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Preface

This book is based on the results of studies on artificial radioactivity published by seven Japa-
nese scientists who have been investigating artificial radioactivity in the marine environment
following the accident at the Fukushima Dai-ichi Nuclear Power Station, FINPS, of Tokyo
Electric Power Company in March 2011. We agreed to summarize the knowledge obtained
from multiple fields and describe the results of discussions among the authors in eight chapters.

During the 10 years since the accident, approximately 300 articles have been published on
the behaviour of artificial radioactivity in the marine environment. Although these articles cov-
er individual issues, a compilation of scientific findings from the perspectives of oceanography,
geochemistry, and environmental radioactivity may not be available. Therefore, we explicitly
integrated the findings of oceanography and marine biology and presented novel discoveries in
the post-accident research. Furthermore, not only the research results clarified in the past pa-
pers, but also the data including the very latest are used, and the extension of the findings or new
findings obtained as a result of the discussion is also described in this book. Additionally, we
also presented what issues remain for future study.

Among the artificial radionuclides released in the accident, the main target nuclide dis-
cussed in this book is radiocaesium. In addition, the primary subjects of discussion are the ra-
dionuclides dissolved and in particulate form in seawater, in sediments and interstitial waters,
and in marine biota. The results of research using the ocean general circulation model are also
presented.

Similar to the many nuclear plants worldwide, the Fukushima Dai-ichi Nuclear Power Sta-
tion is located on the coast for the intake of cooling water for the reactor. A correct understand-
ing of how artificial radionuclides behave when they are released into the ocean during an acci-
dent or planned release is important for the national and international nuclear policymakers,
radioactivity monitoring organizations, marine environment monitoring organizations, and re-
searchers of the marine environment. We believe that this book will be useful for that purpose
as well.

The authors are indebted to numerous colleagues for sampling and analysing seawater, sed-
iment, and biota samples after the FINPS accident. The authors are also indebted to numerous
colleagues for joint studies on radioactive materials released from the FINPS accident.

First, we would like to thank Yasunori Hamajima, Mitsuo Uematsu, Toshitaka Gamo,
Takashi Ishimaru, Masatoshi Yamada, and Jota Kanda.

MA thanks the captains of the container ships who collected 289 seawater samples from the
North Pacific in 2011 and 2012. MA also thanks to the captains and crews of the research ves-
sels belonging to the Japan Meteorological Agency (JMA), The University of Tokyo, and Japan
Agency for Marine-Earth Science and Technology (JAMSTEC). MA further thanks Yukiko

Suda for preparing several figures for this book and Michiyo Suwada and Naoko Otani for
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preparing and publishing the datasets used by MA in this book.

HK appreciates the captains and crews of R/V Soyo-maru and R/V Wakataka-maru (Fisher-
ies Research and Education Agency) and R/V Shoyo-maru (Fisheries Agency of Japan) for their
support with sampling. HK would also like to take this opportunity to thank Drs. T. Morita and
T. Ono, along with the members of the Marine Environment Division (Japan Fisheries Research
and Education Agency), for years of collaboration and advice. HK further thanks Drs. Shigeho
KAKEHI, Kazuaki TADOKORO, Yuji OKAZAKI, Akira KUWATA, and Hiroyuki TOGASHI
for their support with sampling in Sendai Bay. HK also thanks members of Fukushima Prefec-
tural Fisheries and Marine Science Research Centre for collecting seawater samples at Onaha-
ma as a joint research program with the Fisheries Research and Education Agency.

SO thanks the members of the Nuclear Science and Engineering Center (Japan Atomic En-
ergy Agency) and Atmosphere and Ocean Research Institute (The University of Tokyo), espe-
cially Drs. Takuya Kobayashi, Hideyuki Kawamura, Takashi Suzuki, Yuki Kamidaira, Ha-
ruyasu Nagai, Orihiko Togawa, and Hajime Obata for their support in summarizing Chapter 6.
SO also thanks to the captains, crews, and participants of 20 cruises of R/V Shinsei-maru, R/V
Hakuho-maru, R/V Tansei-maru, R/V Mirai, R/V Soyo-maru, T/S Umitaka-maru, and R/V
Seikai for collecting sediment samples from 2011 to 2020. These cruises could not have been
done without support of Drs. Jun Nishikawa, Yoshihisa Kato, Hisashi Narita (Tokai Univ.), Jing
Zhang (Univ. Toyama), Makio C. Honda (JAMSTEC), Daisuke Ambe (Japan Fisheries Re-
search and Education Agency).

YT thanks Dr. Yasunori Hamajima, Dr. Jota Kanda, Dr. Takashi Ishimaru, Dr. Tatsuo Aono,
Dr. Daisuke Tsumune, Dr. Hyoe Takata, and Dr. Jun Nishikawa for cooperative research of
marine radioecology after the Fukushima accident. The authors also thank the captains and
crews of research cruises UM-13-05 of Umitaka-Maru, SY-13-10 of Shinyou-Maru (Tokyo
University of Marine Science and Technology), KS-18-12, KS-20-17 of Shinsei-maru (Japan
Agency for Marine-Earth Science and Technology), and fishery vessel Koumei-Maru (Iwaki
Fishery cooperative). YT is grateful for sub-sample supply, technical and facility cooperation
from the Tokyo Electric Power Company, Fukushima Prefectural Fisheries and Marine Science
Research Centre, and Low Level Radioactivity Laboratory of Kanazawa University.

DT offers thanks to Takaki Tsubono, Kazuhiro Misumi, Yutaka Tateda, Katsumi Hirose,
Hiroshi Hayami, Yasushi Toyoda, Yuichi Onda, Mitsuo Uematsu, Takashi Ishimaru, Jota Kan-
da, Yoshiaki Maeda, Yoshikatsu Yoshida, Yukio Masumoto, Frank O. Bryan and Keith Lindsay
for their collaboration. DT also thanks Fukiko Taguchi, Ryosuke Niwa, Kaori Miyata, and
Mitsuo Yamamoto for assistance with the numerical simulations on the supercomputing system
in CRIEPIL.

MA acknowledges the research fund support “radioactive survey a research fund (Housha-

nou-chousa-kenkyuhi, FY1997-2014) from the Ministry of Education, Culture, Sports, Science



Radionuclides in the Marine Environment vii

and Technology (MEXT), Japan, and J-RAPID fund by Japan Science and Technology Agency,
entitled “Investigation and Prediction of Impacts of The 2011 off the Pacific coast of Tohoku
Earthquake on Marine Environment, FY2011-2012,” and a grant-in-aid for Scientific Research
(A) (No. 23253001) from MEXT.

Y1 was financially supported by a Grant-in-Aid for Scientific Research on Innovative Areas,
“Interdisciplinary study on the environmental transfer of radionuclides from the Fukushima
Dai-ichi NPP Accident” (Project No. 25110511), by MEXT. This research was also supported
by a cooperation program of the Institute of Radiation Emergency Medicine, Hirosaki Univer-
sity (JEY2016, 2017, 2018). This work was also supported by Environmental Radioactivity
Research Network Centre (F19-02, F20-08, F21-18).

HK was financially supported by the Fisheries Agency, Ministry of Agriculture, Forestry
and Fisheries, Japan.

SO was supported by the joint research program of the Institute for Cosmic Ray Research
of the University of Tokyo and the Environmental Radioactivity Research Network Center
(F19-48 and F20-50).

YT acknowledges the research funds from JSPS KAKENHI Grant-in-Aid Research
17K 07895, Scientific Research on Innovative Area 2411005, ERAN HF-18-12, F-19-46, F-20-
58, and F-21-32 of Environmental Radioactivity Research Network Centre, the Environmental
Research Fund Sumitomo, and the in-house research fund of the Central Research Institute of
Electric Power Industry.

DT was financially supported by a Grant-in-Aid for Scientific Research on Innovative Ar-
eas, “Interdisciplinary study on the environmental transfer of radionuclides from the Fukushi-
ma Dai-ichi NPP Accident” (Project No. 25110511) and the in-house research fund of the Cen-
tral Research Institute of Electric Power Industry.
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