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Introduction

All the radioisotopes used in nuclear medicine are produced artificially using either a
nuclear reactor or a cyclotron. By attaching suitable chemical labels to the radioisotopes,
radiopharmaceuticals are obtained, which can be made to seek a desired organ by taking part
in the metabolic processes. When radiopharmaceuticals are injected into the human body and
specifically taken up by an organ of choice, a lack of uptake, or delay in uptake, denotes loss
of function in the organ. [1,2,3,4]

Therapeutic radioisotopes are used in a range of different techniques and which can be
divided into teletherapy, brachytherapy or radiopharmaceutical methods.

Radioactive nuclides for therapy span the length of the chart of nuclides but the more
commonly used (3-emitters nearly all fall into the category of "neutron-rich " isotopes and are
generally produced by neutron capture reactions in research type reactors.

Accelerator driven production leads to " neutron-deficient " radionuclides and these are
seldom used in therapy. Exemptions to this general rule include the a-emitting 211At
generated in a multi-particle compact cyclotron, 67Cu produced by higher energy spallation
type reactions, and the low energy X-ray emitter 103Pd which can be generated in a small
cyclotron [1].

There are 297 operating research reactors listed in the 1994 IAEA reactor database and
this number has been declining over the last ten years. Of these, only 20-25 reactors have the
appropriate performance specifications, appropriate operating schedules and the motivation to
support the regular 7-day and regular 4-week schedules required for production of nuclides. In
numerical terms, it can be argued that there is a vast global over-capacity of neutrons and
target positions, but, in practice, the availability of such irradiation positions is significantly
compromised by the reactors' own schedules and maintenance shutdowns. This capacity
position will be gradually eroded over the next ten years, as many research reactors reach an
age beyond which they become economically viable as research tools, and government-based
funding programs disappear [1].

Although the majority of the radioisotopes used in nuclear medicine have been
produced from research reactors for over 45 years and the methods are generally well
established, several new initiatives and developments have occurred recently.

One example is 103 Pd which is one of the few accelerator generated isotopes to be in
common use for therapy, in this case as a short-lived isotope for permanent implant treatment
of prostate cancer. Historically, 103Pd used to be generated via the 102 Pd(n,y) 103 Pd reaction
which relied on the availability of 1% naturally abundant 102 Pd in an enriched form and its



moderately high neutron capture cross section. However this method would not produce
sufficient amounts of this short-lived isotope, which needed regular, supply cycle of 2-4
weeks. So a new method was devised based on the reaction 103 Rh(p,n)103Pd . For this charged
particle production route, it was necessary to convert an existing external beam 18 MeV PET
cyclotron to high intensity internal target operation at the optimum reaction energy of 16-18
MeV. This was successfully achieved on the IBA Cyclone-18 machine by changing the ion
source from negative ion to high intensity positive ion mode, increasing the RF power
capability for acceleration and installing high intensity production targets on the outer
peripheral orbit of the cyclotron for internal target operation. The 100% naturally occurring
raw material - 103 Rh proved an advantage, but the short radius of curvature of the cyclotron
led to compromises between target length with lower power densities and increased glancing
angle proton scattering at the target face [1].

General considerations.

The solid targets, due to their simplicity, are the most frequently used types of target for
the production of cyclotron radioisotopes. The target material in a solid target is either a salt
or an element in the form of a metal foil and must have good physical and mechanical
properties, e.g. a high melting point, to withstand the high temperatures during irradiation. As
the range of protons, deuterons. alpha -particles in solids does not exceed a few hundred [im,
a relatively thin layer of the target material is enough to obtain a thick target, i.e. where the
bombarding particles are stopped to the threshold energy of nuclear reaction. The resulting
form of the target material, depending on its price, is either a metal foil, block, cylinder, thin
film or a pill attached to a suitable backing plate or target holder.

In order to stop the target material from melting during irradiation it is necessary to achieve
good cooling of the target material and the entrance foil. It is therefore important to obtain
good thermal conductivity between the target material and the target holder, which is usually
made of copper or aluminium. The radioactive product is extracted from the target material
after irradiation either by heating the target (if the vapor pressure of the product is higher than
that of the target material) or by chemical separation. In the case of a gaseous product, the
target material is allowed to melt in order to recover the gaseous product on-line during the
irradiation [4,6,7].

Short presentation of the U-120 Cyclotron from Bucharest

The U-120 Cyclotron, made in 1956, brought from the Russians, was quite a reliable
machine. The accelerator is a classical cyclotron with adjustable energy. After a lot of
improvements, the present parameters are shown in the table 1.
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Table 1: Beam parameters of the U-120 Cyclotron

Nr. Particle

H2
+

zH +

H+

4 He +

4 He + 2

2H+

Energy
(MeV)

13

13
26

14
2.7
4.5
2.2

Fe /2k+l
(MHz)

11.300/1

11.300/1

L l 1.300/1

15.400/1
11.300/3
14.00/3
14.00/3

Beam current

Internal
100

300
100

200
300
100
200

Extraced
20

60
20

40
20
10
10

(HA)

On target
0.1-5
0.1-5

0.05-5

0.01-20
0.01-0.1
0.01-0.1
0.01-0.1

Transversal
area of the

beam
(cm2)

2-0.05

2-0.5
2-0.05

2-0.05
0.02-0.01
0.02-0.01
0.02-0.01

Now at the level of our technology, we can maintain it by ourselves and operate it quite
independently.

The interest for radioisotope production was started in early seventies by an enthusiastic
team, which made research for production over seven or ten years. They established some of
the basic production reactions and also they made a lot of measurements in that time. This
enthusiasm froze in 1977 due to of the reorganization of the institute. After that period, only
laboratory tests have been done, but what they achieved at least was the target positioning
inside the cyclotron dees with a device which permits the introduction of the target and also
the rotation and cooling of this device. When the target is taken out, it will switch and go to a
hot cell for mechanical processing.

Concerning radioisotope production, we produced Cd-108, Fe-55 for XRF application,
1-123 (only a small amount, a few hundred mCi for an experimental hospital application), and
also short-lived radioisotopes like C-l 1 and F-18.

After the solid targets have been irradiated in our Cyclotron, the target is moved to
another laboratory, which we call the Center for Radioisotope Production. This laboratory
was an investment made in 1977 and it's main job is to use the radioactive elements produced
by our nuclear reactor W R - 1 , also a Russian type, commissioned in 1956. They are
producing some radiopharmaceuticals, technetium generators to be delivered to our hospitals,
tritium labeled compounds, 1-131 for thyroid function and also some Ir-192 for medical
applications, gamma ray sources and calibration devices.

Objectives and work plan of the present project

The primary objective of the present Project is to extend the related applications for
radioisotope production of our U-120 Cyclotron and HV Tandem accelerators.

Specific technologies will be developed for the construction materials used in
production target, target chemistry, the transport and interaction of particle beams and
irradiation conditions.



It is also expected that using theoretical and experimental investigation carried out in
the framework of this project, the existing knowledge related to the cross-section and yield of
nuclear reactions: 103 Rh (p,n)103Pd and 103 Rh(d,2n)103 Pd well be extended .

A special attention will be paid to the collaboration between our institute and medical
research centers in order to perform, for the first time in our country, this 103Pd clinical using
and to establish the standard procedures for its use.

103 Pd is a short-lived radioisotope and therefore is very difficult to obtain it from other
countries. The production cost of this isotope will be an important aspect. The research will be
finalized with quality assurance (QA) procedure standards.

According to specific objectives mentioned above, the work plan for this project is the
following :

A) Design and adaptation of a dedicated beam line at IFFN-HH-Cyclotron for the
Pd-103 experiments.

B) Experiments to choose the optimum beam parameters and to select between
protons and deuterons beams.

C) Experiments to chose and optimise the target and irradiation conditions.
D) Experiments to establish the procedures for the post irradiation characterization of

the Pd-103 radioisotope according to the radiobiological rules and the requests of medical
specialists.

E) Experiments, project and the realization of the prototype of Pd-103 for permanent
implant treatment of prostate cancer:

The planned work programme for the fist years is as follows:
- design of experiments for beam characteristic optimization;
- investigate optimal irradiation parameters and post-irradiation procedures;
- development of methods for fast and accurate QC procedures.

Conclusions

The U-120 cyclotron has a power consumption (about 200 kW) and also there are a lot
of hand operations related to target handling and irradiation controls. Therefore, we have to
change the equipment for beam control and target handling. At the same time we will develop
the experiments for the production of103 Pd.

All the researches related of the radioisotope production, the common experiments
together with the specialists from medical field intend to underline the advantages and
necessities of these works. A priority and a goal of our institute is to prepare the new and
young specialists and to influence the economical decision, in order to promote a national
programme to obtain some dedicated accelerators for radioisotope production.

Having a population of 23 millions and 35 big hospitals distributed in our country, an
insufficient level of radioisotope use in diagnostic and therapeutic applications can be
reported.

A first advantageous decision of our government was taken in the last two years related
to support by separate budget the cost for cyclotron operation and for these reasons our cost in
connection with hospitals is quite reduced.
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