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FOREWORD

In 2020, we have been experiencing an era of the historical pandemic, COVID-19. Hence, the 6"
[ER Annual Symposium (2019/2020) scheduled in March 2020 had to be canceled. This year, we
were preparing to hold it both online and offline with a limited number of participants. However, we
decided to hold it online only, considering that the infection has spread nationwide and in Fukushima
City, causing a critical situation in medical care systems.

The Institute of Environmental Radioactivity (IER) established the “Advisory Board Committee”
for having external evaluations on the IER's overall research activities, and invites four experts as
members. Normally, the committee members participate in the annual symposium and advisory
board meeting in person, and provide their advice and suggestions. We are making good use of them
for our activities and management. For their remote participation this year, since the committee
members live in the UK, Germany, Russia, and Japan and there are time differences, we decided to
have them watch the symposium recordings rather than attend in real time. Then they will give us
advice in the online advisory board meeting scheduled on March 24.

In Fukushima prefecture, there were some progress last year in post-accident responses. By
April 2020, the evacuation order has been lifted in the evacuation order cancellation preparation
zone in Futaba town and it has been partially lifted in the difficult-return-zone in Futaba, Okuma,
and Tomioka towns. Also the access restrictions have been relaxed in the Specified Reconstruction
and Revitalization Base in Futaba and Okuma towns. Although having been behind the schedale
due to COVID-19, the “Great East Japan Earthquake and Nuclear Disaster Memorial Museum” and
“Futaba Town Industrial Exchange Center” were opened in Futaba Town in the fall. Furthermore,
the Nuclear Emergency Response Headquarters provided guidelines for land use outside the
Specified Reconstruction and Revitalization Base. Ten years have passed since the accident and the
progress has been made toward recovery and reconstruction on one hand, but on the other hand,
some continuous issues and challenges are being tackled, including restoration of contaminated
environment and the decommissioning of the Fukushima Daiichi Nuclear Power Plant.

The field research activities in Fukushima have been carried out without major restrictions due
to COVID-19, since they are conducted in a natural environment. This seems to be true for other
research institutes, there are many poster presentations today consequently. In addition to the annual
symposium, we hold the IER dialogue meeting about three times a year. Despite the difficult situation
of this year, we hosted two dialogue meetings with the cooperation of local people who helped our
research and Naraha Junior High School. We are very grateful that we had such opportunities to
directly hear the frank opinions and questions regarding the interpretation of research results, as
well as ideas for future research plans. We also held a special seminar with students of Fukushima
University and National Institute of Technology, Fukushima College, at the Great East Japan
Earthquake and Nuclear Disaster Memorial Museum, immediately after its opening in early October.
We have tried to hold such event face-to-face as much as possible if circumstances permit, with

taking all possible measures to prevent the spread of infection.
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At Fukushima University, the classes in the spring semester were conducted online only, and in
the fall semester starting in October, in-person classes were resumed with avoiding crowds and
continued to the end of December. However, at the end of the year, the cases were growing among
students and spreading in Fukushima City, and the classes have been conducted online again since
January.

Collaborative researches with overseas researchers have not progressed as planned after travel
began to be restricted around the world due to COVID-19. The SATREPS Chornobyl project, which
will reach the final year of its original five-year plan in 2021, has also been significantly affected.
In March 2020, the local coordinator, who was stationed in Ukraine to take charge of various
arrangements and collecting information, received an evacuation recommendation and decided to
return to Japan temporarily. At the end of April 2020, both parties consulted on the premise that the
travel restrictions would continue and decided that the Ukrainian side would take charge of the most
of the equipment installations, monitorings, analyses, etc., that the Japanese side originally planned
to carry out in Ukraine, and thus the project has been in progress. What makes it possible for us
to deal with the COVID-19 situation is the mutual trust that has been built up since the start of the
project. A year after the outbreak of pandemic, travel restrictions are still in place, but the possibility
of resuming research activities in Ukraine has come in sight.

At the symposium today, the presentations are related to the studies of Chornobyl accident,
centered on the SATREPS Chornobyl project. We hope that this symposium encourages you to learn
about the current state in Chornobyl 35years after the accident from the viewpoint of environmental
radioactivity, comparing with the situation in Fukushima. The cooperative relationship between Japan
and Ukraine began by sharing experiences of the severe nuclear accidents. We both are striving to
disseminate the information, but at the same time, we have a desire to expand our exchange and

partnership that go beyond the environmental radioactivity research.

NANBA Kenji

Director, Institute of Environmental Radioactivity, Fukushima University
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)1l « 78 / Revers and Lakes

R RFR) 2 31T B HKIRE D 12°1 D268
Behavior of '*I in the Abukuma River water during two high-flow events
Mrilge s, AT T #E3E, i, SERE—. AT

Yoshifumi Wakiyama, Masumi Matsumura, Tetsuya Matsunaka, Shigekazu Hirao, Kimikazu Sasa

FBEBE TSN T T N— R 2 AV S AHEE T OREME 1YCs BB LUK AME
2B D 7Cs i H B EE DO FFA

Evaluation of soluble '*’Cs in sediment using a nonwoven fabric impregnated with Prussian blue
copper analogue

IR, RERVE. Ko BRI, SRR

Hideki Tsuji, Tetsuo Yasutaka, Yasumi Yagasaki, Hironori Funaki

RIFHICI T B RFE - ERLEFELE AWZABEOEME L 19Cs B E DR

Relationships between fish food habits and '¥’Cs concentration using carbon and nitrogen stable
isotope ratios at Lake Hibara
FEARMBEL . AT, SFAMT

Yuto Funaki, Hiroki Nakakubo, Wataru Teramoto

KENARIZEBT S & Z LEDF < A D 3Cs FRE DR
Decreasing tendencies of '¥’Cs concentrations in Masu Salmon in a river and a dam lake in Ota River
system

FEARMEES . RO, AHRETF. e, BEE . R, PR
Yuto Funaki, Toshihiro Wada, Yumiko Ishii, Seiji Hayashi, Kenji Nanba, Tatsuma Sato, Wataru Teramoto

I8 Y HIR D)2 B0 D HKRED ¥Cs BB

Dynamics of riverine '*’Cs during high-flow events in Hamadori area

B, Ml sl m R, B, 0 =2, Alexei Konoplev

Takuya Niida, Yoshifumi Wakiyama, Hyoe Takata, Kazuki Fujita, Keisuke Taniguchi, Alexei Konoplev___

IR I 1T 2 BRYetk D= DM I 1T D 1¥7Cs BhRE

The dynamics of 3’Cs in a pond of urban area after decontamination

RRRIA, R, R, BEEGR . fmEs, Bt

Honoka Kurosawa, Misaki Usuki, Shota Moritaka, Kenji Nanba, Toshihiro Wada, Yoshifumi Wakiyama__
BE R ORI 31T 2 Wi H L8 R O K PR BRI 7 0 '7Cs YR & fR3R - EFR D BMF
Relationship among '3’Cs concentrations, carbon and nitrogen in eroded sediments and suspended
particles in the Kuchibuto River basin, Fukushima Prefecture

MR, @ity A oEe, BEs—

BHREKIBIZRBT B HEEES 7LD T T v 7 ADHE

Estimation of radiocaesium flux discharged from the forest catchment

BEFIRME, MARALR, &R, @B, IRE2, A e, (LEH

Tatsuo Aono, Shota Kambayashi, Hiroki Hamajima, Hiroyuki Takahashi, Shinnosuke Yamazaki, Misturu
Yamamura, Yutaka Yamada

BEE-RFAREHERC L ZBRROBEE U LA OBITIC L 2RERIE &£ DEKF
Environmental recovery and its factors due to terrestrial radiocesium migration caused by the
Fukushima Daiichi Nuclear Power Plant accident

BHEHB—, SO, S, iglse, &, BilsEs

Yuichi Onda, Keisuke Taniguchi, Kazuya Yoshimura, Hiroaki Kato, Junko Takahashi, Yoshifumi

BERAC-DHAEL I CHETRARICL S a4 L XU T TORPEES Y ABFERA I =X
I DE

Radiocesium contamination mechanisms for common and silver crucian carp examined by pond
surveys in Fukushima Prefecture and a rearing experiment

WERE, JE RREE . PRI, Mea R B, EEEGK . i HEGR

Misaki Usuki, Yuki Inoue, Tomomi Yanagita, Keiichi Sasaki, Masamune Endou, Kenji Nanba, Toshihiro
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BTEFR) 31T BHJIAKD Cs-137 WEEDZHiME L £ DER

Factors controlling seasonal fluctuation of Cs-137 concentration in Abukuma River waters
AN, IHEEERS, FmEde, Gk

Shota Moritaka, Yasunori Igarashi, Toshihiro Wada, Kenji Nanba
RERR BRI 25 < FTRIR) IR 36 1) 5 DA EE R D FFAM
Evaluation of sediment production in Abukuma River basin due to rainfall sensitivity
Edea Loa, JIIE7E
Edea Loa, Seiki Kawagoe

YBEE / Oceans
BEEBREBRICEITAEEL D 37Cs R L REEER & o BE

Relationship between *’Cs concentration and heavy rainfall events in coastal sediment off
Fukushima
RARFIRRR, HEARBZZ, REFFEM, SPR R, = —

Shotaro Suzuki, Masahiro Enomoto, Yosuke Amano, Yoshiaki Morioka, Kyoichi Kamiyama

RRENRBFE—RRBEFRIHRT DL VU ADILRFHETD 10 £ DZEH)

Ten years behavior of radiocaesium derived from TEPCO Fukushima Dai-ichi Nuclear Power Plant
in the North Pacific Ocean

T ILER
Michio Aoyama

BEFRBE 7 2 OEEE vy AREDKTICE X 58

Effect of growth dilution on radiocesium concentration in Japanese flounder

ARHMER, gnART—, DR LR

Takahiro Moriguchi, Syoichi Suzuki, Yuko Ito, Masanobu Kikuchi ..

BEMPPOFEINIBFHEE VY AREOBNS T 7 MRy MRBHZOWT

On plankton-net samples with high radiocesium concentration collected off Fukushima Prefecture
PRHERER, JHEAONE, AhulE, FERME, REVEL, SoRFIRRR, M= — BEE . FnH
W, mm A, SO, R R

Jota Kanda, Yukari Ito, Takashi Ishimaru, Tatsuo Aono, Yousuke Amano, Syoutaro Suzuki, Kyouichi
Kamiyama, Kenji Nanba, Toshihiro Wada, Hyoe Takata, Hikaru Miura, Daisuke Tsumune

FEHEXR « 2% / Ecosystems and Effects

=7 Y O VCs BIRRIZEET 5 TRRE

Preliminary investigation on '¥’Cs migration into Japanese chestnuts
VERRST . B F R, R e il

Mamoru Sato, Daisuke Takata, Kenji Ohse

NV OFHRREECHT 2 XBBLO MY FULKOEE

Effects of X-rays and tritiated water on the early embryonic development of Xenopus

FEHE, BEMAEUT. B, HETEE, SRR, TR, AER T

Hiroshi Ide, Ryosuke Morozumi, Kohei Tamura, Masataka Tsuda, Atsushi Suzuki, Makoto Nakamura,
Hiroko Ishiniwa

18 B RARITET O 2 ¥ A THICER T 2 KRBEFR YCs OTHRE L ZEMEBMEICRIETE
B

Effects of stemflow and throughfall on downward infiltration and spatial variability of dissolved
137Cs in cedar stands in Namie Town, Fukushima Prefecture

G, INERsLASE, AR, ARET. B —

Hikaru Iida, Hiroaki Kato, Tomoki Shinozuka, Satoru Akaiwa, Yuichi Onda

BRFEREFRD 10 £ 8 OFKICR T 2ASTERITE b 72 5 BEEE T U L OBITRE
Migration of radiocesium in forests by hydrological processes 10 years after the Fukushima nuclear
accident

gL, MREEACHE, Joad, EDE, BUE# —. Zul Hilmi Saidin

Hiroaki Kato, Tomoki Shinozuka, Satoru Akaiwa, Hikaru Iida, Yuichi Onda, Zul Hilmi Saidin
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BERR)IECRIT 2 REDORR ZBEDKNMEL Y U ARE

Radiocesium concentration of two fish species having different feeding habits in Matsukawa-ura
Lagoon, Fukushima Prefecture

SPRR S, WA, EEEflsE, AR, ORE; . REFEIL, SoARFIRRS, FnHEs
Yoshiaki Morioka, Manabu Yamada, Toshiyuki Sato, Haruki Shirato, Akira Matsumoto, Yosuke Amano,
Shotaro Suzuki, Toshihiro Wada

F =) TAVIRFFEOHEMEDITERT 5/ FLIEAE

Fauna of small mammals inhabiting around the low water level cooling pond of the Chornobyl
reactor

A ET . Olena O. Burdo, Denis O. Vishnevskiy, Nataliia K. Rodionova, Nataliia M. Riabchenko,
Alla I. Lypska, #EHa —

Hiroko Ishiniwa, Olena O. Burdo, Denis O. Vishnevskiy, Nataliia K. Rodionova, Nataliia M. Riabchenko,

PEAT—/NVTOD Cs - TOBECRELE 25 AT v TEIEOHRNT
Analysis of step-structure affecting Cs and sediment transport at hillslope scale
RGBS —, WS, ZrEE%, kil

Seigo Fujiwara, Yuichi Onda, Yoshihumi Wakiyama, Toshiaki Anzai, Hiroaki Kato

Uptake of radiocaesium by brown rice from soils and irrigation water
Nguyen Phuong Thoa, Hirofumi Tsukada

IWARBHXIZIS1T SEFD DIF)IA~O LW & & U ABIRICH T 28R/ T7 — 2 Z Ve
BRG:DHE

Impact of decontamination using observational data on sediment runoff from mountain streams to
rivers and cesium dynamics in the Yamakiya area

Hor s, BB wo s, S A

Fumiaki Makino, Yuichi Onda, Kesuke Taniguchi, Sho Iwagami
B A = U REM & B O T IR R R IR O BARRI RSB DR
Evaluation of genetic effects induced by radiation exposure for wild bryophytes
bR, NIERESE A ORI AT A

Yuya Inoue, Emiko Oguri, Hironori Deguchi, Masaki Shimamura

BRERA XTI T 2HEDRP Cs-137 BREDREHIRFHZ/L
Temporal changes in Cs-137 concentrations in plant roots of Japanese cedar forest in Fukushima
Prefecture

AR, e Rk, SfERL. B —

ERIRFEFRR 9 FER DR XHRLBP Cs-137 RESM OREE(L

Nine-year monitoring of the vertical distribution of Cs-137 in soils at two Japanese cedar forest sites
after the FDNPP Accident

FRERL T BIRORE., fex Ak, o & BB —
Junko Takahashi, Daichi Hihara, Takuya Sasaki, Satoshi Igishi, YuichiOnda ...

7 L OBEFZERBAPCR &L LTON—FF T4 <=2 kb7 Y ViR

Exon amplification with loop primers as PCR for detecting gene polymorphisms from the genome
AR T PR AR, ARETE . EEMGR, KET hiRE %

Daiji Endoh, Misaki Tanaka, Mizuki Kubo, Hiroko Ishiniwa, Masanori Tamaki, Manabu Onuma,

ERERIZ I 1T D Bt & U A3 & IR RRR A~ DORE

Relationships of radiocesium contamination between riparian forests and headwater stream
ecosystems

BARST. FIHBUR, SnAMTE ., ARmdR, W, BEIGE

Tsutomu Kanasashi, Toshihiro Wada, Shingo Suzuki, Shota Moritaka, Misaki Usuki, Kenji Nanba
BEEE R ARBR IR DK T 31T D AEREVE & BUNMEE U LD ZRA~DOBAT DFHM

Assessment of rice productivity and radioactive cesium uptake by brown rice in paddy fields where
the evacuation order lifted

EEHI ., EREGRSE, SAEMR., FRkRE

Takurou Kanno, Satoshi Asaeda, Takeshi Sanbonsuge, Takashi Saito
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##I - /24T / Measurement and Analysis

TET I A TRABBLICEET — I A T T —FR—R T RT LD
Introduction of archive soil samples and archiving soil database system
JREFFR, BHFESC

20011 FERRENEEE T HIREFEHRIT L S “Co DHH
Release of °°Co due to the 2011 TEPCO Fukushima Daiichi Nuclear Power Station accident

sl . K AR

BEE~OBREMEE >V L 0OBAT L ER

Transfer and accumulation of radiocaesium in bryophytes

RBUEA-. BEHEEL

Chicko Otsuki, Hirofumi Tsukada

BB MERR XI5 B ZHBEY OB T > 7 ARE L NEBUT < RE

Activity concentration of radiocaesium and internal radiation doses from self-consumed crops
evacuation order cancellation preparation zone

HMEIR T AR

Mihoko Kikuchi, Hirofumi Tsukada,

RKRENBBE-RTFARETERERO BT EHREE VT AT KD EMRER L ZORE
DBk

Studies on the effective dose for public calculated by air dose rate

B, REEEERAS . MO S, IR, WA

Yuya Endo, Yasuhiro Uezu, Tsugiko Takase, Katsuhiko Yamaguchi, Hirofumi Tsukada

WK OB E 23U-2U OWKERT = 7V b L—IF—FIRICmiT 72 U BMEORE
Study on U concentration method for the establishment of 233U-?3U dual tracer for seawater
circulation

BRI, S P, WA, REBFZEAT. LIRERR. KA

Minami Abe, Aya Sakagushi, Noriaki Seko, Hiroyuki Hoshina, Shinya Yamasaki, Keisuke Sueki

TFT1EIZRE / Speciation and Radiochemistry

RRERTRABRK HIZ 31T D FEREAK - MIBUKH VCs JREE & KRBHER

Activity concentration of 1*’Cs in irrigation and pore water collected from experimental paddy field
in Okuma

BRFESC, TR R

Hirofumi Tsukada, Takashi Saito

Evaluating the potential of Erianthus arundinaceus for the management of cesium-contaminated
lands
Ismail M. M. Rahman, Zinnat A. Begum, Hiroyuki Ishiwata, Hiroshi Hasegawa

B TR L 7o TR DR BE & Ut o U A RE DBIfRIE

Relationship between density of soil particles and radiocesium concentration collected in Fukushima
RS Sk, 7 BRiR, RATEAT

Shinya Yamasaki, Hikaru Saito, Keisuke Sueki

Selective separation of rhenium from aqueous matrix using extraction chromatographic resin
M. Ferdous Alam, Kenji Nanba, Yoshiaki Furusho, Ismail M. M. Rahman
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P-42  KREEET DO RS HHEE o ™ A DBIREAZH

The investigation of behavior of radio-cesium concentration in air in Okuma

PR

ShigeKazu Hita0 54
P-43  HHHEBEORTIE T I21—vailkd 2020 £ 4 AOF =V ) 74 ) I AIERIBIC

BT BILKEORE

Simulation study of radionuclide atmospheric transport after wildland fires in the Chernobyl
Exclusion Zone in April 2020

137 - Zra IjERRER

Mykola Talerko, Yasunori Igarashi 55

P-44  Modeling of '¥’Cs and *’Sr concentrations in the Cooling Pond of Chernobyl Nuclear Power Plant
for the periods before and after water level drawdown
Roman Bezhenar, Mark Zheleznyak, Aya Sakaguchi, Kenji Nanba, Toshihiro Wada, Tsutomu Kanasashi,
Volodymyr Kanivets, Gennady Laptev, Oleg Voitsekhovich, Sergii Kireev, DmytroVeremenko,
Oleg Nasvit, Dmytro GUAKOV 56
P-45  Modeling of risks of Pripyat and Dnipro water contamination based on the results of laboratory
studies of water- soluble forms of **Sr at Pripyat River floodplain
Mark Zheleznyak, Sergii Kivva, Oleksandr Pylypenko, Maksim Sorokin, Aleksei Konoplev, Kenji Nanba,
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Behavior of I in the Abukuma River water during two high-flow events
Yoshifumi Wakiyama*!, Masumi Matsumura?, Tetsuya Matsunaka®, Shigekazu Hirao', Kimikazu Sasa’

'Institute of Environmental Radioactivity, Fukushima University, 2Tandem Accelerator Complex, University of Tsukuba, *Institute of
Nature and Environmental Technology, Kanazawa University
*Corresponding author: wakiyama@ipc.fukushima-u.ac.jp

lodine-129 is produced by natural processes and by anthropogenic processes associated with nuclear facilities. For the sakes of radiation
risk management and use for tracing radioiodine, its environmental behavior is important. Comparison with '¥’Cs, whose environmental
behavior has been well investigated, will improve our understanding for environmental behavior of both radionuclides. This study
presents sampling campaigns on the Abukuma River during two high flow events, and discusses riverine '®I behavior based on
comparisons with that of '’Cs. River water samples were taken at the Kuroiwa site, with 2886 ki’ of catchment area and 0.041 Bq nr
2 of mean "I inventory in the catchment, during high-flow events in July and October 2018. Suspended sediment and filtrates were
obtained by decantation and subsequent filtration, respectively. Suspended sediment and filtrate samples were measured for '’I/'*'] ratio
with accelerator mass spectrometer and for '*'I concentration with ICP-QQQ-MS. Mean values of dissolved I concentration and '
concentrations in suspended sediment were 0.11 pBq L and 0.68 mBq kg, respectively. Both '*I concentration in suspended
sediment and dissolved '°I concentration decreased with time in the events. Although the trend of dissolved '*’I was similar to
that of ¥’Cs, '%’I concentration in suspended sediment differed from that of '*’Cs which showed highest concentration at peak
discharge phase. Mean apparent distribution coefficient (Kd) for I was 5.4 103, lower in two order of magnitude than that of
137Cs. Total exportation of I from the catchment during JUL18 and OCT18 were estimated as 1.0 x 10* and 2.3 x 10* Bq,
respectively. Exported '°I in dissolved form accounted for 80 and 27% of total exportations, respectively. These results indicated
an importance of dissolved form for understanding environmental behavior of 1.

Keywords: 1, '¥'Cs, high-flow events, river
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Evaluation of soluble 'Cs in sediment using a nonwoven fabric
impregnated with Prussian blue copper analogue

Hideki Tsuji*!, Tetsuo Yasutaka?, Yasumi Yagasaki®, Hironori Funaki*

'National Institute for Environmental Studies, ?National Institute of Advanced Science and Technology, *National Agriculture and Food
Research Organization, “Japan Atomic Energy Agency
*Corresponding author: tsuji.hideki@nies.go.jp

The applicability of copper-substituted Prussian blue loaded nonwoven fabric (CuNF; 47 mm in diameter, 04 mm thickness) was
investigated to measure the '¥’Cs desorbed from the sediment of a dam lake. An apparatus was made by layering a fine-grained filter of
the same shape (VSWP02500, Merck Co., Ltd; pore size: 0.025 pum) on the CuNF sealing it in a disc-shaped container and contact with
the sediment. In this apparatus, the '¥’Cs in the sediment pore water is transported onto CuNF by molecular diffusion. As a result of the
sediment incubation test with the bottom sediment of Yokokawa dam at 25°C for 48 h in aerobic conditions, 0.5-0.8% of *’Cs in the
sediment was extracted by CuNF. The extraction rate of '3'Cs by pure water (i.e. water-soluble form) at 25°C for 48 h shaking was
0.02%, and that by 1 mol L NH4NO; (i.e. exchangeable form) was 6-11%. These results indicate that a part of the exchanged form of
137Cs in the sediment could be extracted by CuNF. In the next, we made a device with this apparatus installed inside a hollow cylindrical
weight, which was stuck vertically into the lake bottom at the center of the Yokokawa dam in October 2020, and measured the desorbed
137Cs from the sediment after 1 day. As a result, the dissolution flux of '*’Cs from the lake bottom was estimated to be 0.12 Bqm? d.
Separately, the undisturbed columnar sediment samples were brought back to the laboratory and incubated under anaerobic conditions
at 20°C for 7 days, which simulated the summer environment at the center of the dam lake. As a result of this test, the '¥’Cs dissolution
flux from the sediment was 0.85 Bq m? d'. These values were in the same order of magnitude as those estimated from the annual
dissolved ¥'Cs budget of the Yokokawa Dam, suggesting that this apparatus is applicable as a field installation.

Keywords: Prussian blue copper analogue, radiocesium, lake sediment, soluble form, dissolution rate
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Relationships between fish food habits and “’Cs concentration using
carbon and nitrogen stable isotope ratios at Lake Hibara

Yuto Funaki*!, Hiroki Nakakubo!, Wataru Teramoto?

'Fukushima Prefectural Inland Water Fisheries Experimental Station, Fukushima Prefecture Fishery Office
*Corresponding author: funaki yuto 01@pref.fukushima.lg.jp

Previous study has suggested that radiocesium concentrations in freshwater fish depend primarily on what they eat. In order to
understand the transfer of radiocesium in lakes, it is necessary to elucidate the food webs of the lakes. Although food habitat of
fish have been evaluated by the gastrointestinal content analysis, this technique needs the identification of the prey actually
consumed by a fish and provides only a snapshot of its recent diet. In contrast, the analysis of carbon and nitrogen stable isotopic
provides a relatively long-term and temporally integrated measurement of feeding relationships. In this study, to reveal the transfer
of radiocesium to fish in Lake Hibara, the relationship between food habits and '¥’Cs concentrations in fish was examined.
Smallmouth bass, Largemouth bass, masu salmon, white-spotted char, crucian carp, Japanese dace and Japanese barbel (total 43
individuals) were collected by gill nets on June 2019 in Lake Hibara. Carbon and nitrogen stable isotopic ratios and '¥’Cs
concentrations in muscle tissues of fish samples were measured. Fish in the lake were classified into some groups using cluster
analysis based on the rations and *’Cs concentrations. The analysis were performed using Ward’s method with a Euclidean
squared distance metric. As a result, 7 fishes were clustered into different groups according to their eating habits. The fishes with
similar food habits had similar tendencies of '3’Cs concentrations. In addition, several fishes were clustered into the groups which
had eating habits different from conventionally known ones. Furthermore, the cause of this difference will be discussed.

Keywords: lake, carbon and nitrogen stable isotope rations, food habits, *’Cs concentration
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Decreasing tendencies of '¥’Cs concentrations in Masu Salmon in a river
and a dam lake in Ota River system

Yuto Funaki*!, Toshihiro Wada?, Yumiko Ishii®, Seiji Hayashi?, Kenji Nanba®*, Tatsuma Sato', Wataru Teramoto’

'Fukushima Prefectural Inland Water Fisheries Experimental Station, 2Institute of Environmental Radioactivity at Fukushima University,
SFukushima Branch, National Institute for Environmental Studies, “Faculty of Symbiotic System Science, Fukushima University,
SFukushima Prefecture Fishery Office

*Corresponding author: funaki yuto 01@pref.fukushima.lg.jp

Inland fishing grounds are mainly composed of rivers and lakes. Each of these has different ecosystem. Radiocesium released
from the Fukushima Dai-ichi Nuclear Power Plant was transferred to freshwater areas through land areas. Fishes in some lakes
and rivers in Fukushima are listed as restricted foodstuffs for shipment. In order to obtain knowledge for resuming the fishery, it
is important to clarify the transfer process of radiocesium to freshwater fish in lakes and rivers. In this study, decreasing tendencies
of 137Cs concentrations in fish in a river and a lake in the same water system were examined to elucidate the transfer processes
of radiocesium into fish in the different environments. 323 masu salmon were collected during 2017 to 2020 from Dam
Yokokawa and the downstream of Ota river flowing into the dam. 137Cs concentrations of the specimens were measured using
germanium semiconductor detectors. The ’Cs concentrations in masu salmon at both the survey points decreased significantly
over time (R =-0.58,-0.42, p<0.01), but the rates of decrease were different between them (p <0.05, ANCOVA). The decreasing
tendency of the lake was slower than that of the river. In addition, significant difference was found in the total length between
them. It was assumed that masu salmon of lakes and rivers had different life history and morphology.

Keywords: lake, stable isotope rations of carbon and nitrogen, food habits, '¥'Cs concentration
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Dynamics of riverine '*’Cs during high-flow events in Hamadori area
Takuya Niida*!, Yoshifumi Wakiyama?, Hyoe Takata”, Kazuki Fujita®, Keisuke Taniguchi*, Alexei Konoplev?

'Graduate School of Symbiotic System Science and Technology, Fukushima University, *Institute of Environmental Radioactivity,
Fukushima University, *Fukushima Prefectural Centre for Environmental Creation, “Center for Research on Isotopes and Environmental
Dynamics, University of Tsukuba

*Corresponding author: s1972006@ipc.fukushima-u.ac.jp

Previous studies have reported that a large amount of '3’Cs is discharge during runoff events caused by heavy rainfall, and to understand
its dynamics during runoff events is important. In this study, we analyzed '¥’Cs in river water during runoff events. River water was
collected in Niida river (catchment area, 206 km?), Ukedo river (catchment area, 147 km?) and Takase river (catchment area, 262 km?).
InNiidariver, river water was collected during 2016, 2017, 2019, July 14 2020 (2020(D), July 27 2020 (20202)) runoffevents. In Ukedo
and Takase river, river water was collected during 2019, 2020(1), 20202) runoff events. The mean dissolved '*'Cs concentrations were
152,,10.5and 12.6 mBg/L in 2019, 2020(D) and 2020) respectively, in Niidariver, 119.6, 503 and 534 mBg/L in Ukedoriver, 15.5,
13.3 and 15.5 mBg/L in Takase river. The dissolved '*’Cs concentration showed different trends in each catchment and ranoffevent, and
there was no correlation with water quality such as K*. The mean ¥'Cs concentrations in suspended solid were 6.9, 3.9 and 3.6 kBg/kg
in 2019, 20200 and 2020(2), respectively, in Niida river, 45.5, 11.4 and 13.8 kBg/kg in Ukedo river, 5.6, 4.0 and 4.3 kBg/kg in Takase
river. The '*’Cs concentration in suspended solid tended to increase with increase of flow rate, except for Ukedo river which showed
maximum concentration of '’Cs in suspended solid in recession phase of flow events. The specific discharge (discharge ratio) of ’Cs
for each event was 0.12(0.014%), 0.03(0.004%) and 0.07(0.008%) kBg/m? in Niida river, 0.06(0.003%), 0.02(0.001%) and 0.01
(0.0005%) kBg/im? in Ukedo, 0.05(0.007%), 0.01(0.002%) and 0.02(0.003%) kBq/m? in Takase river, river, The Ukedo river showed
lower 3Cs discharge ratio than the Niida river and Takase river, suggesting the captures of suspended solid by Ogaki dam reservoir
located in upstream area.

Keywords: hi-flow event, event, radiocesium, river water, suspended solid
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The dynamics of *’Cs in a pond of urban area after decontamination
Honoka Kurosawa*!, Misaki Usuki', Shota Moritaka', Kenji Nanba?, Toshihiro Wada?, Yoshifumi Wakiyama®

'Graduate School of Symbiotic Systems Science and Technology, Fukushima University, “Institute of Environmental Radioactivity,
Fukushima University
*Corresponding author: s2072001@ipc.fukushima-u.ac,jp

More than 4,000 irrigation ponds used for agricultural activities in Fukushima Prefecture have been contaminated by radiocaesium
released from the Fukushima Dai-ichi Nuclear Power Plant accident. The contaminated pond would cause problems such as (1) increase
of air dose rates around the ponds by water drawdown and (2) prevention of the restart/reconstruction of farming and agricultural
activities. As a countermeasure, the decontamination of ponds has been conducted based on the radiocaesium activity concentration of
the sediment exceeding 8,000 Bg/kgDW or more. Sakabuta pond located in the urban area of Koriyama City was decontaminated by
the sediment removal method in 2017.Bottom sediment, pond water, and inflow and outflow water were collected from Sakabuta pond
in 2015 and from 2018 t0 2020, and the dynamics of '¥'Cs after decontamination are observed to evaluate the effects of decontamination.
The ¥'Cs activity concentration in the bottom sediment and pond water was significantly decreased by decontamination. However, the
37Cs activity concentrations in the top layer of bottom sediment at some points exceeded 8,000 BgkgDW even after the
decontamination. Analyses of particle size distributions of sediments below and above 8,000 Bg/kgDW suggested that the new particles
were deposited after decontamination at the sampling points above 8,000 Bg/kgDW. Since '¥’Cs activity concentrations in suspended
particle in the inflow water sometimes exceeded 8,000 Bq/kgDW, it was considered that a large amount of soil particle would flow into
the pond during the rainfall events, resulting in high concentrations of '¥'Cs in the surface of bottom sediment.

Keywords: ¥'Cs, pond, decontamination
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Relationship among ’Cs concentrations, carbon and nitrogen in eroded
sediments and suspended particles in the Kuchibuto River basin,
Fukushima Prefecture

Kento Yokoo*!, Junko Takahashi?, Keisuke Taniguchi?, Yuichi Onda’

!College of Geoscience, School of Life and Environmental Sciences, University of Tsukuba, “Center for Research in Isotopes and
Environmental Dynamics, University of Tsukuba
*Corresponding author: 1710801 (@s.tsukuba.ac.jp

The ¥’Cs released by the Fukushima Daiichi Nuclear Power Plant accident was deposited in a wide area around Fukushima Prefecture
and still remains there for a long time, while it has been transported to downstream areas in the particulate form. In this study, we analyzed
suspended particle samples collected in monitoring stations along the Kuchibuto River, which has been monitored just after the accident,
and sediment samples collected in soil erosion plots in the Yamakiya area at the head of the Kuchibuto River by normalized 3’Cs
concentration, carbon stable isotope ratio (8C), total carbon (TC), and total nitrogen (TN). In the suspended particles, negative
correlations were found between TC or TN and the maximum daily precipitation or daily flow rate during the sampling period,
suggesting that the source of suspended particles was different depending on the amount of precipitation and flow rate. In the eroded
sediments, we analyzed for each land use and showed positive correlations between normalized '¥’Cs concentration and TC or TN, and
a negative correlation between normalized ¥'Cs concentration and §"C. These suggested that the sediments with higher normalized
137Cs concentration has higher TC and TN and lower 6"°C. Additionally, there was a significant difference in 8*C between farmlands (-
24.52+1.62 %o) and forest (-26.28 = 0.13 %o), indicating that land use at the source area affected the 83C of sediments discharged into
the river.

Keywords: ¥'Cs, wash-off, particulate form, carbon stable isotope ratio (5"*C), land use
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Estimation of radiocaesium flux discharged from the forest
catchment

Tatsuo Aono*!, Shota Kambayashi?, Hiroki Hamajima', Hiroyuki Takahashi', Shinnosuke Yamazaki', Misturu
Yamamura?, Yutaka Yamada!

"National Institutes for Quantum and Radiological Science and Technology, 2Marine Ecology Research Institute, *JJCE
Co., LTD
*Corresponding author: aono.tatsuo@qst.go.jp

A huge amount of radionuclides such as radiocaesium (R-Cs) and radiostrontium were dispersed and deposited
the territorial area such as forest area following the accident at the TEPCO Fukushima Daiichi Nuclear power
Station on March 2011. Since Fukushima prefecture is covered over 70% by the forest area, it is important to
clear the dynamics of R-Cs runoff and estimate the discharged R-Cs flux in the area. Previous results show that
the R-Cs concentrations in river water in summer were higher than these in winter and variations in these were
greatly affected not only by dissolved R-Cs concentrations but also by particulate R-Cs concentrations. The R-
Cs concentrations in the river continues to be more than 10 times higher in the Saruta River than in the Takase
River, but these fluxes suggest that the Saruta River had a small effect on the Takase River. In this presentation,
we report about variations of concentrations and fluxes of R-Cs from the forest catchment to main river and
their factors.

Keywords: forest catchment, radiocaesium, flux
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Environmental recovery and its factors due to terrestrial radiocesium
migration caused by the Fukushima Daiichi Nuclear Power Plant accident

Yuichi Onda*!, Keisuke Taniguchi', Kazuya Yoshimura?, Hiroaki Kato', Junko Takahashi', Yoshifumi Wakiyama®

ICenter for Research on Isotopes and Environmental Dynamics, University of Tsukuba, 2Japan Atomic Energy Agency, *Insititute of
Environmental Radioactivity, Fukushima University
*Corresponding author: onda@geoenv.tsukuba.ac.jp

The Fukushima Daiichi Nuclear Power Plant (FDNPP) accident released the most significant quantity of radiocaesium into the terrestrial
environment since Chemobyl. The detailed river monitoring after the Fukushima Daiichi Nuclear Power Plant (FDNPP) accident over
the last 9 years provides new insight into the link between sediment delivery and radionuclide mobility in the terrestrial environment.
We started sediment and Cs-137 outow from plot scale monitoring (Wakiyama et al., 2019), headwater catchments (Iwagami et al.,
2019), Paddy field (Wakahara et al. 2014). Also, we install river monitoring sites at six sites from June 2011 to quantify radiocesium
fluuxes by measuring discharge and turbidity, and sampling bulk suspended sediment and water. From December 2012, we installation
of a further 24 monitoring sites to give 30 stations in total to cover most of the rivers in an 80-km radius from FDNPP (Taniguchi etal.,
2019).The factors controlling different declining trends between watersheds across the fallout zone were investigated and found that both
radiocesium fluux and the rate of decline in activity concentrations in rivers were an order of magnitude higher than rates measured after
Chemobyl. In Fukushima, the initial fallout and vertical movement of radionuclide in the land and forest, and subsequent transport and
redistribution through hydrological and geomorphological processes in cropland, Urban area, Paddy fieeld, and forested area. Our
finnding revealed that land use is a key control of the sources of suspended particulate matter entering river networks, contributing to
declining rates of radiocesium flux.

Keywords: Cs-137, river, land use, fixation, rate of decline
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Radiocesium contamination mechanisms for common and silver crucian
carp examined by pond surveys in Fukushima Prefecture and a rearing
experiment

Misaki Usuki!, Yuki Inoue?, Tomomi Yanagita”, Keiichi Sasaki®, Masamune Endou?, Kenji Nanba', Toshihiro Wada**

'Graduate School of Symbiotic System Science and Technology, Fukushima University, 2Faculty of Symbiotic System Science,
Fukushima University, *Fukushima Inland Fisheries Experiment Station, “Institute of Environmental Radioactivity, Fukushima
University,

*Corresponding author: t-wada@ipc.fukushima-u.ac.jp

After the Fukushima Daiichi Nuclear Power Plant (FDNPP) accident, radiocesium has been detected from bottom sediment and fish in
Fukushima Prefecture. The purpose of this study is to clarify the '¥’Cs contamination mechanisms of cultured common carp in
Fukushima Prefecture. This study has conducted (1) the caging experiments of common carp in a relatively highly contamination pond
in Koriyama City before and after the decontamination, (2) the sampling surveys of fish in a highly contaminated pond (Funasawa) near
the FDNPP, and (3) the rearing experiments using ’Cs containing pellets. We compared the '*Cs concentrations of carp and silver
crucian carp, and also analyzed carbon and nitrogen stable isotopes in muscle tissues. Results from experiments 1 and 2 revealed that
137Cs concentrations of common carp were significantly lower than those in silver crucian carp in Koriyama and Funasawa ponds. The
difference of food origin was supposed by the carbon and nitrogen stable isotope ratios. Apparent biological half -life, biological half-life
of ¥Cs in muscle tissues, and steady-state '’Cs concentration of common carp estimated from the experiment 3 were calculated as 31
days, 75 days, and 323 Bg/kgFW, respectively, while those of silver crucian carp was calculated as 49 days, 66 days, and 95 Bg/kgFW,
respectively, by a one-compartment model considering growth dilution effect. The ratios of steady state '*’Cs concentration (Cs) in
muscle tissues to '¥’Cs containing pellets (Cewer) Were calculated as 1.2 and 0.36 (kg-wet/kg-wet) in common carp and silver crucian
carp, respectively, and were higher in common carp under the same rearing condition. We inferred that the difference of food origin in
addition to '¥Cs concentration of organic and exchangeable matters in prey organisms would cause the different '¥’Cs concentrations in
common and silver crucian carp in cultured and natural ponds.

Keywords: irrigation pond , carp, silver crucian carp , stable isotope , one compartment model
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Factors controlling seasonal fluctuation of Cs-137 concentration in
Abukuma River waters
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Some studies have reported that the radiocesium concentration in river waters showed seasonal fluctuations that increase in summer and
decrease in winter. Reportedly, the radiocesium concentration in river waters is controlled by factors such as water temperature,
coexistence ions and the dissolved organic matter (DOC). However, values of these factors are not necessarily constant and change
depending on the river conditions. In this study, we assessed the factors that control the seasonal fluctuation of radiocesium concentration
in Abukuma river waters. First, we observed suspended and dissolved Cs-137 concentration in river waters with water qualities and
particle characteristics for long-term. Second, we fractionated the river water by flow rate and performed correlation analysis.
Observation have been made once to fifth a month for Abukuma river at the Kuroiwa station of MLIT from March 2012 to
December 2019. Measurements for radiocesium were made for suspended substance collected with continuous centrifuge on
site and for dissolved fraction captured with Prussian-blue cartridge filters. Flow rate range was observed 0.41 —118.96 mm/day.
Based on Japanese river management general indicators, we have defined “‘low discharge fraction (less than 1.15 mnvday )”, “medium
discharge fraction (1.15 mm/day or more, less than 2.39)” and “‘high discharge fraction (2.39 mmy/day or more)”.

The dissolved and suspended Cs-137concentration in Abukuma river waters fluctuated to increase in summer and decreased in winter:
In low discharge fraction, Kq was significantly and negatively correlated with water temperature, K* concentration DOC. Tn medium
discharge fraction, Kqwas significantly and negatively correlated with water temperature. In high discharge fraction, Kq was significantly
and negatively correlated with DOC. Therefore, it was suggested that the adsorption reaction of dissolved Cs-137 became less controlled
by water temperature and K* concentration as the flow rate increased.

Keywords: radiocesium, Abukuma River, seasonal fluctuation, Kg
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Evaluation of sediment production in Abukuma River basin due to rainfall
sensitivity
Edea Loa*!, Seiki Kawagoe?
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The Abukuma River basin is the second-longest river in the Tohoku region with a mixture of steep and flat conditions and historically
damaged by rainfall events of large magnitude. Unpredictable rainfall events will be more frequent due to climate change in the future.
It is crucial to understand factor determining soil erosion for predicting damages by unpredictable rainfall. The Abukuma River basin
has recently endured the Typhoon Hagibis on October 2019. The typhoon has heavily flooded several towns and cities, and may have
caused landslides in the basin. Analyses of spatial distribution of soil erosion by the event offer opportunities for understanding localities
of susceptibility to soil erosion and the factors. In this study, we present estimates annual soil loss in 2019 and soil loss during Typhoon
201919 using the Universal Soil Loss Equation (USLE) model. Rainfall erosivity was calculated based on ramnfall records of
meteorological stations in the basin. The Normalized Difference Vegetation Index (NDVI) obtained by satellite images were employed
for estimating index of vegetation cover against rainfall. By dividing annual potential soil loss by rainfall erosivity factor, four sub-basins
were identified as most affected sub-basins by Typhoon201919. The evaluation outcome on these 4 sub-basin confirms that, apart from
rainfall erosivity, topographical characteristics like the slope angle and the land use or vegetation characteristics play a major role in soil
losses.

Keywords: USLE, vegetation, landuse, landcover, rainfall erosivity, soil erosion, soil protection.
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Relationship between *’Cs concentration and heavy rainfall events in
coastal sediment off Fukushima

Shotaro Suzuki*!, Masahiro Enomoto!, Yosuke Amano', Yoshiaki Morioka?, Kyoichi Kamiyama!

Fukushima Prefectural Fisheries and Marine Science Research Centre, *Fukushima Prefectural Research Institute of Fisheries
Resources
*Corresponding author: suzuki_syoutaro 01(@pref.fukushima.lg.jp

A large amount of radionuclides were released into marine environment by the accident of the Fukushima Dai-ichi Nuclear
Power Plant (FDNPP). Monitoring investigation of radiocesium ('*’Cs) concentration in sediment is important to understand
fishing ground condition for proving the safety and secure of fisheries products. Monitoring investigation showed decreasing
trend of '¥’Cs concentration in coastal sediment off Fukushima but decreasing rate recently showed slowing down. Although
riverine '¥Cs input related to heavy rainfall events is considered to be one of possible factors for this trend, there is no information
about relationships between heavy rainfall events and '*’Cs concentration in coastal sediment. To reveal factor for decreasing
trend of '¥Cs concentration of coastal sediment off Fukushima, we analyzed relationship between heavy rainfall events and '¥’Cs
concentration using precipitation data and monitoring investigation data (May 2011-Mar. 2020) of total eight area off Fukushima.
13Cs concentration of sediment in some area increased ranged from 1.01 to 4.08 times after five months from heavy rainfall
events and there was also relationship between precipitation and ’Cs concentration trend. These results suggested that riverine
137Cs input was one of the possible factors for slowing down of decreasing rate of '*'Cs concentration in coastal sediment off
Fukushima.

Keywords: radiocesium, sediments
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Ten years behavior of radiocaesium derived from TEPCO Fukushima

Dai-ichi Nuclear Power Plant in the North Pacific Ocean
Michio Aoyama*!?
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After the TEPCO Fukushima Dai-ichi Nuclear Power Plant, FNPP1, accident, in the wide area of the western North Pacific Ocean, the
7Cs activity concentrations increased rapidly, afterwards they decreased rapidly, or they were gradually decreasing depending on the
distance from the FNPP1 site. In the adjacent seas of the North Pacific Ocean (the Sea of Japan, the East China Sea and the Bering Sea),
features of temporal variations of *’Cs activity concentrations were different, as delayed increases of 13’Cs activity concentrations were
observed due to advection/transport of water masses from highly contaminated areas with different time scales. The maximum of ¥'Cs
activity concentrations close to the FNPP1 site decreased during 2012-2014 to about 20 kBq m? (in 2015-2016 to 7,000 Bq m and in
2018-2020 to 1,000 Bq m?), while the '3’Cs levels in surface water of the western North Pacific in 2020 have been almost back to pre-
Fukushima values of 1-2 Bq m3. One of the exceptions was the west coast of the North American Continent where ¥’Cs activity
concentration was still about 4 Bq m? in December 2019. In general, the transport processes of FNPP1 derived radiocaesium, **Cs
and '¥'Cs, in the surface layer in the North Pacific Ocean will depend mainly on two current systems — the subarctic gyre and the
subtropical gyre. Regarding the transport of radiocaesium to the East China Sea and the Sea of Japan, a part of the FNPP1-derived
radiocaesium in the STMW moved west and reached the bottom of the North East China Sea (ECS), then the signal abducted to the
surface layer and continued to the Sea of Japan (SOJ). After that the radiocaesium signal returned to the North Pacific Ocean through the
Tsugaru Strait (Inomata et al., 2018). Transport process by the main pathway of subtropical gyre might take too long time when
compared with the short cut pathway to SOJ, as described previously. The observations at Ishigaki Island and Yonaguni Island by July
2020 revealed that the '*Cs/"¥Cs activity ratios increased significantly in 2019 from 0.2-0.3 to around 0.5, similar to '**Cs/ *’Cs activity
ratios observed in SOJ. It can be said that radiocaesium derived from the FNPP1 accident reached Yonaguni Island at the entrance of the
East China Sea after 8 years through the subtropical gyre in a large clockwise circulation (Aoyama et al., in preparation).

Keywords: ¥Cs, radiocaesium, North Pacific Ocean, East China Sea, subtropical gyre
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Effect of growth dilution on radiocesium concentration in Japanese
flounder

Takahiro Moriguchi*!, Syoichi Suzuki?, Yuko Ito*, Masanobu Kikuchi'

!Fukushima Prefectural Research Institute of Fisheries Resources, 2Fukushima Prefectural Fisheries and Marine Science Centre,
SFishery Division, Fukushima Prefectural Government
*Corresponding author: moriguchi_takahiro 01@pref.fukushima.lg.jp

To elucidate dynamics of radioactivity in marine fish, we conducted rearing experiments using juvenile Japanese flounder (Paralichthys
olivaceus) from 2012 to 2014. After the period of radiocesium uptake from seawater or artificial feed in 500-L tank, the same fish were
continuously reared in non-polluting environment. Several fish (5 — 6 inds.) were regularly picked up fiom the rearing tank and the body
size (total length and weight) was measured. After that radiocesium concentration was measured using high-purity germanium (HPGe)
detector. Reportedly, the decreased radiocesium concentration in fish body are influenced by several factors such as excretion of
radiocesium derived fiom osmoregulation, growth dilution effect and physical decay. In our study, to examine the difference in the
contribution among these factors, a half-life of each factor was estimated. The half-life due to growth dilution was shortest, followed in
order by excretion and physical decay. Our results suggest that the growth dilution (> excretion > physical decay) may be main factor
decreasing concentration of radiocesium in early growth stage such as juvenile fish.

Keywords: radiocesium concentration, Japanese flounder, growth dilution effect
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On plankton-net samples with high radiocesium concentration collected off
Fukushima Prefecture

Jota Kanda*!, Yukari Ito', Takashi Ishimaru', Tatsuo Aono?, Yousuke Amano?®, Syoutaro Suzuki®, Kyouichi Kamiyama?®, Kenji
Nanba*, Toshihiro Wada?, Hyoe Takata®, Hikaru Miura’, Daisuke Tsumune®

Tokyo University of Marine Science and Technology, “National Institutes for Quantum and Radiological Science and Technology,
3Fukushima Prefectural Fisheries and Marine Research Centre, “Institute of Environmental Radioactivity, Fukushima University,
3Central Research Institute of Electric Power Industry

*Corresponding author: jkanda (@kaiyodai.ac.jp

Plankton-net samples collected off Fukushima prefecture sometimes show high radiocesium activity even after several years since
1FNPP accident. Because their concentrations were much higher than those of ambient seawater, it was presumed that collected plankton
did not concentrate radiocesium by itself but highly radioactive suspended particles were trapped by the plankton-net. In this study, we
compiled data of radiocesium concentrations of plankton-net samples collected by TEPCO or Fukushima Prefectural Fisheries and
Marine Research Centre periodically after IFNPP accident from fixed stations. Samples with Cs-137 concentration >200 Bg/kg-wet
were often found near INFPP soon after the accident, and those with 100 Bg/kg-wet even after 7 years. Although rare, samples with
>10 Bg/kg-wet were found from stations at dozens of kilometers from 1FNPP after several years. We examined samples with high Cs-
137 concentrations by autoradiography. In most case, 1 to several hot spots with >0.1Bq were observed. While, no hotspot was found
in several samples. It is so far unknown why the Cs-137 concentration is high for those samples.

Keywords: radiocesium, suspended particle, plankton-net sample
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Preliminary investigation on '*’Cs migration into Japanese chestnuts
Mamoru Sato*!, Daisuke Takata!, Kenji Ohse!

'Faculty of Food and Agricultural Sciences, Fukushima University
*Corresponding author: florpomofores2105-1804(@coral.plala.or.jp

Examination 1: ¥’Cs concentration in bur, shell, pellicle and cotyledon with embryo (edible portion) of wild Japanese
chestnuts (Castanea crenata) growing in the Fukushima University campus. Five location was selected for study. Matured
cupules dropped from adult tree at two to four locations from 2016 to 2018 were collected. In 2020, Matured cupules were
collected at five locations. '¥'Cs concentrations in each part were measured after drying at 80°C. As a result, measured values of
137Cs concentration in edible portions collected in 2020 were from 7.1 to 40.2 Bg/kg DW except of one location. However, 234
Bg/kg DW was detected in edible portions at the other one location where the tree recorded higher concentration than 200 Bq/kg
DW also in both 2017 and 2018. Only at the location where the soil was dressed, '*’Cs concentration in edible portions decreased
with time due to the one-component exponential function, and the effective half-life was 2.8 years. Examination 2: The
migration rates into each part of cupule of Japanese chestnuts cultivar ‘Tanzawa’ via bark of fruiting mother shoots.
One ‘Tanzawa’ tree (over 30 years old) planted in an orchard in Arai, Fukushima City was used for the study. Seven fruiting
mother shoots were randomly selected and 1 mL of dissolved '¥Cs solution (8.53 Bg/mL) extracted from moss was pasted over
bark with writing brush on April 16 and 17 in 2020 prior to sprouting. Flowering spikes and matured cupules were collected.
137Cs concentration was measured in the same way as Examination 1. The difference in '’Cs concentration between the treated
and untreated shoots was multiplied by weight to obtain the amount of absorbed '¥’Cs, and the percentage of the amount of
absorbed ¥’Cs to the amount of attached '*’Cs was represented as the migration rate from bark of the treated shoots. As a resullt,
the migration rate from the bark of the fruiting mother shoot prior to sprouting was 2.0 = 0.8% (mean + SD) into the flower
spikes and 0.41 + 0.41% into the edible part of the matured cupules. In addition, it was found that the '¥'Cs concentration ratio
between bur, shell and edible part was 2.2: 0.8: 1.0 for wild chestnut and 2.1: 1.1: 1.0 for “Tanzawa’.

Keywords: ¥'Cs contamination prior to sprouting, chestnut trees in the Fukushima University campus, '’Cs migration rate, cupules
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Effects of X-rays and tritiated water on the early embryonic development
of Xenopus

Hiroshi Ide*!, Ryosuke Morozumi', Kohei Tamura', Masataka Tsuda', Atsushi Suzuki?, Makoto Nakamura?, Hiroko Ishiniwa?

'Program of Mathematical and Life Sciences, Graduate School of Integrated Sciences for Life, Hiroshima University, 2Amphibian
Research Center, Hiroshima University, 3Institute of Environmental Radioactivity, Fukushima University
*Corresponding author: ideh@hiroshima-u.ac.jp

It is important to assess the biological effects of radioactive material that was anthropogenically discharged to the environment on the
ecosystems. Here we analyzed the effects of high dose-rate radiation (X-rays) and low dose-rate radiation (tritiated water) on the early
development of Xenopus tropicalis embryos. Xenopus embryos were irradiated with X-rays (1.46 Gy/min) at the early blastula stage (4
h post fertilization (hpf)) or gastrula stage (7 hpf). The survival and developmental abnormalities of embryos were analyzed at the late
tailbud stage (48 hpf). The survival and abnormalities of embryos were decreased and increased, respectively, with increasing radiation
doses. The effects on survival and abnormalities were more prominent for early blastula embryos than for gastrula embryos. The survival
and abnormalities of early blastula embryos were 0% and 100%, respectively, with 5 Gy of irradiation. The early blastula embryos were
incubated in a 0.1x MMR solution containing tritiated water (0.37 kBg/ml-37 MBg/ml) until the late tailbud stage (incubation period =
44 h). Tritiated water emits low energy beta particles. The dose rates and total doses of the tritiated water used here were 0.00002-2
mGy/min and 0.0000535-5.35 Gy (44 h), respectively. However, none of these treatments including the highest dose (5.35 Gy) resulted
ina decrease in viability or an increase in developmental abnormalities. It is possible that DNA lesions produced by tritiated water (low
dose-rate radiation) were efficiently repaired in embryos.

Keywords: Xenopus, early development, radiation effect, low dose-rate irradiation
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Effects of stemflow and throughfall on downward infiltration and spatial
variability of dissolved *’Cs in cedar stands in Namie Town, Fukushima
Prefecture

Hikaru Iida*!, Hiroaki Kato?, Tomoki Shinozuka?, Satoru Akaiwa 3, Yuichi Onda?

'Degree Programs in Life and Earth Sciences, University of Tsukuba, Center for Research in Isotopes and Environmental Dynamics,
University of Tsukuba, *School of Life and Environmental Science, University of Tsukuba
*Corresponding author: s2021092(@s.tsukuba.ac.jp

Stemflow and throughfall are the main pathway for water and dissolved substances to enter the forest floor. Especially, stemflow is said
to affect the water cycle in the forest through the concentration of rainwater containing high concentrations of dissolved substances into
the soil and the preferential flow along the tree root, but these processes are still unclear. In addition, there have been few studies on the
accumulation of radiocesium derived from the Fukushima nuclear power plant accident around tree, focusing on soil infiltration water:
In this study, the concentration of dissolved '*’Cs was measured in a cedar forest in Namie Town, Fukushima Prefecture, by collecting
infiltration water using a zero-tension lysimeter near the trunks (Rd) and between trees away from the trunks (Bt). As a result, the
cumulative dissolved ¥’Cs flux was 1.8 times higher at 5 cm depth and 3.4 times higher at 20 cm depth in the Rd site. Next, at one of
the Rd and B, a tray was installed directly above the zero-tension lysimeter to intercept throughfall, and they were observed. As a result,
the amount of infiltration water at Rd was almost unchanged before and after the experiment, but Bt-5 cm depth decreased. This suggests
that the infiltration at Rd is largely maintained by stemflow regardless of throughfall. On the other hand, concentration of dissolved ¥'Cs
n infiltration water decreased at 5 cm depth, and throughfall was higher than the weighted mean of the entire stemflow, and the flux was
higher than the mean of throughfall in the stand. This indicates that the infiltration flux of rainwater and dissolved '*’Cs are larger at the
Rd, where the effect of stemflow is large. However, the flux at places where high concentrations of throughfall is also large.

Keywords: radiocesium, stemflow, throughfall, infiltration water, Fukushima Dai-ichi nuclear power plant accident
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Migration of radiocesium in forests by hydrological processes 10 years after
the Fukushima nuclear accident

Hiroaki Kato*!, Tomoki Shinozuka?, Satoru Akaiwa?, Hikaru lida2, Yuichi Onda!, Zul Hilmi Saidin'

Center for Research in Isotopes and Environmental Dynamics, University of Tsukuba, 2School of Life and Environmental Sciences,

University of Tsukuba
*Corresponding author: kato.hiroaki ka@u.tsukuba.ac.jp

In Japan's forests, field data on the distribution and migration of radiocesium deposited by the Fukushima Daiichi Nuclear Power
Plant accident, from the initial dynamics to the distribution in the forest over ten years, have been vigorously collected.
Radiocesium's transfer mechanisms in the forest by hydrological processes and the runoff through the water system were
summarized based on investigations in experimental forests and watersheds in Fukushima Prefecture. Besides, we outlined the
missing links that need to be clarified by re-analysis of existing data and additional experiments based on previous studies on
Fukushima and Chernobyl. Finally, we discussed the direction of future monitoring surveys.

Keywords: Fukushima Dai-ichi Nuclear Power Plant accident, forest, radiocesium
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Radiocesium concentration of two fish species having different feeding
habits in Matsukawa-ura Lagoon, Fukushima Prefecture

Yoshiaki Morioka*!, Manabu Yamada', Toshiyuki Sato!, Haruki Shirato!, Akira Matsumoto?, Yosuke Amano?, Shotaro Suzuki’,
Toshihiro Wada*

'Fukushima Prefectural Research Institute of Fisheries Resources, *Fukushima Prefectural Fishery Office, *Fukushima Prefectural
Fisheries and Marine Science Research Centre, “Institute of Environmental Radioactivity, Fukushima University
*Corresponding author: morioka yoshiaki 01@pref.fukushima.lg.jp

Matsukawa-ura Lagoon is a shallow brackish lagoon located in northeastern Fukushima Prefecture. The lagoon is a nursery
ground for various fish species. The objectives of the present study is to elucidate the relationship between radiocesium (**Cs)
concentration and feeding habit in two fish species, grey mullet (Mugil cephalus) and Japanese seabass (Lateolabrax japonicus),
which are typical fish species in brackish waters. From June 2019 to October 2020, grey mullet and Japanese seabass were
collected using 2-m beam trawl, gill net, and cast net in the lagoon. Their total length (TL) and body weight were measured.
Stomach contents were also observed. The '*’Cs concentration in muscle was measured using high-purity germanium (HPGe)
semiconductor detectors. Stomach contents of grey mullet were detritus and eelgrass whereas that of Japanese seabass were
mysid in small size (TL <400 mm), shrimp and crab in large size (TL > 400 mm). The *’Cs concentration in Japanese seabass
(1.17-11.7 Bg/kg-wet) was significantly higher (P < 0.05, Wilcoxon test) than ones in grey mullet (0.97-2.07 Bq/kg-wet). These
results may be related to difference of feeding habit between two fish species.

Keywords: grey mullet, Japanese seabass, radiocesium concentration, Matsukawa-ura Lagoon, feeding habit
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Fauna of small mammals inhabiting around the low water level cooling
pond of the Chornobyl reactor

Hiroko Ishiniwa*!, Olena O. Burdo?, Denis O. Vishnevskiy?, Nataliia K. Rodionova, Nataliia M. Riabchenko?, Alla I. Lypska?,
Kenji Nanba!

'Institute of Environmental Radioactivity, Fukushima University, 2Institute for Nuclear Research, Kyiv, Ukraine, *Chornoby radiation
and ecological biosphere reserve, Kyiv, Ukraine
*Corresponding author: ishiniwa@jier.fukushima-u.ac.jp

The cooling pond (CP) at Chomobyl nuclear power plant in Ukraine, which was constructed to supply cooling water for the reactor,
began to drop water level in 2014. Since the bottom sediment of the CP contains radioactive substances having various physicochemical
forms such as fuel particles, there is concem about the environmental impact of sediment exposure to the ground surface as the water
level drops. The aim of this study is to clarify the effect of lowering the water level of the cooling pond on the small mammal inhabiting
the surrounding area. As the first step, we conducted capturing survey from 2018 to 2020 at 2 sites where the bottom sediment is exposed
in the environment and vegetation succession progresses as test area, and at a pine forest located near CP as a control area. At test areas
where the succession stage is progressing, although there is a site where the population fluctuates more than the control area, the value
of diversity index which indicates the abundance of the community showed high. Since the elevation and sediment type of bottom in
the cooling pond is not constant, one of the possible reasons for the high index value is that the different type of vegetation during various
stage of succession processes appears in amosaic pattem. Our future perspective is to clarify the accumulation of radioactive cesium and
strontium and these effects on rodents.

Keywords: SATREPS, Ukraine, Chomobyl, cooling pond, small mammal, diversity index
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Analysis of step-structure affecting Cs and sediment transport at hillslope
scale

Seigo Fujiwara*!, Yuichi Onda?, Y oshihumi Wakiyama®, Toshiaki Anzai*, Hiroaki Kato?

'Degree Programs in Life and Earth Sciences, University of Tsukuba, Center for Research in Isotopes and Environmental Dynamics,
3Institute of Environmental Radioactivity, Fukushima University, *School of Life and Environmental Sciences, University of Tsukuba.
*Corresponding author: s2021118(@s.tsukuba.ac.jp

This study aimed to investigate '*’Cs and sediment transport processes at the hillslope scale by measuring '*’Cs and sediment
runoff, surface changes, and RFID (Radio Frequency IDentification) tags in soil erosion plots installed in decontaminated and
not-decontaminated areas in Fukushima Prefecture. The USLE erosion plots (5 x 22 m) were installed at decontaminated
hillslope (Yamakiya, Kawamata city) and not-decontaminated hillslope (Date city). Surface runoff and sediment discharge were
observed at the bottom of the plots, and the concentration of '¥’Cs in these samples were measured. Surface changes were
calculated from the 3D data obtained by Unmanned Aerial Vehicle - Structure from Motion (UAV-SfM). During large rainfall
events, surface changes showed a step structure at the top of the rill erosion area, and large sediment discharge was observed.
Shear stress of surface runoff was estimated from the distance of sediment movement with different particle sizes using RFID
tags. In addition, a scraper plate survey was conducted in the step structure areas in the not-decontaminated plot, and sediment
transport and ¥’Cs discharge were analyzed by '*'Cs depth distributions.

Keywords: soil erosion, surface change, UAV-SM., ¥’Cs, decontamination activity
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Uptake of radiocaesium by brown rice from soils and irrigation water
Nguyen Phuong Thoa!, Hirofumi Tsukada*?

!Graduate School of Symbiotic Systems Science and Technology, Fukushima University, “Institute of Environmental Radioactivity,
Fukushima University
*Corresponding author: hirot@jipc.fukushima-u.ac.jp

In order to evaluate the uptake of radiocaesium in rice, it is necessary to estimate two transfer processes with the soil-to-rice and
water-to-rice processes. In this study, we determined the contribution of radiocaesium to brown rice from water by cultivating
rice plants in pots adding soils collected from Odaka. Activity concentration of '*’Cs in soils was 0.43 +0.03 Bq g dw. Activity
concentration of '¥Cs in solution supplied to three pots was 5.6 Bq L™, and tap water (non-'*’Cs) was irrigated to three
comparative pots. Two transfer factors (TF and MB) were determined based on obtained results. TF is '¥Cs activity concentration
inbrown rice (Bq kg™ dw) divided by that in water (Bq L™"). MB is the total mass ratio of radiocaesium in brown rice (Bq) divided
by that contributed from water (Bq) in each pot. Activity concentrations of '’Cs in brown rice supplied with the '¥’Cs water and
tap water were 0.006 +0.002 (n = 3) and 0.002 £ 0.0005 Bq g dw (n= 3), respectively. The contribution of '*’Cs from water to
brown rice was 66%. The TF and MB factors were 0.73 and 0.0005, respectively. Activity concentration of *’Cs in brown rice
collected from the paddy field in Odaka was 0.002 Bq g"! dw. The contribution of *’Cs from water to brown rice in the paddy
field in Odaka estimated with the TF and '¥Cs activity concentration in irrigation water (0.05 Bq L) was 1.6%. The estimated
contribution based on the MB factor, reported total volume of irrigation water supplied to the paddy field (1000 L m?) and yield
of brown rice (0.5 kg m?) was 2.3%. Therefore, the estimated results with two transfer factors are not significantly different, and
the contribution of radiocaesium from water to brown rice in Odaka was negligible.

Keywords: radiocaesium, brown rice, soils, irrigation water
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Impact of decontamination using observational data on sediment runoff
from mountain streams to rivers and cesium dynamics in the Yamakiya
area

Fumiaki Makino*!, Yuichi Onda?, Kesuke Taniguchi?, Sho Iwagami?

'University of Tsukuba Graduate School, 2University of Tsukuba , *Forest Research Institute
*Corresponding author: geo 1 6makino@gmail.com

On March 11, 2011, the accident at TEPCO's Fukushima Daiichi Nuclear Power Station occurred. The accident caused '¥’Cs to diffuse
into the atmosphere. Since ¥’Cs deposited on land are strongly fixed to soil particles, 90% of them are distributed within 5 cm from the
surface soil. Decontamination activities were carried out in Fukushima Prefecture from 2013 to 2015. Topsoil was peeled off from
agricultural land, and debris on the forest floor was removed in forests. Due to the decontamination activities, a lot of sediment began to
flow into the river. The purpose of this study is to determine how decontamination activities in the upstream area (headwater area) affect
the 3Cs concentration in rivers in the Yamakiya area of Kawamata Town, Fukushima Prefecture, based on long-term monitoring from
2013 to 2019. As a survey method, the amount of flowing water and the amount of sediment runoff were determined using a partial
flume, water level gauge, and turbidity meter. Suspended substances were collected with a SS sampler, and after drying, the concentration
of suspended 3’Cs was measured with a Ge semiconductor detector. Also, the information on decontamination provided by Fukushima
Prefectural Environmental Restoration Office was put on a map using ArcGIS, and a decontamination map for each year was created.
The normalized cesium concentration decreased rapidly in 2014 at Mt. Iboishi, which was confirmed to be decontaminated, and the
concentration of cesium did not decrease at M. Ishidaira and Setohachi. It was also found that the river has a cesium concentration in
the middle of the headwater area.

Keywords: Decontamination, Sediment flux, '¥’Cs
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Evaluation of genetic effects induced by radiation exposure for wild
bryophytes
Yuya Inoue', Emiko Oguri?, Hironori Deguchi', Masaki Shimamura*!

!Graduate School of Integrated Sciences for Life, Hiroshima University, Faculty of Education, Tokyo Gakugei University
*Corresponding author: mshima@hiroshima-u.ac.jp

The bryophytes are one of the most widely used organisms for biomonitoring of radioactive contamination due to their small bodies in
direct contact with soil, relatively large surface area, and metal accumulating ability, etc. From the year 2013 to 2017, we investigated
134Cs and ¥'Cs activity concentrations in some bryophytes collected from various sites within ca. 100 km radius of the Fukushima Dai-
ichi Nuclear Power Plant. The radiocesium concentrations in the moss colonies showed a high correlation with either the aerial dose
rates on the date of sampling or the estimated aerial dose rates on the earliest date after the Nuclear Power Plant Accident. In a moss
Calohypmum plumiforme, the maximum radiocesium activity concentrations for '*Cs and '¥'Cs were ca. 60 kBg/kg and 120 kBg/kg.
The bryophytes colonies have been maintained in same habitat through asexual reproduction for many years and they seem to be
exposed to high radiation. From the year 2018 to 2020, to detect the genetic effects of radiation in individual and population-level, we
conducted a genome-wide SNP analysis using Mig-seq for the genome of a moss C. plumiforme and a liverwort Marchantia
polymorpha growing various regions of Japan including Fukushima Prefecture. As a result of the phylogenetic analysis in C.
plumiforme, the samples in Hiroshima City had low genetic diversity and formed a monophyletic group. On the other hand, the genetic
diversity among the samples in Namie Town could be interpreted as being due to migration from other places or radiation effects.

Keywords: bryophytes, biomonitoring, radiation effect, SNP analysis, Calohyprum plumiforme, Marchantia polymorpha
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Temporal changes in Cs-137 concentrations in plant roots of Japanese cedar
forest in Fukushima Prefecture

Satoshi Iguchi*!, Takuya Sasaki ', Junko Takahashi 2, Yuichi Onda 2

ICollege of Geoscience, School of Life and Environmental Sciences, University of Tsukuba, *Center for Research in Isotopes and
Environmental Dynamics, University of Tsukuba
*Corresponding author: s1710755@s.tsukuba.ac.jp

There are little data of temporal changes in Cs-137 concentrations in plant roots although these data set of vertical distribution of Cs-137
in forest soils has been accumulated. Therefore, in the present study, we measured the Cs-137 concentrations in the different size of plant
root in each soil layer collected using scraper plate at Yamakiya site, Fukushima Prefecture. Root samples were picked up in 2 cm
ntervals for a depth of 0-10 cm and 5 cm intervals for a depth of 10-20 cm in 2012, 2015, 2017 and 2020. In addition, exchangeable
cation (Cs-137, Cs-133 and K) in soil samples and Cs-133, K concentrations in root samples were determined in three layers (0-2, 4-6,
10-15 cm).

As results, Cs-137 concentrations in plant roots at different depths ranged from 5 to 2453 Bg/kg and decreased with depth. Cs-137
Concentration Ratio (CR) of soil/root ranged from 0.049 to 0.690, which tended to be higher in deeper layers. On the other hand, the CR
of plant roots in the young cedar forest in 2020 was lower than that in 2017, and there is no tendency to increase with time. A 1:1
correspondence was obtained between the CR of exchangeable Cs-133 and that of exchangeable Cs-137, mainly at 10-15 cm depth.

Keywords: radioactive cesium, stable cesium, root uptake, forest soil, exchangeable potassium
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Nine-year monitoring of the vertical distribution of Cs-137 in soils at
two Japanese cedar forest sites after the FDNPP Accident

Junko Takahashi*!, Daichi Hihara!, Takuya Sasaki', Satoshi Igishi!, Yuichi Onda'

!Center for Research in Isotopes and Environmental Dynamics, University of Tsukuba
*Corresponding author: takahashi.junko.ka@u.tsukuba.ac.jp

After the Fukushima Dai-ichi Nuclear Power Plant accident on March 2011, several studies showed that the
downward migration of '¥’Cs from litter to mineral soil has been more rapid in forests in Fukushima than in
forests affected by the Chernobyl accident. In addition, air dose rates in the forests are strongly affected by the
vertical distribution of '3’Cs in surface soils. Therefore, the downward migration within mineral soil layers is
important for predicting long-term dynamics of '3’Cs in forest ecosystems in Fukushima. In this study, temporal
changes in the detailed vertical distribution of '3’Cs in litter and soil layers for 9 y (2011-2020) at two Japanese
cedar forest sites (Mature Cedar and Young Cedar sites) were investigated in Kawamata Town, Yamakiya district.
The soil samples were taken in 5 mm increments between 0—5 cm, 1.0 cm increments between 5-10 ¢cm, and 5.0
cm increments between 10-20 ¢cm using a scraper plate. The radioactivity of *’Cs in the samples was determined
by gamma-ray spectrometry.

As results of monitoring surveys in 2020, the '*’Cs inventory in the litter was less than 1% of total (litter and 0-
20 cm soil layers) inventory in both mature and young cedar sites, showing that these ratios have exponentially
decreased with time. On the other hand, 50% and 80% of *’Cs inventory still remain in 0-3 cm and 0-6 cm soil
layers, respectively. Relaxation mass depth B, that is the mass depth at which the activity concentration of '*’Cs
at the soil surface decreases to 1/e (= 1/2.7) increased by 0.04 g cm™ (corresponding to about 0.1-0.2 cm) a year,
indicating that downward migration has very slowly occurred within the mineral soil layers.

Keywords: forest soil, scraper plate, vertical distribution
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Exon amplification with loop primers as PCR for detecting gene
polymorphisms from the genome

Daiji Endoh*!, Misaki Tanaka', Mizuki Kubo', Hiroko Ishiniwa?, Masanori Tamaki®, Manabu Onuma®, Nobuyoshi Nakajima*

'School of Veterinary Medicine, Rakuno Gakuen University, ZInstitute of Environmental Radioactivity, Fukushima University,
3Fukushima Branch, National Institute for Environmental Studies, “Center for Environmental Biology and Ecosystem Studies, National
Institute for Environmental Studies

*Corresponding author: dendoh(@rakuno.ac.jp

We have shown that it is possible to analyze genomic polymorphisms by amplicon sequencing in 2019. Although this method
requires a large number of PCRs, we reported that 16-base primers can amplify a small amount of genome. This year, the plan
was to efficiently design primers with artificial intelligence, but the design method was unsuccessful. As an altemative, we found
a nucleotide sequence pattern on the primers that enables highly sensitive amplification. The pattern was that both ends of the
primer form a weak loop of 5 bases. We constructed a program for search this loop sequence on the genome. One hundred and
ten sets of primers were designed based on the search, and 82 sets amplified the genome with high efficiency. From this result, it
was suggested that the PCR using loop primers makes it possible to amplify and analyze a random region of the wildlife genome.
However, in order to target genetic changes, it is necessary to amplify the exon. The frequency of the double-ended loop sequence
was too low for Exon analysis. Those appeared only once in 64 k bases. We designed 5-base linker on 5’-end of the primers
which construct a loop as an alternative for 16-base loop primer. Amplification was shown in the preliminary experiments. We
will report on the Exon amplification of ATM-DNA repair-related gene.

Keywords: amplicon sequencing, single nucleotide polymorphism, Exon PCR, DNA-Repair enzyme
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Relationships of radiocesium contamination between riparian forests and
headwater stream ecosystems

Tsutomu Kanasashi*!, Toshihiro Wada', Shingo Suzuki?, Shota Moritaka?, Misaki Usuki’, Kenji Nanba?

'Institute of Environmental Radioactivity at Fukushima University, 2Faculty of Symbiotic System Science at Fukushima University
3Graduate school of Symbiotic System Science and Technology, Fukushima University
*Corresponding author: tkanasashi@jer.fukushima-u.ac.jp

Allochthonous organic matters are important nutrient source in forested headwater stream ecosystems. This means that it could be
possible to estimate the pollution level of radiocesium in the headwater stream ecosystems from that in the riparian forests, but there is
little knowledge for conditions of radiocesium in the riparian forests. In this study, living leaves of trees, dead leaf litter on the forest floor,
and soil with 5 cm depth were collected from June to September 2020 in the riparian area of 10 headwater streams flowing through the
Nakadori and Hamadori regions of Fukushima Prefecture. Then, ¥'Cs concentrations of them were measured, and relationships
between the three elements were clarified. Furthermore, during the same period, we also collected stream water and two salmonids
species, white-spotted charr and masu salmon, which inhabit in the headwater streams, and measured their '*’Cs concentrations, for
analyzing the relationships of '¥’Cs concentrations in fish and those in the above-mentioned three elements. The '¥Cs concentration (Bq
kg dry weight) was highest in the surface soil, followed by dead leaf litter and living leaves, and positive non-linear relationships were
observed in the ¥Cs concentrations among these three elements. In addition, positive correlations in '*’Cs concentrations among the
three elements and river water or two salmonids species were also found, suggesting the effects of radiocesium contamination of riparian
forests on headwater stream ecosystems. We consider that it could be possible to estimate the pollution level of radiocesium in the
headwater stream ecosystems from that in the riparian forests.

Keywords: Fukushima Dai-ichi Nuclear Power Plant accident, cesium 137, living leaf, litter, soil, salmonid fish
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Assessment of rice productivity and radioactive cesium uptake by brown
rice in paddy fields where the evacuation order lifted

Takurou Kanno*!, Satoshi Asaeda!, Takeshi Sanbonsuge!, Takashi Saito'

'Hama Agricultural Regeneration Centre, Fukushima Agricultural Technology Centre
*Corresponding author: kanno takurou 01@pref.fukushima.lg.jp

The evacuation order for Okuma town, site of TEPCO’s Fukushima Daiichi Nuclear Power Plant, was lifted in 2019 in most
areas. However, there are concerns about declines in crop productivity due to loss of soil fertility caused by decontamination
actions, and about the uptake of radioactive cesium (RC) into agricultural products. To assess the productivity and safety of paddy
rice grown there, we investigated concentrations of RC in rice and soil and yields of rice in two paddy fields in Okawara district,
where the evacuation order was lifted in April 2019, from 2018 to 2020. Concentrations of RC in brown rice were below the
limit for general foods following the addition of KCl at the rate recommended in this region for inhibiting the uptake of RC by
rice. Most rice yields were lower than the pre-earthquake level in Okuma town, which we attributed to low soil temperatures due
to continuous irrigation during the cropping period to counter water leakage from paddy fields, and to the decrease in soil fertility
due to decontamination. Rice plants were also grown in pots in soil from Okawara paddy fields in 3 years, 2018 to 2020, at three
rates of K fertilizer application: 0 g/m?, 10 g/m? (regional standard), and 30 g/m? (regional standard + additional K). Exchangeable
K contents of soil gradually decreased in the pots with 0 and 10 g/m?, and concentrations of RC in brown rice exceeded the limit
for general foods in the pots with 0 g/m? since 2019. The results show that the transfer of RC from soil to brown rice was inhibited
by additional application of KCI, but the exchangeable K content of soil could not be maintained only by application of K fertilizer
at the regional standard rate. In addition, measures to control water leakage from paddy fields and to improve soil fertility are
necessary to restore the productivity of paddy rice to pre-earthquake levels.

Keywords: paddy rice, radioactive cesium, exchangeable potassium contents, yield
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Introduction of archive soil samples and archiving soil database system
Takahiro Tatsuno*!, Hirofumi Tsukada'

!Institute of Environmental Radioactivity, Fukushima University
*Corresponding author: t.tatsuno@jer.fukushima-u.ac.jp

The institute of Environmental Radioactivity at Fukushima University has stored approximately 20,000 archive soil samples
received from Nuclear Regulation Authority which were collected immediately after the Fukushima Daiichi Nuclear Power Plant
accident. We have provided a loan service of the samples since 2019, and used the archive soil database system for further application
of the samples since 2020. The database system consists of two parts: the data set of soil samples collected during the first to seventh
survey, and ARASO (Assessment Database System for Radioactivity in Soil) to view and search the soil data collected since the first
survey onamap. The database system has the functions of calculating the radioactivity concentration in the specified range and searching
for soil samples in order to find the samples appropriated for the research purpose. Furthermore, we plan to add data from future studies
using archive soil samples and new soil samples collected fiom radioactively contaminated areas around Fukushima prefecture as
needed. This system will promote the use of archive soil samples and contribute greatly to research on the fate of radioactive materials
in the environment.

Keywords: archive soil samples, archive soil database system
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Release of ®°Co due to the 2011 TEPCO Fukushima Daiichi Nuclear Power
Station accident

Yusuke Okizawa!, Hirofumi Tsukada*?

!Graduate School of Symbiotic System Science and Technology, Fukushima University, *Institute of Environmental Radioactivity,
Fukushima University
*Corresponding author: hirot@ipc.fukushima-u.ac.jp

Various radioactive materials were released by the 2011 Fukushima Daiichi Nuclear Power Station (FDNPS) accident. It was reported
that “Co, generated from ¥Co by neutron in the cooling water, was detected in the soil collected from Namie in 2015. However, it has
been not clear the distribution and release amount of ®Co in the environment. In this study, “Co in surface soil and humus collected in
Okuma Town and Namie Town, where the deposition of radioactive cesium was relatively high, was measured using archive soil
samples collected around FDNPS and in 2011. Started research for the purpose of verifying the distribution of “Co scattering due to the
2011 accident and predicting the amount of emission.

The samples were collected with a core sampler and were, dried at 50°C passed through a 2 mm sieve. The samples were packed in a
U-8 container and measured for 24,000 to 420,000 seconds with a Ge semiconductor detector. Activity concentration Co was
quantified at 1332 keV. The ¥Co was detected in 8 samples within about 5 km around FDNPS, but not there in other points. The
Inventory of the sampling points ranged from 6.1 to 320 Bq m™, and the ®Co /'¥’Cs activity ratio in the immediate vicinity of FDNPS
averaged 8.7 x 10, The deposition area was 2.5 x 5.5 km around the FDNPS and the amount of Co deposition was 044 GBq. The
amount of cooling water released by the explosion was estimated 150 t of the cooling water using ¥Co activity of concentration (3,000
Bq L™). This study was conducted using archive samples provided by the Nuclear Regulation Authority and managed by the Institute
for Environmental Radioactivity, Fukushima University.

Keywords: neutron activation products, cooling water, ®Co, YCo /3Cs activity ratio
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Transfer and accumulation of radiocaesium in bryophytes
Chieko Otsuki', Hirofumi Tsukada™

'Graduate School of Symbiotic System Science and Technology, Fukushima University, “Institute of Environmental Radioactivity,
Fukushima University
*Corresponding author: hirot@jipc. fukushima-u.ac.jp

Nine years have passed since the accident at TEPCO Fukushima Daiichi Nuclear Power Station in 2011, and the radiocaesium
activity concentration of general higher plants has decreased sharply. However, it has been pointed out that bryophytes have a
higher activity concentration of radiocaesium. In this study, we clarified the relationship between bryophytes collected from the
fields and inventory of the '¥Cs activity concentration in soil. In addition, laboratory experiments were conducted to discuss the
characteristics of radiocaesium transfer to bryophytes.

In the field survey, bryophytes were collected in Aomori, Tochigi, Fukushima, and Nagasaki prefectures. We collected 56 samples
of bryophytes at a square frame with a 9 cm x 16 cm, and 34 samples of soils with a depth of 0-15 cm at a 5 cm core sampler.
The moss Hypnum plumaeforme (Japanese name Haigoke) was found in many collection sites. The collected bryophytes were
washed with tap water to remove adhering soil particles. The '¥Cs activity concentration of bryophytes, soil and humus were
measured with a Ge semiconductor detector. The '¥'Cs activity concentration in bryophytes collected from Tochigi and
Fukushima prefectures showed a high correlation with the '¥’Cs inventory. In the laboratory experiment, a commercially available
Haigoke was used in the experiment with a diameter of about 4.5 cm and a height of about 3.5 cm (dry weight about 1.0 g). The ¥’Cs
solution extracted from fallen leaves in the highly contaminated area and adjusted K * concentrations of 1, 5, and 10 mg L. Haigoke
was soaked in the adjusted solution for 1 hour, washed with tap water for 1 hour after 3 days, and dried after 4 days, and then the activity
concentration of '¥’Cs was measured. Haigoke were cultivated using a artifical chanber ( temperature 20°C, humidity 80%, illuminance
14500 Lx 12 hours on off ). The absorption rate of '3’Cs activity into Haigoke decreased to 87, 66 and 62% with increasing the K*
concentration of the solution.

Keywords: bryophytes, radioactivity concentration, accumulation status, transition characteristics
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Activity concentration of radiocaesium and internal radiation doses from
self-consumed crops evacuation order cancellation preparation zone

Mihoko Kikuchi!, Hirofumi Tsukada*?

!Graduate School of Symbiotic Systems Science and Technology, Fukushima University, 2Institute of Environmental Radioactivity,
Fukushima University
*Corresponding author: hirot@ipc.fukushima-u.ac.jp

Namie Town, designated as an evacuation order zone after the 2011 accident, and residents returned from March 31, 2017. Many
residents in Namie Town cultivate crops for themselves (self-consumed crops) in fields near their homes and vegetable gardens. They
also collect wild plants and mushrooms collected from nearby mountains. In this study, the residents living in Namie Town, provided
self-consumed crops, radiocaesium in the crops was measured with a germanium semiconductor detector. And the internal radiation
doses derived from self-consumed crops were calculated. The activity concentration of radiocaesium in self-consumed crops was 0.2-
53 Bqkg! FW for leaf vegetables, 0.6-2.9 Bq kg FW for fruit vegetables, and 0.2-11.5 Bq kg! FW for loot vegetables. The value of
the cultivated field was much lower than the standard value because decontamination was completed. On the other hand, the wild plants
and fruits that grow in the mountains and forests that have not been decontaminated were 6.0-45.2 Bq kg FW, which is higher than of
the crops in the vegetable garden. The value of rice was halved by polishing brown rice activity concentration of radiocaesium in brown
rice in 10.7 Bq kg! FW and that in polished rice decreased half value (5.0 Bq kg FW). The bran was 77.7 Bq kg! FW, which was a
relatively high value. In the case of adult intake, the internal radiation doses considering the value of radiocaesium in the crops and the
intake amount for each crops species obtained in this study is 0.0071 mSv for polished rice (0.0153 mSv when brown rice is used as a
regular meal), 0.00011 mSv for tomatoes, 0.00008 mSv for cucumbers, and 0.0043 mSv for yuzu. In the future, plan to calculate the
exposure dose according to the local situation, taking into consideration the age, the intake tendency peculiar to the region, and the
cooking process.

Keywords: evacuation order cancellation preparation zone, self-consumed crops, radiocaesium, intemnal radiation doses
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Studies on the effective dose for public calculated by air dose rate
Yuya Endo*!, Yasuhiro Uezu', Tsugiko Takase', Katsuhiko Yamaguchi', Hirofumi Tsukada?

!Graduate School of Symbiotic System Science and Technology, Fukushima University, Institute of Environmental Radioactivity,
Fukushima University
*Corresponding author: s1972002@jipc.fukushima-u.ac.jp

Radiocaesium ("**Cs and ¥’Cs) released from Fukushima Dai-ichi Nuclear Power Station (1F) are the major factors of increasing air
dose rate for a mid and long term. Effective doses for public have been evaluated from air dose rate because it cannot be measured
directly. Therefore, it is important that effective dose is accurately evaluated using the detailed relationship among air kerma, ambient
dose equivalent (H*(10)) and effective dose. In addition, conversion coefficients from air kerma and ambient dose equivalent to effective
dose have been considered to change with elapsed time because the physical half-lives of **Cs and '’Cs are different. In this study, non-
decontaminated agricultural field located approximately 5 km southwest from 1F was used to determine air kerma, ambient dose
equivalent and personal dose equivalent. Furthermore, the relationship with elapsed time was evaluated by simulating the environment
distributed radiocaesium in the ground using a monte carlo radiation transport code PHITS. The relationship among them was in the
order as below: ambient dose equivalent > air kerma > effective dose (personal dose equivalent). The effect of elapsed time on conversion
coeficient (Sv/Gy) was less than 0.01, while conversion coefficient (Sv/Sv(H*(10))) decreased with elapsed time. In addition,
conversion coefficient (Sv/Sv(H*(10))) of radiocaesium moved in deep soil layer showed smaller than that in surface soil layer. On the
other hand, the effect of radioactivity ratio (**Cs/"’Cs) on conversion coefficient (Sv/Sv(H*(10))) was less than 0.01. The results
indicated that conversion coefficient (Sv/Sv(H*(10))) was mainly decreased by the vertical migration of radiocaesium in the soil.

Keywords: air dose rate, effective dose, monte carlo radiation transport code PHITS
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Study on U concentration method for the establishment of *U-?¢U dual
tracer for seawater circulation

Minami Abe', Aya Sakagushi™, Noriaki Seko?, Hiroyuki Hoshina®, Shinya Yamasaki®, Keisuke Sueki”

!School of Life and Environmental Science, University of Tsukuba, ?Center for Research on Isotopes and Environmental Dynamics,
University of Tsukuba, *Takasaki Advanced Radiation Research Institute, National Institutes for Quantum and Radiological Science and
Technology

*Corresponding author: ayaskgc@jied.tsukuba.ac.jp

In this study, we aim to be used the ultra-trace nuclides Z*U-2°U found in seawater as an ocean circulation dual-tracer. For this purpose,
we attempted to optimize the adsorption and desorption conditions of U isotopes in seawater using amidoxime adsorbents as a simple
U concentration method, both on-board and in the laboratory. Furthermore, electrodeposition apparatus were developed to achieve
precise accelerator mass spectrometry measurements of U isotopes.

The results of the adsorption experiments showed that the optimum conditions for U adsorption were pH 4 and pH 8, 0.40 mmol of the
adsorbed functional group per 1 kg of seawater, and an adsorption time of 9 h in a glass beaker. When using a closed polyethylene
container, as us done on-board, the appropriate condition is pH 8 and 0.40 mmol of the adsorbed functional group per 1 kg of seawater:
Under this condition, more than 95% of U was adsorbed on the adsorbent within 24 hours. The results of our desorption experiments
showed that more than 80% of the U was recovered with 2 molidm® HCI. Therefore, it was concluded that the amidoxime-type
adsorbent could be used for simple U concentrations and that the cost of sample transportation could be reduced.

From the results of these electrodeposition experiments, we learn that the U concentration in the electrodeposited solution did not
decrease and that it is necessary to further improve the electrodeposition equipment and its associated method.

Keywords: 233U-236U, marine tracers, amidoxime adsorbents, accelerator mass spectrometry, electrodeposition
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Activity concentration of *’Cs in irrigation and pore water collected from
experimental paddy field in Okuma

Hirofumi Tsukada*!, Takashi Saito?
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Agricultural Technology Centre
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Resumption of agricultural activities is progressing step by step in the difficult-to-return zones. Anxiety about crops planted around
TEPCO Fukushima Daiichi Nuclear Power Station (FDNPS) still persists and it is hard to make progress to resume farming, In this
study, activity concentration of '*’Cs in irrigation water, pore water, and rice was determined in an experimental paddy field located 7 km
southwest from FDNPS in Okuma. The water samples were collected every two weeks from May to August 2018. The samples were
filtered with a 0.45 um pore-size membrane filter to produce suspended and dissolved fractions. Activity concentration of '’Cs occurring
as the monovalent ionic cation in the dissolved fraction was also determined with a Cs Rad Disk (3 M). The activity concentration of
1¥7Cs in dissolved fraction fiom the water inlet was 0.026 + 0.005 Bq L (n=8), which was sufficiently low and had a constant
concentration for use as irrigation water and was present as a monovalent cationic form (*¥’Cs"). The '¥'Cs activity concentration in pore
water was about 5 times higher than that in the water inlet and showed a good relationship with the concentration of ammonium which
appears under anaerobic conditions. The ¥'Cs activity concentration in the dissolved fraction collected from flooded water in the paddy
field on July 5 (0.10 Bq L") was 4 times higher than that in the water inlet because the ammonium concentration had increased by an
additional application of fertilizer. It was a temporary increase of '¥’Cs activity concentration by the fertilizer, and it did not have a
significant impact on the ¥Cs activity concentration in the rice.

Keywords: anaerobic condition, ammonium, fertilizer, exchangeable fraction.
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Evaluating the potential of Erianthus arundinaceus for the management of
cesium-contaminated lands

Ismail M. M. Rahman*!, Zinnat A. Begum™*?, Hiroyuki Ishiwata®, Hiroshi Hasegawa?

!Institute of Environmental Radioactivity, Fukushima University, 2Kanazawa University, > Nishimatsu Construction Co., Ltd.
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Management of radionuclide-contaminated agricultural lands has been a critical issue in Fukushima, Japan, after the Daiichi nuclear
power plant accident in March 2011. Decontamination of vast contaminated sites with low contamination can be done via in situ capture
of radionuclides. Current work evaluates the potential of radiocesium (r-Cs) retention capacity of Erianthus arundinaceus, a potential
bioenergy crop possessing an extensively dispersed root system in the soil. The plant samples were derived from a cultivation area
located in the Okuma town of Fukushima prefecture. The r-Cs translocation from soil to Erianthus plant parts occurred at a higher rate
in the root part than the other parts, as well as a lesser translocation of -Cs from root to upperparts was observed.

Keywords: phytostabilization, radiocesium, agricultural lands
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Relationship between density of soil particles and radiocesium
concentration collected in Fukushima

Shinya Yamasaki*!, Hikaru Saito?, Keisuke Sueki'

'Faculty of Pure and Applied Sciences, University of Tsukuba, > Graduate School of Pure and Applied Sciences, University of Tsukuba
*Corresponding author: s-yamasaki@ied.tsukuba.ac.jp

The volume reduction of contaminated soil stored in Fukushima Prefecture is one issue in the future. The main source of radioactivity
in contaminated soil is radioactive Cs, mainly retained in clay minerals and radioactive Cs-containing particles (Cs particles). The specific
activity of Cs particles is higher than that of clay minerals, and their contribution to soil radioactivity is estimated to be significant. In this
study, we focused on the difference in specific gravity of soil particles and investigated the relationship between the specific gravity of
the particles and the radioactivity concentration.

The soil samples were collected from 11 locations in Fukushima Prefecture. The fractions with a particle size of less than 2 mm were
collected, and two fractions were obtained by size separation using a 63 um sieve. Two fractions were obtained by size separation using
a 63 um sieve. These fractions were subjected to heavy liquid separation using sodium polytungstate solution. The weight and
radioactivity of the separated fractions were determined.

For all the samples, the specific activity of the fraction with a specific gravity of 2.4 or less was several times higher before separation,
while that of the fraction with a specific gravity of 2.4 or more was about half of that before separation. The weight of the fraction with a
specific gravity of 2.4 or higher was about 70% of the total. These trends were more pronounced in the fiactions with larger particle sizes
than those with smaller particle sizes. In addition, the fractions with small particle size had high specific activity as a whole, which made
it difficult to obtain the separation effect of specific gravity.

Keywords: Heavy liquid separation, Sodium Polytungstate, Volume Reduction
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Selective separation of rhenium from aqueous matrix using extraction
chromatographic resin

M. Ferdous Alam*!-2, Kenji Nanba', Yoshiaki Furusho?, Ismail M. M. Rahman*!

!Institute of Environmental Radioactivity, Fukushima University, > Bangladesh Atomic Energy Commission, > GL Sciences, Inc.
*Corresponding author: ferdous.bacc@gmail.com (MFA); immrahman@ipc.fukushima-u.ac.jp IMMR)

Rhenium (Re) is a rare element present in the environment, and stable Re has often been used as a chemical analog for the radioisotope
technetium-99 (*Tc) in environmental analytical studies. From this perspective, the study of Re separation techniques from the aqueous
matrix can provide useful insight regarding the ecological monitoring of “Tc. In the current work, extraction chromatographic resin
(ECR) has been used for quantitative Re-recovery from environmental samples. Two ECR (namely, Analig Te-01 and TRU) have
been used to separate Re from the aqueous matrix. Operating variables, such as solution pH, choice of eluent, competing ions effect, and
retention capacity, have been studied to optimize the quantitative Re-recovery process. The extraction and recovery behavior of the Re
was used to interpret the selectivity behavior of the ECRs. Although the two ECRs can separate Re from the aqueous matrix, TRU
shows better performance in minimizing the matrix components' interfering impact.

Keywords: thenium, separation, ion-selective resins, aqueous matrix.

53



The 7th Annual Symposium of the IER, Fukushima University / #& & K/ BREEBURRERRFET 25 7 MIACRIRSG &

P-42

The investigation of behavior of radio-cesium concentration in air in
Okuma

Shigekazu Hirao*!
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The radionuclides that were released by the accident at the Fukushima Dai-ichi Nuclear Power Plant (FDNPP) in March, 2011 were
deposited on land surfaces in Tohoku and North Kanto regions by dry and wet deposition. Decommissioning of the FDNPP and
decontamination in the evacuation zones are being conducted. Eventually, the evacuation zones will be lifted. Therefore, monitoring
radioactivity concentrations in the air and the analysis of their spatial and temporal variation are required. This study aim to reveal the
relationship between the atmospheric activity concentration and particulate matter concentration. To obtain radioactivity concentrations
in the air, airbome particles were collected on filters by using high-volume air samplers. The Cs-134 and Cs-137 radioactivities of the
filters were measured with HPGe semiconductor detector to derive the activity per unit volume of air. Polytetrafluoroethylene filters
were used. The sampling intervals were between two weeks and one month. The sampling site was located on Okuma. The
measurement of atmospheric particulate matter concentration has been started by OPS 3330 (T'SI Inc., USA). The air monitoring
were conducted during November, 2013 to the present.

The atmospheric Cs-137 concentration in Okuma was successfully obtained. The measured activity concentrations were still about two
orders of magnitude higher than that obtained before the accident. The activity ratio of Cs-134/Ca-137 varied with time only by the
radioactive decay. The atmospheric concentrations of Cs-137 seems to decrease with time. However, the recent temporal change in the
atmospheric concentration of Cs-137 from 2018 to the present shows no substantial decrease of concentration. The radioactivity
concentrations in air increased with wind speeds, averaged over the sampling periods, except for the concentrations in summer when
the mean wind speed was lower than for the other seasons. This implies that the increase in air radioactivity concentrations is not due
only to wind-blown (eolian) dust but also from other processes. From the viewpoint of airbome particle size, the temporal change in
activity concentration of Cs-137 depends strongly on that of coarse particles that is larger than 1.1 pm. Decontamination activity near the
sampling site could enhance the atmospheric concentration of Cs-137. Furthermore, the results of the atmospheric concentration of
particulate matter will be presented in the poster.

Keywords: Cs-137, Cs-134, atmospheric radioactivity concentration, resuspension
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Simulation study of radionuclide atmospheric transport after wildland fires
in the Chernobyl Exclusion Zone in April 2020

Mykola Talerko!, Yasunori Igarashi*?

!Institute for Safety Problems of Nuclear Power Plants, NAS of Ukraine, ? Institute of Environmental Radioactivity, Fukushima Univ.,
*Corresponding author: y-igarashi@ipc.fukushima-u.ac.jp

This study presents model results for the dispersion of radionuclides released into the atmosphere by intense forest fires in the Chermobyl
Exclusion Zone in April 2020. The 3’Cs activity concentration in the surface air is calculated on a regional scale (in Ukraine) and a local
scale (within the Chemobyl Exclusion Zone). The ¥'Cs activity in the surface air of Kyiv was found to have reached 2-4 mBg/m’
during the period April 4-20. The results presented in this paper are generally consistent with measured data pertaining to radioactive
contamination in Kyiv and areas around several nuclear power plants in Ukraine. The total effective dose to the population of Kyiv
during the fire period was estimated to be 5.7 nSv from external exposure and the inhalation of '¥’Cs and *St, rising to 30 nSv by the
end 0f2020. This is about 0.003% of the annual permissible level of exposure of the population. A method for estimating the radionuclide
activity emissions during wildland fires in radioactively contaminated areas is also proposed. This method is based on satellite
measurement data of the fire radiative power, the radionuclide inventory in the fire area, and an emission factor for radioactive particles.

Keywords: wildland fire, radionuclide, atmospheric transport, modeling, Chemobyl exclusion zone, satellite monitoring
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Modeling of “’Cs and *Sr concentrations in the Cooling Pond of
Chernobyl Nuclear Power Plant for the periods before and after water
level drawdown

Roman Bezhenar!, Mark Zheleznyak?, Aya Sakaguchi®, Kenji Nanba?, Toshihiro Wada?, Tsutomu Kanasashi?, Volodymyr
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*Corresponding author: 1702@ipc.fukushima-u.ac.jp

During the accident in April 1986 the Cooling Pond (CP) of Chernobyl NPP was heavy contaminated by the atmospheric
deposition and direct water releases from the hydraulic systems of ChNPP. Starting from the end 0f2014 a gradual decrease
of water level began due to the stop of the water pumping to CP from the Pripyat River. Last years the water level has
dropped by about 6.5 m leading to the transformation of the whole reservoir into several “lakes” and redistribution of
radionuclides in them. Our objectives are to calibrate models, using data for the whole post-accident period including data
collected during the drawdown period by the joint efforts of Ukrainian and Japanese researchers, and then to provide model
based predictions of the future radionuclide concentrations in new water bodies. Samples of water, suspended and bottom
sediments and biota were taken in 9 closed or semi-closed water bodies formed after partial drying of the CP. Concentrations
of ¥7Cs and *Sr and its distribution in dissolved and particulate forms were measured in the laboratory. The modeling
system that consists of the 3D model THREETOX and the box model POSEIDON-R was customized for CP.
THREETOX model simulates 3D currents in the CP for each type of hydrological conditions. The POSEIDON-R model
was applied for the long-term simulations of the changes of activity concentration in the water, bottom sediments and biota
starting from the 1986. Seasonal changes in distribution coefficient K; describing the partition of '3’Cs concentration between
water and sediments were also taken into account Obtained concentrations of '*’Cs and *°Sr in water and bottom sediments
agree with measurements for all boxes. It has been shown that POSEIDON-R model is able to reproduce changes in the
concentrations of 3’Cs in freshwater fish occupying different levels the food chain.

Keywords: *Sr and '*’Cs in water bodies, modeling, radionuclides in sediments and fishes, Chemobyl cooling pond
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Modeling of risks of Pripyat and Dnipro water contamination based on the
results of laboratory studies of water-soluble forms of ’Sr at Pripyat River
floodplain

Mark Zheleznyak*!, Sergii Kivva?, Oleksandr Pylypenko?, Maksim Sorokin?, Aleksei Konoplev!, Kenji Nanba', Yasunori
Igarashi', Gennady Laptev?, Oleg Voitsekhovich®, Valentyn Protsak?, Serhiy Kireev*
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Ukraine, *Ukrainian Hydrometeorological Institute, Kyiv, Ukraine, “Ecocentre, State Agency of Ukraine on Exclusion Zone
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*Corresponding author: 1702@ipc.fukushima-u.ac.jp

Heavily contaminated floodplain of the Pripyat River upstream Chernobyl NPP to Ukrainian - Belorussian border is considered
as a “hotspot” with highest risks to the Pripyat and Dnipro waters contamination due to recurrent flooding of these territories.
The dikes splitting leftbank floodplain from the Pripyat river channel were constructed in 1992-1993. Yet, it is still important to
quantify the amount of Sr that can be washed off the floodplain due to potential dike breakage. Key parameters used to describe
status of radionuclide in reaching equilibrium in soil-water system are the distribution coefficient Kd and kinetic rate A that is
reciprocal of typical time scale of desorption processes. To analyze the up-to-date mobility of **Sr for washing off the floodplain,
soils monoliths were collected from the floodplain in 2020. Amount of the readily exchangeable forms of *Sr in soils
significantly increased from 10-30% in the first years after the accident up to 65-75% nowadays. Results of field and laboratory
studies were used for simulation the scenarios of *Sr washing off the floodplain during the dikes breaks on the basis of
contemporary version of 2D COASTOX model, that includes the parallel algorithms for numerical solution of the model
equations on the unstructured computational grids for multi CPU and GPU systems. Taking into account two concurrent
processes - decrease of amount of *Sr in uppermost soil layer due to decay and downward vertical migration and increased
amount of exchangeable forms of *Sr, it can be risk of increasing of *Sr in Pripyat and Dnipro river waters downstream the
source in case of the dike breakage scenarios. The modeling of such scenarios demonstrates that the maximal values of the *Sr
concentrations to be not higher than the measured ones during the high flood events after the accident.

Keywords: *’Sr in rivers, modeling, water-soluble forms of *Sr, Chemobyl Exclusion Zone, Pripyat River
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Research on environmental radioactivity by the collaboration between
Fukushima and Chornobyl researchers

Kenji Nanba*'2, Member of the SATREPS “Chornoby]” Project %343
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3 Graduate School of Symbiotic Systems Science and Technology, Fukushima University, *University of Tsukuba,

3 Fukushima Medical University

*Corresponding author: nanba@sss.fukushima-u.ac.jp

As nuclear power plants now exist every part of the world and a nuclear power accident rarely take place, the experiences and
lessons thereby must be shared internationally. ~ After the accident in Fukushima those from Chornobyl nuclear accident have
been utilized for the countermeasures and research activities. Ukrainian government has started to have an idea to facilitate the
utilization of Chomobyl Exclusion Zone (ChEZ) and overcome the disaster since between 2012 and 2014.  The idea includes
a development of a new industrial area of nuclear management and renewable energy and a natural reserve area surrounding the
industrial area.  The plan requires an investigation and prediction on the present and future radiation level and researches on the
behavior of radionuclides in ChEZ. New methods of observations and analyses that have been applied or developed after
Fukushima Daiichi NPP accident were introduced and collaboration between 12 Ukrainian research institutes and Japanese
researchers have been implemented since the start of a five year project “Strengthening of the Environmental Radiation Control
and Legislative Basis for the Environmental Remediation of Radioactively Contaminated Sites” in 2017 funded by SATREPS
program. The project includes 1. Researches on radionuclides’ distribution and ecological consequences after the drawdown
of water in the Cooling Pond, 2. Researches on the behavior of radionuclides in the forest, grassland and rivers in ChEZ and 3.
Researches on the dispersion of radionuclides from ChEZ. The project also includes reporting the Ukrainian government with
the results from those researches to help the decision-making to facilitate the utilization of ChEZ and a contribution by the
collaboration between Ukrainian and Japanese researchers to science communities of international or third countries which are
interested in the environmental radioactivity.

Keywords: Chomobyl, Fukushima, exclusion zone,
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Childhood thyroid cancer around Chernobyl Nuclear Power Plant:
The differences with Fukushima

Noboru Takamura*!-2
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*Corresponding author: takamura@nagasaki-u.ac.jp

After the accident at Chernobyl Nuclear Power Plant, childhood thyroid cancer increased due to the internal
exposure of I-131. About five years after the accident, thyroid cancer has increased in children who were 0-5 years
at the accident. Based on the lessons of Chernobyl accident, food control was implemented just after the Fukushima
accident, to minimize the internal exposure to the thyroid glad in children. Due to this food control policy, it has

been showed that the internal doses in children of Fukushima was relatively limited.

Keywords: Chernobyl, thyroid cancer, radioiodine
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Fukushima and Chernobyl: Similarities and differences of radiocesium
behavior in soil-water environment

Alexei Konoplev*!
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The ease with which radionuclide moves through the environment and is taken up by plants and animals is determined by its chemical
forms and site-specific environmental characteristics. The peculiarities in climate, geomorphology and '¥’Cs speciation in the fallout
were demonstrated to lead to differences in migration rates of '’Cs in the environment and rates of its natural attenuation. It has been
revealed that in the exclusion zone the Fukushima-derived ¥'Cs is strongly bound to soil and sediment particles, which reduces potential
bioavailability of this radionuclide. Substantial fraction of the deposited *’Cs on soil of the exclusion zone were found to be incorporated
inhot glassy particles (“Cs balls”’) insoluble in water. These particles are decomposing in the environment essentially slower as compared
with Chemobyl derived fuel particles. Wash-off from the slopes of contaminated catchments and river transport are key long-term
pathways for radionuclide dispersal from contaminated areas after the Fukushima accident. The climate conditions for the Fukushima
Prefecture of Japan are characterized by higher annual precipitation (1300-1800 mmvyear) with maximum rainstorm events during
typhoon season. Typhoons Etou in 2015 and Hagibis in 2019 demonstrated the substantial redistribution of '*’Cs on river watersheds
and floodplains and in some cases natural self-decontamination occurred. Steep slopes of Fukushima catchments are conducive to higher
erosion and higher particulate r-Cs wash-off. Imigation ponds in Okuma and Futaba towns demonstrated persistent behavior of ¥’Cs
similar to the closed lakes in Chemobyl, its concentration is decreasing slowly and showing regular seasonal variations: the ¥'Cs
concentrations tend to grow in the summer and decrease in the winter:

Keywords: Fukushima, Chemobyl, radiocesium, fate, transport, self-purification.
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Chernobyl and Fukushima forests: impacts and dynamics of radioactive
contamination

Vasyl Yoschenko*!, Kenji Nanba!, Valery Kashparov?, Dmytrii Holiaka?, Yuichi Onda®, Azusa Goto', Hiroko Nagata', Kenji
Watanabe!

!Institute of Environmental Radioactivity, Fukushima University, > National University of Life and Environmental Sciences of Ukraine,
3 Center for Research in Isotopes and Environmental Dynamics, University of Tsukuba
*Corresponding author: r705@jipce.fuksuhima-u.ac.jp

Forests cover the major parts of areas that were contaminated with radionuclides released during the Chemobyl and Fukushima
accidents. In the Chernobyl zone, forest ecosystems play a role of the environmental repositories of radionuclides that prevent
radioactivity from spreading to the populated areas. Decontamination of Chernobyl forests has never been planned, and the forest
countermeasures are being implemented to minimize radiation exposures on people rather than to revitalize forestry. The potential
for commercial use of forest products from contaminated areas depends on the level of radionuclide deposition and whether the
level of radionuclide concentrations in wood complies with national standards. On the other hand, Chernoby! forests, remaining
contaminated for more than three decades, provide the opportunities for the long-term radionuclide dynamics studies.

In Fukushima, the extensive remediation efforts have been made to prepare conditions for returning people to a large part of the
areas that were impacted by the FD1NPP accident. This includes the thorough decontamination of the residential and agricultural
lands, roads etc. In forests, however, decontamination has been performed or scheduled only within the limited areas and,
similarly to the countermeasures that were applied to in Chemobyl forests, is aimed at reduction of exposures on population.

In our presentation, we compare the levels of radioactive contamination in the forest ecosystems in Chernobyl and Fukushima,
analyze how they changed over time in different forest compartments (e.g. wood, leaves, soil), and clarify the processes that
caused such changes. We identify common and different trends in radionuclide dynamics in the forest ecosystems in Cherobyl
and Fukushima. Finally, we discuss the perspectives of revitalization of commercial forestry in contaminated areas.

Keywords: forest ecosystems, Fukushima, Chernobyl, radionuclide dynamics; revitalization of forestry.
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Dynamics of radionuclides throughout the river network in Chernobyl and
Fukushima

Yasunori Igarashi*!, Member of the SATREPS “Chernoby!” Project >34

!Institute of Environmental Radioactivity, Fukushima University, 2 Faculty of Symbiotic Systems Science and Technology,
Fukushima University, > Graduate School of Symbiotic Systems Science and Technology, Fukushima University

4 University of Tsukuba, > Fukushima Medical University

*Corresponding author: y-igarashi@ipc.fukushima-u.ac.jp

Radionuclides which was released into the atmosphere due to a nuclear accident or the like are deposited on the ground
surface and then transported to the downstream of the river basin via a river network as dissolved and suspended forms.
For this reason, rivers are known to play an important role in redistributing radionuclides deposited on the ground
surface. Inside the Chernobyl exclusion zone, the radionuclides concentration in rivers has been measured continuously
since the 1986 nuclear accident. Results of long-term observations over more than 30 years in Chernobyl rivers indicate
that (1) dissolved and suspended concentrations in river water declined significantly in the first 5-7 years, followed by
a gradual decline over the next 30 years, and the trend continues even now, and that (2) the solid-liquid distribution ratio
increases with time. Until now, the concentration of radioactive cesium in rivers has been measured in various rivers in
Fukushima. From numerous previous studies, similarities and differences from Chernobyl have become apparent. At
the symposium, we would like to introduce the latest research on radioactive materials flowing in rivers, comparing
Chernobyl restricted areas with Fukushima.

Keywords: Chernobyl and Fukushima, river water system, radionuclides dynamics
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Temporal trends of radio-cesium concentration in the marine
environment after the Chernobyl and Fukushima Dai-ichi Nuclear
Power Plant accidents

Hyoe Takata*!
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*Corresponding author: h.takata@jier.fukushima-u.ac.jp

Baltic and Black Seas are mostly affected areas by the accident at the Chernobyl nuclear power plant (CNPP) in 1986.
Since Fukushima Daiichi nuclear power plant (FDNPP) is located on the coast of the North Pacific Ocean in east Japan,
its accident resulted in the release of large amounts of radiocesium to the surrounding coastal marine environment (i.e.
the waters off Fukushima and neighboring prefectures). The temporal change of radiocaesium concentration in seawater
after both accidents was largely dependent on their submarine topography: The Baltic and Black Seas are semi-closed
basins, while the waters off Fukushima and neighboring prefectures is directly connected to open-water. Although
concentration of radioacesium ('3’Cs) in the surface water of the Baltic Sea (central part) continuously decreased, the
values in 1994, eight years after the accident, were even higher than pre-accident level in 1985. On the other hand, in
the waters off Fukushima and neighboring prefectures '3’Cs concentrations in 2019, eight years after the accident, are
approaching the pre-accident levels of 2010. The quick decrease is attributable to the intrusion or mixing of water
masses with low *’Cs.

Keywords: Baltic Sea, Black Sea, the waters off Fukushima Prefecture, topography

Fx V) TA Y LBEE R OWEEREPORRNMEE 7 A
BEDOEE
T et

R R BRI R SE T |
*EUTFEF h.takata@jer. fukushima-u.ac.jp

F b ) TA V) FREROREE K E ZIF - EUEiT v MEE B TH D, BEH - FEELOX
B2 52T T T A AR DA NG T D, MDA 52T T2 RO R & 7R E W XE OYEFERE
EZH D, 7V MELOEREIIEAEMEER Ch 25—, T H RO AN R X E AR & TR 5 B
R Ch D, T DR DIFERGEN, FHE OWREBREE T CORMR ' > U AOJREEIZ A
ZHZTOWHERDO—DEEX D, 7V ME (FRE) REOHHREMEES D LRE (B2 D A-137) 135
)V ) T A VIFEEERLRE, 10 FRRE O L, il D 8 Al L7z 1994 FIE STl o
BEL Y HEVMETH -T2, ZO—J, HAAROILA T TS E —FREFRUBEO RSN S, [T
8 1% 0 2019 £ TIIIFIEFHATOEAEIZIT- ST, 2 OF B B MEHER COMEE O AR IE )
ERRENZDEEZD,

F—U—F UL bfg, Bl RERIREER G

64









