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Content
Tritium and radiocarbon can be used as environmental tracers; by measuring both isotopes simul-
taneously, one can study how each isotope moves through a system relative to the other. Pacific
Northwest National Laboratory (PNNL) has developed an ultra-low-background measurement ca-
pability which, when combined with their Shallow Underground Laboratory, provides enhanced
capability to measure low-activity sources of tritium and radiocarbon simultaneously. Tritium levels
have been steadily decreasing since atmospheric nuclear weapon testing in the 1960’s and are now
nearly back to pre-nuclear test levels (˜2-8 TU in rainwater). This makes a direct dual-isotope
measurement difficult without additional chemistry to first concentrate the tritium in a sample.
Both tritium and radiocarbon can be collected in the form of methane from an environment of
interest. This leads naturally to proportional counting as a direct measurement approach since
methane samples can be loaded straight into a proportional counter with little or no sample chemistry
required to increase concentrations or to separate isotopes for individual measurements.
There are detector specific characteristics that need to be known in order to simultaneously quantify
the amount of tritium and radiocarbon present in a given sample. The detector background must be
measured at the same pressure as the actual sample. Also, single-isotope standards must be measured
in the same detector (also at the same pressure as the actual sample) in order to provide efficiency
curves for each isotope individually. The latter is essential when quantifying the simultaneous
measurement of tritium and radiocarbon since the beta end-point energies overlap (tritium beta
end-point energy is 18.6 keV and radiocarbon beta end-point energy at 156.5 keV). In order to
successfully decouple the two spectra, single-isotope measurements of each isotope individually are
necessary.
Previous work has been performed at PNNL using modeling to decouple the tritium and radiocarbon
spectra but the uncertainty in such models is high due to the complicated decay structure of
radiocarbon. New work is in progress using single-isotope standards to directly measure the efficiency
curves for both tritium and radiocarbon in an ultra-low-background proportional counter. This
will allow for more accurate quantification of low-level tritium activities on top of a radiocarbon
background.
We will present results of the single-isotope measurements used to decouple the simultaneous,
dual-isotope measurement of a single methane sample. With this new information, we can identify
sensitivity levels for the dual-isotope measurement in PNNL’s Shallow Underground Laboratory.
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