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ABSTRACT 

in this paper we report measurements on fallout in Australia from May to 
November 1970 following nuclear weapons tests by France in Polynesia, The 
measurements were made for 26 stations and nine major centres of population to 
determine radiation doses to whole body and to thyroid. The data, summarised in 
Tables 3 and 4, show that radiation doses from the fallout are small. The whole body 
doses range from 0.2 to 1.8% of the average annual background radiation, and the 
thyroid doses range from 1.2 to 8 . 1 % of the dose, over a year, equivalent to the 
guide level adopted by the National Radiation Advisory Committee. The radiation 
doses for 1970 ere lower than those for the major series of nuclear weapons tests in 
Polynesia in 1966 and comparable to those for 1968. The National Radiation Advisory 
Committee considers that radiation doses of this magnitude are of no significance as a 
hazard to health. 

As this report is the first of a new series, some detailed information is 
included in Chapter 1 which, it is hoped, will be of general interest in relation to the 
monitoring programmes. 
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Chapter 1: THE FALLOUT MONITORING OPERATION AND RADIATION DOSES 
TO THE AUSTRALIAN POPULATION 

1 2 3 4 
W.J . Gibbs , J.R. Moroney , D.J. Stevens and E.W. Titterton 

1. Monitoring of Fallout in Australia 

For the past fifteen years, comprehensive programmes of fallout 
monitoring have been conducted in Australia by the Atomic Weapons Tests Safety 
Committee (AWTSC) to monitor radioactive debris from nuclear weapons tests carried out 
in the atmosphere. The main objective of these programmes is to make physical 
measurements on fallout so that any hazard to health of the Australian community can be 
assessed. 

Contamination of the environment with radioactive fallout can affect living 
tissue only through the radiation emitted by the constituent radioisotopes as they deccy. 
If the radiation is penetrating, it may reach the tissue from fallout deposited on the 
ground and give rise to what is termed an external radiation dose. This type of dose is 
the sole contribution made by most components of fallout before they are removed from 
the immediate environment by weathering and orher processes. In contrast to this 
relatively simple picture, a few radioisotopes in fallout readily enter existing ecological 
processes, and are transferred along complex pathways to enter the food supply of the 
population. When taken into the body, these radioisotopes may accumulate in specific 
tissues and deliver to them what are termed internal radiation doses. For fallout from 
nuclear weapons tests, these internal radiation doses are much more important as 
potential health hazards than the external dose component. 

Broadly speaking, there are two major sources of both internal and 
external radiation doses from fallout in Australia and the monitoring operation is 
divided accordingly into two separate, but complementary programmes. One programme 
is devoted to a continuing, long-term survey of strontium 90 and caesium 137 in the 
environment. These two radioisotopes are the most hazardous of the long-lived 
radioactive materials in fallout; each has its main effect as a source of internal 
radiation dose, strontium 90 to bohe and bone marrow and caesium 137 to soft tissues 
generally. However, as a deposit on the ground, caesium 137 also makes a 
contribution to the external dose. Most of the strontium 90 and ccesium 137 in 
Australia has arisen from the major series of nuclear weapons tesH by the Soviet Union 
and the United States of America up to 1962 when release of large quantities of 
radioactive debris to the atmosphere ceased on signing of the Partial Test B.in Treaty. 
More recently, nuclear weapons tests by France in Polynesia have made a small, but 
noticeable, addition. 
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The second programme is directed at the shorter-lived radioisotopes in 
faliout - fresh fission products - which can contribute significant radiation doses only in 
the few months during and immediately following a test series. The fresh fission products 
deliver external radiation doses during the period they are present in the immediate 
environment as ground deposits. One of them, iodine 131, can enter the milk supply 
when deposited on dairy pasture; consumption of milk can then lead to selective 
absorption of iodine 131 into the thyroid where it has its main effect in irradiating that 
gland. Iodine 131 is, therefore, the most important of the shorter-lived radioisotopes in 
failout and its measurement is emphasised in the monitoring. The short-term progrcr.ime 
is operated whenever fresh fission products may be present in fallout over Australia. 
Thus, monitoring of this type was carried out in 1956 and 1957 in relation to British 
tests in Australia, in 1962 for United States tests in the Central Pacific area and in 1966, 
1967, 1968 and 1970 for the series of French tests in Polynesia. 

Both the short and long term monitoring programmes, therefore, involve 
measurements which enable the internal and external radiation doses from fallout te be 
evaluated. Monitoring for external doses, whether from fresh fission products or long-
lived radioactive materials, simply entails measurements on fallout deposits. Mom ton ng 
of the three most important radioisotopes in fallout - strontium 90, caesium 137 and 
iodine 131 - which give the main internal doses, requires detailed and continuing 
surveys of diverse environmental elements, of foodstuffs and of the population itself. 
The programmes are outlined in Table 1 . While the AWTSC remains responsible for these 
programmes, defining the objectives and the means by which they are to be attained, 
specialist agencies already established and competent in particular areas actually carry 
them out. Therefore, many authorities throughout Australia co-operate in the monitoring 
operation and specific reference to the main contributions is made in Table 1 . 

In monitoring fallout from nuclear weapons tests in the atmosphere it is 
usual to obtain broad information for the main population groups, including average 
radiation doses to which they may be subjected. However, rhis broad information is 
supported by detailed knowledge of processes by which the important radioactive 
materials may be concentrated in the environment, especially where food supplies are 
involved, and particular attention is given to those points. Complete and detailed 
coverage of all members of the population would be impossible. 

The necessity to confine the monitoring to main population centres raises the 
question of whether other communities may be exposed to radiation doses differing from 
the averagei measured. A similar question could apply to some individuals and small 
groups even within the population centres monitored. This is a common problem in the 
design of environmental monitoring programmes and has been dealt with by the 
International Commission on Radiological Protection (ICRP, 1965) in relation to the 
donned and controlled release of radioisotopes, for example, in the nuclear energy 
fetr7. A'tbugh the recommendations by 1CRP are not intended to apply oirectly to 
the monitoring of fallout from nuclear weapons teats, nevertheless, the principles 
enunciated are most valuable, and have been wed as a guide In establishing the 
Australian programmes. 

ICRP emphasizes that, because of variations within a population exposed to 
an environment contaminated with radioisotopes, It Is Impossible to determine with 
precision the maximum radiation dose that any single Individual might receive. In some 
situations It may be possible to overcome this difficulty by selecting a critical group, 
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representative of individuals expected to receive the highest radiation doses, and apply a 
'dose limit* for members of the population to the mean dose of this group. Even if such a 
group can be chosen, some members of it may receive higher doses than the 'dose limit1, 
and ICRP points out that 'at the very low levels of risk implied, it is likely to be of minor 
consequence to their health if the "dose limit" is marginally or even substantially 
exceeded*. The 'dose limit' is intended fcr planning purposes and in no sense implies a 
threshold above which biological damage occurs. 

Following this philosophy, the data obtained from fallout monitoring in 
Australia provides a basis for direct comparisons with population 'dose limits'. Thus an 
example is the radiation protection guide on iodine 131 recommended by the National 
Radiation Advisory Committee (NRAC, 1965). 

All results from the fallout monitoring operations in Australia have been 
published in full in the scientific literature; a list is given on pages 16-20. A 
publication routine has become well established on the following basis 

- for the long-term, continuing survey of strontium 90 and 
caesium 137, the data are published annually, with each 
report covering a calendar year; accumulated data are 
reviewed and analysed from time to time. 

- for the shorr-term monitoring of fresh fission products, all 
results from a programme are published as soon as possible 
after completion of the monitoring. 

For both short and long term programmes- all results for publication are collated and 
analysed as a whole before the report is completed. In the case of fresh fission products, 
publication of fallout data usually follows within a few months of completion of the 
monitoring programme. A longer period, often up to a year, is needed for the strontium 90 
and caesium 137 surveys as the measurements are much more complex and time consuming. 
Despite these unavoidable delays, the advantages of this publication practice have been 
confirmed repeatedly; when the data are presented and considered as a whole, transient 
changes in fallout levels are shown in their proper context, without which they could be 
misinterpreted. This report, which is the first of a new series, continues the practice 
and gives the complete data from the programme conducted during 19/0 to monitor 
fresh fission products In fallout from French nuclear weapons tests in Polynesia. 

2 . Fallout of Fresh Fission Products from the 1970 Test Series 

Eight nuclear weapons tests were conducted by France in the South Pacific 
Ocean* from May to August 1970. Official French statements on the rests are 
summarised in Table 2; at least two of the explosions were of megaton yield. In order to 
monitor fallout reaching Australia in the weeks following the tests, the AWTSC 
re-introduced a programme similar to that employed In 1966, 1967 and 1968 when France 
also conducted nuclear weapom tests In Polynesia. The 1970 programme was commenced 
on Mav 19 and closed down on November 5, by which time the main deposition over 
Australia of short-lived debris from the explosions was complete. The effort again was 

w Tte fmt s % fa in the Islands of the Tuomotu Archleofogj In the Sojth Pacific " 
Ocean (22°S, 139°W) some 4000 miles to the oast of coastal Queensland. 
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directed to the prompt detection and measurement of fission products of recent origin so 
that emphasis was placed on daily monitoring. The programme involved measurements of 
total beta activity in daily fallout deposition at 26 stations and iodine 131 in daily milk 
samples from nine population centres. The geographical distribution of the sampling 
network is indicated on the map of Figure 1. The results obtained from it are reported 
fully in Chapters 2 and 3. 

The first test, on May 16 1970, commenced the series in late autumn, more 
than a month earlier than for the previous major series at the site in 1966 and 1968. 
Although the autumn months are known to have a higher probability of easterly winds 
about the latitude of the site, especially at higher altitudes, there was no evidence 
during 1970 of fallout being transported directly westward to Australia from the site, at 
least with a transit time less than the two weeks or so usually taken by the much longer 
round-the-world eastward path. Indeed, it transpired that deposition in Australia of 
shorter-lived radioactivity from the tests was generally at lower levels of activity than 
from previous series. However, fallout following conclusion of the 1970 series, on 
August 7, persisted for some three months and led finally to a total similar to that of 1968. 

3. Gamma-Radiation Dose to the Whole Body from Fallout over Australia 

As described in Chapter 2, external gamma radiation doses to the whole body 
were computed from the measurements on fresh fission products in fallout at the 26 
stations from May to November, 1970. The estimated doses are summarised in Table 3; 
they are upper limits as no account has been taken of weathering, shielding and other 
effects which would reduce actual whole body doses by a factor of three to four in a 
rural area (Knapp, 1962) and of five or more in an urban community (U.K. Medical 
Research Council, 1960). 

The external gamma radiation doses from the fresh fallout during the period 
lie between 0.2 and 1.4 millirad for all stations except Lae which has a figure of 2.2 
millirad; fallout at Lae was accompanied by more than 2.5 metre of rainfall. By 
comparison with the average annual background radiation from natural sources of 120 
millirad, the radiation doses from fallout are seen to be very small. This is especially so 
when account is taken of effects of shielding by buildings and weathering of debris, both 
of which reduce the dose received. 

The radiation doses from the 1970 fallout are similar to those for 1968, which, 
in a detailed assessment, the NRAC declared did not constitute a significant hazard to 
health of the Australian population (NRAC, 1969). 

4. Radiation Dose to Thyroid due to Iodine 131 Contamination of Milk Supplies 

In Chapter 3, radiation doses to thyroids of young children are derived from 
the measurements on iodine 131 in milk supplies of the nine population centres from May 
to October 1970. The calculated doses, summarised in Table 4, are to be compared with 
840 millirad per annum, which Is equivalent to the radiation protection guide adopted by 
the NRAC In 1965. As mentioned In Chapter 3, the NRAC after* that continuous 
exposure at the guide level would not endanger the health of the population. For the 
capital city areas, the radiation doses range from 10 to 35 millirad which m small 
compared with the guide level* For Molonda, the computed dote It higher at 68 millirad 
than for the other centres monitored; even to, it too, it much smaller than the guide level. 
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Table 4 gives the maximum thyroid doses in any 12-month period, 
corresponding to the 12-monthly averaging procedure defined by the radiation protection 
guide. For all nine centres the highest doses occurred in 1966-67. 

5. Summary and Conclusions 

• External gamma radiation doses to whole body from fallout of fresh fission products in 
Australia from May to November 1970, following nuclear weapons tests by France in 
Polynesia, ranged from 0.2 to 2.2 millirad for the 26 centres monitored; they correspond 
to 0.2 to 1.8% of the average annual background radiation from natural sources. 

• Radiation doses to thyroids of young children consuming fresh cows' milk following 
fallout over Australia of fresh fission products from the 1970 series of nuclear weapons 
tests in Polynesia, ranged from 10 to 68 millirad for the nine major milk supplies 
monitored. They are 1.2 to 8 . 1 % of the dose, over a year, equivalent to the NRAC 
guide level, continuous exposure to which would not endanger the health of the 
population. 

• Radiation doses to whole body and to thyroid, of the magnitude of those reported 
here from the follout of fresh fission products in Australia during 1970, are conside-ed 
by the NRAC to be of no significance as a hazard to health. 
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Chapter 2: MEASUREMENTS OF TOTAL BETA ACTIVITY IN THE FALLOUT 

1 2 3 ; 
B.A.Devlin , J.R. Moroney , R.O. Nunn and F.M. Stewart* 

1 . Introduction 

To provide information on fresh fission products in fallout reaching Australia 
from nuclear weapons tests being conducted by France in Polynesia, the AWTSC 
re-introduced a programme of measurement on total beta activity in daily fallout 
deposition covering the period May 19 to November 5, 1970. The programme was 
terminated only after it became evident that fallout of fresh fission products from the 
tests was effectively complete. 

As in previous programmes for monitoring fallout over Australia from nuclear 
weapons tests in Polynesia, the operation in 1970 was based on a network of some 26 
stations, which, as shown in Figure 1 , extended throughout Australia and included 
New Guinea. There were two broad objectives, namely, 

- to give, for the country-wide network, a day-to-day indication 
of changes in the level of fresh fission products in fallout, and 

- to provide a basis for estimating external radiation doses from 
the fallout to populations living in the 26 centres monitored. 

A new method of monitoring was employed throughout the network; for convenient 
reference, it has been termed the SPIEFS* method and is described in section 2 of this 
Chapter. The entire data on total beta activity in daily fallout deposition are given in 
section 3, together with the external gamma radiation doses calculated from the fallout 
measurements. 

2. The SPIEFS* Method 

Most fallout particles impinging on a horizontal adhesive surface will be 
retained there, whether they have been deposited from the atmosphere by wet or by dry 
precipitation processes. If the adhesive surface can bo continually replaced after 
exposure - for example, as an adhesive film - and submitted for laboratory measurement, 
it can become the basis for indicating day-to-day levels of radioactivity in fallout 
deposition. Because of the simplicity of this fallout sampling technique, the adhesive 
film has been employed extensively for the purpose, especially in widespread networks 
of stations (Dwyer et a l . , 1959; Harley et a l . , 1960). It is known, however, that rain 
erodes both soluble and insoluble particles from horizontal adhesive surfaces (Eisenbud 
and Harley, 1956; Keam et a l . , 1958; We I ford and Collins, 1960) and such effects were 

T Commonwealth Department of Supply, Defence Standards Laboratories. ~" 

2 Commonwealth Department of Supply; Member and Executive Officer, Atomic 
Weapons Tests Safety Committee. 

3 Commonwealth X-Roy and Radium Laboratory. 

* SPIEFS is an acronym for sticky paper ion exchange fallout sampler. 
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investigated in Australia in 1968 during monitoring of fresh fission products in fallout 
(Gibbs et a l . , 1969). Therefore, should it be required to obtain the whole of the fallout 
deposit for analysis, the water-borne fraction eroded from the adhesive surface must be 
retained too. This is provided in the SPIEFS method, which is described schematically in 
the diagram of Figure 4. It is divided into four phases: fallout sampling, laboratory 
measurements, data analysis and results. 

The SPIEFS sampling equipment is depicted in Figure 5. A circular film of 
polyester, 0.07 square metres in area, and coated on its upper surface with a durable 
adhesive, is mounted horizontally in the mouth of o polythene funnel 1.2 metres above 
ground. The funnel drains to an outlet to which an ion exchange column may be coupled. 
The geometry of funnel and ion exchange column limit the flow rate to approximately 25 
millilitre per minute through a mixed resin bed of 90 millilitre of Biodeminrolit. Both the 
adhesive disc and the ion exchange column are readily replaceable in the equipment and, 
after exposure, can be air freighted to laboratory for measurement. Sampling continuity 
is facilitated by the use alternately of two identical units provided in the one set of 
equipment. 

By the manner in which the ion exchange column is employed, several 
alternative procedures for sampling fallout deposit are possible in the SPIEFS method. A 
choice can be made in terms of data required, nature of the fallout debris and climate of 
the monitoring station. In order to make most effective use of the alternatives offered, 
three sampling procedures were adopted during the monitoring in 1970. All 26 stations 
maintained continuous 24-hour sampling with adhesive discs and, referring to the map of 
Figure 1, 

- at 4 of the stations, selected to represent a wide range of 
rainfall and other climatic conditions, ion exchange columns 
were operated continuously and were changed at the end of any 
24-hour period during which rain fell at the station 

- at 9 of the stations, ion exchange columns were operated 
continuously and were changed weekly for measurement 

- st 13 of the stations, selected because of low rainfall 
frequency during winter and spring months, ion exchange 
columns were not employed. 

At all stations the SPIEFS equipment was operated for the AWTSC by the Commonwealth 
Bureau of Meteorology. After exposure, the adhesive discs and ion exchange columns 
were despatched to Melbourne for measurement of total beta activity by CXRL. The 
adhesive discs went direct to CXRL, while the ion exchange columns were first prepared 
by Defence Standards Laboratories of the Commonwealth Department of Supply (DSL) 
before presentation for measurement. 

Preparation of the fallout samples for measurement entailed ashing the 
adhesive discs and ion exchange columns to controlled programmes with a maximum 
temperature of 500°C; the adhesive discs ware held at thot temperature for 12 hours and 
the resins for 42 hours. All ashes were loaded Into standard planchettes and their beta 
activity counted for 60 mrrwtes. Anticoincidence counting anemgements cmd lead 
shielding reduced background radiation effects. Planchettes were cnonged automatically 
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so that continuous operation of the counters could be maintained. The counters were 
calibrated with a set of strontium 90 sources of known activity, prepared using the same 
procedures as for the fallout samples. Minimum detectable activity with the counters 
corresponded to approximately 0.05 nanocuries of fission products per square metre of 
fallout deposit sample. 

The delay between collection and measurement of the adhesive discs averaged 
six days. Those exposed with ion exchange columns were remeasured when the 
corresponding resin ashes were presented for beta counting two to three weeks after 
sampling. 

Results on total beta activity in the adhesive disc fractions of the daily 
fallout samples were computed weekly and provided immediately to the AWTSC for study. 
On the conclusion of the monitoring operation, and when measurements on the ion 
exchange columns were completed, external gamma radiation doses from the fallout at the 
26 stations were estimated. The computation was based on the total beta activities 
measured in the adhesive disc fractions; the procedure included the following steps 

- the daily fallout was assigned to the most recent explosion 
in the series allowing for an appropriate transit time from the 
test site to Australia, usually 10 to 15 days. This simplified 
approach in attributing all fallout in a period to one, or at 
most two, explosions was adopted to facilitate the computation; 
it can be shown, however, that taking complete account of likely 
mixtures of debris leads to only small changes in estimated dose. 

- the measured beta activities were corrected for decay between 
sampling and measurement using the t time dependence of 
activity of fresh fission products; the value of n was confirmed 
by remeasurement, at intervals, of more active daily samples. 

- the measured beta activities were corrected for rain erosion of 
fallout deposit from the adhesive discs; the rain dependent 
correction factors were derived from analysis of all pairs of 
adhesive disc and ion exchange column fractions of daily 
fallout samples. 

- for each station, the corrected beta activities in daily fallout 
were assumed to be distributed uniformly over a limitless plane; 
the gamma radiation dose associated with the beta activity was 
integrated to infinity and then summed for all daily deposit 
samples containing debris assigned to the explosion. 

The dose computation takes no account of roughness of terrain, weathering effects, or 
shielding afforded by buildings, which wou'.d reduce the actual radiation dose to the 
whole body by a factor of three to five (U.K. Medical Research Council, 1960; Knapp, 
1962). The dose calculated in this way therefore represents an upper limit to the 
external radiation dose to the whole body to be expected from the fallout. 

It will be seen that the results to meet the first objective of the operation -
continuous surveillance of the fallout situation - are yielded with the least delay; they 
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come directly from routine measurements and usucM • follow about a week after the fallout' 
occurs. The second set of results, on external radiation doses, is the product of 
additional measurements and extensive data analysis, neither of which can be completed 
until some weeks after the conclusion of the monitoring operation. While approximate, 
interim data on radiation doses can be extracted progressively throughout the monitoring, 
final data which can be given meaningful interpretation must await completion of all 
measurements 'and analyses. 

3. Measured Doily Fallout Deposits and Es»imoted Radiation Doses 

The total beta activities cf fallout on daily adhesive discs from the 26 
stations are plotted in Figures 2 (a) and (b) together with daily rainfall. The activities 
are as measured; they have not been corrected for decay or rain erosion effects. The 
results are characterized at most stations by a few peaks of fallout deposition, often 
associated wifh rain. Consideration of the main depositions confirms the conclusion 
drawn from the results of similar measurements in previous years, namely, that follout 
usually commences in Australia 10 to 15 days after a given explosion at the test site in 
Polynesia. 

Table 2 shows that the series of eight explosions wes divided into three groups 
- explosions 1 to 3, 4 and 5 and finally 6 to 8 - with intervals of three to four weeks 
between. For many stations, fallout persisted throughout the intervals and has been 
attributed to the final explosion in the preceding group, namely, explosions 3 and 5, both 
of which were announced by France as having megaton yields. The effect was even more 
pronounced following explosion 8, with follout continuing for some three months. Such 
long deposition times are to be expected for debris produced in megaton explosions and 
especially for material lifted into the stratosphere. The sustained follout following the 
conclusion of the series may have included debris from explosion 3 or 5 as well as from 
explosion 8, but material from the final explosion appeared to predominate. Although no 
official announcement was made by France regarding explosion 8, it would seem that the 
yield was high. 

The external radiation doses from fallout from the explosions, and the total 
for the whole series of tests, are presented in the eight maps of Figure 3. The doses were 
estimated following the procedures described in section 2 of this Chapter. Because of the 
strong dependence of fallout on rain, the total rainfall for the period of main fallout from 
an explosion is included for each station in Figure 3. 

Fallout over Australia during the period May 29 to August 20 1970, was 
assigned to explosions 1 to 6 in the computation of radiation doses, Figures 3 (a) to 3 (f). 
The follout was light and that which did occur was mainly In southern and north-eastern 
areas. Indeed, deposition of debris from the series of tests was dominated by the follout 
from August 21 to November 5 1970, assigned to explosions 7 and 8; it gave rise to the 
highest external radiation doses for the series, Figure 3 (g). All stations in the network 
recorded some fallout at that stage, so confirming the wide latitudinal spread to be 
expected for debris resident In the lower atmosphere for such a period of months. 

Table 3 lists the total external radiation doses from fallout at the 26 stations 
from May to November 1970. The fission products In the follout giving rise to these 
external radiation doses ranged in age between two and 15 weeks, It follows tnet rather 
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more than 70% of the total radiation dose from the fallout from each explosion would 
occur within 12 months. Integration of a total dose over the whole series of tests then 
allows a straightforward comparison to be made between the external closes and the annual 
background radiation from natural sources. For the whole population the annual 
background radiation averages about 120 millirad, but it may vary with time and place 
by some tens of millirads. Thus the radiation doses from fallout are small, not only by 
comparison with the annual background radiation, but even compared with the 
variations expected in i t . 

11. 

Chapter 3: MEASUREMENTS O N IODINE 131 IN MILK SUPPLIES 

J. Bonnyman and J .C. Duggleby 

1. Introduction 

Iodine 131 is potentially the most hazardous radioisotope in fallout of fresh 
fission products because it enters man's diet readily through fresh animal milk, and is 
selectively absorbed into the thyroid. Young children are of particular concern in this 
respect. Therefore, as in previous years of French nuclear weapons testing in Polynesia, 
the AWTSC instituted a programme of daily sampling of milk for iodine 131 assay. The 
programme cove-ed the nine major centres shown in Figure 1 , so that milk being consumed 
by about 75% of the Australian population, resident largely in urban areas, was 
monitored. Measurements on the concentration of iodine 13: in the milk supplies allow 
direct computation of average radiation dose to the thyroid of the population consuming 
the milk and, in particular, to the thyroids of young children. 

2. Sampling and Measurement Programmes 

Daily samples were obtained from milk being processed for consumption in 
Perth, Adelaide, Melbourne, Hobart, Launceston, Sydney, Brisbane and Rockhampton; 
and from the major milk producing area around Malanda on the Atherton Tableland in 
northern Queensland. In addition to meeting local requirements, the Rockhampton 
dairying area supplies a number of coastal and Inland centres of population including 
Mt. Morgan, Longreach and Winton. Milk produced around Malanda is transported over 
considerable distances to supply populations in major cities and towns in northern 
Queensland including d i m s , Townsville, Hughenden, Cloncurry and Mt. Isa. The 
extent of the milk sampling programme, and the coverage it affords, is indicated in 
Table 5. 

Through the co-operation of authorities responsible for supervising the 
production, distribution and marketing of fresh cows' milk in each centre, one litre 
samples were obtained each day to represent, proportionately, most of the milk being 
pasteurized for sale on days subsequent to sampling. Interstate samples, sent to Melbourne 
by air freight, were available for measurement of iodine 131 concentrations at CXRL more 
or less cot currently with the distribution and consumption of the milk. Upon receipt at 
the laboratory, the Hobart and Launceston samples for each day were compounded Into 
one sample representing Tasmania. For all centres, samples taken on two consecutive days 
were combined to provide a single sample for measurement. The monitoring of the milk 
supplies for iodine 131 was commenced on May 21 and concluded on October 15 1970, by 
which time the concentrations of the radioisotope had returned to below 8 picocuries per 
litre - the lowest concentration chosen for routine measurement. 

At CXRL the milk samples were processed chemically to concentrate the 
iodine 131 into a small volume for measurement by a gamma-ray counting method which 
has be*n described and discussed elsewhere (Bonnyman and Duggleby, 1969). Briefly, 
the iodine 131 is concentrated chemically by adding 20 milligramme of iodine as 
potassium iodide to each litre of milk and passing the sample at 20 millfllrre per minute 

1 Commonwealfh X-Ray and Radium Laboratory. " " " " 
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through an ion exchange w i n , consisting of 50 millilitre of De-acidite FF in the 
chloride form, contained in a 37 millimetre diameter column. The resin, in a plastic 
container, is counted for 200 minutes in a sodium iodide well-crys>ol, 125 mrilimetre 
high by 125 millimetre diameter, fitted with an autcriatic sample changer. 

3. Results and Discussion 

The iodine 131 concentrations for the nine sampling centres, expressed as 
picocuries of iodine 131 per litre of whole milk at midnight between the two days of 
each combined sample, are plotted in Figure 6. Malanda again returned the highest 
concentrations, with one sample, for June 22-23 1970, reaching 124 picocuries per 
litre. At other centres the concentrations never exceeded 50 picocuries per litre. 

The integrated concentrations of iodine 131 in the nine milk supplies for 
1970 are given in Table 6 as picocurie-days per litre. Despite the low concentrations 
of iodine 1 31 in individual samples - generally lower than in 1966,. 1967 or 1968 - the 
extended period of the tests in 1970, and the prolongation of fallout of fresh fission 
products, led to integrated concentrations comparable to 1968 but lower than 1966 
(Bonnyman and Duggleby, 1969). 

With the completion of four series of nuclear weapons tests c?t the site in 
Polynesia, a broad geographical pattern is emerging in iodine 131 integrated 
concentrations for the Australian milk supplies. Each year the maximum integrated 
concentration has been recorded in milk from Malanda, while Sydney, Melbourne and 
Hobart-Launceston usually produce the lowest integrated concentrations. Many factors 
probably contribute to this general pattern, the most significant being the latitude of 
the dairying area, the frequency of winter-spring rains and rainfall intensity. 

This general pattern may be altered when abnormal weather conditions 
coincide with the presence of high concentrations of iodine 131 in the atmosphere and 
could be different if nuclear weapons tests were conducted in Polynesia at a different 
time of the year. 

4. Radiation Dose to Thyroid and Radiation Protection Guide 

Following the U. N . Scientific Committee on the Effects of Atomic 
Radiation (UNSCEAR, 1964), accumulated dose to thyroid as a result of consumption of 
milk contaminated with iodine 131 is given by the expression 

= K. I .M.F.T . 
m 

is the accumulated dose to thyroid in millirad. 

is the dose-rate factor, 0.010 millirad per day for each 
picocurie of iodine 131 per gramme of thyroid tissue. 

is the integrated concentration of iodine 131 In milk over 
the period, expressed as picocurie-days per litre, and 
obtained from the monitoring operation. 

I; 

where 

D • 

D 

K 
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M is the average daily consumption of milk, 0.7 litre 
for infants but a much smaller volume for adults. 

F is the fraction of ingested iodine 131 reaching the 
thyroid, 0 .3. 

T is the mean effective time of iodine 131 storage in the 
thyroid, 11 days. 

r.. :s the mass of the thyroid, averaging 2 gramme for 
in "ants but 20 gramme for adults. 

Hence, the average young child, as a consequence of his small thyroid and 
comparatively large intake of milk, would receive a radiation dose to thyroid one to two 
orders of magnitude greater than the average adult. The infant age group, therefore, is 
at greatest risk end is the critical group In the monitoring of iodine 131 in the 
environment. 

The National Radiation Advisory Committee (1965) adopted a radiation 
protection guide for the concentration of iodine 131 in milk supplies due to fallout from 
nuclear weapons tests. The Committee believes that iodine 131 in fallout from nuclear 
weapons tests would not constitute a significant threat to the health of the Australian 
community provided that its concentration in liquid milk does not exceed 200 picocuries 
per litre averaged over a period of twelve months. If a concentration of 200 picocuries 
per litre is maintained for a period of twelve months the average young child would 
receive an accumulated radiation dose to thyroid of some 840 millirad. 

The radiation dose to thyroid for the average child consuming milk processed 
during 1970 in each of the centres monitored, has been calculated from the integrated 
concentrations given in Table 6. The estimated doses, summarised in Table 4, are small 
by comparison with 840 millirad which is equivalent to the radiation protection guide. 

For the major centres of population, the estimated doses are upper limits as 
they are based on concentrations of iodine 131 in fresh milk at the time of processing and 
on the assumption that all milk consumed by the average child is in the form of fresh 
cows' milk. In practice, milk would not normally be available to the general public 
until at least a day after processing and, because of the radioactive decay of iodine 131, 
the estimated closes would be decreased by approximately 8% for each day interval 
between processing and consumption. These considerations also apply to most of the milk 
produced in the Malanda area, as it is distributed over considerable distances from 
Malanda, to centres listed in Table 5, resulting in delays of three to five days before it 
is consumed. Therefore, thyroid doses for young children consuming the milk in these 
distant areas would be less than the estimated value of 68 millirad In Table 4 and more 
likely in the range 40 to 50 millirad. 

In dairying communities, milk may be consumed shortly after production and 
perhaps several days before processing and monitoring in the centre being supplied. 
Therefore, for the relatively few persons involved, the radiation doses to thyroids of 
young children would be slightly higher than the values estimated In Table 4. In the 
case of the Malanda dairying area, for examr'e, the figure would rise from 66 to about 
80 millfrad, which is still less than 10% of 840 mf I If rod, the dose equivalent to the 
NRAC protection guide** 

* Application of the radiation protection guide in such cases is discussed on pages 
2 and 3 of Chapter 1 . 
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On trie other hand, infants' diets drawn substantially from sources other than 
fresh cows' milk would yield lower radiation doses to thyroid because the iodine 131 in 
mothers' milk is reduced by a 'biological barrier1, and concentrations of iodine 131 in 
dried or evaporated milk would be expected to be zero due to decay in the period 
between production and consumption. 

5. Conclusion 

Measurements on iodine 131 in milk consumed by 75% of the Australian 
population following the 1970 series of nuclear weapons tests by France in Polynesia, 
indicated that radiation doses to thyroids of young children ranged from 10 to 35 
millirad for the major centres of population and up to 68 millirad for milk supplied 
from the dairying area around Malanda in Northern Queensland. These closes are small 
by comparison with 840 nillirad in a year, the dose to thyroid equivalent to the NRAC 
protection guide, continuous exposure to which would not endanger the health of the 
population. 

15. 
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Appendix: LIST OF PUBLICATIONS O N MEASUREMENTS OF 
RADIOACTIVE FALLOUT IN AUSTRALIA 

1 . Fresh Fission Products in Global Fallout 

Search for Fallout in Australia from the Christmas Island Tests. 
L.J. Dwyer, D.W. Keam, D.J. Stevens and E.W. Titterton. 
Australian J. Sci. 20, 39-41 (1957) August-September. 

Global Fallout in Australia During the Period 26th November 1956 to 
31st December 1957. 
D.W. Keam, L.J. Dwyer, J .H. Martin, D.J. Stevens and E.W. Titterton. 
Australian J. Sci. 21 , 8-9 (1958) July. 

Global Fallout in Australia During 1958. 
D.W. Keam, L.J. Dwyer, J .H. Martin and E.W. Titterton. 
Australian J. Sci. 22, 51-54 (1959) August. 

Global Fallout in Australia During 1959. 
J.R. Blake, L.J. Dwyer, J .H . Martin and E.W. Titterton. 
Australian J . Sci. 23, 69-71 (1960) September. 

Global Fallout in Australia During 1960-61. 
J.R. Blake, L.J. Dwyer, J.R. Moroney, D.J. Stevens and E.W. Titterton. 
Australian J. Sci. 24, 467-470 (1962) June. 

Global Fallout in Australia During 1962. 
R.J.L. AI sop, J.R. Moroney, R.O. Nunn, D.J. Stevens and E.W. Tittcrton. 
Australian J. Sci. 25, 426-429 (1963) April. 

Total Beta Activity in Global Fallout in Australia During 1963. 
R.J.L. Alsop, W.J , Gibbs, J.R. Moroney, D.J. Stevens and E.W. Titterton. 
Australian J. Sci. 26, 342-345 (1964) May. 

Fallout Over Australia from Nuclear Weapons Tested by France During July 1966. 
W.J , Gibbs, J.R. Moroney, D.J. Stevens and E.W. Titterton. 
Nature 212, 1562-1564 (1966) December 31 . 

Fallout Over Australia from Nuclear Weapons Tested by France in Polynesia from July 
to October 1966. 
W.J . Gibbs, J.R. Moroney, D.J. Stevens and E.W. Titterton. 
Australian J. Sci. 29, 407-416 (1967) May. 
(Reproduced as the Appendix to the NRAC Report to the Prime Minister March 1967). 

Fallout Over Australia from Nuclear Weapons Tested by France in Polynesia During June 
and July 1967. 
W.J . Gibbs, J.R. Moroney, D.J. Stevens and E.W. Titterton. 
Australian J. Sci. 30, 217-222 (1967) December. 
(Reproduced as the Appendix to the NRAC Report to the Prime Minister December 1967). 
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Iodine 131 Levels in Milk in Australia During the Period May-November 1962. 
J . Bonnyman and D.W. Keam. 
Australian J . Sci. 26, 74-76 (1963) September. 
(Reproduced as Appendix iV to the NRAC Report to the Prime Minister November 1965). 

Iodine 131 Levels in Milk in Australia During the Period July-December 1966. 
J. Bonnyman and J.C. Duggleby. 
Australian J . Sci. 29, 402-406 (1967) May. 

Iodine 131 Concentrations in Australian Milk Resulting from the 1967 French 
Nuclear Weapons Tests in Polynesia. 
J . Bonnyman and J.C. Duggleby. 
Australian J . Sci. 30, 223-226 (1967) December. 

The Concentrations of Radioactive Isotopes in the Australian Surface Air 
During the Period May 1965-December 1967. 
J. Bonnyman, J .C. Duggleby and J. Molina-Ramos. 
Technical Report CXRl/9 (1968) October. 

Fallout Over Australia from Nuclear Weapons Tested by France in Polynesia 
from July to September 1968, 
W.J . Gibbs, J.R. Moroney, D.J. Stevens and E.W. Titterton. 
Australian J . Sci. 31 , 383-388 (1969) May. 

Iodine 131 Concentrations in Australian Milk Resulting from the 1968 French 
Nuclear Weapons Tests in Polynesia. 
J. Bonnyman and J.C. Duggleby. 
Australian J . Sci. 31 , 389-392 (1969) May. 

2. Strontium 90 in the Environment 

Strontium 90 in the Australian Environment, 1957-58. 
F.J. Bryant, L.J. Dwyer, J .H . Martin and E.W. Titterton. 
Nature 184, 755-760 (1959) September 12. 

Strontium 90 in Fallout and In Man In Australia, January 1959 - June 1960. 
F.J. Bryant, L.J. Dwyer, D.J. Stevens, E.W. Titterton and J.R. Moroney. 
Nature 190, 754-757 (1961) May 27. 

Measurements of Strontium 90 In the Austral ion Environment up to December 1960. 
F.J. Bryant, L.J. Dwyer, D.J. Stevens, E.W. Titterton and J.R. Moroney. 
Nature 193, 188-189 (1962) January 13. 

Strontium 90 Ir the Australian Environment, 1957-1960. 
F.J. Bryant, I..J. Dwyer, J.R. Moroney, D.J. Stevens ond E.W. Tltterton. 
Australian J . Sci. 24, 397-409 (1962) April. 
(Reproduced as Appendix 1 to the NRAC Report to the Prime Minister Jyrj* 1962). 

Strontium 90 In the Australian Environment During 1961. 
F.J. Bryant, J.R. Moroney, D.J. Stiver*and E.W. Titterton. 
Australian J . Sci. 26, 69-74 (1963) September. 
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Strontium 90 in the Australian Environment During 1962. 
F.J. Bryant, W.J . Gibbs, J.R. Moroney, D.J. Stevens and E.W.Titterton. 
Australian J. Sci. 27, 1-6 (1964) July. 

Strontium 90 in the Australian Environment During 1963. 
F.J. Bryant, W.J . Gibbs, J.R. Moroney, D.J. Stevens and E.W. Titterton. 
Australian J. Sci. 27, 222-226 (1965) February. 

Strontium 90 in the Australian Environment, 1961 to 1963. 
W . J . Gibbs, J.R. Moroney, D.J. Stevens, E.W. Titterton and G . U . Wilson. 
Australian J. Sci. 28, 44-59 (1965) August. 
(Reproduced as Appendix 1 of the NRAC Report to the Prime Minister November 1965). 

Strontium 90 in the Australian Environment During 1964. 
W. Fletcher, W.J . Gibbs, J.R. Moroney, D.J. Stevens and E.W. Titterton. 
Australian J. Sci. 28, 417-424 (1966) May. 

Strontium 90 in the Australian Environment During 1965. 
W. Fletcher, W.J . Gibbs, J.R. Moroney, D.J. Stevens and E.W. Titterton. 
Australian J. Sci. 29, 319-325 (1967) March. 

Strontium 90 in the Australian Environment During 1966. 
W. Fletcher, W.J . Gibbs, J.R. Moroney, D.J. Stevens and E.W. Titterton. 
Australian J. Sci. 30, 307-313 (1968) February. 

Strontium 90 in the Australian Environment During 1967. 
W. Fletcher, W.J . Gibbs, J.R. Moroney, D.J. Stevens and E.W. Titterton. 
Australian J. Sci. 31 , 174-179 (1968) November. 

Strontium 90 in the Australian Environment During 1968. 
W . J . Gibbs, W.K. Matthews, J.R. Moroney, D.J. Stevens and E.W. Titterton. 
Australian J. Sci. 32, 238-244 (1969) December. 

Strontium 90 in the Australian Environment During 1969. 
W . J . Gibbs, W.K. Matthews, J.R. Moroney, D.J. Stevens and E.W. Titterton. 
To be published as Department of Supply Report AWTSC 2, April 1971. 

3. Caesium 137 in Milk and Water 

Concentration of Caesium 137 in Australian Milk During 1963. 
R.J.L. Alsop, J . Bonnyman, D.W. Keam and J . Molina-Ramos. 
Australian J. Sci. 27, 219-222 (1965) February. 
(Reproduced as Appendix II to the NRAC Report to the Prime Minister November 1965). 

Concentration of Caesium 137 in Australian Milk During 1964. 
R.J.L. Alsop, J . Bonnyman, D.W. Keam and J . Molina-Ramos. 
Australian J . Sci. 28, 69-71 (1965) August. 
(Reproduced as Appendix III to the NRAC Report to the Prime Minister November 1965). 
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Concentration of Caesium 137 in Australian Milk During 1965. 
J. Bonnyman, J.C. Duggleby, I. Molina-Ramos and D.K.B. Sewed. 
Australian J. Sci. 28, 411-412 (1966) May. 

Concentration of Caesium 137 in Australian Rainwater During 1964 and 1965. 
R.J.L. Alsop, J . Bonnyman, J.C. Duggleby, J . Molina-Ramos and D.K.B. Sewell. 
Australian J. Sci. 28, 413-417 (1966) May. 

Concentrations of Caesium 137 in Rair.water and Milk in Australia During 1966. 
J . Bonnyman, J.C. Duggleby, J . Molina-Ramos and I .C. faterson. 
Australian J. Sci. 30, 313-316 (1?68) February. 

Strontium 90 and Caesium 137 in Some Australian Drinking Water Supplies - 1961 to 
1965. 
J . Bonnyman and J. Molina-Ramos. 
Australian J. Sci. 30, 171-172 (1967) November. 

Concentrations of Caesium 137 in Rainwater and Milk in Australia During 1967. 
J . Bonnyman, J.C. Duggleby, J . Molina-Ramos and I .C. Paterson. 
Australian J. Sci. 31 , 180-183 (1968) November. 

Concentrations of Caesium 137 in Rainwater and Milk in Australia During 1968. 
J . Bonnyman, J.C. Duggleby, J„ Molina-Ramos and I.C. Paterson. 
Australian J. Sci. 32, 244-248 (1969) December. 

Concentrations of Caesium 137 in Rainwater and Milk in Australia During 1969. 
J. Bonnymari, J.C. Duggleby,. J . Molina-Ramos and I.C. Paterson. 
Search 1, 160-163 (1970) October. 

4. Fallout from Nuclear Weapons Tests in Australia 

Radioactive Fallout in Australia from Operation 'Mosaic'. 
W.A.S . Butement, L.J. Dwyer, C.E. Eddy, L.H. Martin and E.W. Titterton. 
Australian J . Sci. 20, 125-135 (1957) December. 

Radioactive Fallout in Australia from Operation 'Buffalo*. 
W.A.S. Butement, L.J. Dwyer, L.H. Martin, D.J. Stevens and E.W. Titterton. 
Australian J. Sci. 21 , 63-78 (1958) October. 

Radioactive Fallout in Australia from Operation 'Antler'. 
L.J. Dwyer, J .H. Martin, D.J. Stevens and E.W. Titterton. 
Australian J. Sci. 22, 97-106 (1959) September. 

Experiments on the 'Sticky Paper' Method of Radioactive Fallout Sampling. 
D.W. Keam, L.J. Dwyer, J .H . Martin, D.J. Stevens and E.W. Titterton. 
Australian J . Sci. 21 , 99-104 (1958) November. 
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5. Some Meteorological Aspects of Fallout in Australia 

Meteorological Factors Affecting the Strontium 90 Content of Rainwater. 
G . U . Wilson and E.F. Phillips. 
Australian J . Sci. 24, 437-447 (1962) May. 

Meteorological Implications of Measurements of Strontium 90 in Australia. 
W.J . GibbsandG.U. Wilson. 
Australian J. Sci. 28, 59-69 (1965) August. 

A Report on the Meteorological Aspects of Radioactive Fallout over 
Australia from the 1966 Nuclear Tests at Mururoa Atoll. 
G . Trefry and F. Callus. 
Bureau of Meteorology Meteorological Study No. 17, (1968) September. 
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T A B L K 1 

OUTLINE OF PROGRAMMES FOR MONITORING FALLOUT IN AUSTRALIA 

Monitoring objectives and 
materials analysed 

•liU.. JL . 

Continuing, long-term survey 
of strontium 90 and 

caesium 137 

Shcrt-term programme to monitor 
fresh fission products when 
present in fallout over 

Australia 
CONTINUOUS SURVEILLANCE OF RADIOACTIVITY IN MATERIAL PRECIPITATED FROM THE ATMOSPHERE 
fallout deposit : daily 

fallout deposit : monthly 

soil : yearly 

strontium 90 and caesium 137 
for 16 stations in major 
population centres and 
adjacent dairying areas 
strontium 90 for ten sites 
in dairying areas and 
elsewhere 

I RADIOACTIVITY IN AIR AT GROUND LEVEL 
air filter 
weeklv 

continuous strontium 90 and caesium 137 
for Melbourne 

I SURVEYS OF RADIOACTIVITY IN FOODSTUFFS 
milk : daily 

milk ; weekly 

flour : yearly 

strontium 90 and caesium 137, 
in quarterly and monthly 
composite samples, respect
ively, for six major popula
tion centres 

measured total beta activity and 
calculated external gamma radia
tion doses for 26 stations in 
country-wide network 

Authorities cooperating in the collection 
of materials for analysis 

Commonwealth Bureau of Meteorology 

Laboratories performing 
the measurement of 

radioactivity 

Commonwealth X-ray and 
Radium Laboratory 
(CXRL) 

shorter-lived radioisotopes, such 
as strontium 89, zirconium 95 -
niobium 95 and cerium 144, when 
present 

measured iodine 131 and calcu
lated internal radiation dose to 
thyroid for the nine major milk 
supplies in Australia 

Commonwealth Bureau of Meteorology, 
Departments of Agriculture and other 
Statutory Bodies in the States, CSIRO 
Division of Tropical Pastures 
CSIRO Divisions of Soils and of Land 
Research, Dairy Industry Authority of NSW, 
Department of Agriculture of WA, Primary 
Industries Branch of NT 

CXRL and Health & Safe 
Laboratory of United 
States Atomic Energy 
Commission (HASL) 

ty 

CXRL 

Commonwealth Bureau of Meteorology 

strontium 90 for mail? grades 
of wheat marketed from each 
State 

SURVEYS OF RADIOACTIVITY IN MAN 
bone tissue : continuous 

whole body : continuous 

strontium 90 for five major 
population groups 
caesium 137 for Melbourne 
and Adelaide 

Milk Boards and Dairy Industry Authorities 
in the States and the commercial sector of 
the industry in the centres monitored 

CXRL 

CXRL 

as above 

Australian Wheat Board and Departments of 
Agriculture in the States 

Pathologists in major hospitals and 
institutes throughout Australia 

CXRL 

CXRL 

CXRL and HASL 

CXRL and Royal Adelaide 
Hospital 



T A B L E 2 
SUMMARY OF OFFICIAL FRENCH STATEMENTS ON THE TESTS 

MAY TO AUGUST 1970 

Test Yield 
Date and Time 

Comments Test Yield G.M.T. Australian 
E.S.T. 

Comments 

Explosion 1 low 1800 
May 15 

0400 
May 16 

Experimental device of low yield exploded 
above the lagoon at Mururoa Is. 

Explosion 2 not 
announced 

1830 
May 22 

0430 
May 23 

Experimental device exploded above the 
lagoon at Mururoa Is. 

Explosion 3 megaton 
range 

1800 
May 30 

0400 
May 31 

Experimental device of high yield exploded 
above the lagoon at Fangataufa Is. 

Explosion 4 low 1830 
June 24 

0430 
June 25 

Experimental device of low yield exploded 
above the lagoon at Mururoa Is. 

Explosion 5 megaton 
range 

1830 
July 3 

0430 
July 4 

Experimental megaton device exploded above 
the lagoon at Mururoa Is. 

Explosion 6 low 1900 
July 27 

0500 
July 28 

Experimental device of low yield exploded 
above the lagoon at Mururoa Is. 

Explosion 7 low 1900 
August 2 

0500 
August 3 

Experimental device of low yield exploded 
above the lagoon at Fangataufa Is. 

Explosion 8 not 
announced 

1900 
Augus t 6 

0500 
August 7 

Experimental device exploded over the 
lagoon at Mururoa Is. 
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T A B L E 3 

ESTIMATED EXTERNAL GAMMA RADIATION DOSE TO THE WHOLE 
BODY IN MILLIRAD FROM FALLOUT OVER AUSTRALIA FROM 
NUCLEAR WEAPONS TESTS BY FRANCE IN POLYNESIA, 1970 

The doses are upper limits as no account is taken of weathering, 
shielding and other effects which would reduce actual external 
doses by a factor of three to five. 

Centre 
External 
radiation 

dose, 
millirad * 

Centre 
External 
radiation 

dose, 
millirad * 

Onslow .2 Perth 1.2 
Broome .2 Meekatharra .4 
Darwin .3 Kalgoorlie .7 
Thursday Island .4 Forrest .6 
Lae 2.2 Ceduna .6 

Adelaide 1.1 
Oodnadatta .5 Hobart .4 
Alice Springs .7 
Tennant Creek .6 Malanda 1.0 
Cloncurry .3 Townsville .7 
Longreach .6 Rockhampton .7 
Charleville .9 Brisbane ,7 
Cobar .9 Sydney .6 

Wagga 1.4 
Melbourne 1.0 

* To be compared with natural background radiation 
of 120 millirad per annum. 

25. 

T A B L E 4 

ESTIMATED THYROID DOSES FOR YOUNG CHILDREN IN MILLIRAD 
DUE TO IODINE 131 IN MILK CONSUMED FOLLOWING 
NUCLEAR WEAPONS TESTS BY FRANCE IN POLYNESIA 

The doses are upper limits as no account is taken of decay of 
iodine 131 between processing of the milk and its consumption 
by the population. 

Milk Supply Thyroid doses during 
1970, millirad 

+Maximum in any 12-month 
period from 1966 to 1970 

Perth 35 88 
Adelaide 22 75 
Melbourne 12 29 
Hobart-
Launceston 

10 20 

Sydney il 36 
Brisbane 15 59 
Rockhampton 22 62 
Malanda 68 226 

* To be compared with 840 millirad dose, equivalent 
to the guide level, continuous exposure to which 
would not endanger the health of the population. 
For all nine centres, these maximum doses occurred 
in 1966-67. 
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27. 

T A B L E 6 

INTEGRATED CONCENTRATIONS OF IODINE 131 IN MILK SUPPLIES 
FOLLOWING NUCLEAR WEAPONS TESTS BY FRANCE IN POLYNESIA 

picocurie-days per litre 

The integrated concentrations are upper limits as no account is 
taken of decay of iodine 131 between processing of the milk and 
its consumption by the population. 

Milk Supply Integrated concentrat ions 
during 1970 

Maximum in any 12-
month period from 

1966 to 1970 * 

Perth 

Adelaide 

Melbourne 

Hobart-
Launceston 

Sydney 

Brisbane 

Rockhampton 

Malanda 

3000 

1870 

1000 

860 

920 

1320 

1850 

5790 

7580 

6460 

2500 

1720 

3100 

5080 

5340 

19500 

\ 

* To be compared with 73000 picocurie-days per 
litre which is the integrated concentration 
for a year corresponding to the radiation 
protection guide (NRAC, 1965). For all nine 
centres these maximum integrated concentrations 
occurred in 1966-67. 
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FIGURE 1: The geographical distribution of the network for monitoring fallout of 
fresh fission products from May 19 to November 5 1970. Daily samples of fallout 
deposition for measurement of total beta activity were taken with adhesive discs at 
26 stations: af A of them • the adhesive discs were supplemented by daily ion 
exchange columns whenever rain fell and at 9 of them O by continuous weekly 
sampling with ion exchange columns: th& remaining 13 stations • employed only 
adhesive discs. The shaded areas indicate the location and extent of the dairying 
districts from which the daily milk samples were drawn for iodine 131 assay. 
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FIGURE 2: Total beta activity in daily 
fallout deposition, in nanocuries per 
square metre, and daily rainfall, in 
millimetres, at 26 stations throughout 
Australia during the period May 19 to 
November 5 1970. Minimum detectable 
beta activity in a deposition sample is 
0.05 nanocuries per square metre. 
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3(a) EXPLOSION 1 
(FALLOUT MAY 29 JUN 7) 

3(b) EXPLOSION 2 
(FALLOUT JUN 8 - 15) S3 

f - DOSE RAIN 

mRAD 0.5 -WT 250mm 1 

3(c) EXPLOSION 3 
(FALLOUT JUN 16 • JUL 8) 

3(d) EXPLOSION 4 
(FALLOUT JUL 9 • 20) 

FIGURE 3: External gamma radiation doses at the 26 stations from fallout of fresh 
fission products from May 29 to November 5 1970. Doses were calculated from total 
beta activities measured in the daily adhesive disc samples of fallout deposition, 
allowing for rain erosion effects at sampling and for radioactive decay between 
deposition and measurement; the calculation procedures are described in Chapter 2, 
pages 8 and 9. The doses represent upper limits as no account is taken of weathering, 
shielding and other effects which would reduce actual whole body doses by a factor 
between three end five (U.K. Madicol Research Council, I960; Knapp, 1962). Total 
rainfall at each station for the period of fallout from an explosion is included. 
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* DOSE RAIN 
,^5- mRAD 0 . 5 - B T 250mm 

3(e) EXPLOSION 5 
(FALLOUT JUL 21 AUG 6) 

3(f) EXPLOSION 6 
(FALLOUT AUG 7 20) 

1132 

X DOSE 
mRAD 1.0 .1. 

RAIN 
500mm 

3(g) EXPLOSIONS 7 & 8 8 » 
(FALLOUT AUG 21 • NOV 5) \ J j f 

2589 

3(h) TOTAL FOR EXPLOSIONS 1-8 
(FALLOUT MAY 29 - NOV 5) 

MM 
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FALLOUT SAMPLING 
at 26 stations in country-wide 
network 

ADHESIVE DISC 
continuous daily 
sampling at all 
26 stations. 

LABORATORY MEASUREMENTS J 
for total beta activity in fallout 
samples 

AD measured promptly 
for radioactivity to 
indicate daily level of 
fresh fission products 
in fallout. 

DATA ANALYSIS AND RADIATION DOSE COMPUTATION 

ION EXCHANGE COLUMN 
-rainy day sampling at 4 stations 
-continuous weekly sampling at 9 stations 
-NOT employed at remaining 13 stations 

L 

I EC measured for 
radioactivity of fallout 
eroded from AD by 
rain. 

Combined data for AD 
and I EC give the rain 
dependent factors for 
erosion of fallout from 
AD, to be applied to 
all stations. 

Computation of external 
radiation doses from 
measured daily fallout, 
allowing for erosion 
effects at sampling and 
for radioactive decay 
between deposition and 
measurement. 

FIGURE 4: Schematic diagram of the SPIEFS Method for monitoring fallout exposition, 

RESULTS 

Day-to-day information 
on the activity of fresh 
fission products in 
fallout throughout the 
country-wide network 
allowing continuous 
surveillance of the 
fallout situation. 

Estimated external 
radiation doses from 
fresh fission products in 
fallout for 26 stations 
fn the country-wide 
nerworK. 

•io 
< € : * • * ! » . < • 
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FIGURE 5: Sticky Paper Ion Exchange Fallout Sampler with Adhesive Disc and Ion 
Exchange Column Sampling. 
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FIGURE 6: Concentration of iodine 131 in milk, in picocuries per litre, for nine major 
milk supplies during the period May 21 to October 15 1970, The lowest concentrotion 
chosen for routine measurement is 8 picocuries per l i tre. 


