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The use of Pb and Cs in environmental studies.
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The use of natural radioactivity in environmental studies has proven a very powerful tool to
determine the dynamics of both natural and antrophogenic processes in our environment. The use
of I4C in archaeology and past climate studies has led to many scientific discoveries (the shroud
of Turin & Utze "the ice-man from Austria are two examples). The use of the 238U-decay series is
of at least equal value to studies in archaeology and of past climates. Some of the Isotopes studied
supplement 14C (which is limited to 40,000 years) data and allow dating of samples formed up to
500,000 years ago (see McCullough, this book of abstracts, pages 19-23), others can be utilised to

14,date very young sediments, which can't be dated by C.The so-called Pb dating method has
been used over the past 3 decades to date recent sediment. The method uses the disequilibrium in

238 222Tthe ' U decay chain, caused by the escape of the intermediate daughter Rn, a noble gas, from
the earth's crust. In the atmosphere the 222Rn decays via short-lived daughter isotopes to 210Pb.

210 206TThis Pb with a very convenient half-life of 22,3 years decays to stable Pb (see figure 1). By
measuring the surface activity of a sediment core and subsequent samples at regular intervals, a
chronology for the sediment core can be established (relative to the surface). In addition to 210Pb
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dating one could analyse the samples for Cs to establish an independent chronology based on a
pulse of radioactive Caesium. The pulse of 137Cs originates from the atmospheric atomic-bomb
test of the early sixties. The maximum of Caesium activity found in a core should correspond to
the height of the tests (approximately 1963 in the Northern hemisphere). A combination of the
two dating methods often leads to more reliable results in the chronology. Another use of l37Cs is
to test if the sediment has been subject to bio-turbation or other mixing. In the case of disturbance
the proper pulse of Caesium would be smeared out and would not look like a specific peak at a
certain depth in the core. By studying other proxies in the core like trace metals or pollen, it is
possible to reconstruct a contamination or land-use history for the region (see reference list).
The pathway of 222Rn and 210Pb is explained in figure 2.
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Figure 1: The 238U-decay chain
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Figure 2: Pathways of 222Rn and2 1 0 Pb

Theoretical considerations: Isotopes to measure are I37Cs,226Ra, 214Bi, 210Po or 210Pb There are
two methods to determine concentrations of the isotopes we are interested in: gamma-
spectrometry and alpha-spectrometry.

Gamma-spectrometry is used to determine the gamma-activity of sediment samples directly.
Different isotopes such as 137Cs, 210Pb, 214Bi and 226 Ra have different gamma-ray energies and
can thus be distinguished by using a multi-channel analyser. Since gamma rays have a high
penetration capacity the sample could be counted in an almost unaltered (except for drying) state.
Figure 3 gives an example of a gamma-spectrum. Since the observed counting rate in counts per
second (cps) is not a true measure of disintegration's per second, a standard with a known activity
and similar matrix and configuration needs to be counted to calibrate the germanium
gamma-detector.
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Figure 3: Example of a Gamma-spectrum



Alpha-spectrometry is used to determine the alpha-activity of sediment samples. Different
isotopes such as o and 226Ra emit alpha-particles (He-ions) (note: not 210Pb!). In order to measure
activity of 2I0Po (a proxy for 2I0Pb, as they are in equilibrium) and 226Ra at high resolution it is of
great importance to chemically isolate both elements in order to produce ultra-thin, ultra-pure
alpha-sources. Since the separation/isolation of both lead and radium out of the sediment matrix
is a tedious task and chemical losses could go undetected, a tracer solution with a known activity
of an artificially produced alpha-emitting isotope (209Po) is added to each core sample. This
allows us to correct for chemical recovery and detector efficiency. In the case of 22 Ra there is no
suitable artificial isotope available and we therefore use a chemically similar gamma-emitter,
133Ba, for yield tracing.
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