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Application of the 210Pb-dating technique to evaluate
environmental changes resulting from recent human activities.

Case Study (1) Impact of European settlement on an estuarine system
Case Study (2) Timing of the initiation of an historic toxic dinoflagellate bloom.
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SUMMARY. The 210Pb - dating technique has shown particular promise for the study of
recent environmental change by enabling the establishment of chronologies for contemporary
environmental processes. In this paper two case studies are discussed. Case Study (1) looks
at trace element and heavy metal levels in the estuaries of the Georges River and the Hacking
River which are partly located in suburban Sydney and Case Study (2) looks at blooms of the
toxic dinoflagellate Gymnodinium catenation which were first observed in Tasmanian waters
in 1980. In both cases the 210Pb-dating technique has been applied to establish the sequence
of sediment deposition in order to associate an age to the sediment layer which contains the
entity under investigation. In the Sydney study we were able to show the impact in terms of
pollutant levels that European settlement had on the two river systems, and in the Tasmanian
study we were able to show that the dinoflagellate is a non-native of Australia and has been
introduced to Tasmanian waters in only very recent times.

1. INTRODUCTION

One of the problems in studying
environmental changes is to identify the
exact time frame in which the change is
presumed to occur. In studying the impact
of European activities on the Australian
continent we are fortunate in having a well
documented time frame which effectively
began with the arrival of the first fleet
from England in 1788. The major period
of impact however is confined roughly to
the last 100 years. The most significant
feature of which was the period of post
war industrialisation following the end of
World War II (1945). This phase of rapid
industrialisation led to the prolonged
period of economic growth and
development during what came to be
known as the boom years of the 1950s and
1960s. The environmental effects of some
of these activities is fortunately well
preserved in the sedimentary records of

surrounding rivers and lakes and can thus
be studied.

In studying this time period it is often
necessary to be able to determine dates
with a high degree of resolution in order to
be able to distinguish between particular
events. In our study we applied the
technique of 210Pb dating (210Pb half-life:
22.26 year) which, under optimum
conditions, enables age determinations
back to around 120 to 150 years ago. In
this paper we describe two applications of
the 210Pb dating technique. In the first
case study, which involved investigating
pollutant levels in two Sydney estuaries,
we sought to correlate historical changes
in surrounding land-use with changes in
sediment contaminants. As an extension
of this work we then looked at
contemporary changes in sediment
chemistry as a function of distance from
the likely pollution source. In the second



case study our objective was to determine
the timing of a particular event viz. the
introduction of a specific plant species
into the sedimentary record in order to
determine if it had been introduced to the
area in very recent times or whether in fact
had it been present for a much longer time
and was thus most likely native to the
area. In both cases use of the 210Pb dating
technique afforded the ability to
accurately set the chronology of the event
sequence which was largely supported by
historical evidence obtained from
independent sources.

2. SAMPLE COLLECTION &
PROCESSING

Core samples were collected in the field
with the aid of thin walled hollow tubes
(diameter 75mm) which were inserted
manually into the sediment. Using
standard coring techniques the core
samples were packaged and transported to
the laboratory where the core was cut into
slices for individual analysis. Sub-
samples were then taken for the various
analyses required including 210Pb analysis.

3. THE 210Pb - DATING TECHNIQUE

210Pb is a member of the uranium (4n+2)
natural radioactive decay series which
begins with the primordial nucleus 238U
(Figure 1). Due to the abundance of
uranium in the Earth's crust
(approximately 2ppm) and the fact that 99
% of natural uranium is in the form of 238U
there are generally many suitable locations
where this technique can be successfully
applied .

In this decay series 238U decays via a
number of intermediates to 226Ra which in
turn decays to the noble gas 222Rn. 222Rn
then decays through a number of short
lived isotopes to 210Pb followed by 210Bi,

Po and finally the stable end member
206Pb. It was Goldberg [1] in 1963 who
was the first to recognise the usefulness of
this decay series as a type of
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Figure 1 - Uranium (4n+2) Natural
Radioactive Decay Chain.

geochronological clock based on the
observation that a disequilibrium could
arise owing to the partial loss of 222Rn. In
essence the technique is dependent on
some of the 222Rn, formed from the decay
of 226Ra contained within the earth's crust,
escaping to the atmosphere where it
rapidly decays to 210Pb and is subsequently
washed out of the atmosphere. This 210Pb
is referred to as unsupported (or excess)
2I0Pb since it is no longer in equilibrium
with its parent and its activity is therefore
solely a function of its half-life (ie. it is
not being replenished).

When the unsupported 210Pb is deposited
in sediments it is indistinguishable from
the so called supported 210Pb, which is the
material derived from the in-situ decay of
226Ra. Thus a measurement of the 226Ra
activity in the sediment under study will
give the activity of the supported 2I0Pb
whilst determining the 2l0Pb activity
(usually done by measuring the activity of
the alpha emitting grand-daughter 210Po)
will give the total (ie. supported and
unsupported) 210Pb activity. The
difference between the total and supported
210Pb activities is the unsupported 210Pb.



In its simplest application the age at any
given depth in a core is determined by
calculating the activity of unsupported
210Pb at the top of a core and again at some
point further down and then applying the
standard decay equation (Equation 1):

[1]

which can be rearranged as follows:

t = I/A. . ln(A0 /A) [2]

where X = ln(2) / Ty, and

t = Time (years)

Ao = Activity of unsupported 2l0Pb at
surface

A = Activity of unsupported 2l0Pb at
depth d

Ti4 = Half-life of 210Pb (years)

d = Depth (cm)

Since the depth at which the sample was
obtained is known and the age of the
sediment layer can be calculated from the
above, a simple sedimentation rate can be
obtained from:

r = d / t

where

[3]

r = Sedimentation rate (cm/year)
d = Depth (cm)
t = Time (year)

4. THE STUDY AREA

4.1 Sydney
The estuaries of the Georges River and the
Hacking River systems are partly located
in suburban Sydney (Figure 2). The area
bordering the Georges River estuary is
intersected by zones of residential
housing, light industry and commercial
developments. Scattered amongst these
are remnants of native vegetation.

The Hacking River estuary has been
subjected to much less development which
is due in part to the fact that the Royal
National Park (established 1879) makes up
roughly half of the catchment area.. The
development that has taken part in the
catchment is predominantly residential
however the upper reaches of some of the
tributaries which flow into the system may
be affected by coal mining activities.

Figure 2 - Location of Georges and
Hacking River systems

4.2 Tasmania
The region under investigation comprised
principally the Huon and Derwent River
estuaries located in southern Tasmanian
together with other sites along the east
coast (Figure 3).

Figure 3 - Location of Huon and Derwent
River systems.



5. RESULTS

5.1 Sydney

Sediment samples were collected from
various locations throughout the study
area and analysed either for trace elements
using Neutron Activation Analysis (NAA)
or heavy metals using flame Atomic
Absorption Spectroscopy (AAS) [2, 3].
The age of the samples were determined
using the 210Pb dating technique based on
measurements of 210Po and Ra activity
via alpha spectrometry. Deep cores were
taken from the Prospect and Saltpan Creek
sites (Georges River system) in order to
study changes in sediment chemistry
arising from changing land use over the
past 150 years. Shallow cores were taken
at other sites (refer Figure 1) to assess
contemporary pollutant levels with
samples from the less polluted Hacking
River system being used to establish a
base line for the Georges River system.
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Figure 4 - Selected metal concentration
versus Depth and Age for Prospect Creek

Analysis of samples by NAA provided
data on 32 trace elements and AAS on 6
elements however not all cores were
analysed using both techniques (4
elemental determinations were common to
both).

To illustrate the efficacy of the technique
data from only one of the sites studied,
viz. Prospect Creek, will be discussed
here. At this site data on Cr, Cu, Pb and
Mn proved the most interesting and is
presented in Figure 4. The post WWII
peak in the trace element profile can be
clearly observed.

5.2 Tasmania

Samples of sediments were collected from
a variety of sites and analysed under a
microscope to determine the concentration
of the dinoflagellate cysts with depth.
Sub-samples of this material were then
analysed using the 2l0Pb dating technique
in order to provide the chronology of
deposition. Results from one of these
cores is illustrated in Figure 5. The data
shows significant levels of the
dinoflagellate cysts appearing in the
sediments from 1973 onwards. The very
low levels of cysts present at a depth of
around 30cm is believed to have resulted
from a slight vertical mixing down the
profile which is most likely the result of
minor bioturbation (plant roots, worm
holes etc.)

Gymnodinium catenatum in the
Derwent River
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catenatum versus Depth and Age in the
Derwent River



6. DISCUSSION

In both case studies, whether it be
measuring chemical pollutants in
sediments or studying the historical
distribution of aquatic organisms, it was
essential to the hypothesis being tested
that an accurate temporal framework be
established. Without this chronology it
would have been impossible to assign a
date to a specific observation or event of
interest. The 210Pb dating technique is
particularly useful in these types of study
as it provides a means to assign
chronological dates with sufficient
resolution to enable differentiation
between relatively closely timed events (or
the order of a few years). Whilst the short
half-life of the 210Pb isotope is one of the
key factors which enables a high
resolution analysis to be undertaken the
drawback is that it also limits the age
range to which the technique can be
accurately applied.

In the case of the Sydney study we were
interested in determining trace element
and heavy metal concentrations in river
sediments to see if there was a correlation
between historical events, principally the
opening up of the area to European
settlement at the turn of last century and
the period of rapid urbanisation resulting
from the post war industrialisation phase.
Historical record show that as early as
1900 it was noted that the Georges River
was experiencing siltation and that water
quality was adversely affected by local
industries, particularly wool-washing
facilities. There is also an indication that
the area around Saltpan Creek was being
promoted as a site for 'noxious trades' [4].
The data on chromium concentration is
particularly interesting in that it peaks at a
depth of around 30 cm* which corresponds
with a calender age of 1920 based on a
2l0Pb Constant Initial Concentration
Model derived sedimentation rate of 0.4
cm/year. One of the main industrial uses
of chromium is in the leather tanning

* As the core was only sampled at every 10cm
intervals it has not been possible to more
accurately define the peak depth concentration.

industry and it is postulated that tanning
works were associated with the wool
washing facilities. The peak
concentrations of Mn and Pb occur at
around 20 cm which corresponds with a
calender age of 1944. Manganese is used
in the production of several important
alloys as well as in the paint industry.
Whilst lead has been used extensively in
paints, plumbing and the manufacture of
batteries. The significance of this time
period is that it correlates with the phase
of increased manufacturing and
industrialisation associated with
Australia's war effort.

In the Tasmanian study the 210Pb
technique was again used to determine the
chronology of events. In this case a bloom
of the toxic dinoflagellate Gymnodinium
catenatum was observed in late 1985 [5,
6] which resulted in the temporary closure
in 1986 of 15 commercial shell fish farms
as a public health measure. Further
closures have been enforced in 1987,
1990, 1991, 1992 and most severely in
1993 [7]. The effect of the blooms have
been quite significant both in terms of
public safety (the dinoflagellate is linked
to paralytic shellfish poisoning) as well as
the economics of the local aquaculture
industry through lost production. In
addition there is a question as to the effect
on the State's tourism market through the
possible public perception of unsafe
waters.

In order to determine whether the
organism had been recently introduced to
the region as distinct from being a native
that had not previously been recorded,
surveys were conducted to assess both the
biogeographical distribution and the
spatial distribution of the organism within
sediments. Application of the 210Pb
technique revealed that the dinoflagellate
first appeared in the sedimentary record in
approximately 1973 and leads to the
conclusion that the organism is indeed an
introduced species. It has been suggested
that the most likely vector for the
introduction of this organism is ballast



water discharges from woodchip ships
which is the subject of another paper[7].

7. CONCLUSION

The 2I0Pb - dating technique provides an
efficient and useful tool for determining
the chronological sequence of
contemporary events and has application
in a wide range of environmental studies
where high resolution sedimentation
profiles are required.
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