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Application of the 210Pb-dating technique to establish a chronological framework of
trace element and heavy metal contamination resulting from the impact of European
settlement in estuarine systems of the Sydney Basin, Australia.
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The estuaries of Georges River and Hacking River (Figure 1), partly located in suburban
Sydney, are at significant risk of contamination by heavy metal and trace element pollutants
associated with urban/industrial development. The object of the current work is to
correlate changes in land use resulting from European settlement with chemical changes
observed in soil sediments.

The region was first explored by Bass and Flinders in 1795 with the first land grant being
issued in 1798. Initial settlement of the area was restricted because of its isolation from
both Sydney and Parramatta, a situation which only changed with the building of a viable
road system (circa. 1814). By 1900 Georges River was experiencing siltation and the water
quality adversely affected by local industry, particularly wool-washing facilities. At the
time the area around Saltpan Creek was being promoted as a site for 'noxious trades'.
Rapid subdivision of land began soon after the turn of the century with major subdivisions
occurring in the 1910s and 1920s. Significant post-war industrialisation occurred during the
1950s and 1960s. The present day appearance of the region is one that consists of pockets
of native bushland interspersed with typical suburban expanses and tightly concentrated
civic and commercial centres. Located throughout these areas are small industrial estates.
Of the two river systems the Hacking estuary is the less affected by urbanisation owing to
the proximity of the Royal National Park
(established in 1879).

In the Georges River system four locations
where chosen for study, namely: Prospect
Creek, Saltpan Creek, Soily Bottom Point
Bay and Woronora River. In the Hacking
River system two locations were chosen
one at Grays Point and the other at
Cabbage Tree Basin. The selection criteria
used to evaluate each location consisted
primarily of identifying areas which were
relatively undisturbed, reasonably
accessible, and located in areas which
ranged from industrial to natural bushland.
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1 - Georges River
2 - Hacking River
A - Prospect Creek
B - Saltpan Creek
C - Soily Bottom Point Bay
D - Woronora River
E - Grays Point
F - Cabbage Tree Basin

Figure 1 - Location of Georges and Hacking Rivers
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At each location core samples were taken and selected slices analysed for 226Ra and 210Po
using alpha spectrometry. The 226Ra activity equates to the supported 210Pb activity and the
2'°Po activity equates to the total 210Pb activity. The difference between the total and the
supported 210Pb is the excess 210Pb activity. Once the excess 2l0Pb has been layed down in
the sediment its activity at depth (assuming the core to be undisturbed) is solely a function
of its half-life and the initial amount present; a circumstance which readily affords the
calculation of a sedimentation rate. Owing to its relatively short half-life (22.26 year) the
210Pb dating technique can be used to date sediments as far back as about 120 years. In
Australia this time frame would cover most of the period of European settlement.

For those cores which displayed an exponential decrease of excess 210Pb with depth
(indicative of an undisturbed core) a sedimentation rate was calculated using either the
Constant Initial Concentration (CIC) Model, the Constant Rate of Supply (CRS) Model or
the Constant Flux : Constant Sedimentation rate (CF:CS) Model. Some of the locations
sampled exhibited very complex excess 210Pb versus depth profiles (most likely the result
of sediment mixing) which were not conducive to the calculation of a sedimentation rate.

For the locations where a sedimentation rate could be determined, sub-samples of the slices
used to analyse for 226Ra and 210Po were submitted for either Neutron Activation Analysis
(NAA) to measure trace elements or flame Atomic Absorption Spectroscopy (AAS) to
measure heavy metals. By using the sedimentation rate data to construct an age versus
depth profile and combining this with the trace element (or heavy metal) concentration
versus depth profile it has been possible to map the concentration of different species
against the age that they were laid down in the sediments. Data from the deepest cores (>
lm) were correlated against the historical dates for European settlement and the peak
periods of urbanisation/industrialisation in the surrounding areas in an attempt to establish
the pollutant chronology resulting from post-European settlement. Data from the shallower
cores (typically 25 - 30 cm) were used to map the differences in pollutant levels in modern
times in the two river systems, as well as to track pollutant levels down river in the
Georges River system.

In the present work core samples from Prospect Creek, Saltpan Creek, Soily Bottom Point
Bay, Woronora River and Grays Point were analysed in detail. The Prospect Creek site is
located in a densely urbanised area with adjacent industrial development and 5 km
downstream from a Waterboard Storm Sewerage Treatment Plant. The Saltpan Creek site is
located 2.5 km downstream from an industrial development and a disused council rubbish
tip. The results from both of these sites show elevated pollutant levels when compared with
the less industrialised sites at Soily Bottom Point Bay and Woronora River. The site at
Grays Point is the lest affected by pollutants and reflects the fact that approximately half of
the catchment area is contained in the Royal National Park which is largely void of human
habitation and major industrial activities.

Results from the deepest cores suggest that for a number of the elements studied a
significant increase in concentration was observed in sediments laid down at the start of the
twentieth century. In general it was found exceedingly difficult to correlate elevated
pollution levels with specific urban / industrial developments. This work is part of an
ongoing project and the acquisition of further data should improve the resolution with
which we are able to elucidate the pollutant transport mechanics in these two estuarine
systems.


