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SECTION 9 RADIOISOTOPE PRODUCTION 

Summary: The trial production runs started in the previous rfB° r t 

period were continued and have been extended to 6a, 
8 1Rb/ 8 1 mKr and 1 U I n , the production of which will be 
taken over from the Pretoria cyclotron at the end of this 
year, when that machine is scheduled to be shut down. After 
commissioning of the target water cooling system and the 
helium cooling system for beam foil windows at the beginning 
of this year, these production runs could also be extended to 
high beam, currents (up to 50 uA). Test consignments of a 
number of products have been supplied to various potential 
future users, and I, in the fprm of Na I capsules as well 
as I-sodium hippurate, and Fe-citrate have actually been 
used with success in trial diagnostic studies on patients. A 
procedure for labelling IPPA and 3-IPMPA with 1 2 3 I has been 
developed, while initial work has also been done on the 
radloiodination of monoclonal antifibrine antibodies. The 
last major facility needed for the commencement of the routine 
radioisotope production programme, namely the multiple-target 
facility, is now ready for installation in the production 
vault within the next few weeks, and routine production runs 
are expected to start in November 1988. 

9.1 Facilities and Equipment 

9.1.1 Control systems 

The control systems for both the target water cooling system and the 
helium cooling system for beam foil windows have been built up to the 
stage where they can be manually operated. They now have to be 
interfaced to their respective control microcomputers, after which final 
debugging of the control software can be done. The monitoring 
instrumentation of the water cooling system also still has to be 
calibrated properly. 

The installation of the hardware for the upgraded control system for the 
electric-rail-transport system for targets, Including a microcomputer, a 
new control and display mimic-panel and the complete rewiring of the 
rail network, has been completed. The control software is in its early 
stages of development. 

Progress on the sub-system for the control of the target transfer 
mechanism and the rotary target magazine system in the vault was 
hampered by the fact that these devices have not yet been available for 
interfacing. Further development of this control system will, however, 
receive the highest priority as soon as the above-mentioned devices have 
been Installed in the vault during the next few weeks. 

A microcomputer-based beam monitoring system is under development. This 
unit will provide an indication of the beam current stopped on each 
sector of a four-sector beam collimator in front of the production 
target, as well as a display of beam current and accumulated charge on 
the target itself. A remote display unit will also be provided for the 
cyclotron operators. 



135 

9.1.2 Target handling facilities 

The rotary target magazine system has now been thoroughly tested, and 
the necessary small modifications have been made to improve its 
reliability. The local shielding around this facility has been 
completed, while the mechanism for the transfer of targets between it 
and the electric target transporters has been manufactured and tested. 
Assembly and alignment of all these systems is now in progress and their 
installation in the vault should take place within the next few weeks. 

A target transfer mechanism at the receiving hot cell is also in an 
advanced stage of design. 

9.1.3 Cooling systems 

After a considerable delay due to various problems the target water 
cooling system was finally commissioned at the beginning of 1988. The 
system was tested to deliver a pressure of 60 bar and a flow rate of 180 
i/min when both the high-pressure pumps are running. It is now in 
regular use, but only low pressures (<5 bar) and low flow rates 
(<10 X/min) have been used up till now. 

The helium cooling system for beam foil windows has also been installed, 
tested and taken into use. The prototype double foil window has thus 
far successfully withstood 66 MeV proton beam currents of 50 \xA, focused 
to a beam spot size of 10 mm in diameter without showing any signs of 
deterioration. 

9.1.4 Hot cells 

The basic concept of hot cell design has been agreed upon, and wiring 
and services have been duplicated on all five chemistry cells. All 
apparatus for chemical separations will be affixed to the rear panels, 
and remote control of heating units, evaporation units, switching 
valves, etc will be done with control units mounted in the racks in 
front of the cells. This will allow for any cell to be used for any 
separation once the rear panel and the front control systems have been 
exchanged. 

The experience gained at the Pretoria cylotron has proved to be valuable 
in the development of facilities in the hot cells at Faure. Separation 
processes require items such as ac and dc motor speed controls, heater 
controls and liquid-level sensors. Units to perform these functions 
have been designed and prototypes of the hardware are presently under 
construction. Various approaches are being pursued for the chemical 
operations - from extremely simple systems, manually operated with 
tongs, to more sophisticated systems using solenoid valves for eventual 
computer control. 

An experimental parting tool for the opening of encapsulated targets was 
designed and installed in the receiving hot cell. A few trial opening 
operations yielded promising results. A die for the investigation of a 
press-opening technique has also been manufactured and will be tried out 
shortly» Attention is now being given to the containment of cross-
contamination in the receiving hot cell. 
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9.1.5 Radiopharmaceutical manufacturing facilities 

Specifications for radiopharmaceutical manufacturing facilities were 
drawn up using the Pharmaceutical Manufacturing Facility Checklist of 
the Medicines Control Council (MCC) as a guideline. This checklist does 
not include specifications for the handling of radioactive nuclides. It 
was therefore necessary to introduce modifications to satisfy both the 
requirements for the manufacture of radiopharmaceutical products and the 
handling of radioactive materials. The final design consists of a 
"clean room" for the sterile preparation of production chemicals, 
utensils and packing vials, as well as a radiopharmaceutical preparation 
and dispensing room. The air supply to both rooms will be filtered and 
temperature-controlled according to required specifications. The final 
preparation and dispensing of radiopharmaceuticals will be performed in 
specially adapted sterile bio-hazard flow cabinets. With construction 
of the rooms under way and equipment on order, the facilities should be 
ready for commissioning during September 1988. 

9.2 Methods and Procedures 

9.2.1 Radionuclide Production 

S J Mills, F M Nortier, P M Smith-Jones, G F Steyn, 
R F Verbruggen, P Anderson, R J N Brits and F J Haasbroek 

The trial production runs reported in the previous Annual Report {1} 
have been continued in order to t.st and perfect production procedures. 
In the case of I, a number of test consignments have actually been 
supplied to various potential future users, and on 18 August 1987 this 
radioisotope became the first produced at Faure to be administered to 
patients, when it was used on a trial basis at a local hospital for 
diagnostic studies of the thyroid. This was also the first time that 
relatively pure I was produced in South Africa for diagnostic use. 
Since then, consignments of I-sodium hippurate and Fe-cltrate have 
also been supplied to two other hospitals for trial diagnostic studies 
on patients. In all cases, very satisfactory results were obtained. 

After the announcement of the scheduled shut-down of the Pretoria 
cyclotron at the end of 1988. these trial runs were extended to the 
production of 6 7Ga, 8 1Rb/ 8 1TCr and 1 U I n , which will have to be 
taken over from the Pretoria Cyclotron Group at that time in order to 
ensure an uninterrupted supply of these radioisotopes to the users. 

Since the commissioning of the target water cooling system for radio
isotope production early in 1988, a number of high-Intensity (up to 50 
pA) irradiations could also be performed for the first time. However, 
because of the unavailability of the target handling and transport 
systems, as well as the local shielding around the target position in 
the vault, these irradiations were restricted to the minimum, and in 
most cases only lasted long enough (~15 minutes) to show up possible 
thermal failure of the target. 

9.2.1.1 Production of 2 8Mg 
28 

The radioisotope Mg can only be produced at the NAC on a very limited 
scale on a routine basis - that is, utilizing a 66 MeV proton beam - via 
proton-induced spallation reactions on elements like P, S, Si or Ar 
{2}. Ideally, much higher beam energies (160 to 200 MeV) should, of 
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course, be used in order to obtain reasonable yields {2}. However, in 
view of the relatively small demand of a particular potential user (50 
uCi at a time), some exploratory thick-target yield measurements on a 
stack of thin pressed NaCl tablets have been performed below 66 MeV - an 
energy region in which practically no data for CI are available in the 
literature {2,3}. As a consequence of these results {figure 1}, the 
first delivery of Mg is now planned to take place within the next few 
weeks. A pressed NaCl cr LiCI tablet, sealed in an aluminium capsule in 
the same way as the Nal targets used for the production of I (see 
section 9.2.1.7), is envisaged as production target. The chemical 
separation of the Mg as well as the preparation of a suitable 
Mg/ Al generator will be undertaken by the user. 

9.2.1.2 Production of 5 2Fe 

The irradiation of pressed MnCl2 tablets, sealed in aluminium capsules, 
with ~50 uA protons beams of 66 MeV was successfully demonstrated, and 
the first consignment of Fe has recently been produced and 
dispatched. The chemical separation method previously reported {4}, was 
applied. The apparatus is at present being adapted for installation in 
a hot cell. With an energy window of 64 - 44 MeV, typical yields of 
~150 uCi/uAh at EOB are obtained after chemical separation, in excellent 
agreement with thick-target ^ield calculations based on the measured 
excitation function of the Mn(p,4n) Fe reaction (see figure 2 and 
section 7.1.6). The Fe impurity content was established by the 
Radioactivity Standards Division and was found to be 0.35%. At present 
the pressing of the tablets introduces unnecessarily high amounts of 
carrier Fe into the final product, but we plan to solve this problem by 
using non-ferrous dies or by electroplating of a non-ferrous material on 
the dies. 

52 The production of Fe from a Ni target has also been studied, partly in 
collaboration with the Paul Scherrer Institute in Villigen, Switzerland 
{5}, and partly as a consequence of the above-mentioned measurement of 
the Mn(p,4n) Fe excitation function, in which use was made of foils 
of a Mn/Ni alloy. As is shown in figure 2, the use of Ni instead of Mn 
can be expected to enhance the thick target yield of Fe by ~30% at an 
incident energy of 64 MeV. From a target manufacturing viewpoint, Ni 
should also be more suitable. The target chemistry associated with Mn 
or the presently-used MnCl2 targets is, however, considerably simpler 
and the radioactive waste much less than for a Ni target; therefore n o 

further development is planned, unless the demand for Fe should 
increase drastically. 

9.2.1.3 Production of 6 7Ga 
6 7 The production of Ga via (p,xn) reactions on Zn targets has been 

Investigated. Initial low-intensity irradiations, utilizing the proton 
energy range 29 - 16 MeV, produced Ga yields and Ga impurity levels 
consistent with those reported in the literature for this energy range 
{6}. In a systematic study, Bonardi and Birattari {7}, however, showed 
a consistent increase in the "useful" Ga yield with incident energy up 
to 45 MeV. This effect is now being pursued to still higher energies by 
measuring the Ga and Ga excitation functions up to 100 MeV. 
i en 

Attention is also being given to the Implementation of the Ga/Zn 
separation procedure at present being used at the Pretoria cyclotron. 
An attempt is being made to improve this procedure. It has been 
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Fig. 1 Experimental thick-target yield curve for the production of 
Mg by proton bombardment of NaCl at energies below 66 MeV. 
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Calculated thick-target yield curves for the production of 
Fe by proton bombardment of natural Mg and Nl targets, 

derived from the measured excitation functions reported in 
section 7.1.6. 
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established experimentally that Ga is extracted from 9M HC1 solutions by 
organic adsorbents (eg. Amberlite XAD-4) which do not contain ion-
exchange groups. This approach is being investigated as a possible 
rapid separation method. A suitable separation apparatus is also being 
developed and constructed. 

9.2.1.4 Production of 7 5Se 
7 5 A single batch of Se has been produced for local consumption. The 

production method, developed at the Paul Scherrer Institute in Villigen, 
Switzerland in collaboration with one of the NAC's staff members {8}, 
used a target of KBr and 64 - 40 MeV protons. After irradiation, the 
short-lived activities were allowed to decay for six weeks. The 
aluminium target capsule was then removed and the salt dissolved in 
water, acidified with HC1, Se carrier added (as H^SeO) and Se 
precipitated with N2H5OH. The elemental Se was filtered off with a 
0.22 nm filter and dissolved in HN03. 

9.2.1.5 Production of 8 1Rb/ 8 1 mKr 
8 1 Excitation functions for the production of Rb via proton bombardment 

of natural Kr gas have been measured by irradiating stainless steel gas 
cells of 40 mm dia * 100 mm, filled with Kr at a pressure of 1.5 bar, 
with 60 - 40 MeV proton beams, obtained by degradation of the primary 66 
MeV beam by means of aluminium degraders immediately in front of the 
0.25 mm thick stainless steel entrance windows of the cells. After 
irradiation, the Rb produced was throroughly washed out of each cell 
and measured yspectroscopically. The preliminary results obtained are 
presented in figure 3, together with earlier results up to 45 MeV {9}. 
No results above 45 MeV are available in the literature. Based on these 
results and the target design of Waters et al. {10}, a design concept 
for an optimized conical production target has been drawn up. This 
target will utilize the energy range 53 - 45 MeV at a pressure of 14 bar 
(length 210 mm) and will be transported to a hot cell for recovery of 
the Rb after irradiation. The expected yield is ~30 mCi/uAh at E0B. 
Work on the design of both the gas target and the Rb recovery system 
in the hot cell is under way. 

81 
The option to produce Rb from RbCl targets is being considered as a 
possible interim arrangement. Deductions from published data {11} 
indicate that it should be possible to produce approximately 250 mCi of 
Rb in less than two hours using thin RbCl targets (64 - 59 MeV proton 

energy interval). It has been confirmed experimentally that the total 
Rb in these targets can be accommodated on the AG MP50 resin in five of 
the new glass-type generators developed at the Pretoria cyclotron 
(~0.18 g Rb per generator). Currently five generators are produced per 
production run at this facility. 
9.2.1.6 Production of U 1 I n 

In order to obtain the required very low impurity level for In» 
the utilization of an enriched Cd target for the production of In 
by means of the (p,2n) reaction is envisaged {12}. The chemical 
processing of a Cd target has been investigated and a method based on 
cation exchange in HBr has been developed. The Cd target is dissolved 
in HNO3, converted to bromide form, redissolved in 70 ml of 9M HBr and 
loaded onto a 20 mi column of AG50W-X4. Further washing with 40 mi of 
9M HBr effectively removes all traces of Cd. The In is removed from 
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the column with 30 mi. 9M HC1. Current efforts are being expended on the 
recycling of the enriched Cd target material. 

9.2.1.7 Production of 1 2 3 I 

A pressure welding technique for sealing the pressed Nal tablets under 
vacuum in the aluminium capsules has now been perfected, and greatly 
facilitates target preparation. A target sealed in this way has already 
successfully withstood a 66 MeV beam current of 50 uA. The target 
capsule is cooled on the front and rear faces by means of 1 mm thick 
cross-flow water layers. Attention is at present being given to 
modifying the target support to prevent bulging of the faces due to 
pressure build-up inside the capsule. 

123 The I recovery system previously installed in one of the hot cells 
{13} has been refined. Various problems experienced in the past, such 
as blocking of the various traps, have been resolved and a yield of 
about 10 mCi/fiAh is now being obtained consistently. The solvent used 
to dissolve the target has been changed to NaOH to permit the use of 
stainless steel components. This medium also suppresses the release of 
Iodide and free iodine. The whole system has been changed from remote 
manipulation with tongs to remote control with solenoid valves and is 
now semi-automated, pending a final microcomputer control system. 

9.2.1.8 Production of 2 0 1 T 1 

Natural Tl targets, 0.7 mm thick, are now being used for the production 
of Tl. Yield and impurity level figures comparable to those quoted 
in the literature {14} for the production energy range 28.6 - 22 MeV 
have been confirmed. 

A high-intensity (~25 uA) run with the bare metal target in the cooling 
water showed severe erosion of the target material, causing considerable 
contamination of the cooling water. Encapsulation of the Tl target 
seems the obvious solution to this problem. Thermal effects in such an 
encapsulated target and the opening of the target capsule after high-
intensity irradiation are currently being investigated. 

Following the initial failure of natural Pb targets {1}, excitation 
functions for proton-induced reactions on Pb have been measured. The 200 201 results obtained for Tl and Tl are consistent with those reported 
in the literature {15}, but a slight shift In proton energy was noticed 
\~2 MeV). Much higher Tl impurity levels than those tabulated in 
reference {15} were, however, obtained for the lower energy regions 
considered by these authors. Furthermore, it was found that the 
assumption that only (p,xn) reactions occur, is invalid. Direct 
production of HPb (and Pb) was clearly observed, and although 
no Tl is produced directly, its formation via 2 0 2 m P b is 
detrimental to the final radioisotopic purity of the Tl. Work is now 
in progress on the early separation of the 81 isotopes. This should 
provide a purer radiopharmaceutical product, free of the normal Tl 
contamination associated with a Tl target. 

9.2.2 Radiopharmaceuticals 

R F Verbruggen 
123 Na I, adsorbed on glucose in gelatine capsules, was tested in vivo in 



thyroid diagnostic studies at a local hospital. The results were 
evaluated with respect to performance of the tracer, i.e. in terms of 
image quality and uptake by the thyroid. The final results were 
considered very satisfactory by the medical group at the hospital. 
About 450 \id was administered to each patient. 
123 

1-sodium hippurate was used at another hospital. The radio
pharmaceutical was labelled according to the method previously described 
{4,16}, and was free of any radiochemical impurity such as I and 
o- 1-benzoic acid, or chemical impurities such as hippuric acid and 
benzoic acid. The higher photon fjyx obtained with increased 

I-sodium hippurate doses compared to -sodium hippurate, resulted 
in improved kidney images. 
A procedure for labelling 15-(para-iodophenyl)-pentadecanoic acid (IPPA) 
and 15-(para-iodophenyl)-3-methylpentadecanoic acid (3-IPMPA) with I 
was developed {17}. The technique is based on an isotopic exchange, 
starting from pure p-iodophenyl compounds and using one granule of 
metallic Sn in acetic acid. No I is lost by also labelling the ortho 
analogue, as is the case when a non-regioselective electrophilic 
aromatic substitution is used on 15-phenyl-pentadecanoic acid or 
15-phenyl-3-methylpentadecanoic acid. The method results in an overall 
radiochemical yield of more than 96%, obtained in a total reaction time 
of 45 minutes. Quality control of the radiopharmaceuticals is performed 
by means of HPLC. Under optimum labelling conditions, chemical and 
radiochemical impurities were only found to be present when they already 
existed in the cold substrate, illustrating the importance of 
preparative HPLC purification of the cold product'. 

Initial work has also been done on the radioiodination of monoclonal 
antifibrine antibodies. The reaction is based on the use of iodogen 
(l,3,4,6-tetrachloro-3a,6a-diphenyglucouril) as the oxidising agent. 
When used in solid phase, it is capable of effectively incorporating the 

I with minimum damage to the labelled protein. The labelling was 
started by the addition of an acetone solution of iodogen to the 
monoclonal antibodies in buffered saline. Reproducible yields of 85-90% 
were obtained within 5 minutes. Separation of the free I from the 
labelled antibodies was performed on a 2 ml DEAE-Sephadex column. 

9.2.3 Bio-evaluation of labelled compounds 

P L Dwyer and R F Verbruggen 
131 The I-sodium hippurate renogram has proved to be very valuable for a 

variety of kidney problems. Since the radiation dose to the kidney can 
become significant, a radioisotope such as I, with a higher photon 
flux that will give better information with a lower radiation dose, 
justifies a careful evaluation. As with any nuclear medicine procedure, 
the clinical utility of radioisotopic renal function measurements 
improves with better statistics of the data. To demonstrate this for 
1 2 3 I versus 1 3 1 I , we administered 200 ^Ci 123I-sodium hippurate to 
3 - 4 kg New Zealand white rabbits. The information density obtained as 
a result of using I-sodium hippurate produced improved quality of the 
kidney images. This also permits a more accurate estimation of the 
slopes of the renogram or the time needed to reach its peak value 
(figure 4). In no case did the thyroid show up, indicating that no free 
iodine was present. 
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Similar results were obtained for 1 2 3I-AMP ands 1 2 3I-MIBG. 

No clinical reaction after administration to the rabbits was noticed in 
any of the experiments-

9.3 Registration of Radiopharmaceuticals 

P Andersen, F J Haasbroek and S J Mills 

Provisional guidelines for the registration of radionuclides as 
medicines have been received in response to the discussions held with 
the registrar of the Medicines Control Council {18}. With regard to 
information required in applications for registration, distinction is 
made between established preparations, i.e. preparations which are well 
established and routinely used locally and/or abroad, and new 
preparations. The registration requirements also take into 
consideration the special properties or radiopharmaceuticals, such as 
the very small amounts of active substances normally present, the 
absence of any pharmacological effects and the fact that the inactive 
components are normally well-known and non-toxic Furthermore, the 
radiopharmaceuticals are always administered by medical specialists in 
nuclear medicine departments and usually not more than once to a 
specific patient within a year. Authorization has been obtained from 
the Minister of National Health and Population Development to 
manufacture radiopharmaceuticals at the Faure facility and applications 
for the registration of I capsules and 1-sodium hippurate 
injection have been submitted to the Registrar of Medicines. Routine 
productions will start as soon as the facilities at Faure have been 
completed and approved by the MCC and the registrations are finalized. 
Applications for the registration of other products such as Tl-
chloride injection and Fe-citrate are in preparation. 
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