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Abstract

The techniques used to separate heavy mineral sand into mineral products produce a
large amount of airborne paniculate. Some of these particles are radioactive which is
due to the thorium and, to a lesser extent, the uranium content of mineral sands. This
study has investigated both the radioactive and respirable particle components (<10 urn)
of the aerosol in a dry sand processing plant in Brisbane, Australia. A number of
different measurement techniques have been used to characterise the aerosol in the
plant. The mass, number and activity distributions have been determined by an eight
stage cascade impactor and an Aerodynamic Particle Sizer (APS) with both instruments
measuring 0.4 to 10 um. Measurements of radon progeny concentrations and the extent
of radon progeny attachment to micrometer sized particles has been investigated, as
well as the extent of airborne thorium and uranium. The preliminary results from two
sites are presented and comments are made on the relationship between total and
radioactive aerosol.

Introduction

Mineral sand is mined by dredging on North Stradbroke Island (South East Queensland,
Australia) where wet gravity techniques are used to produce a heavy mineral
concentrate. The heavy mineral concentrate is transported by barge to the mainland for
further separation into various mineral products such as Zircon, Rutile and Illmenite.
The heavy mineral concentrate is processed at Pinkenba (Brisbane, Queensland) in both
wet and dry processing plants. Zircon and Rutile are the products recovered in the dry
processing plant (Wallace, 1992; Johnston, 1988). Once the heavy mineral concentrate
enters the dry plant, electrostatic and magnetic separators are used to obtain the
individual mineral products. These physical separation methods combined with the hot,
dry plant environment, along with the open conveyers and bucket elevators used for
mineral transport result in release of dust into the processing plant air.

Inhalation of radioactive dust has been shown to be a significant exposure pathway at
the Consolidated Rutile Limited (CRL) processing plant (Pinkenba, Queensland)
(Alexander, Stewart, and Wallace, 1994). A study has been carried out in this
processing plant to characterise the aerosol present. The processing plant has two levels
containing two separation circuits on the upper level, and a concentrate drying area and
product shipping area on the lower level. Six sampling sites have been used to survey
the processing plant, three on each level. Sample sites are located in each process circuit
area, and in the area joining the processing circuits on the upper level. The lower sites
are in the product bagging area, near the concentrate heaters and beneath the Zircon
circuit.
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Measurements have been made to determine the number, activity and mass size
distribution parameters as well as radon progeny attachment and concentration in the
size range of 0.5 to 10 (am. Airborne mass concentration has also been measured to
determine a suitable sampling time for the cascade impactor. This paper presents
preliminary particle number and activity size distribution results for two different sites
taken on the same day. Some comments on radon progeny concentration results are also
made.

Instrumentation and Operation Considerations

An Andersen Non-Viable Sampler with 10 micrometre pre-separator was used to
sample the radioactive aerosol in the processing plant. This impactor has eight
collection stages and a backup filter when operated with the pre-separator. Millipore
AP40 glass fibre filters were used as the collection substrate for each impactor stage. A
sampling time of two hours was used to allow sampling of at least two sites on any
given day and to ensure particulate build-up would not cause particle re-entrainment.
With this sampling time and an approximate mass concentration of 3 mg/m3, the
collected particulate mass is well below the suggested stage upper limit of lOmg
(Andersen, 1985).

The total alpha activity on each filter was determined using a Daybreak ZnS
scintillation counting system, with three detectors, in the low level radiation laboratory
at Queensland University of Technology (QUT).

The TSI Aerodynamic Particle Sizer (APS) was used to determine the particle number
concentration at each site. This system uses the velocity of a particle in an accelerating
airflow to determine the aerodynamic diameter of the particle. A photomultiplier tube
detects the light scattered as a particle passes through two laser beams a fixed distance
apart to determine the velocity and hence the aerodynamic diameter of the particle. Two
timers are used to determine the time of flight between the laser beams for particles in
overlapping size ranges.

The APS counting system is prone to the creation of phantom particles, which is the
effect of counting two particles as one particle. Phantom particle creation is particularly
evident for high particle concentrations such as those found in the dry processing plant.
Since one timer is insensitive to phantom particle creation it is possible to correct for
this effect by comparing the number of particles measured in the overlapping size
region (Heitbrink and Baron, 1989). This correction was made for a sample when it was
found that approximately 80% of the determined particle mass was contained in
approximately 1% of the determined particle number greater than 5 um.

Samples collected to investigate radon progeny concentrations were counted on a
portable detector system having five ZnS scintillation detectors. Having five detectors
allows a number of samples to be collected and counted simultaneously allowing the
investigation of radon progeny attachment. The extent of attachment was determined by
collecting four samples on different impactor stages and a total aerosol sample over the
same five minute time period.
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Experimental Procedure

Three steps were taken in sampling at each site in the processing plant.
1. The cascade impactor with 10 Jim pre-separator sampled for two hours at a site.

Pre-weighed filters were used as the collection media.
2. The APS sampled the same site at the start of the impactor sample and after

approximately forty minutes of impactor sampling.
3. A total (non-size selective) sample of the air was collected at the start of the

impactor sample on Millipore MF Cellulose membrane filters. Individual radon
progeny concentrations on the filters were determined using the modified
Tsivoglou method (Thomas, 1972). A five minute sampling time was used for
the radon progeny concentration samples.

This sampling routine was carried out at sites 1 and 6 in the dry processing plant. The
heavy mineral concentrate initially undergoes wet gravity separation before being dried
in a Fluid Bed Dryer and processed in the Rutile separation circuit. The non-conductors
from this circuit are returned to the wet plant after which the "heavy" fraction is dried
by Rotary dryer and processed in the Zircon circuit. Site 1 is located in the Rutile circuit
area above the Rotary dryer. Site 6 is located adjacent to the Fluid Bed Dryer.

The gross alpha activity for each impactor stage filter was determined using the
Daybreak scintillation systems a minimum of ten days after collecting the sample. The
gross alpha activity for selected filters was redetermined 142 days (210Po T\n = 138
days) after the initial activity determination. All nine filters of a single impactor sample
were analysed by gamma spectroscopy to investigate the amount of 10Pb on the sample.
Mathematical data analysis was applied to both samples to determine Activity Median
Aerodynamic Diameter (AMAD) and Geometric Standard Deviation (GSD) since it is
valid regardless of distribution shape (Hewson, 1988).

Prior to conducting the above sampling routine the concentration of radon progeny and
the extent of attachment was investigated. Aerosol samples were collected from a
number of impactor stages on Millipore MF membrane filters with a five minute
sampling time. A total (non-size selective) sample was collected on a Millipore MF
membrane filter over the same time period. The modified Tsivoglou method (Thomas,
1972) was used to determine the radon progeny concentrations on these filter papers. It
was considered that this method would indicate any attachment of radon progeny and
the contribution to the activity on the impactor stages.

Detector 1 2 4 5 6
Detection Limit at equilibrium (mBq/L)

ZI8Po

Zi4Bi

110
10
10

130
10
20

90
10
10

90
10
10

250
30
30

Table 1 Detection limits for the portable detector system used to determine radon
progeny concentration

For the principal radon progeny (218Po, 214Pb, 214Bi) a concentration with a ±50%
relative standard deviation can be defined as the detectable concentration (Thomas,
1972). The detection concentration limits for the portable detectors are given in Table 1.
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Results and Discussion

The radon progeny concentration, and standard deviation, for a typical concurrent
measurement of the total air sample is shown in table 2. For this concurrent
measurement radon progeny were undetectable on all impactor stages. The result for
total airborne Bismuth also indicates that the isotope concentration is undetectable. The
measured total airborne concentrations of 218Po and 214Pb while meaningful are also
below the limit of detection for the detector system.

Sample type

Total

218Po Concentration
(mBq/L)

9±8

214Pb Concentration
(mBq/L)

5±3

214Bi Concentration
(mBq/L)

Not Detected

Table 2 Radon progeny concentration in total aerosol measured at site 6 on 29/4/97

The results given in Table 2 are indicative of the results for all concurrent measurements
made in the plant. These results indicate that there is negligible radon progeny
associated with the particles collected on impactor stages (0.4 to 10 jam). This would
indicate that any radon progeny detected in the total sample are associated with particles
having an aerodynamic diameter less than 0.4 um. This conclusion is supported by the
assumption that radon progeny attach to particles with diameters of approximately 0.2 -
0.3 îm (Johnston, 1988).
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Figure 1 Log-probability plot of cumulative activity less than stated size for Site 6
(left) and Site 1 (right) 17/7/97

The results of a time series determination of gross alpha activity on a selection of
impactor stage filters is shown in table 3. The reason for the increase in activity after
142 days on some stages is being investigated. Preliminary y spectroscopy results
indicate that 210Pb is not detectable above background. It is expected that the activity



measured on impactor stages is mainly due to airborne radioactive particles resulting
from mineral processing for the following reasons:

1. The high dust concentration due to mineral processing in the plant should
mask lower concentrations of other airborne radioactive isotopes.
The regular house keeping and constant processing of product means that
there is always fresh material in the plant which does not allow a significant
build up of resuspended particles that may have attached 210Pb.
There are very low airborne concentrations of radon progeny particularly in
the size range 0.4 to

2.

3.

Sampled on
17/7/97 at:

Site 1
Site 6
Site 6

Stage size range

2.1-3.3
4.7 - 5.8
9.0-10.0

Activity
Concentration

31/8/97 (mBq/m3)
12.2 ±0.4
13.7 ±0.4
8.3 ±0.4

Activity
Concentration

20/1/98 (mBq/m3)
17.0 ±0.4
20.0 ±0.5
7.6 ± 0.3

Table 3 Variation of gross alpha activity in selected size range after approximately
one half life of 210Po

The plots in Figure 1 show that the two impactor samples collected in the dry
processing plant generally conform to a log normal distribution. The activity size
distribution and number size distribution are presented in Figure 2. There is not a clear
correlation between the activity size distribution and the number size distribution. The
highest concentration of particles is in the lower end of the size range and the highest
concentration of alpha activity is in the upper size range. There is a marked decrease in
particle concentration between the upper level site and the lower level site. This
decrease is not reflected in the activity concentration at the same sites. Both results
indicate that the activity concentration is not dependent on the particle number
concentration. The distribution parameters are shown in Table 4.

Site 1

Site 6

Sample type

Impactor

First APS
Second APS

Impactor

First APS
Second APS

Median
Aerodynamic

Diameter (|um)
1.03 (approx 3.7
from cumulative

graph)
0.78
0.75

0.98 (approx 3.7
from cumulative

graph)
0.76
0.75

GSD (|im)

2.14

1.47
1.40
2.51

1.39
1.39

Table 4 Distribution parameters for impactor and APS samples
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Figure 2 Activity concentration and particle concentration size distributions for
samples taken at Site 1 (left) and Site 6 (right) at CRL on 17/7/97

Conclusion

Measurements relating the activity size distribution and particle number distribution
have been made at two sites in the CRL dry processing plant. Analysis of impactor
samples indicates some contribution to the airborne activity concentration in the plant
due to 210Po in the samples. The effect of this contribution is not clear with increased



and unchanged activity being measured on specific impactor stages after approximately
one half-life of Polonium. This effect is being investigated further.

The number size distribution has been determined in conjunction with the activity size
distribution at two sites in the processing plant. These results show that the alpha
activity size distribution is different from the number size distribution for the sampled
sites. Further work is required to determine the mass distribution from APS and
impactor measurements and investigate any correlation between particle mass, number
and activity.
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