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SUMMARY The Australian Institute of Nuclear Science and Engineering (AINSE) has enabled research
workers from its member universities to make extensive use of the (sometimes unique) radiation facilities at
Lucas Heights. This has resulted in a better understanding of the action of gamma, X-ray and electron beam
radiation on physical, chemical and biological systems, and of the radical and excited species which are
produced. A selection of the ensuing first class publications is described. Over the years the emphasis has
changed from the obtaining of a fundamental understanding of the science and the refining of the techniques to
utilising these in attacking problems in other fields. Examples are given of the use of radiation chemistry
techniques in metal-organic, polymer, excited state and biological chemistry. In radiation biology, the early
emphasis on genetics and on the production of chromosomal aberrations by radiation has given way to
molecular biology and cancer treatment studies. In all of this, AAEC/ANSTO and CSIRO have played major
roles. In addition, AINSE has organised a continuing series of specialist conferences which has facilitated
interaction between research groups within the universities and involved other investigators in Australia, New
Zealand and the rest of the world.

1 INTRODUCTION

One of the earliest events of the Nuclear Age was
the discovery by Becquerel of the chemical action of
penetrating radiation on a photographic plate.
Sometime later, the action on animal tissue was
discovered. However, it was not until the 1950's
that anything like a good understanding of events at
the molecular level emerged. According to this
unifying theory, the very earliest physico-chemical
events were ionisation, excitation and, in a solid,
lattice displacements. From then on, the resulting
species underwent familiar chemical reactions
although some of the species had not been observed
previously. Many were radicals or excited states.

Lack of an explanation had not prevented the
application of radiation in the medical field and in
industry. Australian industry had recognised the
advantages of using radiation in special situations.
The first irradiation plant in the world to be
established by an industrial enterprise was in a
Melbourne suburb and, aside from uranium mining,
Australian industry has invested more in radiation
processing - sterilisation and curing of thin films -
than in any other aspect of the Nuclear Age.

2 THE ROLE OF AINSE

Prior to the formation of AINSE, there were in
Australia a few centres of radiation research viz. at
the Universities of NSW, Melbourne, Sydney,
Adelaide, Tasmania and New England. Meanwhile

at Lucas Heights, George Watson, David Sangster
and John Clouston were establishing groups
working on radiation biology, chemistry and
technology respectively. These were to provide foci
for future growth in the disciplines.

Round about the time that AINSE started, there
arrived at Australian universities some former
students of Fred Dainton at Leeds - Don Stranks,
Ron Cooper, Gerald Laurence, Jim O'Donnell and
Doug Moore and at DSIR, New Zealand, Harry
Sutton. They embraced AINSE enthusiasically as
giving them the means of continuing their lines of
research. As the subject developed, others working
in quite different fields of chemistry or biology,
found from the literature and overseas workers that
radiation science could contribute to an
understanding of the problems in their own fields
(see later).

Other activities in which AINSE has been pre-
eminent have been in providing postgraduate
studentships and top-up grants and in organising
biennial conferences. The First AINSE Conference
on Radiation Chemistry was held in 1963; 34
chemists attended and 16 papers were presented. In
1964 for the Second Conference radiation biology
was included. The conferences have continued so
that in 1996, the 18th Conference on Radiation
Chemistry and the 16th on Radiation Biology were
held jointly; there being 75 attendees, 39 oral
presentations and 43 posters. The conferences have
filled a real need in enabling the exchange of news
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and ideas between research workers.
Representatives from New Zealand and overseas
workers on visits to Australia have also
participated. From 1972 on, the Polymer Division
of the Royal Australian Chemical Institute has
joined in sponsoring ten guest speakers from
overseas.

3 THE RADIATION SOURCES

Gamma radiation sources were installed early at
Lucas Heights by AAEC. The pond facility used
spent fuel elements from Hifar reactor and later
cobalt 60. Two small lead-shielded 1000 Ci cobalt
irradiators were designed and constructed. Later,
GATRI, a walk-in gamma irradiation facility was
built. Radiation biologists used an X-ray generator
and sometimes the 3 MV positive ion accelerator.
The 1.3 MV electron accelerator was used initially
to produce a steady beam and later converted to
generate single 3 microsecond pulses of electrons.
AINSE provided the auxiliary equipment to detect
transient species and to follow their growth and
disappearance - pulse radiolysis was becoming a
powerful research technique. This facility has now
been shut down. AINSE also purchased an 0.5 MV
Febetron giving pulses 3 nanoseconds wide to
follow faster events. It is now in Melbourne. The
reactor MOATA was a good source of neutrons
until it was closed down

Several radiation biologists have used X-ray sets
and other hospital sources. Some universities
installed their own small gamma sources: NSW,
Macquarie, Melbourne, Queensland and Adelaide,
and Melbourne its own Febetron. In New Zealand,
DSIR and the University of Auckland had facilities
and more recently a pulsed LINAC. Australian
Radiation Laboratories, Melbourne, are adding
single pulse mode to their LINAC and making it
available to AINSE sponsored workers.

4 RESEARCH TRENDS

In conjunction with the ANZAAS Congress in
Sydney in 1962, an informal workshop was
attended by chemists from the Universities of
Sydney and Melbourne and from AAEC. Some had
made significant progress while others were still
gathering equipment and developing techniques.

Thirteen students attended the 1st AINSE
Conference in 1963; and some were well into their
PhD projects working on ion fragmentation in a
mass spectrmeter, ion molecule reactions, CF3I,
recoil processes, purine, glycollic acid, ethanol and
benzoic acid.

Radiation biologists at the 2nd (joint) Conference
in 1964 reported on studies on chromosomal
damage and on genetic changes. Macropods have a
small number of large distinctive chromosomes so
damage is readily seen. Genetic aberrations in
Drosophila, Pseudomonas and E. coli also
featured. Current projects usually involve
molecular biology. Over the years the groups have
established their own special lines of research and
there has been increasing collaboration with
overseas groups. For example, Ron Cooper has
made extensive use of the world-class pulse
radiolysis facilities at Argonne National Laboratory.
Workers in other fields took a fresh look at
radiation as they realised it did not produce exotic
species but ones which might be involved in the
systems in which they were interested or might
provide them with a further insight.

5 GASES AND SOLIDS

At the University of Melbourne, R. Cooper et al (1)
have carried out a series of studies on excitation and
charge transfer from one component to another in
gaseous systems: usually from an inert gas atom to
an alkyl halide. The formation and decay of excited
inert gases, their ions and their halogen complexes
and other species has been followed. Absolute
yields and quenching rate constants have been
evaluated. Existing and hitherto untested
theoretical predictions have been compared with the
new experimental data. Incorporation of a time
dependence into the Spencer-Fano relationship
showed that, under electron beam irradiation at low
pressures, it could take as long as 10"7 seconds for
some ions and excited states to form from
secondaries. This was confirmed experimentally
(2). In another series of studies, single crystals of
metal oxides and sulphides, some of which could be
future luminescent dosimeters, have been irradiated
and the resulting fluorescence measured. Energy
thresholds give a measure of the lattice binding
energy (3).

6 DRUGS FOR CANCER TREATMENT

In the radiation treatment of tumours, research is
being directed at finding drugs which enhance the
destruction of tumours and which minimise the
damage to the surrounding healthy tissue. The drug
must be able to enter the tumour and preferably in
higher concentration. Among those working on
this theme are groups led by R. Cooper, R.F. Martin
at the Peter MacCallum Cancer Institute (University
of Melbourne), and R.F. Anderson (University of
Auckland). The radiation chemistry of solutions of
derivitives of proprietary radiation protection
agents, manufactured by Hoechst, has been
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investigated (4). These bibenzimidazoles bind to the
minor groove of the DNA helix and, according to
conditions, can either protect or enhance the
degradation of the DNA. The behaviour also
depends upon the substituents on the benzyl ring.
New derivatives, such as proamine, show an
improvement over the original products and are less
toxic. Here pulse radiolysis of new ligands and their
conjugates with DNA is a convenient screen for
their possible efficacy.

7 OTHER STUDIES

R.F. Anderson et al have studied electron transfer
rates in cyclopropenyl compounds, the iodine-
thiosulphate reaction (5), enzyme action and
nitrogen mustards as anti-cancer drugs. These are
examples of the use of pulse radiolysis solving
problems in other fields.

8 CHROMOSOMAL DAMAGE

At La Trobe University, J.A.M. Graves et al (6)
using cell fusion and hybridization showed that
unirradiated mammalian chromosomes can be
damaged indirectly by radiation in another cell.

9 POLYMERISATION MECHANISTICS

At the University of Sydney, D.H. Napper, R.G.
Gilbert et al have used the unique attributes of
gamma radiation in their investigations into
polymerisation mechanisms in order to develop
reaction control strategies. The objective is to be
able to predict and thus tailor polymer properties.
In particular, radiation will initiate polymerisation
without having to add any special chemical and the
initiating process can be precisely controlled or
stopped or started as required. This can lead to the
unequivocal determination of some of the reaction
parameters independent of assumptions. The
dependence of radical-radical termination rates on
chain length was demonstrated by following the
relaxation in real time (7) and this has led to a
series of studies giving a better understanding such
as the effect of benzene as a diluent (8). Thus, these
concepts have been confirmed. Determination of
exit rate coefficients has shown that a "hairy" layer
of steric stabiliser, poly(acrylic acid), inhibits
radical transfer into the interior of a particle. Some
of the mysteries of industrially-important vinyl
acetate emulsion polymerisation have been cleared
up. In other studies, microemulsions have been
prepared with particles containing a single polymer
chain. Radiation crosslinking has helped to
demonstrate that sodium dodecyl sulphate forms
polymer micelle composites in poly(vinyl acetate)
particles (9).

10 EXCITED ICE

At the University of Western Australia, T.I.
Quickenden et al studied the light emitted from
cryogenic ice at liquid nitrogen temperature
following a 3 ns electron irradiation pulse from a
Febetron. The spectrum showed three peaks at
three different wavelengths and since the lifetimes
were also different, the luminescence was attributed
to three different processes. The major one of these
was also studied when D^O ice was substituted for
H2O ice and when ultraviolet light illumination was
used instead of electron beam irradiation. Together
with studies on the effects of temperature and
crystallite size, this showed that the peak was due to
the decay of excited water molecules (10).

11 METAL/ORGANIC COMPOUNDS

At the Australian National University, A.M.
Sargeson et al have been able to explain puzzling
features of earlier investigations when it was shown
that oxidation gave longer lived transients than had
been expected. Pulse radiolysis was used to form
unusual valence states of metal ions, such as Pt(III)
as well as the more familiar Cu(I) usually within a
ligand cage, and the stability of the resulting
compounds were determined (11).

At the University of Newcastle, G.A. Lawence et al
used pulse radiolysis to study the radiation
chemistry of rhenium compounds as analogues for
technicium compounds. The oxidation of
manganese compounds has been studied by pulse
radiolysis as has the reduction of chromium ligand
complexes by the aquated electron and compared
with large reductants, such as Zn+ and Cd+ which
must undergo outer sphere reactions. Nickel and
copper macrocyclic compounds have also been
studied (12).

At the University of Sydney, P.A. Lay et al have
reduced Cr(V) compounds with the hydrated
electron and from spectral and rate data been able to
establish what are the correct species and reaction
pathways involved in associated electrochemical
studies (13).

12 ENVIRONMENTAL CHEMISTRY

At the University of Adelaide, G.S. Laurence et al
have studied the irradiation of pesticides, herbicides
and fungicides as an ecological project. Although
the main sources of free radicals in nature are
probably photochemical and transition metal
reactions, the most convenient way of studying the
reactions is using radiation. Six compounds which
are in current use are being studied.
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13 RADIATION EFFECTS ON POLYMERS

At the University of Queensland, D.J.T. Hill, the
late J.H. O'Donnell and P.J. Pomery et al have
investigated the response of a number of polymers
to radiation. Some, such as the aliphatic
polysulphones, are easily decomposed and have
found use as radiation resists in the manufacture of
computer chips. Others, such as the aromatic
polysulphones, are very resistant and can be used in
high radiation fields e.g. in the vicinity of nuclear
installations or for the long term exposures of outer
space. Aromatic polyesters are now being
examined. Using some of the range of techniques
which are now available, examination of the
radiation decomposition products of a polymer or
co-polymer can often reveal much about the
structure of the material. In addition to main-chain
scission, polymers can also undergo crosslinking
reactions. Polyethylene, nitriles, a range of
poly(acrylate)s and poly(methacrylate)s (14) and of
elastomers (15) of various types as well as other
polymers have been studied in this way and the
extent of scission and of crosslinking evaluated.
The physical properties of radiation crosslinked
poly(perfluorocarbon) coploymers have been
measured (16). Irradiation of some polyimide films
by 3MV protons has been shown to have much the
same effect on physical properties as has that by
gamma or electron beam. A.K.Whittaker is
continuing work on the site of crosslinking in
irradiated low density polyethylene (17). M.C.S.
Perera, now at Griffiths University, is continuing
the work on natural rubber.

At Griffith University, W.K. Busfield et al have
investigated the radiation crosslinking of long-chain
linear polyethylene in the presence of acetylene.
NMR studies indicate that the bridges are saturated
(18) whereas UV evidence indicates they are
unsaturated. Radiation crosslinked highly drawn
high density polyethylene exhibits high strength.
Using NMR techniques, tacticity changes were
investigated in irradiated polypropylene.

14 GRAFTING ONTO POLYMERS

At the University of New South Wales, J.L. Garnett
et al have made an intensive investigation of the
factors governing the radiation grafting from
monomer solutions onto polymer substrates such as
polypropylene, cellulose, fabrics, rubbers and wood.
The addition of polar substances, such as acids or
salts, had a profound effect and this was found to be
a salting-in or salting-out phenonemon depending
on the polarities of the monomer, solvent and
substrate (19). Particular attention has been given
to the role of certain additives in enhancing or

reducing the amount grafted and the amount of
homopolymer. Measurement of physical properties,
inter alia, is being continued at the University of
Western Sydney in collaboration with L.-T. Ng.

15 BORON NEUTRON CAPTURE THERAPY

B.J. Allen of the St George Cancer Care Centre,
NSW, introduced many groups to research on
Boron Neutron Capture Therapy. A compound
which is preferentially incorporated into tumours
and which contains enriched I()B is injected. The
patient is then exposed to a neutron flux. The 10B
captures a neutron and emits an alpha particle
giving high dose density within the tumour with
minimum damage to healthy tissue. Among the
many projects are the production of 149Tb, an alpha
emitter, using either a tandem accelerator or
spallation source and, with A.B. Rosenfeld of the
University of Wollongong (20), the developing of
semiconductor dosimeters for high and low LET
radiation and for microdosimetry.

At the University of Sydney, D.E. Moore et al have
been synthesising and evaluating the efficacy and
toxicology of compounds for BNCT treatment of
certain forms of cancers. Recently, promising
results have been obtained using a derivative of low-
density lipoprotein (21) andp-borono-phenylalanine
(22) for melanomas and a variety of cancers.

R.F. Martin has been looking at compounds of
157Gd since it could be better than 10B. This and
much promising work on NCT has been suspended
as there is now no suitable neutron source available.

Another way of achieving an intense dose in a small
volume is by the incorporation of a radioactive atom
such as I25I which decays by an Auger process - a
concentrated shower of electrons (23). However,
iodine is too labile and 67Ga compounds could be
preferable.

16 HYDROPEROXIDES

At Macquarie University, J.M. Gebick et al have
been studying organic hydroperoxides progressing
from those formed by irradiation of solutions of the
relatively simple linoleic acid, synthetic ufasomes,
membranes, lipoprotein (implicated in
atherosclerosis) and proteins. Ufasomes are pure
fatty acids (including unsaturated fatty acids)
resuspended as spherical particles with an outer
membrane mimicking phospholipids in structure.
Investigations can be carried out on them without
the complications inherent in intact biological cells.
Protein hydroperoxides, the products of oxyradical
attack, far from being inert, exhibit new chemical
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reactivity towards common biochemicals and attach
to DNA apparently covalently (24). Only six
common aminoacids give hydroperoxides under
similar conditions (25).

17 RADIOTHERAPY

At the University of Queensland, G.C. Gobe et al
have shown that the retinoblastoma tumour-
suppressor gene and its protein product are involved
in radiation-induced apoptosis in neonatal rat
kidney. Tumorigenesis and repair in the small and
large intestines following irradiation has also been
studied (26).

At the University of NSW, P.J. Russell et al have
been studying factors in the recovery from DNA
damage! in bladder cancer cells following irradiation
(27).

18 CONCLUSION

Some outstanding research work has resulted from
AINSE's participation in radiation science. There
is much more than can be covered in these few
pages and another author could have selected work
other than that which has been included here. This,
then, is representative rather than definitive.

Some facilities have closed; others have replaced
them. As a discipline in its own right radiation
science has its own place. Additionally, it is
invaluable in investigating problems in other fields.
The following paragraph compares radiation with
other radical-generating systems. "The use of
ionising radiation can overcome these uncertainties.
Radiation can generate precise quantities of radicals
selected for biological relevance, giving the
experimenter control over parameters such as time,
temperature, chemical composition and pH. There
is no limit to the complexity of the systems
investigated, which can vary from pure chemicals to
living animals." (28).
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