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The Fukushima Daiichi Nuclear Power Plant (FDNPP) accident caused massive releases of radioactivity into the
environment. As the major radiation dose contributor, the released amounts of radiocesium, **Cs and *’Cs have been
estimated, and 3*Cs/*¥’Cs activity ratio was immediately used to identify radioactive contamination in the environment.
However, due largely to the difficulty of $35Cs analysis (because of its long half-life of 2x10° y and low-energy [-decay of
76 keV), the amount of *°Cs released and the isotopic fingerprint of ¥Cs/*¥’Cs ratio of FDNPP accident have not been
studied more than one year after the accident. Considering the short half-life of 13‘Cs, the 13*Cs/'3'Cs activity ratio will
become unavailable in the future for identification of FDNPP contamination, and for long-term estimation of the FDNPP
accident related fission products mobility in the environment. Therefore, there is a strong scientific need to study the release
of 135Cs and to obtain the isotopic fingerprint of *°Cs/*¥’Cs of the FDNPP accident.

The determination of *°Cs by radiometric methods is very difficult and quite insensitive because of its long half-life and
low-energy B-decay. Recently, the analytical potential of ICP-MS for 1*5Cs, 13/Cs activities and *3Cs/**"Cs isotope ratio have
been studied, but the analysis of environmental samples remains to be a great challenge. In Japan, there has been no report
on the analysis of 13Cs and **Cs/**’Cs isotope ratio since no method has been established for 1%Cs analysis in the MEXT
environmental radioactivity analytical method.

In this study, we developed an analytical method for the determination of the long-lived *3°Cs and the atom ratio of
135Cs/137Cs, as a promising geochemical tracer in environmental samples. The analytical method involves ammonium
molybdophosphate (AMP) selective adsorption of Cs and subsequent two-stage ion-exchange chromatographic separation
followed by detection of isolated radiocesium isotopes by a triple quadrupole inductively coupled plasma mass spectrometry
(ICP-MS/MS). The AMP selective adsorption of Cs and chromatographic separation system showed high decontamination
factors (10% -10°) for interfering elements, such as Ba, Mo, Sb and Sn. Using ICP-MS/MS, only selected ions enter the
collision/reaction cell to react with N2O, reducing the isobaric interferences (:**Ba* and '3’Ba*) and polyatomic interferences
(®Mo*°Ar*, Mo*°Ar+, 1195n1e0* and 1?1Sh%0*) produced by sample matrix ions. The high abundance sensitivity (10 for
the 13Cs/**3Cs ratio) provided by ICP-MS/MS allowed reliable analysis of **Cs and *3’Cs isotopes with the lowest detection
limits ever reported by mass counting methods (0.01 pg mL* and 0.006 pg mL™, respectively). The developed analytical
method was successfully applied to the determination of ***Cs and !3’Cs isotopes in environmental samples (soil, litter and
lichen) collected after the FDNPP accident for contamination source identification. The results were reported at several
international conferences, and three research articles have been published in leading international journals.




