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ABSTRACT

The Australian-Atomic Energy Commission (AAEC)
produces and distributes commercially in
Australia and abroad a range of radioisotopes
and radiopharmaceuticals for medical applica-
tions. The AAEC carries out research and
development on new and improved processes
and products in collaboration with medical
specialists in hospitals and research workers
in other organisations. Examples of these
processes and products are: a gel generator
for production of 99ItlTc; radiopharmaceuticals
for diagnosis of tumours and brain disease
and therapy for arthritis; 61|Cu for study
of copper metabolism; and monoclonal anti-
bodies for tumour diagnosis and therapy.
New medical applications in Australia of
neutron irradiation include the measurement
of total body nitrogen and neutron capture
in boron-labelled compounds in vivo for
melanoma therapy.

INTRODUCTION

The Australian Atomic Energy Commission
(AAEC) has produced radioisotopes for
medical applications for mor . than 25 years.
The principal uses have been for diagnostic
nuclear medicine, radiotherapy of cancer
and sterilisation of medical products. The
AAEC produces these radioisotopes at its
research establishment at Lucas Heights,
which is about 35 km from the centre of
Sydney, and distributes them throughout
Australia and to some neighbouring countries.

The principal radioisotope used for
diagnostic nuclear medicine in Australia,
as in most other parts of the world, is
technetium-99m, which has a half life of
six hours. This radioisotope is supplied
nationwide in the form of various ready-to-
inject radiopharmaceuticals or as a techne-
tium generator (containing the parent radio-

isotope molybdenum-99). The AAEC made a total
of 26,025 shipments (often a shipment contains
a number of items) of radioisotopes in the
year ended 30 June 1986, with a total value
of $A3.5M. Of these, products for medical
applications contributed $A2.72M, and products
using technetium-99m represented 80% of this
latter value.

The AAEC produces radioisotopes only by
neutron activation in a nuclear reactor
(HIFAR, 10 MW thermal, materials testing
reactor). It does not produce radioisotopes
in a medical cyclotron but is planning to
construct one for operation in 1990 to produce
a range of radioisotopes, some of which have
to be imported from the USA, Europe or Japan.
Although the AAEC also imports radioisotopes
for distribution to medical centres it does
not have a monopoly as some private companies
also import radioisotopes produced in reactors
and cyclotrons.

The AAEC carries out research and develop-
ment on the production and application of
radioisotopes and radiation. The objectives
of this work are to

. support radioisotope and radiopharma-
ceutical production in the AAEC;

. develop new radiopharmaceuticals for
diagnostic and therapeutic medicine,
using both reactor- and cyclotron-
produced radioisotopes;

. improve methods of manufacture and
quality control of radioisotopes
and radiopharmaceuticals;

. study radiation biology and radiation
dose effects in therapy; and

. collaborate with medical specialists
in the development of novel methods of
diagnosis and therapy.
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The research and development is carried
out by a multidiscipiinary team of physicists,
chemists, pharmacists and biologists within
several Divisions of the AAEC, and is conduc-
ted in close collaboration with medical
specialists in hospitals and research organi-
sations. It is convenient to describe the
principal projects and results in terms of
processes, products and new methods and in
two time-frames taken to achieve practical
use—the short-term (1-5 years) and the
long-term (over 5 years). These time-frames
take into account the length of time required
to obtain approval from the necessary Federal,
State or local hospital authorities to use
products or methods in human patients.

EXISTING PROCESSES AND PRODUCTS

The AAEC uses two processes to manufacture
molybdenum-99, which is then used to produce
technetium-99m solutions and generators for
distribution to 60 nuclear medical centres
throughout Australia. The first process
involves the neutron irradiation of slightly
enriched uranium oxide which produces a
mixture of fission products from which 9Mo is
extracted and purified. The second involves
neutron irradiation of natural molybdenum
oxide using the reaction

Mo (n,y) Mo

The irradiated molybdenum oxide is dissolved
in alkali and repeatedly treated with methyl-
ethylketone (MEK) to extract " m T c .

The first process produces Mo of high
specific activity suitable for incorporation
into a generator. This contains a small
column of alumina powder on which the 99Mo
solution is adsorbed and from which the 99mTc
solution is periodically eluted in saline
solution. The solution can be directly
administered to patients for some diagnostic
applications or the 99mTc can be incorporated
into a radiopharmaceutical designed to concen-
trate in a specific organ after injection.
Generators containing fission product 99Mo are
prepared as sources of 9 9mTc for use in
hospitals and for use in a central pharmacy
at the AAEC.

The second process is cheaper and
produces much less radioactive waste; however,
it only yields 39Mo of low specific activity
which is not suitable for incorporation in
portable generators with alumina columns.
This process is used at the AAEC only to
produce ready-to-inject solutions from a
central pharmacy.

The AAEC produces about 5 TBq/week
(135 Ci/week) of 99Mo by the first process
and about 9 TBq/week (240 Ci/week) by the
second process.

The principal products currently manu-
factured by the AAEC and distributed widely
in Australia are described briefly below.

Diagnostic Products

Iodine-131 for thyroid studies

Technetium-99m as pertechnetate (TcOi»)
both as ready-to-inject solutions and
from portable generators

Technetium-99m as ready-to-inject
solutions of a sulphide colloid for
liver studies and macro-aggregated
ferrous hydroxide (MAFH) for lung
studies.

Freeze-dried kits for renal scans with
99mTc in hospitals, incorporating
either calcium gluconate or diethylene
triamine penta-acetic acid (DTPA).

Chromium-51 for blood labelling.

Therapeutic Products

Cobalt-60 (high specific activity) for
hospital radiotherapy units.

Iodine-131 for thyroid ablation and
cancer treatment

Gold-198 as metal seeds for internal
organ radiotherapy.

Products Awaiting Approval

Methylene diphosphonate freeze-dried kit
for bone scanning with 99mTc

Iodine-131 capsules for diagnosis and
therapy.

DEVELOPMENT OF NEW AND IMPROVED PROCESSES

The fission process for the manufacture
of 99Mo for portable generators at the AAEC
has been studied in detail in recent years and
changes are being made continually to improve
its efficiency. A computer-linked gamma
spectrometer installed to analyse the 99Mo
throughout the process has shown that signifi-
cant losses occurred in the final purification
steps. Several methods of treating 99Mo to
remove trace impurities of other fission
products without decreasing the yield are
being examined.
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A new process to obtain Mo from the
mixture of fission products produced by irra-
diating uranium aas been developed on a
laboratory scale. •* This uses an organic
reagent, toluene-3,4-dithiol, to precipitate

Mo from the solution of uranium and mixed
fission products instead of the current process
of two cycles of alumina adsorption and
desorption. The new process takes a signifi-
cantly shorter time to complete. The feasibi-
lity of incorporating this process into the
production plant is being evaluated and tests
at a larger scale in a shielded cell are being
carried out.

A novel technetium generator concept, the
gel generator, based on the use of (n;y) Mo
has been developed at the AAEC. This invention,
patented in 1978 by Evans and Matthews3 has the
followiny advantages over other types of
generators:

(a) it allows the use of the cheaper
q q •*•

(n,y) Mo instead of fission
product 9 9Mo;

(b) it avoids fission products and
actinide contamination of the
product;

(c) it can be eluted with water;

(d) it significantly reduces the amount
of radioactive waste; and

(e) it is as simple to operate as the
standard generator.

The basic feature of the gel generator
is the incorporation of the irradiated
molybdenum oxide (containing 99Mo) into a
stable solid gel matrix of zirconium molybdate
from which the 9 9 mTc is readily leached by
water or saline. The gel holds 300 times more
molybdenum than the same volume of alumina
powder used in the conventional Chromatographie
generator. The generator therefore uses
relatively low specific activity 99Mo yet still
produces a suitable concentration of 9 m T c in
the eluate.

The two main applications for the gel
generator are as a portable generator for use
in hospitals, and as a large generator for use
in a central pharmacy for distribution of
ready-to-inject solutions. The research and
development work4'5 has demonstrated that the
gel can be produced routinely in shielded hot
cells in batches of 9 9Mo up to 1.5 TBq (50 Ci),
and that small and large generators can be
prepared with suitable elution characteristics
and product purity.

The primary bed of zirconium molybdate
is eluted with water or saline solution. A
secondary bed of hydrous zirconium oxide is
used to adjust the pH of the product solution
and tc reduce the level of residual 9 9Mo,
which is well below that specified in the
Pharmacopeias (0.1% at time of injection).
The gel generator is very stable under elution
and storage conditions. Initial studies have
shown that the "mTc product from it is
compatible with a range of diagnostic radio-
pharmaceuticul kits.

It is planned to construct a small scale
gel production unit in a shielded hot cell for
the routine production of batches of gel. The
gel will be incorporated into prototype
portable generators in facilities currently
used by the AAEC to produce its commercial
sterile, alumina-based Chromatographie
generators. The product from these portable
gel generators with selected radiopharmaceu-
ticals will be tested thoroughly in animals for
quality and biodistribution to demonstrate
equivalence to the product from the current
portable generators. Approval will then be
sought to carry out clinical trials on human
patients before seeking marketing approval.

If this development program proceeds
successfully, it is expected that portable gel
generators and the product from a centralised
large gel generator will be marketed by the
AAEC in Australia. The technology may also
be of interest to other countries which
require to set up at minimum cost, generator
production plants based on irradiation of
molybdenum oxide, with consequent savings in
the management of radioactive wastes.

DEVELOPMENT OF NEW PRODUCTS

The development of new products at the
AAEC for use in nuclear medicine, for either
diagnosis or therapy of disease, is discussed
in the two time-frames specified in the
Introduction. The products selected to
illustrate the short-term frame are for tumour
diagnosis, therapy of arthritis and copper
metabolism studies. The fields selected to
illustrate the long-term frame are monoclonal
antibody research and brain studies.

Tumour Diagnosis with 9 9 mTc and 1 5 3Sm

The AAEC has developed a capability to
breed high quality specific pathogen-free
laboratory animals, in particular, the nude
mouse in which human tumour cell lines can be
implanted successfully without rejection.
Research is under way on new radiopharma-
ceuticals for tumour diagnosis labelled with
9 9 mTc and 153Sm. Technetium-99m has the
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almost ideal properties of a six hour half-life,
gamma emission at 140 keV for efficient detec-
tion and several chemical states for ready
incorporation into a variety of biologically
active molecules. However, 153Sm may have
advantages for some studies because of its
longer half life (46.5 hours), gamma emission
at 50-100 keV and beta emission at 0.7 MeV.
The research with 99mTc in combination with
platinum compounds is described first.

Cis-platin, cis-[Pt Cl2 (NH3)2], is a
well-established drug for the chemotherapy of
certain tumours although it has some toxic sids
effects. A number of drugs which are analogous
to cis-platin are being studied extensively for
improved chemotherapy with reduced side effects.
The AAEC is developing, in collaboration with
the University of Queensland Department of
Pharmacy, radiopharmaceuticals for scinti-
graphic diagnosis of tumours. The concept is
based on the combination in one compound
(symbolised as Pt-L-Tc) of a cis-platinum part
(Pt), which is believed to confer the tumour-
seeking property, with a technetium part (Tc)
for radio-imaging, both linked with a novel
bridging part (L). An illustration of the
structure of one of this group of compounds

before chelation with
Figure 1.

99m
Tc is given in

COOH

COOH

FIGURE 1. Structure of one of a group of
Pt-L-Tc compounds for tumour
diagnosis.

Initial animal trials have shown rapid
and high uptake in human tumour cell lines in
nude mice. Tumour to blood ratios of 5:1
after 1 hour and 10:1 after 24 hours were
obtained. These results are very promising
and have provided the stimulus for further
studies of structure : activity relationships
in order to obtain additional compounds suit-
able for clinical trials.

Research on 153Sm is along different
line? using chelates of 1 3Sm with ethylene-
diamine tetra-acetic acid and similar amine
derivatives. Their tumour-locating properties
are beina tested in nude mice bearing human

cell lines. This work is being carried out lay
the AAEC in collaboration with the Fremantle
Hospital and Murdoch University in Western
Australia, and follows up a suggestion made
to the AAEC bv Professor L Wiebe of the Univer-
sity of Edmonton, Canada. The project has
recently been expanded to include the study of
153Sm labelled monoclonal antibodies for
tumour location (see later).

Arthritis Therapy

Yttrium-90 (half-life 64 hours beta-
emitter) is being used in Australia to reduce
the symptoms of arthritis as an alternative
to surgical synovectomy. It has been suggested'
that the use of dysprosium-165 offers signifi-
cant advantages over yttrium-90, in particular,
improved clinical efficacy and lower radiation
exposure to the lymph nodes.

Accordingly, the AAEC is examining the
use of ""Dy in collaboration with hospital
clinicians. The radioisotope is produced by
neutron irradiation of pure dysprosium using
the reaction

,8

(n,Y)
16SDy

;o yield a high quality product. Work has
commenced to develop a carrier system which
would have optimal properties for injection
into affected joints. An iron hydroxide
macroaggregate carrier has been used elsewhere^
but alternatives which the body is known to
tolerate more easily are being considered.
Animal biodistribution tests will be carried
out to select an optimum 165Dy carrier system;
if successful, approval will be sought for
clinical trials to compare the yttrium-90 and
dysprosium-165 systems.

High Specific Activity Copper-64

The AAEC was requested to produce high
specific activity 6I|Cu for studies of copper-
related diseases because only a low specific
activity material was available (some tens of
GBq per gram, or a few Ci per gram). A method
was developed based on a Szilard-Chalmers
recoil reaction on copper phthalo-cyanine and
a high purity solution of Cu can be produced
routinely and with a specific activity of
several TBq per gram (several hundred Ci per
gram). The product is supplied on demand by
the AAEC as a pure radiochemical.

Monoclonal Antibodies

A multidisciplinary team has been set up
by the AAEC with the following collaborating
organisations for research on monoclonal
antibodies (Mabs), with particular emphasis
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on the diagnosis and therapy of tumours:

Department of Immunology,
University of Sydney,

Department of Pathology,
University of Melbourne,

Department of Nuclear Medicine,
Royal Prince Alfred Hospital, Sydney,

Department of Nuclear Medicine,
Prince of Wales Hospital, Sydney,

Department of Nuclear Medicine,
Fremantle Hospital, Western Australia.

The objectives are

(i)

(ii)

(iii)

the production of Mabs, and their
fragments, against a variety of
clinically important human tumour
antigens;

labelling these immunoglobulins
with a variety of radioisotopes

131I, In,
1 5 3Sm);

(iv)

(v)

(e.g 9 9 mTc,

investigation of the in vitro and
in vivo behaviour of the labelled
antibodies and their fragments in
tissue culture and in animal models
(e.g. nude mice bearing human
tumours);

the pharmaceutical work-up of these
compounds (including the establish-
ment of quality control procedures)
to facilitate administration to
humans; and

the clinical investigation of the
radiolabelled antibodies for both
diagnosis and therapy of human
tumours.

Some members of the research group have
extensive experience in many of these areas
although a co-ordinated collaboration has only
just been established. It is believed that
co-ordination of the future work of this group
will streamline the process of selecting
potentially valuable Mabs, and lead to their
ultimate clinical application in the diagnosis
and treatment of patients with neoplastic
diseases. Routine clinical applications of
these compounds and techniques are expected to
take spme years so this is a long-term program.

Brain Research

Several studies have been reported
recently of technetium complexes crossing the
blood-brain barrier and being potential
imaging agents for diagnosing brain disease.
The most promising of these is Tc-HMPnAO
(hexamethyl propylene amine oxime). Considerable

progress has been made in many centres in the
world in PET (positron emission tomography)
brain studies which usually employs ultra-
short half life radionuclides, e.g. C, N,
0 or F) produced in a cyclotron.

Although the AAEC is planning to install
a medical cyclotron and PET centre at a major
hospital site in Sydney, it will be several
years before it is operational. In the mean-
time, limited research on new radiopharma-
ceuticals for brain studies has been started.
Two approaches are being studied. First,
molecules with analogous structures to HMPnAO
a:id which can chelate technetium are being
synthesised and their biodistributions
measured in a rat model to improve brain uptake
and residence time. Second, technetium-
labelled compounds related to the benzodiazepine
structure are being synthesised and studied as
potential brain receptor mapping compounds.
This ligand structure is well known as the
basis of a variety of commercial drugs for
tranquilising and sedating the brain and in
treating various brain disorders.

MEDICAL USES OF RADIATION

Two examples are given to illustrate the
short- and longer-term medical applications of
radiation. The fij/st is the measurement of
total body nitrogen composition for children
with cystic fibrosis which is being used for
patients brought to the AAEC facility. The
second is the development of neutron capture
therapy with boron-labelled compounds for the
treatment of melanoma, which is expected to
require research for several more years before
it can be employed clinically in Australia.

Total Body Nitrogen Studies

Cystic fibrosis is the most common of the
recessive inherited diseases, affecting about 1
in 2500 children. It is characterised by mucous
secretions in the lungs, recurrent lung infec-
tion, poor digestion and stunted growth. The
basic method was developed in the USA and the
AAEC10 has established a facility to allow the
total body nitrogen composition to be deter-
mined with a single measurement. This replaces
a number of uncertain and time-consuming tests
to indicate how the patient's condition is
responding to special feeding programs.

A neutron beam from a 252Cf source is
used to produce 10,8 MeV gamma rays from
capture in nitrogen-14 molecules and these
gamma rays are measured with large scintilla-
tion detectors. The radiation dose to the
patient is a small fraction of natural back-
ground levels and less than most X-ray
procedures.
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Over the last 12 months clinical trials
with over 100 patients have been carried out
in Sydney at the Royal Alexandra Hospital for
Children and the Royal Prince Alfred Hospital.
About 25% of these measurements were repeated
after an interval of about 6 months to study
the patient's progress on special diets. The
fat-free or lean body mass (LBM) is also
deduced for the patients from skin-fold
measurements and the mass of nitrogen per LBM
calculated. The results fall into three
groups:

(a) normal;

(b) well nourished cystic fibrosis
(CF) patients and also gastros-
tomy fed CF patients (gastrostomy
is direct feeding into the
stomach at night) ; and

(c) malnourished CF and adult renal
patients.

Measurements after a period of treatment with
special diets or gastrostomy feeding showed
that CF patients in group (c) were able to
recover to group (b) status.

Many of the patients have also had their
total body potassium (TBK) measured in the
AAEC whole body monitor. Unlike the total
body nitrogen measurements, the results could
not be resolved into the groups referred to
above. In particular, normal siblings showed
the same potassium distribution as their
malnourished and well-nourished CF partners.

The results from TBN and TBK measurements
at the AAEC indicate a complex response
pattern to supplementary feeding programs, and
a definite role for TBN measurements in the
management of wasting diseases. Several
hospitals have expressed interest in having
TBN measurement units installed in the near
future.

Neutron Capture Therapy

Neutron capture therapy (NCT) for melanoma
depends on the very large probability that
when boron-10 captures thermal neutrons, it
emits short range radiation which can kill
cancer cells, if the boron-10 has been prefer-
entially taken up in those cells. Suitable
boron compounds have been developed in the USA
and Japan which show high tumour specificity
and low toxicity. These passive compounds are
activated by a thermal neutron beam from a
reactor to enable localised therapy of the
tumour.

Neutron capture therapy irradiations
require a flux of about 10 neutrons per
square centimetre per second and a much lower
associated gamma dose. These conditions
have been achieved in a NCT facility installed
in the thermal column of the AAEC's low power
(100 kW) reactor Moata.

This concept and associated equipment are
being applied to the potential therapy of
melanomas at the AAEC in collaboration with
the Queensland Institute of Medical Research,
the Department of Pharmacy at University of
Sydney, the Royal Newcastle and Westmead
Hospitals in New South Wales and several
overseas laboratories, especially in the USA
and Japan. The early work was described at
an international conference in 1985.

Recent work has been in the following
areas:

(a) A human melanoma-nude mouse model
has been used for in vivo biodist-
ribution studies with selected
compounds which will be coupled
to boron-containing ligands, the
three major compounds being
chlorpromazine, thiouracil and
phenylalanine.

(b) Methods are being developed to
conjugate single boron atoms and
boron clusters to these compounds.

(c)

(d)

(e)

Conjugation of more than 1000
boron atoms with both monoclonal
antibodies against a melanoma
associated antigen, and an anti-
leukaemia antibody, without
apparent loss of reactivity of
the antibodies, has been achieved.

The feasibility of providing a
suitable epithermal beam from the
reactor HIFAR has been examined
and types of filters optimised
to provide the required neutron
flux with minimum gamma flux.

The first Australia-Japan Workshop
on NCT for Melanoma was held at
Lucas Heights on 7-9 April 1986,
at which all Austral ian. and Japanese
collaborators discussed progress;
a second workshop is planned to
take place in Kobe, Japan in June
1987.

SUMMARY

The AAEC produces and distributes in
Australia about $A3.5M value of radioisotopes
and radiopharmaceuticals annually to more
than 60 nuclear medical centres. The major
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product is technetium-99m for diagnostic nuclear
medicine which is supplied as ready-to-inject
solutions or as a portable sterile generator
for repeated use in hospitals.

The AAEC carries out research and develop-
ment of new and improved processes and prodv •*• ,
in collaboration with medical specialists in
hospitals and research workers in other organi-
sations. This work is planned to develop
processes, products or methods for clinical
application in the short-term (less than 5
years) and the long-term (over 5 years).

Examples of processes are

(a) improvements to the long-established
fission product process for the
production of 39Mo (the parent of

m T c ) , to decrease costs, and
improve quality and yields; and

(b) a new gel generator to produce
99 Tc by the cheaper (n,y) route
for molybdenum oxide which is
suitable for small portable genera-
tors and for large stationary
generators at a central pharmacy.

Examples of potential new products are

(i)

(ii)

(iii)

(iv)

radiopharmaceuticals for tumour
diagnosis based on " m T c and 153Sm
and brain disease based on " m T c ;

Dy on a carrier for therapy of
arthritis;
6>tCu for study of copper-related
diseases; and

monoclonal antibodies for tumour
diagnosis and therapy.

Examples of new medical uses of neutron
irradiation in Australia are:

(c) measurement of total body nitrogen
in patients with cystic fibrosis
or renal problems; and

(d) neutron capture in boron-labelled
compounds in vivo for melanoma
therapy.

REFERENCES

1. P. J. ANDERSON, R. K, BARNES, H. H. BRIAN,
M. T. SAUNDERS, and N, R. WOOD, "Recent Austra-
lian Experiences in the Development of
Technetium-99m generator (Fission) Technology,"
paper to IAEA Seminar on Radionualide Genera-
tor Technology, Vienna, 13-17 October 1986
(to be published).

2. N. BLAGOJEVIC, R. E. BOYD and E. 1. R.
HETHERINGTON, "The Extraction of Fission
Product Molybdenum-99 by DITHIOL Precipitation,"
Int. J. Appl. Rad. Isot. , 36_ (1) 85-86 (1985) .

3. J. V. EVANS and R. W. MATTHEWS,"Technetium-
99m Generator," (1978), Australian Patent No.
515SÜÖ, UK Patent No. 2000361, Canadian Patent
No. 1131429, US Patent No. 4280053, German
Patent No. P2825216-6, French Patent No.
78.17398 and Japanese Patent No. PA69739.

4. J. V. EVANS, P. W. MOORE, M. E. SHYING and
J. M. SODEAU, "Zirconium Molybdate Gel as a
Generator for Technetium-99m", Appl. Radiat.
Isot : Int. J. Radiat., Appl. Phys., Part A
(in press 1986).

5. P. W. MOORE, M. E. SHYING, J. M. SODEAU,
J. V. EVANS, D. J. MADDALENA, and K. H. FARRING-
TON, "Zirconium Molybdate Gel as a Generator
for Technetium-99m, Part II, High-activity
Generators", Appl. Radiat. Isot. : Int. J.
Radiat., Appl. Phys., Part A (in press 1986).

6. C. V. J. BARNARD, M. J. CLEARE and P. C.
HYDES, "Second Generation Anticancer Platinum
Compounds", Chem. Br. , 22_ (11) 1001 (1986).

7. J. H. TURNER, A. A. MARTINDALE, C. DE WITT,
J. WEBB, P. SORBY and R. E. BOYD, "Samarium-153
Tumour Uptake in Melanotic and Amelanotic B16
Murine Melanoma", paper to 33rd Annual Meeting
of Society of Nuclear Medicine, Washington
(1986).

8. D. J. HNATOWICH, R. I. KRAMER, C. B.
SLEDGE, J. NOBLE and S. SHORTKROFF, "Dysprosium-
165 Hydroxide Macroaggregates for Radiation
Synovectomy," J. Nual. Med., 19_, 303-308 (1978).

9. D. E. TROUTNER, W. A. VOLKERT, T. J.
HOFFMAN and R. A. HOLMES, "A Neutral Lipophilic
Complex of " Tc with a Multide,ntate Amine
Oxime," Int. J. Appl. Radiat. Isot., ^5 (6)
467-470 (1984).

10. B. J. ALLEN, N. BLAGOJEVIC, B. J. MCGREGOR,
D. E. PARSONS, K. GASKIN, V. SOUTTER, D. WATERS,
M. ALLMAN, P. STEWART, and D. TILLER "In vivo
Determination of Protein in Malnourished
Patients", Paper to Int. Symp. on In vivo Body
Composition Studies, Brookhaven National
Laboratory, USA, Sept. 28 (1986).

11. B. J. ALLEN, J. K. BROWN, B. HARRINGTON,
B, IZARD, H. LINKLATER, D. J. MADDALENA, J.
MCNEILL, D. J, MCGREGOR, M. H. MOUNTFORD,
G, M, SNOWDEN, D. J. WILSON, J. G. WILSON,
P. PARSONS, D. MOORE. S. TAMAT, and P. HERSEY
"Neutron Capture Therapy Research for Malignant
Melanoma," Second Int. Symp. Neutron Capture
Therapy, Tokyo, Oct. 17 (1985).

392


