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NON POWER APPLICATIONS OF NUCLEAR TECHNOLOGY:

THE CASE OF BELGIUM

Andre L. Jaumotte1

1. Historical background
On Thursday, 20 April 1995, the ashes of Marie and Pierre Curie were transferred to the
Pantheon in Paris. This well-deserved homage provided an opportunity to recall the discovery
of natural radioactivity.

In 1896, Henri Becquerel was trying to find out whether X-rays, discovered by Wilhelm
Rontgen, were emitted by fluorescent bodies. He inadvertently placed a photographic plate
over the uranium salts he was using. He found that the plate had been affected by what he
called "uranic rays". He had discovered natural radioactivity.'

Pierre Curie and his young wife, the chemist Maria Slodowska, noticed that some uranium
minerals emitted more radiation than others, although they contained less uranium. They
concluded that radiation must come from "impurities" which they then set about isolating.
After two years of work in 1898 they discovered two new highly radioactive elements,
polonium and radium. In 1905'they shared the Nobel Prize with Henri Becquerel. After the
accidental death of Pierre Curie in 1906, Marie Curie went on to isolate radium. In 1911 she
received her second Nobel prize, this time for chemistry.

In 1934, Irene Curie, the daughter of Pierre and Marie, and her husband Frederic Joliot,
discovered artificial radioactivity: the interaction of a target of stable nuclear (boron,
magnesium, aluminium) with alpha particles results in isotopes which are radioactive and
positrons emitters.

In 1939, Otto HAHN, Fritz STRASSMAN, Lise MEITNER and Otto FRISCH discovered the
second fundamental phenomenon, the fission of one uranium core into two lighter cores when
bombarded with neutrons. -

Frederic JOLIOT, Lew KOWARSKI and Hans HALBAN demonstrated that fission was
accompanied by the production of energy. They proved the way for both the atomic bomb and
the production of nuclear electric energy.

In 1942, in the frame of the Manhattan project, Enrico FERMI proved in Chicago the notion of
chain reaction and the one of criticality, which is the condition to sustain the chain reaction.

The first experimental atomic bomb explosed at Alamogordo on July 16, 1945.

' Professor emeritus University of Brussels. Member of the Belgian Royal Academy Honorary Fellow of the European
Nuclear Society. Andre L. Jaumotte has treated the same subject during the International Conference organised in
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2. Belgian radium
The therapeutic properties of radium are discovered at the beginning of this century. France
and Austria are the first countries to extract radium. The demand rises rapidly.

The United States come into the picture in 1913: the Standard Chemical Company (founded in
1910) begins to produce radium. The USA also become the main market.

Uranium is found in the Katanga province of Belgian Congo (Shinkolobwe mine) in 1915; The
war effort (1914-1918) prevents the Union Miniere to exploit immediately the radioactive ore.

The Societe Generate metallurgique de Hoboken is established in July 1919 to process the
nonferrous ore coming from the Congo. It is interested by radium and builds at Olen, in the
Campine region near Antwerp, a plant for radium production.

The ore quality and the production process are such that the price can be substantially
decreased: the American producers close their installations.

A monopoly for radium production is thus realized and goes on till the Second World War;
after the war the importance of radium has quickly diminished.

As an order of magnitude let us point out that the total production of radium was 487 grams for
the period 1922-1932, i.e. an average of 48 grams per year.

The quantity of ore to be processed is about 10 tons per gram of radium.

Since the beginning of the second world war, the Union Miniere uses its commercialization
unit African Metals located in New-York; it is directed by Egard Sengier, one of the top
executives of Union Miniere, who orders the transfer to the USA of 451 tons of ore quite rich
in uranium followed by 1100 tons some time later.

The African Metals and the Manhattan Project sign contracts as early as 1942.

The first atomic bombs will use that uranium.

Jacques Vanderlinden has described these negotiations in a detailed way.

3. Industrial applications
Well known applications are y irradiators using Co60 sources (up to a few Mcuries) for
sterilization purposes: surgical tools, pharmaceutical products, food, spices,... or event
antiques. As the y rays emitted by Co60 are very penetrating, Co60 is well suited for the
treatment of bulk or wrapped up goods.

Other applications are the manufacture of composite wood-polymers, polymerization of resins
or altering the properties of polymers, latex vulcanization.

X-ray generators and gamma sources are used in non destructive testing of parts, welded
structures and engineering works. X-rays are also used for the inspection of baggage and
parcels.

2 See for example "Un demi siecle de nucleaire en Belgique" (a half century of nuclear science in Belgium), BNS
(Belgian Nuclear Society), Presses Universitaires Europeennes, Collection ''Memoires d'Europe", 1994. One of the
pioneers of Belgian nuclear industry, Mr. Guy Tavemier, Director of Belgonucleaire, passed away the 7th October of
1996.
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Electron beams use began in the fifties for' electrical wire .insulation or polyethylene film
reticulation. Presently two main domains have been developed: ' /

• accelerators in the energy domain 0,15 to 0,5 MeV: being of small size they can be
incorporated in a production line. At such energies the range of the electrons is less than
1 m and the applications are mostly surfaces treatment like plastic film reticulation,
finishing layers on paper, wood, plastic materials and metals, silicone coatings, adhesives.

• accelerators in the-energy domain 0,5 to 10 MeV: such machines must be shielded by 1,5 to
2 m thick concrete. The applications are reticulation of plastic materials (insulators, cables,
polyethylene pipes, foams,...) radio vulcanization of rubber, controlled degradation of bulk
polymers. Other envisaged applications are the decontamination of sludges from waste
water treatment or combustion gases treatment.

There are numerous applications which make use of sealed radioactive sources or X-rays, for
example:

• measuring the thickness of sheets (paper, plastics, metal,...) with beta or gamma rays by
transmission or retrodiffusion

• measuring levels with gamma rays when very accurate values are needed, for opaque
containers, when other methods are inadequate

• measuring soil humidity or density, detecting hydrocarbons in the ground: thermalisation of
neutrons emitted by-Am-Be sources, gamma rays from Cs 137

• measuring the density, concentration and surface weight with gamma rays

• X-ray fluorescence analysis, X-ray diffraction, particle induced X-ray emission

• electron capture detectors in gas chromatography (H3 and NI63)

• smoke detectors (Am 241)

Non-sealed sources are used for various purposes: markers for hydrological studies, process
control in the chemical industry, monitoring wear in mechanical parts, detecting leaks in
pipeworks, in heat exchangers,...

Other applications are isotope dilution analysis, activation analysis with neutrons or charged
particles and carbon dating of objects.

4. Nuclear Medicine
Since the discovery of the principle of radioactive isotopes as tracer elements by G. von
Hevessy, work for which he was awarded the Chemistry Nobel Prize in 1943, the use of
radioactive isotopes has now turned to daily practice and is so natural that many students in the
first undergraduate years in scientific areas at the University use that technique during
laboratory exercises without realizing the revolution that this methodology represented only
two generations ago.

Present first in experimental laboratories, then in a few departments of experimental medicine
using the first fission products of uranium 235 (mainly the isotopes of radioiodine since about
1940) the various elements which constitute today the standard battery of experimental and
clinical nuclear medicine have become in 55 years an established reference in medicine, as that
technique can be considered a major acquisition in our clinical and diagnosis knowledge.

With regard to the classification of the radionuclides according to the radiations emitted, let us
notice that alpha emitters with their high Linear Energy Transfer (LET) have very few practical
applications in biology or in medicine, only for experimental therapeutic purposes.
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Beta emitters are commonly used on the one hand for research, on the other hand in clinical
medicine, either as therapeutic agents, or in the frame of in vitro diagnosis tests.

•Finally gamma emitters are used in medicine and in biology exhaustively as in vivo or in vitro
labelling agents.

In the last years, since 1980, emitters of positrons have gained importance and find their
justification in the PET (positron emission tomography) imagery.

The use of radionuclides is summarized in table I below according to their general indication:

I. Research (fundamental and clinical)

II. Clinical applications:

A. Treatment

B. Diagnosis

1. in vitro

2. in vivo

I. Research

In this domain most often used isotopes are 3-H (tritium) and 14-C.

These 2 isotopes are labelling agents widespread and easy to introduce in any organic molecule
by modem chemistry methods; their use is so general that de facto our present knowledge in
biochemistry and in animal and human physiology is almost with no exception based on the
various dynamic and metabolic tests using molecules labelled with these 2 isotopes.

Let us add a morphological piece of research using for autoradiography these two emitters
bound to a series of very diverse molecules, even at the level of electronic microscopy.

Except for fuiidarnental research in biochemistry and in physiology, the pharmacology industry
bases most of its studies for many decades on the use of different pharmacons labelled either
with 3H or with 14C whose contributions in specific studies, in particular the biodistribution of
different drugs, also become a reference at the industrial level.

II. Clinical applications

For clinical applications, when choosing a well defined isotope with a precise goal, one will
take into account its physical half-life, its biological half-life (de facto its effective half-life),
the nature, the energy and of course the LET of the emitted radiations.

Finally it goes without saying that all metabolic and physiological interactions of the isotope,
either as isolated atom or as labelling agent of a well defined molecule, must be assessed
before using it

A. Therapeutic applications

The use of isotopes under the form of sealed sources (222-Radium, 192-Indium, etc) goes
beyond the scope of this summary. New applications are implant containing Palladium 103
isotope produced in a cyclotron to treat breast and prostate cancers.

Nuclear medicine, within its therapeutical branch, has reserved itself the use of radionuclides
under the form of non-sealed sources.
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The therapeutic aimiiistering of radionuciides can be mainly local (serous cavities),
intravascular (labelled ivIAA), systemic (radio-immunotherapy) or metabolic (use of radio-
iodine)*

Most often used isotopes are pure beta emitters or mixed beta-gamma emitters where the
presence of the gamma radiation allows an accurate localization of the delivered therapeutic
agent, as well as its eventual quantification where fixed.

The isotopes most often used in therapy are the following ones: 131-1, 32-Phosphorus,
89-Strontium, different radiotracing colloids...

B. Diagnostic applications

1. "in vitro " methods

These tests are based on the use of radioimmunological methods which allow an accurate
titration in the different body fluids of the various hormones, proteins, medicaments or other
specific and biologically active molecules with a very high sensitivity and high resolution.

Let us note that these techniques introduced about 30-35 years ago have constituted the first
realistic approach in science history to push quantitative analysis in the nano- and
programmes domain.

Isotopes most often used for in vitro tests are: 125-1, 131-1, 75-Se and 3-H.

2. "in vivo " diagnostic techniques

This ensemble constitutes the widest activity field of nuclear medicine which can subdivided
into three large families: metabolic tests, dynamic tests and the visualization tests of the
different organs or systems of organs with radionuciides or scintigraphy.

The great benefit of these techniques is their very high specificity making the most of the
metabolic mechanisms, the high statistical sensitivity and the reproducibility while they remain
economically attractive.

For morphologic or scintigraphic tests, the detection apparatus is by definition the gamma-
camera, with its various alternatives (classical camera, SPECT camera, camera with whole
body scanning device).

Let us remember that an image obtained through isotopic tracers is in principle not only a
descriptive clinical contribution but above all the morphologic expression of a well determined
functional status.

Most isotopic morphologic and dynamic in vivo tests use 99-m Technetium, or any molecule
labelled with this artificial isotope which has the following characteristic advantages: a single
emission of gamma rays (140 keV) particularly well adapted to the standard thickness of the
crystal in gamma cameras, the absence of contaminating beta emission, a short but clinically
useful half-life of 6 hours, and amphoteric chemical characteristics allowing its use either
under the form of simple pertechnate or bound to a series of various inorganic or organic
molecules.

In that manner 99-m Technetium is used with various diphosphonates for bone scintigraphy
which is the commonest isotopic test, being done routinely like thorax radiography or liver
echography in the frame of general check-ups: the MAA (macro-aggregates of serum-human
albumin) used for lung scintigraphy which is a first class emergency test in case of suspected
pulmonary embolus.

(*) Radioimmunotherapy was developed by Rosalyn Yalow and Salomon Berson; Yalow was
awarded a Nobel Prize for perfecting this technique.
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Other con-.plex molecules incorporating Technetium which are of current use are the colloids
(hepatosplenic scincigraphy), the micro-colloids (lympho-scintigraphies-), the pyrophosphate
(in vivo tracing of erythrocytes for functional cardiac studies).

This fundamental functional test for cardiologic investigations constitutes beyond the bone
scintigraphy the second quantitatively most important branch of clinical diagnosis nuclear
medicine. Again linked to Technetium, remember also the MIBI as myocardium tracer.

Among the other radioactive isotopes, gamma emitters or combined beta-gamma emitters, let
us of course point out 131-Iodine (or 123-1) as a diagnosis agent for the functional evaluation
and visualization of the thyroid, under the form of natrium iodide.

5. THE NEED AND EXTENT OF REGULATORY OVERSIGHT
As any other human activity the industrial and medical applications of nuclear energy generate
wastes which must be conditioned and stored in a safe way. Hospital wastes combine risks
from radioactivity and risks from infectious agents or from chemical toxicity, but radioactive
products used have in general quite a short half-life so that a sufficiently long decay period is
first allowed before further waste selection and treatment.

In most countries radioactive waste conditioning and storage is the responsibility of State
Agencies which operate under the control of the public Safety Authorities.

As pointed out recently3, lost sources, out of order equipment and to a lesser degree
misadministrations, have resulted into irradiation of members of the public and in some cases
into deaths. The same is true for lost or stolen sources used in industrial applications as
exemplified by the Goiana accident. It is therefore necessary that the public Safety Authorities
establish a regulatory regime aimed at minimizing the occurrence of such events.

Taking the Belgian regulations as an example, one distinguishes four classes of installations,
according to the radionuclides quantities handled:

• class 1 installations are nuclear power plants, fuel cycle facilities (fuel assemblies
manufacturing, reprocessing plant,...), radionuclides production, waste storage facilities,...:
they are subject to a permanent regulatory control

• for class 2 installations the risk involved corresponds to external and internal exposure:
particle accelerators, nuclear medicine installations exercising therapeutic activity,
radiotherapy and highly active or radiotoxic sealed sources; they are subject to a regulatory
control at least four times a year (status of the installation, inventory of the sources,
operating conditions of equipment,...)

• for class 3 installations the risk involved is practically only external exposure: medical
radiology diagnostic, dental radiology, nuclear medicine departments with in vivo activity
and low-activity sealed sources; the regulatory control is at least once a year

• for class 4 installations the risk is quite limited: smoke detectors and similar instruments,
laboratories with only in vitro nuclear medicine activity and using very small quantities of
radioactive products; such installations do not need a licence and no periodic regulatory
control is required.

In Belgium the public Safety Authorities delegate the technical'part of the regulatory
supervision to non profit technical safety organizations they license for that work. Association
Vincotte Nuclear (AVN) and AV Controlatom (AVC) are such organizations.'

3Dr. A. J. Bishop '
Protection of patients and safety of sources in medical applications of radiation
Senior Regulators meeting, IAEA, September 1996, V i f ^
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Thanks are due for their contribution to the update of this paper to:

Mr. Pierre GOVAERTS, Director of AVN, Brussels

Prof. James Friihling, Medical Director of the Bordet Institute, Brussels

ANNEXES

1. S CK/CEN - Paul Govaerts

2. NIRAS/ONDRAF - Freddy Decamps

3. IRE - Henri Boner

4. AVN - Pierre Govaerts

5. IBA - Ion Beam Applications
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