Evaluating impacts of the Fukushima Daiichi Nuclear Power Plant accident on tritium tracer applications in Fukushima Prefecture waters, Japan 
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The anthropogenic tritium (H-3) with a half-life of 12.32 ± 0.02 years was released during the Fukushima Daiichi Nuclear Power Plant (FDNPP) accident prompting tritium radionuclide measurements and complicating tritium-tracer interpretation in terrestrial waters of Fukushima Prefecture, Japan. In Fukushima Prefecture, the long-term tritium monitoring of rivers, dams, lakes and the ocean waters started from May 2011 to present, accounting for 96 monitoring sites sampled twice a year in summer and autumn-winter periods [1]. For the Fukushima coastal area, the highest tritium concentration of 12.71 TU was recorded on June 25, 2013, in the Maeda River site, which is located 5 km north of the FDNPP site boundary. Also, a few coastal river sites located from 20 km north of the FDNPPS site had measured tritium values up to 8 TU in 2011, indicating the anthropogenic influence. To establish tritium data in Fukushima precipitation, tritium in precipitation values from a general circulation model simulation of the FDNPP atmospheric release were matched to available tritium measurements in daily and monthly precipitation across Japan, leading to a tritium peak of 582 TU [2]. These modeled tritium values were combined with the tritium time-series scaled from the Tokyo to Fukushima coastal area allowing the estimation of mean transit times (MTTs) for tritium measurements in river, spring and artesian well between 2011 and 2014 [2]. The results show that tritium measurements in river and springs required the FDNPP tritium input while the artesian well tritium measurements were only affected by the thermonuclear testing input and not by the FDNPP accident [2]. Comparing these short-term measurements with long-term tritium monitoring data of the Fukushima Prefecture allows us to confirm that the FDNPP tritium pulse had negligible impact on the tritium levels [3]. It is also important to note that tritium in monthly precipitation had the highest value of 12.5 TU on June 2023 [3], whereas the release of water treated by an Advanced Liquid Processing System from the FDNPP site to the Pacific Ocean started on August 2023 below the established international safety standards [4]. In summary, the primary tritium source is precipitation containing natural tritium formed by cosmic rays in the upper atmosphere and tritium remains a useful tracer to estimate Fukushima waters circulation considering both natural and anthropogenic inputs.
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