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Introduction
p 10 years had been passed since the Great East Japan Earthquake and the
accident of the Fukushima Dai-ichi nuclear power plant
p This accident resulted in the release of anthropogenic radionuclides into the
environment
p The evaluation of radioactive cesium (Cs) in the marine environment is
important for addressing risks to public health through consumption of
fisheries products because of its relatively long half-life (2.07 years for 134Cs
and 30.07 years for 137Cs)
p As is for the fisheries concern, the Japanese government had been conducted
the monitoring of radionuclides in fishery products for food safety soon after
the accident (see next slide)
p The element “cesium” is a conservative element and mostly occurs in the
dissolved phase in the marine environment
p The dispersion pattern of accidentally released radioactive Cs in the ocean is
fundamentally important to understand the levels of radioactive Cs in fisheries
products

Monitoring results of marine fisheries products
More than 160,000 samples had been monitored.
Most samples had not exceeded the regulatory limit of radioactive Cs (100 Bq kg-1) since 2015.
The very limited sample (0.01%) had been recorded > 100 Bq kg-1 in FY2018 (1/11808) and FY2020 (1/9160).

Fisheries Agency (https://www.jfa.maff.go.jp/e/inspection/index.html)

Total amount of accidentally released radioactive Cs
Atmospheric deposition: 12〜15 PBq*
*PBq: 1015 Bq

Direct release: 3.5 PBq
Groundwater discharge: 〜0.02 PBq/y
River runoff: 〜0.01 PBq/y

Modified from Buesseler et al. (2017)
The amount of atmospheric deposition and direct release were cited from Aoyama et al. (2016)

Aoyama et al. (2016) J. Oceanogr. 72, 67-76.
Buesseler et al. (2017) Annu. Rev. Mar. Sci. 9, 1.1-1.31.

Dispersion of radioactive cesium as surface water
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Dispersion of radioactive cesium as surface water
Radioactive Cs had been dispersed eastward in the north area of Kuroshio Extension
Heterogenic spatial distribution (blue arrows) was
observed around the sub-meso scale eddies
separated from Kuroshio Extension (red arrows)

Background level (< 2.0 Bq/m3)
Kaeriyama et al. (2013) Biogeosciences, 10, 4287-4295.
Kaeriyama (2017) Fish. Oceanogr. 26, 99-113.

Data: Kaeriyama et al. (2013), Kaeriyama (2017)

Intrusion of radioactive cesium in the ocean interior
We found subsurface peaks of Fukushima-derived radioactive
cesium in the subtropical region of the North Pacific in 2012

Subtropical mode water: 25.0–25.6 σθ
Central mode water: 26.0–26.6 σθ

Fukushima-derived 137Cs in North Pacific: 15.5–18.5 PBq
137Cs in STMW in Oct–Nov 2012: 4.2 PBq
Kaeriyama et al. (2014) Environ. Sci. Technol., 45, 3120-3127.
Kaeriyama et al. (2016) Sci. Rep. 6, 22010.

Kaeriyama et al. (2014, 2016)

Intrusion of radioactive cesium in the ocean interior

Kumamoto et al. (2017)

Inomata et al. (2018)

(left panel) Fukushima-derived Cs in the STMW was spread in the subtropical and
tropical region between 2012 and 2014
(right panel) The part of radioactive cesium in STMW (~5% of STMW Cs) had been
transported to the East China Sea and Japan Sea during 2014-2016
Kumamoto et al. (2017) J. Radioanal. Nucl. Chem., 311, 1209-1217.
Inomata et al. (2018) Ocean Sci. 14, 813-826.

Inventory of 137Cs in the North Pacific Ocean
(based on Aoyama et al., 2021)

Fukushima-derived 137Cs in the North Pacific
15.5-18.5 PBq (Aoyama et al., 2016)

Surface water and CMW (Inomata et al., 2018)
STMW (Kaeriyama et al., 2016)

Aoyama et al. (2016) J. Oceanogr. 72, 67-76.
Aoyama et al. (2021) Virtual poster session at Fukushima and the Ocean: 10 years of study and insight
https://cmer.whoi.edu/10-years-of-study-and-insight/virtual-poster-session/what-happened/michio-aoyama/
Inomata et al. (2018) Ocean Sci. 14, 813-826.
Kaeriyama et al. (2016) Sci. Rep. 6, 22010.

Radioactive cesium in coastal area off Fukushima

FRA
monitoring

Kaeriyama (2017)

p A rapid decrease of 137Cs had been observed during the first 6 months
p The concentration of 137Cs had been decreased from coast area to offshore
p In the coastal area, strong heterogeneity had been observed associated with
distance from the FNPP
p This heterogenic distribution had been disappeared with time
Kaeriyama (2017) Fish. Oceanogr. 26, 99-113.

Coastal area off Fukushima (weekly sampling at Onahama)
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The remarkable increases at Onahama station (with different sources)
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Early phase (from FNPP)

Winter season (2013-2014)
Strong southward wind due to the winter bomb
cyclone brought high concentration water near
the FNPP with less dilution (Yagi et al., 2015)
Yagi et al. (2015) Impacts of the Fukushima Nuclear Accident on Fish and Fishing Grounds, 77-89.
Takata et al. (2020) Environ. Sci. Technol. 54, 10678-10687.

Recent phase (from land)

Summer season (2019)
Desorption from suspended particles
loaded from land due to the heavy rain
with typhoons (Takata et al., 2020)

Concluding remarks
p During 10 years from the accident of the Fukushima Dai-ichi nuclear power plant
(FNPP), the dispersion patterns and spatiotemporal changes in radioactive Cs in
seawater had been well monitored and documented
p The concentrations of 137Cs in fishery products followed the decrease of those in
seawater especially during two to three years from the accident
p In the surface water, Fukushima-derived radioactive Cs dispersed eastward in
the northern area of Kuroshio Extension
p The formation of mode waters resulted in the intrusion of Fukushima-derived
radioactive Cs into the ocean interior
p In the coastal area, large spatiotemporal changes were observed around FNPP

The fisheries in the Fukushima prefecture are still struggling with a rumor
without the scientific facts.
To overcome reputational damage, we will continue monitoring the
radionuclides not only in the fishes but also the environment such as seawater
and sediment near the coast of Fukushima and adjacent prefectures.

