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Foreward

The 1994 Environmental Radioactivy Workshop held at the Australian National University,
Canberra, Australia, 15-17 February, was the third such workshop of the South Pacific
Environmental Radioactivity Association (SPERA). Informal workshops were held
periodically in Australia during the 1980's and it was during the last of these meetings in
Adelaide (1990) that the idea of forming an association of scientists working with
environmental radioactivity issues was first mooted. The favourable response to the
suggestion led to an inaugural meeting of SPERA in Tahiti in 1991, kindly hosted and
sponsored by the Laboratoire d'Etude et de Surveillance de 1'Environment (LESE), at which
the association was formally set up. In June 1992 SPERA was registered in South Australia
as an Incorporated Association.

The primary objective of SPERA, as stated in its constitution, is to encourage and facilitate
communication among scientists working in the South Pacific region in the field of
environmental radioactivity, which involves the study of the occurrence, behaviour and
impact of radioactive species present in the environment due either to natural processes or
resulting from human activities.

This objective is met primarily through the holding of "environmental radioactivity
workshops" at a frequency agreed at the Tahiti meeting of once every two years. Other
activities of SPERA include the distribution of a biannual Newsletter and periodic analytical
intercomparisons. Joint studies may arise from the Workshops as well.

The second of the Association's workshops was held at the University of Otago, Dunedin,
New Zealand, 24-26 August 1992, two years after the 1990 Adelaide meeting (with the 1991
Tahiti meeting being regarded as extraordinary and therefore not in the two year cycle).
Apart from being an interesting scientific meeting in itself, the Dunedin meeting will be
remembered by many delegates as the time of the "big snow". The 1994 Canberra workshop,
was climatically the opposite, however it did continue the pattern of high quality informative
presentations and provided a stimulating forum for the exchange of ideas. The larger
attendance than that of the Dunedin meeting fostered lively debate. Scientists at the workshop
represented a wide range of diverse organisations; ANU, ARL, ANSTO, Australian
Geological Survey, CSIRO, NSW EPA, Olympic Dam, OSS, Radiation Health WA, SA
Health Commission, and Flinders and Melbourne Universities from within Australia; Institute
of Geological and Nuclear Sciences, National Radiation Laboratory, and University of
Auckland from New Zealand; and LESE from French Polynesia.

Presentations were grouped generally around the themes of chronology, environmental impact
and analytical techniques. The invited plenary speaker, Dr Graeme Claridge of New Zealand,
is a soil scientist with a keen interest in Antarctica and his presentation and participation
effectively broadened SPERA's horizons to include the southern extremity of its "South
Pacific" region.

This volume of extended abstracts shows the wide range of interesting papers presented and
the nature of the work being conducted by SPERA members in the diverse organisations they
represent. As President, I commend all the authors on the quality of their work and
presentations, and thank them for the effort they put into making the meeting a success.
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On the final afternoon of the workshop an open forum was held at which general
radioanalytical issues were discussed, with exchange of tips and ideas - such discussions
should be encouraged and perhaps further developed at future meetings.

A special tribute was paid to Chris Poletiko (then working at LESE) as a founding member of
SPERA. In addition to helping to put forward the concept of the formation of SPERA in the
first place, it was through Chris's efforts that the 1991 meeting was held in Tahiti and he has
been a constant source of encouragement for the organisation. Members are also very grateful
to Sue Brown (ANSTO) for her efforts in producing 2 newsletters per year. Although it
should be noted that her editorial job is only possible to the extent that members supply
material!

Thanks also to Peter Wallbrink and Gary Hancock of CSIRO's Division of Water Resources
for organising and conducting a successful Environmental Radioactivity Workshop and for
publication of this book of extended abstracts. On the social side, the SPERA tradition of an
evening spent tasting local wines, which began in Dunedin, was firmly established at Canberra,
though we appreciate that this may be a hard act to follow at the next venue - Darwin, 1996.

See you there,

Murray Matthews

President



The application of Beryllium-10 dating techinques to
Antarctic soils

G G C Claridge1: I B Campbell1 and R J Sparks2

1 Land and Soil Consultancy Services, 23 Viewmount Nelson.
2 Nuclear Sciences Division, Institute of Geological and
Nuclear Sciences, Gracefield, New Zealand

The soils of the ice-free areas of Antarctica have formed
under the coldest and driest climate on earth and in the
almost complete absence of any living matter. Nevertheless
they are regarded as true soils and their study has led to
further understanding of the soil-forming process. With time,
Antarctic soils show increasing development of such
characteristic features as a desert pavement, staining of the
surface horizon, salt horizons and coherence.

It is possible to place a sequence of soils in order of
relative age, judged by the degree of development of these
weathering features. Soils range from very young and little
developed, to strongly stained soils with fine textures due to
the crumbling and disintegration of many of the coarser
'stones, and with thick salt horizons. Using these criteria,
soils can be placed in a series of weathering stages.

The youngest soils can be dated by correlation with
the most recent ice advances of the Quaternary, some 20,000
years ago, while soils of the fourth weathering stage
recognised are considered to be around 3-4 million years old,
judged by the relation of the tills on which the soils are
formed to debris from small basaltic eruptions which are
clearly younger than the present topography, and lie on older
till surfaces, or are included in younger tills! Accordingly,
the soils of weathering stage four are considered to be more
than 3.5 million years old, while soils of weathering stages
5 and 6 must be several times older, by extrapolation. This
implies that the ice-free areas of Antarctica have been
subjected to climatic regimes much like that of the present
day for a very long period of time.

More recently however, evidence has been found of deposits
that are older than the soils of weathering stage 5 or 6 and
which appear to predate much of the present topography. These
deposits, which are found at altitudes of over 2000m in the
Transantarctic Mountains, contain diatoms which give them an
apparent age of 2-3 million years. Thus, some other
independant method of dating surfaces needs to be found in order
to resolve this apparent conflict.

In a cold arid climate with no reworking of the surface
material and no leaching, the total quantity of 10Be in a soil
should be a function of time. The 10Be content of some soils
of weathering stage 5 was measured by accelerator-mass
spectrometry. Making assumtions on the rate of influx of 10Be,
ages of up to 8my were indicated.



THE SEPARATION OF 10BE FROM SILICATES

R.G.DITCHBURN AND N.E.WHITEHEAD
Institute of Geological and Nuclear Sciences
P.O.Box 31-312, Lower Hutt, New Zealand

ABSTRACT

An improved method of separation of cosmogenie 10Be from soils and sediments has been developed.
10Be is either leached from samples with 6M HCl, or if necessary, sediments are totally decomposed
with HF and KF fusion. This paper concentrates on the latter. All of the iron, most of the aluminium
and some titanium are complexed with EDTA and retained in solution during a series ofBe(OH)2 pre-
cipitations. Remnant aluminium and beryllium are leached from the last titanium/aluminium/beryllium
hydroxide precipitate with NaOH. A small cation exchange column in fulfateform is employed for the
final purification of Be from Al and the overall yield is about 90%.

Keywords: Be-10, sediments, cation exchange, ion exchange, radiochemistry, EDTA, Be.

1 INTRODUCTION

The cosmogenic radionuclide 10Be has already proved useful to date a variety of materials, including
soils (Monaghan et al., 1992), oceanic particulates and sediments (Lao et al., 1993), ice (Nishiizumi et
ah, 1983), and volcanic rock (Tera et al., 1986) using accelerator mass spectometry. The Be must be
chemically separated from the parent matrix in pure form, and this can be difficult if there is a large
mass of matrix to be processed.

If 10Be has been deposited in the sample from the atmosphere, it is possible to remove it by leaching,
and subsequent processing of the leachate. In some studies however, it is essential to analyse the bulk
matrix, for example, volcanic rocks, which may contain some subducted material including 10Be (e.g.
Monaghan et al. 1988).

This paper describes the current state of our Institute's methods, which are still evolving, concentrating
on the analysis of whole rocks which generally presents most problems. It follows and supersedes a
number of internal reports, which represent earlier stages of development (Ditchburn & McCabe, 1991,
Wilson & Ditchburn, 1992, Ditchburn, 1993).

2 METHODS

The method can handle as much as lOg of pulverised whole rock. The first step is dissolution of the
matrix and at this point 1 mg of Be is added as carrier. Carbonate fusions may be used fnr matrix
dissolution but produce solid "cakes" which are slow to solubilise and silicate still has to be removed,
so alternatives were explored. Sample dissolution is now done in two stages; most of the silicate is first
decomposed with HF/HN03 in Teflon overnight and the residue is then separated and fused with a
small amount of KF. Meanwhile the HF/HN03 solution is evaporated in platinum. Fluoride and SiF
are eliminated from both fractions by pyrosulfate transposition (Sill et al. 1979) in which concentrated
H2SO4 is added to the solid fluoride mass, which has been transferred from one platinum basin to
another. This variation on the procedure of Sill, reduces the quantity of KF so that evolution of HF and
H2S04 is minimised during the pyrosulfate transposition. This is desirable because it is not possible to
remove H2S04 from the fume-hood exhaust gases even with a conventional water curtain.



The cake is dissolved in dilute HC1, diluted, boiled and filtered to remove any BaSO4. The amounts so
far found have been very minor, but this step may be important if a significant quantity of Ba is present
in the sample. If the original sample was leached with 6M HC1 (one hour at 100 C), the leachate is
processed with the remainder of the method only from this point on.

In a series of hydroxide precipitations, EDTA (in dilute NH4OH) is added to the filtered solution which
is then adjusted to pH 9 with NH4OH. Stability constants for the EDTA complexes are in the order
Fe>Ti>Al>>Be so most of the major matrix elements remain in solution when-the mixture is
centrifuged to recover the Be/Al hydroxide and are discarded. To prevent loss of Be, the final EDTA
concentration should not exceed Ig per 100ml. Generally 8g of EDTA in about 800 ml of solution is
satisfactory for the first precipitation; thereafter the amounts of EDTA and solution volumes are made
smaller. In the event of "overshooting" the EDTA, aluminium can be added until a permanent
precipitate exists. The mixture is then acidified and made ammoniacal again.

After two or three precipitations, iron has been eliminated and the bulk of hydroxide is considerably
reduced. It often contains much more Ti than expected, due to the strong tendency of that element to
hydrolyse despite the presence of complexing agent. Unless the excess of Ti is removed, further EDTA
treatments are ineffective in reducing the amount of hydroxide. The precipitate also becomes slow to
flocculate, difficult to centrifuge and some Be will be lost.

Be and Al are extracted from Ti by leaching with cold NaOH, only a very small amount of Ti going
into solution. After acidification and boiling to expel carbon dioxide, two more precipitations in the
presence of EDTA leave Be and traces of Al and Ti in the hydroxide precipitate to be separated after
dissolution in acid, by ion exchange. (Note that leaching the original bulk precipitate with NaOH does
not extract all the Be.)

A drop of hydrogen peroxide and 0.25 ml H SO is added to dissolve the precipitate. It is diluted to
0.25 M H2S04 and added to a 5 ml Biorad AG 50X8 column in Teflon preconditioned with the same
reagent. Such a small column is possible because of the preliminary purification steps. Any remnant Ti
(as amber TiO ,nH20) is eluted in the first 15 ml. Be follows in the next 15 ml which is collected
directly into a Pt basin. The Al remaining on the column is stripped with 25 ml of 2.5 M HC1.

The Be solution is partially evaporated and 1.0 ml HC1 added prior to taking to dryness and roasting
for 2 minutes. A few drops of 9M H2S04 is added and the evaporation repeated to concentrate the Be in
one spot and eliminate boron. It is then combusted for 10 minutes. Beryllium sulfate decomposes direct
to the oxide, which then is made into a target for the accelerator. Yields from carrier addition to
finished accelerator target are normally about 90%.

The blank value at present is 4 x 10"13 IOBe/9Be. This is almost identical to previous values reported by
other workers when the Be used as a carrier is from a laboratory supplier. The signal to noise ratio
improves if one uses the minimum Be carrier possible and the maximum sample weight, as in the
present method. In principle it is also possible to reduce the blank levels by an order of magnitude by
processing natural crystals of beryl from selected locations to produce an in-house supply of purer Be.

3 DISCUSSION

In any similar radiochemical purification, there is always a problem with elimination of the bulk matrix.
Ion exchange methods are easily overloaded and can easily give poor separations. The power of ion
exchange is best reserved for relatively pure solutions towards the end of the process.

There are quite a range of other methods in use in various laboratories. Some are much simpler,
because they are dealing with a very simple matrix. Thus the work of Nishiizumi et al (Nishiizumi et
al., 1983) dealt with analysis of ice for Be. The- Jid not have to eliminate large quantities of Fe, Al



and Ti. They used solvent extraction of Be ia the fonn of aa acetylacetooe cos l̂ex into -carbon
tetrachleride, a cation exchange step, and final precipitation of Be as the hydroxide followed by
combustion to the oxide.

Ferromanganese nodules (Sharma et al., 1987) are also a simpler matrix, containing relatively little Al
and Ti. Cation exchange separation from Fe and Mn in chloride medium is the major step.

One method applied to many samples (Tera et al., 1986) involved use of an anion column in the
fluoride form, and elution of the other elements with 20 1 (!) of M HF. The Be attached itself to the
column as a fluoride complex and was later eluted with M HC1. However if the rock was calcium rich
the yields were rather low. The authors therefore switched to a method in which an initial Al/Fe/Ti
precipitate was dissolved in HBr. Fe and Ti were selectively precipitated at pH 4.2 and Al and Be at pH
9. Further precipitation at pH 5 in the presence of fluoride retained Be in the supernatant, whence it
was recovered and further processed.

Another method (Monaghan et al, 1992), for soil analysis relied on preliminary cat'ion exchange
separations in chloride media, followed by selective hydroxide precipitations in the presence of
fluoride. Reversing this order is probably preferable.

Lao et al. 1993, reported a complex method for sediments partly because it required analysis of the U-
series radionudides as well. However even the Be analysis section was very complex. After an initial
hydroxide precipitation and solution in 9M HC1, Th, Al and Be passed through an anion column in one
fraction. A pass through a anion column in nitrate form removed the Th. Further purification on cation
column in chloride was followed by an acetylacetone extraction, followed by extensive treatment with
concentrated nitric acid to remove organics. Yet another cation exchange step in weak chloride gave a
fraction pure enough for target preparation. A simpler method would be advantageous.

Most of these methods only deal with about 1 g of material or are restricted to very simple matrices.
The present method can accept as much as 10 g of rock. It lends itself to preparation of a number of
samples simultaneously.

Fresh ammonia solution should be used. Old stock may have attacked the glass containers and
introduced silica and boron into the solution. Silica may interfere with Be(OH)z precipitations, and
boron could interfere with the final accelerator analysis, although in theory it is eliminated by
volatilisation. It is a bad principle to introduce possible contaminants that need to be removed later, so
this method has been designed to avoid glass surfaces where possible, and a final precipitation with
ammonia beyond the ion exchange step is not needed.

Safety must always be a consideration in such a process. It is rather ironic that although 10Be is being
isolated which is of negligible radiological concern, the accompanying stable Be is toxic to such an
extent that it should be treated as though it were a rather hazardous radiochemical. The present method
offers one interesting advantage from the safety point of view. If liquid fractions from other methods
are spilt, and dry, Be may be then carried round the laboratory by air currents and breathed in. In the
present method, sulfuric acid is used as a reagent which remains liquid at room temperature, lessening
the problem.

4 CONCLUSIONS

The method described is simpler than some described in the literature, while maintaining good yields
and yielding targets which are pure and give consistent beams in the accelerator. Its ability to handle
large quantities of sample, is a distinct advantage. It may also be slightly safer than some existing
methods.
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OPTICALLY STIMULATED LUMINESCENCE DATING
OF A 2000 YEAR SEQUENCE OF FLOOD DEPOSITS

A.S. Murray, CSIRO, Division of Water Resources, PO Box 1666, ACT "2601,
Australia

Abstract

Understanding the effects of European arrival on the Australian landscape often
requires the ability to read the sedimentary record preserved in lakes, reservoirs and flood
plains. This cannot be done with sufficient precision using I4C, and only occasionally using
:"Vb. The technique of optically stimulated luminescence (OSL) dating has been tested in a
young sequence of flood deposits, to determine whether it offers sufficient precision and
accuracy. This method uses quartz as a natural dosimeter; it is annealed by last exposure to
sunlight, and then records the natural dose rate during burial. The latter is estimated by
analysis of the natural radioactivity concentrations of the burial matrix. The youngest date
obtained was 128±15 years, and two dates of 300±25 and 1950+130 years compare very
favourably with 14C dates of 300±80 and 2010±210 years. It is concluded that OSL dating
has great potential in studies of sedimentation rate over the lat few hundred years.



'Measuring soil loss on forest slopes following harvesting

an approach using 210Pb ss to
137Cs inventory ratios"

P.J. Wallbrink and A.S. Murray

CSIRO, Division of Water Resources, P.O. Boxl666, ACT, 2601

Abstract: Measurements of the anthropogenic nuclide I37Cs have been routinely used to measure
soil movement on hillslopes. However, 137Cs heterogeneity across the landscape may not result
from soil redistribution alone as there is considerable variability in the fallout of !37Cs due to rain
shadowing and small scale runon - runoff processes. As the deposition of210Pb (excess) is similarly
affected by these processes taking the ratio of these two nuclides may effectively remove them as
sources of variability, and thus provide a more constant benchmark across undisturbed landscapes.
In addition to the above, these two nuclides also have different penetration characteristics in
undisturbed soils and the core 137Cs/210Pb inventory ratio changes as a function of depth.
Consequently, a new method is proposed that involves first determining this change in core ratio
at a 'control1 location where no soil loss is believed to have occured, a number of soil samples are
then obtained from the disturbed location and the average inventory Pb/Cs ratio of these is
calculated. The volume of soil that has been removed from the disturbed site can then be
calculated by the extent of depletion of this ratio compared with the ratio curve from the 'control1

site. This technique was applied to two harvested forest slopes in N.E. Tasmania which had
undergone 'normal' and 'minimal impact' logging procedures. The average core inventory ratio at
the 'control' location was 2.4 ± 0.2, compared to the means of 0.72 ± 0.1 (n=10) and 1.62 + 0.3
(n=10) from the normal and minimal impact sites. These indicate average depth losses of 41 ±5
mm and 16 + 3 mm and are equivalent to a nett soil loss of 450 + 50 and 165 + 301 ha"1

respectively from these slopes. It is proposed that this method offers an improvement over using
137Cs alone.

Introduction:

Redistribution of fallout 137Cs has been widely used to determine patterns and rates of soil loss and
sediment accumulation (Sutherland and de Jong, 1990; Ritchie and McHenry, 1990; Kachanoski,
1987 and Loughran et al., 1990). Generally, an input or reference value of 137Cs is derived to
which soil inventories of 137Cs in erosion or deposition sites are then compared, and a review of
this technique can be found in Ritchie and McHenry, (1990). The use of 137Cs often relies on the
assumption that the deposition of 137Cs is uniform. However, Wallbrink and Murray (1994a)
showed that deposition of 137Cs may not be uniform, and that variability can be large. Often many
samples need to be analysed to reduce the uncertainties on reference values, Fredericks and
Perrens, (1988) and Sutherland, (1991) and it is possible that comparisons of the 'input' value point
values from suspected eroded or deposition sites may be in error.

It is proposed that some of the inherent variability in 137Cs distribution may be reduced by the
comparative use of 137Cs and 210Pbexcess. These two nuclides are predominantly deposited by



rainfall, and consequently their distribution may be similarly affected by rainsbadowing and
differences in soil permeability. The ratio of the total inventories of these nuclides should remain
more constant across undisturbed landscapes. This ratio will also reflect soil erosion staus in
disturbed areas. Differences in these values can then be compared to a control curve derived from
the differential nature of penetration of these nuclides from within an adjacent reference area.

In March and April 1991 the Tasmanian Forest Commission logged parts of the St Helens state
forest (Tasmania, Latitude 42°S, Figure 1) as part of an experimental program to examine erosion
under two different harvesting conditions. The first represented their standard logging practices
(Plot 2) and the second was a minimal impact approach (Plot 3), it was expected Inat soil loss from
Plot 2 would exceed that of Plot 3. This presented an ideal opportunity to test the Pb/Cs method
alongside the more traditional '"Cs technique.

Consequently, this paper presents and tests a new quantitative method for determining soil loss,
based on comparison of areal averages of 2IOPb/137Cs inventory ratios with a calibration curve
derived from measurements of fine layers of soil in a 'control' location. This method is then
applied to two harvested forests and comparisons of the traditional 137Cs technique with the new
method are made. Reasons for differences between these are explored.

Site description and sample treatment

The St Helens forest is dry sclerophyll and consists predominantly of Eucalyptus seberii. The
understorey is largely nonexistent due to frequent burning. The lithology is predominantly granite,
with outcrops occurring on ridgetops and some slopes. All the measured plots had slopes less than
15°, and the soils here are described as yellow podzolics which have been formed on adamellite
granites. They have shallow, 2-15 cm, sandy A-horizons which overlay yellow gravelly
sandy/loams, and are classified as Uc2.21 (Northcote)(Nielson, Tas. For. Com., pers. comm.).

After the forest was logged a series of 400 m"2 plots were cordoned off (Figure 1): Plots 1 and 4
were adjacent to each of the harvested areas and left as control sites: Plot 2 had been subject to .
standard harvesting procedures that included crown and stem removal from the site and soil banks
to 60 cm high pushed up by bulldozers to reduce water flow over the disturbed soil; and Plot 3
which had a 'minimal impact1 harvest in which crowns and waste were left on site, vehicle
movement over the area was kept to a minimum and no soil banks were installed.

The radionuclide concentration of the soil from each of the representative areas was measured by
taking between 9 and 10 representative soil tubes from within each plot. The tubes had a diameter
of 100 mm and depth of 300 mm and contained approximately 2500 g's of soil. Each tube was
sectioned in the laboratory and measured independently to improve 2IOPbex resolution. All samples
were oven dried, ashed at 400° C to determine Loss on ignition, then analysed by routine gamma
spectrometry for 137Cs, "6Ra and 2l°Pb as described by Murray et al., (1987). All samples were
counted for a minimum of 85 K sees.

Soil loss at St Helens using I37Cs

There are several methods available for converting percentage '"Cs loss to soil loss rates and
include: empirically derived relationships between the reduction in l37Cs activity and soil loss such
as those developed by Elliott et al. (1990) and Ritchie and McHenry, (1975); theoretical models
such as the proportional method of Kachanoski (1987); the gravimetric method , Brown et al.,
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(1981); profile distribution models, Zhang et al. (1990) and mass balance models, Fredericks and
Perrens, (1988). A review of these is given in Walling and Quine, (1990). With the exception of
Zhang et al., (1990) these methods are derived for use on cultivated soils, which assume mixing of
l37Cs to at least the depth of the plough layer, and also calculate rates of loss in terms of an annual
average and are therefore not applicable to the current study in which loss is essentially
instantaneous, the soil is uncultivated and the nuclide is concentrated toward the soil surface.

Nonetheless it is possible to compare 137Cs depletions from the harvested plots as an indicator of
potential ioss. The reference value of 137Cs in the St Helens forest can be taken as the average of
the twenty cores taken at the undisturbed forest plots 1 and 4 (810 + 90 Bq m"2). This can be
compared to the average 137Cs values of713 + 86 and 689 + 106 Bq m"2 at the disturbed sites 2
and 3, giving relative 137Cs depletions of 12 and 15 % respectively at these sites. These depletions
imply that plot 2 has undergone less erosion than plot 3, although the uncertainties on the average
plot values strongly overlap and suggest that there is no real difference between them. This is
probably because 137Cs profiles at St Helens do not have a surface maximum and there is reduced
sensitivity for measuring surface erosion processes. As a result of this comparisons of 137Cs
depletions are not able to discriminate between the effects of the two plot treatment processes.

Soil loss at St Helens using 210PbeiCMJ

Useful separation between the two sites is achieved however if a similiar approach is undertaken
with the 210Pbcx data from the same samples. Measurements in soils show that 2l°Pb (excess) has a
strong maximum at the surface (Matthews and Potipin, 1985; Nozaki et al., 1978), because of its
constant replenishment with rainfall and strong chemical reactivity. Thus, 210Pbtx has better
resolution and sensitivity than 137Cs within the upper sections of soils due to its greater rate of
change with depth. The average flux of 210Pbexcess from the 'reference1 plots 1 and 4 is 1,821 +
239 Bq m"2, and can be compared to the average inventory values of 497 +118 and 1010+110
Bq m"2 from Plots 2 and 3, which represent 73 + 24 and 44+10 % relative depletions respectively.
Clearly Plot 2 has had a greater proportional loss of 210Pbcxthan plot 3, and when these are
integrated over the 210Pbexces, profile suggest losces of 20 + 6 and 11 + 3 from 2 and 3 respectively.
This is reasoneably consistent with the observed losses. However, because 210Pb is subject to the
same fallout and distribution effects as l37Cs, the uncertainties involved using 210Pbexcess alone are
significant. Nonetheless it is encouraging that estimating the proportional depletion of 210Pb
produces sensible results, this suggests that it should receive further attention elsewhere.

A new approach using 2l°Pb/U7Cs ratios

Theory

An alternative to these proportional depletion approaches is to measure the inventory ratios of
210Pbexcess to 137Cs in the 'reference' and disturbed parts of the landscape. This may reduce their
inherent variability as both are predominantly deposited by rainfall, and their distribution could be
similarly affected by rainshadowing and differences in soil permeability (Wallbrink and Murray,
1994). The ratio of the inventories of these nuclides should remain approximately constant and
have reduced variability at reference sites. Alternatively, the addition or removal of soil will
change this ratio at disturbed regions of the landscape. These changes in ratio can then be
quantified by comparing them with their ideal measured distributions in an 'undisturbed' location.
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A characteristic of these two nuclides is that they have different depth distributions in undisturbed
Australian soils. Because these nuclides are distributed differently within the soil profile, the core
inventory ratio value of (2IOPbexcess to 137Cs), is unique at different depths. This change in
2IOPb/137Cs ratio with depth can be observed if the soil is measured quite precisely in thin
increments, at a location where no soil loss is believed to have occurred. The cumulative
inventories of each nuclide can be calculated from depth by summing the areal concentrations
within each increment towards the surface. The lowest value occurs at the profile bottom, as the
radionuclide activities reach detection limits, and the maximum value occurs at the soil surface,
therefore the 'control' curve is defined by the nuclide which has the shallowest penetration. From
this a calibration curve of ratio change in uneroded soil conditions can be derived in which the core
inventory ratio at depth x represents the ratio of the sum of the areal concentrations of 210Pb and
137Cs remaining in the soil below that point. Confidence can be placed in this 'control' location if it
has the same overall inventory ratio as the average from the reference plots. In this case their
similiar proportions imply that the 210Pbexand I37Cs soil distributions are representative.

Having established a mean 'reference' area Pb/Cs inventory ratio and derived a useful 'control'
curve that has the same net ratio as the 'reference' it should be possible to interpret changes
observed in ratios elsewhere. For example a change in inventory ratio can occur by the removal of
210Pbexcess enhanced surface soil, in which case the mean ratio value would decrease as soil is
removed. The measured ratio can then be interpreted by matching it with the 'control' calibration
curve. The point of intersection of the 'disturbed1 ratio value with that on the 'control' determines
the amount of soil required to remain in the landscape to support that inventory ratio. It is then
possible by difference to calculate the depth of soil removed. If the soil density is known then
mm's depth loss can be converted to a mass loss in t ha"1.

Other factors which make 210Pb excess useful as a comparative element to 137Cs in soil loss studies
include i) its strong binding to soil particles and subsequent redistribution within landscapes by
soil erosion processes ii) the input value, and variance, can be measured independently in the same
manner as 137Cs and iii) it is a gamma emitter at 46 KeV and can be measured at the same time as
137Cs by routine gamma spectrometry.

Sampling strategy and results:

The mean 210Pbexcess/137Cs inventory ratio was calculated for each plot by averaging the inventory
ratios from each of the soil tubes within that plot, in turn derived from the individual 137Cs and
210Pbexcess measurements. At the disturbed plots 2 and 3 these were 0.72 +.09 (n=10) and 1.62
+.28 (n=10) respectively and compare with the values of 2.25.0.2 (n=20) derived from the
average of all cores taken within the undisturbed 'reference1 plots 1 and 4.

A 'control' core was taken from Plot 1 using the routing method described by Wallbrink and
Murray, (1994b) in which successive depth layers of soil are obtained from the surface down
(Figure 2). This method allows vertical depth sampling at 1 mm depth increments to 30 mm and
then 10 mm increments to 300 mm. Surface area was 0.16 m2 in the top 30 mm and 0.04 m2 for
samples below 30 mm. In these soils the median grain size was in the 250-500 u.m range,
indicating a useful minimum vertical uncertainty of about 0.5 mm in these soils.

The total core inventory of both 210Pbexcess and 137Cs from the undisturbed Plot 1, were
calculated to be, 1530 + 80 and 620 + 40 Bq m'2. These were determined by summing the areal
concentrations from each depth increment in the core with the layer above it (Figure 2) starting
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from the base. The change in core inventory ratio with depth was then plotted (Figure 3). This
gives a total core inventory ratio of 2.4:1 which agrees well with the average 210Pbexcess/137Cs
inventory ratio derived from the 'reference' plots (2.25 + 0.2).

Net soil loss at St Helens

To determine average soil loss from sites 2 and 3 their mean ratio values can be compared to the
'control' core ratio curve (Figure 3) obtained from Plot 1. The inventory ratios from plots 2 and 3
of 0.72±0.09 and 1.62±0.28 intersect at 41±5 and 14±3 mm respectively. This suggests that on
average 40 mm of soil has been removed from the highly disturbed plot 2 and 15 mm from plot 3.
The density in the top 10 cm of these granite soils was measured at 1.1 g cm"3 and corresponds to
net soil loss of 450±55 and 150±33 t ha"1 respectively compared with the 'reference' plots.
Although, these results have not been confirmed by an independent technique, they are supported
by visual observation. The dark organic A horizon at Plot 3 was still largely intact, however at
plot 2 only remnants of the original A horizon remained and significant areas of brown clay B
horizons were exposed. Measurements of 210Pbexcess, n?Cs and the short lived (53 days)
cosmogenic isotope 7Be on suspended sediments leaving these plots during rainfall were also lower
from plot 2 than 3.

These soil loss estimates are difficult to compare with those from other methods (eg. Roberts and
Church, 1986), as most are derived as annual averages. Differences between annual averages and
point estiamtes can occur because the latter is much more dependent on the coincidence of factors
such as disturbance and rainfall regime. The sampling in this project was undertaken 14-15 months
after logging operations began. If the time between harvesting and measurement had been less or
other rainfall conditions had occured over this period, then loss rates could be different. There
must also be confidence that the 'control' or 'reference1 areas are not eroding, in which case ratio
differences are only relative. In this experiment measurements were made over the same time
period and location and so also can be compared in this way and suggest, that at 450 versus 150 t
ha-' respectively, there was a threefold decrease in yield from the plot harvested under minimal
impact guidelines.

Conclusions

The 210Pbcx,
 137Cs inventory ratio method presented here is not only limited to use in areas where

soil loss is being considered alone. For example it should also be possible to interpret the
geomorphic setting of ratios that are higher than 'reference' values. In this instance a high ratio
could result from either 1) the addition of 210Pb enhanced surface soil from upslope surface wash
and/or sheet erosion processes or 2) the affected area may have undergone erosion, and therefore
removal of 137Cs, some timj in the last 30 years, and then been exposed to recent 2l°Pb fallout.
Either of these landscape scenarios could be validated by determining whether the total flux of
137Cs or 210Pbexcess is consistent with that expected from fallout alone. In this way, it may be
possible to deconvolve erosion history of landscapes by analysing both the core inventories of 137Cs
and 210Pbexcess and their respective distribution shape and ratio to one another.

It is therefore proposed that taking the ratio of 2l°Pbexcess to l37Cs across a landscape reduces
variability in these nuclides due to fallout processes and effectively establishes a more robust
standard by which measurements of erosion can be assessed. This benchmark should have less
variability than either l37Cs or 21 OPbexcess alone.- When this is combined with their differential
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depth distributions within soils their combined use is presented as a powerful new tool in studying
erosion processes that ultimately will make estimates of soil erosion more accurate.
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Figure 1: Location diagram of St Helens field study area, Tasmania, Australia, showing relative
positions of experimental plots within the St Helens state forest.
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Fallout's trailing edge

K M Matthews
National Radiation Laboratory
PO Box 25099, Christchurch, New Zealand

Atmospheric concentrations of the long-lived fission product 137Cs peaked in 1964 in
New Zealand, 2 - 3 years after the high-yield weapon tests by the USSR and USA in
1961 and 1962, and then declined rapidly before a further transient increase during
tests by France at Mururoa, 1966 - 1974. By 1985 artificial radioactivity in air and
rainwater had declined to levels which were generally undetectable. The National
Radiation Laboratory (NRL) monitoring programme was thus revised in 1985 (NRL,
1986) with the introduction of high-vclume air sampling equipment at Kaitaia and
Hokitika.

With the high-volume equipment the detection limit for caesium-13 7, expected to be
the last detectable fission product remaining in the atmosphere, was approximately 0.5
nBq/m3. This was, however, still above prevailing atmospheric contamination levels in
New Zealand. During 1993 the filters from the Kaitaia site were re-analysed as
quarterly, 6-monthly or yearly bulked samples with sample volumes of the order of 4 x
105 - 1.6 x 106 m3, and reduced 137Cs detection limits of 0.07, 0.04 and 0.02 nBq/m3,
respectively. This allowed the detection and measurement of the extremely low
atmospheric 137Cs concentrations prevailing in the New Zealand region since 1986.
This paper presents the results of these measurements.

Atmospheric sampling was conducted using centrifugal-fan pumps with 500 cm2

polycarbonate filters (Carl Freudenberg, Germany - type FA2311), The volume of air
sampled during the weekly monitoring period was typically 3 x 104 m3. For the bulk
filter analyses the filters were packed into 600ml re-entrant beakers and analysed with
counting times of up to 7 days, with a HpGe detector of 13% relative efficiency.
Filters were aggregated quarterly for the 1986, 1987 and 1988 monitoring periods; six-
-monthly for 1988; and yearly for the 1989 - 1992 period.

Caesium-137 was detected in all quarterly filter aggregates during 1986 and 1987, and
in the first and fourth quarter aggregates only in 1988, with concentrations in the range
0.08 uBq/m3 to 0.36 |iBq/m3 as plotted in figure 1. It was detected again on the yearly
aggregates for the 1989 - 1992 period with results in the range 0.02 uBq/m3 to 0.25 |a
Bq/m3, as plotted in figure 2, together with annual averages for 1986 - 1988 period
calculated from quarterly or 6-monthly (1988) measurements.

The annual variation in atmospheric 137Cs levels depicted in figure 1 is typical of the
periodicity of stratospheric fallout in the troposphere, with summer peaks detected at
ground level following winter-spring injections through the tropopause, indicating that
the detected 137Cs was of stratospheric origin.

The trend in annual average concentrations illustrated in figure 2 indicates a decay
process with a half-life of the order of 1.3 years. This decay trend introduces
speculation as to the possible source of the 137Cs. The only possible sources would
have been weapons test debris or the Chernobyl reactor disaster of April 1986. The
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single pre-Chernobyl quarterly measurement result (January - March 1986, fig 1)
suggests an earlier source and other results from the NRL monitoring programme
(NRL, 1987) have previously indicated that Chernobyl debris was not detectable in
New Zealand.

The United Kingdom Atomic Energy Authority (AEA) has also monitored atmospheric
137Cs levels at various sites world-wide since 1960 with results published in a series of
annual reports (AEA, 1966). The nearest AEA site to the NRL Kaitaia site is at
Aspendale in Melbourne, Australia, at latitude 38°S. Because of the similarity of the
Kaitaia (35°S) and Aspendale latitudes, trends in atmospheric I37Cs concentrations
would be expected to be similar at the two sites. The limit of detection for the AEA
measurements was 0.2 - 0.7 laBq/m3 and the atmospheric 137Cs concentration reached
this level in 1985. The trend in annua1 average atmospheric 137Cs concentrations
during the 1966 - 1984 period, calculated from the published AEA results (AEA,
1966), is depicted in figure 3. The AEA results indicate a discontinuity in the final
years, with the decline in levels being arrested during the 1978 -1983 period (figure 3).
This discontinuity was presumably due to stratospheric 137Cs from the Chinese
weapons tests of 1976 - 1980 and its spread over several years would have been
caused by the 2 - 3 year delay normally observed between Northern Hemisphere
detonations and peak stratospheric fallout levels in New Zealand.

The final 6 years of Aspendale data and the Kaitaia data from 1986 are plotted
together in figure 4 where it appears that the two sets of data form part of the same
decay curve. The data are plotted again logarithmically in figure 5 together with two
possible linear regression lines. The existence of a linear relationship between the two
sets of data rules out the possibility of 137Cs input from Chernobyl. The two regression
lines indicate half-lives of 1.3y (dashed line) or l.Oy (solid line) with the latter agreeing
well with earlier estimations (Matthews, 1993) of the atmospheric half-life of 137Cs.

It appears, therefore, that the final "glimpse" of atmospheric 137Cs allowed by the
bulked filter analyses was actually of residual debris from Chinese nuclear weapons
tests, and that Chernobyl debris did not enter the lower atmosphere over New Zealand.

The bulked filter analyses represent the most sensitive atmospheric l37Cs measurements
performed in New Zealand to date and the reaching of this final limit of detection in
1992 (at 0.02 jiBq 137Cs/m3) indicates that at southern latitudes the era of atmospheric
contamination by weapons test fission products is essentially over.
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Measurement of tritiated water transpiration from tree leaves following
root injection.

John R. Twining

Environmental Science Program, Ecological Impacts Group
Australian Nuclear Science and Technology Organisation

PMB 1, Menai N.S.W., 2234
Background

The Sydney Water Board, and! presume most other similar bodies world-
wide, suffer from infestation of sewer systems by tree roots. Although a small
problem on an individual basis, the problems posed by these infestations are
exacerbated by the scale of the systems for which the organisations involved
are responsible and are a major drain upon resources. In Sydney, the small
sewers draining suburban areas are the main source of concern.

In Sydney, blockages caused by root infestation are detected by regular
tractor-mounted video inspections or by reports from residents. Following
identification, the blockages are usually cleared by cutting or tearing the root
with an "electric eel". However, this is a very temporary solution. Damaged
tissues in healthy root systems are generally rapidly repaired, especially as
the environment concerned is rich in both water and nutrients. Infestations
often regain problem sizes within 6 months of physical removal.

Thus, the Water Board are looking for a cheaper and more permanent
solution to this problem. If this were to involve chemical control, the primary
concerns are: a) that safety of workers and the general public is maintained;
b) That the treatment is non-residual (i.e., there is no long-term hazard at the
site of application nor hazards presenting downstream of the site); and c) that
the treatment is non-systemic (i.e., that the trees infesting the sewer are not
destroyed and thereby become a public relations problem for the Board).

To this end ICI offered a new product, Sanafoam Vaporooter, that was
claimed to destroy roots and root function and, when incorporated into a grout
applied to the pipes following initial treatment, would prevent re-infestation for
up to 3 years. The product is registered as a Class 6 poison. It is non-specific
(i.e., It will kill anything and it has been used as a soil iiimigant to kill weeds
and weed seeds, nematodes, fungi and soil insects) and non-systemic (i.e., it
will only kill tissue that it contacts). The active constituent is 10-30% metham
sodium which is very soluble and stable in concentrated solution. However,
on dilution or heating, or in the presence of alkali or metal salts, the
substance decomposes rapidly to liberate methyl isothiocyanate, a highly
toxic and volatile gas with low solubility. The vapour is very reactive,
combining quantitatively with any organic matter, living or dead.
Consequently no residue is expected, and it is impractical to attempt to
identify any chemical indicators of its action in roots or other material from a
treated sewer. The outermost layers of roots will show some evidence of
chemical burn which will be proportional, to some degree, to the duration and
intensity of the dose. The unstable nature of the active ingredient and the
reactive nature of the decomposition product together with the typical
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conditions found within sewerage systems, restrict the scope of analytical
methods for determining concentrations of either in sewer water or roots.

The Water Board were looking for a means of assessing the efficacy of the
treatment.After discussion, it was agreed that ANSTO would assess the.use
of tritiated water as a means of determining the water transport function in
roots. The proposed method of assessment is based upon measuring the rate
at which tritiated water (HTO) is moved away from the root infesting the sewer
by the normal transpiration stream. The method assumes that the treatment
applied to the sewer drastically reduces, if not destroys, root function. This
should be reflected in a significant increase in the delay of HTO arrival at the
leaves following application to the affected root. Any significant flux from the
affected root would indicate inadequate treatment as water flow from the
affected root would encourage subsequent re-invasion of the sewer. If
deemed suitable, this tracer would in turn be used to determine the efficacy of
the ICI treatment in inhibiting root function. Constraints on the study were a
restricted budget ($3,800 in total) and time frame (with 2.5 months from
identifying the tree root infestation to reporting of findings) and these should
be considered when assessing the reported findings.

A literature review was carried out on the methods which have been used to
assess transpiration flux in plants (particularly trees) over the past 30 years.
The most applicable method involves injection of tritium into the xylem tissue
of the tree followed by collection of transpirate to observe the pattern of
tritium arrival. A report by Kline etal. (1972) gives the most concise and
useful description of the mode of application.

Aim

The aim of this study was to determine the practicality of using HTO in the
manner described above by undertaking a exercise in the field.

Materials and Methods

Tree selection

An approximately 8m high tree (Callistemon sp.) with roots invading the sewer
was identified by routine video inspection performed by Water Board staff.
The tree was located in Kiewarra St., Lakemba.

Excavation of the roots

The sewer was located some 1.2m below ground level. Labourers from the
Water Board excavated the hole and in doing so inadvertently cut through the
largest roots infiltrating the sewer despite being advised of the fragile nature
of the roots. The cut roots were of barely adequate size for the study. One
small root remained, damaged but intact. This root may not have been part of
the tree to be sampled. At this point, there was a joint Water Board and
ANSTO decision made to proceed with the study using this small, damaged
root.
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Injection of tritiated water

It was originally intended that small holes would be drilled diagonally into the
root so as to inject the label directly into the stele of the root (beyond the
Casparian strip and into the xylem tissue) where it was to be sealed in with
silicone sealant. However, the remaining root was so small that grooves were
cut instead. Into these grooves was administered 0.2 ml_ of tritiated water at
an activity of 40 WiBq total. Due to cohesion, a significant quantity of this
material dispersed into the site adjacent to the root before the root was
coated with the sealant. Once the sealant had cured the site was backfilled
with sand.

Minor matter safety approvals were sought and received from the Ansto
Safety Assessment Committee and the NSW Health Commission, Radiation
Health and Safety Section.

Collection of transpirate

Transpirate was collected by enclosing leafy branches around the tree in
polythene bags that had a 220 L maximum capacity. The branches were
evenly spaced around the tree at a height of approximately 4 m and labelled
A-F in a clockwise fashion from the most south-westerly. The bags were
sealed around the branch stems with masking tape. Transpiration water
vapour condensed in the bags and was collected after some hours. The bags
were generally removed overnight to allow the tree to re-establish normal
metabolic behaviour between samples. When two samples were collected in
one day the bags were thoroughly aired between samples. A background
sample was collected from the tree on the day prior to the injection taking
place.

From the literature it was expected that most of the HTO should pass through
to the leaves between 1.5-3 days. Thus a sampling protocol was set up to
detect a peak within this time scale. Sampling was extended to determine the
time required for the HTO levels to return to background values as this would
be important in determining the appropriate times for re-administration of a
second HTO injection following treatment with the root inhibiting product.

Sample preparation and tritium analysis

The samples were collected in new PVC bottles directly from the sample bag.
These were returned to the lab where particulate matter not excluded during
sampling was removed and collected volumes measured. Aliquots of 9 mL
were added to 11 mL of Instagel liquid scintillant in 20 mL polyethylene
scintillation vials for counting in a standard tritium window on a Beckman
LSC. Tap water blanks, HTO standards and transpirate backgrounds were
similarly prepared. All samples were ranked by colour and one in every six
samples was selected from this ranking to provide a quench correction curve
using the internal spike method. For these samples, following initial counting,
1 ml of standard HTO was added to each vial which was then recounted. The
proportion of activity detected over activity added thus indicated the degree of
quench.
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Results

Table 1 shows the times and duration of sampling from each of the bags as
well as the volumes collected and the gross and net tritium activities.

The average volume of wator collected (Figure 1) showed differences
between the bags which were probably due to both the amount of foliage and
the relative insolation of the bag. Despite this there was a reasonably even
spread between sample bags.

However, when water collections made at each time were compared (Figure 2
a-f) some wider variations were discerned. Ambient temperature, humidity
and light intensity may have all influenced transpiration rate during sampling.
Note the variation in transpirate volume collected per hour from day to day.
Although sampling was carried out over a 6 hour period on 16/12/92 no
sample was collected within any of the bags (table 1). That day was
completely overcast with a constant light rain. As well, despite the fact that
the bag collections could not be directly compared because the amount of
leaf material in each of them varied, it was apparent that collections were
reduced on a relative basis on the southern side of the tree. The differences
due to the direction of sunlight were best shown in the earliest sample times
when morning and evening collections were taken, particularly in Bags B and
D which were completely shadowed by the rest of the tree in the morning and
afternoon respectively, where the patterns of collection rate are reversed.
Once sampling was established across the middle of the day this variation
between bags was removed.

For tritium analysis, the samples ranged from moderately to highly coloured.
This was reflected in the quench correction curve for the rank selected
samples shown in figure 3. Quench curves are often non-linear and the two
linear correction lines were considered to provide sufficient correction within
the constraints of the study. Apart from Bag C, the earliest samples (9/12/92)
in particular were highly colour quenched and, as such, the corrected values
for these samples may have a high degree of error.

Transpired tritium was detected at varying activities in all bags over the
sampling period. However, unlike the average water transpiration rates, the
average amount of tritium transpired by each the branches varied widely
(Figure 4). Bags A, E and F despite being on the far side of the tree from the
site of injection, all have relatively high average fluxes. This indicates a poor
degree of mixing of water taken up by roots in the trunk of the tree before it is
transpired. This suggestion was supported by the pattern of tritium flux in
each bag at collection times over the sampling period (Figure 5 a-f). These
figures indicate that the flux might have been common to 3 pairs of bags. The
pairs were A + F, B + D and C + E. These pairs not only had similar time
sequences in the tritium flux but also had similar quantities of total activity.

From the average tritium flux, corrected for volume (Figure 6), there appeared
to be three peaks in HTO transpiration over the 3 week period. The first peak
was associated with the initial sample following injection, the second at about
4 days and the third unresolved after 3 weeks. It should be noted in figure 6
that the point at 151 hours was actually a null point as no water, and hence
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no tritium, was collected at that time. Hence the value had a zero
denominator.

The tree also began to show some effect of the sampling during the
experiment. Leaves near the tops of the bag exposed to the sun for longer
periods started to burn off after a week. Some of the twigs were broken during
the bagging process. Despite this most of the bagged leaves retained good
condition for the duration of this exercise.

Discussion

In principle the process worked. Tritium was detected in the transpirate of the
tree. The overall pattern of HTO flux observed in this experiment and shown
in figure 6 was not typical of that seen by other researchers. A characteristic
flux curve following tritium injection into the trunk of a tree is shown in figure
7, taken from Murphy and Luvall (1979). There are several possible reasons
for the behaviour of tritium in this experiment which are explained in the next
paragraph. As some of these explanations involve variables which would be
common in nature it leads me to question the almost ideal response indicated
in the literature survey.

The peak seen on the first day was due to high values from Bags B and D
and has at least four possible explanations. First, it may have been due to
direct adsorption of HTO from the atmosphere due to evaporation from the
site of injection. This was unlikely as bags B and D are on opposite sides of
the tree and also the leaves in bag C, on the branch most directly over the
site of injection, contributed the least enhanced concentration of tritium at that
time. Second, it may have been due to contamination in the laboratory.
However, the samples were processed in two batches and only these two,
first-day samples showed any evidence of possible contamination which
should have been more widely and randomly distributed if that were the case.
Third, it may have been due to tritium movement through the tree from the
injected root. Although the movement was very rapid when compared to
literature values the result obtained was possible. Fourth, the high values
may have been an artefact of the high degree of quenching in these samples.
These earliest samples were the most highly coloured and thus had the
highest upward correction factor applied to the analytical results. It is feasible
that the errors involved generated the observed peak.

The second peak observed at about 4 days, due to values from all bags
except B and D, may be explained by tritium flux from the injected root but the
delay was about twice that expected from the literature. This may have been
due to the use of root injection rather than trunk injection with the inherent
increase in path length for water movement. An alternate explanation is that
the detected activity represented HTO which had moved from the injection
site to relatively undisturbed roots where it had been absorbed and
translocated.

The third peak, which was unresolved at over 500 hours, may have
represented HTO movement to other roots, particularly as it occurred after
the only rain event experienced in the study period as this event may have
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enhanced dispersal of the HTO. In this context it should be noted that, as
distinct from earlier times, this uptake was similar in pattern across all bags.
Alternatively, intrusion of new root growth into the area adjacent to the site of
injection may have occurred followed by adsorption of tritium which had
remained in situ.

The different flux rates and specific activities in each bag, despite ali being
sampled simultaneously, implied that water absorbed by the roots was not
well mixed within the tree before it was transpired. This was an important
finding as it indicated that future studies in which tritiated water is not
released outside the root must include several sampling bags widely
dispersed on the tree to ensure that the tritium flux is observed.

Environmental parameters significantly affected the water flux over the period
of the experiment. From subjective observation these may have included
insolation, temperature and relative humidity. This was to be expected and as
such needs to be controlled for in any future exposures by using similar
plants in the vicinity unaffected by the sewer treatment.

Conclusions and Recommendations

Tritiated water did move through the tree at a measurable rate and variations
in the flux were observed. As such the method is amenable to the task of
assessing the efficacy of the treatment process. However the pattern of
movement was non-ideal for a number of reasons. These included
environmental and possibly physiological factors but problems with the
excavation and injection were the main cause of concern.

Severance of the largest roots infesting the sewer at the site was the major
problem. Any root activity in the area was undoubtably affected by this major
disturbance. Arising from this occurrence, the use of a small damaged root
led to release of HTO into the site around the root. This "free" water further
confounded results by probably moving from the site of injection and by being
available for uptake by other roots.

Tracing the movement of tritiated water from treated roots can only be
recommended for assessing the efficacy of the root inhibition treatments if the
site of infestation can be excavated without damage to the roots, and if the
HTO can be injected and sealed within a root of adequate dimensions,.

Should these shortcomings be overcome there will also be the requirement to
control for environmental variables in sampling protocols carried out both
before and after any treatment. It is recommended that a tree, of the same
species, similar size and condition, in the vicinity of the infesting tree but not
itself infiltrating the sewer, be selected to act as a control.

To correlate the responses of the 2 trees it is recommended that at least 3
simultaneous HTO injection trials be undertaken prior to application of the
treatment to the sewer. Three paired data sets are considered the minimum
requirement to get any statistically significant comparison between the
treatment and control plants.
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Table 1.

Date

9-Dec

10-Dec

11 -Dec

12-Dec

Sampling details and results of tritium analyses of transplrate.

Time Bag

1000 A
1700 B

C
D
E

930 A
1300 B

C
D
E
F

1330 A
1600 B

C
D
E
F

900 A
1300 B

C
D
E
F

1330 A
1800 B

C
D
E
F

930 A
1400 B

C
D
E
F

Activity

cpm
7.70

9.30

29.75
10.60
11.10
5.55

7.00

10.40
7.30

7.45

6.85

5.05

7.15

7.70

7.50

7.65

5.90

15.00
6.10

10.30
6.95

10.85
7.45

22.30
6.50

10.45
6.35

14.75
79.85
40.95

6.45

18.00
6.45

24.35
72.00

Quench
factor

j.
0.14

0.05

0.55

0.08
0.11

0.67

0.32

0.41

0.71

0.53

0.44

0.64

0.26

0.29

0.35

0.38

0.54

0.71

0.5
0.61

0.73

0.6
0.52

0.23

0.51

0.55

0.63

0.58

0.6
0.7

0.62

0.59

0.65

0.58

0.54

Co rr.
Activity

cpm
55.00

186.00
54.09

132.50
100.91

8.28

21.88
25.37
10.28
14.06
15.57
7.89

27.50
26.55
21.43
20.13
10.93
21.13
12.20
16.89
9.52

18.08
14.33
96.96
12.75
19.00
10.08
25.43

133.08
58.50
10.40
30.51

9.92

41.98
133.33

less blank Time from Volume
6.34 Injection
cpm hrs

48.66 7
179.66
47.75

126.16
94.57

1.94 27
15.54
19.03
3.94

7.72

9.23

1.55 31
21.16
20.21
15.09
13.79

4.59

14.79 51
5.86

10.55
3.18

11.74
7.99

90.62 56
6.41

12.66
3.74

19.09
126.74
52.16 76
4.06

24.17
3.58

35.64
126.99

coll.
ml

233
180
103
198
72
85
26
43
160
130
16

255
158
88
102
132
135
215
31
66
265
163
41
520
243
120
94
110
174
205
71
94

265
210
81

Date Time Ba

13-Dec 1100 A
1700 B

C
D
E
F

14-Dec 1030 A
1600 B

C
E
F

16-Dec 1000 Nc
1630

18 to 900 A
1 9-Dec 1300 B

(27hr) C
D
E
F

22-Dec 1000 A
1600 B

C
D
E
F

30-Dec 930 A
1600 B

C
D
E
F

Time Bag Activity Quench Com less blank Time from
factor Activity 6.34 injection

cpm •«• cpm cpm hrs
88.95 0.65 136.85 130.51 103

8.50 0.56 15.18 8.84

20.85 0.53 39.34 33.00
6.70 0.56 11.96 5.62

33.70 0.2 168.50 162.16
166.65 0.68 245.07 238.73
87.95 0.69 127.46 121.12

9.80 0.66 14.85 8.51

32.80 0.62 52.90 46.56
62.60 0.57 109.82 103.48

130.10 0.57 228.25 221.91
1000 No significant condensation In any bag

43.20 0.64 67.50 61.16
9.43 0.67 14.07 7.73

35.88 0.61 58.82 52.48
8.47 0.52 16.29 9.95

39.72 0.47 84.51 78.17
54.52 0.69 79.01 72.67
49.29 0.68 72.49 66.15
16.62 0.68 24.44 18.10
75.91 0.68 111.63 105.29
33.66 0.59 57.05 50.71
81.81 0.72 113.63 107.29
84.93 0.74 114.77 108.43

131.53 0.75 175.37 169.03
39.45 0.75 52.60 46.26

113.10 0.72 157.08 150.74
31.92 0.63 50.67 44.33

117.22 0.74 158.41 152.07
169.44 0.73 232.11 225.77

126

151

243

318

510

Volume
coll.
ml

350
128
133
135
92
165
330
154
195
210
125

800
350
430
750
390
450
400
150
190
300
230
170
600
270
325
290
270
370
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Figure 1. Relative average water volume collected in each bag. Direction
in relation to tree trunk indicated in brackets.
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Figure 2. Patterns of transpiration per daylight hour in each bag.
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Figure 3. Tritium quench curve for selections from colour ranked
samples.
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Figure 4. Relative average tritium flux collected in each bag.
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Rgure 5. Patterns of tritium flux per daylight hour in each bag.
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Figure 6. Tritium activity in 9 mL aliquots averaged for all bags at each
sampling time.
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Figure 7. A typical tritium flux curve, taken from Murphy & Luvall (1979).
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TREE GROWTH RATES DETERMINED USING
NATURAL RADIOACTIVITY

A.S. Murray, G. Hancock, G. Brunskill and R. Argent

Abstract

The growth rates and ages of trees can give important information about the effects of
river regulation, rate of recruitment and sustainable harvesting, and age by association of
geomorphological structures such as 'in channel' bars and mobile river channels. Unfortunately
Australian hardwoods do not usually lay down annual rings; growth is controlled by
flood/drought cycles rather than light/temperatrure. To determine whether changes in the
concentrations of naturally ocurring radioelements could provide a dating technique,
measurements have been made of 210Pb and radium isotopes in two eucalypt and one mangrove
species. There is a considerable excess of 210Pb over its parent ~6Ra (half life 1600years) in the
eucalypts, but not in the mangrove. ~6Ra does not show any systematic variation in
concentration with radial location in the trunk, but both 2l°Pb (21years) and ~8Ra (5.76years)
decrease smoothly through the heartwood. The ~8Ra/22t>Ra ratio remains constant in the
sapwood, suggesting an open system, but in the heartwood of one eucalypt the rate of
decrease in this ratio provides an age of about 65 years, compared with the known age of 66
years. In contrast the rate of decrease of the 210Pb concentration provides an age of more than
lOOyears; a lead biological half life of about 23 years is required to get agreement with the
known age. The radium ratio model is insensitive to the biological half life of radium. A
similar lead biological half life is required for agreement between the radium ratio and 210Pb
ages of another eucalypt of unknown age. This firate biological half life has considerable
implications for those studies which use trace element concentrations in tree rings as a
surrogate for changes in environmental concentrations with time. The radium ratio technique
also gives a growth rate in a mangrove consistent with estimates of ring growth rates. It is
concluded that radium isotopes may provide a generally applicable method of estimating
growth rates over the last 70 years.
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URANIUM THORIUM DATING AND OXYGEN ISOTOPE
STUDIES OF A SPELEOTHEM

FJ. Dyer

A combination of uranium and thorium f230!!!/234!)) dating with the study of stable
isotope ratios (1SO/16O) was applied to a stalagmite in an attempt to build up a
paleoclimatic picture of the region of Bat's Ridge near Portland in south western
Victoria. This work was carried out as the research component of an Honours Thesis at
Melbourne University in 1991 under the supervision of Dr J.D. Smith and Dr V.M.
McRae.

The stalagmite studied was 24 cm high and ranged from 3cm in diameter at the tip to
8cm at the base. It had a large number of moonmilk sections, few clear stratigraphic
sequences and had some porous sections. It was divided into 12 sections to be dated and
the moonmilk separated from the samples to be studied separately.

The method of dating used involved further development of the one used in the marine
chemistry laboratory. It is based on the ingrowth of 230Th from parent 234U and is
applicable to carbonates in which there has been a deposition of natural uranium without
thorium. The radionuclides were chemically separated and measured by alpha
spectrometry. The chemical recover}' of the radionuclides was determined by standard
addition of a 232U/228Th tracer of known activity at the start of the procedure.

To determine relative temperatures at the time of deposition, a procedure for
measurement of 18O/16O ratio in the calcite was developed. A vacuum line to produce
and collect CO2 from small samples of calcite was designed, based on similar equipment
used by McRea (1950)1. It consisted of a rotatable reaction vessel (in which anhydrous
phosphoric acid was reacted with powdered calcium carbonate from the stalagmite)
connected to a water trap and then a removable 10ml sample tube. Each section was
able to be isolated. The C02 collected was analysed for 180/16O ratio using an isotope
ratio mass spectrometer.

The method gives good recovery of uranium (average 51%) and thorium (average 62%)
which is important as initial amounts are low. Apparent ages (Table 1.) determined
showed little variation along the length of the stalagmite and little correlation with
stratigraphic sequences. All apparent ages were around 9.5 kyears. This indicated that
closed system conditions had not existed since the formation of the stalagmite.

When equilibrium fractionation prevails during deposition, 6C and 8CC across growth
layers should be consistent and 6C and 8CC along the growth layers should show no
correlation. A correlation between 5C and 5CC was observed (Table 2.) along growth
layers for the Bat's Ridge stalagmite. This supports the finding of the uranium and
thorium dating, that the stalagmite was not formed under 'closed system' conditions.

The 6C values of -3 and -6 are similar to those reported from Mexico which has a similar
climate to Bat's Ridge and they contrast well with values of -17 to -20 reported for the
colder climate of Canada2.
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Table ]
stalagm

.. Uranium and Thorium activities taken from a vertica
lite. M in the sample column indicates a moonmilk sami

Sample

A&B
C

CM
D

DM
E

EM
F
G
H

G&HM
I

IM
J
K

KM
L(i)
Uii)

Distance
from

tip(cm)

1.5
3.5

5.0

7.0

9.0
10.5
12.5
11.5
14.0

15.5
18.0

21.5
21.5

Activity mBq/g

230rh

0.21+/-0.02
0.17+7-0.01
0.16+/-0.02
0.15+/-0.01
0.10+7-0.01
0.15+7-0.02
0.20+7-0.01
0.11+7-0.01
0.13+/-0.01
0.12+/-0.01
0.23+/-0.01
0.17+/-0.02
0.15+/-0.05
0.15+7-0.01
0.16+7-0.02
0.13+7-0.02
0.14+/-0.03
0.27+/-0.09

234u

2.27+/ -0.07
1.90+/-0.05
1.92+/-0.07
1.95+7-0.05
1.44+/-0.05
1.90+/-0.07
2.00+/-0.10
1.38+7-0.07
2.02+/-0.06
1.77+7-0.06
8.68+7-0.10
2.15+7-0.06
1.40+/-0.12
1.65+7 -0.04
1.54+/-0.05
0.16+7-0.05
1.62+/-0.05
1.26+7-0.05

1 section of the Bat's Ridge
3le.

Age
(kyears)

10.7+7 -1.0
10.4+/-0.9

9.2
8.4+/-0.9

8.0
8.9+7-1.4

11.4
9.3+7-1.3
7.2+7-0.8?
7.7+7 - 0.8

2.8
9.1+7-1.0

12.3
10.3+7 -1.1
11.8+7-1.7

9.1
9.8+7-2.5
26.3+7-10.5

Table 2. Craig corrected values for the stalagmite samples
Location

A
B
C
D
E
F
G
H
I
J
K
L

Craig corrected delta values for
the central stalagmite samples

so.
-10.079
-10.622
-10.269
-9.671
-9.822
-9.507
-9.842
-9.619
-8.974
-9.388
-9.273
-9.529

5,
-4.200
-5.183
-4.706
-4.273
-4.421
-4.027
-4.376
-3.922
-3.922
-4.045
-4.831
-4.198

Craig corrected delta values for
the stalagmite samples from the

left hand side
60.

-10.110
-10.301
-9.565
-8.975
-9.959
-10.120
-9.598
-9.170
-8.852
-9.198
-9.123
-9.388

6,
-4.431
-4.504
-3.403
-3.897
-4.562
-4.490
-4.541
-4.314
-3.944
-5.083
-4.157
-4.076

EXTABS.DOC
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Dating gully incision using 210Pb ingrowth

Jon Olley and Andrew Murray
CSIRO Division of Water Resources

During the last century large areas of South-eastern Australia were cleared for farming. These
changes in land use often produced drastic changes in the erosional and hydrological
behaviour of the cleared catchment, many of which are now deeply gullied. Despite being
fairly recent these changes in catchment behaviour are generally poorly documented. This
paper examines the potential and the problems of using :'°Pb ingrowth to date the formation of
a gully. In many catchment Fe and Mn oxides are deposited at the groundwater surface as a
result of changes in redox conditions. ^Ra is co-deposited with these oxides resulting in a
^Ra excess over its parent 230Th at the groundwater surface. Gully incision causes a lowing
of the groundwater table removing the 226Ra horizon from contact with the groundwater.
Providing the time depenency of the ̂ Ra deposition is known, or can be assumed, and the
radon retention can be determined then subsequent ingrowth of 210Pb can be used to provide a
minium age for the gully incision.
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HIGH RESOLUTION TH-230 STRATIGRAPHY AND URANIUM REDOX-FRONTS

IN HEMIPELAGIC SEDIMENTS ON THE AUSTRALIAN CONTINENTAL MARGIN

H HERBERT VEEH

School cf Earth Sciences
Flinders University of South Australia

Bedford Park SA 5042

High resolution sampling of sediment cores from the West

Australian continental margin has provided detailed information on

processes which control the extent of uranium-series

disequilibrium in hemipelagic sediments. These processes appear to

be related to glacial/interglacial sedimentation dynamics and

hence offer the potential for paleoceanographic reconstructions in

a critical area.

The downcore variations in decay-corrected excess Th ( Th*o)

ran be interpreted in terms of paleoclimatic and paleoceanographic

processes, if an independent time frame of reference (radiocarbon

dates, oxygen isotope stratigraphy) is available. In addition, a

comparison between the measured burial flux of Th and the

predicted flux of scavenged Th to the seafloor at a given core

location provides information on the abundance and scavenging

efficiency of particles in the water column. Thus the burial flux

of Th*o may serve as a proxy indicator of past variations in

productivity and/or lateral sediment redistribution (Fig 1).

The interpretation of Th data in the sediments is complicated

by the occurrence of authigenic uranium, indicated by a sudden

increase in U/Th ratios above terrigeneous background values and

LI/ U activity ratios close to that of modern seawater at soiie

distance below the sediment/water interface. This is thought to be

a diagenetic feature, caused by diffusion of uranium from bottom

water into the sediment down to the level where reduction leads to

precipitation of uranium from pore water. The location of these

uranium redox fronts appears to be a function of the burial flux

of organic matter, but their timing is uncertain, making the

necessary correction for in situ ingrowth of Th somewhat

ambiguous (Fig 2).
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Fig 1. Predicted (dashed line) and observed (solid line) burial

flux of Thxo at different locations on the West Australian

continental margin, showing increased productivity and/or lateral

input of resuspended sediment during the last glacial maximum

(shaded). The reduced (less than predicted) burial flux of 23°Thxo

prior to the last glacial maximum at location (d) indicates net

removal of fine sediment components by winnowing due to bottom
230

currents. Thxo = age corrected initial excess 23O
Th.
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Fig 2. Th vs depth profiles in a sediment core at 956 m water

depth without (a, c) and with (b, d) correction for in SJLtli
Z3O

ingrowth of Th due to authigenic uranium associated with a
Z3O

redox front. Thx = excess ' Th (i.e. unsupported by detrital
Z3O

uranium). Thxo = age corrected initial excess Th.
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THE USE OF RADIUM ISOTOPES TO ESTIMATE THE DEPTH OF ESTUARINE

SEDIMENTS FLUSHED EACH TIDAL CYCLE

G.J. Hancock', A.S. Murray" and I.T Webster"

1CSIRO Division of Water Resources, Canberra, ACT.
b CSIRO Centre for Environmental Studies, Canberra, ACT.

The rate of transfer of solutes through sediments and across the benthic boundary can affect

the transport and fate of pollutants. Radium isotopes can give information on the extent of

sediment-surface water interaction in estuaries. Radium has been shown to exhibit strongly

non-conservative behaviour in the estuaries of several major rivers, eg. the Mississippi, the

Hudson and the Amazon Rivers (Moore and Scott, 1986; Li et al., 1977; Key et al., 1985).

As fluvial sediments encounter increasingly saline water, the competing effects of dissolved

cations replace radium in ion-exchange sites on the sediment (Benes 1990), resulting in a net

addition of dissolved radium to the estuary (Li et al., 1977). Similar behaviour is observed in

the Bega River estuary. The concentrations of all radium isotopes increase with salinity in the

upper reaches of the estuary to values well above those expected from conservative mixing

(Figure 1). The 226Ra/BOTh activity ratio (AR) of both suspended and bottom sediments in the

estuary show significant decreases along the length of the estuary (Figure 2), indicating that

they are the source of the dissolved radium. Mass balance calculations indicate that > 95% of

the additional dissolved radium is supplied by bottom sediments.

Bottom sediment porewater samples in the estuary contain high activities of ~3Ra and r4Ra

relative to the surface water, indicating that porewater-surface water mixing is responsible for

the transfer of radium into the water column. Tidal pumping is the believed to be the primary

process responsible for this mixing (Webster et al., 1994). As water moves towards the

mouth of the estuary, surface water radium concentrations increase due to increases in salinity,

and due to the exchange of surface water and porewater which occurs each tidal cycle. In the

lower region of the estuary the increases in radium activity are countered by the dilution

effects of low activity seawater, and radium concentrations level off, or decrease (Figure 1).

The activities of the short-lived isotopes increase at a much faster rate than ^Ra, indicating

that isotope half-life influences its abundance in solution. In an experiment aimed at simulating

this estuarine process, freshwater Bega River sediment was successively leached with new

aliquot's of saline water. The first ten teachings were performed on one day. The leached
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sediment was stored for 3 weeks, and an llth leaching performed. The results (Table I,

Figure 3) show that the desorbed activities of all the measured radium isotopes decrease with

each successive leaching, up to the I Oth leaching, due to the gradual removal of

ion-exchangeable radium from the sediment. The ~4Ra/~6Ra and ~5Ra/~°Ra AR's for the first

10 leachings remain relatively unchanged, indicating that the relative desorption of each

isotope is approximately the same. However, after the 3 week period there has been an

increase in desoibed "4Ra, due to ingrowth from its sediment bound parent (~sTh). By

contrast, the desorbed concentrations of the longer lived isotopes have continued to decrease.

The overall result is an increase in the "^Ra/^Ra from an initial value of about 3.2, to a value

of 9.9 ±1.1 after storage. This result indicates that it is the higher rate of higher rate of

activity generation of short-lived isotopes in estuarine bottom sediments which is responsible

for their high porewater activities. The continued flushing of bottom sediments by tidal

pumping leaches radium on a time-scale which allows little regeneration of the long-lived "6Ra

activity, but significant regeneration of the shorter-lived isotopes.

Table 1. Results of sequential leaching experiments.

leach no.

1

A

7

10

11*

224Ra
mBq/L

104 ±6

50.6 ±8.5

37.0 ±7.1

26.3 ±5.1

60.1 ±8.3

"8Ra
mBq/L

67.1 ±5.4

34.9 ±4.1

19.4 ±2.5

15.0 ±2.8

11. 2 ±0.9

22°Ra
mBq/L

32.4 ±2.0

16.1.^-1.2

10.1±1.0

7.1 ±0.7

6.1 ±0.7

~8Ra/"6Ra

2.07 ±0.13

2.17±0.18

1.92 ±0.1 5

2.11 ±0.31

1.85 ±0.14

^Ra/^Ra

3.2 ±0.2

3.1 ±0.3

3.9 ±0.7

3.7 ±0.6

9.9±1.1

* Note leach no. 11 was performed 3 weeks after leaches 1-10.

The distribution of radium in the Bega estuary has been modelled using a one-dimensional

advection-diftusion equation (Webster et al., 1994). In this equation, the flux of each radium

isotope from bottom sediments depends on the ion-exchangeable radium activity generated by

thorium parents in bottom sediment (y), and on the depth of sediment flushed each tidal cycle
(Hs,). The values of y can be determined experimentally, and by varying Hj so that the surface

water radium concentrations predicted by the model match the observed concentrations, an

estimate of Hs is obtained for each isotope (Table 2). From the distribution of 2:4Ra and "3Ra

in the estuary a depth of 13-17 cm is obtained for Hs, which is considered realistic. The values

of Hs derived from the longer-lived isotopes (~8Ra and 226Ra) are much greater, indicating that

other processes influence their distribution. One of these processes could include the slow

reduction and dissolution of Fe-Mn oxides associated with bottom sediments, and the

subsequent release of radium bound therein.
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Table 2

Isotope

=4Ra

~3Ra
::sRa

"*Ra

Hs(m)

0.13

0.17

1.8

144

20 30

salinity (ppt)
40

Fig. 1 Radium isotope concentrations in surface water
(filled circle) of the Bcga estuary against salinity. The
dashed line represents the concentrations expected from
conservative mixing of the river water and seawater
(filled square) end-members.
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Fig. 3 ;24Ra in surface and porewater
samples as a function of salinity in the
Bega estuary.
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RADIOCHEM1STRY OF CORALS
IN SPENCER GULF, S.A.

"Nicholas J. CORLIS'and H. Herbert VEEH

School of Earth Sciences

Flinders University of South Australia

Bedford Park, S.A. 5042

Spencer Gulf in South Australia (Fig 1) is an inverse estuary,

with strong seasonal contrasts. This feature produces variable

density banding in local scleractinian corals (Plesiastrea

versipora), made visible by using x-radiographs. An assessment of
2?fi 27R

Ra (via Th) and bomb-produced radiocarbon in the corals has

shown this banding to be annual. Consequently, the corals can be

used for retrospective studies of the radiochemsistry of local

waters.

In an effort to obtain an historic record of dissolved *" Pb in

Spencer Gulf water, based on the analysis of corals, a procedure

was adopted which only measures lattice bound Pb and excludes

Pb associated with the particulate phase. Our results show that

Pb is deficient with respect to its parent Ra in Spencer

Gulf corals, in contrast to corals in open ocean regions where

Pb is generally found to be in excess of Ra. This deficiency

is due to rapid scavenging of Pb by particulates in the gulf

environment. The 1 Pb record in a coral from the western margin

(Fig 2a) of Spencer Gulf is more "noisy" than that of a coral from

the eastern margin (Fig 2b). This contrast is thought to be caused

by temporal 2 Ra variations in the western part, of Spencer Gulf

due to circulation dynamics, and/or by the proximity of

uraniferous basement rocks of Eyre Peninsula as a potential source

of variable radium input via ephemeral streams.
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Fig 1. Location map of Spencer Gulf (depth contours in meters).

•X- Location of corals used in this study.
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Stronrium-90 and caesium-137 deposition in New Zealand and the
resulting contamination of dairy products - a historical analysis

Murray Matthews
National Radiation Laboratory
PO Box 25099, Christchurch
New Zealand

This paper summarises a recent review of records of fallout deposition and milk
radioactivity in New Zealand during the period 1961 - 1990. The purpose of the
review was two-fold: to summarise an extensive set of data in a form which was
accessible to other researchers, and to draw as many conclusions as possible from the
history of fallout in order to aid decision making in any future environmental
contamination events.

Fallout deposition occurred in 3 main phases in New Zealand: 1953 - 1960 due to
early nuclear weapon tests by the USA, USSR and UK before 1959; 1961 - 1967 due
to high-yield tests conducted by the USA and USSR during 1961 and 1962; 1967 -
1978 due to tests by France at Mururoa; with traces of deposition later due to tests by
China. Heaviest deposition occurred in 1964 when, on average over all New Zealand
monitoring sites, 130 Bq 90Sr and 250 Bq 137Cs were deposited per square metre. The
relative amount of 90Sr or 137Cs deposited in any year within any region of New
Zealand depended solely on the relative rainfall received in the region during the year,
with no latitudinal effects. The deposition of 90Sr displayed an annual cycle with
maximum deposition occurring in October-November and minimum in June.
Following peak deposition periods, annual 90Sr deposition decreased rapidly, with a
half-life of 0.9 years, suggesting a mean atmospheric residence time for long-lived
weapons test debris of 1.3 years. Contributions of the different test series to the total
90Sr deposited were estimated to be roughly: USA, USSR and UK tests of 1945 -
1958, 25%; high-yield tests by USA and USSR of 1961 and 1962, 50%; French tests
of 1966 -1974, 20%; and Chinese tests, 5%.

Concentrations of 90Sr and I37Cs in cows' milk peaked in 1965 at nation-wide average
levels of 0.4 Bq/g Ca and 2.2 Bq/g K, respectively and had decreased to the limits of
detection by 1986. Relative milk 90Sr levels in all monitoring regions, and relative
137Cs levels in most regions, were found to be linearly related to the relative annual
regional rainfall or fallout deposition, with no significant local variations due to soil
effects. In regions where soils are of volcanic origin, however, local milk 137Cs levels
were significantly higher than expected on the basis of deposition, due to the relatively
poor caesium-fixing ability of such soils.

Milk 90Sr and 137Cs levels were found to vary cyclically throughout the year with 137Cs
levels displaying, on average, a peak during the January - March period, and minimum
levels in July - August; while 90Sr levels in the North Island regions peaked sharply in
the July - September period.

Monthly milk 137Cs levels, in regions not displaying local soil effects, were found to
correlate significantly with I37Cs deposition two months earlier suggesting the

49



possibility of predicting short-term increases in milk 137Cs levels from monthly
deposition.

Following the 1965 peak in milk 90Sr and 137Cs concentrations, levels in all regions
decreased rapidly for 4 - 5 years at rates displaying average half-lives of 1.7 years and
1.5 years, before slower decay processes predominated with half-lives for the two
radionuclides of approximately 7 years and 9 years, respectively. Models relating
regional annual average milk contamination levels to annual fallout deposition are
developed in the report in terms of foliar and root uptake by vegetation. Approximate
contributions of the different weapons test series to gross milk 90Sr levels in New
Zealand throughout history were estimated to be similar to the above deposition
contributions.

The effective dose commitments in New Zealand due to dietary contamination by 90Sr
and 137Cs during the period 1953 - 1985 were estimated to be 0.04 mSv and 0.32 mSv,
with maximum annual increments (1965) of 3.5 [iSv/y and 31 uSv/y, respectively. By
1985 the annual effective dose commitment due to both radionuclides had reduced to
3.5 uSv/y.

Concentrations of 90Sr and 137Cs in New Zealand milk since 1990 have remained at
levels near the limits of detection, with annual average 90Sr levels in Auckland,
Taranaki and Westland of 0.03 Bq/g Ca; and I37Cs levels in Auckland and Westland of
0.1 Bq/g K, and 0.4 Bq/g K in the volcanic Taranaki region.

The conclusions from the review are summarised as follows:

Fallout deposition

1. Pollution released to the stratosphere results in peak deposition at southern
latitudes 2 years later,

2. Following this peak the annual deposition decreases with a half-life of about 0.9
years, indicative of an atmospheric residence time of 1.3 years.

3. Deposition in any area of New Zealand is directly related to rainfall and relative
regional depositions may be estimated from relative annual rainfall data.

4. Deposition varies during the year, with maximum New Zealand deposition
occurring in October-November and minimum in June.

Milk contamination

1. Contamination of milk by 137Cs and 90Sr reaches peak levels during, and in the year
following, the peak fallout deposition year.

2. Strontium-90 levels in milk throughout NZ and, I37Cs levels in regions from
Manawatu south, are directly related to deposition which, in turn, is rainfall dependant.
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Relative regional milk contamination levels may be assessed from relative regional
rainfall data.

3. Caesium-137 levels in milk from volcanicTegions are higher than those from other
regions, with levels in Taranaki being about 4 times the national average.

4. Milk 90Sr and 137Cs levels vary cyclically throughout the year, peaking on average in
the January-March period at up to 40% above annual average, and with minimum
levels in July-August.

5. Strontium-90 levels in town-supply milk may be higher than average due perhaps to
diet supplements.

6. Monthly average milk 137Cs levels appear to correlate with 137Cs deposition 2
months earlier, thus allowing possible prediction through the empirical relationship:

Milk-Csj+2 = 0.05 x Dep-Csj Bq/gK

where Dep-Csj is the 137Cs deposition in month /', Bq/m2.

7. Annual average milk 90Sr levels may be modelled in terms of foliar and root grass
uptake of deposited fallout, while milk 137Cs levels appear to be influenced by two soil
uptake pathways involving long-term and short-term exchange processes. In the initial
year of deposition, the foliar pathway contributed an average of 88% of the gross milk
90Sr contamination, while the short-term soil pathway contributed over 90% of the
immediate milk 137Cs contamination.

8. Strontium-89 levels in milk are of the order of 7 times 90Sr levels, during peak
periods. Iodine- 13 1 is unlikely to be a significant milk contaminant in New Zealand.

9. The average dose commitments due to ingestion of foodstuffs contaminated by 90Sr
and 137Cs in New Zealand may be estimated from the empirical relationships:

DSr = 0.02

DCs = 0.13DepCs /iSv

where Dep = cumulative deposition, Bq/m2.

Ordering information

The full report may be ordered from the National Radiation Laboratory at a cost of
$NZ20.

The report's title is: Report NRL 1993/4 (1993)

Radioactive fallout in the South Pacific: a history
Part 3: strontium-90 and caesium-137 deposition in New Zealand and
resulting contamination of milk.
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MIGRATION OF URANIUM: INTEGRATING GEOCHEMISTRY WITH BIOMONITORING TO

PREDICT AND EVALUATE ITS ENVIRONMENTAL IMPACT

Scott J. MarkichA-8, Paul L. BrownA and Ross A. JeffreeA

A Environmental Science Program, Australian Nuclear Science and Technology
Organisation, Private Mail Bag 1, Menai, NSW, 2234, Australia

B School of Biological and Bioiiedical Sciences, University of Technology,
Sydney, P.O. Box 123, NSW, £007, Australia

The potential ecological impact of the migration of elevated concentrations
of uranium into receiving waters downstream of a uranium mine site has been
investigated by integrating geochemical and biomonitoring techniques. This
study concluded that selected behavioural responses of a freshwater bivalve
exposed to a variety of uranium concentrations in a well defined synthetic
river water, both in the presence and absence of a model fulvic acid (FA),
was closely correlated with the inorganic forms of uranyl present, as
predicted using the geochemical code HARPHRQ. However, the addition of a
defined quantity of the model FA to the synthetic water delayed the decline
in the behavioural responses of the bivalves to the uranium, by the
complexation of uranyl by the model FA. To properly model and evaluate the
geochemical behaviour of uranium in aquatic systems requires the inclusion
of data on interactions between the uranium and humic substances,
especially FA. Geochemical modelling of the speciation of uranium may
assist in predicting its impact on biota exposed to elevated concentrations
in natural waters resulting from releases of uranium mine effluent.
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Bioaccumulation of Radionuelides in

Significant Aboriginal Bush Foods

from the Magela and Cooper Creek Systems

Paul Martin, Gary Hancock*, Arthur Johnston & Andrew S. Murray*

Alligator Rivers Region Research Institute

Jabiru, N.T., Australia 0886

a Present address: CSIRO Division of Water Resources, Canberra, ACT, Australia

ABSTRACT

Activity concentrations of the radionuclides 210Pb, 210Po, 226Ra, 238U, 234U, 232Th and
230Th were measured in edible flesh of a number of aboriginal bush food items from the
Magela and Cooper Creek systems in the tropical Northern Territory of Australia.
Food items studied were fish, buffalo, pig, magpie goose, filesnake, goanna, turtle,
fresh-water shrimp, fresh-water crocodile and two types of plant roots. Water and soil
activity concentrations were also measured to enable the calculation of concentration
factors.

For most edible flesh samples, activity concentrations followed the approximate order:
2iop0» [226Ra ~ 2>°Pb] > [234U ~ 238U] > [23°Th - 232Th]. The 2>opo/210Pb activity
ratio was particularly high (greater than 100) for pig flesh. The highest soft tissue
activity concentration recorded was 45000 ± 2000 mBq/kg wet weight for 210Po in one
sample of turtle liver.

Concentration factors for fish species fall into three groups. Group 1 (bony bream and
sleepy cod) had factors about five times higher than for Group 2 (eight other species
including barramundi). Some smaller fish species are eaten whole and have relatively
high concentration factors due to the inclusion of bones and viscera. Variability with
location and season was small in comparison with inter-group variability. Measured
factors were generally significantly higher than IAEA default values for freshwater fish.

Factors for turtle flesh were similar to those for fish in group 1, but were about a
factor of 10 higher for liver. Factors for magpie goose, filesnake, fresh-water shrimp,
goanna and crocodile flesh were also of the same order as for fish in groups 1 or 2.

53



Radionuclide Transfer Factors in Tropical and Sub-Tropical
Freshwater.Ecosystems:

Why they may be different from Temperate regions.

Ross A. Jeffree
Environmental Science Program

PMB 1, Menai, 2234

A new four-year IAEA Co-ordinated Research Program will be determining
transfer factors for radionuclides in terrestrial and freshwater
compartments in Tropical and Sub-tropical environments. The details of
this Program will be outlined, as well as relevant results from our
experimental investigations of metal kinetics in freshwater organisms from
temperate and tropical regions of Australia. These findings have led to a
hypothesis, based on physiological and limnological factors, which predicts
higher transfer factors for selected radionuclides in tropical freshwater
environments relative to their temperate counterparts. This hypothesis
will be detailed for critical evaluation.
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A STUDY OF THE TRANSFER OF RADIONUCLIDES TO FOOD GROWN IN SOILS
AMENDED WITH BAUXITE MINING RESIDUES

Malcolm B. Cooper and Patrick C. Clarke

Australian Radiation Laboratory, Lower Plenty Road, Yallambie VIC 3085

Sandy soils of the coastal plain area of Western Australia have poor phosphorous retention
capacity which leads to pollution of surface water bodies in the region. An investigation is being
carried out into the application of bauxite mining residues (termed "red mud") to vegetable and
crops in order to increase the phosphorous retention and reduce leaching. As the thorium and
radium-226 concentrations in the "red mud" residues are in excess of 1 kBq/kg and 300 Bq/kg,
respectively, one important aspect of this study is to determine if the commercial use of these
residues on agricultural land could result in an increase in radionuclide concentrations in certain
foodstuffs. The levels of long-lived radionuclides of the thorium and uranium series in a variety
of vegetable crops grown under controlled conditions in amended soils have been determined.
The effect on radionuclide uptake of varying the rates of application of "red mud" and
phosphate fertilisers is being examined. It has been shown previously that fallout caesium-137 in
sandy soils of the region transfers readily to food and grazing crops and this aspect is also being
investigated. The radiological health implications of uptake of radionuclides is discussed.
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RADIOLOGICAL ASPECTS OF LAND APPLICATION OF EFFLUENT WATER FROM URANIUM
MINES IN THE ALLIGATORS RIVERS REGION

R. Akber, P. Martin, R. Marten, J. Pfitzner and S. Paulka
Alligators Rivers Region Research Institute

Office of the Supervising Scientist
PMB2, Jabiru NT 0886, Australia

Land application of excess water is an important part of water management
plans of uranium mining operations in the Alligators Rivers Region. The
effluent is slightly elevated in concentrations of the uranium series
radionuclides. Consequently the behaviour and impact of applied
radioactivity is studied for the development of an adequate regulatory
regime.

This paper presents the results of the research undertaken by the ARRRI to
study the fate and impact of radionuclides being applied to the land
application area at ERA uranium mine at Ranger.

In brief:
* The applied radionuclides are adsorbed within the surface few

centimetres of the soil. Subsequent remobilisation is small (-1%).

* Less than 10% of the applied radioactivity is expected to held by
plants. Absorption of radionuclides via foliage during spray irrigation
is the dominant uptake mechanism.

* The annual average dust resuspension factor estimate (~10~a Bqm~3 air/
Bqnrz of applied load) is subject to revision through further research.

The land application area is within the project boundaries of ERA Ranger
Uranium Mine. Radiological impact on the members of the public depends on
the land use, human occupancy and distribution of radionuclides after
rehabilitation of the site. The relative significance of various radiation
exposure pathways will be briefly discussed in the presentation.



APPARENT DIFFERENTIATION OF THORIUM ISOTOPES IN

HIGH VOLUME DUST SAMPLES

ALVIN. P. SUMMERTON

RADIATION PROTECTION BRANCH

SOUTH AUSTRALIAN HEALTH COMMISSION

PO BOX 6, RUNDLE MALL SOUTH AUSTRALIA 5000

The analysis of airborne participates collected on filter media is a common procedure
for the evaluation of pollutants which may be inhaled. The data obtained from high
volume air samplers (HVAS) can be used to calculate resuspension factors* for surface
contaminants in soil and/or to evaluate the environmental impact of anthropogenic
activities such as mining.

For environmental samples, the long-lived radionuclides (half life > 24 hr) 210pb ancj
^Be are usually found in greatest concentration. However other nuclides from the
natural uranium and thorium decay series will also be present, albeit at lower
concentrations. Filters from HVAS may be analysed for these nuclides for studies
associated with either of the applications indicated above.

Locally raised dust would be expected to be the major contributor to the mass of air-
borne particulates collected on a filter if there is significant human activity within about
one kilometre of the sampling site. Dust raising activities distant (> 2 km) from the
collection site would be expected to contribute little to the paniculate mass, although a
significant contribution to radionuclide concentrations might occur if, for example, a
radioactive ore is being mined and/or milled.

The proposition that the radionuclide distribution in the airborne particulates parallels
that observed for the soil must be questioned. Data obtained in the desert environment
in South Australia indicate that differentiation of uranium and thorium decay series
nuclides has occurred. In particular the activity ratio 230Th/2327n is larger than in
the surrounding soil - an observation consistent with the absence of 232jn containing
mineralisation. The data cannot be simply attributed to contamination by a radioactive
ore or residue. Similar results have also been obtained in a tropical environment in the
Northern Territory.

The analytical data will be discussed and possible explanations for these observations
suggested.

* the resuspension factor for a particular nuclide = airborne activity concentration
surface activity density.
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The arguments discussed in this presentation have been based on several
observations, the most important of which follow:

. the activity concentration of radionuclides from the natural
uranium and thorium series in "soil" increases as the average
particle size decreases

. for a sieved "soil" with particles less than 75 micron the
concentration of the uranium series is about 30 Bq/kg and for the
thorium series is about 45 Bq/kg

. in air borne dust, the concentration of the uranium series is about
60 Bq/kg and the thorium series about 30 Bq/kg

. air borne dust typically has an average particle size of about 10
microns or less

The uranium series concentration in dust is as anticipated for a "soil"
sample with an average particle size much smaller than 75 micron (first
observation in the above list). However it is important to note that the
thorium series content is much less than would be expected applying a
similar argument.

The observed concentrations in the dust can not be simply explained by
contamination from nearby uranium ore processing operations. "Fall out" of
ore may well rationalise the observed concentration of the uranium series
nuclides but such "fall out" can not account for the observed thorium
series content. This is actually lower than that found in the finest soil
fraction analysed.

To explain the observed dust concentrations it is necessary to propose some
mechanism which allows the separation of uranium series nuclides from the
thorium series. The simplest proposal is that the separation is based on a
difference in the density of the mineral species which contain the
nuclides. For example, in weathered soils the uranium series may be
predominantly associated with clay minerals, which have an SG of about 2,
whereas the thorium series may be associated with minerals such as
monazite, with an SG of approximately 5.

When dust is raised from fine "soil" particles, the denser particles, which
contain the thorium series nuclides, would settle out more rapidly and thus
yield a dust apparently deficient in the thorium series, as observed. This
simple suggested mechanism is yet to be experimentally confirmed.

Because similar observations have been made in South Australia and the
Northern Territory, the apparent differentiation of the thorium isotopes
seems to be a general effect and caution is essential in the interpretation
of analyses for air borne dust samples. Two examples follow:

. It is not reasonable to propose that the impact of a uranium mine
can be simply determined by analysis of dust collected many
kilometres from the mine. Corrections for the effect described above
must be included.

. It appears that resuspension factors for natural nuclides, such as
thorium isotopes, are probably site specific and should therefore be
determined experimentally at the site of interest.

58



Evidence for the environmental mobility of thorium
from three soil profiles

Jon OUey and A ndrew Murray
CSIRO Division of Water Resources, POBox 1666, CANBERRA, ACT 2601

Thorium, because of its low solubility, has been generally considered to be immobile in the
environment. However, recent work has suggested that the transport of thorium in
association with colloids or chemical complexes maybe important. This paper presents
evidence from three geomorphologically distinct sites which indicates that thorium has been
mobilized within the soil environment. The :30Th/:?2Th ratio in soil samples is shown to be the
same as the parent rock 2vTh/:?:Th ratio, suggesting that no differential mobilisation of
thorium isotopes has occurred during soil development at each of the sites. However, the
concentrations of thorium isotopes vary within each of the soil profiles and indicate that
thorium has been both gained and lost relative to the parent rock. Evidence is presented
which shows that up to 40% of the thorium isotopes present in the soils are associated with
the reducible fraction. This fraction consists predominantly of secondary iron-manganese
oxides which have been precipitated from ground-water. The association of the thorium with
the secondary oxides implies that the thorium has been mobilized in groundwater, and then
trapped by coprecipitation with, or sorbtion onto the iron and manganese oxides. The
^Th/^Th ratios in 0.45um filtered ground-water and stream-water samples from one of the
sites are shown to be the same as the parent rock and soil :30Th/:3:Th ratio. After filtration of
these samples a fine flocculate formed in the filtrate, indicating the presence of colloidal
material. The thorium concentrations in the water samples are correlated with aluminium and
iron concentrations. This combined with the observation of the flocculate suggests that the
thorium is being transported in association with colloids. From the above a model is proposed
for the mobility of thorium within the soil environment.
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ENVIRONMENTAL/LABORATORY EQUIVALENCE:
A FUNDAMENTAL CALIBRATION QUESTION

R.G. LYONS AND BJ. BRENNAN

DEPT OF PHYSICS, UNIVERSITY OF AUCKLAND,

PRIVATE BAG, AUCKLAND, NEW ZEALAND

FAX +64 9 3737 445

Calibration of environmental radiation dose rates is generally carried out with reference

to a laboratory standard, but the essential difference between a "point source/point

detector" model, which laboratory irradiation approximates, and the "infinite

source/infinite detector" model, appropriate to the environmental situation is not always

appreciated. However it has a significant bearing on the validity and accuracy of

environmental dose rate estimates. The physical concepts are discussed with reference to

TL dosimetry. One of the problems commonly recognized in environmental dosimetry

and laboratory calibrations is that TL phosphors are more sensitive to low energy gamma

radiation than they are to high energy gamma radiation (Fig). Because of this, TL

capsules used for environmental gamma dosimetry are commonly shielded to "prevent

overestimation of the gamma dose" and ensure equivalence between dosimeter materials

and the environmental absorbing material. It is argued that these observed effects result

from experimental laboratory conditions, in particular boundary effects. They are thus

not directly transferable to environmental monitoring, and such transfer may lead to

systematic errors in dose estimation. Correct estimation must explicitly consider any

differences in boundary effects between the calibrating and environmental situations;

relevant phenomena include attenuation and charged particle equilibrium as well as the

different energy spectra. Calculations must therefore be carried out for specific

environmental/experimental configurations and are by no means trivial (work in

progress).

Dosimetry, calibration, gamma radiation, TL, thermolumiescence, attenuation, charged

particle equilibrium, boundary effects, systematic error, energy absorption, radiation,

environment
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EVALUATING THE GLOBAL RADON SOURCE

S. WHITTLESTONE and W. ZAHOROWSKI

ANSTO, PMB 1, MENAI, NSW 2234

A major problem for global atmospheric transport modellers is how to verify their
models. Radon gas is emitted from land, and not from the ocean, so it can be used as a
tracer for long range movement of air masses. As models become more sophisticated,
they require more accurate estimates of the radon source. It is only practicable to meas-
ure radon emanation from a small part of the earth's surface. This work describes a
preliminary study of the use of large-scale aerial gamma surveys of Australia in con-
junction with spot measurements of radon flux, to estimate the flux from the whole
continent
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RECOIL SPUTTERING FROM SOURCES OF ALPHA EMOTE]

NJELWHTITHEAD

INSTITUTE OF GEOLOGICAL AND NUCLEAR SCIENCES
P.O.BOX 31-312 _
LOWER HUTT, NEW ZEALAND

ABSTRACT

It is shown both theoretically and experimentally that very concentrated alpha sources emit
daughter products by recoil, but also large quantities of the parent, by a process called "recoi
ing". This effect was discovered more than seventy years ago, and was erroneously called
gregate recoil" effect. The effect appears to be due to extensive matrix damage by both the alj
cle and recoil nucleus, causing emission of large numbers of atoms into the environment. .
almost forgotten today it has practical implications which include stability of alpha sources foi
metry, laboratory safety, disposal of nuclear waste and possibly prospecting for uranium.

Keywords:Uranium, alpha spectrometry, sputtering, alpha recoil, polonium.

1 INTRODUCTION

This study arose from the observation in our laboratory that electrodeposited alpha standards
absolute detector calibration appeared to lose activity during storage over 10 years. This t
unexpected findings. The Harwell spike was used to some extent for absolute calibration, but
racy and precision of the concentration Harwell supply is limited, and it seemed better to mak
tion solutions from a primary standard. Therefore from 1981 on, very pure uranium oxide was
from an analytical grade uranium salt, and a weighed amount dissolved and electroplated to e:
onto conventional stainless steel disks. The electroplating solution was scavenged with ferric 1
and counted, to confirm the absence of any unplated uranium. Thorium standards were simih
ed. The disks were used to calibrate the alpha detectors, and it was found that the precision oi
cy calibration was limited to about ± 1 %, not by the counting statistics, but by the reproducibil
mechanical placement of the disks under the detectors.

After counting, the disks were stored in a cabinet anticipating they might be used in future fo
tion of new detectors, nevertheless there was a tendency over the years to prepare and use fi
dards rather than the older disks. In 1992-1993 some older disks were re-used for calibration
were also recounted in some previously calibrated detectors. Slight discrepancies were foun<
gramme of more intensive testing showed many other discrepancies, due to losses of radionuc
just daughter products (which might be expected through alpha recoil) but parent radionuclide
This finding has received no recent comment in the literature, but a similar phenomenon was
many decades ago. There are important contemporary implications which are discussed below

2 EXPERIMENTAL

The laboratory archives all counted disks, and it seemed recounting some disks from routini
might be useful also. It was anticipated that losses from disks would be only a few percent
limited severely the choice of disks which might be worth counting, because in most cases ft
on the disks (derived from environmental samples) would be insufficient to achieve a small
search was made for disks with unusually high activity. AH archived calibration disks (plated '
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amounts of U, Th, Pa, Po or Harwell spike) were suitable. A few disks containing activity
from environmental samples, chiefly from the soils of Niue Island, were also suitable. They o
^Pa and 23CTh. All disks were recounted using standard recently calibrated geometry, and so
on more th?^ one detector, to confirm the resi^ts^ Disks had beea stored on a plastic electrica
lating material with their active faces uppermost and were counted in the same orientation. 1
peared in good condition, without material flaking off.

In order to discover in an accelerated time frame the magnitude of the effect, an old uranium f
a deposit of somewhat crumbling black oxide on the surface) was placed in a vacuum chambei
polyethylene film suspended 2 cm above it for two weeks, again the foil was electrically insula
ground. The polyethylene was later counted under a conventional alpha detector and also anal
U by Rutherford Backscattering, using a 3 MeV Van de Graaff accelerator.

3 RESULTS

The percentage less of activity is plotted in figure 1 as a function of the age of the source. Ir
about 0.8% of activity is lost per year, but isotope ratios within spectra do not change signific
almost all cases. For example, in a uranium source, both 234U and 238U are lost at similar rates

Losses of radionuclides were progressively more severe the older the archived disks. The radic
lost from the disks were both parents and daughters. If only one alpha emitter was present (e.

'Pa) losses were still similar.

Microscopic examination of the polyethylene film could find no impurities on the film large
micron or so, yet counting the film on an alpha detector showed clearly that both 234U and ~
present (figure 2).

Rutherford backscattering (RBS measurements) showed 2 /zg/cm2 U was present on the poh
film. That amount was within statistical error the same as the amount accumulated on the fill
lated from the alpha spectrometry measurement. The RBS measurement showed transfer of 1
specifically 238U from the foil to the film. This is equivalent to 4 x 109 U atoms/cnr/sec emil
the surface of the uranium foil; a veritable shower of atoms.

Similarly an alpha detector deliberately left in the vacuum chamber for two weeks, about 15
from the foil but not in line-of-sight, accumulated significant U (again both 234U and 238U) or
face as shown in figure 3. This showed that contamination was possible anywhere within the c

4 DISCUSSION

A search of the modern literature shows little mention of such a phenomenon. Instead, most ra
ists and environmental geochemists believe that in the surroundings of a radioactive source,
products will be greatly enriched compared with the parent radionuclide because of alpha
which the recoil particle leaves the solid. This is manifested in the well known 234U/238U ratl
in seawater, and higher ratios in fresh waters. Alpha recoil certainly predominates in the envi
and imagining a mechanism for expulsion of the parent radionuclide requires some thought.

4.1 History

The older literature documents the phenomenon in a number of publications. One of the easies
ble references is the book by Rutherford (1930), which referred to the emission of clusters
from very active alpha sources. He called this "aggregate recoil" referring back to the original
two independent workers, Lawson in Britain, and Charme" in France, in the period during and



First World War. In a series of publications (some of which Rutherford gives^ erroneous^ references for)
they showed that there is a general emission of atoms from sources such as 210Po and 212Pb (the latter
containing alpha-emitting Po), not just the recoil products, but parent undecayed atoms as well
(Lawson, 1918, 1919, 1920, 1924, Channi, 1927a,b, 1928).

In figures 4 and 5 is shown some of the photographic evidence published by Chamie", 1927b,1928.
Sources were exposed in air and photographic plates suspended above them. After a suitable time the
plates were developed. They do not show general fogging of the plates as would be expected with
uniform deposition of atoms, but clusters with intense alpha activity, and in some cases halos which
correspond to two alpha energies. This implies that clusters of radioactive atoms have been emitted
from the source, hence the name "aggregate recoil". Work on solutions, showed similarly that aggre-
gates of atoms appeared to be emitted into the liquid phase. In the discussion which follows it will
emerge that these aggregates or clusters are a red herring, but the above work definitely showed that
parent atoms are emitted from intense alpha sources.

4.2 Formation of dusters

Arguing that a cluster of atoms can be emitted from z solid bound together creates an energetic difficul-
ty. In a cluster of atoms there is continuous vibration but almost always at an energy per atom less than
a few eV, otherwise the bonds between the atoms would break and the solid fly apart. If a cluster of
100 atoms is given an energy of many keV instantaneously without moving the cluster, the nverage
energy per bond is hundreds of eV per bond and the material disintegrates. A cluster of atoms suddenly
given an energy of tens of keV would therefore fly apart under its own internal energy, except in the
very unlikely event of each atom having exactly the same kinetic energy within a fraction of an eV,
which could only happen if the cluster was very slowly accelerated. It seems unlikely that an aggregate
or cluster of atoms can be ejected intact at high energy by any reasonable process. What then is the
explanation of the clusters observed in the photographic studies?

The modern scientist may firstly invoke the presence of dust. It is well known that radon decay daugh-
ter products attach themselves readily to dust particles in the atmosphere (e.g. United Nations Scientific
Committee on the Effects of Atomic Radiation, 1977), and hencs clusters of radioactive atoms are
found, which are cleared by ciliary action from the lungs much more easily than if they were single
atoms.

Secondly, clusters can be produced merely by sudden expansion through a nozzle into a vacuum
(Yamada et al., 1993). It seems to be a general phenomenon, not particularly related to the radioactive
nature of a source.

Thirdly, clusters are also formed in sputtering (the process in which a beam of energetic particles or
ions is directed at a solid surface and causes emission of atoms). There has been controversy about the
form in which atoms are ejected from such targets. Previously workers have argued either for ejection
of small clusters of atoms or for ejection of individual atoms and recombination. It appears that consen-
sus is slowly emerging, and that the latter is correct. Formation of clusters appears to take place on
time scales of the order of 1 /is (Urbassek, 1989), hence the process is so fast that to observers with
limited equipment it appears atoms are ejected in clusters.

Theory predicts the emission of many single atoms of low energy (Robinson, 1984). As many as 70
distinct species may be emitted (Becker et al., 1986). Other experimental evidence (Gnaser & Oechsn-
er, 1990) showed that under conditions of keV bombardment the amounts of 2 and 3 atom clusters were
proportional to the square and cube of the atomic yield which suggested to those authors fast combina-
tion of individual atoms to form dimers and trimers. Wucher et al. 1993, were able to show that only
17% of atoms left the surface of a target in a bound form, and that the yield of a cluster of size n, was
proportional to n*-S, in other words the probability of an initial large cluster decreases rapidly with

64



size.

The conclusion is that in sputtering, atoms are emitted singly at first, but combine extremely rapidly
even in a vacuum, to form clusters. Dust may further encourage clustering. In a later section it will be
argued that a process akin to sputtering is taking place in alpha emitting sources, so it is necessary to
examine sputtering processes more closely.

4.3 Atom displacements during sputtering

If a beam of ions from a special source is directed y. a solid target with an energy of a few keV many
atoms are ejected (see figure 6). Many of the original atoms in the beam are implanted, and some are
re-ejected after collisions with the target. Ultimately if the bombardment is intense a small crater will
form in the target.

Robinson, 1983, found that for each 10 keV uranium ion bombarding a uranium target, 10 target atoms
were emitted. Using the data presented by Andersen & Bay, 1981, in their review, it may be shown
that for uranium atoms bombarding solid uranium at 50 keV, about 40 atoms will be emitted if U atoms
are beamed perpendicularly onto a target. If the angle is greatly different, say at a small or grazing
angle to the surface, the yield increases by a factor of about 5-6, and at least 200 atoms are likely to be
emitted. The point of this is that sputtering processes emit very large numbers of atoms.

A secondary effect (Sigmund & Sckerl, 1993) is that the emitted atoms are slightly enriched (2-8%) in
the lighter components of the matrix, such as isotopes of lighter mass.

4.4 Limitations of the sputtering analogy

Atoms which cause sputtering come from outside the sample, and are directed downward into it.
Although this causes emission of atoms back towards the beam, the largest effects are likely to be
downwards into the sample, and most of the energy will be dissipated there. If the energy is being
directed from within the sample upwards, one can imagine that the effects will be considerably greater,
and that many more atoms will fly off from the sample.

An alpha decay is very energetic (several MeV) compared with the usual energies in sputtering (10-100
keV) or energies of molecular bonds (several eV). It seems obvious that a single alpha decay near the
surface of a solid is so energetic that the alpha particle itself must break most of the molecular bonds
near its track, and expel some of the surface atoms by sputtering. Similarly the recoiling daughter
nucleus, carrying typically an energy of several tens of keV, must break many thousands of molecular
bonds and expel surface atoms.

Zimen & Mertens, 1971, in a study of radioactive sources called this the "knock-out effect". Another
appropriate name suggested here is "recoil sputtering", and the process is illustrated in figure 7. De-
tailed modelling has not yet been done for this experimental configuration, but the theoretical tools are
available. It seems safe to say that alpha decay processes in the near-surface layers of uranium metal
will cause recoils of far more than 200 atoms per decay, (the maximum calculated from sputtering
experiments with uranium atoms having the energy expected for recoil nuclei).

Other authors (Nilsson, 1966a,b, Rogers, 1966, Zimen & Mertens, 1971, Fleischer & Raabe, 1978)
have found as many as one thousand uranium atoms emitted from a foil per fission event, but calcula-
tion shows that for the case of uranium the atoms emitted should be overwhelmingly from the frequent
alpha decay recoils rather than the relatively rare fission-product-induced recoils.
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4.5 Experimental/Theoretical discrepancies

The experimental evidence in the present paper shows that either the magnitude of recoil sputtering is
greatly underestimated, or other new effects are present as well. The results do not show the selective
isotope enrichment of light isotopes reported by Sigmund and Sckerl, 1993, because the effect is small,
and probably the statistical precision of the present experiments was not high enough.

It may be calculated from the 0.8% loss per year rate from sources archived in air (about 100/tg U
were initially present on many of the sources), that the loss is a high 6xl06 atoms.cm.sec"1. The rate
in vacuum in the experiment with the U-foil and polythene gave an even higher result - 4xl09

atoms.cm^.sec"1. At most, from a foil 1 mm thick one expects 8 decays/sec, so this implies an improb-
ably high minimum emission rate of about SxlO5 atoms.cm^.sec"1. These emission rates are many
orders of magnitude higher than the results from sputtering experiments and more significantly, higher
than the total available decay energy. In an alpha decay of a uranium atom the energy available for the
system alpha particle-recoil nucleus is about 4.5 MeV (about 70 keV for the daughter nucleus). The U-
U bond energy is only 2.3 eV. If all the available energy in the alpha decay was used to break bonds,
about 2xl06 bonds might be broken and 2xl06 atoms released. It is much more likely that only a small
percentage would actually gain enough energy to fly away from the sample. These results are much
lower than the observed 6xl06 and 4x10* atoms per second. There therefore seems to be a major dis-
crepancy, but there is obviously plenty of energy available for expulsion of many atoms from the sur-
face of a sample. Perhaps emission is helped by mechanical change of properties; perhaps hi an alpha
emitter, considerable internal damage occurs and the structure may become disorganised or porous, and
lose atoms more rapidly from the surface than would be expected.

It may be important that many alpha particles in a thin source leave the surface with a positive charge
(see figure 8) and leave a residual negative charge on the source. It may be speculated that this charge,
rapidly spread throughout the source, will encourage emission of particles with transient negative
charge, which may help to account for the experimental results, especially since archived sources in the
cabinet, and the uranium foil used were electrically insulated from ground.

4.6 The importance of concentration of alpha emitters

Alpha decay creates havoc in a sample, disrupting large number of molecular bonds, and causing large
numbers of individual atoms to be ejected. If the original recoiling atom is ejected, it is only one of
many (see again figure 7).

Given the destructive nature of alpha emission, and the prolific and near-random emission of source
atoms it may start to be unclear why there is good evidence of preferential emission into the environ-
ment of daughter nuclei giving 234U/238U ratios sometimes greatly above 1.00. The reason lies in the
composition of the matrix around the decaying atom. If a uranium atom exists in that matrix in very
low concentration, and decays, the atoms sprayed out with the daughter nucleus are mostly not other
uranium atoms. Since the mean concentration of U in rocks is about 1 atom in a few hundred thousand
matrix atoms (equivalent to 1 mg kg"1), this suggests that on average there will be preferential emission
of the daughter nucleus, rather than another rare undecayed U atom. The more concentrated the alpha
emitter, the higher the probability that undecayed radioactive atoms will be emitted. One might there-
fore expect to see this phenomenon in concentrated alpha sources, and in solid foils of radioactive
metals, rather than environmental situations.

Would one expect to see the phenomenon in U ore deposits? If so, it might be a prospecting tool, and
one might expect 234U/238U ratios to approach 1.0 closely in groundwaters in the vicinity of ore bodies,
because both isotopes would be dissolved, not just the U by recoil. Unfortunately this seems mostly
to contradict observation (Morgan, 1972, Cowart, 1980, Osmond and Cowari, 1981, Levinson et al.,
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1982, and Short et al. 1988,) and most authors report 234UP8U ratios were consistently above 1.0 in
groundwaters in contact with U deposits. This is supported by leaching studies on U minerals (Kigoshi,
1971, Kobashi & Tominaga, 19S2, Sheng & Kuroda, 19S4), which gave similar results. Apparently
Cherdyntsev (an early Russian authority on alpha recoil cited in Levinson et al., 1982) reported the
opposite for groundwater from U deposits - he found 234U/U8U ratios of unity. This may depend on the
age of the deposits. As suggested by Petit and others, 1985, if a concentrated U ore is older than 300
Ma, the rate of dissolution increases rapidly, probably due to radiation damage, and there will be
general dissolution of the matrix, rather than selective dissolution of 234U. Thus damage caused by
recoil may yet be indirectly useful in prospecting; but only in very old deposits.

Probably one will see "room-temperature vaporization" of radioactive materials mainly in the radio-
chemical laboratory. Alpha sources of high-activity are well known to be unstable in the medium term,
as judged by leakage tests. Part of the reason is radiation damage, but some will undoubtedly be from
the recoil sputtering effect, in which atoms are sprayed constantly from a source. Thus six-month lives
are quoted for some intense alpha sources (Greene et al., 1972) and activity seems to be lost even from
enamel matrices (Vershinin et al., 1976).

4.7 Other applications

There are a few modern findings which probably are examples of the recoil sputtering phenomenon, but
have not been clearly recognised as such. One is the problem of the hyper-mobility of alpha emitters in
air filters, and the other the unusual contamination of alpha detectors by polonium.

McDowell et al., 1977, reported that alpha-emitting Pu traversed laboratory HEPA air filters much
faster than beta emitters. They thought that aggregate recoil was responsible, theorising that small
particles trapped in the filters emitted smaller particles as aggregates and the force v/as sufficient to
mobilise the primary particles by a kind of pogo-stick effect. However Kops et al., 1985, calculated
that the number of alpha decays would be too small, and preferred the idea, very similar to that pro-
posed here, that small particles of alpha emitters tended to give out a spray of individual atoms, which
were easily carried through filters. A corresponding mechanism does not usually exist for beta emitters
since the total energy of decay is much less.

Although it is less certain, the; above principles may also apply to the special case of Po. Curtiss, 1930,
in experiments with pure 210Po found that initially the decay did not follow the exponential law, but
decreased faster than it should. Because this work was done in 1930, he attributed this to aggregate
recoil, i.e. early abnormal loss of 2IOPo, but eventual stabilisation of the surface. This raises the ques-
tion whether 21(To sources today are assumed to be more stable than they really are. Sill, 1970, Fleer &
Bacon, 1984, found contamination of alpha detectors with 21GPo which they attributed to volatilisation in
the vacuum of the counting chamber and found it worst for fresh Po surfaces. In work in our labora-
tory and in others (Hamilton & Smith, 1986, Bigu, 1992) this contamination has been noted, especially
with 209Po, but we have continued to find significant contamination even from aged 209Po sources.
Although Po is volatile in air above 100 C and may be volatile in the vacuum of an alpha chamber,
there may also be a contribution from these secondary recoil processes. This is supported by the fact
that the experiments of Curtiss, 1930, were performed in dry air, not vacuum. The possibility of vola-
tilisation seems remote for uranium, thorium or protactinium, and thus the evidence in this paper from
those sources is additional clear evidence for recoil sputtering.

Recoil sputtering will obviously be important when alpha emitting wastes of high intensity are disposed
of. High intensity sources will self-disperse far more rapidly than expected, and the most effective way
to slow this process is dilution with inert materials.

It should especially be noted that laboratory alpha sources will tend to contaminate each other if stored
together.
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5 Conclusions

Atoms are continuously emitted from alpha emitting sources by a process of recoil sputtering. In most
environmental cases the atoms are inert matrix atoms but if the matrix is a relatively pure alpha emit-
ter, undecayed parent atoms will be emitted. This leads to decrease of the activity of alpha sources, and
genera] contamination of the area around them by the most insidious means possible - atom by atom.
Archiving alpha sources and preserving their alpha activity is therefore impossible. This in theory
should also be a factor making measurements of the half-life of some alpha-emitting radionuclides more
difficult.

6 Acknowledgment

I thank Ian Vickridge and Bill Trompetter for the RBS measurement and modelling of sputtering using
the TRIM program.

7 References

Andersen HH & Bay HL, 1981. Sputtering yield measurements. Topics in Applied Physics 47, 145-
218.

Becker O, Della-Negra S, Le Beyec Y & Wien K, 1986. MeV heavy ion induced desorption from
insulating films as function of projectile velocity. Nuclear Instruments and Methods in Physics
Research B16, 321-333.

Bigu J, 1992. Contamination of a-particle detectors by desorption of 222Rn progeny from metal surfac-
es. Applied Radiation and Isotopes 43, 747-751.

Chamig C, 1927a. On the existence of groups of atoms of radioelements in acid solutions and on sur-
faces activated by emanation. Comptes Rendues de I'Academie des Sciences, Paris 185, 770-772.

ChamiS C, 1927b. On the grouping of atoms of radioactive elements in mercury. Comptes Rendues de
I'Academie des Sciences, Paris 184, 1243-1245.

Chamig C, 1928. On the phenomenon of grouping of atoms for emanations and mixtures of radioele-
ments. Comptes Rendues de I'Academie des Sciences, Paris 186, 1838-1840.

Cowart JB, 1980. The relationship of uranium isotopes to oxidation/reduction in the Edwards carbonate
aquifer of Texas. Earth and Planetary Science Letters 48, 277-283.

Curtiss LF, 1930. Probability fluctuations in the rate of emission of a-particles. Journal of Research of
the National Bureau of Standards 4, 595-599.

Fleer AP & Bacon MP, 1984. Determination of 210Pb and 210Po in seawater and marine particulate
matter. Nuclear Instruments and Methods in Physics Research 223, 243-249.

Fleischer RL & Raabe OG, 1978. Recoiling alpha-emitting nuclei. Mechanisms for uranium-series
disequilibrium. Geochimica et Cosmochimica Acta 42, 973-978.

Gnaser H & Oechsner H, 1990. Emission-angle integrated yields of neutral clusters in sub-keV-energy
sputtering. Nuclear Instruments and Methods in Physics Research 58(3/4), 438-442.

Greene RE, Pressly RS & Case FN, 1972. A review of alpha radiation source preparation methods and

68



applications. Oak Ridge Report ORNL^819. U.S.A.E.C., Oak Ridge, Tennessee.

Hamilton TF & Smith JD, 1986. Improved alpha energy resolution for the determination of polonium
isotopes by alpha speetrometry.. Applied Radiation and Isotopes 37, 628-630.

Kigoshi K, 1971. Alpha-recoil thorium-234: dissolution into water and the uranium-234/uranium-238
disequilibrium"in nature. Science 173, 47-48.

Kobashi A & Tominaga T, 1982. Study on physicochemical states of uranium, thorium and radium
isotopes in some radio-active minerals by the leaching method, Radiochimica.acta 30(4), 205-
212.

Kops JAMM, Scholten LC, Deworm JP & Zeevaert T, 1985. Penetration of ultra-fine particles through
HEPA filters. In Gaseous Effluent Treatment in Nuclear Installations, eds Fraser G & Luykx F,
Graham and Trotman, London, 73-85.

Lawson R\V, 1918. The Pulverisation of metals through a- and B-rays. Sitzungsberichte der Akademie
Wissenschaften in Wien 127, 1315-1337.

Lawson RW, 1919. The aggregate recoil of radioactive substances emitting alpha rays. Nature 102,
464-465.

Lawson RW, 1920. Aggregate recoil accompanying the decay of substances emitting alpha-rays. Sit-
zungsberichte der Akademie Wissenschaften in Wien 128, 795-830.

Lawson RW, 1924. The anomalous emission of a-particles from polonium. Nature 114, 121-122.

Levinson AA, Bland CJ & Lively RS, 1982. Exploration for U ore deposits. In Uranium series disequi-
librium: applications to environmental problems, eds Ivanovich M & Harmon RS, Clarendon
Press, Oxford, 351-383.

McDowell WJ, Seeley FG & Ryan MT, 1977. Penetration of HEPA-filters by alpha recoil aerosols.
Health Physics 32, 445-447.

Morgan JW, 1972. Radioactive series disequilibrium in uranium economic geology. Atomic Energy in
Australia 15(2), 8-13.

Nilsson G, 1966a. Ejection of uranium atoms from electropolished of uranium metal by fission frag-
ments. Journal of Nuclear Materials 20, 231-235.

Nilsson G, 1966b. Ejection of uranium atoms from sintered UO by fission fragments in different gases
and at different gas pressures. Journal of Nuclear Materials 20, 215-230.

Petit JC, 1985. Radiation-enhanced release of uranium from accessory minerals in crystalline rocks.
Geochimica et Cosmochimica Ada 49(3), 871-876.

Robinson MT, 1983. Computer simulation of the self-sputtering of uranium. Journal of Applied Physics
54(5), 2650-2659.

Robinson MT, 1984. The role of non-local inelastic energy losses in sputtering. In U.S.E.A.C. rept.
ORNL-6128, U.S.A.E.C., Oak Ridge, Tennessee, 25-26.

Rogers MD, 1966. Ejection of uranium atoms from sintered U0r Report AERE-M1818. U.K.A.E.A.,
Harwell, United Kingdom.

69



Sheng ZZ & Kuroda PK, 1984. The alpha-recoil effects of uranium in the Oklo reactor. Nature 312,
535-536.

Short SA, Lowsoa RT & Ellis. J, 19&S. ̂ UP'U aad 230TkP*U activity ratios in the colloidal phases
of aquifers in lateritic weathered zones. Geochimica el Cosmochimica Acta 52, 2555-2563.

Sigmund P & Sckerl MW, 1993. Momentum asymmetry and the isotope puzzle in sputtering by ion
bombardment. Nuclear Instruments and Methods in Physics Research BS2, 242-254.

Sill CW & Olson DG, 1970. Sources and prevention of recoil contamination of solid-state alpha detec-
tors. Analytical Chemistry 42, 1596-1607.

United Nations Scientific Committee on the Effects of Atomic Radiation, 1977. Sources and Effects of
Ionizing Radiation. United Nations, New York.

Urbassek HM, 1989. Sputtering of large clusters: information from mass spectra. Radiation Effects and
Defects in Solids 109(1-4), 293-300.

Vershinin NV, Lyarskij PP & Bodrova DA, 1976. Assessment of the activity fixation in industrial
alpha sources. Report SAAS— 204. Staatliches Amt fuer Atomsicherheit und Strahlenschutz,
Berlin, Berlin, German Democratic Republic, 79-83.

Wucher A, Wahl M & Oechsner H, 1993. The mass distribution of sputtered metal clusters. I Experi-
ment. Nuclear Instruments and Methods in Physics Research B83, 73-78.

Yamada I, Brown WL, Norhby JA & Sosnowski M, 1993. Surface modification with gas cluster ion
beams. Nuclear Instruments and Methods in Physics Research B79, 223-226.

Zimen KE & Mertens P, 1971. Nuclei in solids and knock-out effect. Zeitschrift der Naturforschung
26a(4), 773-775.

70



Captions

Figure 1. Loss of alpha activity from archived sources with time

Figure 2. Alpha spectrum of polyethylene exposed to U foil.

Figure 3. Detector Background after indirect exposure to U foil in vacuum.

Figure 4. Clustering seen on photographic plate after exposure to Ra.

Figure 5. Clustering seen on photographic plate after exposure to Th descendents

Figure 6. Sputtering, in which an incoming heavy particle causes backwards loss of atoms into the
environment.

Figure 7. "Recoil sputtering" in which a recoiling daughter nucleus after alpha decay causes loss of
many matrix atoms into the environment.

Figure 8. Dlustration of build-up of negative charge on an alpha emitting particle.
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SEANCE DU 23 MAI 1927. . 12/|5
»- t

a la suite de 1'autie, on voit deu.\ circonferences concentriques limitant deux
groupes de rayons issus dumeme centre, le rapport des rayons des circon-
ferences etant egal a celui desparcours (exemple : Th C et Th C', Jig. i).

frjg i —Micrnphotographic de la repai t i l ioa da depot Fig i —Micropholograplue d»* la repar t i t ion du poloruui
actif d u ' t h o r i u m ' d a n s le meicure Les rayons des dans le jnercuie Les rayons des etoilcs correspontien
etoiles corresponflent a 34 microns pour le Th C et a 27 microns. ' a
A 6i,5 microns pour le Th C'. H ( ^

La forme de etoiles est toujouis circiilaire et bien debsinee. On observe
, . _ . ,1 ~_ f. • I -,,- ^^ rv^ r>Mf\nM -no-p rloii-y nil 7^111 <;i PIT IX Ttini's PPS



SEANCE DU 2$ JUIN 1928.

En examinant la photographic au microscope, on voit sur un fond clair
•des etoiles'avec des rayons correspondant aux rayons a du radon (Jig. 2)
lorsque la projection se fai t instantanement apres Inspiration et que le

Fig. r . — Groupements 'd 'atomes de
1 'emanat ion du rad ium dans le
rnercurc (H;iA et f{aC').

Fig. 2.— Groupernenls d'utoiues de
. I ' emanat ion du rad ium projetee

directement sur la p laque pho-
tographic] tie.
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Recoil sputtering
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SOUTH PACIFIC ENVIRONMENTAL RADIOACTIVITY ASSOCIATION
SFIDSPERA WORKSHOP

Australian National University. Canberra, Australia
15- 17 February 1994

MEASUREMENTS OF VERY LOW-LEVEL RADIOACTIVITY WITH HPGe DETECTORS
INSTALLED IN THE MODANE UNDERGROUND LABORATORY

Yves BOURLAT, Jean-Claude MILLIES-LACROIX and Alain LATOUR
Service Mixte de Securile Radiologiqus (S.M.S.R.)

BP 208. 91311 Montlhery Cedex (FRANCE)

SMSR's appointed tasks include the health physics
and environmental monitoring of the South Pacific
nuclear test sites and the whole of French Polynesia.
From 1991 to 1993, SMSR has installed three gam-
ma spectrometry units with a very low background
noise in the Modane underground laboratory, for the
purpose of detecting the lowest possible concentra-
tion levels relating to those radionuclides which may
be present in the environment as trace elements.

The Modane underground laboratory is a French
laboratory jointly operated by the Centre National de
la Recherche Scientifique and the Atomic Energy
Commission. The laboratory is located in the Alps,
near the mid-point of the 13-kilometer Frejus road
tunnel at the French-Italian border, at an elevation of

1260 metres. The distance between our main
laboratory, located in Montlhery, and the Modane
laboratory is approximately 700 km. The rock shield,
consisting essentially of micaschist, has an
approximate thickness of 1700 m, equivalent to
4400 m of water. The shield reduces the flux of
charged particles from cosmic radiation by a factor
of 3 x 106 relative to the flux observed at ground
level.

At the beginning of 1991, SMSR installed a high-
purity Germanium detector in the Modane
Laboratory. In view of that detector's outstanding
performance, two more detectors of the same type
were installed in the first half of 1993 (figure 1).

" ' V

' -•' 'A v-W''nWf>*V- >**£;:»>j*r.• •' -,-.̂ «w>si,̂ >,«*hv>r«fe.V$-y
?••*,*•• 3Mf*M*Z3Sl»f*xJ

Figure 1: General view of the three S.M.S.R. measurement systems
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Figure 2: Low-noise J-type cryostat and shielded enclosure (shown with a 100 cm3 container and
its appropriate copper filler on top of the detector hood)

These detectors are of different designs :
-The first one, a planar, high-purity n-type Germa-

nium detector, is used in the 10 to 400 keV
energy range.

- The second one, a coaxial high-purity n-type
Germanium detector, has a sensitive volume of
207 cm3 and 52 % relative efficiency. The peak
to Compton ratio is 61 at 1332 keV.

- The third detector is a coaxial, high-purity p-type
Germanium detector with a sensitive volume of
360 cm3 and 99 % relative efficiency. Its peak to
Compton ratio is 75 at 1332 keV.

The shielding enclosure (figure 2) is comprised
of 1 5 cm of old lead and 1 5 cm of electrolytic copper.
The air volume between the shield and detector is
minimized through the insertion of suitable filler
cylinders made of electrolytic copper. Three
measurement configurations are used, namely 20,
100 and 500 cm3.

Efficiency curves for the three geometries and
for the three detectors are sho ,vn on the figure 3. As
an example, in the case of detector N° 3 and with a
20 cm3 container, absolute efficiency at 137Csenergy
level (661 keV) is 6.5 %.
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The figure 4 shows the background noise
recorded at Modane for the three detectors over a
measurement period of 1 0 000 min. The background
noise levels are extremely low. N° 2 detector shows
a few 40K and 60Co impurities, which were strongly
attenuated in liie construction of N° 3 detector. This
last detectorshows a lower background noise level,
while its efficiency is higher. The many peaks
observed in the background noise of the detector
are essentially due to radon daughter products ; the
measurement was made without the usual copper
filler to limit the air volume in the enclosure.
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i_4: Background spectrum observed on the three HP Ge detectors installed in the Modane Underground
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re 5: Comparison of backgrounds in Montlhery and Modane

2000

The figure 5 shows, for illustrative purposes, the
background noise recorded with detector N° 2 at
Modane and at Montlhery during a recording period
of over 9 days. In the Montlh4ry laboratory, located
at ground level, the detector was installed in a very
low noise, cylindrical shielded enclosure comprised
of 15 cm of lead and 15 mm of electrolytic copper.
In the spectrum recorded at Montlhery, one obser-
ves, in addition to the usual lines due to natural
radioactivity (lead X rays, 214Pb, 21431. <»OK) the
presence of many lines due to cosmic radiation
(annihilation of 511 keV, activation of Germanium
and Copper); these lines are totally absent from the
spectrum recorded at Modane.

The table 1 and the figure 6 summarize the
counting rates for the entire background noise
spectrum, for all three detectors. For detector N° 1,
the count is approximately 0.25 count per minute.
For detector N° 2, it is 1 count per minute and (or
detector N° 3, 0.5 count per minute. At Montlhery
the detector N° 2 background noise was 70 times
high*^ (70 counts/min.). In the case of detector N°
3, it can be estimated that it is would have been 200
times higher.

BACKGROUND (pulses.VoV.1000 s)

001

0.001

00001
400 BOO 1200 1600 2000

ENERGY (keV)

Figure 6: Background level comparison in Modane and
Montlhery laboratories

Laboratory

Modane

Montlhery

Detector

n°1

n°2

n°3

n°2

Integrated
count rate
(pulses/s)

0.0047

0.0167

0.0085

1.16

Energy
interval
(keV)

8-400

20 - 2000

40 - 2000

25 - 2000

Table 1: Background noise at Modane and at Montlhery
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Detection limits, computed from the background
noise spectrum on the basis of a 10 000 minutes
recording time, range from a few 10-* Bq to a few
10'3 Bq for 137Cs, according to the geometrical
configuration (table 2). In practice, the gain varies
according to the sample analyzed; limits are lowered
by a factor of 3 to 5.

Detection limit (Bq)

Geometry

20cm3

100cm3

500 cm3

Del. n" 2

9.0.10"
1.8.103

3.4.103

Del. n° 3

4.7.1 Q-4

9.0.10-
1.5.10-'

Table 2: Detection limit for 137Cs (calculated on the
background noise)

Applications to samples collected in the environment

The first application is the monitoring of the
atmospheric radioactivity at Tahiti, Mururoa and
Montlhery (France). A measurement was made for
each sample, corresponding to a six-month period,
in our Montlhery laboratory and in the Modane
underground laboratory (table 3). The filtered air
volume was approximately 450 000 m3. Our Moda-
ne detectors made it possible to make accurate
measurements of 137Cs activity, which, in Polynesia,
is between 5.10"8 and 2.10-7 Bq/m3, although slightly
lower in Mururoa. In France, the 137Cs is 5 to 10
times higher, and the 134Cs traces resulting from the
Chernobyl accident were still detectable in the half
of 1992 (approximately 3.10-8 Bq/m3) ; we were
thus able to estimate that 60 % of the137Cs originated
from Chernobyl. As an example the figure 7 gives
the measurement spectra for the first half of 1992.

The second illustration is the determination of
the 137Cs profile in Polynesian oceanic waters
down to a depth of 2000 metres. At depths in excess
of 800 metres, measurements made in Montlhery
did not permit an accurate determination of 137Cs
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Figure 7: l34Cs and l37Cs atmospheric radioactivity at
Montlhery and Tahiti (1st semester)

(detector n° 2, 10 000 minutes. 0.25 keV/channel)

activity; this, however, could be achieved with the
Modane detectors. Activity at 2000 m depth is
approximately 0.02 Bq/m3 (table 4).

Laboratory

7Be

2JNa

40K

'"Cs

"7Cs

Modane
Montlhery

Modane
Montlhery

Modane
Montlhery

Modane
Montlhery

Modane
Montlhery

TAI
1st semester

(2.78±0.12).103

(2.88±0.13).10'3

(2.06±0.15).10'7

(2.32±0.82).107

(1.33±0.10).10'5

(1.35±0.14).10S

<2.5.10-«
<1.6.1G"7

(1.81±0.21).10'7

(2.0910.7 1).10'7

-im
2nd semester

(3.47±0.14).103

(3.33±0.37). 10'

(1.71i0.08).10s

< 2.9.10'

(1.46±0.22).10-7

MURL
1st semester

(3.3910.1 4). 10'3

(3.5910.1 7). 10'3

(2.8710.1 7). 10'7

(2.7310.68).10-7

(2.1110.10).10-5

(2.0410.16).105

< 2.0.10'
<1.2.10'7

(9.311 .6). 10"6

(7.916.2). 10-'

1ROA
2nd semester

(3.74+0.15).10-3

(3.7310.36). 10'7

(2.0610.09).105

< 2.6.10*

(5.911. 5). TO*

MONT
1st semester

(3.5010.1 5).103

(3.5310. 17). 1C'3

(4.0610.21). 1C'7

(4.0810.95).10-7

(1.5310.10).10S

(1.54±0.14).10-s

(3.4511. 08). 10-'
<1.6.107

(7.9910.49).107

(8.311 .0).10'7

LHERY
2nd semester

(2.8310.12).103

(2.7310.32). 10'7

(1.31±0.07).10's

<2.8.10-«

(5.3410.38).10-7

Table 3: Atmospheric radioactivity measurements (Bq/m3) in Polynesian stations and at Montlhery in 1992
•: no measurement
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Depth
(metres)

surface
-50

-100
-200
-300
-400
-500
-600
-800
-900

-1000
-1250
-1500
-2000

Sampled
volume
(litres)

590
599
568
560
562
543
577
566
546
569
545
555
390
396

"'Cs activ
Montihery

measurement

2.84 ± 0.26
2.77 ± 0.26
2.78 1 0.26
2.77 1 0.26
2.37 ± 0.22
1.8510.18
0.84 ± 0.09
0.32 ± 0.04

0.058 ± 0.022
0.03710.021
0.098 ± 0.030
0.050 1 0.020

< 0.059
< 0.058

ty (Bq/m3)
Modane

measurement

.
-
-
.
-
-
-

0.333 1 0.035
0.09010.013
0.05010.010
0.10010.016
0.038 1 0.008
0.022 1 0.008
0.022 1 0.009

Table 4:137Cs profile in seawater collected outside
Mururoa(1990)

The figure 8 shows the profile observed close to
Mururoa ; the slight increase, still unexplained,
observed at 1000 m may be due to the closure of the
sampling bottle at the wrong depth.
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/ . — —
__*-^^
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0 0,5 1 1.3 2 2.5 3 3
ACTIVITY (Bq'm1)

Figure 8: 137Cs profile in seawater collected outside
Mururoa (1990)

The third example relates to measurements on
ocean plankton. Here again, 137Cs measurements
could be made at Modane; activity was found to be
10-2 Bq/kg of fresh plankton (table 5). Considering
the activity of surface seawater (2.5 Bq/m3) one
arrives at a concentration factor of about 5, a figure
which was confirmed by further sampling.

In conclusion, the following points can be
stressed:

- In the Modane underground laboratory, detector
. background noise is reduced by a factor of 70 to

200
- Detection limits are markedly improved, gain

varies according to the sample analyzed
(improvement factor of 3 to 5)

Radio-
nucfide

40|<

"7Cs
i.cpb

^Ra
^Th
«5U
2MU.

Activity (Bo/ki
measured at
Montihery

28.0+1.2
< 0.032

2.53 ± 0.31
0.764 ± 0.031

< 0.045
(6.5±1.6).10J

0.72 ± 0.29

g wet weight)
measured at

Modane

22.311.2
(1.391 0.58). 102

2.75 ± 0.29
0.779 ± 0.029

(4.0410.96).102

(4.7 ± 1.1).102

0.75 ±0.11

': from "«Th measurement
Table 5: Polynesian plankton radioactivity

- A wide range of applications is open in
environmental investigation and monitoring.
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RADIUM-226 DETERMINATION IN ENVIRONMENTAL
SAMPLES USING THREE DIFFERENT COUNTING

TECHNIQUES

R A. TINKER, J. D. SMITH AND M. B. COOPER*

SCHOOL OF CHEMISTRY
UNIVERSITY OF MELBOURNE
PARKVILLE, VIC, 3052.
*AUSTRALIAN RADIATION LABORATORY
YALLAMBIE, VIC, 3052

Radium-226 in the environment is commonly found in low concentrations requiring
sensitive techniques for detection. Alpha spectrometry, gamma spectrometry and liquid
scintillation counting all have different limitations. To obtain optimum counting statistics
the selection of an appropriate procedure is important. The decision process for
selection of the best procedure depends on the properties of the analytical procedure,
precision, selectivity and sensitivity. Method selection is also influenced by the sample
size and concentration The precision of each technique relies on the total activity and
counting time. Precision, total activity and counting time are investigated under the
influence of counter background, detection efficiency, sample size and concentration.
The lower limit of detection is also examined. In this paper method selection guidelines
are illustrated for radium-226 in seawater, sediment and biological material.

Radium-226, alpha spectrometry, gamma spectrometry, liquid scintillation counting,
counting statistics, method selection, precision, counting time, counter background,
detector efficiency, sample size, lower limit of detection, environmental samples.
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Counting of Live Mussels on a HPGe Detector

Paul Martin, Riaz A. Akber and Rainer Marten

Alligator Rivers Region Research Institute

Jabiru, NT., Australia 0886

ABSTRACT

Four mussels collected from Mudginberri billabong were counted live on a HPGe detector.
Count tinw was from 2 to 3 days. Radionuclidcs detectable by this method included 226Ra,
214Pb, 2l4Bi and 210Pb from the uranium series and ̂ Ac and 212Pb from the thorium series.
The measured z^Rn retention varied from 7% to 17%. The 228Ac/22«Ra and 212Pb/228Ac ratios
were used to give an estimate of the mussel age based upon the known 228Ra/226Ra - age and
228Th/228Ra - age relations for mussels from Mudginberri billabong.

Two mussels were recounted after living for several months in a 50:50 mix of water from
Ranger Uranium Mines retention pond no. 2 with Magela Creek water. The 234Th peak at 63
keV was then measurable, probably due to uptake of the parent ^U. This means that live
counting cannot be used for detection of 226Ra releases from uranium mine pond waters, as
235U interferes with the 226Ra peak at 186 keV. The method does show promise for studies of
the kinetics of uptake of uranium in mussels.

1. INTRODUCTION

The freshwater mussel Velesunio angasi has been extensively investigated as a possible
biological monitor of pollution (e.g. Humphrey & Simpson 1985, Allison & Simpson 1989).
This mussel is known to accumulate a number of metallic elements over time, including natural
series radionuclides such as radium and polonium (Jeffree & Simpson 1986, Johnston cf al.
1987). Unfortunately, normal methods of radionuclide analysis require destruction of the
mussel, so that a time series of measurements for a single mussel is not possible. The work
described here was undertaken to determine whether a quantitative or semi-quantitative
measure of uranium-series radionuclides in a live mussel could be obtained by counting the
mussel on a High-Purity Germanium gamma-ray spectrometry detector.

2. EXPERIMENTAL

Five test mussels were obtained from Mudginbcrri Billabong on the Magela Creek on 17th
April 1991. After marking the shells, the mussels were placed in the sandy bottom of Magela
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Creek inside an enclosed area just downstream of Georgetown Bilfobong. All nrassds
then counted once in May on a HPGe detector and returned to Magela Creek after counting.

Counting was done with the mussel King on a plastic petri dish on top of the detector.. When
\iewed from above the mussel hinge was to the left upper comer so that all counts were
performed with the mussel King on the same side (Figure 1). The mussel and petri dish were
surrounded with plastic wrapping ("Glad-wrap") to prevent contamination of the detector. The
mussels were taped to prevent them from opening their shells and moving on the dish. Tablr 1
gives the mass, length, height and width of the mussels measured just prior to the first count.

On 12th June a water sample of approximately 200 L was collected from Ranger Uranium
Mine's retention pond 2. A subsample was analysed for radium, uranium and thorium isotopes
by alpha-particle spectrometry (Table 2). The remainder was kept in a large, covered plastic
container for use in the mussel experiments. Before subsampling, the water was always stirred
to suspend and mix any sediment. On 21st October a final subsample was taken for the
determination of uranium and radium isotopes. Between June and October the ^'U activity
concentration in the filtered subsamples had not changed significantly; over the same period,
the 226Ra activity concentration decreased to approximately 55% of its original value (Table 2).

On 12th June the mussels were removed from Magela Creek and placed in buckets containing 5
kg of Magela Creek sand and 12 L of water (Magela Creek water for mussels M2 and M4 and
a 50:50 mixture of RP2 water.Magela Creek water for mussels Ml and M3). For the
remainder of the experiment the mussels were kept in these buckets except \vhen counted. The
water was changed approximately weekly.

Table 1. Mass, length, height and width of the test mussels.

Mussel Mass Length Height Width
(g) (mm) (mm) (mm)

Ml 34 68 39 25

M2 24 62 38 21

M3 17 56 32 19

M4 24 58 36 23
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Table 2. Uranium, radium and thorium isotope analysis of RP2 water (sample RTI910)
collected 12th June 1991. Uncertainties are one standard deviation due to counting statistics
only.

Sample
(mBq/L) (mBq/L) (mBq/L)

12.6.91

Filtered 26500 ±700 278 ±11 <1.6 1.08 + 0.02

Residue 105 ±4 77 ±4 16.0 + 0.6 0.94 + 0.05

21.10.91

Filtered 27000 ±700 149+12 1.08+0.02

3. CALIBRATION

All test mussels died during the course of the uptake experiment. The mussel shells were
subsequently cleaned and each half-shell filled with a mixture of casting resin and a weighed
quantity of a uranium ore (CANMET uraninite BL-5). By counting the two combined half-
shells in the same position as the original live mussel, an approximate calibration of the
counting geometry for each mussel could be obtained for the uranium series nuclidcs. This
method assumes that for the live mussels the radionuclides are evenly distributed throughout
the shell volume. Although this assumption is incorrect, the resultant error is likely to be
consistent enough and small enough that the calibration method could be regarded as at least
semi-quantitative. Experiments are currently under way to check the accuracy and precision of
the method by counting a number of mussels live and subsequently analysing the mussel flesh
by normal methods.

Analysis of the spectrum at 186 keV is complicated by the fact that this spectral line has a
contribution from two isotopes: 226Ra and 235U. Using the absolute intensities of their gamma
emissions (Marten 1992), calibrations have been calculated for each of these isotopes in the
absence of the other isotope (Table 3; in the case of uranium, the calibration is calculated in
terms of ™U assuming the natural z^U^U activity ratio of 0.04604).

Absolute efficiency curves were produced based on these calibration factors. Figure 2 shows
the efficiency curves for the largest (Ml) and the smallest (M3) of the mussels. The efficiency
curves for M2 and M4 are virtually identical and lie between the curves for Ml and M3.
Interpolation between the points on each curve allows us to obtain calibration factors for peaks
from nuclides of the thorium series (Table 4).
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Table 3. Calibrations for each mussel obtained by filling shells with a mixture of resin and
CANMET uraninitc BL-5. Units are counts per kilosecond per Bq.

Nuclidc Peak Ml M2 M3 M4
(keV)

2i«>Pb 46 1.08 1.27 1.53 1.26

23<Th 63 1.17 1.34 1.60 1.33

23°Th 67 0.11 0.14 0.15 0.14

23SU 186 0.59 0.64 0.76 0.65

22«Ra 186 0.79 0.86 1.02 0.87

2»<Pb 295 2.55 2.86 3.26 2.79

2i<Pb 352 4.15 4.66 5.32 4.65

2»«Bi 609 2.70 2.99 3.38 2.96

Table 4. Calibrations for each mussel obtained from absolute efficiency curves. Units are
counts per kilosccond per Bq.

Nuclide Peak (kcV) Ml M3 M2 and M4

22«Ac 338 1.4 1.8 1.5
2»2Pb 239 7.0 9.6 7.4

4. RESULTS

Subtracting background count rates for the detector (Table 5) and dividing by the calibration
factors obtained above gave the activities in Bq/mussel summarised in Table 6. Previous work
on a set of mussels collected from Mudginberri billabong (Johnston era/. 1987) gave typical
flesh activity loads (in Bq/mussel) of 0.005 to 0.01 for ™*\}, 0.0005 to 0.002 for ̂ Th, 1 to 5
for 226Ra and Q.2 to 1 for 210Pb for mussels of a similar size to those in this study. Data for
activity concentrations in mussel shells are presently available only for two sets of mussels
collected from Georgetown billabong in 1982 and 1983. The measured 226Ra activity
concentrations for these samples were 13 Bq/kg dried shell, representing approximately 0.1 Bq
226Ra for shells of the size measured in this study. The measured 2l°Pb activity concentrations
were between 5 and 10 Bq/kg, or approximately 0.05 Bq per mussel.

Given the low 230Th concentration in mussel flesh, it is not surprising that the 67 kcV peak was
not detectable for any live mussel counts. The 63 keV peak from 234Th (daughter of ̂ U) was
also undctectable for all counts except those where the mussel had been kept in 50:50
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RP2:creek water. Where ^HTi was undetectable the 186 keV peak was interpreted as arising
solely from 226Ra.

The measured 222Rn retention rates varied from 7% to 17%. These low retention rates mean
that 222Rn (laughters cannot be used as reliable measures of 226Ra. The 186 keV peak gives a
good measure of '̂Ra, but only in the absence of uranium. The results for 234Th in mussels
Ml and M3 show that measurable uptake of either ^Th or more likely the parent 23SU
occurred over the course of the 50:50 RP2:Magela water experiments. Consequently, live
counting probably cannot be used for detection of 2:6Ra releases from mine pond waters with
elevated levels of uranium. However, the method does show promise for studies of the kinetics
of uptake of uranium.

Figure 3 shows the age dependence of the zzsRa/^Ra ratio for a collection of mussels from
Mudginberri billabong as determined by Johnston eta/. (1987). If we assume that ^Ac (t^ =
6.1 hours) is in equilibrium with its parent 228Ra in the mussel, then we can obtain an estimate
of the age of each mussel while it is still alive (Table 7). This method of age determination
requires knowledge of the 228Ra/226Ra - age relation for mussels from the source billabong.
This may be obtained by measurement of the yearly mean 228Ra/226Ra ratio in the water and
application of the model of Johnston etal. if the assumption is made that the ratio in the water
has not varied significantly c 'er the life of the mussel.

The 212Pb/228Ac ratio determined for the larger mussels (Ml, M2 and M4) was close to 1.0.
Consequently, the retention of 220Rn in the mussel must be close to 100% during counting, and
we can take the 2I2Pb/228Ac ratio to be a measure of the 2?8Th/228Ra ratio. Again, application
of the known age dependence of the 228Th/228R3 ratio for Mudginberri billabong mussels
(determined by Johnston et al. 1987, Figure 4) gives a method of determination of the age of
the mussel (Table 7).

Table 5. Above-continuum background count rates (counts per kilosecond) for the detector
used.

Peak(kcV)

46

63

67

186

239

Bgd count rate

1.85 + 0.07

0.26 ± 0.07

0.30 ±0.04

0.42 ±0.04

4.72 + 0.32

Pcak(kcV)

295

338

352

609

Bgd count rate

0.24 ± 0.02

0.86 ±0.08

0.91 ±0.13

0.64 ±0.02
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Table 6. Calculated activities for each count in Bq/mussel. Uncertainties are one standard deviation due to counting statistics only.

VO

Nuclide Peak
(keV)

Count time (days)

Uran:um series

234Th 63

226Ra 186

2"Pb 295

2i<Pb 352

2"Bi 609

2iopb 46

222Rn*

222Rn/226Ra

Thorium series

22«Ac 338

2i2?b 239

228Ac/226Ra

212pb/228Ac

Ml

15.5.91

2

10.2 ±0.6

0.9410.13

0.93 ± 0.08

0.76 ± 0.09

1.1 ±0.4

0.87 ±0.05

0.09

1.86 + 0.23

1.92 + 0.09

0.18 ±0.02

1.0±0.1

Ml

4.10.91

3

14.6 ±0.4

2.39 ±0.11

2.03 ± 0.08

2.16 ±0.09

1.4 ±0.4

2.16 + 0.05

1.63 ±0.18

1.61 ±0.07

1.0±0.1

M3

20.5.91

3

3.7 ± 0.3

0.57 ±0.07

0.44 + 0.05

0.39 ± 0.06

0.5 ± 0.2

0.45 ± 0.03

0.12

0.84 ±0.13

0.46 ± 0.05

0.23 ± 0.04

0.5±0.1

M3

16.7.91

3

2.0 ±0.2

0.51 ±0.08

0.43 ±0.05

0.44 ± 0.06

0.5 ± 0.2

0.45 ±0.04

0.91 ±0.14

0.60 ± 0.05

0.7 ±0.1.

M4

24.5.91

3

9.3 ± 0.4

0.88 ± 0.09

0.62 ± 0.06

0.63 ± 0.07

1.5 ±0.3

0.68 ±0.04

0.07

1.99 ±0.17

1.74 ±0.07

0.21 ±0.02

0.9 ±0.1

M2

28.5.91

3

13.4 ±0.5

2.38 ±0.11

2.31 ±0.07

2.27 ±0.09

2.3 ± 0.3

2.31 ±0.05

0.17

1.96±0.18

2.24 ±0.07

0.15 ±0.01

1.1 ±0.1

M2

5.8.91

2

11.7 ±0.5

2.03 ±0.1 2

1.93 ±0.08

1.73 ±0.10

1.9 ±0.4

1.89 ±0.06

0.16

2.00 ±0.21

1.96 ±0.08

0.17 ±0.02

1.0 ±0.1

* 222Rn is the weighted average of the activities of 2UPb and 214Bi determined from the peaks at 295, 352 and 609 keV.



Table 7. Mussel ages calculated from isotope ratios. Uncertainties are one standard deviation due to counting statistics only.

Nuclide

228Ac/226Ra

Age (years)

212pb/228Ac

Age (years)

Ml

15.5.91

0.18 ±0.02

27

1.0 + 0.1

>20

Ml

4.10.91

1.0+0.1

>20

M3

20.5.91

0.23 + 0.04

14

0.5+0.1

6

M3

16.7.91

0.7 + 0.1

10

M4

24.5.91

0.21+0.02

19

0.9 ±0.1

20

M2

28.5.91

0.15 ±0.01

>35

1.1±0.1

>20

M2

5.8.91

0.17 ±0.02

33

l.OiO.l

>20



5. CONCLUSIONS

Radionuclides detectable by live counting of mussels from Mudginberri billabong included
226Ra, 2I4Pb, 214Bi and 2'°Pb from the uranium series and 228Ac and 212Pb from the thorium
series. Further tests will be required before the accuracy and precision of the method is known,
so the technique should be regarded as semi-quantitative only for the measurement of absolute
activities.

The measured 222Rn retention varied from 7% to 17%, so that 226Ra cannot be determined via
the radon daughter. 226Ra can be determined from the peak at 186 keV where the water has a
low uranium content; however, rapid uptake of uranium by the mussel means that live counting
probably cannot be used for detection of 226Ra releases from uranium mine pond waters. The
method does show promise for studies of the kinetics of uptake of uranium in mussels.

Measurement of the 228Ac/226Ra and 2l2Pb/228Ac ratios are capable of giving an estimate of the
age of a live mussel provided the ratio - age relation for mussels from the source billabong is
known.
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Figure 1. Method of live counting. Mussels were taped to prevent them opening the shell and
moving on the detector.
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Figure 2. Absolute efficiency curves for mussels Ml and M3.
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HIGH VOLUME DUST MONITORING AT OLYMPIC DAM

J.F.DAVEY
OLYMPIC DAM OPERATIONS

P.O. Box 150
Roxby Downs S.A. 5725

A network of high volume dust samplers has been operating around the Olympic Dam
copper/uranium mine since before the commencement of surface metallurgical processing in
1988. The samplers continually collect airborne dust at eight sites around operation and
residential areas. Filters are changed weekly and monthly composites from each site are
presented to the laboratory for full radiochemical analysis. Five of the long lived uranium
decay products, U238, Th230, Ra226, Pb210 and Po210 are separated and counted. The
Southern Boundary Site (SBS) site 23 kilometres south of the operation has been identified
as a background site. Data from this site is used for background subtraction to enable
assessment of operation contribution to radiation exposure at three critical residential
locations. A further two high volume samplers fitted with particle separator heads are rotated
between sites to obtain additional information on radionuclide concentrations in the sub 10
micron fraction. It is evident from data collected to date that Pb210 and Po210 are almost
exclusively contained in the sub 10 micron fraction while U230, Th230 and Ra226 are more
evenly distributed across the entire particle size range sampled by the standard teflon based
filter. Further intercomparison trials are currently under way to investigate the performance
of a new polycarbonate filter capable of greater dust retention and requiring less frequent filter
changes.
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THE TROPICAL FRESHWATER BIVALVE VELESUNIO ANSASI AS A REAL-TIME BIOSENSOR
OF URANIUM LEVELS. IN NATURAL HATERS

Scott J. MarkichA-B, Ross A. JeffreeA and Paul L. BrownA

A Environmental Science Program, Australian Nuclear Science and Technology
Organisation, Private Mail Bag 1, Menai, NSW, 2234, Australia

B School of Biological and Biomedical Sciences, University of Technology,
Sydney, P.O. Box 123, NSW, 2007, Australia

Extensive deposits of uranium are known to exist in the Alligators Rivers
Region of Northern Australia. The Ranger deposit, situated in the magela
Creek catchment, is the main deposit being mined at present, but others may
be mined in the future. During the wet season large volumes of water may
accumulate at the mine site, and disposal of excess water by release to
Magela Creek is one option to keep mine waste waters in manageable
quantities. However, due to legislative requirements, elevated uranium
concentrations present in waste waters at the Ranger Uranium Mine may limit
discharge into the receiving waters of Magela Creek. Since uranium has a
high propensity for solubilisation and migration in natural water, it poses
a potential hazard to aquatic organisms exposed to effluents resulting from
the mining and milling of uranium.

The freshwater bivalve Velesunio angasi is ubiquitous and abundant
throughout the Magela Creek catchment. Bivalves are well known to respond
to adverse chemical environmental impacts by isolating their soft tissues
from the aquatic medium by valve closure. The sensory acuity (via
specialised regions including the osphradium) and associated repertoire of
behavioural response can be employed to assess subtle effects exerted by
chemical contaminants, such as uranium, that ultimately can influence the
survival of an aquatic organism. Therefore, the valve movement behaviour
of V. angasi was measured during exposure to varying levels of waterborne
uranium, in the context of using the valve movement behaviour of this
bivalve species to indicate the biological significance of elevated uranium
water levels.

The results indicate that several components of the valve movement
behaviour of V. angasi provide quantifiable and ecologically interpretable
sub-lethal endpoints for the rapid and sensitive evaluation of waters
containing elevated levels of uranium.
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CROSS-CALIBRATION DISCREPANCIES IN
ENVIRONMENTAL GAMMA DOSIMETRY

R.G. LYONS AND B.J. BRENNAN

DEPARTMENT OF PHYSICS, UNIVERSITY OF AUCKLAND, PRIVATE BAG,

AUCKLAND, NEW ZEALAND

Some field measurements of environmental gamma dose rate using a Canberra field

gamma spectrometer with a Nal detector are compared with those obtained using TLD

and show a systematic discrepancy close to a factor of two. Possible reasons for the

discrepancy are discussed, including environmental factors (non-homogeneity, radon

escape, moisture content, time variability) and calibration factors for both the TL and the

spectrometer (shielding, annealing, laboratory/environmental comparisons). None

offers a sufficiently substantial adjustment to reconcile the disagreement in the results

given by the two methods. In fact some of the actual and potential systematic errors

revealed suggest that the discrepancy may be worse than the data suggest. Comparison

with dose rates estimated from radionuclide concentrations could not determine which

method was more accurate as the correlation between these estimates and the previous

ones was negligible, casting some doubt on the accuracy of the concentration estimates.

The danger of relying on a single method of estimating dose rate without careful cross-

calibration is highlighted.

Gamma; radiation; dosimetry; environmental radiation; cross-calibration; calibration;
spectrometer, TL dosimeters.
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