
XA0103534
IAEA-SM-366/124

LICENSING CRITERIA OF POSITRON EMITTING RADIOISOTOPES
PRODUCTION ACCELERATORS IN SPAIN.
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CSN is responsible for the licensing and inspection of the radioactive facilities. In Spain
several cyclotrons have been installed for production of positron emitting radionuch'des
for use in diagnosis and nuclear medicine investigation. At the moment there are 5
cyclotrons, the first one began to operate in Madrid in 1996 and the last two in Sevilla and
Madrid in March, 2001. Of all of them only one is ah autoshielded cyclotron. AH
accelerate negative ion (H 0, except one which, in addition, accelerates deuterons (d). The
acceleration energies range between 9 to 18 MeV, current intensity varies from 50 to 100
uA. Maximum activities of radioisotope, focussing exclusively on the 18F, being the one
that they mainly produce, fluctuate between 1.4 and 5 Ci (52 -185 GBq ) at the end of
bombardment.

These facilities of isotope production consist basically of a cyclotron room in which the
bombardment of the targets takes place, a control room where the machine is controlled,
a technical room, a hot laboratory where the chemical synthesis of the
radiopharmaceuticals: n F-Fluordeoxiglucose (18 FDG), and " N- Amonia takes place
and finally a room for pharmaceutical quality control

The radiological hazard:; associated to this type of facilities are related to the external
radiation and contamination. Main external radiation exposure only takes place during
the bombardment of the target by the accelerated particles; this interaction produces
prompt and secondary gamma, X rays and neutron radiation. Aditionally, residual
radioactivity induced by activation of the materials of the cyclotron exists, this should
be taken into account mostly during the operations of maintenance, although in the
Spanish cyclotrons, of negative ion beams, the residual radioactivity is lower compared
to the positive ion beam ones.

Contamination risk comes as much from the radioactivity induced in the cooling liquids,
as from the gas production due to the activation of the air (4lAr by (n, gamma) reaction
and 16N by (p, n) reaction), as well as other gases produced during the bombardment
that are dragged into the ISFDG synthesis modules. Finally, there is the risk related to
the manipulation of 18FDG in liquid form.

Cyclotrons are, along with the linnear accelerators used in radiotheraphy, the medical
radioactive facilities of higher risk in our country. In cyclotron isotopes production
facilities, important amounts of nonseaied radioactive material are manipulated in
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addition to the use of high intensity radiation beams, which turns them into complex
facilities.

The control by CSNis made, therefore, through a process of individual authorization, in
which all the aspects related to the safety and radiological protection are evaluated,
finally, an operation authorization is issued, which includes a number of licensing
conditions for this type of facilities.

Licensing criteria have been established to apply to the safety analysis of these facilities.
A description of all the operations which are carried out (production of I 8F in the
cyclotron, synthesis of 18FDG in the hot laboratory, manipulation of 18FDG to prepare
the vials) is required, as well as an evaluation of the associated risks in dose terms.

This analysis also includes an evaluation of the location and layout of the facility rooms.
The suitability of the shield of the cyclotron vault is analized. Interlocks that block the
operation of the cyclotron (open door - radiation-off type and emergency stops inside
and outside the cyclotron) are requiered, as well as optic and acoustic warning signals
when the cyclotron starts up. Also, the use of radioisotope transference and targets
change automatic systems are required. Hot cells with ventilation and air exhaust
systems within the cells are required, even though automatic synthesis modules are
used. Requirements are provided to the ventilation systems, which must be an
independent system for the cyclotron room. The effluents hood stack should be
provided with monitors with continuous recording as well as with access control for
protection of the public in the outside. Neutrons and gamma radiological monitoring in
the room of cyclotron are requiered as well as gamma monitoring in others rooms.

On the other hand, the radiological protection programme, organization and
responsibilities are evaluated together with normal operation and emergency
procedures. Due to the risk associated to the installation an appointed radiation safety
adviser is required. The dose of the worker should be assessed by termoluminescent
dosemeters (TLDs) which should include hands or fingers TLDs for me manipulation
procedures of the l8FDG, since it has been detected fingers doses close to the dose limit
Eventually the use of automatic or semiautomatic robotic systems for the preparation of
the vials has reduced the exposure; nevertheless, these workers are considered as
working in A category conditions. Finally, licensees must submitt a verification
programme of the safety aspects of the facility.
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