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ABSTRACT.

Since 1974 a variable energy isochronous cyclotron (CV-28) is

operating at the Instituto de Engenharia Nuclear in Rio de Janeiro, with

the purpose among other things of production of radioisotopes for medi-

cal diagnosis. To, accomplish this, besides the conventional chemical

laboratories and related facilities, hot chemistry laboratories with

their specific equipment and remote handling .devices had to be designed

and constructed at this Institute, and are still being developed, due

to a lack of engineering companies working in this field. Other equip-

ment, intrinsically related to cyclotrons like high power density tar-

get holders, collimators, etc., were also conceived and constructed.

Among the produced radioisotopec, high purity gallium-67 and

indium-Ill have been periodically sent to hospitals and some efforts

are still being made in order to improve and simplify the chemical pro-

cessing as well as the operational procedures. Some work has also been

devoted to the development and improvement of methods for the production

of iodine-123, bromine-77 and thallium 201.
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1 . INTRODUCTION

Cyclotron produced radioisotopes present some advantages regarding

their use in medical diagnosis, over those prepared by reactors. These

can in most cases be prepared carrier-free, and due to their neutron de

ficient nucleus, frequently decay by electron capture with no particle

emission inflicting in this way a smaller radiological burden.to the pa

tients. Within this philosophy, and taking into account that imported

radioisotopes could and should be replaced at least partially by simi-

lar ones locally produced, a variable energy isochronous cyclotron (CV-

28 from TCC) was acquired and installed at the Instituto de Engenharia

Nuclear in Rio de Janeiro with one of the purposes the production of

radioisotopes for medical use.

The achievement of this objective implies the fulfilment of several

requirements, lite adequate hot laboratory installations with their in-

trinsic equipment and remote handling facilities, design of ancillary

devices like target holders, collimators etc., development of suitable

methods and techniques for target preparation, research and development

of methods and procedures for the chemical processing of the produced

radioisotopes, excitation functions studies and implementation of Quali^

ty Control procedures among others.

The accomplishment of these tasks, presents several kinds of pro-

blems of scientific and technical order, beyond those arising from a

lack of local engineering and technology regarding the design and

construction of Hot Laboratories and their equipment. So, despite the

importance of other topics, scientifically or technically more interes-

ting, the emphasis on this paper is given to the problems and their

solutions, concerning the necessary means to equip hot chemistry labora

roties for radioisotope production.

2. HOT LABORATORY FACILITIES AND RELATED EQUIPMENT.

An overall description of the cyclotron installation has been al-

ready published elsewhere . Besides the hot laboratory facilities,

other devices related to the bombardment itself, as well as the trans-

portation of the irradiated materials to the hot chemistry laboratory
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are fucussed in the following.

2.1. EQUIPMENT FOR THE IRRADIATION.

The irradiation with charged particles as performed in cyclotrons

differs substantially from those in reactors, regarding the higher po-

wer densities associated with the former case. This feature demands the

use of target holders to propitiate an effective cooling of the target

itself, as well as a suitable collinator in oxter to keep the beam spot

within the target limits.

The cyclotron manufacturer (TCC) doesn't furnish a beam collijiator

and thus one with an interchangeable aperture that can be axially cente
(2) ~

red was designed and constructed. It withstand beam powers in excess

of 1.5 kW, and is in opearation since 1975 without troubles. It's enti-

rely made of aluminum in order to avoid the production of long half-life

nuclides.

Target holders usually are the weak link in the radioisotopes pro

duction chain since the high currents needed to minimize the costs, de-

mand an efficient cooling. When enriched isotopes are used as target,

this aspect becomes even more important since it's not affordable to

loose by vaporization expensive and imported materials. So, an inclined

target holder specially designed to withstand high power densities

I was conceived, designed, manufactured and has be in use over 8 years with

beam powers in excess of 1 kW without damage. The main characteristic

concerning this target holder is the increased effective target surface,

leading to a lower power density for a given beam current, but maintai*

rang the same apparent thickness, degrading hence the beam energy up to

the desired value, for the same target mass. This last feature is of

paramount importance when enriched isotopes are used.

The maximum current, depends also obviously on the thermal chara-

cteristics of the target itself and on the quality of the target-backing

interface, and hence, some efforts are still being made in order to im-

prove the cooling and to evaluate the maximum allowed power for each

kind of target.
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2.2. TARGET-HOLDER TRANSPORTATION.

Shapes and dimensions of the target-holders differ appreciably de-

pending on the physicochemical properties of the targets. Their relati

vely large weights, allied to the former features makes the use of so-

me traditional and realiable transport methods like pneumatic rabbit

difficult.

After many unsuccessful trials to import a suitable transport sys-
(h)

tern or to find one in the national market, a Target Transport System

was designed and constructed being until now in operation, transporting*

the target-holders from the cyclotron cave to a reception and disassem-

bling cell in the Hot Chemistry Laboratory.

2.3. RECEPTION AND DISASSEMBLING CELL.

Once the target holder is in the Hot Chemistiy Laboratory, it has

to be disassembled remotely, inside a shielded, well equiped cell with

confined atmosphere. To execute this operation, a complete hot cell

including box, shielding, structural frame, etc., was designed and

its manufacture relied to different companies. The only component which

had to be imported was, and nowadays would still be, the lead glass win-

dow.

Disassembling the target holder is a somewhat complex operation when

performed without manual contact, since it has to be taken out of the

Target-holder Transport System car, correctly positioned and fixed on a

platform, prior to the detachment of 4 to 6 tightened bolts, followed by

the removal of the slackned flange, picking the target backing and pla-

cing it in a Cell Transport System which sends the irradiated target to

the Processing Cells.

To perform these operations, some equipment and devices had to be

conceived and designed , including a miniature crane, a target fixing

platform and an unscrewing device. After the importation of two slave

manipulators which made the remote handling easier, the small crane will

be installed in an Irradiated Target Repository.
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2.14. UTTER-CELL TRANSPORT SYSTEM.

The transportation of the targets from the Reception and Disassem-

bling Cell to each Processing Cell is presently made very precariously,

using a small bucket pulled by a wire inside a PVC pipe. Due to confi-

nement problems among others, a more adequate Transport System is being

designed

2.5. PROCESSING CELLS.

The Hot Chemistry Laboratory has five hot cells, consisting of fi-

berglass reinforced poliester boxes shielded by a 5 cm thick lead bri-

cks wall, endowed with lead glass windows and tongs with ball'n joints.

Except for the lead glass windows all the components were entirely de-

signed and manufactured locally.

These cells, were constructed prior to the establishment of the ra

dioisotopes which would be processed inside them, that is without a

frozen operational procedure, and so, after some years of operation,ex

perience has shown some inadequate features, which have been continu-

ously improved.

One of the biggest problems in chemical processing is the spreading

of acid aerosols inside the cells. This inconvenience, arising mainly

from the compulsory evaporation to dryness of the mother solutions, fol-

lowed by a meticulous washing out of the radioisotope from .its container,

demands a frequent manned intervention, to clean out the inner cell walls

and equipment. Insofar as one can conceive up to now, this problem can

only be properly overcome by using versatile remote handling equipment

rather than simple tongs. So, some work is being devoted to the deve-

lopment of such equipment in order to reach the ultimate goal: efficient

and automatized production reducing costs and minimizing the dose to the

operators.

3. RADIOISOTOPES ON PRODUCTION.

The most widely used radioisotopes in Brazil for medical diagnos-

tics, are Tc-99m and 1-131, eventually followed by other of minor using

like Ga-67 and "Tl. Since these radioisotopes are total or partially
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imported, a great effort has been made in order to produce or to

tute them by others prepared here. Within this frame, Ga-67, Br-77,

In-Ill and 1-123 have been weekly produced and sent to hospitals, while

methods for the production of Tl-201 and labelled molecules with Br-77

are being developed.

Ai overall view of the present situation concerning the production

of the above mentioned radionuclides is given in the following, because

most of the procedures have been changed since the last report'~ .

3.1. GALLILJM-67 PRODUCTION.

Gallium-67 (T- /2
 = 78.3 h) is used in nuclear medicine for locali-

zation of tumors in soft fissues, and has no similar substitute. In Bra

zil, despite the relative high demand, its use is limited by the high

cost, Increased by the decay losses during the travelling time spent in

the importation process.
(8)

Presently , Ga-67 is produced by the proton bombardment of natu-
ral zinc with a thick target yield of 0.4 mCi/uAh. The target consists
of zinc eletroplated on a copper backing which is previously eletroli t i
cally covered by a nickel film. Such a target, when utilized as part of
the inclined target-holder can withstand a beam in excess of 1.2 kW, as
i t wac stablished after irradiations exceeding 4 hours.

After the bombardrier.t the target is dissolved in concentrated hy-
drochloric acid, where sodium iodide is added in order to reduce even-
tual iron impurities.

The mother solution containing Zn and Ga-67 is percolated through
a column filled with cation exchanger resin DOWEX 50WX4 of 100-200 mesh.
The zinc is then eluted with 10 M HCl while the remaining gallium is
afterwards taken out with 4 M HCl. This last solution is then evapora-
ted to dryness, and the gallium extracted by a sodium citrate solution.

The chemical purity-evaluated by atomic absorption spectrometry in
dicates values below 0.4 ugFe/mCi Ga-67 and less than 1 ppm, of Fe, Ni,
Cu and Zn, while the radiochemical puricy performed by means of thin
layer chromatography and a Nal/Tl detector shows a value of 95 percent.

Regarding the radionuclidic purity about 1 percent of Ga-66 with
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respect to Ga.-67 has been found four days after the end of bombardment.

Since 1982, Ga-67 has been almost routinely produced and after bió

logical tests in mice have confirmed the good quality of the product,

the application in human beings was initiated at the Hospital Universi-

tário (UERJ) and later on, extended to the Hospital das Clinicas (PUC -

RS).

3.2. INDIUM-111 PRODUCTION

Indium-Ill (T 1 / 2 = 2.83 d) due to its favourable half-life is spe-

cially suitable for the study of slow biological processes as well as

cisternography, lymphatic system visualization and tumor localization.

This radioisotope has been produced at IEN by the reaction
109Ag(a,2n)i:L1In, with a thick target yield of 0.18 mCi/uAh.

Natural silver is utilized as target, which permits high power den

sities to be used due to the good thermal properties of this metal.

Details of the chemical methods to separate the produced In-111

• from the silver and Cd-109 arising from the decay of the subproduct In-
(9)109 were presented elsewhere . The overall yield of the separation is

about 98 percent.

The chemical purity of the final product has been determined by

means of spot tests where the average values of 2 yg of Ag and O.lpg of

Fe have been found, while a radionuclidic purity better than 99 percent

was measured 48 hours after the irradiation.

Besides the radiopharmaceuticals In-DTPA, In-EDTA and In-Oxine which

Jiave already been prepared with efficiencies of 92, 89 and 89.5 res-

pectively, labelling of citrate and phosphate are in development.

The Instituto de Engenharia Nuclear has periodically sent In-111 to

Hospital Universitário (UERJ) and Hospital das Clínicas (PUC-RS) for use

in patients.

3.3 IODINE-123 PRODUCTION

The 1-123 due to its favourable gamma energy and shorter half-life

can substitute the widely used, reactor produced 1-131 which is mainly

used for thyroid mapping.

Iodine-123 (Ti/2 = 13.2 h) is produced at IEN by the reaction
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12Ve(P,2n)
123I.

124The target consists of 96 percent enriched TeCU deposited on a
2

platinum backing forming a 323 jng/cm layer, which can withstand beam

currents of about 2JJA as demonstrated by irradiations lasting several «

hours with 24 MeV protons, where an average thick target yield of

18 mCi/uAh have been found.

After the bombardment, the iodine is extracted from the tellurium

oxide matrix by heating at 7509C and carried out by an air stream which
123

bubbles in a 0.02 N NaOH solution to form the final product Na I.

This solution passes afterwards through a MILLIPORE filter and is heated

in an autoclave to assure the necessary sterility.

The equipment which performs this dry distilation is being conti-

nuously improved in order to increase the overall efficiency, which

would make possible to produce at least 70 mCi per irradiation, instead

of the presentely produced 10 mCi.

The first 1-123 samples have already been sent to the Hospital Uni-

versitário (UERJ) where tests in animals are being performed.

3.4. BROMINE -77 PRODUCTION Í

Bromphenol Blue and Rose Bengal when labelled with Br-77 ( T 1 / 2
= 5 7 ^

are very useful for the visualization of the hepatobiliary system.

This radioisotope is presentely produced at IEN by means of the
7fi 77

reaction As(a,2n) Br with a thick target yeild of 0.3 mCi/pAh. The

arsenium target, eletroplated on a platinum backing, in dissolved after

the irradiation in a HNO^/AgNOg solution where the bromine co-precipta-

tes as AgBr by the addition of HC1. The preciptate is then dissolved in

NH^OH and the obtained solution percolated, through a cation exchange

resin (DOWEX 50W/8, 100-200 mesh). The bromine is afterwards elutedwith

water. The final product is carrier-free and the separation yield is

about 98 percent.

Seme samples of labelled Bromphenol Blue and Jtose Bengal have been

sent to Hospital Universitário (UERJ) which is performing tests with the

product.
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3.5. TALLHJM-201 PRODUCTION.

Tallium-201 is very inportant for myocardium diagnostics and* so,

it's worthwhile to devote some work tò produce this radioisotope.
(12)A method to produce this radioisotope is being developed at IEN

consisting in the irradiation of natural tallium with 24 MeV protons

followed by a chromatographic separation between tallium and lead in an

ion exchange resins

4. QUALITY CONTROL.

Since the produced radioisotopes are radiopharmaceuticals which will

be utilized in human beings, a rigorous Quality Control has to be per-

formed to assure the sterility and apirogenicity of the final product ,

as well as acceptable chemical, radiochemical and radionuclidic purities.

Sterility tests haven't yet been performed at IEN but measures are

being taken to implant them, and for that, a small room equiped with a

laminar flux fume hood, and related equipment already exists, while api-

rogenicity will be verified by means of Limulus Test. Both controls

will be additionally performed by FIOCRUZ after an accord between CNEN

and Ministério da Saúde.

The radionuólidic purity has been controlled by taking the ganma

spectrum with a Ge(Li) detector coupled to a multichannel analyzer. Che-

mical contamination is being determined by means of spot tests and ato-

mic absorption spectrometry, while radiochemical purity is evaluated by

using several techniques like High Pressure Liquid Chromatography, Thin

Layer Chromatography and Paper Electrophoresis among others.

5. CONCLUSION.

Despite all the difficulties inherent to an urideveloped country,

it was possible to install a reasonable hot chemistry laboratory and to

equip it for radioisotope production utilizing when possible national re

sources. The lack of a National Engineering in the field of Hot Labora-

tory planning, design and construction has been one of the main causes

responsible for the delay in the accomplishment of the ultimate goal,

routine radioisotope production.
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Efficient methods for the production of gallium-67, Indium-Ill, Io-

dine-123 and Bromine-77 have been developed and the related operational

procedures are being improved to reduce the costs and the dose to the

operators.

About 30 mCi of gallium-67, and 5 mCi of indium-Ill can be weekly

sent to hospitals as it was done several times, in the last two years.

Additionally it's in preparation the expedition of brcmine-77 and iodi-

ne-123 at a rate of 5 and 10 mCi/week respectively, it's expected al-

though that this production can be at least doubled, after the planned

operational procedure improvements.
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