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ABSTRACT

The use of radioisotopes in Australia has been surveyed for the year
ending 30 June 1971. Questionnaires were sent to licenced medical, industrial
and scientific users of radioisotopes. The results of these questionnaires
have been used to gauge the extent of the application of radioisotopes in

Australia and to forecast likely future requirements.
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1. INTRODUCTION AND PROCEDURE

In 1962 the Australian Atomic Energy Commission, as part of a study con-
ducted among its members by the International Atomic Energy Agency, carried out
an Australia-wide survey on the uses and savings arising from radioisotopes in
industry during the year 1962, The results were published in IAEA Technical
Report Series No. 40.

This has been the only survey carried out in Australia, and a large
increase has taken place in the use of radioisotopes in most fields, partic-
ularly medical diagnosis, in recent years. The latter necessitated an
expangion of the AAEC radiopharmaceutical production laboratories in 1967 and
again in 1972,

This report describes a survey of radioisotope use in Australia during the
.year 1 July 1970 to 30 June 1971. The survey was concerned only with the
extent of application of radioisotopes and not with estimates of savings, as in
the earlier survey. The present survey also obtained general forecasts of
likely future requirements.

The main objectives of the survey were to::

1. Give a measure of progress to compare with future (and earlier)

studies.

2. Assist iﬁ future planning of the AAEC radioisotope production pro-

gram.

3. Provide a base for the AAEC irnformation work in this field by locat~

ing the individual user and his interests.

4. Disclose factors in the community which at present inhibit the use

of radioisotopes in situations where they might be of value, |

A_questionnaire together with an explanatory letter (Appendix D), was
distriuted to each licensed user of radioisotopes in the Australian States
and to each user in the Australian Capital Territory and Northern Territory.
Three different questionnaires were used to cover the medical, industrial and
scientific uses separately. The survey did not cover radioisotopes of sub-
licensable quantity, as in school demonstration sources. With the aid of a
reminder letter where necessary, a very satisfactory overall response of 79%
was obtained. The details of the response in each area are given in Table 1,
The figures quoted for 1971-72 and 1972-73 in other tables are the totals of
the estimates given by the present users. They do not account for the
possibility of new users coming into the particular field or new fields yet to

conmence.
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TABLE 1

RESPONSE TO SURVEY

Medical |Industrial | Miscell- Total
aneous

No. of forms sent out 413 408 546 1367
No. of forms returned 233 301 374 208
Other replies 8l 64 30 175
Total replies 314 365 404 1083
Percentage of form
replies 56 74 68 66
Percentage of total
replies 76 89 74 79

The statistics and comments reported are as received on the questionn-
aires. No attempt was made to verify the figures by cross check with AAEC or
Commonwealth Radiation Laboratory supply records.

Even though the percentage response was very satisfactory, some allowance
must be made for the unanswered questionnaires in the gquantitative aspects of
the statistics. However, it is likely that a large proportion of these will
not still be using radicisctopes or are only marginally interested. Almost
all known substantial users of radicisotopes gave useful replies.

A full tabulation of results is given in the Appendix with particular
summaries also included in the text.

2, RESULTS

2,1 Medical

aAs shown, (Questionnaire 1 Appendix D) the medical form was divided into
several sub~categories; diagnosis, teletherapy, therapy (other than telether-
apy), and research.

The overall results for each category are given in Tables Al, A2a, A2b
and A3, while Table 2 shows the totals for each of the sub-categories and gives
the expected percentage increase in use of the radioisotopes in each of the
sub-categories for the next two years. These tables show the extent to which
radioisotopes are being used in medical diagnosis and the great expansion
expected to take place. This will be further augmented by new clinics planned
to begin in the same period.

Occasional duplication and some ambiquity may appear in the tables because

categories, etc., were taken directly from the completed forms.
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The results for medical teletherapy show that only a slight increase is
expected (10%) over the next two years in the number of irradiations using
cobalt 60.

Diagnostic applications of radioisotopes greatly outnumber therapeutic
applications and it is anticipated that the latter will not increase greatly
in the future. The use of radioisotopes in medical research is also much less
than in diagnosis, but should increase greatly in the next two years.

Table 3 shows the expected percentage increases for some important radio-
isotopes used for in vivo diagnostic applications, over the next two years;
viz., technetium-9%m (used for organ scanning), fluorine-18 (bone scanning),
ytterbium-169 (cerebro-spinal fluid studies), and iodine-131 (thyrcid studies).

Developments since the collection of data for this survey now indicate
that a technetium-99m polyphosphate complex (Skeltec) will replace the incon-
veniently shortlived and less effective fluorine-18 for bone scanning. There-
fore, all predictions for future increase of fluorine-18 demand are likely to
be invalid. Skeltec is also expected to replace strontium-87m and strontium-85
for bone scans.

Table Al shows that a very wide variety of radiopharmaceuticals and radio-
active preparations is used in medicine. It also shows that an increase is
expected in the demand for gallium-67, selenium-75, indium-113m and icdine~132
for in vivo medical diagnosis. However, as the use of these radioisotopes is
only a small percentage of the total diagnostic use, the changes predicted will
not make a significant impact on the overall scene.

Table Al indicates a very extensive use of labelled hormones (including
T3 and T4) for in vitro medical use. It also shows that for in vitro diagnosis
there should be a greatly increased demand for tritium-labelled digoxin and
folic acid, and for iodine-131 in the form of iodide.

Radioisotope kits are being used extensively and their use is expected to
increage in the next few years (Table Al). These kits include T3 and T4
{(iodine-125 labelled tri-iodo-thyronine (liothyronine) and thyroxine respect-
ively) for in vitro diagnosis of thyroid disorders, and Dicopac kits (®7co
labelled cyanocobalomin bound to human gastric juice and ®%co labelled
cyanocobalomin) for the in vivo diagnosis of vitamin Bl2 malabsorption.

Other types of radiocimmunoassays for varicus steroids and hormones are
also coming into widespread use, and kits may be available for thege in the

near future.
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TABLE 3 EXPECTED PERCENTAGE INCREASES FOR IMPORTANT RADIOISOTOPES,

USED IN MEDICAL DIAGNQSIS

No. of Doses or Tests Percentage Increase
Compound
70/71 | 71/72 72/73 70/71~ 71/72-
71/72 72/173
99,
Pertechnetate (direct) 10,977 | 16,057 21,552 46 34
Pertechnetate (generator) 2,802 5,100 7,950 82 56
Technetium sulphide
colleoid 5,289 8,309 11,672 57 40
Macro aggregated ferrous
hydroxide (MAFH) 6,152 9,604 14,199 56 48
+Tc-gluconate - tin
complex 8 25 50 212 100
*EDTA 20 50 50 150 -
=DTPA 19 75 150 295 100
Total **™r¢ compounds 25,267 | 39,220 55,623 55 42
18p 532 512 647 - 26
1311 compounds 10,209 | 11,319 12,755 11 12
169yh compounds 110 442 534 302 21

NOTE : Figures for 1970/71 refer to actual use.
Figures for 1971/72 and 1972/73 are estimates supplied by users.
+ This preduct is sti;l in the development stage and the figures do not
necessarily reflect the true potential interest.

* Ethylene diamine tetra acetic acid.

H]

Diethylene triamine penta acetic acid.
These expected increases are highly significant and reflect a strong

belief in the benefits derived from these materials in diagnosis.
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The following is a selection of typical comments received concerning
kits and radioimmunoassays :

1. Radioimmunoassays of hormones will undoubtedly show a sharp increase
over the next few years. This is a greatly expanding field in many clinical
laboratories.

2. There are recent advances which will permit isotopes to be used for
diagnosis without having very complex and expensive equipment. This has already
occurred with diagnosis of hyperthyroidism. (T3 kits).

3. PRadioimmunoagsay to angiotensin I has been developed for measurement
of plasma renin activity. A radioimmunoassay to angiotensin II is at present
being developed.

4, These kits (T3 and T4) are much more accurate than chemical methods
(e.g. protein-bound iodine), because these latter tests are easily affected by
exogenous iodine intake.

5. (r3 and T4 kits) allow us to perform in -vitro tests of thyroid
function in children with greater ease, greater precision and reliability and
with minimum labour and time.

6. Radioisotopes have allowed the routine estimation of hormones which
was not feasible before.

7. The high sensitivity and specificity of radioimmunoassay is essential
for some pharmacological and endocrinological research.

The most significant application of radioisotopes in medicine is probably
their use for organ visualisation or scanning, the most widely-used tracer
being **™re (Table Al).

Typical comments on this aspect include :

1. Radiocisotopes supply clinical information by producing scans of
brain, liver, lungs, bones, thyroid, kidney, blood pool, cerebral cisterns,
pancreas.

2. The (scanning)} results obtained from the technetium compounds have
been most satisfactory.

3. Diagnostic tests using radioisotopes are regarded in this hospital
as being an essential part of the proper investigation of patients.

From Table A2b, dealing with medical therapy (other than teletherapy), it
is apparent that with two minor exceptions, no significant increase can be
expected in the demand for radioisotopes in this field in the period covered
by the survey.

The exceptions are :

1. Phosphorus-32 labelled orthophosphate for parenteral injection,
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where the demand is expected to more than double in two years,
although still remaining small.

2. Iodine-131 labelled hippuran for intralymphatic therapy, where the

demand should treble but still remain very small.

The figures for radium and radon therapy are lower than they should be,
because some users were in doubt as to whether these materials should be
classified as radioisotopes.

Some 47 strontium-20 plaques are in use (Table AZb) mainly to reduce the
recurrence of pterygia following surgery, and in the treatment of various skin
conditions. A reduced recurrence of the former from 30% to 5% or almost nil
is typical.

. In the use of radioisotopes for medical research, Table A3 shows that a
large variety of labelled compounds is used but mostly in small quantities.
With some exceptions, there should be little significant increase in the use
of individual radioisctopes in this category in the period of the survey,
although Table 2 shows that there should be a significant increase in the
total use.

The exceptions are, for clinical research, tritiumlabelled adenosine
monophosphate and some carbon-14 and iodine~125 labelled compounds, while for
laboratory research, they include various tritium-labelled compounds,
phosphorus-32 labelled orthophosphate, chromium-51 labelled chromate,
strontium-85 labelled microspheres, and iodine-125 labelled insulin and IUDR
{1iodo uridine deoxy ribotide).

Many comments were received concerning the general use and advantages of
radioisotopes in medicine, particularly diagnosis, and also some comments and
suggestions concerning the supply of isotopes by CRL and others.

These comments are far too numerous to be reproduced in full, but a
representative selection is given :

1. Radioisotopes are used for localisation of abnormally situated
prlacenta in ante partum haemorrhage.

2. Radioisotopes are essential in my research which entails monitoring

growth rates of tumours in vitro.

1257 jabelled

compounds and l"C, %4 and *?P labelled compounds were directly available in

3. It would be of great advantage to many workers if

Australia.

125

4. The availability of I from a local source and hopefully, cheaper,

would be advantageous.
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5. We find the service very useful and could not operate these
laboratory tests without the co-operation received from the Commonwealth
Radiation Laboratory.

6. The provision of AAEC short-lived radiopharmaceuticals has been the
most important single factor in the rapid development of Australian diagnostic
nuclear medicine. In my opinion, the AAEC provides the best such service in
the world.

Tt is most important that close collaborative development continue
between the AAEC and specific departments of nuclear medicine. This is a
rapidly changing field and for the AREC to remain amongst the world leaders
as innovators and developers of new radiopharmaceuticals, research and
development are essential.

7. Radioisotopes have formed the basis of a study of pulmonary embolic
disease in patients at this hospital.

8. Isotopes are absolutely essential for our in vitro enzyme work. We
would appreciate either - (i) local availability, or, (ii) better co-ordination
between local agents and CRL in handling unstable isotopes such as %2p labelled
nucleotides.

9. Radioisotope tracer tests represent an advance in precision and
facility of diagnosis over previous chemical methods.

10. In all instances, (the use of isotopes) has provided markedly
increased diagnostic accuracy. In many cases (they have) provided screening
procedures to determine which patients required more hazardous investigations
and in others provided information not obtainable otherwise.

Much of the growth has been the result of the introduction of the
new radiopharmaceuticals by the Isotope Division, AAEC, with whom we have
enjoyed particularly fruitful co-operation in their imaginative development
of compounds, which we have urgently required for diagnostic tests.

2.2 Industrial

This category was divided into several sub-categories; viz. radiography,
gauging, massive irradiation, tracing and miscellaneous.

Table Bl shows the results for radiography.

The most frequently used radioisotope for this sub-category is
iridium-192, and a steady (though modest) increase in demand is expected, from
165 sources in 1970/71 to 192 in 1971/72 and 228 in 1972/73.

Table Bl also shows that the number of cobalt-60 and caesium-137 sources
should not increase, but the total activity of cobalt-60 is expected to

increase by about 30% for each of the next two years.



9.

Table B2(i) shows the results for gauging, arranged according to the most
important types of gauge. The table shows the maximum, minimum, and total
activity for each type of gauge and the nmmber of gauges in use for each of
the three years covered by the survey.

There is a widespread use of radiocisotopes in Australian industry for
gauging, particularly density, level and thickness. Table 4 shows the per-
centage increase expected for these gauges during the next two years.

TABLE 4 EXPECTED PERCENTAGE INCREASE FOR SOME
GAUGES DURING PERIOD OF SURVEY

No. in Use Percentage Increase
Gauge
70/71 71/72 72/73 70/71-71/72 71/72=-72/73
Level 444 559 621 26 11
Thickness 125 130 142 4 9
Density 478 530 607 11 15

NOTE: Figures for 1870/71 refer to actual use,
Figures for 1971/72 and 1972/73 are estimates supplied by users.

The number of component analysis gauges is expected to increase from 34
to 49 in the period from 1970/71 to 1972/73. The increase is no doubt due,
in part, to the development at Lucas Heights, of on-stream analysis gauges and
their application to the mineral industry. Borehole logging {particularly for
density) is in fairly widespread use and there will be some increase in the
next couple of years.

Table B2(ii) gives the radioisotopes and the activity used in gauging in
1970/71. The most frequently used density gauge sources are strontium-90 and
caesium-137. For level gauges, by far the most commonly used source is
cobalt-60, and for thickness gauges, strontium-90, thallium-204 and krypton-85
are the most frequently used.

Table B2(iii) gives the number of gauges used for various materials. The
most frequently gauged material is tobacco, with 242 cigarette density gauges
in use in 1970/71. Then follows fly ash (165 level gauges), various ores
(98 level gauges and 55 density gauges), sodium aluminate solution (106 density
gauges}, paper and paper products (50 thickness gauges), geological formations
(43 borehole loggers), paper pulp (28 level gauges) and metal strip and
coatings (28 thickness gauges).

Radiation is uséd to sterilise a wide range of materials, for initiating

polymerisation reactions and for agricultural research, as shown by Table B3.
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By far the biggest user in 1970/71 was Gamma Sterilisation Pty Ltd of Victoria,
but en 1 July 1271 another commercial irradiating company, Tasman Vaccine
(Aust.) Pty Ltd opened its plant in Victoria to sterilise medical supplies,
with an initial! loading of 220,000 curies of cobalt-60.

Another commercial plant is now in operation at Matraville (Sydney) and
is sterilising medical equipment.

The AREC has used the excess capacity of its fuel element pond for
commercial sterilisation of medical equipment, radiopbharmaceuticals, peat,
etc., but the requirement will decrease as private plants come into service.

The number of industrial tracing uses of radioisotopes in 1970/71 was not
large, as can be seen from Table B4(i), the total of all types being 328,

The table shows that an increase in some applications is expected, e.q.,
isotope dilution analysis, gas flow measurements, leaks in industrial plants,
pipeline pig tracing, and sand, silt and effluent tracing, but there will be
a decrease in others.

Table B4{ii) gives the breakdown of tracing uses into the number of tests
and the activity used for each radicisotope in each category for 1970/71.

In the industrial - miscellanecus sub-category Tables B5(i) and B5{ii)
show that, with two exceptions, no significant increase is expected during the
next two years.

The main exception is self-luminous signs (beta-lights) which use
tritium. In 1970/71, there were some 3,000 of these devices with an activity
of 4,800 curies in use in Rustralia, This activity is expected to increase to
7,100 Ci in 1971/72 and to 10,150 Ci in 1972/73, These devices include
industrial exit and other signg, illuminated meter scales, self-powered
emergency signs, panel illumination, etc., and they will be in widespread use
in the near future. These signs are fully imported and incorporate tritium,

Another miscellanecus application which should increase is the induction
of ionisation in neon lamps, in which a minute trace of the radicactive gas
krypton-85 is incorporated inte neon lamps to reduce the delay in striking,
particularly in the dark. The amount of krypton-85 used for this purpose in
1970/71 was 1,000 mCi and is expected to increase to 2,000 mCi in 1971/72 and
to 2,500 mCi in 1972/73. Again, however, krypton-85 is not produced at Lucas
Heights and this application is thereforxe of indirect interest only.

Many comments were received concerning the use of radiocisotopes in
industry. Typical of those concerning gamma radiography were the following :

1. {Radioisotopes) have been invaluable in carrying out field radio-

graphy on sites in remote parts of ARustralia where an X-ray machine would
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either have been too cumbersome or would not even have had access.

2. (Radioisotopes) are mainly used in checking the quality of field
butt welds in pressure piping used in boiler construction. This has allowed
us to maintain higher quality welds by more stringent quality control.

3. Radioisotopes permit in situ radiographic inspections of jet engine
internal structure and components, thus effecting considerable savings in man-
power, etc., involved in disassembly of engines to perform visual inspection.
Serviceability of engines is also improved, since isotope inspections can be
quickly performed to satisfy possible doubts regarding structure integrity as
shown by performance monitoring.

A wide range of comments was received on the use of isotope gauges of all
kinds, most comments were favourable, but a few were unfavourable. The follow-
ing is a selection from the substantial number of replies received:

(a) Level

1. Due to the adhesive nature of the material handled (liquid poly-
ethylene), level measurement by any other method is impractical, e.g. material
adhering to capacitance probes makes them very unreliable and inaccurate. High
pressures in the vessels concerned and the nature of the material handled make
visual level measurements impossible.

2, This methed of measuring acid levels is advantageous for person-
nel safety.

3. We are reluctant to use this type of gauge due to the inconven-
ience to workers in wearing film badges and the significant difficulty in
controlling the issue and use of badges to shift operators.

4. There is no other effective way of inspecting filled cans at
speeds of 1,000 cans/minute,.

5. The use of radioisotopes for level detection in our coal bins
has not been successful, due largely to the erratic manner in which the coal
flows in the bins. Coal in the bin centre sinks below the level of the coal
at the periphery making a hole of constantly varying size. This prevents
accurate adjustment of the sensitivity level of the indicators End necessitates
the use of more primitive but more reliable means of level detection.

6. Because raw sugar is sticky it is difficult to detect level in
a bin using conventional means such as a feeler switch, photo-cell or probe.
The use of a radiation switch, because no contact is made with the sugar, has
proved most satisfactory.

(b) Thickness

(1) The relative thickness of sheets of asbestos cement is easily



12,

measured without touching or stopping the sheets as they are carried along a
conveyor.

2. It would not have been possible to measure on-machine substance
(i.e. thickness or density) in any other way with existing technolcogy. Thus
radiocisotope use will be a valuable contribution to eventual c¢omputer contrel
of paper and board machines.

3. The use of radicisotopes has enabled us to have a non-contact,
accurate measurement of the thickness of sheet steel travelling at speeds up
to 4,500 feet/minute. The output signal from such a thickness gauge is used
to control automatically the thickness of the strip being rolled. Coating
thickness gauges using beta backscatter and X-ray fluorescence principles have
provided a means for obtaining immediate readings of zinc coating weight which
leads to better control of coating distribution.

(c) Density

1. Continucus scanning of the tohacco rod has enabled a high degree
of control on the weight of individual cigarette production, by giving a fast
response to weight correction and also a means of monitoring weight deviation
of a number of machines at a centralised point for the purpose of an overriding
control of machines that are malfunctioning outside the limits of automatic
correction,

2. Generally, the application of gamma-ray density gauges has not
been particularly successful. This is partly due to application, e.g. gasifi-
cation in the liquor passing through the pipe section containing the gauge
caused instability and erroneous readings. However, in other cases faults
appeared to be in the detector, the instrument calibration tending to drift,
Checking calibration is another difficulty which limits effectiveness.

3. Close control of slurry density in wet gravity separation plant
by means of radioisotopes enables more efficient separation of valuable heavy
minerals (rutile, zircon, monazite, etc.} to be made from sand feed.

4, The fluid density gauge is used to measure the density of a
sand-slurry mixture flowing in a 10 inch flex. The density is an indication
of the proportion, by weight of sand in the slurry. The ocutput of the gauge
is ugsed to contrxeol this variable by means of an electro-pneumatic transducer
and pneumatic control equipment.

5. The use of a radioisotope gauge leads to closer control of the
mass flow of suspended solids, resulting in more uniform operating conditions
with consequent potential for higher productivity.

%
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(d) Density/Moisture

1. Radioisotopes have enabled the testing time for density and
moisture content to be shortened considerably, thus allowing a far greater
number of tests and a more extensive evaluation of the road bases involved.

2. Both instruments (density/moisture gauges) were withdrawn from
service in 1969 because of repeated component failure, poor repair facilities
and generally inaccurate results.

3. The nuclear meter measures the in-place moisture and wet density
of soil quickly and non-destructively. Measurements can be taken before and
after each soil compaction and the results are immediately available in the
field, so that compactive efforts can be quickly evaluatéd or modified at’
the job.

(e) Component Analysis

1. This equipment has provided a rapid, safe and accurate method
of determining sulphur and lead (in petroleum products).

2. (Radicisctopes are being used for) on-stream analysis for lead
and zinc content of slurries in the mineral concentrating process.

3. Radicisotopes have enabled operators to improve concentrating
plant efficiency and control through the almost instantaneous indication of
percentage lead and density of the lead flotation feed slurry.

(f} Borehole Logging

1. The radioisotopes used in borehole logging for oil and water
search in deep boreholes have been of particular benefit in that they can be

used in cased holes.
(g) Tracing _

1. The radioisotope installation gave progressive patterns of
lining wear in the blast furnaces and as this information could be otherwise
obtained only by drilling holes around the shell of the furnace during its
4-5 year life, such information would not otherwise be gained. Scme changes
in operating procedure result from knowledge gained from these installations.

2, Of all the tests undertaken, the pipeline leaks using methyl
bromide have been the most impressive as to accuracy against sophisticated
sonic and magnetic equipment.

3. The isotope dilution technique allows the determination of the
weight of mercury in each individual caustic-chlorine mercury cell, avoiding

the necessity to periodically remove mercury from the cell (when shut down)

for weighing.
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4. Radioisotopes have been used in the area of trouble-
shooting and control in industrial chemical plants. The benefits gained are
usually in the clarifying and locating of problems such that development and
maintenance effort, etc., are directed to the most profitable areas.

(h) Miscellaneous

1. The fire detectors (using radioisotopes) sense products of
combustion rather than the more common thermal effect, and therefore provide
a very sensitive alarm system.

2. If neon lamps are subjected to an electric current whilst they
are in total darkness, they will produce a characteristic delay in emission
of a neon negative glow., The use of a radioactive substance eliminates this
characteristic completely.

2.3 Scientific, Non-Medical Research and Miscellaneous Uses

Radioisotope users listed many sub categories under this general heading,
as seen in Table Cl. In this table, only the total activity of each radio-
isotope is given - not the activity of each labelled compound of that radio-
isotope.

There will be few spectacular increases in this category during the
period covered by the survey. Table 5 shows the areas in which a significant
increase in demand will occur.

TABLE 5 EXPECTED INCREASES FOR SCIENTIFIC, NON-

MEDICAL AND MISCELLANEOUS USES

Activity (mCi)
Category Isotope
70/71 71/72 72/73

Biological Research *H 12,930 | 15,658 15,871
14a 324 392 534
?2Na 1.3 3.7 7.1
¥y 2.8 10.2 13.2
"Sge 13 22 47
1254 144 236 201
Biochemical Research *n 449 676 687
e 88 134 175
32 386 49] 489

33
- - 100

(Contd.)
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TABLE 5 (Contd.)

Activity (mCi)

Category Isotope

70/71 71/72 72/73

Agricultural Research i2p 651 976 1,058
“2x 1 102 451

*Sca 8 410 415

Sley 427 631 635

e 2 400 401

652n 8.2 415 413

"5ge - 400 420

86pb 66 71 101

1254 6.6 26 30

Physics Research ’y 20,200 25,200 75,200
“6gc 20 1,000 -

S%Fe - - 20

6000 466 2,008 4,010

*Son 300 3,000 5,000

"S5e - 100 -

132y - 100 400

1936 20 20 40

238py 60 120 120

Analytical Chemistry 125y 109 122 142
131 - 10 30

Veterinary Research 80co - 1o0 100
& Applications 1982, - 100 100
i:::;iig Education and 325 66 89 92
37co 5.9 17.9 25.9

%o 77.9 73.6 5,090

131y 59.6 85.5 101

%1 am 22.6 32.6 52.7

2420m - 10 10

(Contd.)
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TABLE 5 (Contd.)

Activity (mCi)
Category Isotope
70/71 71/72 72/73
Engineering Research 2%Na - 500 500
S*cu - 500 500
652n - 20 20
i - 200 200
170mppy 2] 1,000 1,000
182p, - 20 20
1927y - 50 50
Biological Engineering *n 15,500 1,022,000 1,520,000
Radio-chemical Analysis 18p - 10 10
131y 1 20 20
Chemical Research 87Cu - 10 10
Geochemical/Geophysical 147pm - 1,000 1,000
Research 2105, _ 10,000 10,000
238py - 30 300
2
**Am 0.003 10 100
24
Zcm - 400 4,000
Cm/Be -} 20,000 20,000
Fisheries Research *n - 1,010 1,010
“85¢ - 10 10
Sler - 10 10

NOTE: Figures for 1970/71 refer to actual use.
Figures for 1971/72 and 1972/73 are estimates supplied by users.

As in the other two categories, the comments made on the use of radio-
isotopes in this category were very numerous. A selection (in various sub-
categories) is given below :

{a) Biological Research

1. {Radioisotopes are) essential for virtually all our research
work in characterising capacity of whole cells, nuclei or chromosomal material
for protein, RNA and DNA synthesis. Also iron isotopes are used as a measuxe

of haem synthesis of red cells in vitro.
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2, The ability to trace normal metabolites has led to a much
better understanding of sheep physiology. Radioisotopes have enabled us to
develop new techniques, e.g. measurement of rate of growth in length of wool
fibres by autoradiography, and measurement of mean wool fibre diameter by
liquid scintillation counting of wool containing '*c formic acid.

Highly sensitive analytical procedures, e.g. radidimmunoassays,
have revolutionised our research on hormones.

The ease of measurement of gamma emitters has speeded up some
research by displacing older and slower techniques, e.g. measurement of Slee-
EDTA in study of digestion in sheep.

3. It is impossible to determine the water requirements of free
living animals without radio-labelled water. Animals drinking at a trough
containing tritiated water are unaware that they are being marked. Subsequent
capture of animals with tritiated body fluids provides movement data on
unharassed animals.

4, (Radioisotopes are used) as markers for the characterisation of
viral nucleic acids and for the purification and characterisation of animal
viruses. The use of radioactive markers has given a new dimension to the scope
of our work and has allowed us to obtain readily answers to problems which
would otherwise have been impossible.

5. One of the projects of the School of Human Genetics deals with
the study of serum transferrin variation in human and non~human primates and
in other mammalian populations.

Since transferrin combines specifically with iron, the serum is previously
treated with 5-10 pci/m! **re and subsequently subjected to starch-gel electro-
phoresis. After electrophoresis, the gel is cut horizontally into two halves,
and the cut surface of one half is exposed to XKodirex X-ray film at -20°% for
80 to 120 hours.

The film when developed will show only the *%Fe serum transferrin complex.
Thus, this procedure provides an excellent means of identifying and confirming
various types of serum transferrin.

(b) Biochemical Research

1. Many substances which are important in metabolic reactions are
normally present in very small amounts in the cell. The availability of radio-
isotopes has enabled the labelling of such compounds and has greatly facilitated
their identification and estimation. This has been of importance in research
problems in the fields of carbohydrate, lipid, nucleic acid and protein
biochemistry.
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2. Radioisotopes have been used to study metabolism of steroids in
the blow fly : Calliphora styqia.

3. {Radioisotopes are used for) rapid elucidation of the pathways
of metabolism and excretion of drugs and other xenobiotics in animals, (and
they allow) simplification of collection of quantitative data.

(c) Agricultural Research

1. Isotopes are used in a neutron moisture meter to measure soil
moisture in irrigation research conducted at this research establishment.

2. Sulphur-35 has enabled estimation of microbial protein synthesis
in the complex ecological systém operating within the paunch of ruminants.
Direct estimates of this aspect of metabolism in this situation are virtually
impossible without isotopes. Carbon-14 has been used to provide information on
the turnover of various pools of metabolites and to assess their importance in
the overall metabolic processes occurring in complex natural ecolcgical systems
involving bacterial and protozoal populations.

3. Radioisotopes have bheen used to assist in the assay of circulat-
ing hormones in domestic animals either -

(a) in competitive binding assays,

(b) in radioimmunoassays, or

(c) as tracers to measure recoveries,

4, The research program of this laboratory is aimed at understand-
ing the functioning of grazing systems; i.e. the complex relationships
between climate, 2oil, plants, grazing animals, insects, decomposers, etc.
Without radioisotopes, much of our program would be impossible.

(d) Physics Research

1. Radioisotopes have been used as a compact source of radiation
to excite X-ray fluorescence or to be absorbed preferentially in elements to be
analysed. In this way it is possible to use them for on-stream analysis in
mineral processing streams.

2. Sources are mainly for Mossbauer and nuclear orientation experi-
ments - which would be impossible without radioisotopes.

(e) Chemical Research

1. We have studied mechanisms of fundamental metal catalysis and
surface phenomena by examining rates of exchange in heterogeneous and homogen-~
eous catalysis. We have also developed unigque methods for labelling compounds
with tritium for biological research.

2. Carbon-14 labelled sucrose has been used in this laboratory to

determine accurately sucrose concentration in mill and refinery products using
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the isotope dilution technique. This is, at present, the only accurate and
precise reference method for these determinations. The method has also been
used to measure the effect on the sucrose content of materials of various pro-
cesses within sugar mills and refineries.

{f) Veterinary Research and Applications

1. The use of radiocisotopes has enabled us to study the physiology
and pathology of host-parasite relationships, and to gather information not
easily obtained by non-isotopic techniques.

2. (Treatment with a °%gy plaque) is the only satisfactory treatment
for squamous cell carcinoma of the bovine orbit. The only other treatment is
surgical ablation of the orbit with consequent blindness and deformity. Treat-
ment of some twelve cases (including one very advanced case) so far has been
uniformly successful and the sight has always been preserved.

- Several users indicated that the supply of a greater range of labelled
compounds in Australia would be very useful, e.g. ..."It would be convenient
for us if there were a supply of carbon-14 in Australia. All our previous
supplies have come from overseas."... ..."The availability of radioiodine
labelled bovine serum albumin and gamma globulin would facilitate blood volume
work in this species."

Some were highly critical of the cost of imported radioisotopes, e.q.,
-.."The availability of scme 3°s labelled inorganic compounds in Australia
would be helpful. The handling charges and freight and insurance costs fre-
quently triple the overseas price of these compounds - as they do for '“cC
labelled biochemicals as well."

One user mentioned the opposition encountered from a health authority to
the use of a radioisotope: .- ."Krypton-85 was tested as a tracer to measure
gas flow in gas distribution mains. Resistance was encountered from local
health authorities and a non-radioactive tracer was used instead."

CONCLUSION

The survey has met with a sufficiently good response for the resulting
information to be regarded as authoritative and reliable.

It has brought to light a number of applications which are interesting in
themselves, and quantitative results which will be valuable in future planning.
No serious weaknesses have become apparent in the method followed.

The survey should be repeated at intervals of, say, five years.






APPENDIX A

Results are tabulated of Questionnaire 1 :

Medical Uses

The categories are

1.
2a.
2b.
3.

Medical Diagnosis

Medical Teletherapy

Medical Therapy (other than teletherapy)
Medical Research.
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APPENDIX B
M

Results are tabulated of Questionnaire 2 :

Industrial Uses

The categories are 1,
2,
3.
4,
5

Radiography
Gauging

Massive Irradiation
Tracing
Miscellaneous
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TABLE B2(iii) GAUGING

Type of Gauge Material Gauged No. of Gauges
1970/71

Lavel Fly ash 165
Various ores 98
Paper pulp 28
Petroleum prcoducts 24
Coal 23
Caustic liquor 19
Cement 19
Fertiliser 14
Liquid carbon dioxide 11
Beverages 9
Catalyst

Molten steel
Copper flue dust

Miscellaneous 20
444
Thickness Paper and paper products 50
Metal strip and coatings 28
Plastic film and sheet 22
Glass 11
Asbestos cement sheeting
Wax coating 4
Miscellaneous 5
125
Density Tobacco 242
Sodjum aluminate solutioz 106
Mineral ores and slurrie 55
Coal 19
Sand slurxy 18
Petroleum products
Sewage
Asbestos cement slurry
Miscellaneous 19
478
Moisture Miscellaneous 7
Borehole Logging Geological formations 43

Foxrmations in oilwells

lo

49




TABLE B2(iii) GAUGING (Cont.)

Type of Gauge

Material Gauged

No. of Gauges

1970/71
Component. analysis Minerals 7
Rock samples 7
Sulphur in fuel oil 5
Compounds by absorption 3
Tin in ore 3
Miscellaneous 9
34
p.I.F. gauge Minerals 123
Gamma switch Ores 6
Other Miscellaneous 17

1,173
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TABLE B4 (i) TRACING

N";e:f Total Activity (mCi)
Type 2
70/71 70/71 71/72 72/73

Isotope dilution analysis 11 16,520 21,520 21,520
Furnace lining wear 6 914 550 700
Leaks in pipelines 4 150 150 200
Gas flow measurements 6 70 210 210
Water flow measurements 108 27 220 185
Leaks in industrial plant 3 40 1,100 120
Process evaluation 130 35 35 35
Pipeline pig tracing 23 79 136 186
Sand, silt and effluent - - 20,000 120,000
tracing
Tracing migration of fluids 32 99 40 20
Other 5 250 205 225
(Pipeline location 1.

blockages 2.

chemical analysis

check 1.
location of material 1.)
Note: Figures for 70/71 refer to actual use.

Figures for 71/72 and 72/73 are egstimates supplied by users.




TABLE B4 (ii) TRACING

Radioisotope (No. of uses & total activity (mCi)) (70/71)
Type
2%Na [%%Co | %28y |%5ky | 131 1921, ;?;;Hg Radium{ Other
Isotope dil- No 4 7
ution analysis TA 20 16500
Furnace lining No 6
wear TA 914
Leaks in pipe- No 4
lines TA ) 150
Gas flow No 6
measurement TA 70
Water flow No 1 107
measurement TA 1 270
64

.. 2{xeacu
Leaks in indus- No 1 Au
trial plants TA 10 30
Process No 71 123
evaluation TA 25 10].
Pig tracing No 17

TA 75
Tracing migrat- No 32
ion of fluids TA 29
Other * No 1l 2 1 1(11%Myg)
TA 20] 205 20 5

* Pipe location 1, blockages 2, chemical analysis check 1,
location of material 1.




TABLE B5(i) MISCELLANEQUS

No. of device Total Activity (mCi)

Tyee in use (70/TWN 50,7y 71/72 72/73
Luminous dial painting many 2,560 2,560 2,560
Static charge measurement 6 1,200 1,200 1,200
Static elimination 61 1,941 2,020 2,141
Icnisation in neon lamps many 1,000 2,000 2,500
X~ray fluorescence source 2 7 17 17
Neutron production 1 2,000 2,000 2,000
Gas chromatography detector 20 2,263 2,633 2,635
Fire alarm 1,056 124 141 84
Self luminous signs 3,002 4,802,000 7,100,000 10,150,000;.
Other * 8 229 63| . 69

* voltage measurement, 1. test apparatus, 2.
atmospheric charge measurement, 3. gas dewpoint measurement, 1.

power source, l.

Note: Fiqures for 70/71 refer to actual use.

Figures for 71/72 and 72/73 are estimates supplied by users.
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APPENDIX C

Results are tabulated of Questionnaire 3 -

Scientific, Non-Medical and Miscellaneous Uses.






TABLE C1 NON-MEDICAL RESEARCH AND MISCELLANEOUS USES

rype i:: :i;; Activity (mCi)
1970-71 71-72 72-73
Biological Research 3 12,930 15,658 15,871
e 324 392 534
*2Na 1.3 3.7 7.1
**Na 0.05 1.1 1.1
* %My 0.2 0.6 0.5
i%p 2,154 2,140 2,134
3 3P 10 - _
I%g 196 137 136
36¢c1 2.8 10.2 13.2
“2x 74 79 4
*Sca 7.1 5.6 5.1
*8sc 3 5 5
*7ca 0.05 - -
*loy 89.5 89.5 89,5
**re 0.1 0.1 0.1
*re 9.6 10.7 10.5
6 OCo 2 - -
$Sgn 2 2 2
"Sse 13 22 47
®2pr - 0.5 0.5
*Sgr 6 4 4
i 59 62 53
103 25 25 25
1231 144 236 201
131 174 165 170
13, _ 1 _
181, 3 3
W7 1.2 _ _
169y, _ ) 4
%830 150 100 100
Biochemical Research *H 449 676 688
Y 88 135 176
32 386 491 489
I3 - - 100




TABLE Cl  NON-MEDICAL RESEARCH AND MISCELLANEOUS USES (Contd.)
rype ‘ Radio- Activity (mCi)
isotope 1970-71 71-72 72-73
Biochemical Research 35g 111 103 103
36 0.1 0.1 0.1
“3ca 15 16 20
53pe 0.5 0.5 0.5
5%re 1 4
a0 Sr 1 1
1254 2 2 2
2%l am 0.3 - -
Botanical Research " - 1l -
lhe 2 3.1 3.1
*2Na 0.5 0.5 0.5
2%Na - - 1
32p 5 5 5
¥ 0.5 0.5 0.5
4 2K - - 1
*Sca 2 2.5 0.5
3SMn 20 20 20
82pr - - 0.5
Physiological Research *H 7 1.5
e 0.5 0.35 0.2
2252 - 0.5 -
3 2P - 5 -
35g - 0.005 0.02
3 GCl - 1 1
“2g - 0.5 0.5
Sler 20 40 40
S%e 1.5 1 0.5
1291 0.3 0.2 0.21
Agricultural Research *H 5,631 4,611 5,116
¢ 15,121 15,621 16,134
22Na 1.9 2.4 3.4
2%Na 2 2.7 2.7
32p 651 976 1,058
¥p - 11 1




TABLE Cl

NON-MEDICAL RESEARCH AND MISCELLANEOUS USES (Contd.)

Activity (mCi)

- e
1970-71 71-72 72-73
Agricultural Research g 1,091 236 370
3601 0.2 0.4 1.8
*2x 1 102 451
“Sca 8 410 415
*8sc 1 2 2
*ler 427 631 635
**Mn 2.3 - 0.1
SFe 0.5 0.5 -
*7co 11 1 1
*%re 2 400 401
*%co 5 5 5
$32n 8.2 415 413
"ns - 0.02 -
"Sse - 400 420
®Ssr 0.2 - -
®*rp 66 71 101
109y 60 60 60
1 15Cd - 2 3
2%y 6.6 26 30
13y 48 52 52
1 33Ba - _ 1
1 37CE 1 2
l'l-‘lce 3 3
20 3Hg _ 2 3
210py, - 2 3
22 GRa 5 5 5
Ra/Be 27 27 27
Am/Be 445 445 475
Industrial Research *n 0.1 0.1 0.1
e 0.1 0.1 0.1
*Na 10 10 10
*2K 2 5 5
Sler 1 1 1
®co 17 14 12




TABLE Cl NON-MEDICAL RESEARCH AND MISCELLANEOUS USES ({Contd.)
Activity (mCi)
Type
1970-71 71-72 72-73
Industrial Research 10 10 10
10 10 10
1 1 1
20 20 -
90 a0 30
100 100 100
- 150 150
Physics Research 20,200 25,200 75,200
0.15 0.15 0.15
1.5 1.5 1.5
0.2 0.3 0.4
1,000 - -
20 1,000 -
1 1 1
- - 20
136 105 114
5 5 10
466 2,008 4,010
300 3,000 " 5,000
- 100 -
- - 1
0.005 0.005 0.005
14 15 16
210 280 110
- 100 400
1.1 15,1 15.1
- 1 -
0.3 0.2 0.1
20 20 40
6 12 13
10 10 10
400 - -

2'2




TABLE C1 __NON-MEDICAL RESEARCH AND MISCELLANEOUS USES (Contd.)
type ‘ Radio- Activity (mci)
isotope | 1970-71 71-72 72-73
Physics Research 233y 0.05 0.05 0.05
238py 60 120 120
239y 0.5 3 3
241pp 60 80 60
2820f 0.003 0.002 0.01
Radium 0.21 0.21 0.21
Am/Be 1,033 1,033 1,033
Ra/Be 6 6 6
Chemical Research 3 23,112 24,429 10,924
4o 27.6 28.6 29.5
22Na 0.4 1 1
¥2p 15.1 15.2 15.5
3%g 10 12.6 12.6
136¢c 0.1 0.2 0.2
“Sca - 0.5 0.5
*ler 100.1 101.1 101.1
3Spe 1 5 5
5700 25 31 31
3800 1 1 1
*9pe 12 11 11
®0¢co ' 201.2 101.2 101.2
$3ni 2 5 5
S*cu 0.05 4.05 2.05
ssZn - - 1
*7cu - 10 10
"ns - 1 1
82py 0.6 0.2 0.2
85kr 20 20 20
8 Ssr - 1 1
9 SNb 5 5 _
9 SZr - 1 1
? #Mpe 8 8 5
10 3Ru - _ 5
1%9¢q 0.2 1.2 1.2




TABLE Cl

NON-MEDICAL RESEARCH AND MISCELLANEOUE USES (Contd.)

Activity (mCi)

Type 122:;;;
1970-71 71-72 72-73

Chemical Research 1100, 6 6 6
114fy 0.6 0.7 0.2
IZSSb - 5 5
13%cg 5 - 5
137¢s 0.63 0.73 0.73
144ce 11 12 11
1"?Pm
1520 6
lBZTa _
183pe - - 0.05
105, 5 _ _
12820 0.05 0.05 0.05
203yg 10 10 10
207gj 10 - -
231p, 2 _ _
23%y 61.3 61.3 61.3
ZHIAm 5 5 5
244 o 83.3 83.3 83.3

Analytical Chemistry *H 1.5 2 2.5
l4e 5.1 5 5
22Na 10 10 10
36 0.005 - -
4850 10 5 5
5%Fe - 0.1 0.1
60co 10.5 10.5 10.5
82pr 0.005 - -
88y 10 10 10
1257 109 122 142
131y - 10 30
1974y 0.01 - -
203Hg 2 5 5

Veterinary Research *H 85 81 81

& Bpplications 14 0 3.1 3.3 3.3
32p 109 110 110




TABLE Cl

NON-MEDICAL RESEARCH AND MISCELLANEOUS USES (Contd.)

Radio-

Activity (mCi)

e isotope | ;g70-71 71-72 72-73

Veterinary Research 355‘ 15 13 18

& Applications 51, 27 16 19
*Ire 0.3 0.5 1
%o - 100 100
"se 0.75 0.5 0.5
sy 270 270 270
125y 2.5 9.0 11.5
131g 35.5 42.5 22.5
12y - 100 100
Radon 1,590 2,000 2,000
Radium 147 152 152
241 am 10 10 10

Radiochemical Analysis *H 0.01 0.01 0.01
14 0.01 0.01 0.01
18p - 10 10
32P _ 1 5
‘-I-‘lce _ 1 1
6 3Ni - 1 1
65, _ 1 5
*2sr - 0.1 1
sy 0.1 0.1 0.2
10 SRu - 1 1
tily 20 20
Vics 0.1 0.1 0.2
Radium - 0.01 -

Fisheries Research *H - 1,010 1,010
lllc _ 3 1
ZZNa _ 5 5
1 35c _ 5 5
*®sc - 10 10
Sler - 10 10

Tertiary Education *H 218.1 234.1 297.1

and Teaching e 42.5 42.9 49.3
?’Na 2.36 6.59 6.59




TABLE Cl  NON-MEDICAL RESEARCH AND MISCELLANEOUS USES (Contd.)
Radio- Activity (mCi)

e isotope | 1970-71 71-72 72-73
Tertiary Education 2%Na 23.6 31.5 31.5
and Teaching 32 66.0 89.0 92.0

35g 30.3 26.1 37.8
360y 0.15 0.15 0.20
“2x 9.02 19.0 13.0
“4pi - 0.005 0.005
“Sca 7.4 6.5 7.5
“bge 10.6 5.56 5.56
Sler 1 1 2
%%Mn 0.15 0.20 0.30
*SMn 1 1 1
57¢o 5.86 17.9 25.9
59re 10.1 10.1 10.1
%¢co 77.9 73.6 5,090
64cn 2 2 2
52n 2 7.1 2.1
8%y 0.02 0.02 0.02
82py 3.02 3.02 3.02
gy 8.29 8.27 8.39
11054 10 3.6 -
113gy 0.001 0.001 0.001
1251 21 27 27
1284 2.5 2.5 2.5
1317 59.6 85.5 101
1370g 2,069 2,069 2,069
137Mp, 0.009 0.009 0.009
139, 1.25 1.25 1.25
148 ce 3 3 1
1%7pm 7 1 1
1927y 0.01 0.01 0.01
198pu 8.1 8.1 8.1
204y 0.41 0.41 0.41
207g; 0.01 0.01 0.01
210py, 2 2 2




TABLE C1

NON-MEDICAL RESEARCH AND MISCELLANEQUS USES {Contd.)

Activity (mCi)

Radio~-
P isotope 1970-71 71-72 7273
Tertiary Education 210p, 2 2 2
and Teaching Radium 0.12 0.12 0.22
2284y, 0.02 0.02 0.02
Ra/Be 20 20 21
238y - 0.01 0.01
241 am 22.6 32.6 52,7
Am/Be 1,330 1,330 1,430
2420 - 10 10
Engineering Research 2*Na - 500 500
8%co 46.8 46.8 46.8
S%cu - 500 500
®52n - 20 20
85xy - 200 200
110pg 10 10 10
137¢g 140 140 140
170, 2 1,000 1,000
182y - 20 20
192y - 50 50
1982 20 20 20
Z%1am 200 200 200
Radium 0.05 0.05 0.05
Ra/Be 10 10 10
Am/Be 70 70 70
Forestry Research *n 25 25 -
e 2.05 3.45 3.45
32p 0.5 0.55 5.55
$Son - - 20
Am/Be 80 80 80
Food Research i 108 108 -
e 9.9 8.9 6.5
*Pug - 1 1
[ 5ca - 1 1
55pa - 1 1
65z _ 1 1




TABLE Cl

NON~-MEDICAL RESEARCH AND MISCELLANEOUS USES (Contd.)

Activity (mCi)

Radio~-

e isotope 1970-71 71-72 72-73
Geochemical/ *%Fe - 5 5
Geophysical Research 6000 8 8 a

88y 0.003 0.003 0.003|
lOQCd _ 5 5
137¢g 0.003 0.003 0.003
1%7pn - 1,000 1,000
210p, - 10,000 10,000
238py - 30 100
24 lam 0.003 10 100
2420 - 400 4,000
Pu/Be 4,000 4,000 4,000
Am/Be 10 10 10
Cm/Be - 20,000 20,000
Gas Chromatography *H 7,000 6,650 7,010
S3ni 148 148 148
30gy 50 40 40
Biological Engineering *H 15,500 1,022,000 }{1,520,000
Miscellaneous Research, *n 1,108 348 143
(arsaitolony, wetatiwroy, | e
Dental). P - 6.2 6.2
3%g - 0.1 0.1
“Sca 0.5 - -
S4cy - 0.5 1
Miscellaneous Applications, l4c 0.013 0.016 0.021
(chvi petence mraining, | 1cc
Calibration, Alphatron Co 2.01 2.01 52
Gauge. ) 99Wp 0.14 0.14 0.14
210p4 0.9 0.9 1
Radium 4.1 4.2 4.2

Note:

Figures for 70/71 refer to actual use.

Figures for 71/72 and 72/73 are estimates supplied by users.



APPENDIX D

Questionnaires and accompanying letter from The Secretary.






Ausholion Afomic Energy  Commission Clffinsoly 45 Beach Stret, Coogen, NS W/

I A R S BTG T -
SUA REFERENEE TOUR NEFERENCE BOX 41. POST OFFICE, CODGEE, N.S.W., AUSTRALIA, 2034
CABLES: ATOMCOM,. SYDNEY — TELEPHOMNE: 6831221
G.71/3822 12 August 1971
bear Sir,

The Australian Atomic Energy Commission is conducting
a survey of all aspects of the use of radioisotopes in Australia
for the financial year 1 July 1970 to 30 June 1971, with some
information pertaining to earlier years.

Within the last three or four yYears there has been a
great increase in the demand for radioisotopes in Australia,
particularly in the medical field. This has led to the
development of special preparations for specific purposes and
has generally necessitated expansion of the A.A.E.C.'s preduction
capacity. '

Current use of radioisotopes, as indicated by the survey,
will be measured against former years and the potential for future
years will be gauged. This will enable requirements and demands
in the use of radiocisotopes to be predicted more accurately.

Your name, or the name of your organisation, as the user
of specified radiocisotopes, was supplied to us by the Health
Department in your State, or the Commonwealth X-Ray and Radium
Laboratory, or was available from our own records.

We would greatly appreciate your assistance in helping
us to carry out the survey and would be most grateful if you would
complete and return one copy of the enclosed questionnaire to the
above address by 10 September 1971, the spare copy being for your
records.

We have prepared three separate questionnaires covering
the following categories of radioisotope use:-

1. Medical ! (including medical research) 2
2, Industrial
3. Scientific, non medical research and miscellaneous,

and have sent you the questionnaire we consider to be appropriate
to your use of radioisotopes. If this guestionnaire is not
appropriate, please let us know and we will forward the correct
form to you.

¥ou are assured that, if you so indicate on the question-
naire, the information you supply therein will remain confidential
and will not be disclosed to any outside body without your permission.
However, we may wish to quote and publish the bulk figures for each
category, and general conclusions, etc¢., in the survey.

If you have any questions concerning the guestionnaire
or the survey, we would be very pleased to answer them for you.

Yours faithfully,

W. B zfzfeﬂ
"Seorotry KAC-

1. Medical use is here defined as "use on hﬁmans or for research,
the results of which may ultimately be applied to humans".

2. Medical research is here defined as "research using human subijects
or other in vivo or in vitro research, the results of which may
ultimately be applied to humans".






AUSTRALIAN ATOMIC ENERGY COMMISSION

SURVEY ON THE USE OF RADIQISOTOPES IN AUSTRALIA IN l970-7if

Questionnaire 1 : Medical Uses

Instructions & Explanation

Please complete and return one copy of this form by
the date shown in the accompanying letter.

. * .
The various medical uses of radicisotopes have been
divided into several categories as shown, and a table prepared
for each category.

At the head of each table is a typical example.
Please model your answer on this example.

In the columns marked 1971-72 and 1972—73T, please
enter your estimates for these years under the appropriate
category. Please include radioisotopes you expect to use
in the future, even though you have not hithertoc used them.

We realise that in most cases, it will be difficult to make
an accurate forecast, but some indication would be most useful
for our future planning.

The categories are:-
1.1. Diagnosis (in wivo, in vitro).

1.2, Therapy {teletherapy, implant, afterloading,
other {please specify)).

1.3. Research {(clinical, laboratory).

t Year refers to financial year (1 July - 30 June)

* Medical use is here defined as "use on humans or
for research, the results of which may ultimately
be applied to humans".



Category 1.1. MEDICAL — DIAGNOSIS

1970-71 No.of doses or tests

. . Total
Type* Radio- [ChemicallNo. of No. of |jelivered

isotope form [shipments|patients activity
(mCi)

t
1970-71| 71-72 | 72-73'

In vivo| Te 99m |Pertech- 80 70 150 a0 110 190
netate

% In vive, in vitro

t Please estimate, as explained on page 1.

Category 1.2.A. MEDICAL — TELETHERAPY

Activity (Ci) of Number of patients Number of irradiations
cobalt 60 as at in 1970-71
1.1.1971 1970-71| 71-72t| 72-73%
3,500 * 300 450 500 600

t+ Please estimate, as explained on page 1.

Do you expect to purchase cobalt 60 within the next two years? YES/NO.
If so, please state expected year of purchase and gquantity of cobalt-60.



Category 1.2.8. MEPICAL — THERAPY {other than Teletherapy}

1970-71 Number of patients
Type* Radio- |Chemical No. of Total. + R
isotope | form | nipments| 2CIVItY | 1970-71 | 71-72' | 72-73
Implant| Y80 Y,0, 15 60 15 25 15

# Implant, afterloading, other (please state).
t Please estimate, as explained on page 1.

Category 1.3. ‘MEDICAL — RESEARCH ©

Number of Total activity (mCi
Type* Radio- Chemical |shipments otal activity (mCi)
isotope foxm 1970-71 | 1970-71 | 71-72% | 72-73t
Hormone
Clinical I1381 zaze%ud 25 200 400 1800

O Medical research is defined as research using human subjects
or other in vive or in vitro research, the results of which
may ultimately be applied to humans.

% Clinical, laboratory, other (please state).

t Please estimate, as explained on page 1.

P.T.O.



Would you please also supply the following information:

1. In what year did you first use radioisotopes in the
categories listed?

Category 1.1 1.2.A. 1.2.B. 1.3.

Year

2. Please give a more detailed description of the ways in
which radicisotopes have been of benefit to your work.

3. Additional information and general comments.

4. Do you wish the information given in this questionnaire to
remain confidential? YES/NO.

Individual's or Organisation's name, and address of the location
where radioisotopes are used.



AUSTRALIAN ATOMIC ENERGY COMMISSION

L
SURVEY ON THE USE OF RADIOISOTOPES IN AUSTRALIA IN 1970-~71

Questionnaire 2 : Industrial Uses.

Instructions & Explanation

Please complete and return one cbpy of this form by
the date shown in the accompanying letter.

The various industrial uses of radioisotopes have
been divided into several categories as shown, and a table
prepared for each category.

At the head of each table is a typical example.
Please model your answers on this example.

In the columns marked 1971-72 and 1972-73% , please
enter your estimates for these years, under the appropriate
category. Please include radicisotopes you expect tc use
in the future, even though you have not hitherto used them,
We realise that in most cases it will be difficult to make
an accurate forecast, but some indication would be most
useful for our future planning.

The categories are:-—

2.1, Radiography.

2.2, Gauging {(thickness, density, level, gamma switch,
moisture, compouent analysis, other (please specify)).

2.3. Massive irradiation (sterilisation of medical supplies
or other materials (please specify material),

initiation of chemical reactions, other (please specify)).

2.4. Tracing (leak detection, pipe line location, mixing
studies, flow measurement, isotope dilution analysis,
wear studies, sand, silt or effluent tracing, process
evaluation, other {please specify)).

2.5. Miscellaneous {static elimination, fire alarms,
safety devices, self luminous signs, power sources,

- other {please specify).

t Year refers to financial year (1 July - 30 June).



Category 2.1. INDUSTRIAL — RADIOGRAPHY

&

No. of sources” |yg.of radio- C .
L. A Np. of purchased or raoh unigs Total agt1v1ty
Radioisotope|radiographs used graphy (mCi)
1970-71 _ in use
70-71[71-72[ 72-73] 1970-71 70-71) 71-721[ 72-73%
Ir 182 209 4 4 g 2 12,000115,000|30,000

#* Include sources purchased previously, but used in year specified.
t Please indicate, as explained on page 1.

Category 2.2. INDUSTRIAL — GAUGING

= . Total : Number of gauges
tpe” | Tadios | activiey | Material S
sotope | 1970-71 gaugec. 1970-71 | 71-72"| 72-73
, Caustie
Continuous|Cobalt 60| 10 mCi liquor in 2 4 4
level ateel tank

% Thickness, density, level, gamma switch, moisture, component analysis,
other (please specify).
t Please indicate, as explained on page 1.

Category 2.3. INDUSTRIAL — MASSIVE \RRADIATION

- Cobalt. 60 or |Activity Material Total megarad cubic ft
Type spent fuel (if Co60)as| 2 eg?at a irradiated
elements at 1.1.1971| ErACLATed [Trggs oy Ty 9ot 72-73F
Sterilia-
ation of ,
medical Cobalt 60 100,000 CL ! sutures ete 1,500 2,000 2,800
supplies

* Sterilisation of medical supplies or other materials (please specify
material), initiation of chemical reactions, other (please specify).

t Please indicate, as explained on page 1.

i



Category 2.4. INDUSTRIAL — TRACING

: . Number of Total activit mCi
Type * Radio- Form uses y mei)
1sotope 1970-71 | 1970-71 | 71-72%| 72-73%

Leak deteetion ]
in heat Krypton |Gas, with

: 8 20 35 5
exchanger as nitrogen

# Leak detection, pipe line location, mixing studies, flow measurement,
isotope dilution analysis, wear studies, sand, silt or effluent tracing,
process evaluation, other (please specify).

t Please indicate, as explained on page 1.

Category 2.5. INDUSTRIAL — MISCELLANEOUS

No. of devices

. ) 1 activi .
Type " Radioisotope in use Total activity (mci)
1970 - 71 _
1970-71 71-72 Y 7293t
Statie Strontium 80 4
glimination 100 200 200

# Static elimination, fire alarms, safety devices,
self luminous signs, power sources, other (please specify).

t Please indicate, as explained on page 1.

P.T.Q.



Would you please also supply the following information:

1. 1In what year did you first use radioisotopes in the

categories listed?

Category 2.1 2.2 2.3 2.4 2.5

Year

2. Please give a more detailed description of the ways in
which radicisotopes have been of benefit to your work.

3. Additional information and general comments.

4, Do you wish the information given in this questionnaire to

remain confidential? YES/NO.

Individual's or Organisation's name, and address of the location

where radioisotopes are used.

Name & Designation Signature Date




AUSTRALIAN ATOMIC ENERGY COMMISSION

SURVEY ON THE USE OF RADIQISOTOPES IN AUSTRALIA IN 1970-71*

Questionnaire 3 : Scientific, Non-Medical Research and

Miscellaneous Uses

Instructions & Explanation

Please complete and return one copy of this form by
the date shown on the accompanying letter.

The various sub-categories covered by this Category 3
include scientific, non-medical research*, (agricultural,
analytical, biological, chemical, engineering, industrial,
physical, etc.} education and teaching, veterinary, other
(please specify).

On page 2 of this form, there is a table covering
these applications of radicisotopes. At the head of this
table are two typical examples. Please model your answers
on these examples.

In the columns marked 1971-72 and 1972-73", please
enter your estimates for these years. Please include radio-
isotopes you expect to use in the future, even though you
have not hitherto used them. We realise that in most cases
it will be difficult to make an accurate forecast, but some
indication would be most useful for our future planning.

t Year refers to financial year {1 July - 30 June)

% Medical research is defined as research using human
subiects or other in vivo or in vitpe research, the
results of which may ultimately be applied to humans.



Category 3. SCIENTIFIC, NON-MEDICAL RESEARCH and MISCELLANEQUS USES

io- Activity (mCi
Type of , Radio Chemical form vity (mCi)

application isotope 1970-71| 71-72%| 72-73%
Agricultural|pposphorus 32| Orthophosphate 0.1 0.6 1.0
regearch
Chemieal Tpitium Water 1.0 5.0 1.0
regearch :

# Scientific, non-medical research (agricultural, analytical, biological,
chemical, engineering, industrial, physical, etc.), education and
teaching, veterinary, other (please specify).

t Please indicate, as explained on page 1.



Would you please also supply the following information:

1. In what year did you first use radioisotopes in the
sub-categories listed?

Sub-category

Year

2. Please give a more detailed description of the ways
in which radioisotopes have been of benefit to your work.

3. Additional information and general comments.

4. Do you wish the information given in this guestionnaire
to remain confidential? YES/NO.

Individual's or Organisation's'name,_and address of the location’
where radioisotopes are used.

Name & Designation Signature Date






