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Introduction

Radium Institute cyclotron MGC-20 is used since 1990. There are four
cyclotrons of such type in Russia and four abroad: in Finland, in Hungary, in North
Korea and in Egypt. The Radium institute cyclotron was used in different fields such
as radioisotope production, nuclear physics, physics and engineering.

For ten years some improvements of the Radium institute cyclotron operation
have been made. Those are: creation of the automatic control system based on IBM
PC, development of a new power supply for the ion source, creation of the deflector
electronic protection from discharges, change of the main elements of the cyclotron
with high induced radioactivity. More over we investigated the possibility of the
negative ions acceleration at the MGC-20 cyclotron without ion source exchange. The

maximum value of the proton beam current reached was about 30 |iA for 10 MeV H"
beam energy. To extract the proton beam from the cyclotron after the stripping foil we
made an additional output beam line. It was used for determination of the horizontal
and vertical emittance. A special device was constructed and used for measurements of
emittance. The latter amounted 30 n mm mrad for horizontal direction and 16 n mm
mrad for vertical direction.

1. Iodine-123

The main objective of the cyclotron now is to provide radioisotopes for
medicine. Nuclear Medicine and Nuclear Reaction Laboratory has a staff of 27
persons. There are nuclear physicists, radiochemists, engineers in electronics,
mechanics and cyclotron staff. In a year after the first cyclotron beam we started to
deliver the first labelled by iodine-123 radiopharmaceutical to hospitals.

123I radionuclide is one of the most promising isotopes in nuclear medicine III.
The iodine-labeled compounds are more natural for human organism, than many other
radiopharmaceuticals. Huge advantages of iodine-123 are low radiation exposure to
the patient and a high quality image. Four nuclear reactions are used for commercial

production of 123I: 1) 124Xe(p,2n)123Cs(P+)123Xe(e,(3+)123I;
2) 124Te(p,2n)123I;
3) 127I(p,5n)123Xe(e,p+)123I and
4)123Te(p,n)123I.

The production of 123I via 123Te(p,n)123I reaction is attractive because a small-size
cyclotron with 14-16 MeV protons can be used. Iodine-123 is produced by proton
bombardment of enriched tellurium-123 (in dioxide form) deposited on the platinum
backing. After irradiation the target is heated and escaped iodine is absorbed and
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solved in NaOH solution. There are no principal limitations for achieving
radionuclidic purity close to 100%. This method was used in Turku (Finland) for the
first time 111. Later it was developed in Debrecen (Hungary) 131.

The first radiopharmaceutical produced by Radium Institute was "sodium iodide
solution, iodine-123". We have started hospital deliveries in 1990. By now we have
developed express technology for four radiopharmaceuticals labelled by iodine-123.
Besides "sodium iodide solution, iodine-123" there are sodium OIH, MIBG and
BIMPP. It takes no more than 4 hours after EOB to prepare injection
radiopharmaceuticals ready for application. Every week we provide about 20 Saint-
Petersburg hospitals with radiopharmaceuticals labelled by iodine-123.

For ten years we have developed technology of iodine-123. Grave attention was
paid to improve all stages of technology: target preparation, target irradiation, iodine
extraction, tellurium regeneration, radionuclidic purity and radiation safety also. It is
obvious that those stages are strongly connected with the target.

Target preparation. To prepare the target it is essential to have starting material
of high chemical purity. It is important not only for chemical purity of final product
but for preparation of the target itself also. Tellurium oxide attachment to the platinum
backing strongly depends on starting material's purity. So when we got a starting
material we tested it on the impurity presents. Target is prepared by melting of 123TeO2
in platinum plate. For the first year we have investigated different manners to improve
reliability of the target including adding metals but now we do not use any compounds
to improve attachment between starting material and platinum backing. After
preparation the target is used in probe irradiation by 15 MeV protons for one hour.
Thus we estimate reliability of the target and radionuclidic purity of the final product.
Amount of starting material is determined with the help of Hungarian publication of
123Te(p.n)123I reaction excitation function. The optimum value is 270-280 mg per
target.

Target irradiation. When target is being irradiated there is a problem to prevent
melting of tellurium oxide under proton beam bombardment. Tellurium dioxide has
melting point about 733°C, but it is possible to have temperature above melting point
at separate target spots because of low heat conductivity of tellurium dioxide and
because of beam non-uniformity. In this case we may have a loss of iodine escaped
from the target and a loss of target material which is very expensive. To decrease this
danger we have developed a special target device and a device to spread the beam on
the target surface. Target device provides water cooling of platinum backing (backside
of target) and helium cooling of tellurium dioxide (front side of the target).

The first target device had a rather simple construction but it was sophisticated in
operation. It took rather a long time to remove device from the beam line and to
extract target from device. So employees received considerable doses. Moreover we
used helium without flow in a small volume before target.



Next modifications of the device avoided disadvantages of the first target device.
Nevertheless to take off the target it is necessary to make some operations with cooling
systems (to close some valves and to open the others).

The main objectives of a new device design are:
1) to reduce occupation dose by means of:
• reduction induced activity of device elements,
• introducing automatic operation of cooling system valves,
• extraction of the target by remote-control mechanism
2) to guarantee appropriate cooling by means of the monitoring of water and

helium flow, temperature and pressure.
3) to provide measurement of proton beam current simultaneously from the

target and from the diaphragm before target
To perform these tasks we propose:
• to make appropriate modification of the existing target device taking into

account:
1. improvement of the helium flux on the target.
2. Installation of aluminum inner part of device
3. increasing of volume of platinum water cooling
4. providing the possibility of automatic operation
• to develop the automatic/manual device for target compression and throw

down
• to develop target cooling system equipped with valves and sensors for

automatic/ manual operation
• to develop software for monitoring and control of target device

Beam spreading was performed in two ways: by rotating magnetic field around
the beam or by scanning magnetic field in two directions perpendicular to the beam. In
both cases we could not reach high uniformity (our experience shows that a better
result was achieved in the second case), nevertheless overheating became less
probable.

Iodine extraction. To extract iodine-123 from the irradiated target we use the
well known method of dry distillation. After irradiation the target is heated and
escaped- iodine-123 is absorbed by solution of sodium hydroxide. We have
investigated some issues related to the technology of iodine extraction. They were: 1)
losses of target material under heating, 2) losses of iodine, which is not completely
absorbed by the alkali solution, and 3) dependence of the iodine yield on impurities of
the tellurium dioxide. Tellurium dioxide losses were determined by weighting targets
before proton irradiation every time. Weightings of irradiated target (before iodine
extraction) showed that target material losses are negligible under proton
bombardment and occur at distillation process as mentioned earlier 111. First of all
losses depend on heating temperature. Average value of the tellurium dioxide loss is
about 0.15% of weight for one run of extraction. We have carried out measurements of
the iodine-123 that passed through the solution of alkali (without absorption).These
measurements show that about 99% of the iodine-123 activity are sorbed by the
solution. It was shown 151 and our investigations confirm it that the yield of iodine-123



at the target heating reduces with the increase of some chemical target impurities. It
was found that content of aluminum and copper in target material reduce iodine yield.

Tellurium regeneration and purification Tellurium-123 is an expensive material,
so it is important to use this material completely. There are some ways of target
material losses. The first way - mentioned above - losses of target material in every
heating. Tellurium dioxide when it evaporates in the extraction device is condensing
on the walls of that device. That tellurium dioxide may be washed away from the walls
and used further after regeneration as target material. The second way - also mentioned
above - is the loss of the target because of low yield of iodine-123 due to high level of
impurity. That impurity may arise for instance at the expense of aluminum atoms
(clusters) knocked out by proton beam from aluminum foil window mounted in front
of the target. The third way is the loss of the target in case of an it's accidental
overheating by the beam. Molten tellurium dioxide will have some impurities when it
is gathered from surrounding materials. For all cases it is necessary to make
purification of the material. The chemical purification procedure is usually connected
with significant losses (up to 15%) of valuable enriched tellurium isotopes. We
propose a method /4/, that is based on TeO2 volatility at high temperature. The
procedure of purification permits obtaining high quality TeO2 suitable for iodine-123
production. Tellurium losses during purification are 3-5%.

Radionuclidic purity One of the main quality parameters is radionuclidic purity.
Radionuclidic purity is determined by the activity of radioisotopes other than the main
isotope. Impurity radiation may deteriorate the image contrast in diagnostics and
increase the exposure dose to the patient.

For the 123Te(p,n)123I reaction radionuclidic purity is determined by isotopic
composition of the tellurium target. We use tellurium-123 targets with enrichment over
90% (124Te content <2.7%). In this case it is admixture of 124Te that is important. 124Te
is to be the single origin of 124I (half-life 4 days, Ey=603 keV and (3+-emission), that is
formed via ' Te(p,n) reaction. We have investigated the radionuclide purity
dependence on 124Te content. The product purity is improved regularly with reduction
of 124Te content to 0,5%. Reduction of 124Te content in the target from 0,5% to 0,06%
(8 times) leads to reduction of 124I content in the product from 0,11% to 0.024%
(normalized to an irradiation time of 1 hour) i.e. about 4 times only. This discrepancy
may be caused by formation of 124I via 123Te(p,y) reaction 161. We have investigated
the influence of adding 122Te (10%) to the highly enriched target material (124Te
content of 0.06%) (target N°5) on radionuclide purity also. 122Te is the origin of 121I via
122Te(p,2n) reaction. l !I impurity does not influence radionuclidic purity because of
short half-life (2,1 hours) and relatively long irradiation time (10-15 hours); we had
almost the same radionuclidic purity of the product as for target with high enrichment.
Discrepancy between 124I impurities for targets N°4 and N°5 is within the limits of
error.

It is probable that I is formed through p,n reaction on Te of the target
(content <0.01%), simultaneously with the formation of 124I and 121I. Therefore, special
studies (Solin et al. 1998) have been carried out for determination of 125I in "solution



sodium iodide, iodine-123". The values of 125I impurity for the targets enriched by
95,6%, 98,5% and 99,3% (normalized to an irradiation time of 1 hour) constitute -
2,M0"3%,-3,6-10-4% and l,4-10"4%, respectively.

124TIsotope composition of targets and I content in final product.

Mass number

120
122
123
124
125
126
128
130

Isotope composition of tellurium targets in
1990

target Ml
<0.1
1.6
95.6
2.7
<0.1
<0.1
<0.1
<0.1

1994
target N°2

<0.1
0.5
98.5
0.9

<0.1

<0.1

1996
target Ne3

O.I
8
91.5
0.5
O.I
O.I
O.I
O.I

1997
target N°4

O.01
0.6
99.3
0.06
O.01
O.01
O.01
O.01

%
1999

target N°5
O.01
9.8
90.1
0.06
O.01
O.01
O.01
O.01

124I IMPURITIES IN % OF ACTIVITY FOR 1 HOUR IRRADIATION

0.37 0.16 0.11 0.024 0.036

Radiation safety. There is a problem connected with occupation dose at the
manual positioning of irradiated target in the 123I extraction device (and also at the
manual positioning of the target in the target device before next irradiation). The target
activity after irradiation and extraction of 123I belongs mainly to activation of platinum
backing and isomer 123mTe (Ti/2 = 119,7 days) formed via reaction 123Te(p,p').
Activation of the platinum plate is mostly obliged to the activity of 196Au (T1/2 =6.18
days). This part of the target activity can be excluded by target "cooling" or by change
of the platinum plate. In the case of isomer 123mTe there is no any other way to remove
it from the tellurium-123 target but a rather long "cooling" of the target. So it is
important to know cross section or at least thick target yield of the 123Te(p,p') reaction.
We have measured the yield of the 123Te(p,p') reaction at the proton energy of 15
MeV. It was equal to 14.24±0.34 kBq/(Ah). This value was used to estimate a dose
from the tellurium target ten months from every week irradiation. It was 3.3 mSv/h.

It is important to notice that utilizing targets with contents of tellurium-122 gives
additional activity due to tellurium-121 formed in 122Te(p,d) reaction. Tellurium-121
has a half-life of 19,16 days and main line 573 keV (80.3%). For the target with
contents of 10% 122Te one run of proton irradiation gives yield of 36 kBq/(iAh whereas
the yield from 123mTe is 15 kBq/uAh. Thus regular (every week) employment of such
target lead a considerable increase in dose for employees. In 10 weeks target activity
will have approximately one level contribution from 123mTe, 121Te and 196Au
(contribution of I98Au was negligible). Target activity measurements as well as target
gamma-spectroscopic measurements were carried out before irradiation. If the target is
irradiated in two weeks then after 10 runs its activity is half as great as one of the
target irradiated in one week. In this case the main contribution in activity is due to



I23mTe. However contribution of 121Te remains considerable (30%). At the 0,6%
contents of 122Te in the target, contribution in activity of I21Te is negligible.

Conclusion. We have developed the cheapest technology for high quality iodine-
123 production. It became possible at the expense of careful investigations of the main
stages of technology. The tellurium regeneration technology allows us to reduce
expensive material losses to 1-2 mg TeO2 per year. Target with low impurities level
(99,3% of 123Te) is used to produce iodine-123 with radionuclidic purity of 99.7% 48
hours after EOB (end of bombardment). The same result we have for target N°5 with
90% ' Te enrichment only and consequently cheaper. The main disadvantage of using
this target is the significant increase (up to 30%) in target activity after every week
irradiation. This disadvantage may be avoided by using target once in two weeks or
more rarely. It is interesting that for both (N°4 and N°5) targets we have minor
additional radiation exposure to the patient from iodine-124 as opposing to iodine-123.
It is 8% of that from iodine-123 itself in 30 hours after EOB.

2. Gallium-67.

The Zn(p,n)67Ga nuclear reaction proved itself to be the most suitable for
gallium-67 production in the case of the MGC-20 cyclotron application. Enriched
target material (Zn-67 ~ 90%; Zn-68 ~ 5%) is irradiated with proton beam beam
current 10-15 \xA at the energy of 15 MeV. As appeared powder tablets of oxide ZnO
are the best version of the target both for the gallium-67 extraction and for recovery of
Zn-67. The irradiated powder is solved in HCl. Separation of the manufactured nuclide
is performed using the method of cation exchange. The product radionuclidic purity
depended on the admixture in the starting material isotope 68Zn and on the yield of the
67Zn(p,2n) reaction. The daughter products of all the isotopes except 68Ga (9.4 hours
half-life and with 511, 1039 and 2752 keV gamma ray energies) are short-lived
enough to decay in a few hours after the end of the bombardment. At the end of
bombardment contribution its activity achieved a value of about 20 %. However, after
cooling during 2 days the product radionuclidic purity is over 99.2 %.

3. Indium- 111.

Manufacture of u l In is performed by irradiation of the starting material Cd
enriched by isotope H1Cd (95%) with a proton beam using the mCd(p,n) m I n reaction.
The beam energy is about 15 MeV, beam current is 10 to 15 \xA. Separation of the
manufactured nuclide is performed using the method of extraction chromatography
similar to that for gallium-67. The daughter products of all the isotopes except 11OrnIn
are short-lived enough and thus decayed in a few hours after the end of the irradiation.
The only product that can compete with i n In is 11OmIn. 11OmIn is a product of the
mCd(p,2n) reactions. 11OmIn has a half-life of 4.9 hours and energies of main y-lines
657.7, 707.4, 884.7 937.5 and 997.2 keV. At the end of irradiation contribution its
activity achieves the value of about 20 %. However, the product radionuclidic purity in
24 hours is over 99.9 %.
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