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The Importance of HIFAR to Nuclear Medicine
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SUMMARY. Since its official opening on 26 January 1960, the HIFAR research reactor operated by the
Australian Nuclear Science & Technology Organisation (ANSTO) at Lucas Heights near Sydney has been used
to support an expanding nuclear medicine market. HIFAR has characteristics which make it very suitable for
this role and the effect has been to make AN^TO the dominant supplier of reactor-based radiopharmaceuticals
in Australia and a significant exporter. While HIFAR has capacity to support limited increased production, its
future requires government decisions. The absence of an operational research reactor in Australia could directly
affect the practice of nuclear medicine in the country and the level of presently increasing exports.

1. INTRODUCTION

For over thirty seven years since its official
opening on 26 Jan 1960, the HIFAR research
reactor operated by ANSTO has supported the
expansion of nuclear medicine technology in the
region by the production of medically useful
radionuclides.

Today HIFAR continues to be the source of the
bulk of radiopharmaceuticals/medical products by
ANSTO, contributing some A$7M per annum of
sales out of a total of A$12M.

2. DEVELOPMENT HISTORY

The graph below shows the manner in which the
value of all sales of radioactive products and of
Australian sales of radiopharmaceuticals based on
HIFAR produced radionuclides (only) has
increased over the years.
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Some interesting events during this period are:

The first medical radionuclide produced in
HIFAR in 1960/61 was Sodium-24.
Cobalt-60 production was the dominant activity
from 1961/62 to 1964/65.
The first formal export of a
radiopharmaceutical took place in 1965/66.
Production of Mo99/Tc99m generators began
in 1967/68.
Production of Iodine-131 began in 1968/69.
In 1971/72 the use of Phosphonate complexes
of Tc99m for bone scanning became significant
in Australia increasing the demand for
Technetium-99m.
Exports of Mo-99/Tc99m generators began in
1976/77.
The demand for imported cyclotron-based
radiopharmaceuticals started to surge over 1977
to 1980.
Exports and internal sales declined between
1977 and 1985 due to technological
competition from international manufacturers.
ANSTO introduced a sterile Mo99/Tc99m
generator in 1984/85.
ANSTO introduced local manufacture of
Iodine-131 capsules in 1987/88.
In 1991, sales effort overseas increased
considerably.
Thallium-201 and Gallium-67 sales (sourced
from the Australian cyclotron) expanded from
1994.
In 1995/96 the general availability of
Technetium-99m-based heart diagnostic agents
accelerated demand for Technetium-99m
generators.

52



3. IRRADIATION FACILITIES

The HIFAR reactor, as a consequence of its design
origins as a materials testing reactor, has a variety
of irradiation facilities with very useful flux levels
which can be used for the production of medically
useful radionuclides.

The least important (for this purpose) are the
"Cakestand Rigs" which are located in the heavy
water around the fuel elements. Targets can only
be loaded or unloaded from these rigs during
reactor shutdown and rely on natural convection
within the heavy water for target cooling. Of 4
possible, at present, only 1 rig is used for
production of medical material and the rig is
capable of holding 96 targets. Available fluxes
range from 1 x 1013 n/sq cm/sec to 6 x 1013 n/sq
cm/sec

The only medical radionuclide presently produced
by irradiation in the rig is Chromium-51. This is
subsequently used to make Chromium (Cr-51)
Edetate Injection B.P.

Higher utilisation is made of the "self service" rigs
which allow physically small targets to be loaded
and unloaded at any time by pneumatic means.
There are presently three of these air cooled rigs in
service, one relatively low flux at about 3.5-5 x
1012 n/sq cm/sec with 12 positions and two of
higher flux at about 6 x 1013 n/sq cm/sec with 7
positions each. Maximum target power generation
in a target is limited to less than 150 watts. Only
the higher flux self service rigs are used for
production of radionuclides for nuclear medicine
such as Yttrium-90, Samarium-153, Copper-64
and Bromine-82.

The bulk of radionuclide production for
radiopharmaceuticals is undertaken in hollow fuel
element rigs (HFE rigs), each with 5 irradiation
positions, which are presently located in the centre
of 7 of the 25 HIFAR fuel elements present in the
reactor at any one time. The rigs are usually
located in elements closest to the centre of the core
(excluding the central element used for monitoring
purposes) or one position further out. The rigs are
cooled by directing a portion of the element heavy
water coolant flow past the rig. Fluxes available
vary from about 4 x 1013 n/sq cm/sec to about 9.5 x
1013 n/sq cm/sec. Individual targets in these
irradiation positions can produce and have safely
dissipated in excess of 1 kW. Targets are loaded
and unloaded at full power but the process is
labour intensive.

In these rigs are targets of Tellurium Oxide (for
Iodine-131 based radiopharmaceuticals) and
Uranium Dioxide (for fission Molybdenum-99 for
Mo-99/Tc-99m generator production)

4. PRODUCTION SCALE

Annual value of production of the raft of small
volume radiopharmaceuticals based on HIFAR
production such as Chromium (Cr-51) Edetate
Injection B.P., Cupric (Cu-64) Chloride Injection,
Sodium Bromide (Br-82) Injection is small at
about 400 shipments per annum. ANSTO has
effectively 100% of the market, which due to short
half life considerations, is only local.

The two main radionuclides produced in HIFAR
for medical use are Iodine-131 and Molybdenum-
99.

Iodine-131 radiopharmaceuticals have an annual
value in excess of A$1M. For Iodine-131, the
largest selling item is Iodine-131 Therapy Capsules
with a total of about 6000 shipments per year.
ANSTO supplies effectively 100% of the
requirements in Australia for radiopharmaceuticals
based on Iodine-131.

The radioactive product with the largest annual
sales value, produced by ANSTO, is the Mo-
99/Tc99m generator, with a production volume of
6200 units valued at well over A$5M per annum.
ANSTO manufactures 95% of the fission-based
Molybdenum-99, used in the manufacture of these
generators, in its own plant using Uranium
Dioxide targets irradiated in HIFAR. ANSTO has
about 90% of the Australian market for this
product and is the principal supplier of large Mo-
99/Tc99m generators to radiopharmacies in
Melbourne and Sydney, which are used to supply
Technetium-99m solutions directly to users in
those cities. ANSTO also uses in-house generators
to also supply Technetium-99m solutions to a
small number of Sydney users.

(A new therapeutic radiopharmaceutical with
considerable potential and based on a reactor
produced radionuclide is about to be released for
general marketing. The radionuclide, Samarium-
153, is produced in the high flux self service rigs
of HIFAR and the product, Samarium-153
EDTMP, is to be sold under the name
Quadramet™. It is used to relieve the pain
associated with skeletal metastases of a range of
primary tumours and the production of hundreds
of doses per year is expected.. This
radiopharmaceutical may have other therapeutic
applications also.)
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5. EXPORT

The first formal export of a radiopharmaceutical
manufactured from radioactive material produced
in HIFAR took place in 1965/66.. In 1996/97 the
bulk of the exports were Iodine-131
radiopharmaceuticals and Mo99/Tc99m generators
with the larger markets in Malaysia, Korea,
Thailand and the Philippines.

6. FUTURE UTILISATION

Neutron flux levels in HIFAR and available target
cooling impose some limitations on specific
activity (activity/unit mass) and total yields from a
single target. Utilisation of existing high flux
irradiation positions is high.

By far the most important irradiation positions for
radiopharmaceutical production in HIFAR are the
HFE rigs. While existing HFE rig utilisation of
acceptable flux positions is approaching 100%,
HFE rig numbers could be increased if the central
element was utilised (as appears possible) and
more of the second ring of positions were used
(with available fluxes being about 15% less than
present). Two new HFE rigs (with a total of 8-10
useful positions) are under construction and it is
possible that two more may be introduced in
1998/99.

7. FUTURE OPERATION OF HIFAR

HIFAR, in its present state, is licensed to operate
until early next decade. Options being considered
now for continued access to neutrons include
refurbishment of HTFAR and the construction of a
replacement research reactor. If operation did cease
and no alternative neutron irradiation facilities
were available then Australian nuclear medicine
would immediately experience some far reaching
changes.

• The supply of the present quantity of
radiopharmaceuticals based on reactor-
produced radionuclides with half-lives less than
about 36 hours would cease.

• For all primary reactor-based radionuclides that
could be imported, the present cost of
production in HIFAR would be replaced by the
full imported cost and retail prices of locally
manufactured products could rise.

• Reliance on importing radioisotopes into

Australia would place at risk an assured and
reliable source of diagnostic and therapeutic
medical radioisotopes for Australians. It is
ANSTO's experience that delays arise in the
transport chain. Other limitations are imposed
by the short half life of some of the
radioisotopes, the level of radioactivity allowed
on aircraft, the frequency and duration of
flights and certain overflying restrictions. As an
illustration of the difficulties with reliability of
supply, international manufacturers are actively
negotiating arrangements with ANSTO in
relation to supply of the S. E. Asian market.

• Some radiopharmaceutical products of
considerable present interest such as
Quadramet™ (based on Samarium-153 with a
half-life of about 46 hours) could prove
practically impossible to manufacture locally
from imported bulk radioisotope and
importation of the finished product may be
difficult.

• Additionally there are a number of other
emerging reactor-produced palliative and
therapeutic radiopharmaceuticals that cannot be
imported due to the short half life of the
incorporated radioisotope such as Holmium-
166, Rhenium-186 or Platinum-195m..

• It is unlikely that bulk radioactive material
could be economically imported, processed and
exported as radiopharmaceuticals. The present
export market would probably stop and raise
the possibility of loccal manufacture of any
radiopharmaceuticals ceasing in the medium
term.

8. CONCLUSION

The operation of the HIFAR reactor continues to
underpin nuclear medicine in Australia and an
increasing proportion of production is being
exported to other S.E. Asian countries. While
HIFAR operation is guaranteed until early next
decade, if the facility was shut down after this time
without another local source of neutrons, nuclear
medicine in Australia could be expected to undergo
considerable changes in operation and ANSTO
could be expected to withdraw from the export
market in the short term. In the medium term,
indigenous manufacture of reactor-based
radiopharmaceuticals, based on imports of bulk
radioisotopes, could be called into question.

54


