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ABSTRACT 

Field and laboratory measurements are described and data presented which 
enable dose assessments for exposure to artificial radionuclides at the Monte 
Bello Islands, the sites of U.K. atomic weapons tests in 1952 and 1956. The 
report focuses on quantifying the inhalation hazard as exposure via the 
ingestion and wound contamination pathways is considered inconsequential. 

Surface soil concentrations of radionuclides are presented for various 
sampling sites at the two ground zeros, Gl on Trimouille I. and G2 on Alpha 
I., as well as in the fallout plume on Trimouille I. to the north-west of 
Main Beach from the device exploded on the ship HMS Plym. Particle size 
analyses were also performed on these samples. These indicated, that very 
little of the mass, typically about 1%, and about 4% of the americHun 
activity, is associated with the less than 45 pm fraction. Analyses of the 
distribution with depth indicated that, in general, the activity is more or 
less uniformly mixed through the top 40 mm, although in a few cases the top 
10 mm contains the bulk of the activity. The " 9Pu/ z^Am activity ratios 
were measured for selected samples. Mean values are 40 for the HURRICANE 
(HMS Plym) test, 20 for MOSAIC Gl and 15 for MOSAIC G2. 

Estimated values for the committed effective dose equivalent for adult 
visitors spending one week at the most contaminated site at each of the three 
contaminated areas, exposed to an assumed average inhalable dust loading of 
0.1 mg/m3, are 2.7 mSv for the fallout plume from HURRICANE to the north-west 
of Main Beach on Trimouille I., 0.017 mSv for the Gl ground zero on 
Trimouille I., and 0.019 mSv for the G2 ground zero on Alpha I. For some 
areas, particularly Main Beach, real dust loadings are likely to be lower. 

The only potential hazards to health from residual radioactive 
contamination on the Monte Bello Islands are due to the inhalation of 
actinides (specifically plutonium and americium) and from the external gamma-
radiation field. Only one area, in the fallout plume of HURRICANE to the 
north-west of Main Beach, is a potential inhalation hazard. For an average 
inhalable dust loading of 0.1 mg/nr, three days occupancy of the most 
contaminated site will result in a committed effective dose equivalent of 
1 mSv. The two ground zeros could not be considered Inhalation hazards, 
considering the small areas concerned and the habits of visitors (full-time 
occupancy, over a period of one year or more, of the most contaminated sites 
at either of the Gl or G2 ground zeros would be required to reach 1 mSv). 
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INTRODOCTION 

The first atomic explosion in the U.K. program for developing nuclear 
weapons was performed at the Monte Bello Islands in Western Australia in 
1952. The Islands, and their location off the coast of Western Australia, 
are shown in the maps of Figures 1 and 2. In this first operation, code-
named HURRICANE, conducted on 3 October 1952, a nuclear device of approximate 
yield 25 kiloton was exploded on a ship, HMS Plym, moored some 600 m off the 
coast of Trimouille I. 

In Operation MOSAIC conducted in 1956, two other nuclear weapons were 
exploded on aluminium towers at heights of 31 m over land at sites (ground 
zeros) on Trimouille I. and Alpha I. On 16 May 1956, a device of approximate 
yield 15 Kiloton was exploded at Gl on Trimouille I. and on 19 June 1956 a 
device of approximate yield 60 kiloton was exploded at G2 on Alpha I. No 
other trials related to weapons development were conducted at the Islands. 

As at other nuclear weapon test sites, the residual radioactive 
contamination at the Islands comprises activation products in soil that was 
irradiated by neutrons from the explosions together with close-in fallout 
around and downwind of the explosion ground zeros. 

The radiological status of the Islands has been assessed on several 
occasions following the cessation of nuclear weapons testing in mid 1956. 
The results of previous surveys during the period 1962 to 1983 have been 
published (Cooper and Hartley, 1979; Cooper and Duggleby, 198v, Moroney and 
Cooper, 1982; Cooper, Lokan, Williams and Toussaint, 1983) and evaluated in 
terms of possible detriment to health of visitors to the Islands (AIRAC, 
1979). By 1983, there remained three areas with residual radioactive 
contamination and in which the external radiation field exceeded background 
levels. These areas were the immediate environs of the ground zeros on Alpha 
I. and Trimouille I. and the central region of Trimouille I. adjacent to the 
position at which HMS Plym was moored. 

Previous surveys have concentrated on obtaining data pertinent to an 
assessment of the external radiation exposure hazard arising from gamma 
radiation fields on the Islands. The inhalation hazard has been assessed 
only broadly (AIRAC, 1979), based on empirical surface soil concentrations. 
As is the case at Maralinga (Williams, 1990), only plutonium and americium 
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are significant contributors to the inhalation radiation hazard on the Monte 
Bello Islands. In order to quantify the inhalation hazard due to these 
radionuclides, based on measured surface soil concentrations of americium, it 
is necessary to know the appropriate plutonium/americium activity ratios for 
particular sites and to have some knowledge of the variation of activity 
concentrations with particle size and with soil depth. The aim of the 
present study is to obtain these data and to perform dose assessments to 
quantify the inhalation hazard at the three contaminated areas. 

Access to the former atomic test sites on the Monte Bello Islands has 
been controlled by the Commonwealth under Defence legislation since the tests 
were conducted. The policy of the Commonwealth Government is to transfer 
control of the Islands to the Government of Western Australia, subject to a 
satisfactory outcome of radiological assessments of the Islands performed in 
this study and by the Technical Assessment Group (TAG, 1990). To this end, 
the W.A. Government has proposed a management plan in which the Islands would 
be declared a Marine Park under the Conservation and Land Management Act for 
the purposes of conservation and recreation. It is proposed that the nuclear 
test sites will be zoned as limited access areas to which only short-term 
visits should be made. The sites w'll continue to be signposted to warn the 
public of their radiological status and that long-term occupation of the 
areas is prohibited. 

EXPERIMENTAL 

A field trip to the Islands was carried out on the 15 and 16 August 1990. 
The external gamma radiation fields in the vicinity of the ground zeros Gl 
and G2 were vrveyed and soil samples were collected from the two ground 
zeros Gl and G2 and from four sites north of Main Beach on Trimouille I. for 
particle size analysis and to determine activity depth profiles 

Surface Soil Concentrations and Particle Size Analyses 

Surface soil samples were obtained by use of a hand corer of 83 mm 
diameter and 40 mm depth. At each location, five samples each separated by 
ca. 1 m were collected from over a small area. These were combined and 
mixed, giving a composite sample of more than 1 kg of soil for analysis. 
Each composite sample was sieved (1000 /im mesh) to remove larger stones and a 
portion was analysed to give radionuclide concentrations in surface soil. 
The soil samples were then separated into several particle size ranges using 
Endicott standard brass sieves. 
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Depth Distributions 

A technique was employed to remove surface soil (sand) in thin 10 mm 
layers. The essence of the method was to carefully remove each successive 
layer avoiding cross-contamination between layers. In this method, 10 mm 
deep plastic Petri dishes were used to collect five successive layers, with 
careful excavation of surrounding soil to leave the surface of the following 
layer exposed and accessible. A sample of ca. 60 g was available for 
analysis by high-resolution gamma-ray spectrometry after sieving (1000 pm 
mesh) to remove larger stones. 

Gamma-Ray Spectrometry 

Soil samples were sealed in a container of standard geometry (of either 
ca. 30, 60 or 350 g mass) and analysed by high-resolution gamma-ray 
spectrometry for concentrations of gamma-ray emitting radionuclides. 

The spectrometry system consists of an intrinsic planar germanium 
detector (Canberra model GL2020), the output of which is fed via a 
preamplifier, amplifier and analog-to-digital converter (Nuclear Data ND 579) 
to a Nuclear Data ND 9900 data acquisition system. Analysis was performed by 
use of the Nuclear Data VAX/MS Spectroscopy Applications Package and 
associated software. The spectrometer was calibrated for efficiency with a 
standard source of pitchblende (New Brunswick Laboratory) in a silica matrix, 
presented in the geometry used for the soil samples. 

Activities were calculated from the areas of full-energy spectral peaks 
for gamma rays, corrected for background and continuum effects. All spectral 
peaks of statistical significance were considered. The estimated 
uncertainties in quoted activities, given in parentheses, refer to the least 
significant figure(s). These were determined as a combination of counting 
errors, uncertainties in gamma-ray abundances and errors in calibration of 
detector efficiency, and are expressed as estimated standard deviations. A 
further estimated systematic uncertainty of ca. 5% should be considered to 
apply to all activity data presented in Tables below. 

External Gamma-Radiation Fields 

Monitoring of the external gamma-radiation fields at the two ground zeros 
and north of Main Beach on Trimouille I. was performed by use of a Studsvik 
Gammameter Model 2414A meter with Studsvik Model 5315B detector. This 



instrument had been calibrated over the relevant energy range, and the 
appropriate calibration factor has been applied to the results presented in 
this report. A background level of 0.03 /iSv/h was determined at the campsite 
at a sandy beach on Home Lagoon, Hermite Island. 

Radiation measurements were made at 1 m above ground level, and the 
values reported at each location are averages of five readings, one at the 
centre and four evenly spaced on a circle of radius 1 m about the centre. 

Absorbed dose rates measured at the two ground zeros by Dr Bruce Hartley 
of the Radiation Health Section of the Health Department of W.A. in August 
1990 and in June 1985 are presented in the Appendix. These were measured 
with a Berthold LB1200 gamma-compensated Geiger counter calibrated for 1 3'Cs 
radiation. 

Determination of Geographical Coordinates 

Geographical coordinates (latitude/longitude) of sampling sites were 
determined by use of a hand-held Magellan GPS NAV 1000 PRO unit which 
accesses the NavStar Global Positioning System of navigation satellites. 
Readings were generally taken in the 3D mode which gives data for both 
position and altitude. Wherever possible, position fixes are averages of 10 
or more individual fixes. In this mode, the accuracy is 20 to 30 m RMS in 
horizontal position and 25 to 50 m RMS in altitude (the larger values being 
for a single fix in each case). All data are with reference to the 
Australian Geodetic Datum (GRS 67). 

Plutonlum/Amerlciua Ratios 

The '39pu/241^]n activity ratios were determined by analysis of several 
5 mm thick soil samples from areas near each test site. Activities of ' j Pu 
and '^Am were obtained by gamma-ray spectrometry by use of the 51.6 keV 
[0.0271(5)% abundance] and 59.5 keV [0.359(4)%] lines respectively. A 
450 mm^ x 13 mm thick planar germanium detector with resolution (FWHM) ca. 
440 eV at 59.5 keV was used. 

Corrections were applied for the efficiency differential between the two 
lines due to absorption within the soil pack and variation of the intrinsic 
efficiency of the detector. It was estimated that the efficiency for the 
51.6 keV line was 7 + 4 % less than for the 59.5 keV line. A reference sample 
of known activities of 2 3'Pu and ^ ̂ Am confirmed the measured ratios to 10%. 



RESULTS AND DISCUSSION 

Activity Concentrations In Surface Soil 

For each of the ground zeros, total soil samples collected at radial 
distances of up to 100 m from Gl and G2 were analysed in terms of activity. 
Surface soil samples from the four sites MB1-4 (Figure 3) on Trimouille I. in 
the fallout plume from the HURRICANE test were analysed similarly. The site 
MBl is approximately the same location as sampling site Fl in Cooper, Lokan, 
Williams and Toussaint (1983), at the top (north-west) end of Main Beach, and 
the remaining samples follow the coastline in a north-westerly direction to 
MB4 on Beaver Hill near Red Beacon. The results, together with geographical 
coordinates and external dose-rates, are presented in Tables 1-3. 

Table 1 Activity Concentrations in Surface Soil from Sites North-Vest of 
Main Beach, Trimouille I. 

Site Coordinates Radiation Activity Concentrations (Bq/g) 
(altitude) Dose-rate 

(/iSv/h) 2 4 1Am 6 0Co 1 3 7 C s 1 5 5Eu 

MBl 20°23.91'S 0.75 0.268(7) 0.210(3) 4.52(5) 0.115(8) 
115°33.70'E 
(13 m) 

MB2 20°23.83'S 0.90 0.82(2) 0.626(7) 13.52(14) 0.35(2) 
115°33.64'E 
(16 m) 

MB3 20'23.79'S 0.95 0.643(16) 0.406(5) 7.76(8) 0.26(2) 
115'33.54'E 
(32 m-) 

MB4 20°23.63'S 1.30 0.95(2) 0.439(5) 20.0(2) 0.40(3) 
115'33.44'E 
(33 m) 
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It is seen from the data in Tables 1-3 that levels of contamination vary 
considerably with distance and direction from the two ground zeros, and that 
concentrations of the actinides (plutonium and associated americium) decrease 
quickly as the distance from the ground zero increases. The highest 
concentrations of americium are associated with the G2 ground zero on Alpha 
I., although the area most extensively contaminated with actinides is that to 
the north-west of Main Beach on Trimouille I. where contamination results 
from close-in fallout from the HURRICANE test. Of the sites sampled, the 
highest levels of americium are found at the MBA site to the north-west of 
Main Beach, at the site 25 m north of the Gl ground zero on Trimouille I., 
and 100 m south west of the G2 ground zero on Alpha I. To obtain plutonium 
activities at these sites, a knowledge of the appropriate 2 3 9Pu/2^Am 
activity ratios for the three tests is required, and to estimate doses due to 
inhalation at these sites a knowledge of the distribution of the activity 
with depth is needed. 

Table 2 Activity Concentrations in Surface Soil from Gl, Trimouille I. 

Measured geographical coordinates of Gl: lat. 20"23.01'S 
long. 115,,32.80'E 
(altitude 9 m) 

Radiation Dose-rate at Gl: 0.23 fiSv/h 

Site Radiation Activity Concentrations (Bq/g) 
Dose-rate 
<MSv/h) 2 4 1Am 6 0Co 1 3 7Cs 1 5 2Eu 1 5 5Eu 

25 m N 
50 m N 
25 m E 
25 m S 
25 m W 

0.71 
0.19 
0.37 
0.53 
0.42 

0.585(15) 
0.280(8) 
0.078(3) 
0.091(4) 
0.091(3) 

0.084(2) 
0.063(2) 
0.021(1) 
0.082(2) 
0.068(2) 

7.25(8) 
2.44(3) 
0.519(7) 
1.38(2) 
0.765(9) 

1.389(12) 
0.667(7) 
0 410(4) 
1.900(15) 
0.344(4) 

0.237(17) 
0.121(9) 
0.042(4) 
0.037(6) 
0.043(4) 
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Table 3 Activity Concentrations in Surface Soil from G2, Alpha I. 

Measured geographical coordinates of G2: lat. 20°24.44'S 
long. 115°32.05'E 
(altitude 16 m) 

Radiation Dose-rate at G2: 0.90 /iSv/h 

Site, Radiation Activity Concentrations (Bq/g) 
Coordinates Dose-rate 

(/iSv/h) 2 4 1Am 6 0Co 1 3 7Cs 1 5 2Eu 1 5 5Eu 

50 m N 4.25 0.100(3) 0.060(1) 0.443(5) 1.856(13) 0.061(5) 
50 m E 5.20 0.85(2) 0.974(10) 7.99(8) 15.39(12) 0.49(3) 
100 m E 3.65 0.404(11) 0.636(7) 3.61(4) 10.08(9) 0.25(2) 
50 m S 3.75 1.02(3) 1.27(2) 10.30(11) 10.98(9) 0.62(4) 
100 m SW 4.20 3.44(8) 1.03(1) 12.36(13) 11 55(8) 2.04(12) 
100 ni W 1.70 1.63(4) 0.817(9) 7.03(7) 9.49(7) 1.10(7) 



Particle Size Analyses 

The surface soil samples collected from each site were sieved into 
fractions of different particle sizes and the mass and activity in each 
fraction were measured. The results are presented in Tables 4-9. 

Table A Percentage Mass Distribution in Soil from Sites North-Vest of Main 
Beach, Trimouille I. 

Fraction Sampling site 
pm MB1 MB2 MB3 MB4 mean 

1000-500 30.0 31.6 36.3 18.3 29.1 
500-250 63.5 51.0 49.4 39.6 50.9 
250-150 5.7 15.1 12.1 35.6 17.1 
150- 90 0.4 1.1 1.2 4./ 1.9 
90- 45 0.4 1.2 1.0 1.3 1.0 

<45 0.02 0.07 0.06 0.4 0.1 

Table 5 Percentage Mass Distribution in Soil from Gl, Trimouille I. 

Fraction Sampling site 
/jm 25 m N 50 m N 25 m E 25 m S 25 m W mean 

1000-500 27.4 38.1 41.8 27.2 41.7 35.2 
500-250 36.5 33.9 41.8 37.2 44.9 38.9 
250-150 15.5 12.3 9.2 14.6 8.9 12.1 
150- 90 11.8 6.4 3.0 7.9 2.2 6.3 
90- 45 8.2 5.9 2.5 11.3 2.0 6.0 

<45 0.7 3.5 1.6 1.8 0.4 1.6 
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Table 6 Percentage Mass Distribution in Soil from G2, Alpha I. 

Fraction Sampling site 
pm 50 m N 50 m E 100 m E J0 m S 100 m SW 100 m W mean 

1000-50„ 10.7 25.2 24.7 32.5 20.6 12.9 21.1 
500-250 54.9 46.1 45.5 33.0 50.5 53.0 47.2 
250-150 29.7 16.8 17.6 14.7 19.0 23.7 20.3 
150- 90 2.6 6.3 6.2 8.0 4.8 5.9 5.6 
90- 45 1.6 4.5 4.5 8.3 3.7 3.1 4.3 

<45 0.5 1.1 1.6 3.6 1.4 1.4 1.6 

Table 7 Percentage 2^J-Am Activity Distribution in Soil from Sites North
west of Main Beach, Triaouille I. 

Fraction Sampl ing site 
Uta MBl MB2 MB3 MB4 mean 

1000-500 21.6 14.6 20.3 9.0 16.4 
300-250 46.2 30.0 34.9 23.2 33.6 
250-150 9.8 13.2 10.7 25. * 14.8 
150- 90 4.5 6.6 7.1 15.5 8.4 
90- 45 16.3 32.9 24.9 17.7 22.9 

<45 1.5 2.7 2.1 9.1 3.9 
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Table 8 Percentage 2^ 1Am Activity Distribution in Soil from Gl, 
Trimouille I. 

Fraction Sampling site 
/im 25 m N 50 m N 25 m E 25 m S 25 m W mean 

1000-500 19.6 26.4 20.6 21.6 23.3 22.3 
500-250 31.3 24.1 36.4 32.2 41.5 33.1 
250-150 19.4 14.7 16.2 15.6 14.3 16.0 
150- 90 17.6 12.3 12.7 10.1 10.2 12.6 
90- 45 11.4 12.7 8.9 17.8 8.7 11.9 

<45 0.7 9.8 5.1 2.9 1.9 4.1 

Table 9 Percentage 2/*1Am Activity Distribution in Soil from G2, Alpha I. 

Fraction Sampling site 
pm 50 m N 50 m E 100 m E 50 m S 100 m SW 100 m W mean 

1000-500 19.8 21.6 20.5 14.2 22.1 19.5 19.6 
500-250 44.3 31.2 29.3 21.0 42.4 46.0 35.7 
250-150 22.1 18.8 20.1 19.1 21.0 22.0 20.5 
150- 90 7.8 14.7 16.5 19.2 9.2 8.3 12.6 
90- 45 4.5 10.9 10.5 19.3 4.4 3.3 8.8 

<45 1.4 2.8 3.0 7.2 0.8 0.8 2.7 

The mass distributions of sieved soil samples from the three contaminated 
areas of the Monte Bello Islands, given in Tables 4-6, are characteristic of 
sandy soils with the greatest mass associated with the 500-250 pm fractions. 
In particular, the amount of material less than 45 /im does not exceed 4% in 
any of the samples, and the average is ca. 1%. Thus Monte Bello Island soil 
is not: particularly dusty. 
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The activity distribution of 241^,^ given in Tables 7-9, is In general 
not very different from the mass distribution. Again, most activity Is found 
in the 500-250 /im fractions. Anomalies are found in samples from north-west 
of Main Beach on Trimouille I. where the distribution is bi-modal with a 
second maximum in the distribution in the 90-45 pm range. Also for these 
samples, the less than 45 /im fraction contains only 0.1% of the mass on 
average but 3.9% of the activity. The americium concentration in this 
fraction is therefore enriched on average some fortyfold relative to the 
concentrations in the samples as a whole. Average enrichments in the less 
than 45 urn fractions of the Gl and G2 sites are 2.6 and 1.7 respectively. 
From the perspective of an inhalation hazard assessment, the high enrichment 
values for the Main Beach samples must be recognised as reflecting 
particularly low quantities of mass in the less than 45 /un fractions rather 
than excessively high americium concentrations. In fact, americium activity 
distributions In the less than 45 /im fractions for all areas are similar, 
with a grand average value of less than 4%. 

In the studies performed on Maralinga soils to quantify the inhalation 
hazard (Williams, 1990), the less than 45 /im fraction was further 
characterised by use of a Bahco microparticle classifier. This apparatus, 
which is a combination air centrifuge-elutriator, classifies soil particles 
into seven (overlapping) aerodynamic size ranges from 45 /im to less than 
3 /im. In the case of the present samples, there was insufficient mass in the 
less than 45 /im fractions to perform this characterisation. Even If 
sufficient mass could have been obtained, for most samples the americium 
activity concentrations were so low as to make it doubtful whether sufficient 
activity could have been obtained in individual fractions to provide 
meaningful data. The best that can be done, therefore, is to assume that 
activity concentrations in the ' inhalable fraction' are the same as the 
measured activity concentrations in the less than 45 /im fractions. As in the 
Maralinga and Emu inhalation hazard assessment (Williams, 1990), the 
inhalable fraction can be taken to be that portion of the soil and active 
material with aerodynamic diameters less than 7 /im. 

That the assumption of similar activity concentrations In the Inhalable 
fraction and in the less than 45 /us fraction is reasonable is suggested by 
the results presented for Maralinga and Emu soils, where the enrichments or 
'enhancement factors' for the inhalab.'.e fraction are generally the same or 
less than those for the less than 45 /im fraction (Chapter 4 In Williams, 
1990). 
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For purposes of estimating activity concentrations of the inhalable 
fraction from measured activity concentrations of the soil as a whole, the 
'enhancement factor' has been defined (Williams, 1990) as the ratio of the 
activity concentration of the inhalable fraction to the activity 
concentration of the sample as a whole. 

Soil samples from minor trial sites at Maralinga generally exhibited mean 
americium and plutonium enhancement factors of ca. six, whereas enhancement 
factors for the major trial sites at Maralinga and Emu varied between unity 
and two. For comparison, enhancement factors for activity concentrations of 
americium in the less than 45 urn fraction of the Monte Bello Island samples 
range between 22 (MB4) and 82 (MB1) with a mean of 44 for sites north-west of 
Main Beach, between 1.1 (25 m N) and 4.5 (25 m W) with a mean of 2.6 for 
sites at the Gl ground zero on Trimouille I., and between 0.5 (100 m SW) and 
3.1 (50 m N) with a mean of 1.7 for sites at the G2 ground zero on Alpha I. 
These values are comparable to the Maralinga and Emu enhancement factors with 
the exception of the high values for the Main Beach sands. Again, the source 
of these high values is the particularly low masses associated with the less 
than 45 pa fractions rather than excessively high activities. 

Depth Distributions 

The results of analyses by gamma-ray spectrometry on the depth profile 
samples are given in Table 10. In certain relatively undisturbed areas, such 
as the MB2 site north-west of Main Beach, most of the americium (and hence 
plutonium) activity is found in the top 10 mm of soil as is the case at the 
Taranaki site at Maralinga (Williams, 1990). For most of the sites, however, 
considerable mixing of the sandy surface has occurred by both natural and 
artificial means so that the radionuclide contamination is fairly evenly 
distributed, at least through the top 50 mm or so. 

Because resuspension of dust occurs from the top surface layer, yet 
surface soil samples which have been analysed above in terms of mass and 
activities as functions of particle size were obtained to a depth of 40 mm, 
the percentages of each nuclide in the top 10 mm to the total in the top 40 
mm are also given in Table 10. These give some estimate of the appropriate 
factors to use in the dose assessments to correct results from the 40 mm 
surface samples for activity concentration gradients with depth. For 
complete mixing, a value of 25% would be observed. 
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Table 10 Activity Depth Profiles in Monte Bello Islands Soil 

Percentages given in square brackets at the foot of each column are those for 
the activity of the appropriate nuclide in the top 10 mm compared to the 
total activity in the top 40 mm. 

V 

Site Depth Activity Concentrati ons (Bq/g) 
(mm) 2^Am 6 0Co 137 C s !52EU 155 E u 

NW of Mair i Beach, Triraouille I. 
HB2 0 - 10 0.99(3) 0.77(1) 21.6(3) ND* 0.44(4) 

10 - 20 0.22(1) 0.183(6) 10.9(2) ND 0.08(1) 
20 - 30 0.112(4) 0.103(2) 8.7(1) ND 0.042(6) 
30 - 40 0.062(6) 0.044(3) 3.80(6) ND 0.039(8) 
40 - 50 0.024(3) 0.016(2) 0.94(2) ND 0.010(5) 

[72%] [70%] [48%] [73%] 

MB4 0 - 10 0.62(2) 0.28(1) 15.6(2) ND 0.31(4) 
10 - 20 0.53(2) 0.22(1) 13.5(2) ND 0.27(3) 
20 - 30 0.69(3) 0.36(2) 18.9(3) ND 0.35(4) 
30 - 40 1.60(5) 0.83(2) 32.0(4) ND 0.77(7) 
40 - 50 0.39(2) 0.15(1) 13.3(2) ND 0.21(3) 

[18%] [17%] [20%] [18%] 
Trimouille I., Gl ground zero 
25 m N 0 - 10 0.131(8) 0.052(6) 1.87(4) 1.04(2) 0.07(2) 

10 - 20 0.069(6) 0.051(5) 1.25(3) 1.13(2) 0.03(1) 
20 - 30 0.019(4) 0.044(6) 0.38(1) 1.20(3) ND 
30 - 40 0.033(5) 0.046(5) 0.41(1) 1.47(3) ND 
40 - 50 0.017(4) 0.039(6) 0.42(1) 1.72(3) ND 

[52%] [27%] [48%] [21%] [70%] 

25 m S 0 - 10 0.058(7) 0.059(6) 0.73(2) 1.86(4) ND 
10 - 20 0.021(5) 0.044(5) 0.26(1) 1.88(3) ND 
20 - 30 0.013(4) 0.052(5) 0.21(1) 1.82(3) ND 
30 - 40 ND 0.067(5) 0.112(9) 2.11(6) ND 
40 - 50 0.003(1) 0.055(2) 0.079(3) 2.01(2) ND 

[63%] [27%] [56%] [24%] > 

Alpha I. , G2 ground zero 
100 m E 0 - 10 0.74(3) 1.05(3) 6.1(1) 15.6(2) 0.51(6) 

10 - 20 0.46(2) 0.72(2) 4.42(8) 12.3(2) 0.30(4) 
20 - 30 0.90(3) 0.80(2) 5.17(9) 13.7(2) 0.58(6) 
30 - 40 0.39(2) 0.66(2) 4.03(7) 12.1(1) 0.27(4) 
40 - 50 0.159(6) 0.556(9) 2.75(4) 9.69(9) 0.11(1) 

[30%] [33%] [31%] [29%] [31%] 

100 m SW 0 - 10 A.1(1) 1.10(3) 13.1(2) 12.3(2) 2.6(2) 
10 - 20 4.3(1) 1.14(3) 17.4(3) 13.4(2) 2.8(2) 
20 - 30 3.2(1) 1.09(3) 15.1(2) 12.6(2) 2.0(2) 
30 - 40 2.9(1) 0.90(3) 12.5(2) 10.8(2) 1.8(2) 
40 - 50 1.57(6) 0.77(3) 10.9(2) 12.9(2) 0.93(9) 

[28%] [26%] [23%] [25%] [28%] 

ND i n d i c a t e s rad ionuc l ide not d e t e c t e d 
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Plutontum/Americium Ratios 

Plutonium is formed by neutron capture from 2 3 8 U in a nuclear reactor and 
inevitably contains a mixture of three isotopes of plutonium of atomic masses 
239, 240 and 241 in diminishing proportions. The isotope 2 ^ P u decays with a 
half life of 14.4 years to 2^lAm. Over the thirty-five years or so since the 
plutonium was produced, the activity of 2^*Am ^as increased from near zero to 
its present level in the soil, which is of the order of three to seven 
percent of the 2 3'Pu activity. This is now easy to detect through the 
emission of an abundant (36%) gamma ray at an energy of 59.5 keV and serves 
as a good indicator of the accompany 
2 3*Pu/ 2^Am activity ratio is known. 
as a good indicator of the accompanying 2 -"Pu, provided that the appropriate 

Table 11 Plutonium/Americium Activity Ratios for the Monte Bello Islands 

Site Test 2 3 9Pu/ 2 Z , 1Am activity ratio 

Main Beach area, Trimouille I. HURRICANE 40 

Gl ground zero, Trimouille I. MOSAIC Gl 20 

G2 ground zero, Alpha I. MOSAIC G2 15 

The 2 3 9Pu/ 2^Am activity ratios for November 1990 were determined for 
selected soil samples of sufficiently high activities by gamma-ray 
spectrometry. Ratios were obtained for four discrete samples from sites MB1, 
MB2 and MB4 north-west of Main Beach, for one sample from 25 m west of Gl and 
for two samples from 100 m south-west of G2. Mean values, rounded 
appropriately, are presented in Table 11. The rounding is consistent with 
the estimated uncertainties in the mean empirical values and, for the purpose 
of dose assessment, has no significant effect on the conclusions. These 
values compare with a range of 30-50 observed for major trial sites at 
Maralinga and Emu (Johnston, Burns, Cooper and Williams, 1988). Measurements 
performed in November 1988 (P.N. Johnston, personal communication) on samples 
collected in 1978 (Cooper and Duggleby, 1980) give identical mean values for 
the ratios for two discrete samples from the Gl ground zero and for three 
discrete samples from G2. 
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DOSE ASSESSMENTS 

Dose assessments are presented for ^he Inhalation pathway for members of 
the public who visit the Monte Bello Islands. The intended use of the 
Islands as a Marine Park under the control of the W.A. Department of 
Conservation and Land Management will ensure that, In general, visits will be 
of short duration and for recreational purposes. Therefore a realistic 
occupancy factor to use in the estimation of doses for such visitors to the 
Islands is one week in a year. Doses for longer stays, such as may occur for 
a park ranger for instance, can be estimated by appropriate scaling for the 
number of weeks in a year spent on the Islands. As most of the land mass of 
the Islands is uncontaminated, and a visitor would be expected to move around 
the Islands, the occupancy factor for time spent in contaminated regions will 
in general be only a fraction of the total time spent on the Islands. The 
dose assessments, however, assume a full week is spent at the appropriate 
contaminated site. 

The dose assessments are presented for the most contaminated site sampled 
in the current survey for each of the ground zeros, Gl and G2, and for two 
sites to the north-west of Main Beach on Trimouille Island. These sites are 
25 m north of Gl on Trimouille I., 100 m south-west of G2 on Alpha I., and 
MB2 and MB4 on Beaver Hill on Trimouille I. Activity concentrations as a 
function of particle size are presented for all appropriate radionuclides for 
these four sites in Tables 12-14. The activity concentrations in the 
resuspended inhalable fractions are assumed to be the same as those in the 
less than 45 pm fractions. 

Model of Respiratory System 

The model of the respiratory system to be used in this assessment is that 
described in International Commission on Radiological Protection (ICRP) 
Publication 30 (ICRP, 1979a). 

This compartmental model divides the respiratory tract into three regions 
which are subsequently sub-divided into ten compartments. The model provides 
a mathematical approximation to the passage of inhaled materials through the 
human respiratory system, but model compartments do not correspond with 
specific physiological processes. The ICRP currently has a task group 
working on a new lung model (James & Birchall, 1989). The aim of this group 
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is to provide a model which more closely reflects the physiology of the 
respiratory tract and takes account of doses to parts of the tract which are 
considered insensitive to radiation in the current model. Undoubtedly, such 
a model will allow better inclusion of data from animal and human experiments 
but will involve greater complexity. 

The new model is, however, not yet complete and is yet to be 
internationally accepted; in any case, the doses predicted for intakes of 
radionuclides are not expected to be greatly altered. Therefore the new ICRP 
model is not considered further in this work. 

Table 12 Activity Concentrations as a Function of Particle Size in Surface 
Soil from the MB2 and MB4 Sites on Beaver Hill, Trimouille I. 

Fraction Activity Concentrations (Bq/g) 
„m 241^ 6 0 C o 137 C s 155 E u 

MB2 site 
1000 500 
500-•250 
250- 150 
150 • 90 
90 45 

<45 
MB4 site 
1000-500 
500-250 
250-150 
150- 90 
90- 45 

<45 

0.412(15) 0.300(5) 7.74(11) 0.19(2) 
0.524(14) 0.412(5) 9.04(9) 0.23(2) 
0.78(2) 0.590(12) 12.84(13) 0.36(3) 
5.4(2) 3.52(9) 71.0(10) 2.2(2) 
25.5(8) 16.1(2) 303(4) 9.4(8) 
35.5(8) 21.6(2) 304(3) 12.3(8) 

0.59(2) 0.260(5) 13.8(2) 0.27(3) 
0.70(2) 0.332(4) 16.7(2) 0.32(2) 
0.85(3) 0.417(7) 19.8(3) 0.39(3) 
3.91(14) 1.72(5) 79.4(11) 1.68(16) 
16.38(6) 7.3(2) 259(5) 5.6(5) 
26.6(7) 12.4(2) 418(6) 9.3(6) 
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Table 13 Activity Concentrations as a Function of Particle Size in Surface 
Soil from 25 m N of Gl, Trimouille I. 

Activity Concentrations (Bq/g) 
2*1A» 6 0 C O * 3 7 C S 

0.404(16) 0.066(2) 5.02(8) 
0.486(18) 0.073(3) 5.82(9) 
0.71(2) 0.080(6) 7.66(9) 
0.85(2) 0.110(7) 10.68(11) 
0.79(2) 0.119(5) 11.50(12) 
0.64(2) 0.117(6) 10.11(2) 

Fract .ion 
/jm 

1000- 500 
500-250 
250-150 
150- 90 
90- 45 

<45 

152 E u l^Eu 

1.081(13) 0.157(17) 
1.439(16) 0.188(19) 
1.53(3) 0.30(3) 
1.63(3) 0.40(3) 
1.82(3) 0.34(3) 
1.69(3) 0.25(2) 

Table 14 Activity Concentrations as a Function of Particle Size in Surface 
Soil from 100 m SV of G2, Alpha I. 

Activity Concentrations (Bq/g) Fraction 
/jm 

1000- 500 
500-250 
250-150 
150- 90 
90- 45 

<45 

2*1*11 6 0 C o 137 C s 
152 E u 

1 5 5Eu 

3.83(13) 1.40(2) 10.00(15) 13.09(14) 2.25(19) 
2.99(7) 0.85(1) 9.07(10) 9.63(8) 1.75(11) 
3.95(13) 0.94(2) 12.48(18) 11.65(11) 2.22(19) 
6.82(16) 1.72(3) 27.0(3) 19.29(16) 3.9(2) 
4.19(10) 2.05(4) 39.7(5) 25.0(2) 2.38(15) 
1.93(5) 2.25(5) 47.0(6) 30.5(3) 1.09(8) 
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Dose Limits 

The annual dose limit applicable in this case, in which no remedial 
measures are being proposed, is that which applies to members of the public. 
The current Australian and internationally accepted limit for members of the 
public is 70 milliSievci.t (mSv) of Committed Effective Dose Equivalent (CEDE) 
over a lifetime of 70 years (ICRP, 1985; NHMRC, 1985). This is an average of 
1 mSv per year above natural background, although occasional excursions to 
5 mSv, in particular for a casual visitor, are acceptable subject to the 
lifetime constraint. 

Input Data and Scope of the Assessment 

In the current work, doses for each of the radionuclides present are 
computed by use of the formula: 

CEDE = a c t i v l t y x volume inhaled x DPUI volume 

. . activity , . .. , c with z *- being computed from: volume 

activity , ^ _ _. . . „ activity : *- = dust concentration in air x *• volume mass 

The Committed Effective Dose Equivalent per Unit Intake (DPUI) is 
dependent on both particle size of the airborne material and its chemical 
form. ICRP categorises chemical form in terms of solubility class. 

Dust Concentrations 

The dust concentration to which visitors to the Islands are exposed is 
comprised of three main parts: 

(i) ambient dust that would be present in the absence of the people, 
(ii) dust raised by human activity, and 
(iii) dust resuspended by wind from the disturbed area of a campsite. 

Quantitative data on these components of the dust environment are non
existent. An attempt to use a personal air sampler during part of the field 
work for this study, including at the campsite, did not give detectable 
levels of dust on the filters. 
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The intended use of the Islands indicates that dust raising activities 
are unlikely to occur to any degree. A complicating factor in considering 
ambient levels of dust is the occasional wind storm which may cause unusually 
high dust loadings if not accompanied by rain. The effects of such an event 
cannot be considered in this assessment. In the absence of any data specific 
to the Monte Bello Islands to guide a choice of dust level, average inhalable 
dust concentrations of the order of 0.1 mg/nr are adopted for adults, 
children and Infants. In a sandy, non-dusty environment such as the Monte 
Bello Islands, this value is probably a very conservative one. In the 
particular case of sands north-west of Main Beach where extremely small 
masses were found in the less than 45 j*m fractions, even smaller dust 
loadings would be expected than at the two ground zeros, Gl and G2. It is 
emphasised that inhalation doses depend on the quantities of radionuclides 
inhaled, which depend directly on the dust concentrations encountered. If 
dust concentrations other than that used in the following assessments are 
believed appropriate, new doses can be obtained readily from those presented 
below by linear scaling. 

A review of Inhalable dust levels, or 'PM10' data (concentrations of 
particles with diameters on average less than 10 /im), in other contexts 
serves to give perspective to the choice of the 0.1 mg/nr level In the 
present study. The U.S. Environmental Protection Agency has set a standard 
for PM10 values of 0.050 mg/m-* for the annual average and a 24-hour limit of 
0.15 mg/nr (Simpson, 1990). For six sites in Brisbane, annual mean PM10 
levels have been reported between 0.023 and 0.035 mg/nr (Simpson, 1990), with 
observed maximum 24-hour values ranging between 0.051 and 0.073 mg/nr. For 
eight (non-representative) cities in the U.S.A., annual average PM10 levels 
ranging from 0.035 to 0.075 mg/nr were reported (Rodes and Evans, 1985), with 
a maximum observed PM10 concentration of 0.199 mg/m3. There Is some 
evidence, albeit for house-dwellers, that mean personal PM10 concentrations 
are somewhat higher than ambient outdoor concentrations (Lioy et al., 1990), 
due to unavoidable dust-raising associated with human activities. These data 
give credibility to the use of an inhalable dust loading of 0.1 mg/nr as a 
sufficiently cautious upper limit in the present study. 

In the inhalation dose assessment for Aboriginal people living a semi-
traditional lifestyle near Marallnga, values of 1 and 1.5 mg/m-* were adopted 
as average inhalable dust concentrations for adults and children respectively 
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(Haywood and Smith, 1990; TAG, 1990; Williams, 1990). These values were 
based on empirical data. Low-volume air samplers operated at Haralinga and 
Emu over extended periods (10 to 15 months) gave ambient levels of total 
suspended particulates (TSP) ranging between 0.014 and 0.091 mg/nr for 
different desert sites (Williams, 1990). PM10 levels are generally about one 
half the TSP levels (Rodes and Evans, 1985). 

Active Particle Size 

In the following assessments, as in the dose assessments for Maralinga 
and Emu (Williams, 1990), the 0.1 mg/nr dust concentration is assumed to have 
an activity median aerodynamic diameter (AMAD) of 5 /im. 

Chemical Class of Radionuclides 

The TAG (1990) has recommended that americium and plutonium at all major 
trial sites be taken to have a chemical composition represented by 100% Class 
Y. Fri' other radionuclides where no data are available the most conservative 
DPUI values are used. 

ICRP (1988) suggest that americium should be considered to be Class W. 
241 241 

In the current case where Am has arisen from the transmutation of Pu in 241 situ, the Am is filling a plutonium site in a plutonium lattice and 
behaves like plutonium in the human body. For Maralinga samples, the U.K. 
National Radiological Protection Board (NRPB) metabolic data support this 
judgement, as does evidence from in vitro solubility studies in the 
laboratory and from the stability of plutonium/americium ratios in the soil. 
The ICRP classification, which refers to direct intake of americium, is thus 
inappropriate in this instance. 

t 
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Calculation of Committed Effective Dose Equivalent Per Unit Intake 

DPUI data for adults can te obtained from ICRP Publication 30 (ICkP, 
1979a,b; 1981; 1982; 1988) with values for plutonium and americium having 
been revised in the 1988 Addendum. However, there are no data for Class Y 
americium. 

ICRP Publication 30 provides the basis for limits for intakes of 
radionuclides by workers and consequently it is limited to consideration of 
'standard man', which is an age and sex weighted adult. NRPB have used the 
philosophy espoused in ICRP Publication 30 and generalised the work to 
children and infants (Kendall et al., 1987; Greenhalg.i et al., 1986). The 
values in these publications for adults are basically consistent with ICRP 
Publication 30. 

ICRP has recently prepared a revision of inhalation DPUI values for 
certain nuclides and these data, for 1 ̂ m AMAD, are available for a selection 
of ages at intake in ICRP Publication 56 (ICRP, 1989). In the present dose 
assessment, ages at intake of 1 year (infants), 10 years (children), and 
adults are considered with the dose coefficients referring to effective dose 
equivalent (units of Sv/Bq) to age 70 years. Values from ICRP Publication 56 
are used in the present assessment for the nuclides 2-*°Pu, 2^ yPu, ^°Pu, 
2 4 1Pu (Class Y), 9 0Sr and 1 3 7Cs (Class D). 

For the above nuclides where primary data are available from ICRP 
Publication 56, corrections for particle size from 1 to 5 /in were made by use 
of the method detailed in ICRP Publication 30 for standard man. We have also 
assumed that the deposition distribution in the respiratory system is the 
same for adults, children and infants so that the same ".orrection can be 
applied in the cases of children and infants, thus tracing all DPUI data for 
the above nuclides to ICRP Publication 56. 

As indications are that the americium resulting from atomic weapons tests 
behaves, at least approximately, like its associated plutonium, it should be 
classified like the plutonium as 100% Class Y. Accordingly, DPUI values for 
Class Y 2 4 1Am were derived by taking the corresponding values for the alpha-
emitting plutonium nuclides and adjusting for the difference in alpha energy 
released and for the shorter half life of the 2^Am. 

t ; 



,ym.i 

22 

For other nuclides not considered in ICRP Publication 56, adult DPUI 
values are taken from ICRP Publication 30, corrected for 5 urn particle size 
as described above. For children and infants the following procedure was 
used, with DPUI values traceable to NRPB data. Greenhalgh et al. (1986) 
contains DPUI data for a range of particle sizes, thus allowing interpolation 
at 5 nm to obtain the required DPUI data. Unfortunately, Greenhalgh et al. 
(1986) does not contain DPUI data for children ir infants for the 

152 radionuclide Eu. DPUI values for this radionuclide were extrapolated by 
assuming:-

DPUI[child(5 p.)] = DPUI[chiid(l p.)] x g p ^ d u u j l S l 

The relevant DPUI values for adults are available from ICRP Publication 30 
and values for children at 1 /im are in Kendall et al. (1987). DPUI values 
for infants were obtained in the same manner. 

A listing of all DPUI values used in the present inhalation hazard dose 
assessment is given in Table 15. 

Table 15 Committed Effective Dose Equivalent per Unit Intake 
(Sv/Bq to age 70 years) 

For i n h a l a t i o n , 5 /im AMAD 

Class Adults Children 
(10 years) 

Infants 
(1 year) 

9 0Sr D 7.2E-8 7.3E-8 1.2E-7 
i J /Cs D 1.2E-8 9.1E-9 1.1E-8 
b UCo Y 1.5E-8 2.7E-8 6.4E-8 
i b 2Eu W 6.1E-8 8.2E-8 1.7E-7 
i b bEu W 1.1E-8 1.7E-8 4.8E-8 

2^Am Y 3.5E-5 4.6E-5 8.4E-5 
238 p u Y 3.2E-5 4.5E-5 8.2E-5 
239 P u Y 3.4E-5 4.5E-5 8.2E-5 
240 P u Y 3.4E-5 4.5E 5 8.2E-5 
241pu Y 5.7E-7 6.6E-7 8.6E-7 
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Activity Ratios 

Some significant radionuclides present at the Monte Bello Islands were 
not able to be measured. Activities for these 'hidden' radionuclides have 
been estimated from laboratory measurements of activity ratios or from 
calculations of the ratios based on birthdate and decay parameters, combined 
with the measurements of ^^Am and *--*'Cs activities presented in Tables 12-
14. 

Table 16 Input Parameters (Activity Ratios) for Dose Assessment 

Site 239 P u /241 A r a 240p u /241 A m 2 4 ^ / 2 4 1 ^ 90 S r /137 C s 

Trimouille I. 
HURRICANE NW of Main Beach 40 4.0 5.6 1.2 
MOSAIC Gl 20 2.3 7.0 0.7 

Alpha I. 
MOSAIC G2 15 1.5 7.2 0.14 

Values for the v-rious activity ratios are given in Table 16. These are 
time dependent to a greater or lesser extent depending on the half lives of 
the radionuclides concerned. For this reason, a date must be fixed at which 
to perform the dose calculations. Thus, all calculated activity ratios in 
Table 16 are for November 1990, as are empirical 239p u/241 A m activity ratios. 

Doses due to "'Pu and *^°Pu will not change with the passage of tens of 
years due to the long half lives of the radionuclides (24,100 and 6,537 years 
respectively). For radionuclides with shorter half lives, viz. ^41pu (half 
life 14.4 years), 1 3 7Cs (30.2 years) and 6 0Co (5.3 years), doses will 
gradually decrease with the passage of each year. Doses from ^41^ (half 
life 432.2 years) are presently increasing with the passage of time and will 
reach a maximum at approximately 2030. 
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239 p u 

By far the most significant nuclide in the inhalation dose assessment is 
OTQ 239 241 
/ J'Pu. Mean experimental values for activity ratios of Pu to Am are 

given above in Table 11. 

240 p u 

Values of 2^p u/241 A l n actlvity ratios for the Gl and G2 ground zeros, and 
for sites north-west of Main Beach (HURRICANE test), have been calculated 
directly from the empirical "'Pu/'^Am values assuming 

a) 240 P u 

constituted 3% by atoms of the total number of atoms of all 
plutonium, 

b) birthdates for the plutonium are the dates of the detonations, and 
c) the total number of atoms of all alpha-emitting actinide nuclides to 

atoms of the specific nuclide ^^^Am at the birthdate was 30000 to 1 
(UKBDRSS, 1986). 

241 Pu 

No empirical data on 2^*Pu activities are available. Instead, 
^^^Pu/^^^Am ratios have been calculated from the decay of ^^Pu to 2^^Am by 
use of birthdate and decay parameters. 

Specifically, ratios have been calculated based on empirical 2 3 9Pu/ z^ 1Am 
values assuming birthdates for the plutonium are the dates of the 
detonations, and that the total number of atoms of all alpha emitting 
actinide nuclides to atoms of the specific nuclide ^^Am at the birthdate was 
30000 to 1 (UKBDRSS, 1986). 

238 p u 

The only empirical data available are for the Tadje major trial site at 
Maralinga (Williams, 1990) where a 2 3 8 P u / ( 2 3 9 , 2 , ; t 0 ) P u activity ratio of 
0.013(2) was determined from radiochemical analyses on four high-volume air 
sampler filters. This value is adopted for the Monte Bello Island sites in 
the absence of further data. 
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90 Sr 

90 In the fallout areas, Sr may be an important radionuclide. The 
90 137 activity ratio of Sr/ Cs is given for the three contaminated areas at the 

Monte Bello Islands in Cooper and Hartley (1979). Mean values are 1.2 for 
HURRICANE, 0.7 for MOSAIC Gl, and 0.14 for MOSAIC G2. 

Depth Distribution 

In the following assessments, as in the dose assessments for Maralinga 
and Emu (Williams, 1990), it is assumed that the top 10 mm of surface soil 
and contamination is resuspended and available for inhalation. In fact, 
certain artificial dust-raising operations will obviously raise dust from a 
greater depth than this and other operations such as natural wind-borne 
resuspension will only raise the very top layer. The surface soil samples 
which have been analysed elsewhere In this report in terms of mass and 
activity concentrations as functions of particle size were obtained to a 
depth of 40 mm, and percentages of each nuclide in the top 10 mm to the total 
in the top 40 mm are given in Table 10. These give some estimate of the 
appropriate factors to apply to data in Tables 12-14 to correct results from 
the 40 mm surface samples for activity concentration gradients with depth. 

A value of ca. 25% for the ratio of activity in the top 10 mm to the 
total activity in the top 40 mm indicates that the activity concentrations 
found for the 40 mm surface sample are appropriate for the dose assessment (a 
'depth gradient correction factor' of unity is indicated). Where percentages 
of greater than 25% are observed, a 'depth factor' of the ratio of the two 
percentages is used to correct the activities from the 40 mm surface sample 
(specifically, the less than 45 /im fractions in Tables 12-14) for use in the 
dose assessments. 

Depth factors of unity are used for all radionuclide concentrations at 
the MB4 site north-west of Main Beach as all percentages are less than 25%, 
and at the site 100 m south-west of the G2 ground zero where all percentages 
are ca. 25%. At the site 25 m north of the Gl ground zero, depth factors of 
2 are used for ^^Am and l"cs (and hence for plutonium and ™Sr which are 
estimated from these radionuclide concentrations by use of appropriate 
ratios), and factors of unity for other nuclides. For the MB2 site north
west of Main Beach, depth factors of 3 are appropriate for all nuclides with 
the exception of 1-̂ Cs where a factor of 2 is used (Table 10). 
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Breathing Ratss 

Breathing rates for adults, children and infants are taken from Haywood 
(1987). These rates are 8400 m̂ /yea*" for adults, 5500 wr/year for children 
and 1400 m^/year for infants. These data are for the British population. 

Dose Results 

Committed Effective Dose Equivalent values for visitors spending one week 
at any of the four contaminated sites considered are given in Table 17. A 
more complete breakdown of the radionuclides that contribute to these CEDE is 
presented in Tables 18-21 (n.b. these present doses for occupancy of a full 

239 year). For all sites, the CEDE is dominated by Pu with minor 
contributions from other actinides. None of the fission or activation 
products remaining at the Monte Bello Islands is a significant hazard for the 
inhalation pathway. In each case doses to adults are higher than doses to 
children and infants, by virtue of higher breathing rates. Estimated doses 
at the MB2 site are greater than at the MB4 site because of differences in 
the depth distribution of americiuni and plutonium at the two sites, with most 
of the contamination being on the surface (top 10 mm) at the MB2 site. 

Table 17 Estimated Committed Effective Doses from Inhalation 
for Visitors Spending One Week in 

Contaminated Areas of the Monte Bello Islands 

Site 
Adults 

mSv/week 
Children Infants 

Trlmouille I. 
MB2 site NW of Main Beach 
MB4 site on Beaver Hill 
Gl ground zero (25 m north) 
Alpha I. 
G2 ground zero (100 m south-west) 

2.66 2 .31 1.07 

0.67 0.58 0.27 

0.017 0.014 0.007 

0.019 0.016 0.008 
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Table 18 Data for Inhalation Dose Assessment at the MB2 Site 
NV of Main Beach, Trlmoullle I. 

ASSUMED RATIOS OF ACTIVITIES 

Sr-90/Cs-137 1.2 ARL/TR10 
Pu-238/239,240 0.013 
Pu-239/Am-241 40 
Pu-240/Am-241 4 
Pu-241/Am-241 5.6 

INHALABLE CONCENTRATIONS IN SOIL 

Nuclide Bq/g (top 10 nun) Depth Factor Bq/g (to 

Sr-90 7.30E+02 
Cs-137 6.08E+02 2 3.04E+02 
Co-60 6.48E+01 3 2.16E+01 
Eu-152 O.OOE+00 0.00E+00 
Eu-155 3.69E+01 3 1.23E+01 

Ara-241 1.07E+02 3 3.55E+01 
Pu-238 6.09E+01 
Pu-239 4.26E+03 
Pu-240 4.26E+02 
Pu-241 5.96E+02 

CHEMICAL CLASS OF AM AND PU 

Class W 
Class Y 

ASSESSED DOSE FROM INHALATION mSv/y 

Adults Children Infants 

Sr-90 0.04 0% 0.03 0% 0.01 0% 
Cs-137 0.01 0% 0.00 0% 0.00 0% 
Co-60 0.00 0% 0.00 0% 0.00 0% 
Eu-152 0.00 0% 0.00 0% 0.00 0% 
Eu-155 0.00 0% 0.00 0% 0.00 0% 
Am-241 3.13 2% 2.69 2% 1.25 2% 
Pu-238 1.64 1% 1.51 1% 0.70 1% 
Pu-239 121.67 88% 105.44 88% 48.90 88% 
Pu-240 12.17 9% 10.54 9% 4.89 9% 
Pu-241 0.29 0% 0.22 0% 0.07 0% 
TOTAL 138.94 120.43 55.83 
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Table 19 Data for Inhalation Dose Assessment at the MB4 Site 
on Beaver Hill, Trlmoullle I. 

ASSUMED RATIOS OF ACTIVITIES 

Sr-90/Cs-137 1.2 
Pu-238/239,240 0.013 
Pu-239/Am-241 40 
Pu-240/Am-241 4 
Pu-241/Am-241 5.6 

ARL/TR10 

INHALABLE CONCENTRATIONS IN SOIL 

Nuclide Bq/g (top 10 mm) Depth Factor Bq/g (to 

Sr-90 5.02E+02 
Cs-137 4.18E+02 1 4.18E+02 
Co-60 1.24E+01 1 1.24E+01 
Eu-152 0.00E+00 0.00E+00 
Eu-155 9.30E+00 1 9.30E+00 

Am-241 2.66E+01 1 2.66E+01 
Pu-238 1.52E+01 
Pu-239 1.06E+03 
Pu-240 1.06E+02 
Pu-241 1.49E+02 

CHEMICAL CLASS OF AM AND PU 

Class W 
Class Y 

0 
1 

TOTAL 

ASSESSED DOSE FROM INHALATION mSv/y 

Adults Children Infants 

Sr-90 0.03 0% 0.02 0% 0.01 0% 
Cs-137 0.00 0% 0.00 0% 0.00 0% 
Co-60 0.00 0% 0.00 0% 0.00 0% 
Eu-152 0.00 0% 0.00 0% 0.00 0% 
Eu-155 0.00 0% 0.00 0% 0.00 0% 
Am-241 0.78 2% 0.67 2% 0.31 2% 
Pu-238 0.41 1% 0.38 1% 0.17 1% 
Pu-239 30.39 88% 26.33 88% 12.21 88% 
Pu-240 3.04 9% 2.63 9% 1.22 9% 
Pu-241 0.07 0% 0.05 0% 0.02 0% 

34.72 30.09 13.95 
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Table 20 Data for Inhalation Dose Assessment for 25 m North 
of Gl Ground Zero, Trimoullle I. 

ASSUMED RATIOS OF ACTIVITIES 

Sr-90/Cs-137 0.7 ARL/TR10 
Pu-238/239,240 0.013 
Pu-239/Am-241 20 
Pu-240/Am-241 2.3 
Pu-241/Am-241 7 

INHALABLE CONCENTRATIONS IN SOIL 

Nuclide Bq/g (top 10 mm) Depth Factor Bq/g (to 

Sr-90 1.42E+01 
Cs-137 2.02E+01 2 1.01E+01 
Co-60 1.17E-01 1 1.17E-01 
Eu-152 1.69E+00 1 1.69E+00 
Eu-155 2.50E-01 1 2.50E-01 

Am-241 1.28E+00 2 6.40E-01 
Pu-238 3.71E-01 
Pu-239 2.56E+01 
Pu-240 2.94E+00 
Pu-241 8.96E+00 

CHEMICAL CLASS OF AM AND PU 

Class W 
Class Y 

0 
1 

Sr-90 
Cs-137 
Co-60 
Eu-152 
Eu-155 

Am-241 
Pu-238 
Pu-239 
Pu-240 
Pu-241 

TOTAL 

ASSESSED DOSE FROM INHALATION mSv/y 

Adults Children Infants 

0.00 0% 0.00 0% 0.00 0% 
0.00 0% 0.00 0% 0.00 0% 
0.00 0% 0.00 0% 0.00 0% 
0.00 0% 0.00 0% 0.00 0% 
0.00 0% 0.00 0% 0.00 0% 
0.04 4% 0.03 4% 0.02 4% 
0.01 1% 0.01 1% 0.00 1% 
0.73 84% 0.63 84% 0.29 84% 
0.08 10% 0.07 10% 0.03 10% 
0.00 0% 0.00 0% 0.00 0% 
0.87 0.75 0.35 
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Table 21 Data for Inhalation Dose Assessment for 100 m South-Vest 
of G2 Ground Zero, Alpha I. 

ASSUMED RATIOS OF ACTIVITIES 

Sr-90/Cs-137 0.14 ARL/TR10 
lu-238/239,240 0.013 
Pu-239/Am-241 15 
Pu-240/Ani-241 1.5 
Pu-241/Am-241 7.2 

INHALABLE CONCENTRATIONS IN SOIL 

Nuclide Bq/g (top 10 mm) Depth Factor Bq/g (to 

Sr-90 6.58E+00 
Cs-137 4.70E+01 1 4.70E+01 
Co-60 2.25E+00 r-l 2.25E+00 
Eu-152 3.05E+01 1 3.05E+01 
Eu-155 1.09E+00 r-l 1.09E+00 

Am-241 1.93E+00 1 1.93E+00 
Pu-238 4.14E-01 
Pu-239 2.90E+01 
Pu-240 2.90E+00 
Pu-241 1.39E-01 

CHEMICAL CLASS OF AM AND PU 

Class U 
Class Y 

Sr-90 
Cs-137 
Co-60 
Eu-152 
Eu-155 

Am-241 
Pu-238 
Pu-239 
Pu-240 
Pu-241 

ASSESSED DOSE FROM INHALATION mSv/y 

Adults Children Infants 

0.00 0% 0.00 0% 0.00 0% 
0.00 0% 0.00 0% 0.00 0% 
0.00 0% 0.00 0% 0.00 0% 
0.00 0% 0.00 0% 0.00 0% 
0.00 0% 0.00 0% 0.00 0% 
0.06 6% 0.05 6% 0.02 6% 
0.01 1% 0.01 1% 0.00 1% 
0.83 84% 0.72 84% 0.33 84% 
0.08 8% 0.07 8% 0.03 8% 
0.01 1% 0.01 1% 0.00 0% 
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Other Pathways 

Doses due to the ingestion of radionuclides at the Monte Bello Islands 
are expected to be so small as to be totally inconsequential. This is 
because there are no natural sources of food or drinking water on the 
Islands, with the exception of fish and oysters, and so ingestion can only 
occur through inadvertent direct intake of contaminated soil. Ocean fish 
cannot be contaminated by the low levels of radionuclides present on the 
surface of the Islands, and previous studies have shown that rock oysters and 
clams from Alpha I. and Trimouille I. are completely safe to eat (Cooper and 
Hartley, 1979; Cooper et al., 1983). At Maralinga and Emu, where similar 
radionuclide contamination is present, doses from ingestion to Aborigines 
enjoying a semi-traditional diet are generally an order of magnitude less 
than those due to inhalation, and only ingestion of soil by infants in the 
first year of life is significant (Haywood and Smith, 1990). 

Similarly, no doses of consequei.ee due to incorporation of plutonium 
contamination in wounds are possible on the Islands. This is because of the 
nature of the plutonium contamination (an evenly distributed dispersion of 
fine material of relatively low concentration). At Maralinga, where 
plutonium contamination is present both as finely divided material and also 
as larger fragments of relatively high concentration which could, 
conceivably, be incorporated into a wound, estimated doses due to the wound 
pathway are generally two orders of magnitude lower than those due to 
inhalation (Haywood and Smith, 1990). 

For external whole-body exposure from the gamma-ray fields at the 
contaminated areas (Tables 1-3), the times a visitor would have to spend at 
each site to receive a dose of 1 mSv are 770 hours (32 days) at the MB4 site 
in the fallout plume north-west of Main Beach on Trimouille I., 1410 hours 
(59 days) at 25 m north of the Gl ground zero, and 192 hours (8 days) at 50 m 
east of the G2 ground zero on Alpha I. 

http://consequei.ee
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CONCLUSIONS 

The only potential hazards to health from residual radioactive 
contamination on the Monte Bello Islands are due to the inhalation of 
actinides (specifically plutonium and americium) and from the external gamma-
radiation field. Only one area, in the fallout plume of HURRICANE to the 
north-west of Main Beach, is a potential inhalation hazard. For an average 
inhalable dust loading of 0.1 mg/m , three days occupancy of the MB2 site or 
ten days occupancy of the MB4 site will result in a committed effective dose 
equivalent: of 1 mSv. Considering the conservative assumptions built into 
this estimation, particularly the level of dust loading which is almost 
certainly an upper estimate, and the habits of visitors who are unlikely to 
spend most of their time on the Islands in the one place, such dose levels 
are not considered to present undue risk for visits of one week to the 
Islands. The two ground zeros could not be considered inhalation hazards, 
considering the small areas concerned and the habits of visitors (full-time 
occupancy, over a period of one year or more, of the most contaminated sites 
at either of the Gl or G2 ground zeros would be required to reach 1 mSv). 

For external gamma-radiation exposure, the allowed periods of continuous 
occupancy at the most contaminated sites are 32 days for the HURRICANE 
fallout plume north-west of Main Beach, 59 days for the Gl ground zero on 
Trimouille I., and 8 days for the G2 ground zero on Alpha I. 

The ingestion and wound-contamination pathways can be dismissed as being 
completely inconsequential. From a radiological health aspect, rock oysters 
and clams from Alpha I. and Trimouille I. are quite safe to eat. 

The potential inhalation hazard, depending largely as it does on long-
lived radionuclides, will not change appreciably over a period of several 
hundred years. External exposure to gamma-radiation fields, however, will 
continue to decrease quite significantly with the passage of tens of years. 
Suitable management strategies for the Islands can readily be established and 
controlled considering the low degree of potential risk posed by the current 
levels of radioactive contamination. 
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APPENDIX 

Absorbed Dose Rates in Air (/iGy/h) for the Ground Zero Gl (Trimouille I.) 

Measurements were performed by Dr Bruce Hartley of the Radiation Health 
Section of the Health Department of W.A. on 16 August 1990 (top value) and on 
6 June 1985 (bottom value, in parentheses). 

\ 1 

Distance N NW W SW S SE E NE 
(m) 

Gl Trimouille I. 
0 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 

(3.00 1.40 3.00 1.40 3.00 2.40 1.70 1.60) 
10 0.90 0.50 0.70 0.80 0.57 0.65 0.50 0.54 

(1.50 0.95 0.95 1.40 1.00 1.00 1.00 0.90) 
20 0.85 0.60 0.70 1.30 0.60 0.45 0.62 0.75 

(1.40 0.75 0.75 2.50 1.00 1.00 0.90 1.50) 
30 1.30 0.65 0.85 1.80 0.62 0.70 0.85 0.77 

(1.20 0.90 2.00 2.60 0.80 0.95 0.95 1.20) 
40 0.60 0.67 1.20 1.00 0.32 0.85 0.80 0.70 

(0.85 0.80 1.20 1.60 0.50 0.95 0.75 0.72) 
50 0.62 0.45 1.00 0.65 0.22 0.50 0.48 0.37 

(0.50 0.40 1.20 1.00 0.35 0.75 0.55 0.55) 
60 0.35 0.22 0.55 0.70 0.20 0.44 0.37 0.35 

(0.55 0.40 0.70 0.90 0.25 0.45 0.45 0.40) 
70 0.20 0.22 0.35 

(0.50 
0.42 
0.57 

0.22 0.30 
0.40 

0.23 
0.35) 

0.26 

80 0.15 0.16 0.26 0.40 
(0.75 

0.20 0.22 
0.35) 

0.18 0.22 

90 0.18 0.15 0.20 0.40 0.18 0.22 0.22 0.22 
100 0.12 0.10 0.18 0.40 0.16 0.23 0.20 0.22 

* 
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Absorbed Dose Rates in Air (/iGy/h) for the Ground Zero G2 (Alpha I.) 

Measurements were performed by Dr Bruce Hartley of the Radiation Health 
Section of the Health Department of W.A. on 15 August 1990 (top value) and on 
6 June 1985 (bottom value, in parentheses). 

Distance N NW U Stf S SE E NE 
(B) 

G2 Alpha I. 
0 1.4 1.4 1.2 1.4 1.4 1.4 1.2 1.2 

(2.0 2.0 2.0 2.0 1.6 2.0 2.0 2.0) 
10 1.8 3.5 2.8 2.0 2.4 2.1 3.2 2.7 

(3.0 4.0 4.5 3.5 4.0 3.5 6.0 3.5) 
20 3.2 3.3 3.0 5.3 5.5 7.4 6.0 4.2 

(5.0 7.5 5.0 8.3 8.0 8.5 5.5 7.5) 
30 4.5 5.2 4.0 6.8 6.7 6.0 5.5 6.0 

(8.5 11.0 7.0 9.5 9.0 9.5 9.5 8.5) 
40 6.3 7.6 4.7 7.0 7.1 6.4 5.8 5.4 

(8.5 8.7 7.0 10.0 8.0 9.0 10.0 10.0) 
50 5.9 7.2 5.2 7.5 5.2 7.0 7.0 7.0 

(7.5 9.0 8.2 7.7 6.5 8.7 9.5 11.0) 
60 4.3 6.2 5.5 4.5 4.3 5.2 6.0 7.0 

(3.7 7.5 7.5 7.5 5.5 7.0 8.0 8.5 
70 2.1 4.6 4.2 5.2 3.5 4.0 6.0 4.6 

(3.0 5.5 5.0 8.2 6.5 4.5 6.5 6.0) 
80 2.0 4.5 4.1 6.0 4.4 3.0 4.0 3.4 

(3.0 3.3 4.0 7.5 6.3 4.0 6.0 4.0) 
90 2.2 3.5 2.8 5.2 4.0 3.2 4.5 2.8 

(2.0 3.0 3.2 7.2 3.5 3.5 5.5 3.0) 
100 1.4 2.5 2.8 3.5 2.9 2.5 5.0 1.8 

(1.3 2.5 4.5 3.0 3.0 3.5) 
110 (2.7 2.0 3.0) 
120 (2.5 1.6 1.6) 
130 (1.0) 
140 (1.0) 
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Figure 2 Location of the Monte Bello Islands off the north-west 
coast of Western Australia 
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t Figure 3 Trimouille I. showing the Gl ground zero and the 
sampling sites MBl-4 north-west of Main Beach 


