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CHAPTER 3 

Artificial Resuspension Studies 

by 
Malcolm B. Cooper, Karen B. Marshall, Ken A. Thomas and Bliss L. Tracy 

3.1 INTRODUCTION 

In order to assess the inhalation hazard presented by plutonium and 
americium contamination of soil in the Taranaki region at Maralinga, the 
distribution of radionuclide activities in the inhalable fraction of the 
resusnended fine material in the soil must be characterised. In this 
respect, there are two situations which must be examined: 

- airborne dust levels generated under the ambient meteorological 
conditions; this is the subject of work described in Chapter 2; 

- the resuspension of contamination due to activities of persons 
occupying a particular site, either in their normal way of life or 
carrying out work of some description. 

Two problems are evident in addressing the latter case. Firstly, in 
the course of an individual's day to day activities and in an environment 
such as at haralinga, there are a wide range of scenarios which will result 
in significant airborne dust loadings. It would be impossible to reproduce 
many of these situations in any controlled way to enable the collection of 
reliable data on the particle size distribution of airborne radioactivity. 
Secondly, experiments which generate dusty conditions in significantly 
contaminated areas at Maralinga need to be well contained and precautionary 
measures need to be taken to minimise the radiation hazard to individuals 
performing the work. 

One approach is to investigate the distribution of activities in soil 
from various locations and to make certain assumptions regarding the 
resuspension of material at each location. Separation of soil into various 
particle size fractions below 45 pirn is very difficult using conventional 
sieving, even if ultrasonic techniques are applied. However, apparatus based 
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upon a centrifugal separation of fine particulates will produce sufficient 
soil within a known range of particle sizes to determine the activity 
distribution for the soil. Characterisation of soil by use of this type of 
equipment is described in Chapter 4. 

This Chapter describes an alternative approach which was to construct an 
apparatus to generate dust-laden air in a controlled way from contaminated 
soil taken at several locations around Maralinga. A cascade impactor and 
other particle sizing devices were used to sample the dust and provide data 
on activity distributions in the respirable particle size range. whilst it 
was recognised that this approach was not realistic in the manner in which 
fine material is resuspended, it could be considered to be a 'worst case' 
approach. Also, the introduction of soil into the apparatus, the dust 
generation and sampling were done in a reproducible way which enabled 
activity distributions in resuspended contaminated material from the several 
plumes around Taranaki and from ground zero locations to be compared. 

Some data are also presented from experiments designed to measure dust 
loadings (non-active) resulting from various scenarios involving the driving 
of vehicles or walking over dusty ground. 

3.2 EXPERIMENTAL PROCEDURE 

3.2.1 Sample Collection 

Samples were collected to a depth of 1 cm from undisturbed topsoil at 
each sampling location. To assist in the collection of the top centimetre of 
soil, a metal frame was designed based on the width of a shovel, with a 
length of one metre and a depth of one centimetre. Samples were obtained by 
pressing the frame into the soil, and using the frame to guide the shovel in 
removing the top layer to a depth of one centimetre. This device also 
ensured that the collection of soil at each of the sites was carried out 
reproducibly. 

Approximately seven samples were obtained to make up the 40 kilogram 
composite sample required for each dust raising exercise. 

During collection, each sample was monitored with an Eberline scalar -
ratemeter in order to isolate and remove any high specific nativity particles 
and fragments which might have significantly contaminated ihe e<ust raising 
apparatus. 
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A coarse sieving of each soil sample was made using an apparatus which 
consisted of a closed container with an 850 jm mesh base sitting on a 20 
litre polystyrene bucket. This was set on a frame with a pivot which 
permitted sideways movement through approximately 90 degrees. The apparatus 
was fixed to a wooden base which provided stability between sieving 
operations. The fraction less than 850 /in was collected in the bucket and 
the oversize material was discarded. Each bucket was covered with a tight-
fitting lid for transport to the dust raising site to minimise loss of finer 
particulate material. The locations of the sampling sites are shown in 
Figure 3.1 and the sites studied on the various field trips are given in 
Table 3.1. G1400, Q380 and ZD600 refer to points on the ARL grid at Taranaki 
(Burns et al., 1986). 

Table 3.1 Field Locations of Soil Samples for Artificial 
Resuspension Experiments 

Field Trip Location of Sample 

August 1987 INW; FNNW 
November 1987 INW; FNNW; One Tree; 

Tadje; G1400; Q380 
March 1988 INE; INW; FENE; FNW 
August 1988 IN; FW; Tadje; One Tree; 

INE; FN; ZD600; FNW 
November 1988 ZD600 

3.2 2 Apparatus for the Artificial Resuspension of Dust 

A schematic diagram of the apparatus used to generate airborne material 
from contaminated soil is presented in Figure 3.2, and photographs of the 
unit and the sampling compartment are shown in Figure 3.3. The apparatus 
comprised two sections. The first section was a one metre long rectangular 
box, constructed of aluminium and steel with an air blower at one end and an 
opening at the other. A strong current of air through the box tunnel was 
produced by the blower and the flow rate could be regulated with an 
adjustable air venturi inlet on the blower. Soil was fed into the path of 
the air from a hopper mounted on top of this section, close to the air 
blower. The rate at which soil flowed into the apparatus could be controlled 
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by adjusting slits on the bottom of the hopper. Adjustable louvres at the 
outlet end could be used to change the direction of the dust laden air. 

The second section of the apparatus consisted of a canopy, of dimensions 
4 m x 2 m x l m , to which the dust generation section was attached under 
operating conditions. Preliminary experiments were conducted with a canopy 
constructed from plastic sheet supported by wooden poles. This structure 
proved to be too flimsy and unable to withstand strong winds. For later 
field trips an improved canopy was built with an iron frame and plywood 
panels bolted together. Particle sizing equipment was located in the end 
chamber of the canopy with only the sampling heads exposed to the dust cloud. 
The equipment could be viewed through the clear perspex sides of the chamber. 
The canopy was designed with sufficient length to allow coarser material to 
settle out before reaching the samplers. 

The sections of the apparatus could be dismantled easily to facilitate 
the removal of soil and decontamination between experimental runs. 

3.2.3 Dust Sampling Apparatus 

Dust was sampled using two types of apparatus: 

1. an Andersen 1 ACFM Particle Fractionating Sampler (Non-Viable Sampler) 
which is an eight stage cascade impactor which measures the size 
distribution of dust particles in the air, ranging from 0.43 to 11.0 fim 

diameter; the collection medium for each stage can be a glass plate, a 
stainless steel plate, or a supported filter; 

2. a Sierra-Andersen Series 241 PM-10 Manual Dichotomous Sampler which 
samples dust particles smaller than 10 /jm and provides both a 'coarse' 
(2.5-10 fim) fraction and a 'fine' (0-2.5 urn) fraction; dust is collected 
on 37 mm diameter Teflon substrates. 

During a single run, both samplers were operated concurrently within the 
end chamber of the dust raising canopy. Figure 3.2 illustrates the position 
of the samplers within the apparatus. The cascade impactor and the filters 
of the dichotomous sampler could be removed easily from the sampling chamber. 

Approximately 15 kg of soil was used for each dust raising run. The 
duration of each run varied between 10 and 30 minutes, depending on the dust 
loadings required and the amount of soil available. To prevent overloading 
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of the upper stages of the cascade impactor, the collection plates on the 
first four stages were replaced by clean plates at regular intervals during 
each run. 

During all field trips except for November 1988, glass plates were used 
in the cascade impactor as the collection substrates. These were thoroughly 
cleaned before and after each dust raising run. Once a run had been 
completed the material from each glass plate was transferred onto a 47 mm, 
0.8 /ua Versapor filter with methylated spirits. The filter paper was 
supported on a Gelman magnetic filter funnel and a manual vacuum pump was 
used to aid filtration. This method ensured uniform sources for gross alpha 
counting. 

The mass of dust on the filters was determined by weighing each filter 
before and after each run on a Sartorius H51 electronic analytical top-
loading balance. Prior to weighing, filters were placed in a desiccator 
overnight to eliminate moisture. 

During the November 1988 field trip, the glass plates of the Anderson 
Cascade Impactor were replaced with glass fibre filters (8 cm diameter), 
supported on stainless steel plates. Two filters were used for each stage to 
ensure that the collection surface was level with the top of the stainless 
steel plates. This method simplified sample collection because dust did not 
have to be transferred from the impactor plate to a filter for weighing or 
activity measurement. 

Several experiments were carried out in which sampling commenced after 
the blower had been switched off. Using soil from ZD600 to generate airborne 
dust, sampling times were varied, as was the time period between switching 
off the blower and the commencement of sampling. 

3.2.4 Sample Activity and Mass Measurements 

Masses of dust on each stage of the cascade impactor and on the two 
filters of the dichotomous sampler were determined by weighing each filter. 

The activity of * *Am on each filter was obtained by high-resolution 
gamma-ray spectrometry on a Canberra coaxial germanium detector. Spectral 
data were acquired and analysed with a Nuclear Data ND6620 acquisition 
system. 
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3,2.5 Soil Characterisation 

A portion of the soil sample collected at each location was characterised 
for the activity and mass distributions with particle size. Approximately 
three kilogram of soil was sieved using Endicott standard brass sieves to 
obtain fractions in the size ranges >500, 500-250, 250-150, 150-90, 90-45 and 
<45 tim. 

The <45 ftm fraction was further characterised by use of a Bahco 
microparticle classifier. This apparatus characterises soil into seven 
(overlapping) size ranges from 45 /im to less than 3 pm. 

In addition depth profiles were obtained at several sampling locations to 
depths of five centimetres. Soil samples were sieved to remove stones and 
other material above 500 /im and packed into 60 gram PVC packs for analysis. 
The results are presented in Chapter 4. 

Analyses for ^^Am were carried out by high-resolution gamma-ray 
spectrometry by use of the equipment described above. 

3.3 RESULTS 

The early runs performed in August and November 1987 were used to gain 
experience with the technique and to give guidance for modifications aimed at 
improving the apparatus. One potential problem with these early runs was 
overloading of the upper stages of the cascade impactor and special attention 
was required in subsequent runs to prevent this occurring. For this reason, 
several of the sites analysed in 1987 were re-analysed later (Table 3.1). 
The two exceptions are G1400 and Q380 (FNNW was effectively re-analysed with 
soil from the neighbouring FNW site). Because of possible overloading 
problems, data from the G1400 experiment are not considered further in this 
report. However, due to the particular interest attached to the Q380 site 
(one of the most active areas close to the centre of Taranaki), and the 
hazards associated with re-analysing such an active material, some dat-. 
derived from the cascade impactor studies are presented for this site. As 
the effects of any overloading are unknown, the data must be considered 
indicative only for such a site. 
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3.3.1 Soil Characterisation 

Soil derived from each of the sites under investigation was characterised 
in terns of the activity of ^^Am ±n various particle size ranges less than 
1000 >*m. Mass and activity distributions are given in Appendix 3.1 for sites 
in the vicinity of Taranaki and for soil collected at locations 500 m to 700 
m from the ground zeros at One Tree and Tadje. 

The percentages of the total mass and activity in each particle size 
range are also given in Appendix 3.1, and the ratios of percentage activity 
to percentage mass have been calculated from the data to determine the 
magnitude of any enhancement of activity relative to mass in specific soil 
fractions at each site. The ratios are given in Table 3.2. 

3.3.2 Cascade Impactor Studies 

The detailed results for activity and mass measurements from the sampling 
studies with the Anderson cascade impactor are given in Appendix 3.2 and are 
summarised in Table 3.3 in terms of the mass and 2^*Am activities per unit 
volume sampled for particle sizes less than 7 fim. In a number of instances 
the dust loadings on the lower stages 5 to 7, representing particle sizes 
less than 2 pa, were too low to yield measurable masses. 

The activity on each stage was determined by preliminary gross alpha 
counting and by high-resolution gamma-ray spectrometry for ^^Am. No attempt 
was made to convert gross alpha count rates to ***-Aa and 2 ™ P u activities 
because of the variability in 2 3 9Pu/ 2^ 1Am ratios throughout the Taranaki area 
(Johnston et al., 1988) and the difficulties in calibration which arise due 
to the variable mass of material on the filters, and these data are not 
considered further in this report. The detection limit for the measurement 
of 2^*Am by gamma-ray spectrometry was approximately 5 mBq. 

Duplicate experiments were performed for most sites. A general 
observation from the data in Appendix 3.2 is that, for a particular site, the 
mass distributions are very similar between duplicate runs but there is a 
wide variation in 2^Am activities. This is most likely due to the 
inhomogeneous distribution of particulate material containing plutonium and 
americium. 
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In November 1988, a series of experiments was carried out using soil from 
the ZD600 site at Taranaki to examine the effect upon the airborne 
concentrations and particle size distributions of resuspended material if 
sampling with the cascade impactor took place after the air blower was 
switched off and not concurrently as with the earlier experiments. A total 
of four experiments was performed, three of which involved sampling for ten 
minutes and one for six minutes. In the first experiment, the air blower and 
sampler operated concurrently for 10 minutes. In the second, the blower was 
run for 5 minutes followed by a sampling period of 5 minutes. The procedure 
was repeated to give a total dust generation and sampling time of 10 minutes. 
The third run followed the same sequence, however with a period of two 
minutes for dust generation and sampling and the whole procedure was carried 
out a total of five times. In the final experiment, dust generation and 
sampling times were for two minutes but there was a delay of two minutes 
after the air blower was switched off and before sampling began. The results 
of these experiments are presented in Table 3.4. 

3.3.3 Activity Median Aerodynamic Diameter 

In order to obtain an estimate of activity median aerodynamic diameter 
(AMAD), it was assumed that the activity and mass distributions of particle 
sizes below 11 urn (stage 1 and below) follow a log normal distribution. 
Where sufficient activity data wero obtained for a site, the percentage of 
the total ^^^Am activity was calculated for each impactor stage, ignoring the 
contribution due to material on Stage 0 which is an accumulation of all 
airborne material above 11 pm particle size. A typical plot of particle size 
against cumulative percent less than the stated particle size is shown in 
Figure 3.4 for soil sampled from the ZD600 site. The mass distribution is 
also plotted for comparison. Table 3.5 presents estimated AMADs for several 
resuspension experiments performed on soil from the FN, FNW and ZD600 sites 
during both the August 1988 and Novembet 1988 field trips. 

3.3.4 Enhancement Factors 

From the data in Appendix 3.1, it is clear for soil from Taranaki that 
the activity distribution of ^41^ i s q Ui te different from the mass 
distribution. For example, for the highly contaminated soil from ZD600, the 
<45 »m fraction contains only 0.6X of the mass but 13.0% of the activity. 
The amerlclura concentration in this fraction is enriched more than twentyfold 
relative to its concentration in the sample as a whole. 
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Large-scale mapping of contamination levels at Maralinga and Emu, by 
aerial and land surveys, yields activity concentrations for the soil as a 
whole. For any assessment of dose due to the inhalation of dust from these 
areas, it is not the activity concentration of the whole but of the 
'inhalable fraction' of the soil which is required. In this work, the 
inhalable fraction is taken to be that portion of the soil and active 
material with aerodynamic diameters <7 j*m. 

For purposes of estimating activity concentrations of the inhalable 
fraction from measured activity concentrations of the soil as a whole, we 
define the 'enhancement factor' as the ratio of the activity concentration of 
the inhalable fraction to the activity concentration of the sample as a 
whole. If the enhancement factor for a range of sites turns out to be 
reasonably constant, or varies in some predictable way (say with distance 
from the firing point), then it will be possible to reasonably estimate 
activity concentrations of the inhalable fraction for areas where these have 
not been experimentally determined. 

For sites for which data are available, the enhancement factors are given 
in Table 3.6. For soil samples these are determined from separations 
performed by use of the microparticle classifier, and for the resuspended 
material they are determined from the cascade impactor data. 

3.3.5 Dlchotomous Sampler Studies 

Results of activity and mass measurements from the sampling studies with 
the Sierra-Andersen dichotomous sampler are given in Appendix 3.3 for the two 
(aerodynamic) size ranges 2.5-10 /xm and <2.5 /*m. Whereas masses could 
generally be measured for both fractions, ^^Am activities for the smaller 
fraction were generally below the limit of detection. 

3.3.6 Dust Loadings from Realistic Scenarios 

Some experiments were performed involving the driving of vehicles or 
walking over dusty non-active ground at Maralinga. These are described and 
the observed dust loadings are given in Appendix 3.4. Other respirable dust 
loadings from simulated Aboriginal activities are available in Giles et al. 
(1988, 1990) and data from the actual monitoring of Aborigines in November 
1989 are given in Pearce and Pegler (1989). 
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3.A DISCUSSION 

It is intended that the results of this study will provide input data for 
the assessment of the dose due to inhalation arising from the resuspension of 
contaminated soil in the day to day activities of the critical group under 
consideration. 

Along with the two major trial sites investigated, several areas in the 
vicinity of Taranaki were chosen to represent 

a) the innermost highly contaminated region, 
b) the plumes in which the soil has been disturbed by ploughing during 

the clean-up operations in 1967, and 
c) plume areas in the vicinity of Taranaki which are contaminated to a 

significant extent but are essentially undisturbed - along the I ring 
road, for example. 

The common feature of soil from sites around Taranaki is that there is a 
considerable enhancement of plutonium and americium activities in the fine 
particle size fraction (<45 /*m) of the soil with respect to the overall soil 
activities (Tracy, 1987; Burns et al, 1988). Data in Table 3.2 for the 
characterisation of soil from Taranaki used in the resuspension experiments 
indicate that the enhancement for particle sizes less than 45 pm ranges from 
5.5 to 21.7. For contamination in the vicinity of the major trial sites the 
reverse situation applies with enhancement in the larger particle size 
fractions. This is due to the association of activity with discrete, often 
spherical, particles of recondensed alumino-silicates. These particles can 
exceed 1 mm in size in the case of samples from Tadje. 

When the less-than 45 fim fraction is further fractionated, enhancement 
factors for the inhalable fraction (taken to be less than 7 urn aerodynamic 
diameter) are found to be similar (or slightly less) than for the less-than 
45 nm fraction itself (Table 3.6). Enhancement factors obtained by 
monitoring the resuspended material are in general similar to those found for 
soil samples. This implies that measurements of the enhancement of activity 
concentrations in soil samples (Chapter 4) are applicable to assessments of 
the inhalation hazard resulting from raised dust. 

The enhancement factor for activity concentrations in respirable dust 
ranges from 3.7 to 32.5 for Taranaki soils (Table 3.6), with a value of ca. 6 
appearing reasonable for general application in the outer (plumes) areas. In 
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this outer region there does not appear to be any correlation between 
plutonium/americium enhancement factors with distance from the source. 
Closer in to the more heavily contaminated areas, higher values are probably 
applicable but the paucity of data for such areas does not allow for a more 
definitive estimate. The three values in Table 3.6 for such close-in sites 
are 11.5, 13.6 and 32.5. 

From the cascade impactor data (Table 3.3), the Z ^Am concentrations in 
the resuspended material of less than 7 /in aerodynamic size ranged from below 
the limit of detection for soil of 0.2 Bq 2 4 1Am/g from the INE site to a 
maximum of 14.6 Bq/nr at the most contaminated site, ZD600. This maximum 
airborne concentration corresponds to a value of 0.32 Bq/mJ per mg/m3 dust 
loading. 

The AMAD was reasonably consistent for each of the sites for which data 
were available (Table 3.5), with an average value of ca. 6 pm. The 
experiments performed with ZD600 soil and sampling after various time 
intervals following the raising of dust demonstrate the rapid decrease in 
both mass and activity concentrations of airborne dust as time is allowed for 
settling. It is not possible to compare absolute activity concentrations 
quantitatively between runs because of the inhomogeneity of the activity in 
the bulk soil from ZD600. However, there is some suggestion that the 
enhancement of activity in the <7 urn fraction (stages 2-7, Table 3.4) is less 
when time is allowed for settling [enhancement factors are 37, 20, 16 and 25 
for experiments A, B, C and D respectively (Table 3.4), assuming a constant 
value of 8.4 Bq/g (Table 3.6) for the overall soil activity]. There is also 
a significant decrease in AMAD from ca. 6 to 4.8 /im following a delay of two 
minutes to allow some settling between raising and sampling dust. 

Respirable dust loadings from a number of scenarios involving walking and 
driving over dusty ground (Appendix 3.4) ranged from below the limit of 
measurement to a maximum of 13 mg/m3 for travelling in the open tray section 
of a vehicle following another vehicle, with a spacing of 100 metres, on a 
dirt track. In the absence of the front vehicle, the respirable dust loading 
was significantly lower at 0.8 mg/nr. Walking on dusty ground in a confined 
space, in this case the canvas annex of a caravan, can lead to significant 
resuspended respirable dust loadings of 8 mg/m . In applying these, and the 
more extensive dust loading data for soils from this region in Giles et al. 
(1988, 1990) and Pearce and Pegler (1989), to perform dose assessments for 
the inhalation pathway, occupancy factors for the various scenarios must of 
course be considered. 
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Table 3.2 Activity to Mass Ratios for Soil Samples used for 
Artificial Resuspension Studies 

Site Ratio of X Activity to X Mass for 2 4 1 A m 

Soil fraction (/un) >500 500-250 250-150 150-90 90-45 <45 

Major Trial Sites: 

One Tree 1.7 1.7 0.7 0.5 0.3 1.0 

Tadje 5.1 1.4 0.5 0.3 0.1 0.2 

Taranaki Region: 

ZD600 0.1 0.3 2.1 1.5 1.6 21.7 

FW 0.5 0.3 0.9 0.4 1.6 13.9 

FNW 0.1 0.3 1.1 1.7 1.8 5.5 

FN 0.1 0.5 1.8 1.8 0.9 7.5 

FENE 0.4 0.3 1.6 0.8 0.6 5.6 

INW 0.1 0.2 1.0 3.1 1.8 5.9 

IN 0.2 0.3 0.4 2.0 1.7 13.1 

INE 0.2 0.4 0.4 3.6 1.8 8.2 

Note: The soil samples were taken from soil used for the artificial 
dust resuspension studies. 

The locations designated FN, IN, etc. correspond to those 
areas used for ambient dust sampling by use of high volume air 
samplers. The site ZD600 is an ARL grid point approximately 
600 m north-west of the high volume sampler site CN at 
Taranaki. 
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Table 3.3 Artificial Resuspension Studies: 
Airborne Concentrations (Mass and 2 * 1 A M Activity) in Dust 

vith a Particle Sise below 7 fm 

Site Run Dust Concentration 

Mass Activity 
(•g/B3) (Bq/«3) 

ZD600 1 
2 

FW 1 
2 

FNW 1 

FN 1 
2 

IN 1 
2 

INE 1 

One Tree 1 
2 

Tadje 1 
2 

46 14.6 
31 6.6 

120 0.15 

123 0.29 

132 0.48 

61 1.00 
93 2.52 
78 0.43 

58 0.53 

45 * 

18 * 
20 * 
39 * 
16 0.08 

* No detectable 2 Z f lAm a c t i v i t y 
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Table 3.4 Results of Artificial Dust Resuspension Experiments: 
November 1988 - Soil taken from ZD600 Site 

Experiment Impactor Mass 2*W Concn. 
(n>g) (mBq) per Stage 

(Bq/g) 

A. 10 min blower 0 14.3 5660(160) 396 
with concurrent 1 4.8 2110(80) 440 
sampling 2 5.8 1890(80) 326 

3 4.3 1330(70) 309 
4 1.5 400(20) 267 
5 * 70(10) -
6 0.1 * -
7 * * -

B. 5 min blower 0 2.6 313(25) 120 
followed by 1 1.8 323(27) 179 
5 min sampling 2 2.1 392(28) 187 
(repeat xl) 3 2.0 303(25) 152 

4 0.7 116(20) 166 
5 •k 14(7) -
6 * * -
7 * * -

C. 2 min blower 0 6.4 876(20) 137 
followed by 1 3.2 302(40) 94 
2 min sampling 2 5.1 643(45) 126 
(repeat x4) 3 4.2 668(45) 159 

4 1.8 187(22) 104 
5 0.1 50(11) 500 
6 0.2 * -
7 0.3 6(5) 20 

D. 2 min blower 0 1.7 117(22) 69 
followed by 1 * 21(9) -
2 min wait and 2 0.6 94(18) 157 
2 min sampling 3 0.7 189(14) 270 
(repeat x2) 4 0.2 25(8) 125 

5 * * -
6 * 10(6) -
7 * * * 

t Standard deviations (based on counting statistics) are given in parentheses 
and refer to the least significant digit(s). 
No measurable mass or activity. 
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Table 3.5 Approximate AHADs for Various Sites 
from Artificial Resuspenslon Experiaents 

Site Run No. Date AMAD Comment 

FN 1 Aug.1988 6.8 Stage 0 not included 
2 Aug.1988 5.6 

FNU 1 Aug. 1988 8.0 

ZD600 1 Aug.1988 5.6 II 

2 Aug.1988 5.4 M 

3 Nov.1988 5.8 Exp. A, Table 3.4; 
stage 0 not included 

4 Nov.1988 6.4 Exp. B, Table 3.4; 
stage 0 included 

5 Nov.1988 4.8 Exp. D, Table 3.4; 
stage 0 not included 
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Table 3.6 ***-Aa Activity Concentrations and Enhancement Factors (EF) 
in the 'Inhalable Fraction' of Maralinga Soils from 
Microparticle Classifier* and Resuspension Studiest 

Site Overall Soil 
Activity 

Bq/g 

Inhalable Fraction Overall Soil 
Activity 

Bq/g 
In 

Bq/g 
soil* 

EF 
Resuspendedt 
Bq/g EF 

ZD600 8.42 * - 273.9 32.5 

Q380# 15.0 172.2 11.5 203.4 13.6 

FW 0.36 2.53 7.0 2.20 6.1 

FNW 0.69 2.78 4.0 3.73 5.4 

FN 3.14 * - 25.2 8.0 

FENE 1.78 * - - -

INW 0.98 3.66 3.7 - -

IN 0.68 5.15 7.6 7.02 10.3 

INE 0.19 0.72 3.8 § -

One Tree 0.29 0.51 1.8 § -

Tadje 3.06 0.81 0.26 1.01 0.33 

Separations by use of Bahco microparticle classifier; data for particle 
sizes (optical) centred on 5 pm and covering the range 0-11 urn. 

* From cascade impactor studies; sununation of data for stages 2-7 with 
particle sizes less than 7 pm. 

* Samples were too active for safe handling in the Bahco microparticle 
classifier. 

* The overall soil activity is from a different sample to that used in the 
microparticle classification and resuspension experiment. The 
enhancement factors quoted must be considered indicative only because of 
the considerable variability in the activity concentration of Q380 soil 
samples (due to the uneven distribution of very hot particles) and 
possible overloading of the cascade impactor stages. The Bahco 
classification (Tracy, 1987) was performed on a sample pre-treated by 
J.M. Costello of ANST0 to concentrate the fine fraction. 

» Activities in stages 2-7 of the cascade impactor were all below the limit 
of detection. 
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Fig. 3.1 Locations of sampling sites for soil used In artificial 
resuspenslon studies. 
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Fig. 3.2 Schematic representation of apparatus used in artificial 
resuspension studies. 
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^<0^ 

Fig. 3.3 Photographs 
of the apparatus used 
in the artificial 
resuspension studies. 

Top: The dust raising 
unit set up in an 
uncontaminated area 
at Taranaki. 

Bottom: End view of 
the unit with the end 
panel removed showing 
the sampling compart
ment. The sampling 
head of the 
dichotomous sampler 
is above the table 
top and the stages of 
the cascade impactor 
can be seen below. 
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Appendix 3.1 Soil Characterisation for Dost Resuspenslon Experiment! 

Site Fraction Total Mass X 24lAa X 
(Min) (g) Total Activity Total 

Mass Concn. 
(Bq/g) 

Activity 

One Tree >500 181 4.7 0.52(9) 8.0 
500-250 1134 29.3 0.49(6) 50.8 
250-150 1550 40.1 0.21(1) 28.5 
150- 90 695 18.0 0.164(3) 9.8 
90- 45 293 7.6 0.084(10) 2.6 

<45 16 0.4 0.22(1) 0.4 

Tadje >500 156 4.0 16.2(31) 20.4 
500-250 1575 40.1 4.3(3) 56.2 
250-150 1509 38.4 1.46(9) 18.7 
150- 90 486 12.4 0.92(6) 3.9 
90- 45 185 4.7 0.43(1) 0.7 

<45 20 0.5 0.64(2) 0.1 

ZD600 >500 760 18.6 0.98(5) 2.1 
500-250 1645 40.2 4.75(642) 11.3 
250-150 779 19.0 12.96(956) 40.1 
150- 90 563 13.7 14.20(547) 21.0 
90- 45 323 7.9 11.79(110) 12.5 

<45 26 0.6 154.5(9) 13.0 

FN >500 823 19.4 0.42(3) 2.6 
500-250 1618 38.2 1.70(61) 20.7 
250-150 982 23.2 5.58(146) 41.2 
150- 90 621 14.7 5.61(74) 26.2 
90- 45 156 3.7 2.90(27) 3.4 

<45 35 2.3 22.90(20) 6.0 

FW >500 396 10.8 0.148(4) 5.1 
500-250 1517 41.2 0.108(3) 13.5 
250-150 670 18.2 0.300(4) 16.3 
150- 90 679 18.4 0.324(6) 7.3 
90- 45 325 8.2 0.387(61) 13.5 

<45 125 3.2 4.50(10) 44.4 

FNW >500 691 20.8 0.095(18) 2.9 
500-250 997 30.0 0.180(60) 8.0 
250-150 648 19.5 0.810(730) 22.3 
150- 90 391 11.8 1.18(54) 20.2 
90- 45 466 14.0 1.23(58) 25.3 

<45 131 3.9 3.69(29) 21.3 

IN >500 590 14.9 0.181(4) 3.7 
500-250 1570 39.6 0.216(91) 12.4 
250-150 725 18.3 0.255(53) 6.9 
150- 90 563 14.2 1.49(104) 28.8 
90- 45 425 10.7 1.16(7) 17.9 

<45 90 2.3 7.95(4) 30.2 



69 

Site Fraction Total Mass Z 2*1A» X 
(fta) (g) Total Activity Total 

Mass Concn. 
(Bq/g) 

Activity 

FENE >500 113 3.8 0.74(1) 1.7 
500-250 493 16.4 0.46(19) 4.7 
250-150 909 30.2 3.11(386) 47.7 
150- 90 653 22.6 1.28(73) 17.2 
90- 45 772 25.6 0.95(36) 15.2 

<45 71 2.4 9.12(9) 13.4 

INW >500 664 18.3 0.111(28) 2.3 
500-250 1373 37.9 0.195(118) 8.0 
250-150 621 17.1 0.97(88) 17.5 
150- 90 400 11.0 2.99(95) 33.7 
90- 45 473 13.0 1.83(55) 23.2 

<45 94 2.6 5.67(17) 15.3 

INE >500 572 17.4 0.037(13) 3.1 
500-250 1231 37.5 0.072(11) 14.6 
250-150 667 20.3 0.067(8) 7.4 
150- 90 361 11.0 0.695(636) 39.8 
90- 45 396 12.1 0.3^1(158) 21.2 

<45 55 1.7 1.355(395) 13.9 

Note: Each fraction was sub-divided into several samples for analysis and 
the activity concentration tabulated for the fraction is the 
weighted mean of the values for the individual samples. Counting 
statistics were used to weight individual values. The standard 
deviation in the mean (in parentheses) refers to the least 
significant digits, and is a measure of the dispersion of the 
observations about the mean. Where large, it indicates the 
inhomogeneous, particulate nature of the sample. 
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Appendix 3.2 Cascade Iapactor Studies - Activity per Unit Mass 
for Resuspended Dust of Particle Sise less than 20 Micron 

Stage 

Run No. 1 Run No. 2 

Site Stage Mass 2*lA» Concn. Mass 2*lAm Concn. 
(mg) (nBq) /Stage 

(Bq/g) 
(»g) («Bq) /Stage 

(Bq/g) 

IN 0 67.0 390(30) 5.8 61.0 740(30) 12.1 
1 14.3 170(20) 11.9 14.0 * 
2 18.3 110(20) 6.0 14.5 210(30) 14.5 
3 8.9 60(20) 6.7 7.1 * -
4 3.1 * - 1.2 * -
5 1.0 * - * * -
6 * * - * * -
7 * * - * * -

INE 0 64.6 * . 
1 15.1 * -
2 10.7 * -
3 6.4 * -
4 1.8 * -
5 * * -
6 0.4 * -
7 0.2 * -

INWt 0 
1 
2 
3 
4 
5 
6 
7 

77.6 
24.2 
25.5 
16.9 
1.8 
* 
* 
* 

FENEt 0 
1 
2 
3 
4 
5 
6 
7 

71.4 
9.0 
16.6 
14.1 
8.1 
2.6 
* 
* 

FW 0 98.1 120(30) 1.2 75.4 1840(50) 24.4 
1 28.8 * - 19.4 150(20) 7.7 
2 32.2 60(10) 1.9 25.0 120(20) 4.8 
3 12.7 * - 13.2 18(5) 1.4 
4 3.1 * - 3.5 * -
5 0.1 * • 0.3 * -
6 * * - • * • 
7 * * - * * -
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Stage 

Run No. 1 Run No. 2 

Site Stage Mass 2«Am Concn. Mass 2*1*. Concn. 
(«ng) (mBq) /Stage 

(Bq/g) 
(mg) (mBq) /Stage 

(Bq/g) 

FNW 0 115.5 250(30) 2.2 
1 29.6 310(30) 10.5 
2 33.4 125(10) 3.7 
3 16.1 56(10) 3.5 
4 4.5 25(9) 5.6 
5 0.7 * -
6 0.2 * -
7 0.3 * -

FN 0 67.3 940(40) 14.0 74.8 6500(200) 86.9 
1 14.5 340(30) 23.4 15.6 440(40) 28.2 
2 15.1 240(20) 15.9 21.9 710(30) 32.4 
3 7.3 120(20) 16.4 11.4 310(20) 27.2 
4 1.8 40(10) 22.2 3.6 120(10) 33.3 
5 * * - 0.1 20(10) 200 
6 0.2 * - 0.4 * -
7 0.1 * - * * -

ZD600 0 33.4 t - 29.1 6200(200) 213 
1 5.9 2590(70) 439 4.7 1040(50) 221 
2 9.1 2990(70) 329 6.0 1280(60) 213 
3 6.1 2010(60) 330 4.4 940(50) 214 
4 1.9 730(40) 384 1.6 330(15) 206 
5 * 122(12) - * 90(20) -
6 0.9 * - 0.4 * -
7 0.5 * - 0.1 * -

Tadje 0 34.4 14(5) 0.4 32.5 22(7) 0.7 
1 7.6 15(7) 2.0 8.6 * -
2 9.1 * - 9.6 * -
3 4.7 * - 5.2 32(14) 6.2 
4 1.6 * - 1.6 * -
5 * * - 0.8 * -
6 * * - 0.8 * -
7 * * - 0.1 * -

One Tree 0 12.4 5(3) . 15.4 * -
1 2.8 * - 4.4 * -
2 3.4 • - 3.6 * -
3 2.5 * - 2.4 * -
4 0.8 * - 1.0 * -
5 0.3 * • 0.4 * -
6 0.2 • - 0.3 * -
7 * * - 0.2 * • 

x Activity not detected. 
t Filters damaged during processing no 241 Am data available. 
Note: Particle size ranges for Anderson cascade impactor stages: 

Stage 0 - >11 m Stage 1 - 7.0 to 11.0 nn 
Stage 2 - 4.7 to 7.0 pm Stage 3 - 3.3 to 4.7 /m 
Stage 4 - 2.1 to 3.3 pm Stage 5 - 1.1 to 2.1 pra 
Stage 6 - 0.7 to 1.1 urn Stage 7 - 0.4 to 0.7 /im 
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Appendix 3.3 Artificial Resuspension Studies - March 1988 and August 1988: 
Results of Dichotoaous Sampling 

Site Date Run 
No. 

Duration 
(»in) 

Filter Mass 
(mg) 

^ A m 
Activity 

(mBq) 

1 15.0 Coarse 
Fine 

37.2 
2.1 

50 
* 

2 15.2 Coarse 
Fine 

71.3 
1.7 

290 
* 

3 10.0 Coarse 
Fine 

51.8 
0.5 

270 
* 

4 25.0 Coarse 
Fine 

12.3 
1.3 

t 
* 

1 20.0 Coarse 
Fine 

32.2 
0.9 

120 
* 

2 22.0 Coarse 
Fine 

36.6 
0.8 

270 
* 

3 20.0 Coarse 
Fine 

72.3 
1.0 

220 
* 

4 20.0 Coarse 
Fine 

58.6 
1.2 

230 
* 

5 20.0 Coarse 
Fine 

8.3 
0.2 

* 
* 

6 20.0 Coarse 
Fine 

13.9 
0.4 

t * 
7 25.0 Coarse 

Fine 
8.5 
0.5 

* 
* 

8 21.0 Coarse 
Fine 

4.6 
0.2 

* 
* 

9 20.0 Coarse 
Fine 

* 
0.9 

* 
* 

10 20.0 Coarse 
Fine 

53,3 
1,2 

180 
* 

11 20.0 Coarse 
Fine 

34.6 
1.2 

610 
* 

12 23.0 Coarse 
Fine 

34.5 
1,0 

1970 
* 

INE 

INW 

FNW 

FENE 

IN 

IN 

FW 

FW 

INE 

FNW 

FN 

FN 

17 March 

18 March 

23 March 

24 March 

3 August 

4 August 

Tadje 5 August 

Tadje 

One Tree 6 August 

One Tree 

7 August 

8 August 
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Site Date Run 
No. 

Duration 
(min) 

Filter Mass 
(ng) 

2*lAm 
Activity 

(mBq) 

ZD600 9 August 13 20.0 Coarse 
Fine 

11.9 
0.4 

3440 
* 

ZD600 14 21.0 Coarse 
Fine 

13.0 
0.5 

2830 
1200 

* No detectable 2 4 1 A m activity, 

t Measurements not available. 

Note: Coarse fraction 2.5 to 10 pm 
Fine fraction <2.5 urn 
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Appendix 3.4 Results of Realistic Dust Raising Experiments 

The following section reports the results of experiments designed to 
simulate some potential dust raising activities that nay be undertaken by 
Oak Valley Aborigines. The were performed by P.N. Johnston and P.J. Pojer 
of ARL during the November/December 1988 field trip. The experiments were 
undertaken in order to get a feel for dust levels that may be encountered in 
situations not -oo dissimilar to those experienced by Oak Valley Aborigines. 

All experiments were performed in uncontaainated areas. The ground and 
roadways were dry during the experiments but there was considerable residual 
moisture in the soil due to recent rains. Some puddles remained and low-
lying areas were quite wet. 

Experiments were performed with the Anderson cascade impactor running at 
a rate of 20-21 litres/minute. Particle size ranges for Anderson cascade 
impactor stages are: 

Stage 0 - >11 ftm 
Stage 2 - 4.7 to 7.0 fin 
Stage 4 - 2.1 to 3.3 ftm 
Stage 6 - 0.7 to 1.1 pm 

Stage 1 - 7.0 to 11.0 pm 
Stage 3 - 3.3 to 4.7 ftm 
Stage 5 - 1.1 to 2.1 pm 
Stage 7 - 0.4 to 0.7 pm. 

Experiment 1. 

Time: 0958-1058 30/11/88 
Duration: 60 minutes 
Volume sampled: 1.2 nr 
Location: Annex of ARL caravan 700 east of the plinth at Taranaki 

Sampling inside annex of caravan 45 cm above ground. Walked around confined 
space for 5 minutes, then left for 24 minutes and repeated walk. Floor in 
the annex was bare soil which had been walked on sporadically for ten days. 

Stage Weight (mfc) Dust Loading (mg/iir) 

0 7.5 6.3 
1 3.3 2.8 
2 4.5 3.8 
3 3.7 3.1 
4 1.5 1.3 
5 0 -
6 0 -
7 0.1 0.1 

Total 9.8 8.2 
«7 w) 
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Experiment 2, 

Time: 1014-1552 2/12/88 
Duration: 338 minutes 
Volume sampled: r>.8 m J 

Location: Annex of ARL caravan 700 m east of the plinth at Taranaki 

Impactor set up Inside the caravan annex with the flap open, 
bare soil as in r̂ perlraent 1. Wind speed low. 

Annex floor 

Stage Weight (mg) Dust Loading (mg/mJ) 

0 28.3 4.2 
1 4.1 0.60 
2 3.1 0.46 
3 2.8 0.41 
4 1.2 0.18 
5 0.4 0.06 
6 0.2 0.03 
1 0.2 0.03 

Total 7.9 1.2 
(</ wm) 

Experiment 3. 

Time: 0939-ca. 1500 3/12/88 
Duration: ca. ^00 minutes 
Volume sampled: ca. 6 nr 
location: Taranaki, CNE 

ImpacU-r set up next to diclotomous sampler at CNE to get background dust 
loading. Nothing visible collected on filters, and nothing able; to be 
weighed. Dust loud 1 rig « 0.1 mg/m . 

?J<P® r t m e. nlA t 

Time: 1514-1801 8/12/bH 
Duration: 16/ minutes 
Volume Sampled: 3.4 m 
Location: Tararuikl , CNE 

Repeat of experiment 3. No observwd dust loading. Dust loading 
mg/m . 

0.1 
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Experiment 5. 

Time: 0955-1051 11/12/88 
Duration: 56 minutes 
Volume sampled: 1.1 r 
Location: Right Street between Emu Road and cross road 5 km north of Right 
Street/Emu Road intersection (near Uewak). 

Impactor cradled by person sitting in the rear (open utility tray section) 
of Toyota Hilux Dual Cab Utility ZUJ853 to see amount of dust a person 
sitting in the rear of such a vehicle is subjected to at 70 km/h. Total 
distance travelled 56.0 km. Road is gravel surface and quite smooth. Road 
has little dust by Maralinga standards. 

Stage Weight (rag) Dust Loading (mg/nr) 

0 0.9 0.8 
1 0.7 0.6 
2 0.2 0.2 
3 0.6 0.5 
4 0 -
5 0.1 0.1 
6 0 -
7 0 -

Total 0.9 0.8 
«7 urn) 

Experiment 6. 

Time: ca. 1130 11/12/88 
Duration: 18 minutes 
Volume sampled: 0.36 m 3 

Location: Right Street between Emu Road and cross road 5 k*. north of Right 
Street/Emu Road intersection (near Wewak). 

Impactor cradled by person sitting in the rear (open utility tray section) 
of Toyota Hilux Dt al Cab Utility ZUJ853 following a similar vehicle at a 
distance of 100 metres to see amount of dust a person sitting in the rear of 
such a vehicle is subjected to at 70 km/h in convoy. Total distance 
travelled 18.7 km. Road is gravel surface and quite smooth. Road ha.r 

little dust by Maralinga standards. 

Stage Weight (me) 

0 4.8 
1 1.7 
2 1.7 
3 1.6 
4 1.0 
5 0.4 
6 0 
7 0.1 

Dust Loading (mg/nr) 

13 
4, 
4, 
4, 
2, 
1 

0.3 

•"otal 4.8 13.3 
(<7 nm) 
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Experiment 7. 

Time: 1527-1540 11/12/88 
Duration: 13 minutes 
Volume sampled: 0.26 m 
Location: Gravel section of road from east of Taranaki toward Biak. 

Impactor sitting on table 5 metres from road. Light wind with directions 
such that dust was blown toward the impactor. Two vehicles drove past 
impactor a total of 20 times at a speed of 45-50 km/h. Road is gravel 
surface and quite smooth. Road has little dust by Maralinga standards. 

Some visible dust on filters, but not weighable quantities. 

Experiment 8. 

Time: 1556-1608 11/12/88 
Duration: 12 minutes 
Volume sampled: 0.24 m 3 

Location: Clay section of road from east of Taranaki toward Biak. 

Impactor sitting on table 5 metres from road. Light wind with directions 
such that dust was blown toward the impactor. Two vehicles drove past 
impactor a total of 20 times at a speed of 45-50 km/h. Road passes through 
area of clay and is very dusty by Maralinga standards. 

Stage Weight (nig) Dust Loading (mg/m^) Per Pass (jig) 

0 1.1 4.6 55 
1 0.6 2.5 3C 
2 0.7 2.9 35 
3 0.7 2.9 35 
4 0.4 1.7 20 
5 0.1 0.4 5 
6 0 
7 0 

Total 1.9 7.9 95 
<<7 /im) 


