we
have all been heartened by the success which physical sciences have enjoyed, particularly in the past few
decades. You will agree with me that physical scientists have enjoyed certain advantages over their colleagues in
other fields, but they were gonerous in making the application of th sir own knowledge available also to us lesser
beings. Measurement of our animated world can be made with great precision but the world of biomedical
scientists is so complex, so dynamic, so filled with variables, that it has been a great challenge to try to discern
order in the material of life.
Fortunately advances in biology and medicine have also been notable, and biological and medical scientists have
used great ingenuity in adapting the tools and techniques of the physical sciences to their complex problems.
With the help of new methods, instruments and techniques based on physical principles, the exploration of living
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materials has been extended to the molecular level. The discovery of artificial radioactivity and availability of
radioisotopes has made these the most useful research tools since the invention of the microscope. We have
been given eyes to see what was formerly invisible. Research tools of this sort greatly facilitate the identification,
measurement, isolation and characterisation of the components of living systems. The result has been increasing
precision in the perception, measurement and definition of biological phenomena. To reach a level of fruitful
cooperation between physician and physicist has not always been free of misunderstanding. But in time, solid
avenues of communication have been paved by these two breeds of scientists. The disciplines of medicine and
physics are like oil and vinegar. When shaken together they may often be appetising but not easily miscible.
Nuclear medicine has blended the soothing oil of medicine with the acid reality of physics into a palatable and
beneficial mixture, which, although it could be criticised for having insufficient clinical salt by the master of the art
of healing and for having insufficient pepper by the professors of the practice of physics, will nevertheless, I hope,
be a mixture to the taste of the general practitioner and specialist, who will find a need for its use without danger
or discomfort to the patient, whether he is well or seriously ill. This development- and I look at my colleagues this development will be appreciated all the more by the doctors, when they come to realise that they themselves
may sometime become receivers instead of purveyors of medical care.
In applying two of the most important principles on which our knowledge of the disease is based, the doctor uses
radioactive tracers to provide him with functional information in answering four basic questions:
What is wrong with the patient? - that is diagnosis
What is going to happen to him? - that is prognosis
What can be done about it? - that is therapy
Why did it occur? - that is biomedical research.
The first principle is the constancy of body fluids as described by Claude Bernard and later by Cannon and others.
The second principle is the dynamic condition of the parts of the body, pointed out in the work of Schernheimer
and Rittenberg. These principles state that the apparent constancy of the biological components is the result of a
delicate balance between production and decomposition of biochemical substances and cellular elements which
are constantly in a state of interaction. In this way the use of radioactive tracers has enabled us to measure not
only the place and speed of important biological processes but also to identify abnormalities as areas of
dysfunction. These results are ca.led functional images. Such examples are, for instance, a local defect of
phagocytic function of the reticulo-endothelial system of the liver which can be the first and only indication of a
tumour, or, the asymmetric function of the two kidneys can indicate early kidney disease, whilst increased bonemarrow activity can indicate the early existence of haemolytic anaemia. In this way our knowledge of physiology
and medicine is expanded.
The concept of motion is essential to physiology, indeed to life itself. Nuclear imaging techniques can provide a
new way of perceiving functional anatomy to review patterns and changes in body constituents. Nuclear
medicine can portray both space and time in unique and exciting ways. From our earliest biology courses we are
taught to distinguish between structure and function, but, in the light of the concept of the dynamic state of body
constituents, we realise that what we call functions are fast processes of short duration and what we call
structures are slow processes of long duration; for example, the beating of the heart is usually thought of as a
function, whereas the skeleton is thought of as a structure, although it too changes constantly throughout life.
Nuclear medicine's modern era began, they tell me, with the announcement, in the 14 June 1946 issue of
Science, that radioactive isotopes were available for public distribution. This heralded a veritable flood of radioisotopes from facilities at Oakridge, and later from the Brookhaven National Laboratory in the USA. These nuclear
installations began to issue shopping lists that grew in size with each issue. Hand-in-hand with these
developments has been the impressive development of local production capability in order to make these
radiolabelled diagnostic agents freely available. In this respect the Atomic Energy Board, and more specifically
the Isotope Production Centre, has played a significant role, continuously serving the country's needs. Here I
should also mention the work of the CSIR, about which we heard this morning. However, the future growth of this
fruitful field will depend heavily on developing the proper infrastructure, communication and cooperation. This
area requires close understanding between various disciplines, sufficient qualified personnel and modern
equipment. Today we start a new era in South Africa, and we are sure that the role the Isotope Production Centre
will play in developing and promoting radioisotopes to meet South Africa's needs, will be as fruitful and as
relevant as that of its American grandparent institutions. Fundamental research is interdisciplinary, it knows no
boundaries, no nationalities, no limits — and so South Africa's nuclear scientists, in elucidating the basic
understanding of natural mechanisms underlying the applied efforts of their practical colleagues, are at the same
time contributing to the sum total of man's increasing knowledge. For this they have received international
recognition and the acknowledgements of their opposite numbers in many countries. To this, Mr President, I add
the recognition of the patients, and the doctors who treat them, and I thank you, Atomic Energy Board, for your
effort in developing this magnificent Isotope Production Centre. May its success exceed even our most
optimistic expectations.
Long may it flourish.
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FACILITIES FOR THE PRODUCTION OF RADIOISOTOPES AT PELINDABA
by
M.E. SMITH
Isotope Production Centre
Atomic Energy Board, Pelindaba

SAMEVATTING
Die Isotoopproduksiegroep het, van 'n nederige begin in 1967, nou die stadium bereik waar hy 'n warmselkompleks in bedryf gestel het. Ons het in die jare tussenin baie geleer en hierdie kennis is grotendeels in die
ontwerp van hierdie gebou ingelyf. Een van die hoofontwerpmaatstawwe was die gebruik van die Franse
Warmselstelsel wat die probleme met besmetting en bestraling uitskakel deur 'n verwyderbare lugdigte
handskoenkas binne die biologiese loodskerm te gebruik. Ongelukkig het die stelsel 'n paar nadele, vernaamlik
die beperkings van die klein werkvolume en die lang tyd wat vir oorplasing tussen selle nodig is. Eersgenoemde
probleem is opgelos deur onderdele binne die selle te verklein; laasgenoemde probleem is as onoplosbaar
aanvaar omdat die oplossing daarvan meebring dat veiligheidstandaarde verlaag sal moet word.
In die Franse Stelsel word die integriteit van die handskoenkas en sy steunventilasiestelsel wat die kas se lugdruk
laeras die lugdruk buite moet hou, sterk beklemtoon. Hierdie beleid is dwarsdeurdie gebou toegepas, en gebiede
met verskillende besmettingspotensiaal word van afsonderlike ventilasiestelsels voorsien. Beheer oor al die
lugtoevoere en -uitlate word daardeur bemoeilik dat elke stelsel in sekere omstandighede die stelsel langsaan
kan beïnvloed. Die vergrendelings, differensiële drukbeheerders en veiligheidsuitskakelaars was 'n groot
gedeelte van die totale geboukoste.
Uit bogenoemde is dit duidelik dat die klem op veiligheid geplaas is. Die nuwe gebou is eerder opgerig weens
oorwegings rakende die vorige fasiliteite se veiligheid as weens die belofte van hoer produksiepotensiaal.

ABSTRACT
From humble beginnings in 1967 the Isotope Production Group has reached the stage where a hot cell complex is
being commissioned. The intervening years have taught us many things, most of which have been incorporated
into the design of this building. One of the main design criteria has been the adoption of the French Hot-Cell
System which eliminates the problems of contamination and radiation by using a removable air-tight glove box
within the lead biological shield. Unfortunately the system has a number of drawbacks, mainly being the
limitations of the small working voiume and the time taken to effect inter-cell transfer. The former problem has
been solved by the miniaturisation of in-cell components; the latter problem has been accepted as unsoivable
because its solution is tied to the lowering of safety standards.
The French System places strong emphasis on the integrity of the glove box and the supporting ventilation
system which keeps the box at below atmospheric pressure. This policy has been applied throughout the
building, with areas of different contamination potential being supplied with separate ventilation systems. The
control of the total air supplies and exhausts is complicated by the fact that each system may in certain
circumstances affect the adjacent system. The interlocks, differential pressure controllers and safety cut-outs
were a great fraction of the total building costs.
From the above it can be seen that emphasis has been placed on safety. The decision to erect a new building
resulted from considerations of the safety of the previous facilities rather than of the promise of greater
production potential.

The design of any facility depends primarily on the relevant experience and knowledge available. From the outset
the isotope production centre has been required to prove itself before funds for facilities were made available. This
implied that experience had to be gained from prototype equipment- equipment that on the change-over to the
new facilities, had been operational for up to ten years. To understand the philosophy of the design of the new
Isotope Production Centre, one must have a background of the design of the prototypes and of the problems
associated with them.
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In 1966 the Isotope Production Unit was involved in the fortnightly distribution of imported iodine-131. The
necessary equipment was inherited from the CSIR which had previously provided this service, and consisted of a
box closed on all sides by lead except the one opposite the operator which had a glass window for internal
viewing by means of a mirror. All manipulations were made through a rotating lead disc on the roof. This
apparatus had a number of serious drawbacks but was otherwise so successful that it formed a basis for all
new equipment.
The main problem experienced with the iodine-131 apparatus was contamination, i.e. the leakage of the ic dine in
either gaseous or liquid form. Although many leakage paths were found and eliminated or minimised, it was found
that a clean room after distribution could not be guaranteed. A similar problem was experienced during the
handling of the active targets from the SAFARI-1 reactor. Here the work was initially performed on an open bench
covered with plastic, and then in a standard fume hood. As the number of consignments increased, so did the
number of contamination incidents.
The increase in the quantity of the radioisoïopes being handled raised another problem - that of radiation. The
operator handling the irradiated targets was protected only by distance and, whereas contamination could be
blamed on the operator's lack of diligence, radiation doses received could be minimised but not excluded. It was
therefore decided to build three shielded boxes with sufficient shielding to virtually eliminate the radiation
hazard. The first shielded box was used solely for the decanning of the reactor targets and was a tremendous
improvement, but the remaining boxes were hardly ever used as the number of nuclides being produced on an
ad hoc basis far exceeded the number of boxes - only two. It must be remembered that, to avoid crosscontamination, the box had to be thoroughly cleaned before being used for a different radioisotope. Iodine-131
and the new technetium-99m generators were being produced in the lead boxes with mirrors, and contamination
incidents were still common.
The steady increase in the demand for the above radioisotopes, coupled with a decision to limi; the number of
other nuclides being produced, led to a reappraisal of the two shielded boxes. Equipment was installed to handle
the respective isotopes, whereupon contamination decreased and operations were greatly facilitated. It was
finally decided that all future designs would be based on the concept of the shielded box. This is described below.
We start off with an airtight box. This could be made from Perspex panels on a steel or stainless steel frame, or
may be a complete stainless steel box with a Perspex or glass window for visual access. Into this box we fix gloves
or bootings that allow manipulations to be performed in the box. No box is absolutely airtight, however, so we use
a type of secondary containment, i.e. a negative pressure of approximately 40 mm of water. This means that,
should a leak take place, the flow of radioactive dust will be away from the operator. The pumping of one's
contamination into someone else's work area is not permissible, so the exhaust passes through absolute filters
and then to the site stack. Should the exhaust fan fail, we place another absolute filter in the box; so should the
box become pressurised, only filtered air is released to the environment. The problem of containment has been
largely solved, except that nothing can enter or leave the box if it is to remain airtight. The normal double-door
system does ensure airtightness but it breaches the containment, as anything which is contaminated must
obviously contaminate the tunnel between the two doors as it passes from the box into the tunnel. By opening the
outer door, the contamination is allowed to escape to the atmosphere. Various bagging techniques have been
tried (unsuccessfully) and the French DPTE system has been adopted. The DPTE system which stands for DoubleDoor Totally Enclosed system consists of a soaled container which is connected to a flange on the box. This
flange has a door which must be opened to allow objects to pass through. Should this door be opened normally,
its outside swivels inside and therefore becomes contaminated. The same applies to the lid of the container - its
outside must remain clean. If, in the attachment of the container to the box, the lid could be fixed to the door, the
outsides of both would be pressed together and could not be contaminated.
The greater problem, that of contamination containment, has been solved. The only major problem remaining is
that of radiation. The solution is easy but expensive. Over 200 t of lead were used to shield twelve boxes in the
new building. This represents R300 000 worth of lead. To gain visual access through the lead, a shielding
window of leed glass is required —those of the large shielded boxes are almost a metre thick, weigh 4 tand cost
almost R100 000 each today. The manipulations are performed with a master-slave manipulator that reproduces
every movement of the master onto the slave. Finally, the DPTE container is shielded within a one-ton flask and
the radiation problem is solved.
The shielded glove box, sometimes called a hot cell, can be compared to a chemical laboratory or an operating
theatre, in that, without the necessary apparatus and equipment, it is of little use. This equipment varies widely. At
the one extreme, standard equipment is used. The box must be large, with consequently large biological
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shielding and the handling is done with a fully articulated manipulator. This approach is expensive because of the
size of the box and the cost of the shielding, window, manipulators, etc. The other extreme is to have miniaturised
custom-made components, to make use of automation and to use small boxes. The Isotope Production Centre
has tried to follow the latter philosophy and has been successful in this with the production apparatus for both
iodine-131 and the technetium-99m generator. As the decanning cell is required for a variety of targets from a
variety of disciplines, it has taken the form of a general-purpose box, much larger than the production boxes and
equipped with manipulators and not the simple tongs.
Finally we require the maintenance of the in-box equipment. This maintenance does not imply the servicing or
greasing of the equipment but rather the repair or replacement of broken items. It must be remembered that the
broken part is sometimes a radiation hazard and is always a contamination hazard. If we had adopted the use of
standard components, the repair in situ of such a piece would definitely be impossible to effect with the tongs
and could be accomplished only with great difficulty with manipulators. By adopting the miniaturisation
technique, we are not only able to handle and replace the complete component in most instances, but also to
design the part in such a way that stripping is possible by remote control or handling tongs. The removal of the
part is, of course, via the DPTE, after which it is placed in shielded storage until decay has eliminated the radiation
and contamination hazard. All the equipment together must therefore not weigh more than 3 kg, which is the limit
for the tongs and it must bs able to pass through a hole of 300 mm, which is the diameter of the DPTE.
The in-box components are designed for a long trouble-free life. If they do go wrong, their design is such that they
can be removed through the DPTE and replaced. When this cannot be done, the whole box can be lifted out from
behind the lead and taken to an area set aside for this purpose. A radiation hazard will be involved but the box
remains airtight, with the contamination contained.
The building is divided into three contamination zones- red, blue and white- where, loosely described, red is a
high-risk contamination zone, blue is possible but not probable, and white is clean. The offices, tearooms, toilets
and control room fall into the last category. The blue areas are the laboratories, counting room and fan yard. The
shielded glove boxes form the barrier between the blue and red zones, the latter being to the rear of the boxes and
constituting the maintenance area for the boxes. The white zone surrounds the blue and the blue the red
contamination zone. The blue zone thus forms a buffer between the red and white areas. On the south is the
entrance and exit for the active target and product, but personnel access is from the north. The building has been
designed in this way so that the monitors used to check personnel are not influenced by the proximity of large
sources of radiation.
Contamination containment is by ventilation. The fume-hood principle is applied, i.e. a draught towards the
contamination hazard. There are four ventilation systems in the building- one for the shielded glove boxes, two
for the laboratories and operating faces, and finally, one for the red maintenance area. The first and last
mentioned not only have stand-by fans should a fan fail, but also emergency power connections which will ensure
that essential ventilation fans will remain in operation even during a power failure. All air from the building first
passes through absolute filters and is then monitored before being exhausted through the stack.
When one speaks of radioisotope production one immediately pictures a little active liquid in a bottle within a
lead pot This is only partly true- what is forgotten, is the large number of inactive components accompanying
each consignment Over 40 000 bottles per year are washed for technetium production alone. Each bottle has to
be washed in a four-stage washing cycle, dried, sterilised, filled and sealed. Each bottle is then individually
checked. The production of kits consumes as many bottles again, all this being done with two pharmacists
constantly in attendance. This means that there are as many chemical assistants in non'active work as there fire
operators in front of the cells.
Sterile non-active production is performed in a laminar-flow tent or cabinet which operates like a fume hood in
reverse. As the product is to be kept clean (and not the operator) the flow is from the product to the operator.
The second part of production, often forgotten, is the large amount of storage space required for packaging and
the work involved in the packing of the products. Two large areas have been set aside in the basement; both are
stacked to the roof almost six metres high with polystyrene, tins, lead pots and boxes.
Finally, the new Centre was built not only to allow room for expansion, but to afford greater safety in producing the
radioisotopes which previously had been produced in three converted storage rooms. We are very grateful for the
greater ease of operation and for the increased measure of safety we now enjoy.
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THE ROLE OF THE CHEMIST IN THE DEVELOPMENT
AND PRODUCTION OF RADIOISOTOPE PREPARATIONS
P.J. FOUR
Isotope Produstioi ,'entre
Atomic Energy board, felindaba

SAMEVATTING
Die Isotoopproduksiesentrum van die Raad op Atoomkrag vervaardig en bemark 'n groot aantal belangrike
radioisotope vir gebruik op geneeskundige, nywerheids- en navorsingsgebiede, wat voorheen ingevoer
moes word.
Radioisotope wat in Suid-Afrika gebruik word, word in die Raad op Atoomkrag se kernreaktor, SAFARI-1, of in die
siklotron van die WNNR in Pretoria, geproduseer, of word van verskeie buitelandse vervaardigers ingevoer.
Die ontwikkeling en produksie van radioisotooppndukte vereis 'n multidissiplinère benadering waarby chemici,
fisici, ingenieurs, bioloë en geneeskundiges, elk n 'n spanpoging, betrokko is.
Gewoonlik word radioisotope in die vorm van verseölde stralingsbronno, eenvoudige anorganiese verbindings of
radioisotonpgomarktti molekule gebruik. Verseëlde stralingsbronne soos kobait-60 en iridium-192 vind groot
toepassing op nywerheidsgebied, soos vir vlakhoogte- en diktemetings, stralingsterilisering van mediese
toerusting en gammaradiografie van strukture. Vir nywerheidspoorder- en navorsingsdoeleindes word natrium24. argon-41, broom-82, jodium-131 en goud-198 in eenvoudige chemiese vorm geraeld gebruik. Daar bestaan
etlike duisende radioisotoopgemerkte verbindings waaronder die grootste groep dié van tritium, koolstof-14 en
swael-35 is. Vanweë leasgenoemde radioisotope se lang fisiese halveertye en swak waarneembaarheid by
in wVo-sisteme word hulle hoofsaaklik in biogeneeskundige navorsing in vitro gebruik.
Radioisotope soos jodium-131, jodiurrv 123, indium-111, tegnesium-99m, kripton-81 m en gallium-67 geniet
groot aanvraag vir m vivo geneeskundige ondersoeke vanweë hulle geskikte kort halveertye en waarneembaarheid
met die gammakamera.
Jodium-125, 'n radioisotoop wat normaalweg in 'n kernreaktor vervaardig word, speel weer'n baie belangrike rol
in radioimmuno-essaisring (RIE). Laasgenoemde tegniek is 'n buitengewoon gevoelige spesifieke in vitro
analitisse metode wat wetenskaplikes in staat stel om nanogram- tot pikogramhoeveelhede chemiese
verbindings in bloed te bepaal.
Die omwerp, ontwikkeling en vervaardiging van radioisotooppreparate vir 'n verskeidenheid gebruike bied 'n
interessante uitdaging aan die chemikus vir die hede en die toekoms.
Dr William Myers, kerngeneeskundige van die Ohio State University Hospital het op'n nasionale byeenkoms van
die Vereniging van Kerngeneeskunde in die VSA gesê:
"We need more chemists to put the twinkling atoms into compounds of physiological significance for it is
chemistry that will lead to new compounds of improved target/non-target ratios."

ABSTRACT
The Isotope Production Centre of the Atomic Energy Board manufactures and markets a large number of
important radioisotopes for use in medical, industrial and research fields which, previously, had to be imported.
Radioisotopes used in South Africa are produced in the Atomic Energy Board's nuclear reactor, SAFARI-1, or in
the cyclotron of the CSIR in Pretoria, or are imported from various foreign manufacturers.
The development and production of radioisotope products require a multi-disciplinary approach in which a team
effort by chemists, physicists, engineers, biologists and physicians is applied.
Radioisotopes are usually used in the form of sealed radiation sources, simple inorganic compounds or
radioisotope-labelled molecules. Sealed radiation sources such as cobalt-60 and iridium-192 are applied widely
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in the industrial field in, for example, level-height and level-density measurements, radiation sterilisation of
medical equipment, and gamma radiography of structures. For industrial tracer and research purposes sodium-24,
argon-41. bromine-82, iodine-131 and gold-198 are regularly used in simple chemical form. There are some
thousands of radioisotope-labelled compounds of which the largest group comprises compounds of tritium,
carbon-14 and sulphur-35. Because the last-mentioned isotopes have long physical half-lives and poor
detectability in in vivo systems, they are used in vitro mainly in biomedical research.
Radioisotopes such as iodine-131, iodine-123, indium-111, technetium-99m, krypton-81 m and gallium-67 are
in great demand for in vivo medical examinations because of their suitably short half-lives and detectability by the
gamma camera.
Iodine-125, a radioisotope which is usually manufactured in a nuclear reactor, plays a very important role in
radioirnmunoassays(RIA). The latter technique is an unusually sensitive, specific in vitro analytical method which
enables scientists to determine nanogram to picogram amounts of chemical compounds in blood.
The design, development and manufacture of radioisotope preparations for a variety of uses offer an interesting
challenge to the chemist now as well as in the future.
Dr William Myers, nuclear physician of the Ohio State University Hospital said the following at a national meeting
of the Association of Nuclear Medicine in the USA:
"We need more chemists to put the twinkling atoms into compounds of physiological significance, for it is
chemistry that will lead to new compounds of improved target/non-target ratios."

INTRODUCTION
The production of radioisotopes at Pelindaba has progressed very well during the past few years. A relatively large
variety of products are manufactured for medical and industrial uses. The radioisotope production program is well
established, and the work has increased to such an extent that a plant for the large-scale production of
radioisotopes had to be constructed. The Isotope Production Centre is situated conveniently close to the
SAFArtl-1 resctor and the radioactive waste treatment plant at Pelindaba.
Radioisotopes used in South Africa are produced in the SAFARI-1 nuclear reactor of the Atomic Energy Board and
in the CSIR cyclotron in Pretoria, or when they cannot be produced locally, they are imported from various
overseas organisations.
Radioisotopes are used in medical, industrial and research fields in the form of sealed radiation sources, simple
inorganic compounds or radioisotope labelled molecules.
The design, development and manufacture of radioisotopic preparations require a multidisciplinary approach in
which chemists, physicists, engineers and medical practitioners cooperate in a team effort.
Since the greatest demand is for radioisotopes in a pure chemically processed form, it is essential that chemists '
play a major role in the radioisotope production industry.

CLASS SUBDIVISION OF RADIOISOTOPIC PRODUCTS
Radioisotopic products are classified in general as follows:
(a)
(b)
(c)
(d)

Primary radionuclides
Labelled compounds
Generators
Chemical kits.

Primary Radionuclides
In the case of primary radionuclides, irradiated targets are processed chemically or are canned directly in suitable
containers. A target is the material irradiated with neutrons in a nuclear reactor, or with charged particles in an
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accelerator (^V§..a cyclotron), to produce radioisotopes. The target material must meet special requirements in
respect of purity ai>4. stability and may not present a hazard for the reactor or accelerator.
^ N .

TA3LE I
PRODUCTION PROCESSES

Nuclide
82

198

131,

Half-life

Disc

\Nuclear
region

Processing

Final product

Target + H2O

Ammonium bromide (82Br)
dissolved in water

Au(n,y)'98Au

Targeïxfinal product.
Target - M ^ O 3 / H C I

Gold metal
HAuCI4 solution

Mo(n.y)"Mo

Target* Na0H-H<N03 + "Mo/ 99m Tc generator
adsorption onto &qidactivated AI2O3 + sterilis^
ation

Br

35,4 h

NH4Br

Au

2,7 d

Au plate

197

6h

MoO3

98

8d

TeO2

'30Te(n,y)13'Te
£» 1311

Target + 700 °C dry distil- Na' 3 'l ssKition
lation with air current +
131
1 vapour intercepted in
NaOH

In Table I examples are given of primary radionuclides obtained by chemical processing, viz. S2Br as B r and '311 as
I". In the case of '°Co and l92 lr, for example, the cobalt and iridium targets are usually not processed chemically,
but are canned in suitable, robust, stainless steel containers and are used mainly as radiation sources in industry.

Labelled Compounds
A labelled compound is formed when a primary radionuclide such as I4C or '311 is introduced into a molecule by
means of chemical synthesis. Two main types of labelled compounds can be distinguished, viz. isotopically
labelled compounds and non-isotopically labelled compounds.
In isotopically labelled compounds, the stable isotope of an element is replaced by a radioisotope of the same
element in the same molecular structure position without any alterations in the structure or characteristics of the
molecule. The replacement of stable iodine in ortho-iodo-hippuran or tri-iodo-L-tyronine with ' 3 ' I or 125I serves as
an example.
In non-isotopically labelled compounds, the stable isotope of an element in a molecule is replaced by the
radioisotope of another element. The replacement of the stable sulphur atom in methionine by the radioisotope
75
Se serves as an example.
Methods used for the large-scale preparation of labelled compounds are divided into three groups, viz:
(a)
(b)
(c)

Direct chemical synthesis
Exchange reactions
Biosynthesis.

Direct chemical synthesis
Chemical synthesis of a labelled compound normally involves the construction of a complex molecule with the
aid of simple labelled intermediate compounds.
These syntheses vary from single-step reactions to complicated syntheses consisting of multiple steps. Chemical
synthesis has the advantage that a radioisotope can be placed in a specific position in the molecule. It is used in
particular for the preparation of most 14C labelled compounds.
An example of this is the chemical reaction in which 75Se methionine and methionine react as carrier with benzoyl
chloride in an alkaline medium to form N-benzoyl 75Se methionine (Figs. 1(a) and 1(b)).
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PRODUCTION OF A LABELLED COMPOUND
' 5 S e METHIONINE
NH;CH(CH2CH2I5SeCH3)C00H

+METHIONINE (CARRIER)
NaOH
C e H 5 COCI
HCI
HjO(2X) CENTRIFUGATION
pH5-6

NHCH2COOH

CH375SeCH2CH2i.-HCOOH

131

1 ORTHO-IODO-HIPP'JR

76

MILLIPORE FILTRATION
CeH6CONHCH(CH2CH2

Se IWFTtffONINE

'SeCH,

76

SeCH3)COOH

"75Se-HIPPURAN"

N-BENZOYL 76Se METHIONINE
Fig. 1(b).

Fig. 1(a)

Exchange reaction
In isotope-exchange reactions one or more atoms in a molecule are exchanged with atoms of the same element
with different mass. These atoms may be either radioactive or stable isotopes. These types of reactions are
especially suitable for the preparation of compounds labelled with hydrogen and iodine isotopes.
Atypical example is the preparation of ortho-iodo-hippuran (Fig. 1 (b)) where a stable iodine isotope is exchanged
with radioactive ' 3 I I .

Biosynthesis
Biosynthesis is usually used for the preparation of labelled compounds which are difficult or even impossible to
manufacture by means of chemical methods.
The biosynthesis process consists of three essential steps, viz.:
(a)

administration of the pure primary isotope to a living organism;

(b)

conversion of the isotope by the organism to the required labelled chemical compound;

(c)

isolation and purification of the labelled compound so formed.

L-solenomethionine, which is labelled with

75

Se, is manufactured in this way.

Generators
An isotope generator is a system composed of a parent-daughter pair(such as 99 Mo/ 99 Tc) one of which, having a
long half-life (e.g. " M o , t , = 57 h), generates the other which has a shorter half-life (e.g. 99mTc, t 4 = 6 h). The
radioactivity of the system decreases with the half-life of the parent nuclide and the operational principle involves
separating the short-lived daughter product from the parent nuclide. After 99nnTc has been separated from
" M o , the activity of " m Tc in " M o again roaches its maximum in 21 h. The generator retains an acceptable activity
of " M o and 99mTc for approximately one week. The 99 Mo/" m Tc generator of the AEB consists of 99Mo which is
adsorbed onto aluminium oxide within a glass column with puncturable rubber membranes on both ends. The
generator is delivered in a cylindrical lead-shieldsd container together with accessory equipment needed to
perform elutions. Pertechnetate (99mTc04) is obtained by elution with 0,9 % sterile sodium chloride provided in an
air-pressurised vial.
In Table II a number of generators with some of their characteristics are shown. The " M o / 9 9 ™ ^ generator is the
most important product produced by the Isotope Production Centre for nuclear medical purposes.
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TABLE II
IMPORTANT GENERATORS
Daughter
radionuclides

M

99mTc

Half-life
Gamma energy (keV)
Mode of decay
External photon yield %
Generator and half-life
Normal production method

6h
140
Isomeric transition
90
" M o (2,7 d)
Reactor ( 98 Mo (n,y) and by
means of fission of uranium)
Gamma energy deposition 0,273
in the entire body
(G-rad//iCi-h)

81m

Ga

Kr

1,13 h
511
Positron
176
68
Ga (280 d)
Cyclotron 69Ga(p,2n)

13 s
193
Isomeric transition
65
61
Rb(4,7 h)
Cyclotron 70 Br(a,2n)

0,682

-

Fig. 2 shows a diagrammatical representation of the locally manufactured generator.
VIAL WITH 0,9 % NaCI
VIAL CONTAINER
LEAD CONTAINER
AI 2 O, COLUMN
ELUATE VIAL
VENTILATION NEEDLE

99m

Tc GENERATOR

Chemical Kits

F

'9- 2

Chemical kits for in vivo and in vitro examinations are in general use today.
Labelling kits for in vivo examinations
A labelling kit contains all the chemical constituents and accessories together with a recipe which enables the
doctor to prepare radiopharmaceuticals for administration to patients. "Tc-labelled compounds are, in general,
manufactured in this way for the study of various important organs in the human body.
The following steps are important in the manufacture af labelling kits:
(a)
(b)
(c)
(d)
(e)

Formulation
Freeze drying
Radioactive labelling
Radiochemical examination
Biodistribution examination of animals.

Formulation
A precise ratio of a chemical substance, such as diethylene-triamine-penta-acetic acid (DTPA). to a reducing
agent like tin (II) chloride, is determined experimentally for optimum results.
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Freeze drying
Freeze drying is important because it increases the stability of the formulation. Suitable freeze-drying conditions
are determined experimentally.

Radioactivity labelling
When the " M o / ^ T c generator is eluted, " T c O , is obtained, which reacts with the formulation. The following
reactions take place:
S

" C ' > 9
reduction

9 m

T c : III, IV, V

The reduced 99mTc can then react with a cheiate compound such as DTPA to form an organ-specific compound.
" m Tc-DTPA is used especially for kidney studies.

Radiochemical examination
Unfortunately contaminating substances may form during the labelling process, which lead to an undesirably
high radioactive background, e.g. hydrolysed. reduced technetium, 99m Tc0 2 , which shows an uptake in the liver
and spleen. " T c O * can also arise which is taken up by the thyroid gland, salivary glands and stomach. Thin- layer
chromatography is used to determine the radiochemical purity.

Animal biodistribution
Small animals such as mice and rats are used for the initial investigations, after whioh iarger animals are used.

w

T c - H I D A ( Wm Tc-N-(2,6 dimethylphenylcarbamoylmethyl) iminodiacetic acid)

In order to illustrate how the properties of a molecule can alter through labelling, the heart agent lydocain and its
analogue HIDA are considered (Fig. 3). The chelating group is iminodiacetic acid (IDA) which binds the
technetium strongly and reacts very easily with the functional groups of biologically active molecules.

MIDA

V
CH,

0

CH.CH,

HIDA

I
V

|^JJv

CH,CH,

CH,

LYDOCAIN

Fig. 3.
" T c - H I D A is taken up by the biliary tract while MC-HIDA is taken up and excreted by the kidneys.
" m Tc methyliminodiacetic acid (MIDA) is excreted mainly by the kidneys, while 99mTc-HIDA is excreted mainly by
the biliary tract.

" T c radiopharmaceuticals
Table III shows a number of " T c radiopharmaceuticals which display the same biodistribution as the unlabelled
agent The reason for this can be ascribed mainly to the fact that the biological, chemical and physical properties
of substances with large structures (e.g. proteins, particles and cells) are altered minimally by " T c labelling.

\
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TABLE III
MM

TABLE IV

Tc RADIOPHARMACEUTICALS

Normal biodistribution remains unaltered
1. Particles and colloids:
Tin colloid for liver studies
Albumin macro-aggregates

"•

Biodistribution is altered after labelling
1. Kidney function agents
Tc-DTPA

2. Proteins
Fibrinogen, albumin

2. Kidney structure agents
Tc-glucoheptonate

3. Cells
Blood platelets, lymphocytes, red blood cells

3. Agents for detecting heart lesions (infarcts)
Tc-pyrophosphate

4. Small molecules
Pyrophosphate

4. Liver biliary tract agents
Tc-HIDA

In substances with smaller structures, labelling with 99mTc does cause alterations in respect of the properties
mentioned above, so that the labelled substance follows a biodistribution different from that of the unlabelled
agent (Table IV).

Kits for Radioimmunoassays (RIA)
The RIA technique is an exceptionally sensitive, specific, in vitro analytical method which enables scientists to
determine nanogram to picogram amounts of chemical compounds in blood. These chemical kits contain the
required constituents, equipment and recipes for the analysis of blood samples for hormones, Pharmaceuticals
and other substances which may be present. In the RSA these kits enjoy a large demand with a value of
approximately R1,5 million.

THE FUTURE
The greatest contribution which the chemist can make in the future lies in the field of medicine, with the
development of suitable and effective radiopharmaceuticals and suitable kits for radioimmunoassays. As regards
the latter, it will be especially advantageous if steroids with gamma emitters like ' 25 I or' 5 Seare made available,
instead of the customary tritium-labelled compounds.
The development of new radiopharmaceuticals is essential because nuclear medicine requires the following:
(a)
(b)
(c)

More specific diagnoses;
Improved quantification of consecutive physiological and biochemical in vivo changes;
A decrease in the absorbed radiation dose by patients.

At present there are three areas for which new agents are being developed, viz:
(a)

Heart studies
Considerable success has already been achieved with labelled fatty acids such as w-123l-heptadecanoic
acid and ü)-(p-1?3l-phenyl)-pentadecanoic acid.

(b)

Metabolic brain examinations
For metabolic brain studies, agents such as '8F-2-deoxy-d-glucose and'' C-2-deoxy-d-glucose have already
produced good results.

(c)

Detection of cancers
For tumour studies, 18F-5-fluorouridine, for example, has produced good results.

CONCLUSION
The AEB has already played a strong and important role in the development and establishment of locally produced
radioisotopic products. The availability of new well-equipped and safe production facilities, together with the
local expertise developed over the past number of years and an established, growing market, point to a bright
future for research into, as well as the application and production of, radioisotopes - particularly medical
radioisotopes. If necessary, the RSA can become self-sufficient in respect of the most important radioisotopes for
in vivo diagnostic purposes.
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QUALITY CONTROL OF RADIOISOTOPIC PRODUCTS
A.J. VAN WYK
Isotope Production Centre
Atomic Energy Board, Pelindaba

SAMEVATTING
Gehaltebeheer oor radiofarmaseutiese middels is 'n besonder uitgebreide en verantwoordelike taak, want dit
raak produkte wat in die gesondheidsorg van pasiënte gebruik word. Gehaltebeheer word deur 'n analitiese
deskundige in noue samewerking met farmaseute beoefen wat vir gereelde gehalteversekering verantwoordelik
is. Daar bestaan ook 'n goeie verhouding met die produksiegroep om produkte van hoë gehalte te verseker, en dan
steun gehaltebeheer ook op die navorsings- en ontwikkelingsgroep wat probleme ondersoek. Laastens is daar
ook terugvoer van die gebruiker omdat ook hy in 'n beperkte mate vir gehaltebeheer verantwoordelik is.
Gehaltebeheer is 'n omvangryke bedrywigheid, bv. f isiese inspeksie van en chemiese beheer oor alle onaktiewe
aanvoormateriaal, met inbegrip van toesig oor die verskillende produksiestadia. Die gehaltebeheer oor
radioaktiewe materiaal sluit nuklidiese analises, stawing van radiochemiese suiwerheid en gereelde
stabiliteitstoetse in.
Biologiese kontroles behels steriliteitstoetsing van finale produkte en die produksie-omgewing; toetsing vir
giftigheid, pirogene en LD50-waardes. Om produkdoeltreffendheid te toets, is dit noodsaaklik dat daar op
bioverspreiding gesteun word. 'n Kwalitatiewe, statiese werkwyse word vir gehaltesifting ten opsigte van konyne
toegepas en tydrowende kwantitatiewe ontledings word van muisorganp uitgevoer.
Omdat radiofarmaseutiese middels deur die kerngeneeskunde op 'n dinamiese wyse gebruik word, moet die
gehaltebeheer daarvan, vir deeglike evaluering, deur middel van vergelykende studies met ingevoerde produkte
en met gebruik van 'n hoëskeidingskamera met rekenaarfasiliteite uitgevoer word. Die Groep virGehaltebeheer
en -versekering is vir 'n uitgebreide dokumentasiestelsei verantwoordelik wat goeie vervaardigingspraktyk en
doeltreffende analitiese toetse verseker.
Deur middel van gehaltebeheer, streef die deskundige steeds na verbetering om 'n goeie produk tot voordeel van
die pasiënt te lewer.

ABSTRACT
Radiopharmaceutical quality control is a very comprehensive and responsible activity since it concerns products
being used for the health care of patients. Quality control is practised by an analytical specialist in close
cooperation with pharmacists who are responsible for routine quality assurance. There is also a good
understanding with the production group to ensure high-quality products. Quality control also relies on the
research and development group to investigate problems. Finally there is feedback from the user since he is also
responsible for quality control in a limited way. The scope of quality control is comprehensive, e.g. physical
inspection and chemical control of all inactive starting material including supervision of the various stages of
production. The quality control of radioactive material includes nuclidic analysis, verification of radiochemical
purity as well as regular stability checks.
Biological controls comprise sterility tests both on final products and production environment; testing for
toxicity, pvrogens and LD^, values. To test product efficacy it is imperative to rely on biodistribution. Rabbits are
used for quality control screening in a qualitative static mode and the dissection of mice organs is carried out for
time-consuming quantitative analyses.
Since radiopharmaceuticals are being used in a dynamic mode by nuclear medicine, their quality control tests on
animals should, for proper evaluation, be carried out by means of comparative studies with imported products and
by using a high-resolution camera with computer facilities. The Group for Quality Control and Assurance is
responsible for an extensive documentation system which ensures both good manufacturing practice and
effective analytical tests.
Through quality control the specialist is constantly striving for improvement to ensure a good product for the
benefit of the patient.
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INTRODUCTION
At the Isotope Production Centre (IPC) we conduct quality control on all radioisotopic products being produced in
various ways. If we concentrate on radiopharmaceuticals, many of the fundamental principles involved will be
illustrdiad. Radiopharmaceuticals can be defined as diagnostic agents labelled with radioisotopes. They are used
in vivo to study patients and this discipline is called nuclear medicine. We have the following interrelationship
between various groups involved in the quality control of radiopharmaceuticals:
Nuclear Medicine Group (patient). Quality Control Group (analytical specialist), Quality Assurance Group
(pharmacists), Research and Development Group, Production Group and the Medicine Control Council of the
Department of Health.
Some of these groups have the following specific functions:
The Quality Control Group is led by an analytical specialist. By means of comprehensive documentation he
ensures good analytical practice.
The Quality Assurance Group is led by two pharmacists and under their personal supervision good manufacturing
practice is ensured. They also assume legal responsibility for the products.
The Research and Development Group is responsible for the development of new products according to a strict
protocol and also for dealing with general troubleshooting.
The Medicine Control Council of the Department of Health is responsible for overall administrative control similar
to that of the FDA in the USA. Registration of locally produced radiopharmaceuticals is pending.

SPECIFIC CONTROL NEEDED FOR THE QUALITY CONTROL OF RADIOPHARMACEUTICALS
In a nutshell all the quality control needed for ordinary Pharmaceuticals has to be carried out, but, in addition,
some extra control measures are needed to take account of the radioisotopes. Physical controls can be divided
into inactive and active ones. Examples of inactive controls are visual inspection of all materials and products for
the absence of unwanted colours, particles, etc.
The active physical controls can include the verification of radionuclidic purity with, for example, a multichannel
analyser, e.g. the " M o content in eluates should be less than 1/tCi/mCi. Chemical controls are also both
inactive and active. Inactive chemical controls comprise analyses of starting materials and final products, for
example the bone kit analyses of both pyrophosphate and the very important stannous ion are done. Radioactive
chemical controls comprise, for example, establishment of radiochemical purity by means of chromatography to
determine whether the radioisotope is bound in the proper chemical form, e.g. in the case of ' 3 'l-hippuran, less
than 2 % free 131I is allowed.
The regular checking of radiochemical stability to determine shelf life goes hand in hand with the foregoing.

BIOLOGICAL CONTROLS
(a)

The final products and the production areas have to be checked for sterility by means of standard
microbiological methods.

(b)

The final products are checked for the presence of pyrogens.

(c)

Toxicity tests are carried out on mice.

(d)

In some cases, for example pyrophosphate kits, LDS0 tests are done. Most of the biological controls are
carried out at the SABS but some are done at the IPC itself.

BIODISTRIBUTION CONTROLS
This aspect of quality control is extremely inportant.
Since we are dealing with physiological compounds, it is imperative to test their efficacy in animals. A simple
chromatographic separation test will not verify an organ's uptake of the compound. It is quite surprising that many
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people have difficulty in appreciating this most important point. The conclusive proof of a physiological
compound's performance is to test it in animals, since humans cannot be used as guinea pigs.
At the IPC, liver-spleen background in bone scans, as well as renal background with liver-spleen agents, have
been found.
Biodistribution quality control has to be done in various ways. For example:
(a)

Qualitative studies are done on rabbits in a static mode by means of IPC's gamma camera.

(b)

Qualitative studies are done by injecting mice, dissecting various organs and counting their radioactivity.
These are accurate but, in a production group, time-consuming and labour-intensive.

(c)

A very important bicdistribution study is the use of a modern gamma camera with computer facilities to do a
comparative studv with imported equivalent radiopharmaceuticals as standards. It is common knowledge
that gamma c^-.iieras have today become quite indispensable in nuclear medicine and quality control, and
the whole emphasis is on dynamic studies. It is standard procedure at many production centres, e.g. at
Mediphysics (USA) and Lucas Heights (Australia) to have these well-equipped gamma-camera facilities on
the site itself. Since production units are production-orientated (not research-orientated), they need quick
but accurate answers to keep to their production schedules and thus to satisfy their clients. In the IPC's
particular case, there is a practical problem concerning evaluation with a gamma camera equipped with
computer facilities. Although in principle the IPC has access to the modern gamma camera of the Division of
Life Sciences located at the H A Grove Animal Centre, only 10 % access can be achieved by the IPC due to
t'ne Life Sciences Division's own commitments. Meanwhile the IPC is producing two to three radiopharmaceutical production batches ever/ week. These have to be evaluated, their stability checked, and any
fundamental troubleshooting dealt wi'h. There is thus a great need for dynamic quality control of these
radiopharmaceuticals by means of a sophisticated gamma camera.

CONCLUSIONS

i

1.

Every production batch is unique and has to be thoroughly tested for acceptance according to fir.
standards.

2.

It is obvious that quality cannot be tested into a product, but must be built into the production procedures.

3.

Quality control is a most responsible activity and cannot be treated lightly, especially since we'are dealing
with humans and their well-being.

4.

If we look into the future it becomes clea'that if we continue to grow in insight and experience, it will lead to
better products and, of course, to the improved health care of patients.
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SAMEVATTING
'n Belangrike voordeel van die navorsing na kernklowing, wat in die veertigerjare begin is, is die beskikbaarheid
van 'n verskeidenheid radionukliede vir gebruik in mediese diagnose en terapie. Hoewel fosfor-32 vroeg in die
dertigerjare die eerste keer op mediese gebied gebruik is, moes werklike vordering op die gebied eers wag totdat
groot hoeveelhede van verskillende radionukliede as neweprodukte van kernreaktors of van gesofistikeerde
siklotrons geproduseer is. Ewe verfynde instrumentasie is ontwikkel om in die behoeftes van gebruikers van
hierdie verskillende radionukliede te voorsien. Hierdie tegnologieë het hulle hoogtepunt bereik in die
ontwikkeling van 'n aantal orgaan- en/of funksie-spesifieke radiofarmaseutiese middels wat in 'n mediese
siklotron op die terrein vervaardig word. Kameras met hoë skeiding en gevoeligheid, sommige met tomografiese
vermoëns, en sommige aan gevorderde rekenaarstelsels gekoppel, word saam met die siklotron gebruik. Dit is
die huidige stand van kerngeneeskunde - 'n diagnostiese metode wat inligting oor feitlik elke liggaamstelsel
kan verstrek.
Dit is belangrik om die wesentlike verskil tussen kerngeneeskundige prosedures en die vele ander metodes, soos
radiografie, gerekenariseerde oordragtomografie en ultraklank, uitte ken wat tans vir die ondersoek van orgaanstruktuur beskikbaar is. Met kerngeneeskundige tegnieke word veranderings in die fisiologie of die funksie van 'n
orgaan eerstens bepaal, terwyl die ander hoofsaaklik met anatomiese of strukturele veranderings gemoeid is.
Kerngeneeskundige tegnieke kan dus besonder gevoelig wees vir die opsporing van vroeë siekteprosesse, wat
eerste die funksie of fisiologie van 'n orgaan of stelsel aantas. Dit gee rekenskap van die uiters hoë gevoeligheid
van hierdie prosedures vir die opsporing van siektes hoewel die oorsake van sommige siektes, weens aantasting
van sommige fisiologiese funksies, nie geredelik met hierdie prosedures bepaal kan word nie.
Die toekoms van kerngeneeskunde hang van die ontwikkeling van radiofarmaseutiese middels af wat nog meer
spesifiek vir sekere patofisiologiese prosesse kan optree om sodoende die spesifisiteit daarvan te verbeterterwyl
dit die inherente gevoeligheid behou. 'n Oorsig oor huidige prosedures en hulle beperkings en vermoëns asook
etlike bespiegelings oor toekomstige ontwikkelings sal hierdie beginsels verder omskryf en 'n belowende
toekoms vir kerngeneeskunde in die vooruitsig stel.

ABSTRACT
A major beneficial aspect of the research into atomic fission, begun in the 1940's, has been the availability of a
variety of radionuclides for use in medical diagnosis and therapy. Although the first medical use of 32P occurred in
the early 193O's, real progress in the field awaited the production of large amounts of various radionuclides as
byproducts from nuclear reactors or from sophisticated cyclotrons. Equally sophisticated instrumentation was
developed in response to the needs of the users of these various radionuclides. The culmination today of these
technologies has been the development of a number of organ- and/or function-specific radiopharmaceuticals,
sometimes involving an on-site medical cyclotron, and cameras with high resolution and sensitivity, some with
tomographic capabilities and some combined with advanced computer systems. This is nuclear medicine today,
a diagnostic modality which can provide information about virtually every system of the body.
It is important to recognise the essential difference between nuclear medicine procedures and the multiple other
modalities which are currently available for investigating organ structure such as radiography, computerised
transmission tomography and ultrasound. Nuclear medicine primarily determines alterations in the physiotogy or
the function of an organ while the others are primarily concerned with anatomical or structural changes. Thus
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nuclear medicine can be very sensitive in detecting early disease processes, which first affect the function or
physiology of an organ or system. This fact accounts for the very high sensitivity of nuclear medicine procedures
in the detection of disease but a low specificity in terms of spec if ic disease etiology since many different diseases
will impair the normal physiological functions.
The future of nuclear medicine depends on the development of radiopharmaceuticals which will be more specific
for certain pathophysiological processes and thus improve the specificity of the procedures while retaining their
inherent sensitivity. A review of current procedures and their limitations and capabilities 'ogether with some
speculations on future developments will further define these principles and establish a promising future for
nuclear medicine.

Medicine, today and always, is constantly faced with a great dilemma: how to discover what is wrong with our
subjects, that is our patients, when so many of the critical mechanisms of the body are hidden to us and we
obviously can't just take our subject apart to see what is working and what is not. To aid in this, we have constantly
turned to our own investigations and to those of other scientists, particularly biologists, chemists and physicists.
In the early part of this century a physics discovery was applied to medicine. This was the use of the then
mysterious X-rays, which miraculously allowed us to obtain detailed anatomical pictures of the inside of the
body. This technique totally changed and widely expanded the capabilities of medicine until today it is difficult to
think of the practice of medicine without the use of X-rays except on a very rudimentary level.
In the 1940's physicists were making great advances in atomic research and once again have provided medicine
with a tool of tremendous power, the radioactive atom. With a relative abundance of these radioactive elements
or radioisotopes we could produce compounds which could be detected from a distance by measuring the
emissions being spontaneously given off by the radioactive decay of the radioisotope within the material.
Therefore, while the X-ray enabled physicians to see the internal anatomy or structure of the body, radiopharmaceuticals enabled the physician to document the internal physiology or functioning of the body. The radioactive
portion of these materials enables us to determine externally what the body is doing with these agents internally.
By knowing how the radiophaimaceuticals should be distributed or processed in health, we can determine that
disease is present when the normal patterns are not followed. We can further determine which functions of the
body are being affected by the disease and how much they are affected. These are critical bits of information
which are needed to define precisely the disease process and what needs to be done to restore the patient to a
state of health.
Just as the use of X-rays produced a new discipline of medicine known as radiology, the use of
radiopharmaceuticals has produced nuclear medicine, and those of us who have specialised in the field are
nuclear physicians, or as one of my former medical chiefs liked to say, "isotopists". The nuclear physician ends up
being a rather odd mixture of physician, physiologist, physicist, chemist, biomedical engineer and most recently,
computer addict. There is also a prominent element of psychology in the speciality. This results from the public's
reasonable but often overplayed concern and even fear of everything which is radioactive.
The fact that nuclear medicine and atomic energy in general arose from the research activities which culminated
in the atomic bomb is a cloud, but one with a silver lining. We in the field of nuclear medicine are very much aware
of the risks and the precautions necessary to ensure the safe use of radioactivity. A substantial portion of our
literature and research efforts relate to decreasing the radiation dose of a procedure while increasing the
medical utility.
It is probable that no amount of radiation is entirely free of risk. However, we are all subject to a background
radiation from naturally occurring radioactivity and, since 1945, the detonation of atomic bombs. The current
estimate of background radiation is of the order of 100 mrem/a. The accepted permissible exposure for the
general population which is considered "safe" is 500 mrem/a. A nuclear-medicine procedure will give a patient
perhaps ten times that amount (5 000 mrem) and with some radiographic procedures it will even be much higher.
However, the patient who receives this radiation will benefit from the procedure and a risk/benefit ratio must be
considered. In all cases the odds of benefitting from medical procedures involving radiation are more than a
thousand times greater than the odds of any detrimental effects resulting from the procedure.
Frr persons not actually receiving the nuclear-medicine procedure (e.g. friends and relatives of patients or
persons working in nuclear medicine) the radiation received is truly negligible. My daughter and I received more
radiation from our rather long high-altitude flight to your country than I will receive by working with radioisotopes
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for over a year. However, I can assure you that the risk/benefit ratio of my trip to your country was very favourable
as is the risk/benefit ratio of the medical uses of radioactive materials.
From its rather modest beginnings in the 195O's, nuclear medicine has grown until today it has an impact on
virtually every area of medicine. In the United States over three million nuclear-medicine procedures are done on
patients annually. This does not even include the assay procedures done on serum samples, which are perhaps
two or three times that number. Approximately one out of every 150 people will undergo one or more nuclearmedicine procedure each year and it is estimated that one out of every three hospitalised patients will have a
nuclear-medicine procedure. In the United States a hospital must provide nuclear-medicine services for its
patients in order to be accredited. Furthermore, the number of procedures being done annually continues to
increase substantially each year.
When I was in medical school in the late 1950's, the only procedures which were generally available were the
thyroid ' 3 ' I uptake, the thyroid scan and a test to measure the body's absorption of vitamin B12. About that time we
began to administer radioactive iodine (13II) as therapy for overactive thyroid glands and thyroid cancers, and
radioactive phosphorus (32P) for malignant diseases of the blood.
The next steps involved the use of radiopharmaceuticals to detect tumours and strokes in the brain, and tumours
and other diseases of the liver. Techniques were developed to evaluate renal function by measuring the rate of
uptake and excretion of a radiopharmaceutical by each individual kidney. Renal-scanning techniques enabled us
to detect renal tumours and cysts in instances where they might otherwise have been missed.
The radioisotopes used at that time were radioactive iodine, gold and mercury, all of which were far from ideal. Of
these three, only radioactive iodine is usod today and even its use has changed strikingly. The instrumentation
was relatively crude and unsophisticated when compared to today's equipment. Nevertheless, these crude
procedures were providing new information to the medical profession, information which could be immediately
applied in the care of its patients.
Today, nearly a hundred separate and distinct nuclear-medicine procedures are available, many of which are sti'l
in the developmental state. I believe that I can best demonstrate the present capabilities of nuclear medicine by
briefly reviewing the major organ systems of the body. Please bear in mind as I take you on our guided tour that all
of these nuclear-medicine procedures are carried out with no greater discomfort to the patient than a simple
intravenous injection in the arm and a few minutes of sitting or lying quietly.
The thyroid was nuclear medicine's first triumph. The thyroid's uptake of radioactive iodine very closely reflects
the functional ability of this important endocrine gland. In addition, a scan of the thyroid reveals the functional
status of parts of the gland. An area that does not take up iodine may well be a thyroid cancer. Finally, because
many thyroid cancers, even those that have spread, do take up iodine, although not as well as normal tissue, we
can administer radioactive iodine as internal radiation therapy to the thyroid cancer. This therapy is more efficient
than external radiation therapy and has none of the undesirable side effects. Recently, similar techniques have
been applied to other endocrine glands.
In the brain we can demonstrate abnormalities in the flow of blood, which may result in a stroke. Many tumours
within the brain are readily shown and it can be determined if an injury to the head results in damage to the brain.
The flow patterns of the cerebral spinal fluid, the fluid which bathes the brain and spinal cord, can be determined
to assist in the decision as to whether an operation will help or not in certain cases of hydrocephalus. The nuclearmedicine cerebral blood f low test is the most accurate way of determining brain death incases of severe trauma,
drug overdose, encephalitis, etc.
Blood clots in the lung, or pulmonary embolism, are a major cause of death and disability. Lung scintiphotos can
detect this entity and, if combined with a study of lung ventilation, the diagnosis can often be made conclusively.
In addition, nuclear medicine can determine what part of the pulmonary function each part of the lungs
is providing.
In the case of the liver we can determine the organ's overall function and can readily detect the presence of
metastatic tumours in this organ. A recently developed procedure clearly demonstrates the pattern of bile flow
from the liver and in some hospitals the surgeons will not operate unless nuclear medicine confirms the diagnosis
of an acute gall-bladder attack.
The total number of red blood cells which carry oxygen to the tissues can be accurately determined, as well as the
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volume of the non-cellular part of the blood, the plasma volume. In some cases of anaemia, it can be shown that
the spleen is abnormally trapping and destroying the red blood cells and that the patient's health would therefore
be much improved if the spleen were surgically removed.
The skeletal system is a site of frequent metastatic tumours caused by cancer of the lung, breas'. prostate gland
and others. Nuclear medicine will show an abnormality from three to six months before the area shows on an Xray of the bone. We can demonstrate infections of the bone before any changes are seen on an X-ray.
The kidneys are extremely vital organs in the body. Nuclear-medicine procedures can demonstrate the blood flow
to the kidneys, the individual function of the two kidneys, the presence of a partial obstruction to urine flow from
the kidneys, as in the case ot a kidney stone, and the presence of tumours and/or cysts within the kidney. A major
problem which faces many persons is the surgically correctable type of high blood pressure which occurs as a
result of certain kidney abnormalities. The problem of diagnosing this disease is not completely solved but
nuclear medicine is very promising in its ability to individually assess each kidney. Renal transplants can be done
when the patient's kidney function has completely failed. However, many times the patient's body will
immunologically reject the new kidney. A nuclear-medicine procedure allows us to detect that rejection early
enough so that the condition can often be reversed and the transplanted kidney saved.
The newest and therefore most exciting nuclear-medicine procedures are those relating to the heart. Simple
techniques which indicate the presence of coronary artery disease are in common use. These same techniques
may be used to distinguish between a heart attack and other causes of chest pain in the puzzling cases. By using
computer processing of the nuclear-medicine data, an image of the besting heart can be obtained and analysed to
determine if it •<* fur-cloning well or not. These studies are easily done and readily repeated so that the progress of
the patient's disease or the effects of his therapy can be easily monitored.
This is only a brief and very incomplete summary of existing nuclear-medicine techniques. The exciting aspects of
the field are not only its achievements, but also its promises. As I mentioned earlier, nuclear medicine is the only
imaging modality which evaluates physiology, or function, as opposed to anatomy. The current research efforts
are aimed at developing new radiopharmaceuticals and new instrumentation which will enable us to probe
deeper into the functioning of the body. For example, techniques are being developed which can image the brain
and detect the change of activity in the visual cortex which occurs when the subject has his eyes open or closed.
Techniques are being developed to show the complete pattern of contraction of the heart in greater detail than
ever before seen. Other procedures not only separate the function of the two kidneys but separate the function of
the individual zones within each kidney.
The list appears to be endless and it is the development of centres such as the one at Pelindaba which provide the
mechanisms for the fulfillment of that promise. It is profoundly hoped by all mankind that the cloud of the atomic
research of the 1940's and 1950's can be turned inside out so that the silver lining of abundant energy and
unforeseen medical advances can completely suppress the threat of the unthinkable consequences of nuclear
war.
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NUCLEAR IMAGING: CONCEPTS AND CURRENT STATUS
PAUL H. MURPHY. Ph.D
Department of Radiology. Nuclear Medicine Section
Baylor College of Medicine, Texas Medical Center, Houston, Texas, USA

SAMEVATTiNG
Beelding met gammastrale is uniek wanneer dit met ander mediese beeldingstegnieke vergelyk word. Twee van
die primêre vereistes is 'n meganisme vir energiediskriminasie deur dis keuring van pulshoogte, en kollimering
om die invalsrigting van die gammastrale op die detektor te bepaal. Elkeen van hierdie prosesse het 'n groot
invloed op beeldgehalte. Compton-verspreide gammastrale van die pasiënt dra nie geldige posisiedata tot die
beeld by nie en moet afgekeur word hoewel Compton-verspreiding die waarskynlikste wisselwerking is by die
energieë wat gewoonlik gebruik word. Wanneer die omvang van die Compton-effek in pasiënte, met inbegrip van
die hoekverspreiding van die verstrooide gammastrale en energieveranderinge ontleed word, is dit duidelik dat
hierdie fisiese faktore 'n wesentlike bydrae lewer tot die totale beeldvorming deui sintillasiekameras met
energievensters en radionukliede wat tans gebruik word. Dit hou regstreeks verband met ruimtelike skeiding in
die beeid wat volg. Kollimatorontwerp is 'n belangrike veranderlike in die beeldskerpte. Die parameters wat in
kollimatorkeuse geëvalueer moet word, sluit ruimtelike skeiding, gevoeligheid, gesigsveld, en die teenwoordigheid en omvang van vervorming in.
Die ruimtelike skeiding en opsporingseenvormigheid van moderne sintillasiekameras is aansienlik beter as dié
van vorige ontwerpe. Die wysigings wat hierdie verbeteringe moontlik gemaak het, het betrekking op die grootte
en dikte van die kristal, die getal en tipe fotovermenigvuldigerbuise, kamera-elektronika, kollimering en die
toevoeging van syferprosesseerders.
Benewens wesentlike verbeteringe aan die standaardkamera, was daar 'n groeiende belangstelling in ander
gammastraal-beeldingstegnieke, veral tomografie deur berekende uitstraling met beide enkelfotonuitstralers en
positronuitstralende radionukliede.
Die instrumentasie vir hierdie tegnieke het oor die afgelope paar jaar snel ontwikkel, met die gevolg dat
geleenthede vir die ontwikkeling en kliniese evaluering van nuwe radionukliede en farmaseutiese middels talryk
is en steeds toeneem.

ABSTRACT
Image formation with gamma rays is unique when compared to other medical imaging modalities. Two of the
primary requirements are a mechanism for energy discrimination through pulse-height selection, and collimation to define the direction of incidence of the gamma rays onto the detector. Each of these processes has a major
impact on image quality. Compton-scattered gamma rays from the patient do not contribute valid position data to
the image and must be rejected even though Compton scattering is the most probable interaction at the energies
commonly used. Analysis of the magnitude of the Compton effect in patients, including the angulardistribution of
scattered gamma rays and energy changes, indicates that with currently used radionuclides and energy windows
on scintillation cameras, the contribution of these events to the total image is substantial. This has a direct
relation to spatial resolution in the resulting image. Collimator design is a major variable in the image definition.
The parameters that should be evaluated in collimator selection include spatial resolution, sensitivity, field of
view, and the presence and magnitude of distortion.
Modern scintillation cameras have substantially improved spatial resolution and detection uniformity over
previous versions. The modifications that have accomplished these improvements relate to the size and
thickness of the crystal, the number and type of photomultiplier tubes, camera electronics, collimation, and the
addition of digital processors.
In addition to substantial improvement in the standard camera, there has been growing interest in other gamrmray imaging techniques, particularly emission-computed tomography, both with single-photon emitters and
positron-emitting radionuclides. The development of the instrumentation for these techniques has been very
rapid over the past few years with the result that opportunities for development and clinical evaluation of new
radionuclides and Pharmaceuticals are abundant and ever increasing.
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The production of an image of the distribution of a gamma-ray-emitting radionuclide requires considerations that
are not present in other imaging modalities. The formation of this image differs from that produced from lowerenergy photons, such as visible light and infrared rays, because of the penetrating nature of the gamma rays. The
correspondence between the origin of the gamma ray in the object and its mapping in the image is accomplished
by means of collimation and energy discrimination by pulse-height selection. Collimation and pulse-height
selection are processes that are inherent in all imaging techniques using gamma rays.
Most gamma-ray imaging is accomplished with photons having energies in the range of 70 to 500 keV. In this
energy range the dominant mode of photon interaction in tissue is Compton scattering. Compton-scattered
gamma rays should not be used for the image because the origin of the scattering in the patient is ambiguous.
Only primary, unscattered gamma rays can yield unambiguous positioning information. However, because of the
imperfect energy resolution of the imaging systems in use today, some Compton-scattered gamma rays must be
included. The magnitude of the Compton contribution is surprisingly large, particularly for the lower-energy
photon emitters. Figure 1 illustrates the magnitude of the positioning error associated with the detected gamma
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Fig. 1.
Schematic representation of the magnitude of positioning error, r, that can occur by acceptance of a Comptonscattered gamma ray by the pulse-height analyser of a scintillation camera with a 20 % energy window. The
three primary energies illustrated correspond to thallium-201, technetium-99m, and positron emitters. From the
KIsin-Nishina equation for the differential cross section for Compton scattering per unit angle, the most probable
angle of scatter at these energies, W results in scattered gamma-ray energies, represented by hv: The scattered
gamma rays from the 75 and 140 keVprimaries would be accepted by a 20% energy window. The maximum
angle through which a gamma ray could be scattered and still be accepted by a 20 % energy window is
represented by 9m,, The mispositioned distance, r, is calculated for the most probable scattering angle.

ray when it has been scattered by a Compton interaction at the most probable angle for Compton scattering for
the three energies listed. The most probable scattering angle is obtained from the differential cross section for
Compton scattering per unit angle (the Klein-Nishina relation) and then used to calculate the scattered gamma-ray
energy. Assuming that the primary gamma ray travelled a distance equal to the mean range, i.e., the reciprocal of
the linear attenuation coefficient, prior to Compton interaction, then the displacement between its detection
point on the crystal of the scintillation camera and the point where it should have been detected had it not
undergone a Compton scattering, is represented by the distance r. The scattered gamma ray from the 511 keV
photon would not be accepted by the pulse-height analyser of the camera if a typical 2 0 % window is used.
However, the scattered gamma ray from the 140 and 75 keV photons would be accepted by a 20 % energy
window. For thallium myocardial imaging, with an average photon energy of 75 keV, a gamma ray can be
scattered through 76° and still be counted as a valid event in the image. The maximum scatter angle decreases
with increasing energy. Therefore, photons scattered at rather large angles can be accepted by the pulse-height
analyser and be mispositioned in the image by several centimeters. Because of this overlay of the Compton
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continuum and the photopeak, the energy resolution of a scintillation camera has a direct bearing on the spatial
resolution obtained in the image.
In addition to the need to reject scattered gamma rays, the imaging system uses collimation to define the
direction of incidence of the gamma rays onto the detector. Collimators are typically constructed of lead because
of the high atomic number and density, and thus high photoelectric cross section, relatively low expense, and
ease of fabrication. The design parameters for collimators, such as hole diameter, channel length and septa!
thickness are a function of the gamma-ray energy and the trade-off between spatial resolution and sensitivity.
Generally, the parameters of interest when characterising collimators for a scintillation camera are spatial
resolution, sensitivity, field of view, and the presence and magnitude of distortion. The variation in these
parameters for the major categories of collimators is shown in Fig. 2.

SCINTILLATION CAMERA COLLIMATORS
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Fig. 2.
The direction and relative magnitude of change in spatial resolution, sensitivity, field of view, and the presence or
absence of distortion is illustrated for the four principal categories of collimators for scintillation cameras. The
analysis assumes that a small source of radioactivity is moved away from the collimator surface to monitor the
change in these parameters. Refer to the text for a more detailed discussion.
For a source in air, the resolution of a parallel-hole collimator degrades with increasing source distance whereas
the sensitivity and field of view are relatively constant. There is no distortion where distortion is defined as
nonconstant magnification throughout the object.
With a diverging collimator, resolution also degrades with increasing source distance but more rapidly than with
an equivalent parallel-hole collimator. Also, there is a decrease in sensitivity but an increase in the field of view.
There is some distortion present in the image. The usual application of a diverging collimator is to take advantage
of the increase in field of view with source distance.
Converging collimators also exhibit a decrease in resolution with increasing source distance but the drop-off in
resolution is not as rapid as with an equivalent parallel-hole collimator. The reason for this is the apparent
decrease in spatial frequencies of the object due to the magnification obtained with a converging collimator.
There is an increase in sensitivity with increasing distance because of an increase in the geometric detection efficiency
as the source moves towards the focal point of the collimator. However, there is a corresponding decrease in the field
of view and this can limit the applications of converging collimators under some circumstances, particularly when
used with 250 mm (10 inch) field-of-view cameras. Distortion is present in converging collimator images.
The fourth major category of collimators is pinhole collimators. These have rather special applications where
image magnification for object distances closer to the aperture than the aperture-crystal distance is used to
improve spatial resolution, analogous to the case of the converging collimator. There is a rapid decrease in
sensitivity with increasing source distance and increasing field of view. Pinhole collimators also exhibit distortion
which is related to the different distances between various regions in the object and the crystal plane.
Distortion obtained with converging and diverging collimators is due to variation in the magnification factor with
distance from the collimator surface. For a converging collimator this results in deeper structures being magnified
to a greater extent and projected more to the periphery of the image. Distortion is particularly noticeable in the
imaging of dense objects such as the brain and is very noticeable in anterior and posterior brain views. However,
this form of distortion is not unique to gamma-ray imaging and is analogous to the situation encountered in
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radiography when use is made of relatively short focal spot-film distances.
The Auger-type scintillation camera has undergone consistent improvement since its commercial introduction in
the 1960s. There have been significant changes in the detectors, phoiomultiplier tubes, light guides,
electronics, and display systems. Detector thicknesses of 9,4 mm and 6,25 mm are now readily available in
addition to the previously standard 12,5 mm detector. The advantage of the thinner crystals is improved spatial
resolution, with a trade-off in sensitivity and uniformity. Crystal diameters have increased substantially over the
past few years. The once standard 250 mm field-of-view camera has been replaced by the 375 mm field-of-view
camera as the most popular system. Cameras with fields of view as large as 525 mm are commercially available.
The number of photomultiplier tubes has increased from 19 to 37, 6 1 , 75 and 91 in some systems
currently available.
The count-rate capacities of modern cameras are typically quoted at about 200 000 counts per second at
maximum. This count-rate limit is relevant to clinical imaging and can be appreciated if a comparison of the
photon input rate to the detectorfrom a bolus of activity in the cardiac chambers is analysed. For example, from a
20 mCi 99mTc source, approximately 650 ^million gamma rays per second are emitted. The fraction of these
transmitted through a high-efficiency parallel-hole collimator is about 5 x 10~4. Thus, incident on to the detector
of a scintillation camera with 20 mCi of 99mTc in the field of view are approximately 325 000 gamma rays per
second. Therefore, count-rate capabilities of several hundred thousand per second are not unrealistic even when
considering the fraction absorbed in the patient and those that are rejected by the pulse-height analyser after
undergoing Compton scattering either in the patient or the detector. It is important to note that the count-rate
capabilities of the system relate to the incident-photon rate and not to the count-rate indicator on the camera. All
incident events must be process 3d by the electronics to determine whether or not the event is accepted or
rejected; all the events thus contribute to the dead time of the system.
In addition to these improvements in camera operations there is a trend toward digital systems. At present it is
only the display portion of the system that is digital. Future systems will probably have more extensive digital
components including mechanisms for camera setup and quality control.
The Auger-type scintillation camera is today the standard instrument for gamma-ray imaging. Other systems,
such as single-photon and positron-emission-computed tomographs, various special-purpose scanning
systems, and multicrystal cameras are in use but their numbers are small in comparison with the number of
scintillation cameras. There has been ever-increasing interest in recentyears in emission-computed tomography
and this trend will probably continue as the clinical efficacy of this modality is defined and documented.
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INDUSTRIAL AND RESEARCH APPLICATIONS OF
RADIOISOTOPES AND RADIATION SOURCES
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Isotopes and Radiation Division
Atomic Energy Board, Pelindaba

SAMEVATTING
Die unieke eienskappe van radioaktiwiteit, naamlik die spontane en herhaalde vrystelling van straling in 'n
bekende tempo vanaf 'n passiewe bron met geringe massa en af metings, vir 'n welbekende leeftyd, lei tot 'n wye
reeks nuttige toepassings. Die straling kan met hoe gevoeligheid waargeneem word en as gevolg van die
deurdringendheid van die gamma-komponent geskied die waarneming oor 'n afstand van etlike meter in lug en
oor korter afstande in ander meer digte media. Die snel toename in vastetoestand- en elektroniese tegnologie het
tot die doeltreffendheid van waarnemingsapparaat en die gemak van dataversameling en -verwerking bygedra.
Al die elemente het radioaktiewe isotope, alhoewel die eienskappe van laasgenoemde, as gevolg van beperkte
leeftye, lae-energie-straling of lae opbrengs nie altyd bruikbaar is nie. Die chemiese eienskappe van die radioisotoop is soortgelyk aan dié van die stabiele isotoop en kan as plaasven/anger vir die stabiele analoog dien, wat
dit dan moontlik maak om die gedrag van die betrokke element in 'n bepaalde meting op 'n afstand te bestudeer.
Voorbeelde van hierdie sogenaamde spoordertoepassings in die Suid -Afrikaanse nywerheid word aangebied.
Die interaksie van straling met die medium waardeur dit beweeg, word deur die chemiese en fisiese eienskappe
van die medium bepaal en dien dus om parameters soos die digtheid en atoomgetal te meet. Die aanwending van
X-strale en neufrone maak dit ook moontlik om die voorkoms en konsentrasie van spesifieke elemente te bepaal.
Hierdie eienskap word gebruik in toepassings soos radiografie, vlak- en digtheidsmeters, massametings, inbaan
chemiese analise en in 'n verskeidenheid ander vernuftige toepassings, sommige waarvan bespreek sal word.
Die aantal plaaslike verbruikers van radioaktiewe bronne vir nywerheidsaanwendings het in die laaste dekade
met 250 % tot byna 600 toegeneem. Alhoewel die meeste van hierdie aanwendings prosesinstrumentasie
behels, word nuwe spoorder- en analitiese toepassings steeds ontwikkel.

ABSTRACT
The unique property of radioactivity, namely the spontaneous and repeated emission of radiation at a known rate
from a passive source of small mass and dimensions, over an accurately known life-time, allows for wide-ranging
and powerful applications. The radiation can be detected with high sensitivity and because of the penetrating
power of the gamma component, detection is possible over distances of the order of meters in air and over shorter
distances through more dense matter. The rapid advances in solid-state and electronic technology have
facilitated the effectiveness of detection apparatus and the ease of data collection and retrieval.
All the elements have radioactive isotopes, albeit not all with suitable properties, due to either limited life-time,
low-energy emissions or low yield. A radioactive isotope has chemical properties similar to those of the
corresponding stable element and can be substituted for the stable analogue, allowing remote observation for
study of the behaviour of the particular element in a matrix. Examples of these so-called tracer applications ate
numerous and some of the more recent applications in the South African industry are presented.
The interaction of the radiation with the material through which it travels, is dependent on the physical and
chemical properties of this material and therefore allows for the measurement of parameters such as density and
atomic number. The application of X-rays and neutron radiation also allows the determination of specific
elements and their concentrations. This feature finds application in radiography, level and density gauges, bulk
mass determinations, on-line chemical analyses, and a variety of ingenious applications, some of which will
be presented.
The number of local users of radioactive sources for industrial applications has increased by 250 % over the past
decade, to almost 600. Although the majority of these applications relate to process instrumentation, new tracer
and analytical applications are constantly sought and developed.
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INTRODUCTION
Shortly after the discovery of radioactivity by Becquerel in 1895, while scientists were still trying to understand
this phenomenon for which there was no explanation in classical science, those more practically inclined had
already started exploiting the possible uses of this new property of matter which brought visions of a perpetual
source of light and heat. There was no shortage of ideas for its use, and suggestions and actual applications
ranged from the exotic - it made cocktails glow in the dark; to the ridiculous - mixed with chicken feed it would
allow eggs to hatch without incubation; and the mystical - a cure for insanity; and the hopeful - a cure for
blindness and a germ killer; to the only really practical uses at that time, viz. a therapeutic agent in medical
applications and the production of self-luminous materials[1].
Although the sources of radioactivity were limited to uranium, thorium and their daughter products, the principles
for the application of radiation were soon established. With the advent of accelerators in the mid-thirties and the
introduction of reactors in the 1950's, a complete inventory of radioisotopes became available, opening a vast
new field of application limited only by the sophistication required by industry.
The Atomic Energy Board was established in 1948 and, among its earliest responsibilities, was the control of the
importation, possession and use of radioisotopes. In this same year the first radioisotopes were imported into
South Africa.
When a research program was established in 1959 the promotion of the use of isotopes and radiation became
one of the main themes.
The responsibility is today divided between the Licensing Branch, which exercises control over all radioisotope
users under the Atomic Energy Act, and the Divisions of Isotopes and Radiation, Chemistry and Life Sciences
which, respectively, promote the application of radioisotopes in industry, agriculture and the environment; the
use of radiation in product sterilisation, food preservation and processing; and in medicine.
In addition to research and development programs on these aspects, the AEB produces isotopes and offers
services not commercially available, especially with regard to tracer applications, while also supporting research
by way of grants to universities and other institutions.
A major obstacle in the task of promotion was, and still is, an unjustified fear of radiation, a lack of qualified
personnel with some knowledge of radioactivity, and a general reluctance to get involved in the regulatory
requirements. In an effort to overcome these obstacles the AEB ot.'ers training courses and supports educational
institutions which offer such courses. The Witwatersrand Technikcn has been presenting annual courses on the
safe use of radioisotopes regularly since 1969. The Pretoria and Vaal Triangle Technikons offer regular courses in
industrial radiography, which include lectures on radiation effects, measurement and safety, and regulatory
aspects. Occasionally courses are offered by universities and professional societies, e.g. The SA Chemical
Institute, SA Association for Physicists in Medicine and Biology, etc.
The application of nuclear techniques by South African industry has been reviewed and discussed at various
national symposia[2]. More recently regional symposia were held in collaboration with local Chambers of
lndustry[3]. This presentation supplements these earlier reviews and will report on more recent developments.

ROUTINE APPLICATIONS IN THE SA INDUSTRY
Today almost every product used in our daily routines contains some component which was manufactured with
the help of a nuclear technique. The following are only a few examples of such products: aluminium foil and
wrappings; all forms of paper; cotton yarn and cloth; bodywork, upholstery, engines and tyres of motor vehicles;
canned foods; baby foods; beer; cooldrinks and cigarettes. Instrumental nuclear techniques have become an
integral part of automation in industry and are no longer considered in isolation but form part of total production
lines. The only reason why these instrumental techniques are still recognised is because of regulatory
requirements which demand that control be exercised over all radioactive sources.
During the past eight years the number of industrial users of nuclear techniques increased by 230%, an average
growth of 29 % per year. At the end of 1980 a total of 632 firms and organisations were registered users of
radioactive sources for non-medical purposes (Fig. 1). More than 80 % are industrial users and Table I shows the
categories of application in these industries. The majority of applications (60%) were concernod with
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instruments for level, density and mass measurements. Some individual firms have in excess of 200 instruments
in operation and the total number of instruments probably exceeds 3 000. Users of soil-moisture and density
instruments are the next most common, followed by users of analytical instruments such as gas chromatographs
and X-ray fluorescence apparatus, while 35 firms are using radioisotope sources for industrial radiography.
These applications are based on the absorption and scattering of radiation, which is related to either the mass,
density or the atomic number of the observed medium. The advantages of the technique are the penetrating
nature of the radiation, the passive source which requires little or no maintenance, and the ease of detection.
Examples of the applications are numerous and only some of the major users are mentioned. Among the most
important is the mining industry — density measurements are used in coal mines for measuring the separation of
magnetite from coal, and in diamond, platinum, gold, iron and copper mines to monitor and control the
consistency of products from extraction and recovery processes. Chemical industries such as SASOL, KOP and
the fertiliser industry require measurement of gas, liquid and slurry phases during the manufacturing processes.
The oil pipeline between Johannesburg and Durban uses density gauges at each pump station to determine the
type of material being pumped.

TABLE I
INDUSTRIAL APPLICATIONS* OF RADIOISOTOPES
Application
Level, mass and density meters
Soil moisture and density
Analytical instruments
Industrial radiography
Manufacture
Borehole logging
Food irradiation

Number of users - 1980
312
135
42
35
10
9
1

60 %
24%
7%
5%
2%
2%

544

100%

*Smoke detectors and seif-luminous materials not included
Level measurement is used routinely by the sugar, food and cement industries. Crushers in the mining industry,
silos in the wheat industry and storage tanks in the petroleum industry are equipped with such systems, while on
a smaller scale beer and beverage manufacturers use this method in their bottling and canning processes.
Mass measurement is indispensable in the mining industry for the continuous determination of ore mass on
conveyors; it is also used by ESCOM and SASOLto measure the coal input from mine to plant. A smaller but more
accurate application of this principle is used by paper and plastic manufacturers to control the mass per unit area
of their product.
Soil-moisture and density measurement has become standard practice in all soil-engineering and road-building
applications on the part of most contractors and municipalities.
The impact of gamma radiography is felt at every level of industry, viz. all pipelines especially for oil, gas and
steam, motor, ship and aircraft industries, mining, railways and building industries. During 1980 a total of 300
192
lr sources with a total activity of 13 400 Ci were imported for this purpose.
The use of radioisotopes in smoke detectors and in self-luminous material is not reflected in Table I because
individual users are not registered. More than 35 000 smoke detectors using either241 Am, 85Kr or^'Ra have
been imported into the Republic.

TRACER APPLICATIONS
A radioactive isotope has chemical properties similar to those of the corresponding stable element and can bt
substituted for the stable analogue, allowing remote observation for the study of the behaviour of the particular
element in a matrix.
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This technique has the advantages of being extremely sensitive, non-destructive, and allowing continuous
measurement in dynamic studies; it is used to characterise and to optimise a variety of industrial processes.
Typical applications of this technique in industry are given in Table II.
TABLE II
TYPICAL TRACER APPLICATIONS IN INDUSTRY
Parameters determined

Field of application
Ventilation

Flow rates
Filtration efficiency

Mixing

Residence time
Effective volume

Flow

Velocity
Material transport
Blockages

Leakage

Testing
Localisation

Wear

Rate of metal wear

Tracer methods have been used with a great deal of success to study milling, mixing and extraction processes in
various industries. By comparing the experimental behaviour with the predicted theoretical behaviour, it is
poss 3 to quantitatively determine a number of critical parameters such as the effective volume, residence time
and degree of mixing which determine the efficiency of such processes[4].
A suitable radioactive tracer, which may be a neutron-activated aliquot of the actual medium to be studied, e.g.
ore, slurry etc., is introduced into the flow stream. Continuous measurement at the outflow of the reaction vessel,
which could be a pachuca, ion exchanger or mill, gives information on the residence-time distribution of the
material in the system. The residence time is determined by several flow characteristics, including the effective
volume and mixing efficiency. By fitting mathematical models describing different hypothetical processes to the
experimental data, these critical parameters can be determined quantitatively.
Since 1976 a steady increase in requests from industry for such measurements has been experienced.
Residence-time measurements have been performed at seven different firms on 140 occasions, using either an
activated sample of the particular ore or another suitable nuclide as tracer. The effective volumes of leach tanks in
gold and uranium extraction plants were examined at six different mines on 15 occasions. The nuclides ' 9s Au,
140
La and 131 i were used as tracers. A study of mixing processes was requested on 15 occasions by three industrial
undertakings.
TABLE III
TRACER APPLICATIONS IN INDUSTRY 1976 - 1981
Study

No. of Investigations

No. of Tracer releases

Flow measurement
Residence time
Effective volume
Mixing
Leak detection
Material balance

6
7
6
3
1
1

158
146
15
15
1
1
326

Tracers are used for the absolute calibration of gas and liquid flow, using 41Ar and 82Br or 24 Na respectively.
No less than 158 such requests have been handled successfully.
Other applications include studies of groundwater movement[5], effluent dispersion in the ocean and
atmosphere[6), and leak detection in dam walls and linings[7].
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From the impressive list of applications it is obvious that the use of radioactive tracers in industry has become an
essential diagnostic tool.

NUCLEAR ANALYSIS
Radiation is a powerful tool in elemental analysis. The interaction between the incident rays and the target atoms
in a matrix results in the emission of radiation which is characteristic of the transformation occurring in the target
atoms. Detection of this radiation allows for both the qualitative and quantitative analysis of elements present in
the target. Neutron activation is a well-known example of this application and, although the source of neutrons is
usually a reactor, isotopic neutron sources such as 252Cf and 241 Am-Be can be used for bulk analyses of ores and
on-line streams. Examples of such applications are the analysis of Au and Mn in ore, and B in on-line streams.
X-ray fluorescence is a well-established method whereby the characteristic X-rays of the target nucleus are
excited by incident X-rays from either an X-ray generator or an isotopic X-ray source. Typical examples of such
sources are 55Fe, ' 09 Cd and "Co. An extremely successful application of this principle was made by the Chamber
of Mines which developed a portable instrument that can be used underground for the direct measurement of
gold content in the rock face. The instrument is now commercially available from the well-known US electronics
firm Ortec[8].
Proton-induced X-ray emission (PIXE) is a mijlti-e.ament analysis technique which is rapid, sensitive and
extremely useful for thin samples or spot analysis. This technique is routinely applied at the Southern Universities
Nuclear Institute, the Nuclear Physics Research Unit and the Atomic Energy Board on a variety of samples ranging
from archaeological artifacts, through a range of metallurgical samples, to filter samples for the study of air
pollution[9], and thin slices of apple for the study of a fruit disease[10].
A technique known as delayed-neutron counting is used very successfully in the SAFARI-1 reactor for the analysis
of uranium in ores, minerals and solutions. The system, known as FRITS, handles 33 samples per hour and is the
most reliable, sensitive and rapid method for uranium analysis[11].
A recent development by General Mining in collaboration with a commercial firm, Sortec, has resulted in a goldore analyser which allows for the individual sorting of ore pieces at a mass-rate of 40 t/h, which is equivalent to
200 000 individual analyses per hour. The presence of U in the gold-bearing ore is detected in an extremely
sensitive scintillation-counting system, the mass of individual ore pieces determined photometrically, and the
concentration calculated with the assistance of microprocessors.

PRODUCTION OF INDUSTRIAL RADIOACTIVE SOURCES
The prolific growth in industrial-type instruments has created a need for a variety of isotopic sources both for
replacement at the end of the useful life of the shorter-lived sources as well as for initial sources in units and
equipment assembled locally. The Isotope Production Centre at Pelindaba is producing some of these
radioisotopes in SAFARI-1, while also importing those not being produced, and providing a service for the
replacement and disposal of used sources (Table IV).
TABLE IV
SOURCES PRODUCED. SUPPLIED OR REPLACED BY THE ISOTOPE PRODUCTION CENTRE
41

"Co
1978
1979
1980

140 (3 972)*
149 (2 042)
123(2 017)

795
567
555

Ar

16(375)
6(300)
92 (690)

192| r

70
(1,5 x 106)

"7Cs

10
(1 x 105)

* (Activity in mCi)
Cobalt-60 is produced locally and satisfies the demand for replacement sources in level gauges. ssKr is imported
in bulk and subdivided into small sources encapsulated in glass for smoke detectors. *' Ar is a short-lived isotope
(TH = 41 min) and is extremely useful for gas-flow measurements. It is produced locally and supplied in any
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activity required. The biggest demand in terms of total activity is for the isotope ' 92 lr which is ideally suited for
industrial radiography. The short half-life (74 d) requires fairly regular replacement of these sources. Although the
capability to produce and manufacture these sources locally exists, the low-duty cycle of SAFARI-1 has
necessitated the importation of 192lr, as well as of '37Cs which is a fission product. A service is offered for the
transfer of these high-activity sources to the source holder of the radiographic unit.
Other short-lived isotopes are produced and supplied in the required chemical form, mainly for tracer
applications. The most important are ' 98 Au as HAuCl,, 24Na as Na2CO3, 31Si as SiO and a2Br as
NH4Br, and 51Cr as 51Cr EDTA complex.
Various other services are offered, such as the labelling of diamonds with either ""Co or 65 Zn, used in the
diamond industry for determining the efficiency with which diamonds are recovered in the washing process and
the placement of eoCo sources in the liners of furnaces in the Fe and Mn industry for the measurement of the
residual lifetime of liners.

RESEARCH AND DEVELOPMENT
A number of basic research projects are being pursued at universities and national research laboratories. At the
Southern Universities Nuclear Institute (SUNI) charged particles, usually protons, produced in the Van de Graaf
accelerator, are used to study reactions in which prompt photons and other prompt particles are emitted. Basic
data regarding cross sections, sensitivities, matrix effects, etc. are gathered[12). The application of these
techniques to on-line analyses remains to be investigated.
Charged-particle (Rutherford) scattering is applied in basic studies on the formation of metal silicides in semiconductors. This method, which is non-destructive, allows for the accurate determination of thin layers in a
matrix, and is invaluable in the study of the kinetics of these interactions^ 3].
At the NPRU nuclear analysis is an important tool in a number of basic geological, mineralogical and metallurgical
investigations. Trace-element patterns derived by multivariant statistics are used in studies of the origin and
subsequent geochemical changes in important geological deposits such as the Witwatersrand conglomerates,
the coa! deposits of the Witbank basin and the igneous rocks of the Bushveld Complex.
The internationally acclaimed research work on the genesis of diamonds was possible only because of these
techniques. Neutron-activation analysis was used for the determination of trace impurities - no less than 58
elements were measured-while charged particles were used in the determination of the volatile elements, viz. H,
N and O[14].
Current research projects include the application of the Mössbauer effect in the study of chemical bonding in
extraction-metallurgical reactions, the use of the Tandem accelerator f or ultrasensitive mass spectrometry, and of
recoil elastic scattering for the determination of light elements in neavy matrices.
The AEB accepts contractual work from industry and has developed a number of successful techniques and
instruments. Amongst these is a guidance device for a vehicle used in the marking of roads: isotopic X-ray
fluorescence is used in conjunction with a servosystem to keep the vahicle on a track determined by a zinc wire
embedded in the road surface. The effectiveness of lubrication depends on impurities present in the oil: a rapid
method using radiation transmission has been successfully developed and is now used for the determination of
these impurities.

CONCLUSIONS
Sealed radioactive sources form an integral part of the central instrumentation used in most industries. Their
application is no different from that of other process instruments, e.g. those used for temperature, pressure and
pH measurements.
Tracer applications are directed at solving particular problems rather than for routine measurements. Although
these techniques are well established, their wider application suffers from a lack of expertise within industry,
while the strict regulatory requirements may have a discouraging influence.
Niiclsar analytical research is well established in research laboratories. The principle of prompt instrumental
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analysis holds much promise for on-line applications in process control, but requires sophisticated systems such
as accelerators and even small nuclear reactors. With the maturation of South African industry, the demand for
more sophisticated technology will increase. Closer collaboration is needed between industry and research to
ensure that the application of available and cost benefit technology meets the needs of industry.
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RADIATION PROCESSING USING INTENSE ISOTOPIC RADIATION SOURCES
H.J. du T. VAN DER LINDE
Radiation Chemistry
Atomic Energy Board. Pelindaba

SAMEVATTING
Dit is vandag bekend dat kernenergie op 'n wye verskeidenheid gebiede vir vredesdoeleindes toegepas kan
word. Een van die toepassings wat die vinnigste uitbrei, is stialingsprosessering; dit het betrekking op die
gebruik van ioniserende straling vanaf bf isotopiese bronne bf elektronbundelversnellers om chemiese of
biologiese veranderings in materiale teweeg te bring. Daar word verwag dat hierdie groeitempo oor die volgende
paar dekades aansienlik gaan toeneem weens toenemende druk in die westerse wereld om energie te bespaar.
Alhoewel straling nie die 'wondermiddel' is soos dit in die vroeë dae van kernenergie genoem is nie, besit dit
unieke eienskappe wat dit die ideale tegniek vir 'n groot aantal nywerheidstoepassings maak.
Op die gebied van chemiese prosessering, kan straling as'n doeltreffende plaasvervanger vir hitte of katalisators
gebruik word asook in 'n groot verskeidenheid nywerheidsprosesse, soos die kruisbinding van kabelisolerings,
die vulkanisering van baie soorte rubber, die vervaardiging van hittekrimpfilm, -pype en -band, asook gesloteselskuimpoliëtileen, -rubbers en -elastomere. Ander chemiese prosesse behels polimerisering, oorplanting,
degradering, die vervaardiging van houtplastiek- en betonplastieksamestellings en die sintese van sekere
chemikalieë.
Afgesien van chemiese prosessering, kan straling ook aangewend word om wegdoenbare mediese toerusting te
steriliseer, en in hierdie opsig is dit reeds 'n gevestigde nywerheidsproses met kommersiële bestralers wat in
baie lande van die wereld in bedryf is.
Daar is ander toepassings van stralingsprosessering wat baie belowend lyk, naamlik die preservering van
voedsel, omdat straling die inherente vermoë het om skadelike mikroörganismes te vernietig, insekte te dood en
om patogene soos Salmonella en ander enteropatogene bakterieë in pluimvee- en dierevoere te vernietig.
Bestraling kan egter nie al die probleme in die voedselbedryf oplos nie, maar daar bestaan geen twyfel nie dat dit
'n belangrike rol kan speel om meer en beter voedsel te voorsien.
Sommige van die mees gevestigde en belowendste toepassings van ótralingsprosessering sal in hierdie referaat
uitvoeriger bespreek word.

ABSTRACT
It is well known today that nuclear energy can be applied for peaceful purposes in a wide variety of fields. One of
the most rapidly growing applications is radiation processing, which refers to the use of ionising radiation from
either isotopic sources or from electron-beam accelerators to initiate chemical or biological changes in materials
which are subjected to irradiation. This growth is expected to increase significantly over the next decade or two in
response to growing pressure in the western world to conserve energy.
Although radiation is not the 'miracle tool' claimed in the early days of nuclear energy, it has some unique
properties which make it the ideal technique for a large number of industrial applications.
In the field of chemical processing, radiation can be used as an efficient substitute for heat or catalysts and can be
used for a wide variety of industrial processes, such as the crosslinking of cable insulations, the vulcanisation of
many types of rubber, the manufacture of heat-shrinkable film, tubing and tape, as well as the manufacture of
closed-cell polyethylene foam, rubbers and elastomers. Other chemical processes involve polymerisation,
grafting, degradation, the manufacture of wood-plastic and concrete-plastic composites and the syntheses of
certain chemicals.
Besides chemical processing, radiation can also be utilised for the sterilisation of disposable medical equipment
and in this respect it is already a well-established industrial process with commercial irradiators operating in
many countries of the world.

39
Other very promising applications for radiation processing involve the preservation of food due to radiation's
inherent ability to destroy harmful microorganisms, kill insects and eliminate pathogens such as Salmonella and
other enteropathogenic bacteria in poultry and animal feeds. Again, irradiation cannot solve all the problems in
the food industry but there is no doubt that it can play an important role in providing more and better food.
Some of the most well-established as well as the most promising applications of radiation processing will be
discussed in greater detail in this presentation.

INTRODUCTION
It is well-known today that nuclear energy can be applied for peaceful purposes in a wide variety of fields. One of
the most rapidly expanding applications is radiation processing, which relates to the use of radiation from either
isotopic sources or from machines to initiate chemical or biological changes in materials which are subjected to
irradiation. This growth is expected to increase significantly over the next decade or two in response to growing
pressure in the Western World to conserve energy.
Although radiation is not the 'miracle tool' claimed in the early days of nuclear energy, it has some unique
properties which make it the ideal technique fora larger number of industrial applications. In the broadest sense,
it can be said that radiation is an inherently efficient substitute for heat or chemical catalysts, which means that it
can be applied in a wide variety of industrial processes. The energy level of the radiation is high enough to
produce changes in the molecular structure of the materials irradiated, but sufficiently low to avoid inducing
radioactivity. In this presentation the term radiation refers specifically to ionising radiation such as gamma rays
emitted by radioactive isotopic sources or high-energy electrons generated in electron-beam accelerators. In
order to obtain an idea of the energies involved, it is useful to consider the following diagram (Fig. 1) of the
electromagnetic spectrum.
ELECTROMAGNETIC SPECTRUM
WAVELENGTH (ANGSTROMS)
ENERGY (MEV)

108
KT10

10 s
NT8

—I—rl 1—
RADAR
MICROWAVES

COSMIC RAVS

INFRARED

^

h
VISIBLE

SHORTWAVE

REGION OF INTEREST FOR
INDUSTRIAL RADIATION
PROCESSES

Fig. 1
In contrast with other forms of energy such as infrared rays or microwaves, ionising radiation is absorbed by the
electronic structure of the material being irradiated and this increases the energy level of the orbital electrons of
the material. Consequently, ionising radiation can cause chemical changes much more efficiently than thermal
energy. The irradiation creates reactive species such as ions, excited molecules and free radicals, which react
further and initiate various chemical reactions, e.g. polymerisation, crosslinking and scission, grafting
and degradation.
In addition to its use as a chemical tool, radiation is an efficient destroyer of harmful micro-organisms. This ability
to produce biological change has led to a variety of applications, such as the sterilisation of disposable medical
products, the pasteurisation of waste and the preservation of food.
Current commercial radiation processing is dominated by five major applications: shrinkable tubas and tapes for
the electrical industry, shrinkable films and bags for packaging, wire and cable insulation, vulcanisation of certain
automotive tyre components and the sterilisation of disposable medical products. Four of these applications are
related to the polymer field and it can indeed be said that without polymers the development of radiation
processing, as we know it today, would have been rather unspectacular.

40
The following are some of the most important processes in the field of polymer chemistry.

RADIATION PROCESSING IN THE POLYMER FIELD
Radiation Crosslinking
This is by far the most important application in radiation processing. It is amply illustrated by the fact that the
annual turnover in the USA alone is approximately $500 million. The reason for this important application is the
fact that crosslinking can be applied in a number of ways to impart special characteristics to various polymers.
Polymers consist of long chains of atoms which are intertwined to give them a certain rigidity. By exposing certain
polymers to radiation, the molecular chains can be made to fuse together at a number of crossing points, thus
conferring greater spatial rigidity. Important improvements can thus be effected.
(a)

Improvement of physical and mechanical properties

Crosslinking prevents the polymer chains from sliding past or over each other. Therefore, the crosslinked material
retains its shape even when heated to moderately high temperatures. At the same time, due to the fact that the
mobility t ; the polymer chains is drastically reduced under pressure, the dimensional stability is greatly improved.
(b)

Formation of the so-called "memory effect"

When radiation-crosslinked polymer is heated and mechanically reshaped during the heating process and
thereafter allowed to cool down in this reshaped form, it will, upon further heating, return to its original form.
The following are ways in which these properties are utilised in the plastics industry.
(i)

Cable

In terms of sales volume the crosslinking of polyethylene-coated wire and cable is the biggest industrial
application of radiation processing in the USA, the UK, Germany and Japan, as well as in the USSR. The material
was originally made for aerospace applications but the emphasis has quickly shifted to the domef* ; c appliance,
computer and telephone-communications fields. The advantage of using cabling with crosslinked .filiation for
transmitting electrical power lies in its improved heat- and solvent-resistance properties. Although the
crosslinking can also be carried out by a chemical process, the radiation process has the advantage that it is
carried out at much lower temperatures, thus avoiding the sagging of the central core. Rejection of material is
thus kept to a minimum. The use of radiation-crosslinked insulated telephone cable is said to have saved the
Western Electric Company in the USA $4 million in the first seven months after introduction of the process.
The importance of this application is also demonstrated locally by the fact that a private concern is at present
erecting an accelerator facility with the primary objective of crosslinking cable insulation through irradiation by
accelerated electrons. Although electron accelerators are at present the preferred technique for this specific
application, intense isotopic sources producing y-rays may equally well be used for this purpose.
(ii)

Heat-shrinkable film and tubing

Shrinkable film, tubing and tape can be manufactured mechanically but only those produced by radiation can be
made to shrink down to between 10 and 50 % in two dimensions. This application is a result of the "memory
effect" already mentioned. Heat-shrinkable materials are manufactured as follows: the outstretched polyethylene
material is irradiated in order to crosslink it; the material is tr an heated until it becomes soft enough to stretch to a
specific form and then allowed to cool in this stretched form. When this material is heated at a later stage the
radiation crosslinking process ensures that the material rnrinks back to its original form. If such material is used
for wrapping or joining, a particularly tight fit can be obtained after heating. This type of material is used on a large
scale for packaging, cable jackets, splice closures, termination insulation and electrical harnesses. In addition to
polyethylene, other polymer materials which are suitable in the same way include PVC, neoprene, silicone, butyl
and ethylene propylene rubbers and polyvinylidene fluoride.
(iii)

Foam products

Radiation crosslinking is also involved in the manufacture of closed-cell polyethylene foam, rubbers and
elastomers. A foaming agent is incorporated in'o polyethylene sheets which are crosslinked in order to provide
the necessary heat stability. Heating then liberates gas, thus increasing the volume by up to 40 times. This
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product is used in Japan for a wide variety of applications such as insulating, packaging and cushioning material,
as well as for sound absorption, fishing floats, car cushions and sports mats.
(iv)

Vulcanisation of rubber and manufacture of prevulcanised rubber latex

It is well-known that various tyre companies are manufacturing high-quality radial tyres by using radiationcrosslinked rubber components. In France surgical gloves are made from very thin, though very strong, film
prepared by crosslinking natural rubber latex through irradiation.
Most of the other applications of radiation processing in the polymer field are far less important than crosslinking
and, due to the limited time at my disposal, I shall only mention them briefly.

Radiation Polymerisation
Monomers may be changed into long-chain solid polymers by a number of techniques. Radiation has the
advantage over most others in that the initiation step can be controlled independently of other experimental
variables. Radiation processing is, of course, always in competition with other processes and where radiation is
chosen the reasons are that it is less expensive or produces a better product.
An example of radiation polymerisation is the production in Japan of "Takathene", a powdered polyethylene of
high purity with tailored molecular weight distribution, and excellent electrical and mechanical properties with
good chemical stability. Other commercial processes are the production of flocculating agents by Atlas Chemical
Industries in the USA and the manufacture of heterosiloxane rubbers in the USSR for use as thick insulating tapes
in heavy electrical machinery.
The most important applications are, however, the coating of surfaces and the manufacture of composite
materials through radiation-induced polymerisation. Several companies are offering coating systems which can
be applied to steel, aluminium, plastic, wood, plaster or concrete.
Wood-plastic composites are well-known today and marketed in various countries. Whilst the aesthetic appeal of
the natural wood is retained, a product which is much harder than natural timbers and which has an abrasion
resistance and other properties superior to the natural product, is produced. This product is popular for flooring,
panelling and railings.

Radiation Degradation
Some polymers degrade rather than crosslink under irradiation. The largest molecular chains are much more
likely to undergo scission than the short ones. The result is a narrower range of molecular weights.
Polyethylene oxide, which is used in textile finishing as a thickening agent and as a viscosity modifier, is required
in a series of molecular weight ranges. This can be obtained by selective radiation degradation, and the Union
Carbide Corporation markets a product with a wide variety of applications.
Another application of radiation degradation is the breaking down of cellulose, making it much easierfor wood to
be converted to pulp.

Radiation Grafting
If the surface of either natural or synthetic polymers is subjected to ionising radiation, reactive free-radical centres
are formed on the surface. These free radicals can then react with vinylmonomer molecules to form a new
polymer on the surface of the existing polymer. Thus the surface properties are modified whilst the original bulk
properties are retained. The advantage of the radiation process is that no foreign chemical is added. Two
applications are at present of industrial importance, viz.:
(a)

Textile modifications

Radiation grafting of monomers onto textile fibres can be used to modify the surface properties and thus create
fabrics with better heat-setting, dyeing, watershedding, abrasion-resistant and rot-resistant properties.

I
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(b)

Grafting on polymer films and paper

The radiation-induced grafting of vinyl monomers is carried out in order to improve the surface properties of
these materials.

RADIATION STERILISATION
The sterilisation of disposable medical products through both electron accelerators and gamma rays is today an
established and well-known industrial process in many countries. The growth of radiation sterilisation during the
past two decades has been quite phenomenal and significant inroads into both heat and gas (ethylene oxide)
sterilisation have been made. The decline in the importance of heat sterilisation can be attributed to the
introduction of disposable medical devices manufactured from heat-sensitive polymeric materials. In the case of
ethylene oxide, many health authorities are starting to restrict and even forbid its use due to its inherent
mutagenic and carcinogenic potential.
The main reasons for the success of radiation sterilisation can be summarised as follows:
-

high degree of sterility assurance
wide choice of manufacturing and packaging materials
applicability to disposable products
reliability of sterilising plant
simplicity of operation
continuity of operation

The spectacular growth of radiation sterilisation worldwide has also been demonstrated in South Africa.
Industrial radiation sterilisation in South Africa can be traced back to the installation of an isotopic irrsdiator by
the Atomic Energy Board in 1971 in order to provide a service to local medical and pharmaceutical industries.
This plant was inaugurated with a mere 50 kCi of cobalt-60 but the demand has grown so phenomenally over the
past ten years that the total cobalt loading now exceeds the 1 million curie level, making it one of the largest
service facilities in the world. After conducting a market survey a private firm is at present constructing a large
commercial irradiator which is expected to come in operation towards the middle of this year.

FOOD PRESERVATION THROUGH IRRADIATION
The preservation of food through high-energy/intensity radiation has been extensively investigated during the
past 20 — 30 years in many countries of the world. However, though the technical feasibility of the process has
been widely illustrated for a large variety of foodstuffs, very little actual commercialisation has taken place to date.
Several factors, such as the classification of food irradiation as an additive in the USA through the by now notorious
'Oelaney Clause', the lack of sufficient wholesomeness data to establish beyond doubt the safety of all radiationprocessed foods, the lack of coordinated efforts in applying for clearances in varioj,1' countries, and the emotional
attitude towards nuclear energy by many individuals and pressure groups, have ail played an important role in the
"slow" acceptance by industry.
During the past few years, however, several important developments have taken place which auger well for the
future of food irradiation. The decision by the 1976 FAO/IAEA/WHO Expert Committee to consider food
irradiation as a process and not an additive, together with their recommendation on the wholesomeness of five
irradiated food items, viz. potatoes, wheat and wheat products, strawberries, papayas and chicken was a major
breakthrough for the acceptance of irradiated food as absolutely safe and nutritionally adequate. In November
1980 the Expert Committee of the three international organisations mentioned above declared all foods
irradiated up to an average dose of 1 Mrad (10 kGy)* as unconditionally safe. In South Africa seven unconditional
clearances already exist for potatoes, strawberries, papayas, mangoes, chicken, onions and garlic.
Another important recent development is the acceptance of the two draft standards applicable to food irradiation,
viz. a Standard on Irradiated Food and a Code of Practice for the operation of Radiation Facilities Used in the
Treatment of Foods by the Codex Alimentarius Committee at step 8 of their procedure. This means that both drafts
have become "Recommended Standards" which are at present being circulated to all member states of the
Commission for acceptance by those countries who wish to trade in irradiated foods.
* The SI derived unit of absorbed dose of ionising radiation, being equal to one joule of energy absorbed per kilogram of matter undergoing
irradiation. It has dimensions ofJ/kg, and its relationship to the traditional special unit, the rad, is } Gy= 100 rad (— 1 J/kg).
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factors Influencing the Commercialisation of Food Irradiation
From the foregoing it appears that some of the major hurdles in the way of commercialising the process have been
removed or are in the process of being removed. However, che eventual introduction of food irradiation on a
commercial scale is dependent on many other factors of which the cost/benefit ratio is probably the most
important. This is especially true if food irradiation is to be judged purely as a new process in competition with
existing alternatives. In cases where no alternatives exist at present, such as in many developing countries, the
cost factor may be temporarily less important if more and better food results from the process and if the erection of
facilities is subsidised by governments. I believe, however, that the commercialisation of the process will first
have to take place in the technologically advanced countries, demonstrating definite advantages, before Third
World countries will accept it. For this reason it is necessary to define in more detail the advantages of food
irradiation in comparison with existing techniques of preservation and to determine the economics of the
process.
Radiation offers a number of advantages over existing processes but only two very important ones are discussed
here. In the first place radiation can be considered to be a 'clean' and a 'cold' process leaving no residues, and
even though sometimes used in combination with either heat or cold to obtain optimum results or to produce a
unique product such as radiation-sterilised (radappertised) fresh meats, the radiation treatment itself is not
accompanied by any appreciable temperature change, thus minimising vitamin breakdown. The fact that
irradiation leaves no residue is of particular importance as the use of chemicals is increasingly being scrutinised
and restricted by health authorities. The use of ethylene oxide for the sterilisation of spices, of methyl bromi 'e
and other chemicals for grain disinfestation and of nitrites and nitrates for meat preservation is expected soon to
be prohibited, or restricted to such low levels that no other alternative but irradiation will be effective in
preserving these foods. Another very important application of irradiation is in the preservation of poultry. Besides
extending the shelf life from approximately 3 or 4 days to 1 4 - 2 1 days, radiation eliminates pathogenic microorganisms such as Salmonella, which can otherwise only be achieved by cooking or by the use of antibiotics. This
application of irradiation can be of particular importance locally as far as long-distance transport during the
extremely warm summer months is concerned, especially in view of the fact that various consumer studies have
indicated a preference for fresh chicken over the chilled product. In the USA recent surveys estimate that over 2
million cases of Salmonallosis occur annually, resulting in losses of between $300 and $1 500 million.
The second major advantage of irradiation is the energy-saving aspect in comparison with both heating and
freezing. Morganstern has calculated the energy requirements for various industrial processes and his figures are
given in Table I.

TABLE I
ENERGY REQUIREMENT COMPARISON
Heat

Radiation

1. Crosslinking polyethylene on 600 V - 4 / 0 wire 0.55 c/lb

0,28 c/lb (15 Mrad)

2. Vulcanisation of sheet rubber

0,1

1,2

c/lb

c/lb (10 Mrad)

3. Curing reinforced polyester panels (3 000 Ib/h) $5,00/h

$1,13/h

4. Curing paint (energy input for same product $4 500/month (gas)
throughput)

$900/month (electricity)

5. Food preservation

0,4 c/lb.d (refrigeration)

0,01 c/lb (one time) (0,5 Mrad)

6. Medical-disposable sterilisation

2 c/lb* (steam)

0,25 c/lb (2,5 Mrad)

* Based on 26 c/ft3 - density 0,2

The energy consumed by the food industry constitutes a significant percentage of the total energy consumption
in the developed countries. In the USA, for example, it is estimated that the energy used in food systems amounts
to between 12 and 16 % of the total energy consumed. Any energy savings in the field of of food processing can
thus contribute to overall energy conservation and be equated with savings in barrels of oil. Table II shows typical
energy values for the processing of food.
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TABLE II
TYPICAL ENERGY VALUES IN kj/kg USED FOR PROCESSING OF FOOD
Radurisation with 2,5 kGy
Radappertisation with 30 kGy
Heat sterilisation
Blast-freezing chicken from 4,4 °C to - 2 3 , 2 °C
Storing the product at 25 °C for 3,5 weeks
Refrigerated storage for 5,5 days at 0 °C
Refrigerated storage for 10,5 days at 0 °C

21
157
918
7 553
5 149
318
396

It is more relevant to the consumer and the food handler to include the energy savings in , stribution and in
homes. A few examples are given in Tabla III.

TABLE III
ENERGY USE (kj/kg) ASSOCIATED WITH DIFFERENT CHICKEN-PROCESSING METHODS
Radappertised, cooked, long chicken rolls
Radappertised, cooked, individual servings
Retort canned chicken meat
Frozen, cooked, long chicken rolls
Frozen, raw, cut-up chicken
Refrigerated, raw, cut-up chicken
Refrigerated and radurised, raw, cut-up chicken

14
15
20
27
46
17
17

260
460
180
550
600
760
860

If these energy savings can be realised in practice, there is no doubt that the present energy shortage will act as a
catalyst to introduce food irradiation on a fully commercial scale in the food industry even if all other costs are equal.

BIBLIOGRAPHY
Brynjolfsson, A. Proceedings of a Symposium on Food Preservation by Irradiation. Wageningen. Netherlands.
November 1977.
Brynjolfsson, A. International Meat Research Congress. Colorado Springs. USA. September 1980.
Du Plessis, T.A. "Stralingsprosessering as Nuwe Tegnologie". Lecture given at the SA Akademie virWetenskap
en Kuns. Pretoria. February 1980.
Mellberg, R.S. "Radiation Processing". Business Intelligence Program. Research Report 618. 1979.
Morganstern, K.H. Proceedings of a Symposium on Food Preservation by Irradiation. Wageningen. Netherlands.
November 1977.
Sangster, O.F. Radiation Chemical Processes- The World Scene. Atomic Energy. 1974.

45

AN OVERVIEW OF CURRENT AND FUTURE RADIOISOTOPE PRODUCTION
ACTIVITIES OF THE COUNCIL FOR SCIENTIFIC AND INDUSTRIAL RESEARCH
G. HEYMANN
Vice-President
Council for Scientific and Industrial Research
Pretoria

SAMEVATTING
Die Pretoria-siklotron (PS) van die Nasionale Versnellersentrum (NVS) is gedurende 1958 in gebruik geneem. Die
radioisotoopproduksieprogram vir hierdie fasiliteit is gedurende 1965 aangepak en die vraag na radioisotope het
sedertdien so gegroei drt ongeveer 90 96 van die beskikbare bundeltyd tans vir die produksie van radioisotope
gebruik word.
Die PS is 'n klassieke soliedepool-siklotron met verstelbare energie en kan protone (14 MeV), deuterone
(1 7 MeV), 3He (37 MeV) en alfadeeltjies (34 MeV) versnel. Bundelintensiteite tot > 500 juA is beskikbaar, sodat
hoë produksietempo's van sommige radioisotope moontlik is. Die verskeidenheid deeltjies wat versnel kan word,
maak die produksie van 'n redelike groot aantal draervry radioisotope moontlik, ten spyte van die betreklik lae
energie van die siklotron. Radioisotope soos67Ga en 8 'Rb/ 81m Krword bv. weekliks aan 'n aantal Suid-Afrikaanse
hospitale vir diagnostiese doeleindes vers kaf. Verder word 'n aantal langlewende radioisotope soos onder
andere 22Na, 109Cd en 139Ce gereeld vervaardig en in groot maat na die buiteland uitgevoer. Op aanvraag van die SA
Kamer van Mynwese is daar ook onlangs tot die vervaardiging van spesiale klein verseëlde 109Cd-bronnetjies
oorgegaan.
Die afgelope twee jaar is gekenmerk deur 'n sterk toename in die hoeveelheid radioaktiewe materiaal wat
vervaardig is. Gedurende 1980 is daar bv. 550 besendings radioisotope met 'n gesamentlike waarde van
R284 500 afgestuur. Die individuele hoeveelhede 22Na(TM = 950 d), "GafT^ = 78 h), e'Rb/81mKr(T,4 =
4,6 h/13 s) en '"'CdjT^ = 453 d) wat vervaardig is, was onderskeidelik 400 mCi, 6 080 mCi, 6 950 mCi en 6 350 mCi.
Die ontwerp en opbou van die oopsektorsiklotron (OSS) van die NVS te Faure vorder goed en 'n bruikbare bundel
behoort teen die einde van 1984 beskikbaar te wees. Vanweë die aansienlik hoer energiebereik van hierdie
masjien(200 MeV vir protone), sal 'n groter verskeidenheid radioisotope geproduseer en in sommige gevalle ook
aansienlik hoer produksietempo's gehandhaaf kan word. Sover dit die produksie van radioisotope betref, sal die
OSS aanvullend tot die PS gebruik word, veral met betrekking tot die vervaardiging van radioisotope soos 52Fe,
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I en 201 TI.

ABSTRACT
The Pretoria cyclotron (PC) of the National Accelerator Centre (NAC) came into operation during 1958. The
radioisotope production program for this facility was launched during 1965 and the demand for radioisotopes has
since grown to such an extent that approximately 90 % of the available beam time is currently being used for the
production of radioisotopes.
The PC is a classical solid-pole cyclotron of variable energy and can accelerate protons (14 MeV), deuterons
(17 MeV), 3He (37 MeV) and alpha particles (34 MeV). Beam intensities > 500 juA are available, which facilitate
high production rates for some radioisotopes. The variety of particles which can be accelerated make the
production of a fairly large number of carrier-free radioisotopes possible, in spite of the relatively low energy of
the cyclotron. Radioisotopes such as 67Ga and 81 Rb/81mKr are for example, supplied weekly to a number of South
African hospitals for diagnostic purposes. A number of long-lived radioisotopes, such as 22Na, 109Cd and '39Ce are
produced regularly and exported in bulk to overseas countries. The production of special small 109Cd sources was
also started recently on request by the SA Chamber of Mines.
The past two years were characterised by a sharp increase in the total quantity of radioactive material produced.
During 1980, for example, 550 shipments, with a combined value of R284 500, were dispatched. The individual
quantities of "Na(T K = 950 d), 67Ga(TH = 78 h), 8 ' R b / ^ K r O ^ = 4.6 h/13 s). and ™Có{\ = 453 d) manufactured, were 400 mCi, 6 080 mCi, 6 950 mCi and 6 350 mCi, respectively.
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The design and construction of the separated-sector cyclotron (SSC) of the NAC at Faure are progressing well,
and a usable beam should be available by the end of 1984.
Due to the much higher energy (200 MeV in the case of protons) of the SSC it will be possible to produce a larger
variety of radioisotopes, and in some instances much higher production rates will be attainable. As far as the
production of radioisotopes is concerned, the SSC will play a supplementary role to the PC, especially with
respect to the production of isotopes such as 52Fe, ' 23 I and 2O 'TI.

INTRODUCTION
The current radioisotope production program of the CSIR is founded on the Pretoria cyclotron (PC). This machine
came into operation during 1958 and was at first used exclusively for basic and appl ied nuclear physics research.
The radioisotope production program was launched during 1965 and has since grown to such an extent that
approximately 90 % of the available beam time of the cyclotron is now being used for the production of
radioisotopes.
In this overview of the current and future radioisotope production activities of the CSIR, the Pretoria cyclotron and
its use as an isotope production facility, the personnel and activities involved, the scope of our production
program and finally the separated-sector cyclotron and our future plans are discussed.

THE PRETORIA CYCLOTRON
Various details of the Pretoria cyclotron are summarised in Table I. This machine has been in use for approximately
23 years as can be seen from its first beam dates. Notwithstanding the age of the machine, however, it is still
operated 24 hours a say six days a w e e k - it is only stopped for routine maintenance and occasional breakdowns.
This excellent performance can be ascribed to continuing improvements and modernisation; for instance, a new
power unit, based on solid-state electronic components forthe radiofrequency system has just been installed and
a new control system for the cooling water is currently under construction.
TABLE I
DETAILS OF THE PRETORIA CYCLOTRON AND TYPICAL NUCLEAR REACTIONS
EMPLOYED FOR THE PRODUCTION OF RADIOISOTOPES
Type: Classical solid-pole cyclotron
Design and construction: 1950 to 1958
First beam dates: Internal: 1958 External: 1960
Electromagnet: Mass: 79 t Pole diameter 11,3 m
BEAM CHARACTERISTICS
Particles
P
d
3
He
oc

Max. beam current (juA)

Max. energy
(MeV)

Internal

External

14
17
37
34

600
600
150
150

80
80
50
50

Typical production reactions:
7
Li(p,n)7Be; 66Zn(d,n)$7Ga; t09Ag(d,2n)109Cd
24
Mg(d,oc)"Na; 109 Ag(oc,2n)'"ln
S2
CifHe,3n)B2Fe - (low yield)
Both the internal and extracted beams of the cyclotron are used for isotope production, which means that solid
targets (e.g. metal or metal salts), liquid targets and gaseous targets can be bombarded. Any element can
therefore be used as target material, and pure water has, for example, been used for the production of 1SF.
The 79 tof the electromagnet and the maximum energies of the particles that can be accelerated put the Pretoria
cyclotron amongst the group of small, low-energy machines when compared with the powerful modern
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machines. The production of radioisotopes in the Pretoria cyclotron is therefore limited to the typical relatively
simple reactions listed in Table li. As can be seen, only those isotopes which are formed by the evaporation of
one, two or three nucleonsfrom the compound nucleus, produced by bombardment, can be obtained. In the case
of three-nucleon evaporations, such as for the production of52 Fe, the yields are already very low. In spite of these
limitations, it is possible to produce a large variety of useful radioisotopes with the Pretoria cyclotron, and more
than 2 0 different isotopes have already been produced and supplied to users in the past. The reactions listed also
demonstrate an important characteristic of cyclotron-produced isotopes, namely that the product usually differs
from the target element and can therefore be separated chemically in a very pure form (the so-called carrier-free
form) from the target element.

TABLE II
LIST O F ISOTOPES CURRENTLY I N D E M A N D
Short-lived isotopes for medical use
Nuclide
52

Fe
"Ga
3
'Rb/ 8 1 m Kr
'"In
123|

203 P b

Use
8,2 h
78 h
4,6 h/13 s
67 h
13,3 h
52 h

Bone-marrow scanning
Tumour scanning
Lung- and heart-function studies
Tumour scanning
Thyroid scanning and uptake
Studies of lead metabolism

Long-lived isotopes for export and non-medical use
Nuclide

Ty,

7

53,4 d
950 d
980 d
64,9 d
453 d
137,5 d

Be
Na
55
Fe
85
Sr
109
Cd
' 39 Ce
22

Use
Gamma-ray sources
Positron-emitting sources
Sources for X-ray fluorescence analyses
Nuclear medicine
Sources for X-ray fluorescence analyses
Gamma-ray standards and sources

PERSONNEL AND FACILITIES
In order to run an isotope production program on a cyclotron, a team of scientists and technicians with training in
chemistry, pharmaceutics and physics is required and, if possible, the services of an engineer would be most
welcome. However, it should be pointed out that such a program has much in common with one which is based
on a nuclear reactor such as the program of the AEB. The abovementioned personnel does not include the
operators and maintenance staff required for the operation of the cyclotron itself. Our radioisotope production
staff currently consists of two chemists, one pharmacist, one physicist and three technicians.
Our routine radioisotope production program is supported by a research and development program which covers
diverse fields in chemistry, pharmaceutics, physics and even metallurgy. Nuclear reactions are studied and thick
target yields are determined to optimise production rates and ensure radioisotopic purity of the end products.
Special targets have to be developed that can withstand the large quantities of heat (up to 8 kW) dissipated in
them during bombardment. Both electrolytic plating and melting techniques are used to fix the target elements to
the water-cooled bases. Various extraction and ion-exchange methods are used to recover the carrier-free
isotopes from the target materials before these isotopes are converted to suitable radiochemicals and
radiophannaceuticals. High standards of purity have to be maintained for the various products, especially the
radiopharmaceuticals which should also be sterile and free of pyrogens.
The laboratory of the National Accelerator Centre is fairly well equipped for the production of radioisotopes,
having for instance, three locally built hot cells. However, improvements are continuously being introduced.
Currently work is in progress to construct an automatic transport system for the highly active newly bombarded
cyclotron targets.
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SCOPE OF THE PROGRAM
Table II shows a list of isotopes that are currently in demand. We produce short-lived radioisotopes for medical
applications and long-lived radioisotcpes for export to overseas countries and also for non-medical local uses.
Although we are earning a useful income from the export of radioisotopes, our policy has always been to meet
local demand first. For this reason we have, for instance, embarked on a program to manufacture special, small,
sealed 109Cd sources when we were approached by the SA Chamber of Mines to design and manufacture such
sources for an X-ray fluorescence gold-reef analyser which they were developing.
67
Ga and 81 Rb^^Kr are produced weekly, whereas the other short-lived isotopes are manufactured on demand.
The delivery ofS1 Rb/^^Kr with a half-life of only 4,6 h at the Cape hospitals by approximately lOhOO on the day of
production is made possible by the cooperation of the local Provincial Traffic Departments and the SA Airways. In
the past we have even delivered <BF, with a half-life of less than two hours, in useful quantities to the
abovementioned hospitals. The medical isotopes we are producing are used exclusively for diagnostic purposes,
the details of which will not be elaborated on.

Most of the isotopes that are exported have relatively long half-lives. All extra available beam time can therefore
be conveniently invested in their production.
Table III shows the number of consignments and activities over the past three years for the isotopes 67Ga,
si Rb/81mKr, 22Na and <09Cd which are in greatest demand. During this period there was a significant increase in the
number of consignments for 67 Ga, 81 Rb/81mKr and 109Cd and a dramatic increase in the quantities of 67Ga and 109Cd
produced. Currently eight hospitals are using e7Ga, six hospitals are using s1Rb/81mKr and radioisotopes are
exported to three different organisations.
TABLE III
NUMBER OF CONSIGNMENTS AND ACTIVITIES OF THE FOUR RADIOISOTOPES
WHICH WERE IN GREATEST DEMAND DURING 1 9 7 8 - 1 9 8 0
Consignments

Radioisotope
67

81

Ga
Rb/81mKr
22
Na
109
Cd

Activity (Ci)

1978

1979

1980

1978

1979

1980

138
247
4
4

141
225
6
15

169
301
5
16

2,02
6,86
0,40
0,72

3,57
5,80
0,65
3,78

6,08
6,95
0,40
6,38

An overall picture of the history and scope of our program is contained in the two histograms (Fig. 1). The upper
histogram gives the annual income and the lower one the number of consignments. It may be seen that our
production program started in 1965 with the export of isotopes. The first isotope produced for commercial
purposes was 22Na. The production of medical isotopes started in 1970 (with ' 2 3 I as the first isotope), after which
a rapid increase was experienced in the number of consignments which soon, however, reached a reasonably
constant level. During 1980 there was another significant increase to 550 consignments per annum, consisting
almost exclusively of the medical isotopes. The low turnover during 1975 was due to major maintenance work on
the cyclotron.
It may also be seen that despite the low number of consignments exported, our major income is from that source.
This is because we export radioisotopes in bulk only to radioisotope manufacturing and distributing
organisations. For instance, we export 109Cd regularly in 750 mCi quantities. The sharp increases in income
during 1979 and 1980 are due to increased sales of 67Ga, 81Rb/81mKr and 109Cd, as was shown earlier. During
1980, local sales of radioisotopes for non-medical uses for the first time made a significant contribution to our
annual income. It came from a number of 109Cd sources which were manufactured for the Chamber of Mines.

THE SEPARATED-SECTOR CYCLOTRON AND THE FUTURE
The design and construction of the separated-sector cyclotron (SSC) are progressing well. The four sector
magnets, weighing 3 5 0 1 each, have already been delivered and the construction of the cyclotron vault and some
of the ancillary buildings are in progress. W i hope to have the first beam available for use by the end of 1984 and
to start producing radioisotopes in this machine early in 1985.
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Fig. 1.
Annual income and number of consignments per annum for the period 1965 to 1980
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The SSC, being a much more powerful machine that the Pretoria cyclotron, can accelerate protons up to
200 MeV. This machine will enable us to produce a larger variety of radioisotopes and in many cases also larger
quantities. For instance, we can now produce 123I only in small quantities which are, in addition, contaminated
with ' 2 4 I. With the SSC it will be possible to produce large quantities of 123I in pure form. It will also be possible to
produce other isotopes such as 52Fe and 201TI for which there is a demand.
As far as the future is concerned we intend to keep the PC in operation for many years to come as all indications
are that it still has a long, useful life ahead of it. This machine will be used mainly for isotope production and
applications such as radiobiology studies with neutrons and possibly also for neutron therapy. As far as the
production of radioisotopes is concerned, the SSC will assume a supplementary role to the Pretoria cyclotron.
The SSC will be used mainly for the production of isotopes that cannot be produced by the Pretoria cyclotron and
also for the supply of some short-lived isotopes to users in the immediate vicinity of the machine.

