


6th Fukushima University IER Annual Symposium / # 6 [a] IER BCR$RE &

Preface

A sincere “Thank You” to all for your cooperation and support of the 6th Annual Symposium of
Fukushima University” s Institute of Environmental Radioactivity. We are grateful for your attendance
and excited to be sharing our research findings with you. I am also very pleased to have been able to
carry out the ERAN annual report meeting at the same time.

Nine years have passed since the accident occurred in 2011, and it will be 10 years at the next year.
Rice cultivation in experimental paddy fields operated collaboratively by Fukushima Prefecture, Okuma
Town, National Agriculture and Food Research Organization and Fukushima University in Okuma,
where the Fukushima Daiichi Nuclear Power Station is located, has conducted from 2018. A part of the
difficult-to-return-zone was canceled in 2019, and it was confirmed that the activity concentration of
radiocaesium in the rice collected from the field was well below the Standard Limits. Pounding rice cake
using glutinous rice harvested at the experimental filed was opened in Okuma at New Year Ceremony.
Many researchers have changed their research fields since the 2011 accident, and I am very pleased to
report the encouraging news from residents and researchers who have been involved for Fukushima’ s
revitalization.

I hope that in this symposium we will have fruitful discussions and exchange information not only
about Fukushima issues, but also on the latest research results from other studies of environmental
radioactivity as well as about our future collaborative activities. The symposium is divided into two
sessions, one for research professionals (oral and poster presentations) and the second for general
audiences (oral presentations), both incorporate the latest knowledge as delivered by numerous
participants from March 2019.

We accepted eight master's students in the Environmental Radioactivity Science Major at the
Fukushima University Graduate School of Symbiotic Systems Science and Technology in April 2019,
and they made presentations in the Symposium.

We are planning to study several new topics as we expand our research and educational activities.

We, IER, deeply appreciate your input, support, and encouragement.

Hirofumi Tsukada

Director, Institute of Environmental Radioactivity, Fukushima University
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O-1

Impact of competing ions in aqueous matrix towards strontium
selectivity in the designated solid-phase extraction systems:

a comparative evaluation

Ismail M.M. Rahman* " M. Ferdous Alam *, Yoshiaki Furusho *, Kenji Nanba *

' Institute of Environmental Radioactivity, Fukushima University, Japan
* Graduate School of Symbiotic System Science and Technology, Fukushima University, Japan
* GL Sciences, Inc., Japan

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

The intrusion of radiostrontium (r-Sr) isotopes in the ecosystem occur from nuclear technology-related activities. The
90Sr, the longest-lived r-Sr isotope (t0.5, 28.8 years), shows higher mobility in the ecosystem compared to many other
radionuclides. The reliability in exposure prediction due to a radionuclide depends on the analytical accuracy. Analytical
protocols for total r-Sr determination include multiple pre-processing steps for the separation of strontium from the
coexisting or competing matrix components. However, limited selectivity in each of such steps generates a prolonged
protocol, which can be curtailed by taking advantage of more selective separation agents. The solid-phase extraction
(SPE) approach combines a selectivity in extraction and simplicity in those protocols. In the current work, three
different SPE systems designated for selective Sr-separation, namely AnaLig Sr-01, Eichrom Sr-resin, and Eichrom
DGA resin, were used, and the corresponding performances were compared for the Sr-separation from aqueous

matrices in the presence of competing ions.

Keywords : solid-phase extraction, strontium, selective separation
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O-2
Application of thermal ionization mass spectrometry for
90Sr analysis

Norbert Kavasi ', Sarata Kumar Sahoo* ', Tatsuo Aono '

' National Institutes for Quantum and Radiological Science and Technology (QST)

*Corresponding author: sahoo.sarata@qst.go.jp

The 90Sr (T1/2 = 28.8 y) is a pure beta emitter radioisotope, produced by the fission of U and Pu isotopes. Low level
(some Bq kg-1 or mBq kg-1) 90Sr contamination exists in different environmental matrices as a result of nuclear weapon
tests and nuclear accidents. The Sr element shows bio-chemically similarity to calcium, therefore the 90Sr isotope can
incorporate into the human bone structure causing long-term radiation dose.

Considering the public health and natural radiation protection, precise and accurate determination of 90Sr in various
environmental, biological and radioactive waste samples is important.

Radiometric methods have been mainly used for 90Sr analysis, but owing to significant developments on sample
introduction, detector and interference removal techniques, many successful 90Sr determinations have been reported
using mass spectrometry instruments. The main advantages of the mass spectrometry method over the radiometric are
the shorter analysis time, higher sample throughput and smaller sample intake.

In this work, a new 90Sr analysis method using Thermal Ionization Mass Spectrometry (TIMS) equipped with a
Daly ion-counting system will be introduced. Detection of 0.2 fg (1 mBq) 90Sr was demonstrated with an excellent
abundance sensitivity for the 90Sr/88Sr isotope ratio (2.1 X 10-10). For method validation, certified reference material
(wild berry - IRMM-426, 90Sr= 124 + 24 Bq kg-1) and standard reference material (freshwater lake sediment - NIST-
4354, 90Sr= 512 * 118 Bq kg-1) were analysed.

This new method was also evaluated, - for the first time in the history of mass-spectrometry -, in a worldwide open
proficiency test (IAEA-TEL 2017-3). The 90Sr was determined in tap water and milk powder samples and ‘accepted’
status was gained for both accuracy (relative bias of 4.2 % and 2.1 %, respectively) and precision (relative uncertainty
of 3.1 % and 5.7 %, respectively).

Keywords : 90Sr, mass spectrometry, TIMS

26



6th Fukushima University IER Annual Symposium / # 6 [a] IER BCRERE &

O-3
Sorption-desorption behavior of Cs, Sr and U in Fukushima
undisturbed soils after FDNPS accident

Sharayu Kasar ', Sarata Kumar Sahoo* ', Tatsuo Aono '

' National Institutes for Quantum and Radiological Sciences and Technology (QST)

*Corresponding author: sahoo.sarata@qst.go.jp

Fukushima Daiichi Nuclear Power Station (FDNPS) accident has resulted radioactive contamination due to deposition
of mainly radiocesium as well as many long-lived radionuclides surrounding the area. Depending upon environmental
conditions, radionuclides can be mobilized in aquatic systems. The investigation of sorption-desorption behavior of any
radionuclides in soil-water system is a key issue in assessing the movement of radionuclides in contaminated areas. It
is commonly expressed as a distribution coefficient (Kd value) and significantly influenced by radionuclide distribution
between water and soil. Cs radionuclides in contact with living beings replace K and Na, whereas Sr radionuclides take
the place of Ca. Uranium is ubiquitously distributed in earth’ s crust whereas enriched 235U is mainly used as nuclear
fuel. Therefore, study of distribution coefficients of Cs, Sr and U nuclides in Fukushima environment is of major
concern from migration and radiological safety points of view.

Batch sorption-desorption experiments were carried out in Fukushima contaminated soils from Namie and Okuma
towns using laboratory batch method in equilibrium with ground water. Sorption coefficient, Kd(S) of Cs and Sr was
found to be in the range of 65 to 2100 and 15 to 130 L/kg respectively. Kd(S) - U values varied from 30-36000 L/kg
i.e. three orders of magnitude difference. High values of Kd(S) reflect more sorption capacity of soil for U and Cs than
Sr. Values of desorption coefficient, Kd(D) - Cs varied from 75 to 2500 L/kg and Kd(D) - Sr was from 10 to 120 L/kg.
The higher Kd values for Cs observed in the desorption process than in the sorption process showed irreversibility of Cs
sorption in soil. Effect of cation exchange capacity, clay content and soil mineralogy on Cs, Sr and U sorption has also

been studied in Fukushima environment.

Keywords : distribution coefficient, Cs, Sr, U, Fukushima contaminated soils
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Radiation dose rate of Japanese cedar and plants collected from
Okuma applying ERICA tool

Nguyen Phuong Thoa ', Shishido Koya ', Hajime Ohira '?, Shingo Kaneko ', Hirofumi Tsukada**
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Wild animals and plants living in evacuation zones have been received the additional ionizing radiations of both
internal and external radiation doses after the 2011 FDNPS accident. Morphological abnormalities of pine and fir
trees near the FDNPP were reported. It is necessary to quantify internal and external radiation doses of trees and
plants for evaluating the dose-effect relationships. In the present study internal and external dose rates of Japanese
cedar and plants collected in three sites (S1, S2, S3) in Okuma were estimated applying the ERICA tool. The activity
concentrations of 134Cs and 137Cs in soils, cedar trunk and plants were used for the dose calculation. The total dose rate
of cedar in S1 (9.8 = 2.0 pGy h-1) were within the derived consideration reference levels (DCRLs) reported as 4 - 40
Gy h-1for pine trees by ICRP 108. The estimated value for plants was the highest in S1 (11.6 = 2.2 pGy h-1), much
smaller than the reported DCRLs for grasses and herbs (40 - 400 uGy h-1). Ratios of internal to external dose rates to
cedar in S1 and S2 were 0.04 * 0.02 (n=3) and 0.24 & 0.20 (n=4), respectively, and much higher than that of S3 (0.004
+ 0.002, n=3). The trunk diameters in S1 and S2 are 3 times higher than those in S3, showing positive correlation with
canopy area. It may attribute the radiocaesium deposition in trees of S1 and S2 is higher than that in S3. The ratio for
plants in ST was 0.009 = 0.005 (n=6), which was smaller than in S2 (0.03 * 0.02; n=10) and S3 (0.12 * 0.11; n=6).
The reason could be plant species accumulating more radiocaesium found mostly in S3. Radiocaesium in soils was

major contribution to total dose rates to cedar and plants in Okuma.

Keywords : external and internal dose rates, ERICA tool, cedar, plants
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Concentrations of radiocesium in truffle-like fungi and their
potential importance in forest ecosystems

Kentaro Hosaka* ', Kohei Yamamoto *, Taiga Kasuya *, Kyung-Ok Nam ', Hiroko Ishiniwa *
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*Corresponding author: khosaka@kahaku.go.jp

Fungi show the highest diversity and biomass in terrestrial ecosystems. Furthermore, fungi, especially mushrooms, are
known to accumulate more radiocesium than many other terrestrial organisms. After the Chernobyl and Fukushima
accidents, several studies demonstrated that ectomycorrhizal mushrooms (mushrooms having mutualistic association
with trees) tend to effectively accumulate radiocesium. However, none of those studies have attempted to document
the concentrations of radiocesium in truffle-like fungi, which mostly are ectomycorrhizal. This project aimed to
sample diversity of truffle-like fungi from forest environment and from feces of mycophagous animals to access their
importance in radiocesium dynamics in forest ecosystems. Currently, the concentrations of radiocesium in diversity
of truffle-like fungi collected from Fukushima Prefecture and other areas (e.g., Tsukuba city in Ibaraki Prefecture) are

being compared.

Keywords : fungi, hypogeous mushrooms, mycophagous animals, radiocesium, truffles

AR (MY 278 E/hEEAN LSRN OG> v L
D HREHI

PRIRIEAER * ' (HARHRE, ARG, Atk AR T

ENZRE Y EEREA T AEER

R SR AT R A 8 AR ER

B IER AR AW

SR BR B U RERIF SE T

* BLFE : khosaka@kahaku.go.jp

B bARERICHEWCHBEIIHESEERRD G, N ASAORATH 2 AMREMEAIEH I L Tw 3, X 5 ICHHE.
FRIC & o CHIIBEDE (v v a) OBERMEER. thoEPictmu e wyBEERbRINL TS, EDC
HD b CRICECEUNEEEE 2R Tb0 e LTld, Fou/ 74 ) EHRERS X OEEE —FREREOMIIC X
D, BIREHETZEBEZO I ABTLONTWS, L L, KiOVPERETH 2 TAE (Wbwd b)) 2 75)
ICoWTiR, BFAMEYE OE/FES 2 b o Tukv, KIFETIEIEHEA L) 2 7HEZFKRBE L VT > w0 %
R ORE-FEL, Bl oS EYEOEREEEEZHO 2 ICT 22 2HNE Lz, 508 2 ARSI S
DOFY) 2 7HEIRESNTE Y, ot GORESC IEHiRY) 0% v ek 3Ly v ABE ok %
A TWEEIETH 5,

F—U—FEHEHY., B MTER. Y a7, BtEe s v A

29

6th Fukushima University IER Annual Symposium / £ 6 [a] IER BRRE &

0O-6
Transfer of cesium 137 from riparian forest to a headwater stream
ecosystem in Fukushima

Tsutomu Kanasashi* ', Yoshiko Ayabe ?, Chisato Takenaka * , Naoki Hijii ?
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* Graduate School of Bioagricultural Sciences, Nagoya University

*Corresponding author: t.kanasashi@ier.fukushima-u.ac.jp

Leaf-litter input from riparian forest to a headwater stream is important allochthonous nutrient source for a headwater
stream ecosystem. We elucidated 137Cs transfer from riparian forest to a headwater stream ecosystem through input
of leaves contaminated by radionuclides due to the Fukushima Daiichi Nuclear Power Plant (FDNPP) Accident. In
riparian zone of Kawamata-machi, Fukushima, living leaves of konara oak (Quercus serrata) were collected from crowns
in 2013 and fresh-senescent leaves of that, which shed from crowns of the tree, were collected from forest floor in
November 2013. Senescent leaves, which include konara oak’ s ones and were accumulated in a headwater stream of
the site, were also collected in November 2012, March 2013 and May 2013. The comparison of 137Cs concentrations
showed that living leaves of konara contained higher 137Cs than the fresh-senescent ones in the forest floor, and then,
the fresh-senescent ones in the forest floor contained higher one than those in the headwater stream. Therefore, we
consider that 137Cs in the living leaves was released to forest floor and headwater stream while they become senescent
and accumulate in the locations. Especially, in the headwater stream, water-soluble 137Cs is suggested to be released
from the leaves immediately after they accumulate in there because 137Cs concentration showed little temporal
variation from November to May. 137Cs concentrations in aquatic insects with three feeding groups (shredder, predator
and others) showed temporal change, but 137Cs concentrations of them were similar or lower than those in the leaves

accumulated in the headwater stream.

Keywords : litter patch, feeding group, konara oak
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Establishment of a simplified approach to detect oxidative stress
using 8-OHdG positive testicular cell measurements in the large
Japanese field mice

Masanori Tamaoki* ', Manabu Onuma *, Hiroko Ishiniwa *

' Fukushima Branch, National Institute for Environmental Studies
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*Corresponding author: mtamaoki@nies.go.jp

The generation of 8-OHdG (8-hydroxy-2" -deoxyguanosine), which is produced from the reaction between hydroxide
with guanine, is a major method to detect oxidative stress. Since oxidative stress is also induced by radiation exposure,
large Japanese field mouse (Apodemus speciosus) were collected from multiple areas within the difficult-to-return zone
in Fukushima to evaluate radiation effects on reproductive organs, such as testicular tissues, have a high sensitivity to
radiation exposure and have a biological importance, thus we investigated possible production of 8-OHdG in these
organs. However, specialized knowledge and techniques are required to effectively evaluate testicular tissues, such as
the analysis of discriminating between spermatogenesis stage which proficiency requires time and effort. Therefore,
the aim of this study was to establish a simplified measuring method of testicular 8-OHdG positive cells that can be
performed by inexperienced persons while maintaining a certain degree of accuracy. Using testicular tissues of large
Japanese field mice captured from the difficult-to-return zone, 100 testicular cells were selected without bias from each
spermatogenesis stage to be evaluated using the conventional method and 100 testicular cells were randomly selected
to be evaluated using the simplified method, then the number of 8-OHdG positive cells was counted for each. In
consequence, the number of positive cells had a positive correlation between the conventional and simplified methods
(Kendall’ s tau=0.672, z=8.781, p<0.01) indicating that the simplified measurement method was effective. In addition,

we will introduce results of the comparison of oxidative stress responses between difficult-to-return and control areas.

Keywords : oxidative stress, 8-OHdG, radiation, large Japanese field mouse, Apodemus speciosus
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Possibility of transition of radio-cesium between aerosol and
vegetation

Kita Kazuyuki* ', Kanoh Mizuki ', Niiya Watamu *, Kimura Mao ', Furukawa Jun *, Hatano Yuko ?,
Igarashi Yasuhito **

' Graduate school of Science and Engineering, Ibaraki University
* Center for Research in Isotopes and Environmental Dynamics, Tsukuba University
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*Corresponding author: kazuyuki.kita.iu@vc.ibaraki.ac.jp

Radio-cesium emitted by the TEPCO FDNPP accident has been deposited on soil and vegetation after transpiration in
the atmosphere. Atmospheric concentration of its radioactivity showed seasonal maximum in summer near forest areas,
some studies showed it was caused by re-emission of radio-cesium by release of fungal spores and other bio-aerosols.
We found that a significant part of radio-cesium in summer aerosol could be water-soluble, suggesting the possibility
of circulation of radio-cesium between the atmosphere and the vegetation. To make clear this possibility, we performed
the following experiments:

1) Aerosol samples collected in Namie site, Fukushima, throughout the year of 2018, were extracted by pure water. And
rice was cultivated in the extracted solution to measure the fraction of water soluble and of absorbable by plants in the
atmospheric radio cesium.

2) Some plants were cultivated in A:surface soil, B: soil under the surface soil, C:red ball cray soil at Namie sites,
Fukushima, between May and September, 2019, to estimate radio-cesium absorbed by the plants from its dry and wet
deposition.

The results of these experiments will be presented.

Keywords : atmospheric radio-cesium, vegetation, fungi, precipitation, atmosphere-vegetation circulation
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Accumulation and redistribution of 137Cs on floodplains along the
Abukuma River

Yoshifumi Wakiyama* ', Alexei Konoplev ', Valentin Golosov *, Maxim Ivanov *, Mikhail Komissarov’
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? Faculty of Geography, M.V. Lomonosov Moscow State University
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*Corresponding author: wakiyama@ipc.fukushima-u.ac.jp

A portion of sediment-borne 137Cs in river water accumulates on floodplains during high-flow events and becomes a
source of secondary contaminations in subsequent events. This study aims to elucidate processes of 137Cs accumulation
/ redistribution on floodplains and presents the 137Cs inventory and depth distribution in deposited sediments. The
sediment cores were taken in 2018 and 2019 at six floodplain cross-sections, located along the Abukuma River in
Nihonmatsu (NIH), Kuroiwa in Fukushima (KUR), Fushiguro in Date (FUS), Marumori (MAR), Kakuda (KAK), and
river mouth section in Iwanuma (Mouth). The mean 137Cs inventory obtained by sampling campaigns in October 2018
at NIH, KUR, FUS, MAR, KAK, and Mouth were 150 kBq m-2 (n = 2), 600 kBq m-2 (n = 3), 490 kBq m-2 (n = 2), 270
kBqm-2 (n = 2), 90 kBq m-2 (n = 2), and 40 kBq m-2 (n = 1), respectively. These values were 1.2-9.1 times higher than
those estimated by 6th airborne survey at each point, suggesting secondary accumulation of 137Cs. The 137Cs inventory
and maximum 137Cs concentrations in sediment depth profile tended to be high at the sampling points, located on
the highest floodplain level above the river channel within each floodplain cross-section. The mean 137Cs inventory
obtained by sampling campaigns in October and November 2019 at NIH, KUR, FUS, MAR, KAK, and Mouth were 180
kBqm-=2 (n=2),540 kBqm-=2 (n=2),410 kBqm-=2 (n=1), 120 kBq m-2 (n = 2), 420 kBq m-2 (n = 3), and 46 kBq m-2
(n = 1), respectively. Although 137Cs inventory on the floodplains are not so different, depth distributions of 137Cs in
the deposited sediment changed from those of 2018. These results suggest that an extreme flood triggered by Typhoon
Hagibis in middle of October 2019 resulted in a substantial redistribution of 137Cs at Abukuma fluvial system.

Keywords : 137Cs, Abukuma River, floodplains, sediment dynamics
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Ecological half-life of radiocesium in surficial bottom sediments of
ponds in Fukushima based on in-situ measurements with plastic
scintillation fibers

Estiner W. Katengeza* ', Yukihisa Sanada *, Kazuya Yoshimura *, Kotaro Ochi *, Takeshi limoto ' .

' Environment Systems, The University of Tokyo.
* Fukushima environmental Safety Center, Japan Atomic Energy Agency.
*Corresponding author: 6922884407 @edu.k.u-tokyo.ac.jp

Fukushima prefecture hosts over 3500 ponds onto some of which radioactive fallout from the Fukushima Daiichi
Nuclear Power Plant accident of 2011 was deposited. Because of their important role in supporting people’ s
livelihoods through irrigation agricultural, long-lived radionuclides such as 137Cs remain a radiological concern in
the long-term. Radiocesium strongly adsorbs to sediments, and therefore its presence in aquatic environments is
predominantly in bottom sediments and movement is mainly by mechanical processes. Because of these mechanical
processes, the rate of temporal change of radiocesium concentration in bottom sediments is governed not only by its
physical decay but also by various ecological processes. In this study, the decreasing trend of radiocesium concentration,
due to ecological processes, over wide pond areas in surface sediments (up to 10 cm depth) was investigated using
plastic scintillation fibers (PSF) and was quantified by the ecological half-life. PSF measurements were made between
2013 and 2019 and their conversion factors were obtained by comparison with concentration of sediment cores
collected from coinciding positions within the same ponds and measured by a germanium detector. The ecological
half-life among the ponds ranged from 3.4 £ 0.4 years to 28 * 31 years. A forest-catchment pond exhibited the longest
ecological half-life and may indicate the catchment-derived radiocesium input as was partly evident in the spatial-
temporal patterns of radiocesium concentration at this pond’ s inlet. This study demonstrates the importance of wide
area monitoring techniques in obtaining an overview of the temporal behavior of radiocesium while accounting for

spatial heterogeneities and is a first attempt to quantify such changes over wide pond areas.

Keywords : plastic scintillation fiber, in-situ radioactivity measurement, radiocesium, ecological half-life.
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Determination of labile 137Cs fraction in zooplankton associated
with model analysis of bioavailable cesium transfer in marine food
chain
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*Corresponding author: tateda@criepi.denken.or.jp

The concentration ratio (CR) for radiocesium in zooplankton was 15 before the Fukushima accident. Since the 137Cs
levels in seawater was rapidly decreased and the turnover in zooplankton was fast enough, the CR was expected to
be decreased. However, the reported CR in 2015 was still higher than the accident before. The radiocesium levels in
organisms belong to planktonic food chain were decreased as expected, thus the comparatively higher 137Cs levels
may contain refractory fraction. The analyzed level in H202 extractable fraction in zooplankton during 2011-2018,
demonstrated that the labile ratios were 0.2 - 0.6. The 137Cs concentration in organisms belonging to planktonic food

chain were reconstructed by model analysis using the bioavailable faction derived in this study.

Keywords : radiocesium, marine ecosystem, zooplankton, bioavailable fraction
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Modeling of radionuclide transport in water systems and
atmosphere:

Recent implementations for Fukushima and Chernobyl regions

Mark Zheleznyak * !
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After the nuclear accidents the models should be customized for the local conditions to be used as the forecasting
tools. The presentation overviews results of the implementation and further extension of the models on the basis of the
monitoring data for the regions of Fukushima Prefecture and Chernobyl Exclusion Zone (CEZ). The studies in Ukraine
are performed in cooperation with the Ukrainian researchers within the JICA and JST funded project SATREPS. The
dynamics of 137Cs concentration in the part of Abukuma river during high floods is modeling by the chain “distributed
watershed model — 1D river model” in comparison with the data of the recent IER measurements. The model of 137Cs
washing out from watershed was extended by the new submodel of radionuclide transport with sediments. The fate
of the radionuclide at Pripyat river floodplain in CEZ in a case of the emergency scenarios — dike break was simulated
by the 2-D hydrodynamics — radionuclide transport model. Transport of 90Sr by Pripyat river and the following 90Sr
propagation downstream to Kiev area through Dnieper river is simulated by 1D Hydraulic- Radionuclide transport
model. The model parameters were calibrated by the processing of the data on the increasing amount of water
exchangeable forms of 90Sr measured recently in the samples from the Pripyat floodplain. The Ukrainian and Japanese
models of 137Cs atmospheric transport were implemented for the forecasting of the consequences of the forest fires in
CEZ. The testing of the developed modeling systems performed during forest wildfires that happen in CEZ 6-8 June
2018. The modeling system predicted the areas of localization of measurable concentrations of 137Cs in air due to this

wildfire at western suburb of Kiev, that was confirmed by the measurements of the mobile laboratory.

Keywords : 90Sr and 137Cs in rivers, models, Abukuma River, Chernobyl Exclusion Zone, forest fires
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Mass balance and long term behavior of fluxes of 137Cs derived from
the TEPCO FNPP1 accident among atmosphere, land and ocean

Michio Aoyama **

' Center for Research in Isotopes and Environmental Dynamics, University of Tsukuba

*Corresponding author: michio.aoyama@ied.tsukuba.ac.jp

The consensus values of total atmospheric release of 137Cs from FNPP1 accident is 15-21 PBgq, it for atmospheric
deposition of 137Cs on land is 3-6 PBq, it for atmospheric deposition of 137Cs on the North Pacific is 12-15 PBq, it
for direct discharge of 137Cs to ocean is 3-6 PBq and it for total inventory of 137Cs in the North Pacific is 15-18 PBq
(Aoyama et al., 2019). Regarding with fluxes from domain to domain for several years after the accident, the amount of
137Cs transported by the rivers in the south of Pacific coast of Tohoku region to the ocean might be 40 TBq (Aoyama
et al.,, in revise) which is corresponding to less than 1.3 % of deposited 137Cs on land. In terms of annual flux of 137Cs,
it was estimated to bel0-12 TBq year-1 in 2011-2012 by 14 rivers around FNPP1 including particulate form and
dissolved form (Kitamura et al., 2014) and ca. 0.9 TBq year-1 in Dec. 2016 (Tsumune et al., 2020). In October and

L]
November 2019, 137Cs activity concentrations in surface water off Tohoku region were reported to be 10-20 Bq m-3 PO Ster Presentatlon

by governmental monitoring after floods by the Typhoon Hagibis in October 2019. Preliminary results of integration

of 137Cs for coastal region off Miyagi, Fukushima and Ibaraki prefectures showed that flux from land to ocean in this o .

region was ca. 0.1 TBq per this typhoon event which might one tenth of annual flux by the rivers. For resuspension, the ﬂ': Z ﬂ — %\éﬁ
annual deposition of 137Cs at Okuma during the period from 2014 to 2018 means that 4 TBq year-1 to 10 TBq year-

1 should be amount of resuspension from land to atmosphere and this amount correspond to 0.1 % to 0.3 % of total

deposition of 137Cs on land in Japan. The 137Cs activity concentration at 56N canal in 2016-2018 correspond to 137Cs

discharge of 0.73 TBq year-1 to 1.0 TBq year-1 from FNPP1 site to open water. As a result of decontamination works,

134 TBq of 137Cs was removed from surface soil until February 2019 which correspond to 4 % of deposited 137Cs on

land in Japan.

Keywords : 137Cs, flux, river, resuspension, decontamination
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Catchment scale estimation of current and future water balance in
the Chernobyl exclusion zone in Ukraine

Yasunori Igarashi * ', Mark Zheleznyak ', Hlib Lisovyi *, Yoshifumi Wakiyama ', Yuichi Onda *, Kenji Nanba ',
Alexei Konoplev ', Gennady Laptev *, Dmitry Samoilov 4, Volodyill Damiyanovich *, Serhii Kirieiev *

! Institute of Environmental Radioactivity, Fukushima University, > Ukrainian Hydrometeorological Institute,

* Center for Research in Isotopes and Environmental Dynamics, University of Tsukuba., * Chernobyl Ecocentre, State
Agency of Ukraine on Exclusion Zone Management,

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

Changes in the catchment scale water balance have important social implications for usable water now and in the
future. Stream discharge is also directly related to radionuclides flux in the river water system. The aim of this study
was to clarify the water balance in the Chernobyl Exclusion Zone (CEZ) under current and future climate conditions. A
catchment scale hydrological model was used with long-term discharge data to project the future trend of radionuclides
wash-off from the contaminated catchment at the CEZ in Ukraine. The Sakhan river catchment in the CEZ (51.41°
N, 30.00° E) in Ukraine is one of the Pripyat river systems, and has a total surface area of 186.9 km2. We found that
under the current climate, 84% of annual input (sum of rainfall and snowmelt) was consumed as evapotranspiration,
and discharge was estimated to be 16%. In future climates, annual precipitation is expected to increase. However,
a projected increase in the vapor pressure deficit led the consumption of precipitation as evapotranspiration and
no significant increase in discharge. The study found that warmer winter and spring temperatures will decrease the
snowfall, and increase the rainfall, but it was not enough to increase evapotranspiration. As a result, the peak of
discharge shifted from April to March. The increase of future average discharge during the winter and spring came from
a combination of (1) increasing rainfall in the winter and spring, and (2) relatively small levels of evapotranspiration,
which enhanced the catchment scale water recharge in soil moisture and gave rise to greater discharge during winter
and spring. The reduction of extreme river discharge from the hydrological projections could reduce the probability of
high radionuclides concentration in the river water system in the future, owing to the reduction of surface runoff water
from the contaminated surface soil and/or top layer of floodplain soils in the CEZ.

Keywords: Chernobyl exclusion zone; water balance, hydrological model simulation, long- term observation, future
prediction
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Time series of 137Cs activity concentration in irrigation waters
collected from Kami-oguni River and Oogaki dam in Fukushima

Hirofumi Tsukada* !
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Long-term surveys of 137Cs activity concentration in suspended and dissolved fractions in irrigation waters have been
conducted at two locations. The first survey lasted from June 20113 to June 2019 in the Kami-oguni river located in
Date City, where some of the brown rice harvested in 2011 exceeded the provisional standard. The second survey lasted
from January 2017 to December 2018 in the Oogaki dam located in the difficult-to-return zone which is the largest
agricultural water reservoir in Fukushima Prefecture. The collected samples were filtered through a 0.45 p m pore-size
membrane filter, and separated into suspended and dissolved fractions. The 137Cs in the dissolved fraction was filtered
through a Cs disk (3M), and also determined 137Cs+ as a monovalent cation. It has been monitored for 7 years and the
activity concentration of 137Cs decreased in both suspended and dissolved fractions in samples from the Kami-oguni
river. The 137Cs activity concentration in the dissolved fraction decreased from 0.021 Bq L-1in 2013 to 0.006 Bq L-1 in
2019, and that in the suspended fraction also decreased with a range from 22 Bq g-1 in 2013 to 10 Bq g-1 in 2019. The
137Cs activity concentration in the dissolved fraction in both surface water and lower water of the Ogaki-dam decreased,
and that in the surface water at the depth of 0.5 m ranged from 0.14 Bq L-1 in 2017 to 0.099 Bq L-1 in 2018. The
chemical form of 137Cs in the dissolved fraction existed as 137Cs+. On the other hand, there was no change in the 137Cs
activity concentration in the suspended fraction during the two-year observation period, and that in the surface water
ranged from 34 Bq g-1 in 2017 to 30 Bq g-1 in 2018. Therefore the major risk of dissolved radiocaesium transfer from
irrigation water to rice has been shown to decrease over the time since the 2011 accident.

Keywords: suspended fraction, dissolved fraction, 137Cs+
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Temporal variation in 137Cs concentrations in the Niida River water
during a rainstorm event

Takuya Niida* ', Yoshifumi Wakiyama* *, Alexei Konoplev* *

' Graduate School of Symbiotic Systems Science and Technology, Fukushima University
? Institute of Environmental Radioactivity, Fukushima University
*Corresponding author: s1972006@ipc.fukushima-u.ac.jp

Previous studies have reported that a large amount of 137Cs was washed out from river catchment during floods and

understanding its dynamics is important for managing water resources and for predicting transition to ecosystems.
This study shows the temporal variation in 137Cs concentrations in the Niida river during rainstorm event triggered by
a typhoon. At four sites in the Niida River basin (Sakegawabashi, Haramachi, Notegamikita, and Warabidaira), river
water was sampled five times during a flood event in August 2016 (total precipitation 119 mm). 137Cs concentration
in suspended sediment (SS) (Bq/kg) and dissolved 137Cs concentration (Bg/L) in river water were measured. The
mean 137Cs concentrations in SS at Sakegawabashi, Haramachi, Notegamikita, and Warabidaira were 6400 Bq/kg,
6180 Bq/kg, 6480 Bq/kg, and 20500 Bq/kg respectively. The mean dissolved 137Cs concentrations at Haramachi and
Warabidaira were 17.1 mBq/La and 34.4 mBq/L respectively. At each point, the SS concentration (g/L) and particulate
137Cs concentration (Bq/L) reached the maximum at the maximum water level, and then decreased. The dissolved
137Cs concentration gradually decreased at Haramachi, whereas dissolved 137Cs concentration at the Warabidaira
increased toward the maximum water level phase and then decreased. We will discuss the factors affecting temporal
pattern of riverine 137Cs concentration at the sites based on further analysis, such as measurements ion concentrations
and the 137Cs / 133Cs ratio in the water.

Keywords: typhoon, radiocesium, river water, suspended sediment
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Radiocesium concentrations in experimentally cultured carp, other
fishes, and sediments of an irrigation pond in Koriyama City

Misaki Usuki ', Yuki Inoue *, Tomomi Yanagita *, Keiichi Sasaki *, Kenji Nanbal, Toshihiro Wada* *
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Koriyama City has one of the largest amounts of cultured carp production in Japan. According to the monitoring results
by Fukushima Prefectural Government after the Fukushima Daiichi Nuclear Power Plant accident, cultured carp has
never exceeded the Japanese standard limit of radiocesium (100Bq/kgFW). The purpose of this study is to evaluate the
effects of sediment removal (hereinafter, decontamination) on radioactive contamination of fish by conducting feeding
experiments of carp in a relatively highly contamination pond before (2015) /after (2018) decontamination. The 137Cs
concentrations of carp, other fishes, and sediments collected before/after decontamination were measured. For carp,
net cage experiments in which carp cannot contact with the sediments were conducted before/after decontamination to
evaluate the potential 137Cs uptake from the sediments by comparing 137Cs concentrations of carp inside or outside of
the cage (inside-carp and outside-carp, respectively). After decontamination, 137Cs concentration in the surface layer
of the sediments (average 1.56 X 104 Bq/kgDW) and that of organic fraction (250 Bq/kgDW) decreased to less than
half of those before decontamination. The average 137Cs concentration of inside-carp before and after decontamination
was 5.12 Bq/kgFW and 3.80 Bq/kgFW, respectively. The clear decontamination effect was found in outside-carp:
mean 137Cs concentration of them significantly decreased from 22.6 Bq/kgFW to 6.17 Bq kgFW. We inferred that
the decrease of 137Cs concentration of organic fraction in sediments may be one of the factors that engendered the
decreased contamination level of outside-carp. Furthermore, the 137Cs concentration of outside-carp was significantly

lower than that of silver crucian carp both before/after decontamination.

Keywords: irrigation pond, freshwater fish, carp, stable isotope
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Seasonal trend of Cs-137 concentration and water quality in
Abukuma River waters
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Based on the long-term observations on radiocesium in Abukuma river waters, we report temporal trend and seasonal
fluctuation of cesium concentration and water quality in this river waters. Observation have been made for Abukuma
river at the Kuroiwa station of MLIT from March 2012 to October 2019: every week until Jun 2014, once or twice a
month until May 2019 and every week thereafter. Measurements for radiocesium were made for suspended substance
collected with continuous centrifuge on site and for dissolved fraction captured with Prussian-blue cartridge filters.

The suspended and dissolved Cs-137 concentration was from 0.00379 to 1.20 Bq/L, and from 0.00217 to 0.0810 Bq/L,
respectively. At Kuroiwa station, long-term decreasing trends were observed both for suspended and dissolved Cs-137,
and the tendency was expressed by a two-component negative exponential equation. A clear seasonal fluctuation of the
dissolved Cs-137 concentrations (increase in May-Sep. and decrease in Nov-Feb) especially with the sharp increase
in May were observed. Since it is reported that K+ and NH4+ can exchange with radiocesium ions, and existence of
dissolved organic matter can prevent radiocesium from adsorbing to soil particles, we will focus on the relationship
between them.

Keywords : radiocesium, Abukuma River, long-term trend, seasonal trend
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Vertical distribution of 137Cs in bottom sediments represents long-
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* Faculty of Symbiotic Systems Sciences, Fukushima University, Fukushima, Japan
*Corresponding author: r701@ipc.fukushima-u.ac.jp

Processes responsible for the long-term changes in environmental radioactivity after the most severe nuclear accidents
at Chernobyl NPP (1986) and Fukushima Dai-ichi NPP (FDNPP) (2011) are currently high on the agenda. Bottom
sediments of lakes and reservoirs provide insight in understanding the long-term dynamics of radionuclides strongly
bound to sediment particles such as 137Cs. In 2018 several cores of bottom sediments were collected in the deep parts
of Lake Glubokoe and Lake Azbuchin in the close vicinity of the Chernobyl NPP and in Schekino reservoir (Upa
River) in Tula region of Russia. In October 2019 two bottom sediment cores were collected in a deep part of Ogaki
Dam reservoir (Ukedo River), heavily contaminated after the FDNPP accident. The collected bottom sediment
cores were sliced in 1 or 2-cm layers, dried and passed through 2-mm sieve, after which analyzed for 137Cs using y
-spectrometry. The obtained 137Cs vertical distributions in sediment accumulation zones of the water bodies suggest
that almost no vertical mixing of sediments occurred, the 137Cs peaks were well-defined and not diffuse ones. If
sediment accumulation rates after the accident were more or less uniform, layers of bottom sediments can be attributed
to certain time of sedimentation. With 137Cs activity concentration in a given layer of bottom sediments corresponding
to 137Cs concentration on suspended matter at that point in time, we were able to obtain the dynamics of particulate
137Cs after the accidents. Using experimental values of the distribution coefficient Kd, changes in the dissolved 137Cs
activity concentrations in the above -mentioned water bodies have been estimated. The estimates of 137Cs activity
concentrations are in reasonable agreement with monitoring data. The general trend of the particulate and dissolved
137Cs activity concentrations in case of Chernobyl can be described by the semi-empirical “diffusional” model. In
case of Fukushima the reduction of 137Cs goes faster than predicted by the “diffusional” model. The research was
partially supported by the Japan Society for the Promotion of Science (JSPS), Grant-in-aid for Scientific Research (B)
(18H03389); Science and Technology Research Partnership for Sustainable Development (SATREPS), Japan Science
and Technology Agency (JST)/Japan International Cooperation Agency (JICA) (JPMJSA1603) and by bilateral project
No. 18-55-50002 of Russian Foundation for Basic Research (RFBR) and Japan Society for the Promotion of Science
(JSPS).

Keywords : Fukushima, Chernobyl, radiocesium, dynamics, bottom sediments
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This study investigated the formation mechanisms of dissolved cesium-137 concentration in stream water
discharged from a headwater forest catchment. The water flow rate from both spring point and the lower stream was
monitored, and the concentration of cesium-137 and other ions dissolved in the water were measured. In addition,
the concentration of particulate cesium-137 concentrations in suspended sediment and coarse organic matter were
measured. The monitoring period was approximately one year and six months extended from June 2018 to December
2019. The monitoring results showed that dissolved cesium-137 concentration in stream water increased with
increasing temperature from spring to early summer, and then decreased in summer with increasing stream flow rate.
In winter, stream water tended to show slight increase of dissolved cesium-137 concentration. The concentrations of
dissolved cesium-137 in stream water and soil water showed a positive correlation. Furthermore, the concentration of
dissolved cesium-137 in stream water tended to increase with downstream distance (< 30 m) from the spring point to
the lower part of the catchment. These results indicated that the concentration of dissolved cesium-137 in stream water
showed marked seasonal changes probably in association with the dilution effects due to the fluctuation of stream water
flow rate, the mixing with soil water during the stream water flowing down along channels, and the entrainment of
cesium-137 from coarse organic materials deposited on forest floors and river channels.

Keywords : Fukushima accident, forest headwater catchment, dissolved radiocesium, stream water, discharge
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Comparative behavior of radiocesium and tritium along a river-to-
coast transect

Hyoe Takata* ', Michio Aoyama *, Toshiya Tamari *, Junji Yamanaka *

' Fukushima University, Institute of Environmental Radioactivity

* Center for Research in Isotopes and Environmental Dynamics, University of Tsukuba
* Kyushu Environmental Evaluation Association

*Corresponding author: h.takata@ier.fukushima-u.ac.jp

Of the radiocesium released to the environment after the Fukushima Daiichi Nuclear Power Plant accident,
radiocesium deposited on land is continuously transported to coastal areas through the rivers. In this study, we estimate
the contribution of riverine radioacesium to the coastal areas using naturally occurring tritium as a radio tracer for
riverine input, and also discuss the comparative behavior of radiocesium and tritium on the coastal area. Sampling was
conducted in May 2019 on rivers and coastal areas in the southern part of Fukushima Prefecture. Water samples were
also collected in the downstream of the Tomioka River and its nearest coastal area from July to October 2019. Dissolved
radiocesium (137Cs) in rivers in the southern part of Fukushima Prefecture ranged from 0.71 to 4.5 Bq /m3. In the
coastal areas (salinity: 27-32) dissolved 137Cs concentration varied in a range of 3.6-5.8 Bq /m3, which was higher than
that of rivers. In the downstream of the Tomioka River dissolved 137Cs ranged between 8.5 and 19 Bq/m3, but varied
in a wide range of 9.9-86 Bq/m3 in the coastal water (salinity: 29-34), while tritium concentration had almost constant
values of 71-100 Bq/m3. The highest value in the coastal water was observed after the Typhoon Hagibis in October
2019. A discussion about the contribution of riverine input to the ocean in relation to desorption from riverine particles

on estuarine mixing will be made in the presentation.

Keywords : tritium, cesium, river, coastal area, Typhoon Hagibis
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Temporal variations in riverine 137Cs and 1291 concentrations under
high-flow events

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

' Institute of Environmental Radioactivity, Fukushima University

* Accelerator Mass Spectrometry Group, University of Tsukuba

* Institute of Nature and Environmental Technology, Kanazawa University
*Corresponding author: wakiyama@ipc.fukushima-u.ac.jp

Iodine-129 is one of long-lived radionuclides released by the Fukushima accident. Due to its chemically reactiveness,
environmental behavior of 1291 could be different from those of 137Cs. Understanding its long-term fate from terrestrial
to the ocean are necessary. Although previous studies indicated large 137Cs wash-off during high flow events, there
are few studies on 1291 under high-flow conditions. This study aims to elucidate transfer process of 1291 through river
and presents a sampling campaign on the Abukuma River during a high flow event. River water samples were taken
at the Kuroiwa site at midstream of the Abukuma River during high-flow events in July and October 2018. Suspended
sediment and filtrate samples were obtained by decantation and subsequent filtration, respectively. These samples were
measured for dissolved and particulate 137Cs concentrations (Bq L-1). In both events, dissolved 137Cs concentration
tended to decrease and particulate 137Cs concentrations were highest at the peak water discharge due to increased
suspended sediment concentrations. As of 24 January 2020, the suspended sediment and filtrate samples are being
prepared for measurements with accelerator mass spectrometer for 1291/1271 ratio and with ICP-QQQ-MS for 1271
concentration. Based on the measurements, we will present temporal variations in dissolved and particulate 1291
concentrations and discuss differences from those of 137Cs.

Keywords : 1291, 137Cs, high-flow events, river
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Development of a model to reproduce 137Cs dissolution from dam lake
sediment considering temperature and dissolved oxygen condition

Hideki Tsuji* ', Seiji Hayashi ', Hironori Higashi ' ,Kazuyuki Sakuma * , Kazuya Yoshimura *, Hironori Funaki *,
Takahiro Nakanishi *, Tadahiko Tsuruta *

' National Institute for Environmental Studies
? Japan Atomic Energy Agency
*Corresponding author: tsuji.hideki@nies.go.jp

In the dam lake near the Fukushima Dai-ichi Nuclear Power Plant, dissolution of 137Cs from the lake bottom
sediment accelerated with high water temperature with low dissolved oxygen concentration (presented at the 4th IER
Progress Report Meeting, 2018). As a chemical mechanism, the dissolution rate of 137Cs is mainly determined by
the kinetics of NH4" and other co-existing substances in pore water and above water. In this study, we constructed a
numerical model to reproduce the distribution of dissolved 137Cs concentration in sediment pore water and diffusion
of 137Cs from sediment to above water and applied this model to the results of a static dissolution experiment using
undisturbed sediment core collected in the central part of the Yokokawa Dam Lake in Fukushima Prefecture. Under
the assumption that dissolved 137Cs in the pore water was supplied by the microbial decomposition of organic matter
and the chemical redistribution between mineral particles and pore water, parameters such as the decomposition rate
of organic matter depending on temperature and dissolved oxygen concentration was incorporated into the calculation
formula with reference to literature values. We also assumed that the equilibrium of 137Cs between solid and liquid
phase in sediment was determined by Radiocesium Interception Potential (Wauters et al., 1994) which regulates
the distribution coefficient of 137Cs by the K* and NH4% concentration in pore water, and also introduced the rate
at which the distribution equilibrium was reached (Fiengo-Perez et al., 2015). The vertical distribution of dissolved
137Cs concentration and 137Cs diffusion to the above water under both anaerobic and aerobic conditions were well
reproduced by this model. In the future, this model would be improved by incorporating experimental results on

sediment properties such as the decomposition rate of organic substances.

Keywords : sediment, dam lake, 137Cs, dissolution, diffusion
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Study on transport of radionuclides in watershed environment

Takahiro Nakanishi* ', Tadahiko Tsuruta ', Hironori Funaki ', Kazuyuki Sakuma ', Tomisato Miura > *,
Mitsuaki A. Yoshida *

' Fukushima Environmental Safety Center, Japan Atomic Energy Agency
? Graduate School of Health Sciences, Hirosaki University

* Institite of Radiation Emergency Medicine, Hirosaki University
*Corresponding author: nakanishi.takahiro@jaea.go.jp

To elucidate the mechanism of transport of dissolved radiocesium to masu trout, a feeding experiment was conducted
in a culture pond introduced with mountain stream water (dissolved 137Cs concentration: 0.1 - 0.2 Bq / L) using a non-
contaminated bait. The 137Cs concentration in the muscle of the adult masu trout (n = 10) was relatively high, showing
individual differences (30 - 200 Bq / kg-wet). Pond bottom gravel was found in their stomach, suggesting a source of
137Cs other than bait and stream water. As a result of dietary analysis using stable isotope ratios, the contribution of
aquatic organisms was higher in masu trout with higher 137Cs concentration in the muscle. This suggests that the 137Cs
concentration in masu trout does not exceed the Japanese limit of 100 Bq/kg for general foodstuffs by transport only
from the dissolved 137Cs.

Keywords : 137Cs, foodweb
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Dynamics of particulate radiocaesium in river and coastal area in
Fukushima Prefecture

Tatsuo Aono* !, Takahiro Nakanishi *
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The activity concentrations of dissolved and particulate radiocaesium in river water were monitored at Takase River
and its tributary Saruta River which has a forest catchment in difficult-to-return zones. During the investigation,
the terrain of river channel was completely changed due to the sediment discharge caused by heavy rains from two
typhoons in October 2019. At Saruta River, the activity concentrations of dissolved 137Cs were decreased by about 50%
compared to before the heavy rain. On the other hand, the change of activity concentrations of particulate 137Cs have
not been observed. It is considered that the condition of the forest catchment has changed by heavy rains, as one of

reasons.

Keywords : radiocaesium, forested watershed
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Evaluation of dissolved 137Cs discharge characteristics from a forested
catchment of the Ohta River

Kazuyuki Sakuma* ', Kazuya Yoshimura ', Takahiro Nakanishi ', Hironori Funaki ', Tadahiko Tsuruta ',
Kotaro Ochi ', Seiji Hayashi *, Hideki Tsuji *, Hirokazu Ozaki *

' Fukushima Environmental Safety Center, Japan Atomic Energy Agency
> Fukushima Branch, National Institute for Environmental Studies

*Corresponding author: sakuma.kazuyuki@jaea.go.jp

Cesium-137 leaching from decomposing forest litter is thought to be one pathway by which dissolved 137Cs enters
rivers from forests (Tsuji et al., 2016). To clarify whether this process contributes or not, we studied the correlation
between humin-like matter from microorganism-induced plants decomposition and dissolved 137Cs concentrations.
River water samples were collected approximately once a month from April 2017 to August 2019 at 10 locations (7
locations from April 2019) from the upstream of the Ohta River in the Namie and Minamisoma districts. These samples
were filtered through 0.45-pm-pore size membrane filters. Measurements of the dissolved 137Cs concentrations were
made with HPGe detectors. Fluorescence intensities of humin-like matter were measured using a three dimension
excitation-emission matrix (excitation wavelength: 335 nm, emission wavelength: 435 nm).

A positive correlation was found between the fluorescence intensities of humin-like matter and normalized dissolved
137Cs (R2=0.17, p<0.001, 137Cs concentrations were normalized by the 137Cs inventory in the catchment). The results
indicate that 137Cs leaching from forest litter because of litter decomposition can contribute to increasing the dissolved

137Cs concentration in river water in forested catchments.

Keywords : forested catchment, river water, dissolved 137Cs, litter, humin
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Radiocesium fate and transport in the soil-water environment in the
proximity of the Fukushima Daiich Nuclear Power Plant

Cameron Udy* ', Tom Johnson ', Ralf Sudowe ' , Yoshifumi Wakiyama* , Kenji Watanabe ? , Alexei Konoplev ?

' Department of Environment Health and Radiological Sciences, Colorado State University, Fort Collins, USA
* Institute of Environmental Radioactivity, Fukushima University, Fukushima, Japan

*Corresponding author: cameron.udy@colostate.edu

The objective of this research was to examine the dynamics of Cs-134 and Cs-137 in the aquatic ecosystems of the
contaminated areas adjacent to the Fukushima Dai-ichi Nuclear Power Plant (FDNPP). Samples of water, suspended
and bottom sediments from rivers, ponds, and a reservoir were collected. Three rivers (Niida, Abukuma, and Maeda),
four ponds (Inkyozaka, Suzuuchi, and Funasawa 1& 2), and Sakashita Reservoir located in the Fukushima contaminated
area were the focus of the study. Bottom sediment cores were taken from the Sakashita reservoir to analyze vertical
migration of radiocesium (r-Cs). Water samples were collected and filtered using an in-situ filtration system in the
field or by using a laboratory filtration system. Dissolved Cs-134 and Cs-137 were removed from water using one of
two different sorbents, a cartridge with non-woven cloth impregnated with potassium zinc ferrocyanide or a column
filled with granulated Iron Ferrocyanide. Activity concentrations of Cs-134 and Cs-137 were measured via gamma-
spectrometry on a high purity Germanium detector, while concentrations of major cations affecting r-Cs behavior were
measured via lon Chromatography and Inductively Coupled Plasma Mass Spectrometry (ICP/MS). Fate and transport
of r-Cs in the soil-water environment was assessed and predicted using analytical empirical and semi-empirical models.
Analysis of model fit to data is ongoing.

Keywords : radiocesium, sediment, NPP, catchment, Fukushima, soil, vertical migration
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Mapping of water age in a forested headwater catchment
after the Fukushima Daiichi Nuclear Power Plant accident
Koichi Sakakibara* ', Maki Tsujimura *, Sho Iwagami *, Kosuke Nagano *, Yuichi Onda’
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* Forestry and Forest Products Research Institute, Forest Research and Management Organization
* Graduate School of Life and Environmental Sciences, University of Tsukuba

Center for Research in Isotopes and Environmental Dynamics, University of Tsukuba

*Corresponding author: k_sakaki@shinshu-u.ac.jp

To understand the fate of radionuclide in environment, it is important to clarify the linkage between environmental
water circulation processes and behaviors of radionuclide in environment. However, this has not been well clarified yet
in headwater regions. Therefore, objectives of this research are 1) to investigate spatial distribution of water age with
revealing water circulation processes by using SF6 and water isotopes as tracers, 2) to clarify the relationship between
water age and dissolved radio-cesium concentration of subsurface water in a headwater catchment. The data of radio-
cesium was referred from Iwagami et al. (2019). The estimated age of groundwater and spring water in the study area
ranged from 0.7 to 28.8 years. The shallower groundwater (3 m below the ground surface) has younger water age than
the deeper groundwater (10 - 20 m below the ground surface). Although there is no clear correlation between the water
age and the dissolved radio-cesium concentration in the water, the older groundwater tends to have lower dissolved
radio-cesium concentration. Moreover, a spring water has younger age (approximately 4 years); however, the high
radio-cesium concentration was observed. This might be because of the interaction between spring water and litter/
soil with relatively high concentration of radio-cesium in the vicinity of the ground surface before the groundwater
discharge.

Keywords : water age, radio-cesium, stable isotopes of water, headwater
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Development of quantitative analysis method using radon to elucidate
complex groundwater processes unique in limestone area
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In a limestone area, rainwater penetrates along eroded fissures and underground cavities typical of limestone.
Therefore, it is difficult to estimate the flow path and residence time of groundwater using a conventional numerical
model. The aim of this study was to estimate the behavior of groundwater in the limestone area using radon as a tracer.
The samples were collected from drop water in the ceiling of the Gyokusendo cave located in Okinawa Island. The
radon concentrations were measured with liquid scintillation counter (Tri-Carb2910TR, PerkinElmer) for 60 min per
sample. The arithmetic mean * standard deviation of radon concentrations were estimated to be 10.51 £ 0.71 Bq/L.
The radon concentrations were observed seasonal variation with high in summer, low in winter. The average monthly
rainfall was 162 mm, tending to be high in summer and low in winter. Compared to the radon concentrations, a shift
of 2 to 3 months was confirmed. Rainwater exceeding about 30 mm/day was observed (22th Nov, 5th, 22th, 31th Dec),
during the observation period of drop water in the cave, however the same fluctuation tendency was not observed. On
the other hand, a remarkable peak (506 mm/day, 14th Dec) was observed in the drop water amount data. More than
about 50 mm/day of rainwater was observed before the peak (8th, 15th, 22th Sep, 22th Oct). Since the amount of drop
water data is limited, it is qualitatively suggested that a shift of about 2 to 3 months between rainwater and drop water.
From the above, the relationship between the radon concentrations, rainwater and the amount of drop water suggested
the possibility that radon in drop water can be used as a groundwater tracer in the Gyokusendo.

Keywords : radon, groundwater tracer, limestone cave, dripping water, penetration time
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The evaluation of radioactive cesium dynamics in forest-stream
ecosystem of mountainous watershed

Yuiko Chino ', Yoshito Oyama ', Takashi Gomi* ', Hiroto Toda '

' Graduate school of agriculture, Tokyo University of Agriculture and Technology

*Corresponding author: gomit@cc.tuat.ac.jp

The fate of radioactive cesium (137Cs) in forest environment has been an important topic because of the long half-
life of 137Cs and the complicated forest ecosystem. Especially in manufactured cedar forests, 137Cs migrates within
the linkage of stream and riparian ecosystem via food web from the cedar litter as a primary food source to the highest
consumer of fish. Whereas the 137Cs contamination is strongly related to the stream-riparian ecosystem linkages, most
of the previous studies about 137Cs contamination in forest ecosystem have focused on one ecosystem or some specific
species. In this study, we examined temporal change of 137Cs concentration in a headwater stream-riparian catchment
at Towa-region in Nihonmatsu-city, Fukushima for four seasons during two sampling periods; 2012-2013 and 2016-
2017. The 137Cs concentration significantly decreased among the sampling periods for all the samples; cedar litter from
riparian and stream, terrestrial and aquatic insects, and white spotted char (Salvelinus leucomaenis). We also calculated
ecological half-lives (Teco), which is an indicator of temporal contamination change including various environmental
processes commonly applied to the long-time assessment of environmental radioactive contamination. The calculated
Tecos were 1.6-3.9 years with the shortest of riparian litter and longest of stream litter. These Tecos were relatively
small compared to the previous studies for Fukushima and other contaminated area, which can suggest that headwater
ecosystems have faster contamination decrease because of the faster nutrient cycle. Also, the Teco values in aquatic
components were larger than terrestrial components. It is estimated that 137Cs contamination in stream ecosystems
decreases more slowly than riparian systems because newly supplied litter which is less and less contaminated with time
is the only source of contamination in the riparian systems, while fallen litter as well as resuspension of sediment and

POM can keep the contamination stable in stream ecosystems.

Keywords : radioactive cesium (137Cs), forest, stream-riparian ecosystem, ecological half-life (Teco)
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Changes in Cs-137 concentration in dissolved form and sediment in
the rivers in the difficult-to-return zone and the surrounding area, and
their factors (Distribution coefficient of Cs-137 in between dissolved
form and sediment)

Yukio Takeuchi* ', Keisuke Taniguchi ', Hirotsugu Arai ', Hirofumi Yoshita ', Kazuki Fujita ', Yuichi Onda?

' Fukushima Prefectural Centre for Environmental Creation
* Center for Research in Isotopes and Environmental Dynamics, University of Tsukuba
*Corresponding author: takeuchi_yukio_01@pref.fukushima.lg.jp

The Ministry of the Environment conducts the survey about the Cs-137 concentrations in the sediments and river
waters in the Radioactive Material Monitoring in the Water Environment. In the survey, Cs-137 concentration in
sediment was detected, however that in river water was not detected in many cases due to low level. Therefore, it
enables to estimate the dissolved Cs-137 concentrations in river waters from that in the sediments, if the distribution
coefficient (Kd value) in between the sediment and the dissolved form in river water is acknowledged.

In this study, to calculate the Kd value of Cs-137 in between the sediment and the dissolved form in river water, we
conducted sampling of river water three times a year, and river sediment once a year in the 5 rivers in the difficult-to-
return zone and the surrounding area. The sediments were taken by a core sampler (100 mL), and dried at 105° C for
48 hours. The river water was filtrated by a membrane filter with pore size of 0.45 p m, and was absorbed by a cation-
exchange resin. The Cs-137 concentrations in both the sediment and the dissolved form in the resin, were measured by
a germanium semiconductor detector.

The results of Cs-137 in sediment were from 410 to 3300 Bq / kg-dry. The results of dissolved Cs-137 were in the
range from N.D. (<1.5 mBq / L) to 110 mBq / L in the 5 rivers. In the poster, we will present the relationships between
the Kd value and the characteristics of the catchment(land use).(253 words)

Keywords : radiocaesium, river water, dissolved radiocaesium, sediment
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Study on the discharge of radioactive cesium from a forest basin
in northern Fukushima and the sedimentation mechanism in the
reservoir

Takuya Kawai ', Nobuhito Ohte* |, Naoto Nihei ? , Toshihiro Wada *

' Graduate School of Informatics, Kyoto University
* Graduate School of Agricultural and Life Sciences, University of Tokyo
* Institute of Environmental Radioactivity, Fukushima University

*Corresponding author: nobu@i.kyoto-u.ac.jp

After the Fukushima Daiichi nuclear power plant accident in March 2011, radioactive cesium (Cs), which has fallen
into forest areas in the northern Fukushima prefecture, is now concentrated in the organic layers of the forest floor
and the near surface horizons of soil profiles, and partly circulated between vegetation and soils. In the future, from
the forest that is not decontaminated, these statically and dynamically stored radioactive Cs will flow out during storm
events, and some will be deposited along with sediment in many agricultural reservoirs located in the middle stream.
In order to quantitatively elucidate the mechanism of radioactive Cs outflow through forest mountain streams and the
sedimentation mechanism in reservoirs in the reservoirs, time sequential observation of radioactive Cs outflow from
forest areas during storm events caused by typhoons and a survey was conducted on radioactive Cs in the sediments
in the downstream reservoir. Result showed that during a large-scale rainfall event, it was possible to estimate and
evaluate the characteristics of the time-dependent changes in the amount of radioactive Cs flowing out together with

the suspended sediment, changes in the form of runoff, and the trapping effects of the reservoir.

Keywords : radioactive cesium, forested catchment, reservoir, discharge and sedimentation mechanism, northern
Fukushima
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Fractional analysis of radiocesium in pond water in difficult- to-return
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Tomijiro Kubota* ', Hirofumi Tsukada *
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Fractional analysis of radiocesium of water was executed at 24 irrigation ponds located in the difficult-to-return zone
in the Fukushima Prefecture from July through August of 2019. As a result, radioactive cesium (Cs-137) contained in
water in the investigation pond was in total in the range of 0.6-6.0Bq/L and the mean value was 2.35Bq/L. Of these,
dissolved Cs-137 was 14% in average (range: 2-35%) , exchangeable Cs-137 was 56% (range:11-90%), organic Cs-137
was 8% (range:0-27%), and other was 22% (range: 1-57%).  Exchangeable form of Cs-137 easily shifted to dissolved
form of Cs-137 when the cation exists in water were over 50 percent of total Cs-137.

Keywords : irrigation pond, fractional analysis
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Radiocaesium dynamics in forested watersheds in Fukushima
Prefecture

Keisuke Taniguchi* ', Yukio Takeuchi ', Kazuki Fujita ', Terumi Dohi ?, Seiji Hayashi *, Takayuki Kuramoto *,
Naoki Nomura °, Tatsuo Aono °

' Fukushima Prefectural Centre for Environmental Creation * Japan Atomic Energy Agency ° National Institute for
Environmental Studies * Tokai University ° Fukui University of Technology ° National Institute for Quantum and
Radiological Science and Technology

*Corresponding author: taniguchi_keisuke_01@pref.fukushima.lg.jp

In Fukushima Prefecture, although decontamination has been completed except for difficult-to-return areas, most of
forests have not been decontaminated yet. From forests, radiocaesium may enter rivers and affect downstream areas.
A survey was conducted in three forested watersheds of the Nanokazawa, Saruta, Nuno rivers located in Fukushima
Prefecture to understand the amount and characteristics of radiocaesium flowing out. In each watershed, suspended
solids (SS) were collected by a suspended sand sampler, water was collected every few months, and the water level and
flow rate were measured. After freeze-drying the SS sample, the concentration of suspended Cs-137 was measured
by a germanium semiconductor detector. The water sample was filtered through a membrane filter with a pore size of
0.45 p m, then the dissolved Cs-137 was collected by the solid-phase extraction disk method or AMP coprecipitation
method, and the dissolved Cs-137 concentration was measured by a germanium semiconductor detector. The ranges of
dissolved Cs-137 concentration in FY2019 were 69-190 mBq/L in the Saruta River, 9.7-16mBq/L in the Nanokazawa
river, and ND-3.2 mBgq/L in the Nuno River. In the poster, we will also present the results of SS measurements and flow
observations.

Keywords : radiocaesium, forested watershed
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Migration behavior of radiocesium in river systems in the coastal area
of Fukushima Prefecture
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The Fukushima Dai-ichi Nuclear Power Plant accident has released a large amount of radioactive materials to the
atmosphere due to the Tohoku earthquake, on March 11, 2011. This accident resulted in deposition of radioactive
cesium (134Cs and 137Cs) on land, rivers and sea around Fukushima Prefecture. In this study, activity of 134Cs and
137Cs has been investigated for dissolved and particulate phase in river water in Fukushima and adjacent area (Natsui
River, Tone River, Niida River, and Abukuma River) at normal and high flow condition during 2018-2019 to understand
factors controlling transport of radiocesium during different condition. Suspended solids were separated using
continuous flow centrifugation and dissolved cesium were co-precipitated using ammonium molybdophosphate (AMP)
method. The AMP precipitated and suspended solids were dried to determined radioactive cesium concentration
using HPGe gamma spectrometry. The maximum concentration of 134Cs and 137Cs at normal condition was 0.7 mBq
L-1 and 7.9 mBq L-1 in the Tone River, and 1.1 mBq L-1 and 11 mBq L-1 in the Natsui River, respectively. The
concentration of 134Cs and 137Cs in river water was increased after the rainy events at high flow conditions. Total
concentration of 134Cs after the rainy events in the Tone River and the Natsui River was 18-37 mBq L-1 and 40 mBq
L-1, and concentration for 137Cs was 210-411 mBq L-1 and 447 mBq L-1, respectively. During the study period, 96-
100 % of 134Cs and 137Cs was distributed by suspended solid in the Tone River and 99-100 % of 134Cs and 137Cs in the
Natsui River after the rainy events. These results indicate that behavior of suspended solids is a main factor controlling
variation of concentration of 134Cs and 137Cs in both rivers. In this presentation, these results are compared with the
data obtained from Niida River and Abukuma River.

Keywords : radioactive cesium, river water, Fukushima Daiichi Nuclear Power Plant
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Current status and issues of decontaminated paddy field resulted from
rice production experiments in mountainous area
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Radioactive cesium deposited on the soil surface of cropland in Fukushima prefecture after accident of the Fukushima
Daiichi Nuclear Power Plant in 2011. As a result, paddy fields in a part of mountainous area had been restricted
to any farming. After decontamination of radionuclides from soil surface, rice production was allowed to resume.
The decontamination by stripping the topsoil and topdressing with uncontaminated soil was expected to reduce the
concentration of radioactive cesium in soil. Meanwhile, loss of soil fertility was concerned. Therefore, it is necessary to
grasp current situations of soil fertility in decontaminated paddy field, and to establish techniques improving such soil
after rice production was resumed.

The aim of study is to evaluate soil fertility of paddy field decontaminated radioactive cesium in 2014, and the effect
of applying cattle manure continuously when rice production was resumed after 1, 2, or 4 year of the decontamination.
Low soil fertility was observed when rice was cultivated after 1 year and 2 year of the decontamination. When rice farming
was started after 4 year of the decontamination, the decrease of soil fertility was slightly remained. Continuously
applied manure was contributed to improve soil fertility. We will discuss some current issues of decontaminated paddy
fields based on each soil fertility in our poster presentation.

Keywords : radioactive cesium, paddy field after decontamination of radionuclide, mountainous area
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After the Fukushima accident, the distribution of the concentration of radiocesium (RCs) in the contaminated
farmland had been investigated in Fukushima prefecture, however, the horizontal distributions of RCs variations in
adjacent field and within the field have not been reported yet. In addition, to remove RCs deposited on agricultural
land in evacuation zones, fertile surface soil has been removed and replaced with low-fertility sandy soil taken from
mountainous areas, it has been reported that there is the large variation in RCs in the farmland. We evaluated the effect
of horizontal distribution of RCs variations among adjacent farmland and within the farmland after decontamination in
evacuation zones.

We investigated the horizontal distributions of Cs-137 in 36 different paddy fields in Tomioka town. The Cs-
137 concentrations in the depth of 0-15 cm soil collected from 36 paddy fields were 246-2390 Bq/kg DW, showing
approximately ten-fold variations. The Cs-137 concentrations in the depth of 0-5 cm of 60 plots within one field in
36 different paddy fields were 226-3100 Bq/kg DW, showing approximately fourteen-fold variations. Most of these
paddy fields were not well-mixed because no crops are planted and only about two or three times a year during the
maintenance management period. Furthermore, since the soil was not uniformly distributed by decontamination of the
topsoil, it was considered that the variations of the Cs-137 in the field were expanding.

Keywords : soil, decontamination, Cs-137
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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 (137Cs) concentration in sediment
is important to understand fishing ground condition for proving the safety of fisheries products. Our previous
study suggested decreasing trend of 137Cs concentration in coastal sediment off Fukushima. However, there was no
information about its spatio-temporal variability, especially, including recent trend. Here, monitoring data between
Mar. 2011 and Feb. 2019 were analyzed to describe spatio-temporal variability of 137Cs concentration in coastal
sediments off Fukushima (Total eight lines observation in Soma-Futaba area and Iwaki area). Additionally, Radiometric
Environment Survey and Quantification (RESQ hose, Thornton et al. 2013) were used to get continuous trend of 137Cs
concentration in the sediment.

137Cs concentration of sediment had decreasing trend and model fitting showed that decreasing rate became slow in
the both Soma-Futaba area and Iwaki area. Spatial (local scale) variability was also observed and 137Cs concentration
was lower in two lines (Isobe and Shinchi lines) and Ena line than other lines in Soma-Futaba area and Iwaki area,
respectively. In addition, RESQ hose data showed highly concentrated 137Cs near the FDNPP (around 37° 26" N, 141
° 12’ E) between 2015 and 2018 observation.

These results suggested that 137Cs concentration had spatio-temporal variability in the sediment off Fukushima and its
variability might be related to environmental factors such as river and topography.

Keywords : radiocesium, sediments
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Radionuclides (e.g., Pu) and heavy metals (e.g., Hg) are important pollutants in marine environments. However,
the sources and distribution of these contaminants in the Southern Hemisphere are rarely studied. In this project, we
measured 239+240Pu activities and 240Pu/239Pu atom ratios, as well as Hg concentration and isotope compositions in
deep-sea sediments in the South Pacific for the first time. Extremely low 239+240Pu inventories in sediments of the
South Pacific revealed relatively less fallout compared with that of North Pacific. The 240Pu/239Pu atom ratios in the
sediments are typically lower than the global fallout, suggesting mixing with low ratio Pu generated by French Nuclear
Tests and/or the United Kingdom Nuclear Tests in Australia. The plausible pathways for Pu transportation were the
South Pacific Gyre, based on the observation of latitudinal trends in both the 239+240Py inventories and 240Pu/239Pu
atom ratios.

Hg in the South Pacific is most likely contributed by global atmospheric circulation, although the contribution from
ocean current remains to be studied. Total Hg concentration (THg) and isotope ratios are measured in one sediment
core in the Antarctic sea, where local anthropogenic Hg sources are absent. The bottom of the core shows low THg
(<10ppb) and significantly negative 6 202Hg values that are consistent with the global background of atmospheric
Hg(ID), suggesting a relatively low anthropogenic influence. The upper section of the core shows much higher THg (up
to 45.6 ppb) and & 202Hg values approaching zero, consistent with the increased global anthropogenic Hg emission
(e.g., from coal combustion) in recent years, probably transported via long range atmospheric circulation. Future work
will compare Pu and Hg isotopes in South Pacific sediments to reconstruct the history of anthropogenic inputs of these

contaminants to marine environments, and to assess the influence of human activities at local vs. global scales.

Keywords : South Pacific, plutonium, mercury, isotope, radionuclide, heavy metal
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Studying the artificial radionuclides in sediment cores is important to understand the history of contamination,
material sources, and sedimentary environment. In this study, Pu isotopes (239Pu, 240Pu and 241Pu) and Cs isotope
(137Cs and 134Cs) were determined for 4 abyssal sediment cores collected in 2013-2018 in the Northwest Pacific (NP2,
146.5° E, 35° N; NP3,145° E, 31° N) and NP4(148° E, 27° N) and mid-East Pacific Ocean (EP, 155° W, 10° N).
239+240Pu activities ranged from 0.0018 to 0.72 Bq/kg with the 240Pu/239Pu atom ratios of 0.070-0.246; 137Cs activities
ranged from <LOD to 17.9 Bq/kg, and 134Cs activities were <LOD. Generally, 239Pu, 240Pu and 137Cs penetrated to
the depth of ~10 cm in the sediment cores, which is caused by particle mixing due to burrowing activities of benthic
fauna. With a few exceptions, the activities of 239+240Pu and 137Cs in the 4 sediment cores decreased generally with the
increasing depth. The estimated 137Cs inventory in core NP2 was 104.6 Bq/m2. The estimated 239+240Pu inventories
(Bg/mz2) of sediment cores NP2, NP3, NP4 and EP were 23.0, 0.87, 0.83 and 8.1, respectively. The “latitude effect” of
the global fallout deposition resulted in more deposition in NP2 and the weak scavenging ability of the overlying water
column caused much lower deposition in NP3 and NP4. 240Pu/239Pu atom ratio showed Pu in NP2, NP3 and NP4 were
from the global fallout and PPG close-in fallout (6% - 46% contribution). 240Pu/239Pu atom ratios of EP ranged from
0.070 to 0.184, suggesting contributions of the source(s) with lower 240Pu/239Pu atom ratio and the global fallout, and
was less affected by the PPG close-in fallout. In a comprehensive judgement of 240Pu/239Pu atom ratios and 239+240Py
activities, we concluded there was no evidence of Pu signal derived from the Fukushima nuclear accident.

Keywords : 39Pu, 240Py, 137Cs, 240Pu/239Pu atom ratio, sediment core, Pacific Ocean, Fukushima nuclear accident
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Radiocesium (137Cs) derived from Fukushima Dai-ichi Nuclear Power Plant (FDNPP) affected contamination
to marine fish species in Fukushima Prefecture. Previous study suggested that 137Cs derived from Chernobyl was
transferred to marine ecosystem and food web, and also showed relationships between 137Cs concentration and stable
isotopic ratios ( ¢ 13C and & 15N). Although contamination process via food web is considered to be one of the main
factors for marine fishes, little is known about this process especially in coastal environment in Fukushima.

Here, to reveal the effect of FDNPP accident, 137Cs concentration of seven marine fishes (greenling Hexagrammos
otakii, Japanese rockfish Sebastes cheni, Japanese flounder Paralichthys olivaceus, Pacific cod Gadus macrocephalus,
marbled sole Pseudopleuronectes yokohamae, slime flounder Microstomus achne, willowy flounder Tanakius kitaharai)
caught in Fukushima Prefecture during 2011-2018 were analyzed. Furthermore, to examine the relationship between
137Cs contamination and the feeding habitat of these fishes, we conducted a stable isotopic analysis ( § 13C and &
15N).

Based on results obtained from a total of 25032 samples, it is readily apparent that 137Cs concentration of all species
have decreased dramatically during 2011-2018 and average 137Cs concentration of each species showed the lowest value
(0.25-1.59 Bq/kg) in 2018. We discussed the degreasing trend of 137Cs concentration with fish size and stable isotopic
data.

Keywords : radiocesium, marine fish
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Elucidation of the migration ecology of fish around the Fukushima
Daiichi Nuclear Power Plant for risk assessment of radioactive
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Recovery of coastal fisheries in Fukushima Prefecture have been significantly delayed due to the direct damage from

the tsunami and the radioactive contamination of marine products after the Fukushima Daiichi Nuclear Power Plant
(FDNPP) accident. One of the problems is that fish exceeding the regulatory limit of radioactive cesium are still
inhabited near the FDNPP, and "the movement of fish cannot be controlled". The purpose of this study is to clarify
when and how much fish caught in the banned areas (within 5 km radius area) use the coastal waters around the
FDNPP, which is a key information for an accurate risk assessment of radioactive contamination of fish. An experiment
was conducted with the cooperation of the Soma-Futaba Fishery Cooperative in the Ukedo area of Namie Town, located
5 km north of the FDNPP. From the end of November to the end of December 2018, depth and temperature loggers
were installed to a total of 24 flatfishes; 15 Japanese flounders, 7 stone flounders, 1 marbled flounder, and 1 spotted
halibut, caught by a stationary net. So far, 4 Japanese flounders and 2 stone flounders have been recaptured, and logger
data has been successfully obtained. Currently, we are analyzing the movement trajectory using the obtained data, while
measuring the radioactive cesium concentration in the muscles of the recaptured individuals, aiming at analyzing the
relationship between the movement paths and the radioactive cesium concentrations.

Keywords : bio-logging, fish, migration, radioactive cesium
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Matsukawa-Ura Lagoon is a shallow brackish lagoon located in northeastern Fukushima prefecture. The lagoon is
nursery ground for various juvenile fish. The objectives of the present study was to elucidate the effect of difference in
diet on radiocesium (137Cs) concentration in grey mullet (Mugil cephalus) and Japanese seabass (Lateolabrax japonicus),
which are typical fish species in brackish waters. From July to November 2019, grey mullet (n=15) and Japanese seabass
(n=5) were collected using 2-m beam trawl and cast net in northern area of the lagoon. Their total length and body
weight were measured. Stomach contents were also observed. The 137Cs concentration in muscle of each individual
was measured using high-purity germanium (HPGe) semiconductor detectors. Prey items of both fish species (mullet:
sediments, seabass: mysid) were also collected at the same areas. The 137Cs concentration of prey items were measured
as mentioned above. The ranges of both fish species were 0.89-2.07 (grey mullert) and 1.36-2.70 Bq/kg-wet (Japanese
seabass), respectively. There was no clear difference. On the other hand, the 137Cs concentration of sediment sample
and mysid were 50.0 and 0.98 Bq/kg, respectively. Currently, the accumulation from seawater, rather than food web
transfer, may be the main source of 137Cs in fish inhabiting in Matsukawa-Ura Lagoon. Although grey mullet actually
fed on sediments, there was little transfer of 137Cs from those sediments.

Keywords : grey mullet, Japanese seabass, 137Cs concentration, Matsukawa-Ura Lagoon
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Miura et al. (2018) reported cesium-bearing microparticles (CsMPs) from the suspended particles in river water and
their effect on Kd value, which suggested CsMPs may exist in the ocean transported through rivers. Kubo et al. (2018)
and Ikenoue et al. (2018) reported hot spots in the ocean samples by autoradiography but they did not separate CsMPs
from these spots. In this presentation, we first report CsMPs separated from marine suspended particles, sinking
particles, and sediments in coastal area of Fukushima and compare them with CsMPs from the terrestrial samples. We
collected suspended particles (2011, 2013, 2015, 2019), sinking particles (2014), sediment cores (2011) from coastal
area of Fukushima. By a wet separation method (Miura et al., 2018), we separated CsMPs from these samples. After
measurement of radioactivity with a high-purity germanium semiconductor detector, scanning electron microscope
(SEM) and energy dispersive X-ray spectroscopy (EDS) analyses were performed for separated CsMPs. Using
autoradiography, we calculated 137Cs activity of unseparated hot spots over 0.1 Bq, which may be CsMPs. We separated
5 CsMPs from marine samples. The results of SEM-EDS analyses showed that these CsMPs have almost similar
characteristics to the reported CsMPs because they mainly consist of Si, Cs, Fe, and Zn. Their 134Cs/137Cs showed that
the CsMPs were from Unit 2 or 3 of FDNPP. 137Cs radioactivity per volume is also similar to reported CsMPs from
Unit 2 or 3. In this presentation, we will show the effect of CsMPs on Kd values. CsMPs in the ocean samples will make
apparent Kd values be higher than intrinsic Kd values related to the adsorption-desorption reaction to the clay minerals,

which may explain the large variation of Cs concentration in marine samples.

Keywords : radiocesium, radiocesium-bearing microparticle, suspended particle from ocean
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Submarine Groundwater Discharge (SGD) is one of the processes of water and nutrient transport from the land to
the ocean, and it is recognized worldwide that it is important for basic production of the coastal ocean. In Toyama
Bay, Submarine Fresh Groundwater Discharge (SFGD) supply a large amount of dissolved nutrients to coastal ocean,
which have been indicated to contribute significantly to primary activities on surface ocean (Hatta and Zhang, 2013).
However, in recent years, the snowfall decreased in the Hokuriku region including Toyama Prefecture, while the
rainfall increased (Japan Meteorological Agency, 2015; Yasunaga and Tomochika, 2017). Considering these climate
changes, Zhang et al. (2017) showed that the volume of SGD in Toyama Bay increased by up to 30% in 30 years. The
quantitative change of SGD is expected to bring about a qualitative change at the same time. The aims of this study
are to understand the changes of water quality associated with climate change, and to evaluate the impact on material
supply to the coastal ocean in Toyama Bay. Main conclusions in this study are : (1) Due to the increased rainfall, the
residence time of SGD was getting shorter and the dissolved chemical component concentrations were diluted. (2) The
fluxes from land to coastal ocean were calculated that the nutrient supply decreased and carbon supply increased. These
lead to the reduction in primary activities on surface ocean and further increase CO2 emission into the ocean.

Keywords : submarine groundwater discharge (SGD), climate change, nutrient and carbon fluxes
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P-31
Estimate of 137Cs derived from FNPP1 transport amount and time
scale into the Sea of Japan

Yayoi Inomata* ', Michio Aoyama *

" Institute for Nature and Environmental Technology, Kanazawa University
? Center for Research in Isotopes and Environmental Dynamics, Tsukuba University
*Corresponding author: E-Mail yinomata@se.kanazawa-u.ac.jp

The 137Cs activity concentrations in the SOJ have been increasing since 2012-2013 and reached a maximum in
2015-2016 of approximately 3.4 Bq m=3. The integrated amount of FNPP1-derived 137Cs that entered the SOJ until
2017 estimated to be 0.27 = 0.02 PBqg, 6.4 % of the estimated total amount of FNPP1-derived 137Cs in the STMW.
The integrated amount of FNPP1-derived 137Cs that returned to the North Pacific Ocean through the Tsugaru Strait
was estimated to be 0.11 £ 0.01 Bq, 42 % of the total amount of FNPP1-derived 137Cs transported to the SOJ and 2.7
% of the estimated total amount of FNPP1-derived 137Cs in the STMW. We also estimated the apparent half residence
time (Tap) of 137Cs in the surface sea water in the SOJ, ECS, and western North Pacific Ocean (WNPO) between 2000
and 2010. Tap in SO]J, ECS, and wNPO are 18.0yr, 23.5yr, and 17.3 yr, respectively. The longer Tap in SOJ and ECS
suggests that 137Cs derived from global fallout may be recirculated into the SOJ through ECS from wNPO.

Keywords : 137Cs, FNPP1, re-circulation into the SOJ
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P-32
Reconstruction of distribution of Fukushima-derived radiocesium in
the North Pacific Ocean in 2014 by means of observation and dataset

Yuichiro Kumamoto* ', Yasunori Hamajima *, Michio Aoyama *

' Japan Agency for Marine-Earth Science and Technology

* Low Level Radioactivity Laboratory, Kanazawa University

* Institute of Environmental Radioactivity, Fukushima University
*Corresponding author: kumamoto@jamstec.go.jp

The accident of the Fukushima Dai-ichi Nuclear Power Plant resulted in large amount release of radiocesium (about
40 PBq for 134Cs and 137Cs) into the North Pacific Ocean. The Fukushima-derived radiocesium deposited on and
discharged into the north of the Kuroshio Front had been transported eastward along with the North Pacific Current.
In summer 2012, about 1.5 years after the accident, relatively higher concentrations (decay-corrected ~10 Bq/m3)
were observed in surface water in the central North Pacific Ocean (40-50°N/160°E-170°W). In this study, we measured
radiocesium concentration in seawater samples collected during R/V Mirai (Japan Agency for Marine-Earth Science
and Technology) cruise MR14-04 in the subarctic area of the North Pacific. Using these new data and a dataset
collected published radiocesium data in 2014 from previous studies, we reconstructed distribution of the Fukushima-
derived radiocesium in surface water of the North Pacific Ocean in summer 2014, about 3.5 years after the accident.
It is found that the high-134Cs water mass (~7 Bq/m3) had been transported further eastward and reached to about
150°W.

Keywords : radiocesium, North Pacific Ocean, subarctic area
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P-33
Flume experiment for deposition of muddy sediment under waves

Naofumi Yamaguchi* ', Tomohiro Sekiguchi *, Tetsuya Shinozaki *

' Center for Water Environment Studies, Ibaraki University
* Affiliated institutionCenter for Research in Isotopes and Environmental Dynamics, University of Tsukuba
*Corresponding author: naofumi.yamaguchi.sci@vc.ibaraki.ac.jp

We performed wave-flume experiments in order to examine depositional processes of muddy sediment. In the
experiments, we investigated the effect of kind of muddy sediment (bentonite, D50 ~ 13 g m; silt, D50 ~ 37 u m)
under same condition of wave and initial sand bed. In the present experimental series, either kind of muddy sediment
did not deposit on the bed surface under the wave condition which can generate sandy wave ripples. The present result
suggests that, it is difficult for even high-concentrated muddy water to deposit on rough bed.

Keywords : muddy sediment, wave, sediment dynamics, wave-flume experiment
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P-34
Radiocesium-rich microparticles in plankton-net samples off
Fukushima Prefecture

Jota Kanda* ', Yukari Ito ', Takashi Ishimaru '

' Tokyo University of Marine Science and Technology
*Corresponding author: jkanda@kaiyodai.ac.jp

Tokyo University of Marine Science and Technology conducted 13 research cruises off Fukushima Prefecture between
July 2011 and May 2017. In each cruise, plankton samples were collected with 100 and 330 x m mesh plankton nets for
radioactivity determination. During the first voyage, a sample with a Cs-137 concentration of about 1700 Bq kg-1-wet
was collected from the surface layer off Shioyazaki, and fine particles with a high radiocesium concentration attached
to the fiber-reinforced plastic were found. The Cs-137 concentration in the net samples did not necessarily decrease
with time, and in some cases increased sporadically. The relationship between the Cs-137 concentration and the high
radiocesium particles detected by the imaging plate revealed that the Cs-137 concentration of the sample reflected the
presence of the high cesium particles.

Keywords : radiocesium, plankton-net sample, microparticle
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P-35
Development of biomonitoring method for radionuclides using
mussels

Naoko Murakami-Sugihara ', Kotaro Shirai* ', Hirofumi Tazoe * , Kaoruko Mizukawa *, Hideshige Takada *,
Takeyasu Yamagata *, Shigeyoshi Otosaka ', Hiroshi Ogawa '

" Atmosphere and Ocean Research Institute, The University of Tokyo
* IREM, Hirosaki University

* Tokyo University of Agriculture and Technology

* MALT, The University of Tokyo

*Corresponding author: kshirai@aori.u-tokyo.ac.jp

Radioactive cesium released into the environment by the accident at the Fukushima Daiichi Nuclear Power Plant
(FDNPP) in March 2011 still remains in the environment. Particularly in coastal areas, continuous release from the
FDNPP, inflow of soil and resuspension of sediments containing radioactive cesium requires an efficient monitoring
method. In this study, we measured radioactive cesium in mussel mollusk tissue collected from the coastal area of the
Tohoku Pacific from 2011 to 2015. As a result, 137Cs was detected in a wide area from Iwate to Fukushima collected
in 2011, but it became below the detection limit in the samples from north of Sendai after 2012. In contrast, 137Cs
was detected in many sites in Fukushima Prefecture from 2012 to 2015. In addition, although the 137Cs concentration
decreased in many locations with time, the decreasing rate in the 137Cs from the Yotsukura stations was slower than
other locations. The fluctuation of 137Cs concentration in the mussel soft tissue seems to reflect the 137Cs composition
in suspended particles in seawater, suggesting a significant contribution from inflow of soil and resuspension of marine

sediment.

Keywords : mussel watch, mytilus, bio-monitoring, 137Cs
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P-36
Behaviors of analog elements of transuranic nuclides in the sea regions
around Japanese archipelago

Kazuhiro Norisuye* ', Daichi Asanuma *, Shun Kakuta *, Tohru Fukazawa * , Ryo Hashimoto *

' Faculty of Science, Niigata University
* Graduate School of Science and Technology, Niigata University
* Graduate School of Science, Hokkaido University

*Corresponding author: knorisue@env.sc.niigata-u.ac.jp

There has been a dispersion of various contaminants and by-products threatening ecosystem over the Japan Islands
and nearby sea regions as a result of increase in human activity and nuclear industry. Individual substances display
their own biogeochemical behavior in the marine environment, while they appear to be controlled also by a kind of
universe property. Understanding of such properties may contribute to progress in our knowledge of the diffusion and
biogeochemical cycles of anthropogenic nuclides released to the environment. We are investigating various elements in
the sea regions characterized by unique topography and environmental properties. Here we show our new data and idea

on bismuth and lead as an analog of transuranic radionuclides in these sea regions.

Keywords : analog elements of transuranic nuclides, bismuth, lead
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P-37
Transport of suspended radiocesium in coastal area off Fukushima

Shigeyoshi Otosaka* ', Takashi Suzuki *, Tadahiko Tsuruta *, Toshiharu Misonou *, Terumi Dohi *, Yoshihisa Mino °,
Chiho Sukigara *, Yukari Ito *, Jota Kanda *, Tahashi Ishimaru *

" Atmosphere and Ocean Research Institute, The University of Tokyo
* Japan Atomic Energy Agency

* Nagoya University

* Tokyo University of Marine Science and Technology
*Corresponding author: otosaka@aori.u-tokyo.ac.jp

A time-series sediment trap was deployed from October 2017 to June 2018 at a station located in southeast of the
Fukushima Daiichi Nuclear Power Plant to clarify the transport process of suspended radiocesium from the coast
to the offshore area. Sinking particles of 39 periods were collected by this experiment. Radiocesium was detected
from sinking particles throughout the observation period, and the concentration showed clear seasonal variation.
The observed flux of radiocesium showed maxima in winter (December-January) and spring (March-April). From
detailed analysis of physical and chemical characteristics of sinking particles, it was found that sinking particles were
composed of biological particles with relatively low degradation in winter and fine-grained terrestrial particles in spring.
Especially in spring, high radiocesium flux was observed, and it was presumed due to lateral transport of radiocesium-
bound lithogenic particles from the coastal area to the offshore. However, the effect of redistribution of radiocesium in
seabed sediments by this process is considered to be limited.

Keywords : radiocesium, sinking particles, seabed sediment
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P-38
Study on supply process of radioactive cesium from Uda River /
Matsukawa-ura to the ocean

Daisuke Tsumune* ', Hikaru Miura ', Seiji Hayashi * , Hideki Tsuji *, Yasunori Hamajima *, Michio Aoyama *

' Central Research Institute of Electric Power Industry

* Fukushima Branch, National Institute for Environmental Studies

* Institute of Nature and Environmental Technology, Kanazawa University

* Center for Research in Isotopes and Environmental Dynamics, Tsukuba University
*Corresponding author: tsumune@criepi.denken.or.jp

Radiocesium deposited on land due to the Fukushima Daiichi Nuclear Power Plant accident, continues to be
discharged to the ocean through rivers. It was difficult to detect the effects of river discharge of dissolved radiocesium in
the ocean because the effects of direct release from the site were still dominant. The results of the regional ocean model
considering direct release were underestimated offshore blackish lake, Matsukawa-Ura. The dissolved radiocesium
concentrations in the Uta River and the ocean were almost the same, and those in Matsukawa-Ura were several times
higher. In other words, the effect of the supply of dissolved radioactive cesium from Matsukawa-Ura to the ocean
was detectable. The bottom sediment of Matsukawa-Ura was contaminated by the impact of high contaminated
seawater at the beginning of the accident, and the concentration of dissolved radiocesium in pore water is still high. It
is hypothesized that dissolved radioactive cesium in pore water is supplied to Matsukawa-Ura by tide. Water samples
were corrected to measure the concentration of dissolved radioactive cesium at the time of rising and falling tides. The
results are shown in the poster presentation.

Keywords : dissolved radiocesium, Brackish lake, river discharge, direct release, regional ocean model
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Preliminary investigation on radiocesium dynamics research using moss

Mamoru Sato* ', Daisuke Takata '

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

In order to obtain basic knowledge for quantitatively analyzing the adsorption, leaching and transport of 137Cs in
orchards using moss, measurement methods for small samples (Exp.1), period for the regrowth of moss (Exp.2)
and the correlation analysis between air dose rate and 137Cs concentration in moss (Exp3) were examined. Exp. 1:
Measurement values when volume of moss sample less than 1 g is increased by sphagnum moss for geometry correction
(BT) and when moss sample is prepared higher than 2.5 cm by itself (NBT) were compared with the measured value
of a moss sample less than 1 g (CONT). A significant proportional equation was obtained between the 137Cs content in
BT and CONT calculated from the measured concentrations, and content in BT was 6.5% higher than that in CONT.
On the other hand, the measured concentration of NBT did not show a significant difference from CONT. Exp. 2: On
October 24 in 2018, moss was exfoliated in a circular shape with a diameter of 2 cm within five colony of compressed
entodon moss [Entodon challengeri (Paris) Card.] on Japanese persimmon tree. On November 29 in the following year,
four sites were almost completely regenerated and the remaining one was partially regenerated. Exp. 3: The correlation
between 137Cs concentration in moss and air dose rate in the forest of Mt. Ryozen was investigated for four years from
2015. As a result, a significant correlation was observed between the both until 2017, but no correlation was observed
in 2018. The ratio of 137Cs concentration in the moss at the same location to the air dose rate was lower of Hypnum
plumaeforme Wilson with strong prosperity than that of the other moss species. On the other hand, a significant
correlation was found between 137Cs concentration in moss and air dose rate when the survey area is expanded to the
forest in Fukushima and Date City in 2019. However, some moss was apparently lower than the regression line.

As a result, the method of measuring the concentration of 137Cs in a small amount of moss by increasing volume
using sphagnum moss should be effective. It became clear that the long-term survey of 137Cs concentration in moss is

required to take the dilution of moss concentration by regrowth for account.

Keywords : geometry, period for regrowth of moss, air dose rate
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Relationships between 137Cs concentration of masu salmon and crucian
carp and indicators for 137Cs contamination in environment at lakes

Yuto Funaki* ', Kazuyoshi Takasaki* *, Wataru Teramoto* ', Tadahiro Sohtome* '

' Fukushima Prefectural Inland Water Fisheries Experimental Station,
* Fukushima Prefecture Fisheries and Marine Science Research Center
*Corresponding author: funaki_yuto_01@pref.fukushima.lg.jp

In lakes, which had relatively high 137Cs concentration of the surrounding soil, 137Cs concentrations in lake water,
zooplanktons, and fish in lakes were known to remain at a high level. 137Cs concentrations in freshwater fish in
mountain streams was suggested to be controlled by the transfer of 137Cs to river water from forest organic soil in
previous study. In this study, in order to clarify the factors of fish in lakes, the relationship between 137Cs concentration
in fishes and indicators for 137Cs contamination around and in lakes was examined. Lake water, zooplankton and fish
were collected in 13 dam lakes in Fukushima Prefecture from 2013 to 2018. The concentrations of dissolved 137Cs
in lake water and 137Cs in zooplankton and muscle tissue of fish were measured using germanium semiconductor
detector. The date analysis was conducted by average annual 137Cs concentrations of specimens, excluding values
below detection limit. There were significantly correlations between these three indicators for contamination of 137Cs
in environment and 137Cs concentration of both fishes (p <0.001). The results showed a similar tendency between
both fishes with different lifespans and food habits. There were significantly positive correlations among three pollution
indicators (p<0.05).

Keywords : masu salmon, crucian carp, catchment area, air dose rate, zooplankton, 137Cs concentration
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Evaluation of vegetation index in Abukuma River basin for estimating
soil erosion

Edea Loa* ', Seiki Kawagoe *

' Graduate School of Symbiotic Systems Science and Technology, Fukushima University
* Faculty of Symbiotic Systems Science, Fukushima University
*Corresponding author: s1972008@ipc.fukushima-u.ac.jp

Japan's economic activities and population growth since the mid 19th century have contributed to major developments
that have resulted in land cover and land-use changes. The country is also prone to several natural disasters which also
has a greater impact on land cover and land-use changes. Two of the recent disasters are the Great East Japanese Earth
Quake on March 11, 2011 (GEJE2011) and the Typhoon-Hagibis on October, 2019 (Typhoon 201919). These ongoing
land-use changes due to natural disasters and other manmade activities have led to land degradation and massive soil
erosion, which may have some major environmental concerns especially in vulnerable areas such as hilly terrain areas
and the decontaminated areas. Evaluating the land cover is, therefore, an important task that would be able to assist
decision-makers in the land and water resource management and planning as well as predicting future disasters. The
vegetation index, which is extracted from the Landsat and Sentinel imagery, is often applied to detect the variation in
the land surface. The main objective of this paper is to evaluate the land cover changes in the Abukuma River Basin
by utilizing the vegetation index to obtain soil erosion. The main reason for setting the Abukuma River Basin as
the research basin was that it has a large variation in land cover to GEJE2011 and the recent Typhoon 201919. The
sediment transport changes within the basin could have led to some problems which are of environmental concerns such
as riverbed build-up, sea shoreline variation, flooding, etc. The land cover has been evaluated using the Normalized
Difference of Vegetation Index (NDVI) by using satellite images. As the evaluation approach, the relationship between

long-term scale images and short-term scale images has been compared.

Keywords : satellite image analysis, NDVI, land cover, soil erosion, soil protection
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Radiocesium concentrations and food habits of Japanese eel in
Fukushima Prefecture

Yushi Fujita* ', Masato Suda ' ,Yuma Furutal,Kenji Watanabe *,Shingo Kaneko ' ,Kenji Nanba "* , Toshihiro Wada *

' Faculty of symbiotic systems science and Technology, Fukushima University,
* Institute of Environmental Radioactivity, Fukushima University

*Corresponding author: yushi.fujita.j.see.nettle@gmail.com

Collecting and shipping restriction measures for Japanese eel (Anguilla japonica) due to the radiocesium (134Cs and
137Cs, hereinafter Cs) contamination after the Fukushima Dai-ichi Nuclear Power Plant accident have continued in
several prefectures. In Fukushima Prefecture, the restriction measures have been implemented in the Abukuma River
system. However, since few inland waters have been targeted for monitoring, knowledge on eels' Cs contamination is
lacking. In this study, we aimed to clarify the Cs concentrations, size-Cs relations, and feeding habits of eels distributed
in several rivers in Fukushima Prefecture, including those within the designated evacuation zone. From May 2018
to November 2019, eel samples were collected by electric shockers, fish baskets, scoop net, and Ishikura fishery at
10 sites from 7 rivers in Fukushima Prefecture (Mizuhara, Nikkeshi, Niida, Ohta, Ukedo, Maeda, and Otozawa
rivers). In Maeda River with 4 sites, other fishes were also collected. After measurement of total length of the eels, Cs
concentrations in muscle tissues were measured using germanium semiconductor detectors. Stomach contents were
identified to the lowest possible taxonomic levels.

A total of 150 individual eels (Total length 420-730 mm) with various sizes were collected. The maximum and
minimum Cs concentrations of eels were respectively 6100 Bq/kg in Otozawa River and 3.19 Bq/kg in Nikkeshi
River. Cs concentrations of eels were significantly higher than those of other fish species (temperate bass) in brackish
water habitats of Maeda River. Correlation between total length and 137Cs concentration (termed “size effect” ) was
observed. The main stomach contents of the eels in Maeda River were small fish, but crabs and terrestrial insects were
also observed in the freshwater habitat.

Keywords : Anguilla japonica, radiocesium, Fukushima Dai-ichi Nuclear Power Plant, stomach contents
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Cs-137 uptake and excretion of Japanese dace under different salinity
conditions using litter-derived Cs-137 containing water

Naoto Kanagawa ', Keiichi Sasaki *, Toshihiro Wada* *, Kenji Nanba

" Faculty of Symbiotic Systems Science and Technology, Fukushima University, * Fukushima Prefecture Inland Water
Fisheries Experimental Station, * Institute of Environmental Radioactivity, Fukushima University

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

Monitoring results by Fukushima Prefecture showed that a part of freshwater fish samples still exceeded the Japanese
regulatory limit of radiocesium (100 Bq/kg-wet), whereas no sample of marine fish has exceeded the regulatory limit
since April 2015. There results suggest that radiocesium contamination is more persistent in freshwater fish. High
physiological ability to retain cesium during osmoregulation may be one of the factors that can explain the persistent
trend in freshwater fish. In this study, we compared the uptake and excretion of Cs-137 in Japanese dace between
freshwater and a salinity condition above the iso-osmolarity. In the uptake experiment, uncontaminated dace was
reared for 84 days in water adjusted to 0 and 16 psu that contained litter-derived Cs-137 (mean 10.1 and 21.4 Bq/L,
respectively). In the excretion experiment, dace were first reared under water containing litter-derived Cs-137 (mean
33.1 Bq/L) for 14 days, and then they were reared under uncontaminated water adjusted to 0 and 16 psu for 56 days.
Concentration ratio (CR, unit L/kg) of Cs-137 in water and dace was used to evaluate the Cs-137 uptake.

In the uptake experiment, CR values were higher in 16 psu group from day 21 onward. Limiting values estimated from
a model (CRt=a(1-e-bt)) were higher in 16 psu group (a: 15.8) than in 0 psu group (4.01). In the excretion experiment,
excretion rates were faster in 16 psu group, resulting in the effective biological half-life of 172 days under 0 psu and 59
days under 16 psu conditions. From our results, it is proved that both uptake and excretion rates of Cs-137 are faster in
dace under hyper-osmotic conditions.

Keywords : dace, body fluid osmotic pressure, Opsu, 16psu, rearing test
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Accumulation of radiocaesium in bryophytes
Chieko Otsuki ', Hirofumi Tsukada* *
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Radiocaesium released from the 2011 accident was widely deposited in the environment. Contamination of
radiocaesium in higher plants derives by root uptake, and activity concentration of radiocaesium is rapidly decreasing.
However, it is reported that 137Cs activity concentration in bryophytes, which is similar to lichen and mushroom,
is still higher values. The bryophytes are non-vascular and poikilohydric plants which nutrients can take from the
surface. Bryophytes are widely distributed throughout Japan and it is known as an indicator organism of contamination
monitoring material of heavy metals and organic pollutants.

In this study, samples were collected from Fukushima and Aomori, Nagasaki prefectures, and accumulation of
radiocaesium in bryophytes after the 2011 accident was investigated. The collected bryophyte samples were repeatedly

o

washed until turbidity disappeared, and dried at 70 C for 48 hours. The washing water was filtered through a
membrane filter with a pore size of 0.45 pm, and the filtered particles such as soil were dried at 50 ° C for 48 hours.
The filtrate was concentrated by adding nitric acid. Each measurement samples were placed in a U-8 container, and
137Cs were quantified with a Ge semiconductor detector. The amount of 137Cs eluted in the bryophyte samples wash
water were less than 1% of 137Cs in samples. The amount of 137Cs in particles attached to bryophyte samples were
1.8 to 4.4 times that of 137Cs in samples, confirming the importance of particle removal. The concentration of 137Cs
in samples collected in Fukushima prefecture was 0.387-61.7 Bq g-1 dry matter (0.046-10 kBq m-2), which were
smaller than the inventory in soil. After measuring the 137Cs of the collected bryophytes and soils, a map of bryophyte
concentration in samples collected in various parts of Japan was created, and the relationship between air dose rate
and inventory was analyzed. This study is planning to conduct research on the incorporation of radiocaesium into

bryophytes by cultivation tests.

Keywords : bryophytes, radioactivity concentration, accumulation status.
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Strong contrast of cesium radioactivity between marine and freshwater
fish in Fukushima

Toshihiro Wada* ', Alexei Konoplev ', Yoshifumi Wakiyama ', Kenji Watanabe ', Yuma Furuta *, Daigo Morishita ®,
Gyo Kawata *, Kenji Nanba '*
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? Faculty of Symbiotic System Science, Fukushima University

* Fukushima Prefectural Fisheries and Marine Science Research Centre
* Fukushima Prefectural Research Institute of Fisheries Resources
*Corresponding author: t-wada@ipc.fukushima-u.ac.jp

This study was conducted to present a direct comparison of radiocesium (134Cs and 137Cs) concentrations in marine
and freshwater fish inhabiting different water bodies in Fukushima Prefecture (coastal waters, 6.3-54.5 km from the
plant; forest rivers and irrigation ponds, 1.4-71.6 km), and to reveal plausible contamination mechanisms for each
habitat. In contrast to marine demersal fish (7 species, n = 50), which showed lower and less variable radiocesium
concentrations (0.234-3.41 Bq kg — 1-wet), freshwater fish (6 species, n = 463) showed higher and more site-specific
variations for each species and habitat (4.09-25600 Bq kg — 1-wet) in 2015-2016. The apparent concentration ratio
(aCR, L/kg) of 137Cs in fish to water is higher for fish of freshwater habitats (mean 1240-12900 for each site) than
in those of coastal waters (mean 200). Radiocesium contamination is more severe and persistent in freshwater fish,
especially those distributed within the designated evacuation zone (salmonids in rivers and bass in ponds). Continuous
radiocesium uptake through the food web in relation to fish feeding habits and size (size effect), and biotic/abiotic
characteristics in water and surrounding environments are main factors affecting site/habitat-specific bioaccumulation
of radiocesium in freshwater fish. By contrast, uniformly lower radiocesium concentrations in marine demersal fish
are mainly attributable to decreased radiocesium transfer intensity from the benthic food web because of lowered
radiocesium contamination in sediments, and low physiological ability to retain radiocesium. Our results revealed a
strong contrast of radiocesium contamination levels and mechanisms between marine and freshwater fish in natural
habitats.

Keywords : Fukushima, designated evacuation zone, marine and freshwater fish, radiocesium contamination

WERICERT KA X RKABICEBT 2> 7 LEEDH
A AT
MEEG =, Tvox A4 a7 70 a7 WhEe', IEHEER. GEEE KT ARE. JIIHBE, #ikar—"

i B K S BRI RERIT ST

HEE AR Y 2T A TS

e B SRR PEHEIT S 2 v & —

e B IR K FE B IR SC R

* F/TL#E A : t-wada@ipc.fukushima-u.ac.jp

AFFE o Hix, &5 ROEE oK G WEH —RIEH 5 6.3-54.5 km, Eills L 7o 1 1.4-71.6

km) ICER T KA L BOKADOEMER > v L (134Cs 5 XU 137Cs, LUF Cs) IREZIEKT 2L &b, i
SDHERANZRLEBZHLPICT EZ ETH D, 2015-2016 FFICRE S NZREERAED CsiBE X —fRITEVw—7
(0.2340-3.41 Bq/kg-wet), PR TIRHA T &, BT L ICKE 0ELARD bt (4.09-25600 Bg/kg-wet), B
BiKicxt 3 5 fafko 137Cs oL (CR. L/kg) 13, vREAEE (715 200) Ich~T, #kAB (1240-12900)
TR 2 7o WKMD Cs HH T, FRICIREREEXIRICAER T 208 (B rRenx) TIELTEL T, BENE
HbT s LEZ LN, BKAED CsTHERZD 26T ERERE LT, EfafEoRECH A XTI L Z8HEME N L
72 Cs DHGA, F X W% &0 75K O EY) - IHEVIRESFE 2 bz, —Ji, HKEO Cs IRIEPMET L 723
& LTid, WELD Cs IBEDRTICfE ) JEAERY)ESH %M U7z Cs OFUAD A2 Cs & 72 1T WA 2
PEREZ S 27, ADER? L., KB X ORKABICEIT S Cs B LIHYE X 7 = X L DT E VDB S 2T
I,

F—U—F B @B, dK L PR, B v T LTS

85

6th Fukushima University IER Annual Symposium / £ 6 [a] IER BRRE &

P-46

Effect of the formation of the micro-terracetts on the Cs-137 and
sediment transport on sandy granitic soil in Yamakiya decontaminated
hillslopes

Yuichi Onda* ', Yoshifumi Wakiyama *, Syohei Kozuka

' Center for Research in Isotopes and Environmental Dynamics, University of Tsukuba
* Institute of Environmental Radioactivity, Fukushima University
*Corresponding author: onda@geoenv.tsukuba.ac.jp

To study the activity concentration of eroded soil, we focused on the step-like erosion and deposition and discuss the
step-like erosion and deposition process. Our study was conducted in Yamakiya USLE soil erosion plot (5 m wide and
21 m long), Fukushima, Japan. This area was decontaminated in 2014 by Ministry of Environment to reduce the air
dose rate by removing topsoil and overlaying decomposed granite soil (organic matter: 4.6%, sand: 68.8%, silt: 19.7%,
clay: 6.9%,). The topography in the plot was measured by UAV-SfM method. UAV used in this study was Phantom4
Pro and flying height was 5 — 10 m. 200 — 400 photos were taken for each survey. Photos were imported to Photoscan,
and 3D point clouds were reconstructed. 3D point clouds were imported to ArcGIS pro and converted to DSM data.
Finally, soil surface changes were calculated for each survey period. Transport distances of soil particles were measured
by RFID tags. RFID tags were coated with cement, bronze powder, fluorescent paint and topcoat and had 3 — 5 mm size
and 2.0 — 3.0 g cm-3 density. 100 RFID tags were set to the soil surface. Step-like erosion and deposition were observed
between 8/28/2019 — 10/16/2019. Soil surface change in this period showed that erosion and deposition were repeated
and higher erosion on the lower slope position. Topography data also showed steeper step structures in the eroded area
than the depositional area. Median transport distance of RFID tags in interrill areas is 4.1 cm, and 76 c¢m in terracett
areas. Therefore, we found the effect of soil mounds and terracettes on the bare soil connectivity significantly increase
the sediment connectivity and sediment transport distance, affecting high activity concentration of Radiocesium from
eroded sediment.

Keywords : soil erosion, Cs-137, decontamination
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Temporal change of radiocesium leaching from forest canopies following
the Fukushima Daiichi Nuclear Power Plant accident

Hiroaki Kato* ', Tomoki Shinozuka *, Zul Hilmi Saidin *, Hikaru Iida *, Satoru Akaiwa *, Yuichi Onda ',
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This study investigated the leaching of canopy-intercepted radiocesium by rainwater and the formation mechanism of
its concentration in the cedar forest stand in Namie town, Fukushima prefecture. Using rainwater samplers installed
inside and outside of the forest, throughfall (6 samplers), stemflow (3 samplers), and incident open rainfall (3
samplers) were collected, and the cesium-137 concentration were quantified. The throughfall amount was correlated
with the canopy openness, locations with the lower canopy density tended to accumulated greater amount rainwater.
The cesium-137 concentration in throughfall particularly in particulate form decreased by delusion with increasing
event rainfall. On the other hand, the ratio of dissolved cesium-137 in throughfall tended to increase with increasing
rainfall. The stemflow showed higher cesium-137 concentration compared to throughfall. The cesium-137 in stemflow
was mostly in dissolved form. The permeation flux of water and dissolved cesium-137 into soil by infiltration water
showed higher values nearby the basal area of tree stem. These results suggested that the continuous deposition input
by throughfall and stemflow increases the heterogeneity of radiocesium at forest floor over time.

Keywords : Fukushima accident, forest, throughfall, stemflow, radiocesium, leaching
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Estimation of downward migration of radiocesium in forest soils
using zero-tension lysimeter
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There are many reports about estimation of downward migration of radiocesium using model based on the changes in

vertical distribution of radiocesium in soil. However, the measured values of the amount of downward migration such
as soluble radiocesium in saturation water are limited. Therefore, in the present study, we collected the saturation water
under litter, 10 cm and 20 cm depth of soil layers using zero-tension lysimeter and evaluated the contribution rate of
the saturation water to the estimated amount of downward migration based on the changes in vertical distribution of
radiocesium in soils where we have monitored from 2011.

Study sites are Mixed Forest (MF), Mature Cedar Forest (MC) and Young Cedar Forest (YC) in Yamakiya district,
Kawamata town, and the estimated deposition density is 450 kBq/m2. Zero-tension lysimeters were installed under
litter, 10 cm and 20 cm depth of soil layers in each site, and the saturation water samples were collected every one or
two months. The collected water samples were filtered by 0.2 u m membrane filter and Cs-137 concentration were
measured using Ge-semiconductor detector.

The Cs-137 concentrations in the saturation water under litter layer are YC site (0.3-5.6 Bq/L) > MF site (0.6-3.9
Bq/L) > MC site (0.06-1.9 Bq/L) in descending order, and larger in summer than in winter. Those under 10 cm and
20 cm depth of soil layers are significantly smaller than those under litter layer, but not significantly different between
each other. The collection efficiency of the saturation water by zero-tension lysimeter depends on the catchment area,
therefore the underestimated volume of the water samples were corrected. As results, the contribution rate of the
saturation water to the estimated amount of downward migration were estimated to be less than 10% under litter layer
and more than 50% under 10cm and 20cm depth of soil layers.

Keywords : vertical distribution of radiocesium, forest soil, tension-free lysimeter
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Few studies have reported on the genetic effects such as nucleotide sequence mutations by chronic exposure of low
dose rates. In this study, we tried to measure the mutation rate of Japanese red pine growing in evacuation zone in
Fukushima Prefecture using female gametophytes, which are haploids derived from maternal germ cells. The seeds
(female gametophytes) were collected from the Japanese red pine growing in Okuma Town (about 4 -7 u Gy / h).
Genotypes of female gametophyte were determined for 9 microsatellite loci. So far 484 samples (4270 site) have been
genotyped and no mutations have been identified. To measure the mutation rate, it is expected that a total of 10,000
or more data is required in terms of the number of samples and loci. However, it can be achieved by using female

gametophytes due to the low cost for collecting large number of samples.

Keywords : chronic exposure of low dose rates, microsatellite marker, mutation rate

WS SR R 2 0 SR & U 7= BRI HI 229848 D B D B JE
—< A7 uVT T4 Fe—h—IC K B ZRE BRI —
PTIE 2, HIEAT, EDHA?

TEERFHAE Y 27T AT

SR BRI RERA 22 T

YE TR R S B AR

* BLFE : kaneko.shingo@gmail.com

B~ A 7 0 —~L b LUT O ER 2 BT < L 72 B oG RE R I 22 SR 28 55 o0 B R I B 0 v Tl
L72igeizd v, 2 2 CARMgE it REBLo AR R o 5k < & 2 $FEERt o M ERLE AR Z VT mE RN
DIFEEEEXIHICET T 27 A~y 2NRIC, RAEREOFEMNEZ AL, WMERKEITNOFE (14 1 Gy/h)
WEBT BT A~ Yo B oEs X O (RS 2 BEL DNA 2t L7z, ~4 7w ¥ 774 b~—7A1—
9 BT PEE W CHEERUEAE OB T A RE L7z, CHETICA84 v TN DWTEIR T A RE L7248, 2
REBBWERINR D o7z, BRERROFEWO-0I1C1F, v AR BEETHERTONT THU Lo T — 2 &34
LTINS DD, ¥V INIERES MEREE O ch X, HormERrEEch e FE2bND,

F—U—F w420y T4 be—h—, REMGERIE . JERARE

89

6th Fukushima University IER Annual Symposium / £ 6 [f] IER BRRE &

P-50

Analysis of genetic changes in cancer induced by low dose rate radiation
-Time course-dependent analysis of chromosomal abnormalities in
hematopoietic tissues of irradiated mice-

Kodai Suga '*, Tkue Asari ', Masato Umetsu ?, Yuma Imai ?, Yohei Fujishima **, Valerie Swee Ting Goh ®, Naomi
Sasaki ', Kentaro Ariyoshi **, Tomisato Miura **, Yutaka Yamada ®, Mitsuaki Yoshida*
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University * Quantum and Radiological Science and Technology
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Epidemiological analysis of atomic bomb survivors has indicated that the frequency of hematopoietic tumors
increases several years after the bombing. In this study, we analyzed temporal changes of chromosomal abnormalities
in hematopoietic tissues from irradiated mice as a preliminary experiment. Also, we compared the chromosome
abnormalities between the two mice strains using radiation-sensitive mice (C3H) and radiation-resistant mice (B6).
Eight-week-old C57BL / 6N]Jcl mice and C3H / HeJJcl mice were irradiated with 4 Gy (1 Gy / min) X-rays, and at
1, 2, 3 and 6 months after irradiation, chromosomes from hematopoietic tissues (bone marrow, spleen, blood) were
prepared and were analyzed by Hoechst-quinacrine double staining. The frequency of chromosome abnormalities was
high even at 6 months after irradiation in both strains. Although the chromosome involved in the abnormality was
relatively random in C3H, specific chromosomes (chromosomes 1, 8, 10, 11, 12, 13, and 15) tended to have a high
abnormality frequency in B6. In addition, clonal abnormalities common to bone marrow, peripheral blood, and spleen
were confirmed in some individuals. These results suggest that various chromosomal abnormalities are induced by
irradiation, but that cells with superior proliferative ability may expand clonally over time and become malignant. In the
future, the trend of chromosomal abnormalities after 6 months or more after irradiation will be noted. Based on these
results, we would like to analyze the effects of low dose rate radiation in the future.

Keywords : radiation exposure, chromosome abnormality, time course dependent analysis, hematopoietic tissue
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Dicentric chromosomal aberration is a radiation induced DNA lesion that is used to estimate radiation dose as its
frequency of occurrence increases in a dose-dependent manner. To accurately estimate radiation dose, it is essential to
establish a dose response curve obtained from the relationship between radiation dose and the frequency of dicentric
chromosome aberrations. In this study, we tried to establish a dose response curve to estimate radiation doses for wild
boar living in the evacuation zone in Fukushima. The blood of wild boar collected in non-contaminated areas were
irradiated at 0, 25, 50, 75, 100, 250, 500, 750, 1000, 1500, 2000 mGy using both a high and low dose Cs-source (85
mGy/h, 0.2 Gy/min, respectively), then blood cells were cultured according to standard protocol of the International
Atomic Energy Agency, and lymphocytes were collected. In this presentation, we will introduce the current results of
dicentric chromosome frequency.

Keywords : radiation, dicentric analysis, standard curve, wild boar
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Comparative studies between field and irradiation experiments for
elucidation of environmental effects by the Fukushima Daiichi Nuclear
Power Plant accident
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For the purpose to elucidate radiation effects on the environment after the Fukushima-daiichi nuclear power plant
(FINPP) accident, IER has a great advantage in field study of contaminated areas. On the other hand, QST has a
potential in biological experiments using irradiation facilities. Accordingly, we undertook collaborative studies between
the field and irradiation experiments on wild organisms including forest trees. In forest trees, a field study by IER has
reported increased frequency of morphological changes in Japanese red pine in highly contaminated area near the
FINPP. To verify the relationship between radiation exposure and morphological changes in pine trees, irradiation
experiments were conducted under a well-controlled conditions at the irradiation facility in QST. The irradiation
facility is equipped with 137Cs radiation source, which enables long-term irradiation of the organisms at 100 pGy/day
- 50 Gy/day. Potted young seedlings of Japanese red pine are set up at plots within the irradiation facility to cover the
range of the estimated radiation dose rates of the wild pine trees between 0 (control) and 2 mGy/day. The experiment
was carried out under environmentally controlled conditions simulating seasonal temperature changes. After 6 months
of continuous irradiation, most trees were transplanted to a field for a long-term growth observation in IER, whereas
the other trees are still under irradiation for analyses of effects by years of continuous irradiation.

Keywords : radiation effects, Japanese red pine, irradiation experiments
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Aquatic insects are thought to be an important food resource for freshwater fish to take up radiocesium in mountain
streams. Relatively high 137Cs concentrations in Stenopsyche marmorata have been reported, which is due to the
contents of the digestive tract of this species feeding on algae and litter with high 137Cs concentration. However,
bioavailability of 137Cs in aquatic insects is unknown: how much of 137Cs is absorbed into aquatic insect tissues and
fish body tissues ? In this study, we measured directly 137Cs concentrations in contents of gastrointestinal tract and
muscles of aquatic insects by dissecting aquatic insects of different feeding habits including S. marmorata. The trophic
transfer factor, which is calculated by dividing 137Cs concentration in muscle by 137Cs concentration in contents of
gastrointestinal tract, was compared as an indicator of bioavailability. As a result, the trophic transfer factor varied
depending on the feeding habits of aquatic insects. In addition, individual measurement of 137Cs concentrations of
S. marmorata sometimes showed extremely high concentrations. The analysis of the aquatic insect samples using
autoradiography with imaging plates and electron microscope identified the radiocesium-bearing microparicles in
some samples. This result indicated that the presence of high radioactivity particles such as radiocesium-bearing
microparicles is one of the causes of the high variation in the 137Cs concentration, especially when measuring a small
amount of sample such as aquatic insects.

Keywords : 137Cs, aquatic insects, river, trophic transfer factor, cesium ball
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Multi-sources images time-series for landscape dynamics analysis in
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Since the accident of the Fukushima power plant in 2011, several evacuation orders have been issued. This kind
of fast and massive evacuation proceed is exclusive and can provide unique experimental sites to observe methods
of vegetation recovery in agricultural areas. Usually, recovery processes are induced by a gradually abandonment of
agricultural practices. These processes are characterized by several steps of landscape transformation from opened
areas (agricultural plots) to closed areas (wasteland until forest recovery). Our study focuses on the evolution of the
agricultural plots (paddy rice, cropland---) in Namie town in Fukushima prefecture, where decontamination campaigns
were limited until now (decontamination visible in 2015). In this context of observatory, multi-source and multi-
resolution data can be useful to define landscape trajectories in territories avoided of population and under a limited
anthropic influence. To study spatial and temporal characteristics of recovery processes satellite imagery is one of the
primary sources of information. In this study, the procedure relies on SPOT and Pleiades times series analysis for crop-
mapping. We tested the use of Enhanced Vegetation Index (EVI) and traditional Normalized Difference Vegetation
Index (NDVI) to detect vegetation recovery patterns before and after Fukushima accident (from 2009 to 2019). We
only focus our research on agricultural plots to spatialized information about scrub invasion, and through wavelet

analysis evolving in time.
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Contribution of K transporters to Cs uptake and accumulation in rice
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The aim of the project is to develop safe-food or in-situ remediation approaches using plants for rehabilitation of soil.
In the plants, 137Cs radiological contaminant enters using K* transport systems by chemical analogy. To decipher the
molecular mechanisms of Cs uptake and accumulation, we have characterized several rice mutants that are affected in
different K* transport systems in CEA and evaluated those 137Cs accumulations in natural paddy field belong to NARO
Agricultural Radiation Research Center in 2018. Among the several candidate lines, HKT2;1 KO lines have been shown
to be affected in Cs uptake or accumulation compare to wild-type plants in the paddy field.

In order to validate the results obtained in natural paddy field experiment in 2018, HKT2;1 KO lines were cultivated
the same paddy field again and two different K conditions (with or without K fertilizer) were also tested. Around
10 plants of two independent HKT2;1 KO lines were cultivated until harvesting grains (4.5 months, from June to
October). Then, the 137Cs contents were measured in grains.

Our results showed the differences in K* concentration in presence or absence of fertilizers were not appeared in all
tested lines, however, we observed differences in 137Cs contents in grains between HKT2;1 KO lines and control lines
again. The mutant line disrupted in the HKT2;1 gene that is expressed in whole plants and highly expressed in the root,
shown an increased 137Cs content in grains. To confirm these results, we would like to perform laboratory condition

experiments and a new paddy field experiment in 2020.

Keywords : 137Cs, K* transport system, HKT2;1
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Trunk xylem is the major conduit for transport of minerals to photosynthetically active leaves from root uptake and
assimilation. Studying variations in chemical compositions of xylem sap is thus of basic interest as it reflects the
internal minerals uptake and cycling of forest trees. Until now, however, our knowledge of xylem transport in forests
under natural conditions and the regulation of this transport are not well understood. We thus depicted the level
and behavior of chemical components and stable isotopes in the xylem sap of trunks and branches of different aged
trees from a pine forest in northern China. There were no significant differences between the centrifugation and
water displacement methods with respect to nitrogen (N) compounds and inorganic ions in the xylem sap. Potassium
concentrations obtained by the methods were similar and consistent with the values obtained from earlier publications
on woody species. This suggests that the centrifugation method would be a reliable and robust tool for collection of the
trunk xylem sap. Additionally, during foliage senescence, dissolved organic N was the dominant component of total N
followed by nitrate (NO3") and ammonium (NH4"). Potassium and chloride were the predominant cation and anion,
respectively, of the xylem sap. More inorganic N components (mainly NO3") were found in young trees than in old
trees. The N components in the trunk xylem sap showed obvious diurnal changes. The N isotope (15N) decreases and
then increases during transport from the root to the canopy, and was positively correlated with the phloem sap 15N,
indicating that the xylem sap in the trunk had a close exchange with the phloem sap during the xylem sap transport.
Our study contributes to improve the diagnostic assessments of tree physiological processes and growth in forest trees

under environmental changes.

Keywords : xylem sap, stable isotope, sap flow, plant nutrient transport, plant nutrient utilization
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Determination of local ecological factors on soil-to-plant transfers in
Fukushima forest ecosystems

Vasyl Yoschenko* ', Alexander Brandl ?, Jian Zhang*

' Institute of Environmental Radioactivity, Fukushima University

? Environmental and Radiological Health Sciences, Colorado State University
* Environmental and Radiological Health Sciences, Colorado State University
*Corresponding author: r705@ipc.fukushima-u.ac.jp

Radiocesium contamination from the March 2011 accident at the Fukushima Da-ichi Nuclear Power Station (FDNPS)

was initially deposited on the forest canopies with deposition into the soil occurring over the next few years through
litterfall and precipitation. Measurements taken from the Yamakiya site in 2014 show that the contribution of
understory plants to the total inventory of radiocesium in aboveground biomass was very low compared to the dominant
Japanese cedar trees. However, measurements were not taken in other affected sites within Fukushima prefecture as
well as potential change in concentrations of radiocesium in understory biomass since 2014. Data for evaluating the
transfer factors was obtained through sampling of soil and understory plants at the Yamakiya, Tsushima, Tomioka,
Okuma, and Yokomuki sites inside Fukushima Prefecture. Both 134Cs and 137Cs measurements were collected,
however 134Cs concentrations were negligible compared to 137Cs so only 137Cs data was considered. 137Cs content was
determined using gamma spectroscopy of the soil and plant samples and to find the concentration of bioavailable 137Cs
within the root profile of the understory plants as well as 137Cs concentration within the understory plant itself. The
soil and plant 137Cs concentration were used to determine the soil-to-plant uptake factors for the sampled understory
species as well as the contribution of the understory plants to the total 137Cs inventory in aboveground biomass. The
effect of soil exchangeable K and Cs™ concentration, and pH on 137Cs uptake by understory plants will be determined
through the soil-to-plant uptake factors at the various sample sites. The further understanding of 137Cs dynamics in
forest ecosystems will assist in creation of a long-term forest radiation contamination management strategy. This will
contribute to potential future studies of internal 137Cs uptake by herbivores that grazes on the understory plants.

Keywords : Fukushima, Yamakiya, Tsushima, Tomioka, soil, understory plants, 134Cs, 137Cs, potassium, cesium, forest,

cesium dynamics, plant uptake, total cesium inventory
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Effects of radionuclide exposure on microbiome of wild boar

Jim Beasley* '*, Kenji Nanba **, Sarah Chinn ', Kakeru Ambai *, Diana Lafferty °

' University of Georgia Savannah River Ecology Laboratory, > University of Georgia Warnell School of Forestry and
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*Corresponding author: beasley@srel.uga.edu

Microbiome analysis of the digestive tract of a mammal is variable according to the composition of their diet. The
health condition of the digestive tract is vulnerable to specific chemical substances (i.e. ammonium, phenols etc.) that
microorganisms produce, and different microbial communities exists in different parts of digestive tract.

Health of mammals is also related to the composition of their microbiome. For example, the mirobiome of the
digestive tract is known to have a role in the development of immune system and a normal microbiome help the host to
protect from pathogenic microorganisms such as Salmonella.

Microbiome of wild boar in the area of Fukushima where radiation level is elevated after the NPP accident can be
influenced by the radiation directly or by indirect effects such as human evacuation. As the microbiome of the digestive
tract can be an indicator of health condition of wild boar, comparison of the microbiome of digestive tracts of various
individuals of wild boar captured in Fukushima was attempted.

Microbiome analysis is attempted based on NGS of the extracted DNA from the content of 7 different parts of
digestive tract of 42 individuals of wild boar captured in Jan-Mar 2019. In 2019 DNA extraction by a modified protocol
using Quagen DNEasy Power Soil kit to increase purity of DNA was started, and the analyses are ongoing.

Keywords : Fukushima, wild boar, digestive tract, microbiome, DNA
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Determination of radiation dose to Large Japanese Field Mice in the
vicinity of Fukushima Daiichi Nuclear Power Plant

Mariah Davis* ', Thomas Johnson ', Tsugiko Takase *, Yuki Odagiri *, Yusuke Mitsuyasu *, Hisashi Shinoda *,
Toshitaka Oka *, Hiroko Ishiniwa *

' Colorado State University

* Fukushima University
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*Corresponding author: mariahld@rams.colostate.edu

Electron spin resonance (ESR) analysis of tooth enamel is recognized as a reliable method for lifetime dose
reconstruction, particularly in human tooth enamel. While the use of ESR to reconstruct dose is well understood for
human tooth enamel, the reliability and usefulness of dose reconstruction using ESR in mouse tooth enamel has not
been as thoroughly studied. This research aims to confirm the minimum detectible dose in the teeth of the Large
Japanese Field Mouse for a reliable and useable ESR spectroscopic response. Initial sample preparation methodology
followed a basic ESR sample preparation procedure, including manual removal of non-enamel tooth components,
followed by a 15% by weight NaOH solution in a sonic bath to dissolve dentin. Preliminary sample preparation
methodology revealed a baseline shift in spectrum output, meaning that teeth could not be reliably used to reconstruct
dose. A possible source of this shift was attributed to remaining dentin in the samples, or iron components in tooth
structure, though iron was not seen in the samples following analysis with energy dispersive x-ray (EDS) analysis. New
sample preparation methodology included an extra step using a solution of Titriplex III (EDTA) to remove spurious
signal causing the baseline shift, but did not reliably resolve the problem. Because the new procedure did not reliably
remove the signal baseline shift, further consideration of causes of the baseline shift will be made, and removal of the
shift via mathematical methodology, or further sample preparation methodology, will be attempted. If the baseline shift
is successfully resolved, tooth enamel samples will be dosed across a range (below 0.8 Gy, to 2 Gy) to test currently

known dose limits in mouse teeth, and to analyze usability of mouse teeth to reconstruct lifetime dose.

Keywords : electron spin resonance, ESR, electron paramagnetic resonance, EPR, Large Japanese Field Mouse, mouse,
mice, Apodemus speciosus, lifetime dose reconstruction, dose reconstruction
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Estimation of biomass and stocks biologically mobility radionuclides
using methods of processing aboveground and remote sensing data
for radioactively contaminated forests in Ukraine
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*Corresponding author: holiaka_d_m@ukr.net

The study was carried out in the forest areas of the Chernobyl exclusion zone at the distances 4-12 km from the
Chernobyl NPP industrial site. Forests cover about 60% of this area and Scots pine (Pinus sylvestris L.) is the dominant
tree species spreading onto 60% of the forest area. During 2018-2019 we performed the UAV aerial photo surveys in
13 photo-stereogrammetric polygons where we established 31 experimental sites of pine stands. Biometric indicators
of pine trees at forest sites have been determined to assess the aboveground biomass of stands with the help of regional
bio-productivity regression equations for forest woody species. We had obtained descriptive statistics for CHM (Canopy
Height Model) raster within experimental sites. A strong correlation between aboveground biomass for components
stocks of pine stands and the arithmetic mean of CHM raster was detected (Spearman's rank correlation coefficient
is 0.82), that allowed us to construct a simple linear regression on these indicators (with R2=0.79). Furthermore,
tree crowns in the forest sites were identified. The modified R-script of package ‘ForestTools’ was used to conduct
further analysis. Parameters for tree crowns were determined, namely local highest points (top of a tree crowns) and
canopy area or radius of the crown. The implementation of the algorithm of this R package requires the introduction
of additional indicators of tree crowns, which have a significant impact on the output results of their segmentation into
different individual trees: this is the functional dependency of search radius on the height of trees and the minimum
height for treetops and their crowns. Preliminary results of crown segmentation and identification of treetops
allowed us to estimate the aboveground biomass of pine stands with slightly higher predictive ability (R2=0.82) using
combination allometric dependencies. These approaches developed in the Chernobyl forest sites were applied to Japan
in order to estimate the stand characteristics of the contaminated forest stands in Namie town of Fukushima prefecture.

Keywords : forest inventory parameters; regression; aerial survey; UAV; GIS; raster images; tree; canopy height model

(CHM)

100



6th Fukushima University IER Annual Symposium / # 6 [a] IER BCRERE &

P-61
Elucidation of transfer pathways of radiocesium in terrestrial
invertebrates

Sota Tanaka* ', Hotaru Kakinuma *, Tar6 Adati >, Mariko Atarashi-Andoh ', Jun Koarashi

' Japan Atomic Energy Agency, Research Group for Environmental Science
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*Corresponding author: tanaka.sota@jaea.go.jp

Terrestrial invertebrates can be an indicator species of long-term behavior of radiocesium (137Cs) through the food
chain because of their large biomass and importance as food resources for other organisms. In particular, the Joro
spider, Nephila clavata, as a generalist predator, is considered an indicator species of 137Cs contamination in insect
communities because they prey on a variety of food resources from both grazing and detrital food chain. In the present
study, the aggregated transfer factor (Tag) of 137Cs for the spiders inhabited in a mountainous forest and the adjacent
riverside area was estimated based on the 137Cs activity concentrations in the spiders and the initial 137Cs deposition
densities map. The geometric means of Tag values were 0.0013 m2 kg-1 (Min-Max: 0.0004-0.008 m2 kg-1, n=10) and
0.0008 m2 kg-1 (Min-Max: 0.0002-0.002 m2 kg-1, n=7) for the mountainous forest and the riverside, respectively. To
investigate factors affecting the Tag values for spiders in these area, stable carbon and nitrogen isotope ratios of the
spiders were measured. Results showed that average values of the isotope ratios in spiders were higher ( § 13C: — 24.7
+ 1.1%0, ¢ 15N: 5.4 & 0.9%o ) in the mountainous forest than in the riverside area ( § 13C: — 26.2 = 0.6%0, & 15N:
3.8 £ 0.8%o ), suggesting that the transfer of 137Cs to spiders in the mountainous forest would be more dependent on
detritus pathway (i.e., predation of organisms feeding on degraded, isotopically enriched organic materials) compared
with the riverside area.

Keywords : spider, radiocesium, aggregated transfer factor (Tag), stable carbon and nitrogen isotope ratios ( § 13C, §
15N), transfer pathways
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Search for wild species of the genus Vigna without accumulating
cesium at the shoot apex

Yusaku Noda* ', Jun Furukawa *
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The purpose of this research was to evaluate the cesium (Cs) accumulation ability in the salt-tolerant wild species of

the genus Vigna and to produce the low Cs accumulation plant. We revealed that Cs accumulation of 4 salt-tolerant
species (V. nakashimae, V. riukiuensis, V. luteola and V. marina) would have similarities and differences with the accumulation
of the homologous element sodium (Na). However, all species showed high Cs accumulation at the shoot apex, and
we could not evaluate it as low Cs accumulation plants. Here, we evaluated Cs accumulation in salt-tolerant species
V. vexilatta (V. vexilatta var. ovata and V. vexilatta var. macrosperma) and V. trilobata (JP205895 and JP210605). As the
results, all plants showed high Cs accumulation at the shoot apex. We found that most of 8 strain in 6 species has
tolerant mechanism that suppress Na transport to the shoot apex, however, Cs transport to the shoot apex would not be
mediated by these Na tolerant mechanism.

Keywords : the genus Vigna, cesium, sodium, imaging plate
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Radiocesium concentrations in wild boar captured within 20 km of the
Fukushima Daiichi Nuclear Power Plant

Makiko Orita* ', Noboru Takamura ', Cui Limeng ', Yasuyuki Yaira ', Yumiko Yamada ', Hirofumi Tsukada *

' Atomic Bomb Disease Institute, Nagasaki University
? Institute of Environmental Radioactivity, Fukushima University

*Corresponding author: orita@nagasaki-u.ac.jp

Due to the accident at Fukushima Daiichi Nuclear Power Plant (FDNPP) in 2011 large amounts of artificial
radioactive substances were released into the environment. Tomioka town is located within 20 km of the FDNPP. After
the accident, almost all residents evacuated. In April 2017, the town office decided to return to their hometown. In
2019, we measured the concentration of radiocesium in 202 muscle samples of wild boars captured in Tomioka town.
199 (98.5%) muscle samples still exceeded 100 Bq/kg. Radiocesium concentrations ranged from 87.1 to 8119.5 Bq/
kg with the median concentration was 433.1 Bq/kg. The median committed effective dose of taking a sample once has
been estimated to be 0.23 p Sv for females and 0.32 u Sv for males. Our results showed the relatively high levels of
radiocesium in wild boars captured in Tomioka. Long-term monitoring is needed to identify the time trend or seasonal

change of radiocesium concentration in wild boars.
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Elucidation of radioactive contamination level and establishment
of extermination methods of invasive channel catfish toward the
restoration of Fukushima’ s inland water fisheries

Junichi Takagi* ', Toshihiro Wada ? , Hiromichi Mitamura *

' Guraduate School of Informatics, Kyoto University
* Institute of Environmental Radioactivity, Fukushima University
*Corresponding author: takagi.junichi.34w@kyoto-u.jp

It is an urgent task to clarify the ecological characteristics of channel catfish Ictalurus punctatus in Abukuma River
for the establishment of the suitable extermination methods for this invasive species, which are thought to increase
drastically through reproduction around the hydroelectric dams. The aim of this study is to identify the spawning
area in Shinobu Dam using acoustic telemetry techniques, and also to elucidate the radioactive contamination levels
of this species. A total of 52 individuals (24 and 27 individuals in 2016 and 2017, respectively) surgically implanted
with acoustic transmitters were released in Shinobu Dam. Eight receivers were deployed in the monitored 1.5 km area
above the dam dike, and the additional receiver array was fixed around the potential spawning area. Results revealed
that some individuals stayed around narrow areas (one to two sites) 500 m above the dike in June (spawning season),
strongly suggesting the identified spawning sites. Mean 137Cs concentration of channel catfish (34.9 Bq/kg) was higher
than those observed in smallmouth bass, common carp and crucian carp collected in 2016, suggesting that this species
can be an indicator species of radioactive contamination in Abukuma River.

Keywords : biotelemetry, spawning area, Abukuma River, Shinobu Dam, channel catfish.

fint K5 W O PUKIEASEE BLC [ 72 R v A v F v » b
7 4 v ¥ 2 ORSEEH RARILD ] & BRER Tk D iz

FARTE— * L NIHBUA", = HARPEE!

R AR A A B IR A R
i K BRET U BEWT 72 AT
* BT#EH : takagi.junichi.34w@kyoto-u.jp

& B R BT PR N < i, AR X A AKIE & R, FAEEIC X D ARATF v A v F vy v b7 4 v v a BSAWICHER
LCTw3eE2bNTEY, WY RERERFEMLD 720 ORFOLEREMIARZECTH 5, KT, N4+ TL 2
FU =AW, FREIIMERX LICH T 2 KMEOEINGRZFET 5 & & b ICAMOBE L > v LREZH S 2
T2 ZHMNE L7z, HMEKRREHEZIEENICES L7 52 ik (2016 4F 24 fl{k, 2017 4F 27 fl{k) %{ERL
LT L 720 BHEAKBHI 1.5 km I8 AOXEMERE L., BIF Lz, /. 2ROZERENAEEET L%
BiE L. X 0EFM 2B 24T o 7o WAL T — X 2260 FEDNHAD 6 HICHEEE 500m EyiE AT o WlF i v o 1-2 5T
DR GCHIPHIC, BOARIEREE £ 2 RS EBBIZ S . FEING LB 2 b iz, 2016 4R ICERIH & L7 A 0 119
137Cs J2f£ 13 34.9 Bq/kg TH Y, a7 F "2 a4, v 7F L0 dEENE . BEREELROBEMICR S L& x
b7,

FoU—F AT LAY = EIG, BRI, FREL, FrArFry b7 40 va

104



6th Fukushima University IER Annual Symposium / # 6 [a] IER BCRERE &

P-65
Elucidation of radiocaesium migration characteristics in freshwater fish
inhabiting upstream Ota River

Wataru Teramoto* ', Toshihiro Wada *, Yumiko Ishii *, Seiji Hayashi ®, Kenji Nanba **

' Fukushima Prefectural Inland Water Fisheries Experimental Station
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Although nine years have passed since the Fukushima Dai-ichi Nuclear Power Plant accident, radiocaesium
concentration of freshwater fish is still significantly higher than that of sea fish, and, consequently, fishes in some
lakes and rivers are listed as restricted foodstuffs for shipment. In this study, to predict the change in the radiocaesium
concentration of freshwater fish, factors affecting its dispersion were examined. Specimens of freshwater fish, aquatic
and terrestrial insects, river-bottom sediment, and river water were collected seasonally during April 2018 to December
2019 from four sites at Ota river in Fukushima Prefecture. 137Cs concentration of specimens (only edible part in the
fish) was measured using germanium semiconductor detectors. Air dose rate at a height of about one meter above
ground in the surrounding environment was measured by radiation detector. The dose rate and 137Cs concentration of
the sediment, insects, white spotted charr Salvelinus leucomaenis, and masu salmon Oncorhynchus masou were higher
in the upper site. 137Cs concentration of the water did not have such a tendency, while there were differences among
sites. 137Cs concentration of the charr and salmon had a significantly positive correlation with total body length of them,
and the obtained approximate straight line in the upper site showed a tendency to be larger inclination, whereas some
values were deviated from the line. From the results of the degree of deviation and size-frequency distribution, it was
suggested that some individuals could have migrated seasonally among sites, and the dispersion of 137Cs concentration
of both fishes within the same site could have increased and decreased. Furthermore, the results will be discussed with
stomach contents.

Keywords : masu salmon, white spotted charr, 137Cs concentration, seasonal variation, differences among sites, river

KH)IEFRBRIC BT 5 S~ DBSHE € > v BTk D fRW]

SEAAL L MBS, RS SE T MRS, BREGR =

R B IR KT K E SR R B K BRI U BEWTSC AT, L BRIEWTSERT 18 5 SR,
TREART: v 7 LB T2
* HT#E : teramoto_wataru_01@pref.fukushima.lg.jp

HHRENEEE R T FREIERE 9 FE258%E L 2B FEICE W Th, PR TEREKA I TS ¥ 4
REEAMERIR & L O <. — oo fafcokigic X 0 Ml R-C B B 236 T 2, WEEFHBICmT 2R %2155 72
DITIE, KA~ DFEYE OBAT & SRBEZ S 21 L, 5B ORKADIEE > v 2 BE o % il 4
2 EDEETH L, AT, IREHEETHORBERN 2K 2 2o, EEEREE, (EAEY. FHItE R & AEORK
s v LBEEOIXZL DR ICHEL 5 2 2 BRI OWTHRE L7z, 2018 44 A2 5 2019 4 12 Hic 21 T§H 7 [,
KHEDID 4 bk (& HER 2-3 km) IS TERA a vy H—RUHVITTA T F - Y~ A28l L. FRHCHEJIK - AR
hie - B (kA - B ) ZERHLL 720 BRERL 725Uk (ABIZ A R0 & ) © 137Cs JRFE % Ge BRI IC X
DIMNE L 7ze F 7o, SRAHE AT o 22 MR & ORARENE B 2 BV CHlIE L 72, 2RI R ORI R - R 4 7 -
Y= A D 137Cs P IF BRI EE R R L7z, JJIK D 137Cs JREE IR FA A TR R o T 228, Eii$ Tiig
EEWR EOMEBNII R 07, FABHIS T LICA T F - Y~ AD BICs BE L 2ROMICHEREDOHE (A4 X%
) 2R o, Bl EEBIEMROEE 2K E R 2{J AR D 572, —H GEBERS 5K E AN E2EUR &,
Z ORI L 2R oI X > TIFAEH SR 2 FEHWICBEIT 2 720, F—HSNO B 137Cs BED X6
DENPEALT BATHEMEDS R I Nz, AFHCIE, IO ICAEOENEYICET 3T — 2 280 TEREZITI,

U= F AT YA, WICs W, FEILH, HARE W

105

6th Fukushima University IER Annual Symposium / £ 6 [f] IER BRR S &

P-66

DNA analyses to estimate life-time dose from radiation exposures
estimation of life-time doses to wild boar using dicentric
chromosome analysis
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* Department of Health and the Exposure Laboratory, Hirosaki University

* School of Medicine, Tohoku University

* Faculty of Human Environmental Studies, Hiroshima Shudo University

5

Institute of Environmental Radioactivity, Fukushima University
*Corresponding author: s1782002@ipc.fukushima-u.ac.jp

A dicentric chromosomal aberration occurs as a result of DNA lesion from radiation exposure and quantifying
dicentrics is a primary standard of cytogenetic biodosimetry, as it has the necessary sensitivity for assessing significant
acute radiation doses. Recent studies have shown utility of dicentrics for determination of chronic doses, however, it
is uncertain if it is sufficient at low radiation exposures. The opportunity to utilize cytogenetic biodosimetry methods
as a dosimeter for chronic radiation exposures will improve future studies on dose-effect relationships on free-ranging
mammals which inhabit areas that vary in dose levels. Thus, the objective of this study is to determine if quantifying
dicentrics is a suitable biodosimetry method to estimate chronic radiation exposures to Japanese wild boar by comparing
with other methods which also estimate radiation exposure. The research was conducted using 154 wild boars collected
from multiple areas within the Difficult to Return to zone in Fukushima, which varied in levels of radiation exposure.
Blood was incubated, cultured, and lymphocytes were harvested according to International Atomic Energy Agency
standard protocol then analyzed for possible dicentrics. Concurrently, radiation dose of boars was estimated using a
method based on internal measurements of radionuclide concentrations in muscle tissue and external measurements
from ambient doses at capture sites multiplied by the corresponding estimated age of each boar. The current progress
showed no relationship between the number of dicentric aberrations and estimated radiation dose. This result possibly
indicates that radiation exposure observed in Fukushima may be too low to detect dicentrics in Japanese wild boar.
Future analysis will be done on wild boar sampled in areas with higher radiation exposure and also done by other
possible methods to estimate radiation dose to confirm our results.

Keywords : dicentric, biodosimetry, low-dose chronic exposure
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Development an approach to therapy for radition injury using Muse cell

Yohei Fujishima* ', Takuma Hashimoto ', Yusuke Urushihara ', Li Gen *, Mari Dezawa *, Yoshio Hosoi '

' Department of Radiation Biology, Tohoku University School of Medicine
? Department of Stem Cell Biology and Histology, Tohoku University School of Medicine
*Corresponding author: yohei.fujishima@med.tohoku.ac.jp

In the event of a radiation accident or radiation therapy, it is important to cure the radiation injury in normal
tissue. Currently, however, there is only steroid therapy and symptomatic therapy as possible strategy. Multilineage-
differentiating stress-enduring (Muse) cells, identified as cells positive for the pluripotent marker stage-specific
embryonic antigen-3 (SSEA-3), were discovered as stress-tolerant pluripotent stem cells. They also have an ability
to differentiate into cells representative of all three germ layers (ectoderm, mesoderm, and endoderm) from a single
cell and tolerate stresses. Clinical trials have been started in 2018, targeting acute myocardial infarct, stroke, and
epidermolysis bullosa patients, and this suggest that Muse cell has a potential for tissue repairing. In this study, our goal
is to examine the effectiveness of the Muse cell for radiation injury. And this study is also aimed to evaluate the radiation
injury of each organ by using the distribution of Muse cell toward damaged tissue, and to estimate the radiation damage
in the low dose range by obtaining the dose effect curve. We will discuss current results in this presentation.

Keywords : Muse cell, radiation injury.
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Investigation of biological behavior of radiocaesium in the body of
Japanese macaque

Yusuke Urushihara* ', Masatoshi Suzuki ', Yoshikazu Kuwahara ?, Yasushi Kino ', Tsutomu Sekine ',
Hisashi Shinoda !, Tatsuo Aono *, Manabu Fukumoto *, Yoshio Hosoi *
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*Corresponding author: yusuke.urushihara.b3@tohoku.ac.jp

We established a project for comprehensive exposure dose assessment for disaster-affected animals and collected
tissue samples from more than 300 Japanese macaques inhabiting around FNPP. We previously reported that the
radiocaesium activity concentration was highest in the skeletal muscle, high in submandibular gland and low in
thyroid gland, brain, liver and thymus among 15 organs (Urushihara et al, KEK Proceedings 2017-6). In this study, we
measured radiocaesium concentration in blood plasma of Japanese macaques and evaluated the relationship between
radiocaesium levels in each organ. The radiocaesium activity concentration in the blood plasma was lowest among
all organs we measured. Previous study reported that the mass of skeletal muscle is about 0.4 times the body mass in
terrestrial mammals (Hoppeler ez al, ] Exp Biol.). These suggest that the transfer coefficient of blood plasma to skeletal
muscle is significant higher than that of skeletal muscle to blood plasma.

Keywords : Japanese macaque, radiocaesium, biological behavior
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Population structure of wild boar in Fukushima Prefecture including
evacuation zone

Rie Saito* ', Natsuko Kondo ?, Yui Nemoto ', Reiko Kumada ', Masanori Tamaoki *

' Fukushima Prefectural Centre for Environmental Creation
> National Institute for Environmental Studies
*Corresponding author: saito_rie_01@pref.fukushima.lg.jp

After the TEPCO Fukushima Daiichi Nuclear Power Plant accidents, the growing population of wild boars and is
concerning around difficult-to-return zone. In addition, it is also concerning about wild boars dispersing from inside
to outside in this area. In order to reduce the crop damage caused by wild boars, the capture of wild boars is reinforced
under the law of Wildlife Protection and Hunting Management in Fukushima Prefecture. So, it is important to
determining the population structure in order to properly control wild boars. We surveyed population structure of wild
boar in Fukshima Prefecture using by MIG-seq (Multiplexed ISSR genotyping by sequencing) analysis. We used wild
boar total 188 DNA samples captured by Fukushima Prefecture and Kumamoto Prefecture. In total of 688 SNPs were
extracted. As the results of STRUCTURE analysis and Cluster analysis, it was revealed that wild boars in Fukushima
Prefecture were divided into two clusters and these populations divided by east and west area along with Abukuma

river.

Keywords : wild boar, Sus scrofa, DNA, Fukushima Prefecture, MIG-seq analysis
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Pre- and post-accident 14C activities in tree rings near the
Fukushima Daiichi Nuclear Power Plant

Tetsuya Matsunaka* ', Kimikazu Sasa * , Masumi Matsumura *, Shigekazu Hirao *, Yoshifumi Wakiyama *,
Keisuke Sueki *

' Low Level Radioactivity Laboratory, Institute of Nature and Environmental Technology, Kanazawa University
* Accelerator Mass Spectrometry Group, University of Tsukuba

* Institute of Environmental Radioactivity, Fukushima University

*Corresponding author: matsunaka@se.kanazawa-u.ac.jp

Approximately 2.8 PBq of anthropogenic 14C was released from nuclear facilities worldwide from the 1950s, produced
mainly by neutron activation reactions such as 14N (n, p) 14C, 170 (n, a ) 14C, and 13C (n, y ) 14C in nuclear fuel, fuel
cladding, water coolant, and graphite moderators. Areas affected by routine 14C discharges from the Fukushima Dai-
ichi Nuclear Power Plant (FDNPP) and accidental releases in March 2011 were investigated by analysis of cores from
Japanese cypress and cedar trees growing at sites 9 and 24 km northwest of the plant. 14C concentrations in tree rings
from 2008-2014 (before and after the accident) were determined by accelerator mass spectrometry, with 14C activities
in the range 231-256 Bq kg-1 C. A total of 5.5 TBq of 14C was released during the pre-accident period of 2008-2011.
Activities during the period 2012-2014, after FDNPP shutdown, represent background levels, while the significantly
higher levels recorded during 2008-2010 with excess 14C activities of 7.8-23 Bq kg-1 C, before the accident, indicate
uptake of 14C from routine FDNPP operations. An effective dose commitment via food ingestion of up to 1.3 pSv was
estimated from the excess activity of <23 Bq kg-1 C. The mean excess 14C activity for the pre-accident period at the
sites 9 and 24 km northwest of the plant were 21 and 12 Bq kg-1 C, respectively, indicating that the area of influence
during routine FDNPP operations extended at least 24 km northwest. The mean excess 14C activity in the 2011 ring
at 24 km northwest of the FDNPP was 5.8 Bq kg-1 C, or about one-half of that at 9 km northwest (10 Bq kg-1 C). The
decrease in 14C activities in 2011 rings with increasing distance from the FDNPP confirms that the possible impact of
the FDNPP accident on 14C levels in trees.

Keywords : Fukushima Dai-ichi Nuclear Power Plant; radiocarbon release; tree rings; effective dose
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Elucidation of the cesium absorption and transport pathway of major
crops (rice and soybean).

Miku Kawabata ', Ayano Amemiya ', Jun Furukawa *, Hiroki Rai* "
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*corresponding author : raihiro@akita-pu.ac.jp

Radio-cesium (Cs) released by the accident at the Fukushima Daiichi nuclear power plant in 2011 contaminated
the widespread soils. Radio-Cs was strongly adsorbed by soil. However, the plant roots uptake a part of it, causing
radio-Cs contamination of agricultural products.In rice, it was revealed that OsHAK1, a high affinity K* transporter,
contributes the most of Cs* uptake. In Tohoku region, the conversion of the paddy fields to soybean cultivation had
been progressed due to the adjustment of an excess rice production. However, the Cs concentrations of soybean were
higher than rice, and its mechanism of Cs uptake is unknown.

We selected the four soybean mutants with low Cs (Ics) concentration in beans from the mutant lines induced by ion
beam irradiation. In this study, we investigated the Cs uptake into the roots of the Ics mutants. The 2 weeks seedlings
were transferred to three hydroponic solutions containing 137Cs as a tracer (containing 10 ppb 133Cs as a carrier) and
K* at 0.05, 0.5, or 1.25 mM, respectively.

In the lower K* conditions, the 137Cs uptakes in wild type were higher. It was suggested that the K transporter is
involved in Cs absorption.At 0.05 mM of K concentration, the 137Cs concentration in the roots in two lcs mutants was
1/2 and 1/3 lower than that of the wild type. The 137Cs in the remaining two mutants are as same as the wild type.
And at above 0.5mM K*, there was no difference in 137Cs uptakes between Ics and the wild type. In conclusion, it was
suggested that two Ics lines had mutations in the high-affinity K transporter in the root, and the remaining two lines
had mutation in the process of Cs translocation from leaves to beans.

Keywords : radio-Cs, soybean, high affinity K+ transporter, HAK
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Development of estimation method for genome alteration in wild
mice living in the Fukushima nuclear accident restricted area

Daiji Endoh* ', Hiroko Ishiniwa * , Misaki Tanaka ', Manabu Onuma *, Nobuyoshi Nakajima *

' School of Veterinary Medicine, Rakuno Gakuen University

* Institute of Environmental Radioactivity, Fukushima University

* Center for Environmental Biology and Ecosystem Studies, National Institute for Environmental Studies
*Corresponding author: dendoh@rakuno.ac.jp

In estimating genomic alteration in wild mice (Apodemus speciosus), mutations in the coding regions are the main
observation targets. In this study, we examined a method for efficiently detecting alterations in exons, which are the
coding regions of genes in the genome. Analyzing genome data registered in GenBank, the gene prediction software
Augustus predicted 38,252 genes and 160,990 exons on the genome. For each exon, a nucleotide sequence including
exon-flanking 70 bases was picked up and PCR primers were predicted. On the prediction, primers which having a
high possibility for common-exon amplification were designed. A search for a 5-bases motif in the exons showed that
145,134 exons may be amplified using 51 pentamer motifs. Results on simultaneous amplification of multiple exons by
PCR using 3’ end-motif sharing primers and base sequences using next-generation sequencer will be reported on the
poster.

Keywords : Apodemus, exon trapping, gene prediction, PCR primer design.
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Current occurrence of truffles and truffle-like fungi in forests after the
Fukushima nuclear power plant accident

Takamichi Orihara* ', Hiromi Sasaki *, Muneyuki Ohmae *, Hiroko Ishiniwa *
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* Hokken Co. Ltd.
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*Corresponding author: t_orihara@nh.kanagawa-museum.jp

People in Fukushima have traditionally preferred eating wild mushrooms. Truffles and truffle-like fungi, which
produce fruitbodies below ground or the litters, have often been neglected in mushrooms hunting, and in result, their
local abundancy and species diversity have been poorly understood. In addition, since the forest management near
the Fukushima No. 1 Nuclear Power Plant has been confronted with unprecedented difficulties, we consider that
continuous monitoring of microbial diversity helps our understanding of environmental changes in local forests in that
region. We therefore made a large-scale field survey of truffles and truffle-like fungi in secondary or artificial forests near
the nuclear power plant (i.e., Kawamata, Namie, and Tomioka Towns and Kawauchi Village in Fukushima Prefecture)
in July 2019. We collected 19 specimens of truffles and truffle-like fungi, which comprised at least 12 species of 9 genera
in Basidiomycetes and Ascomycetes. The study sites in Namie Town and Kawauchi Village were particularly species-
rich. We will further relate our results to the accumulation of radioactive cesium in these truffle specimens, which will
be obtained from another project.

Keywords : species diversity, hypogeous fungi, sequestrate fungi, taxonomy, radioactivity analysis
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Population genetic demography of mountain stream fishes under reduced
human activities in the difficult-to-return zones, Fukushima, Japan
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It is important to evaluate how reduced human activities in the difficult-to-return zones of Fukushima Prefecture affect
local biodiversity in order to design ecosystem management strategies. In addition, as the difficult-to-return zones are
located along the Abukuma mountains, which have a unique biogeographic history, unique patterns of genetic diversity
and demographic history of species in this area are expected, and this information is highly valuable for understanding
and conserving local biodiversity and genetic resources. In this study, we focus on the mountain stream fishes white-
spotted char (Salvelinus leucomaenis) and yamame a landlocked salmon (Oncorhynchus masou) and evaluate their genetic
structure and infer population demographic history using maternally inherited mitochondrial DNA (mtDNA)
variations. Moreover, we compared mtDNA genetic diversity of these species in and/or around the difficult-to-return
zones with previous studies from other parts of Japan. So far, we detected one new mtDNA haplotype of white-spotted
char around the difficult-to-return zones, highlighting the importance of local genetic resources. Further details
of genetic structure and population demographic history will be discussed, as well as on-going work on biparental

inherited nuclear DNA and the implications for the conservation of genetic diversity of species in Fukushima.

Keywords : genetic diversity, demographic history, the difficult-to-return zones, Salvelinus leucomaenis,
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Mechanisms of radiation effects mediated by secreted factors

Genro Kashino* ', Kentaro Ariyoshi *, Jun Kumagai ’

' Nara Medical University

* Fukushima Medical University

° Nagoya University

*Corresponding author: kashino@naramed-u.ac.jp

To elucidate the secreted factors that lead to radiation resistance, we clarified that there were factors that lead to
radiation resistance in the culture supernatant of rat glioma cell C6 and attempted to identify them. The results showed
that VEGF (angiogenic endothelial growth factor) increased dramatically during the time of radiation resistance
acquisition. Furthermore, it was shown that cells to which recombinant VEGF was added became radioresistant and
that treatment with axitinib, which inhibits activation of VEGF receptor, resulted in radiosensitization. The action
of VEGF is suggested not only to promote angiogenesis iz vivo, but also to lead to radioresistance as one of the factor

involving cell-cell communication.

Keywords : secretory factor, radioresistance, VEGF, cell-cell communication
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Radiostrontium monitoring of fish bone from river ecosystem in
Fukushima

Zin’ ichi Karube* ', Ryoichi Fujino ', Takummi Nagami ', Hirofumi Tazoe *

' Faculty of Engineering, Kindai University
? Institute of Radiation Emergency Medicine, Hirosaki University
*Corresponding author: karube@hiro.kindai.ac.jp

In this study, we investigated radiostrontium contamination using fish (Salvelinus leucomaenis) bone in Ukedo river
ecosystem, Fukushima prefecture, Japan. Because fish bone has the property of accumulating radiostrontium in river
water, we may be able to easily estimate radiostorontium contamination of river water or ecosystem from the activity
of fish bone. Sampling was mainly undertaken in each site of Ukedo river basin (A: Omaru, B and C: Minamitsushima,
D: Akougi) from 2015 to 2019. Activity of radiostrontium (90Sr) in fish bone in Site B and D was 21-144 Bq/kg wet,
indicating higher activity than that in other sampling sites (8-12 Bq/kg wet). This result suggested to be radiostrontium
contamination of fish and the river ecosystem (site B and D). In addition to 90Sr activity of fish bone, the activity of soil
and river water in each sampling site showed higher activity in site B and D, similar to that of fish bone. These results
suggest that 90Sr activity of fish bone would be good indicator of radiostrontium contamination of river ecosystems and
a part of Ukedo river ecosystem is still contaminated by radiostrontium derived from Fukushima Daiichi Nuclear Power
Plant accident.

Keywords : radiostrontium, river ecosystem, fish bone
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Measurement and analysis of radioactive cesium in genitals of cats
captured in Namie Town, Fukushima Prefecture

Youhei Fujishima ', Yasushi Kino* *, Takumi Ono *, Kentaro Ariyoshi *, Mitsuaki Yoshida *, Kosuke Kasai °,
Tomisato Miura °, Akira Nakata °

' Graduate School of Medicine, Tohoku University
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* Integrated Center for Science and Humanities, Fukushima Medical University
* Institute of Radiation Emergency Medicine, Hirosaki University

* Graduate School of Health Sciences, Hirosaki University

¢ School of Pharmacy, Hokkaido Pharmaceutical University

*Corresponding author: y.k@tohoku.ac.jp

After the evacuation of Namie residents due to the Fukushima nuclear power plant accident, pets and other animals
left unavoidably wandered around the town. We collected genitalia isolated for castration and contraception of cats
protected by a volunteer group in Namie Town, Fukushima Prefecture, and measured the radiocesium concentration.
To date, there have been few studies in urban areas, and studies on the effects of radioactive materials in the living
sphere and accumulation of data are complementary studies to the studies of raccoons, mice and Japanese monkeys,
which are being conducted simultaneously. We analyzed the time course changes and distribution trends of radioactivity
concentration in each area, and obtained trends in radioactive cesium uptake by animals living in the polluted

environment after the accident.

Keywords : radiocesium, cat, genitalia
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Age factors in uptake and excretion of radioactive material using raccoon
bone and cartilage

Yoshinaka Shimizu * !, Takahashi Atsushi ', Miura Tomisato *, Shinoda Hisashi *

' Graduate School of Dentistry, Tohoku University
? Graduate School of Health Sciences, Hirosaki University
*Corresponding author: shimizu@dent.tohoku.ac.jp

Since bones and teeth take in radioactive materials during matrix formation, their use in investigation the exposure
history of individuals has been studied. Bones unlike the teeth are expected to show changes in the accumulated
amount due to remodeling in adult animals that have completed their formation, and may be affected by age-related
changes in turnover. In this study, we examined the age-related change of radioactive materials taken in from outside.
The material used a raccoon living in a high-dose area in Fukushima that was exterminated. Raccoons from Hokkaido
were used as controls. The dose of raccoon was measured for quadriceps muscle and liver for Cs134 and Cs137 using
a germanium semiconductor detector, and quantitative evaluation was performed using an imaging plate for teeth,
bone and cartilage. The results showed a positive correlation between liver, muscle (Bq / kg) and teeth and bone (QL
value). Furthermore, Cs concentration of muscle and liver, QL value of bone and tooth did not significantly correlate
with environmental doses. Cartilage (in 3 cases) showed high value in the elderly racoon, but its elderly samples lived in
high-dose areas. Although the age-related change in accumulation of radioactive materials was not clear, it is necessary
to consider increasing the number of cases.

Keywords : radioactive material, accumulation, age change, raccoon
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Comprehensive analysis of radiation effect(s) in non-human primate
exposed in the ex-evacuation zone of the Fukushima Daiichi Nuclear
Power Plant accident

Masatoshi Suzuki* ', Satoru Endo *, Yuki Matsutani *, Yasushi Kino *, Takumi Ono *, Toshitaka Oka *,
Atsushi Takahashi ®, Yoshinaka Shimizu *, Hisashi Shinoda °®, Tomisato Miura ®, Kentaro Ariyoshi *,
Mitsuaki Yoshida ®, Manabu Fukumoto *

' International Research Institute of Disaster Science, Tohoku University

? Quantum Energy Applications, Graduate School of Engineering, Hiroshima University

* Graduate School of Science, Tohoku University

* Nuclear Science and Engineering Center, Japan Atomic Energy Agency
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Graduate School of Dentistry, Tohoku University
¢ Institute of Radiation Emergency Medicine, Hirosaki University

" Integrated Center for Science and Humanities, Fukushima Medical University
® Center for Advanced Intelligence Project, RIKEN

*Corresponding author: masatoshi.suzuki.c7@tohoku.ac.jp

Following the accident of Fukushima Daiichi nuclear power plant (FNPP), wild Japanese macaque chronically exposed

to ionizing radiation in the ex-evacuation zone at low dose/low dose rate. We have collected the biological samples of
584 Japanese macaque since 2013 and establish the sample archive of non-human primate in order to analyze radiation
effect(s). Dose and dose rate of Japanese macaque was evaluated using PHITS Monte Carlo simulation or ESR analysis
of enamel samples. Both methods indicate that the external dose evaluated by our current system is reliable at above
200 mGy. We also found some molecular or cellular alterations, but not morphological alteration, which were elicited
depending on the internal dose rate. Our findings indicate that radiation exposure by the FNPP accident continuously
affects at molecular and cellular level, but does not lead to health effect so far.

Keywords : Fukushima Daiichi nuclear power plant accident, radiation effect, non-human primate
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Development of method for evaluating transgenerational effects
focusing on meiosis

Akifumi Nakata ', Valerie Goh Swee Ting *, Kosuke Kasai *, Hirofumi Tazoe *, Kentaro Ariyoshi’,
Hideaki Yamashiro *, Mitsuaki Yoshida *, Tomisato Miura* **

' Faculty of Pharmaceutical Science, Hokkaido University of Science
? Graduate School of Health Sciences, Hirosaki University

* Institute of Radiation Emergency Medicine, Hirosaki University

* Faculty of Agriculture, Niigata University

*Corresponding author: tomisato@hirosaki-u.ac.jp

The risk of carcinogenesis and transgenerational effects from chronic low-dose radiation exposure are important health
impacts that should be considered. However, studies on reproduction and development after radiation exposure are
scarce. Although radiation-specific chromosomal abnormalities in somatic cells can be detected easily, the chromosome
morphologies of spermatids are more unclear as they show different chromosome morphologies in the various stages
of meiosis. It is thus difficult to detect chromosome abnormalities in the germ cell. The objective of this study was
to develop a new evaluation method to determine the effects of radiation on germ cells. We evaluated the feasibility
of the cytokinesis-block micronucleus (CBMN) assay used in somatic cells, which detects chromosomal fragments
induced by radiation, on germ cells. Ten-week-old male mice were exposed to total body irradiation of 2 Gy of X-rays.
After irradiation, mice were sacrificed and testes were removed. The testicular cells were cultured in 10 % fetal calf
serum/RPMI 1640 medium. After incubation for 44 h, cells were blocked from entering cytokinesis by the addition of
cytochalasin B. After a total of 72 h incubation, the cells were fixed in 3:1 methanol/glacial acetic acid. The slides were
scored blindly using a light optical microscope. We report the results of CBMN assay for different stages of meiosis and
chromosomal aberrations in testis cells.

Keywords : Germ cell, Meiosis, Cytokinesis-block micronucleus assay
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Effect of chronic radiation exposure associated with Fukushima
accident on the freezability and fertility of the large Japanese field
mice (Apodemus speciosus) sperm

Hideaki Yamashiro* ', Akifumi Nakata * , Kosuke Kasai *, Kentaro Ariyoshi *, Mitsuaki Yoshida *, Tomisato Miura **

" Faculty of Agriculture, Niigata University

* Faculty of Pharmaceutical Science, Hokkaido University of Science
¥ Graduate School of Health Sciences, Hirosaki University

* Institute of Radiation Emergency Medicine, Hirosaki University
*Corresponding author: hyamashiro@agr.niigata-u.ac.jp

The objective of this study was to investigate the effect of chronic radiation exposure associated with Fukushima
accident on the freezability and fertility of the large Japanese field mice (Apodemus speciosus) sperm. Male large Japanese
field mice were captured from 2012 to 2018 in Fukushima Namie town. Female large Japanese field mice were captured
at 2019 in Niigata city. Epididymal sperm collected from chronic radiation exposure large Japanese field mice were
frozen in the ex-evacuation zone, and experiment was conducted to in vitro fertilization (IVF) with those of the
cryopreserved sperm. The acrosome status of frozen-thawed sperm were also observed using FITC-PNA staining. IVF
oocytes derived from cryopreserved sperm which frozen in 2012 to 2013 developed to 2-cell embryo. There were no
differences between the development of the fertilised oocytes derived from either Fukushima cryopreserved sperm and
control in vitro. Proportions of the acrosoeme of frozen-thawed sperm were also maintained. In conclusion, in vitro
functional freezability, fertility of radiation exposure large Japanese field mice sperm were maintained. This suggested
that the adverse radiation-induced effects were not observed in those of the sperm following chronic exposure. Further
investigation on the effects of chronic radiation on the Fukushima derived large Japanese field mice sperm fertility
should be continued.

Keywords : large Japanese field mice (Apodemus speciosus), cryopreserved sperm, In vitro fertilization, fertility
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Annual dynamics of the biotransfer of radio-Cesium in forest ecosystem
Masashi Murakami* ', Nobuhiro Ishii *

' Chiba University
* National Institutes for Quantum and Radiological Science and Technology
*Corresponding author: muramasa@facultychiba-u.jp

A large amount of radionuclide was released from the Fukushima Daiichi Nuclear Power Plant (FDNPP) accident
after the disastrous earthquake and subsequent tsunami of March 2011. Cesium rapidly binds to aerosols and is thus
washed out by rain from contaminated air masses and deposited and accumulated on the land surface. Since most of the
Japanese land area is covered by forest, the distribution and transportation of radionuclides within forest ecosystems
should be conscientiously monitored. Within a forest, a diverse array of connections among species within complex food
webs are formulated. Detritus based food chains are one of the main component of the forest ecosystems along with the
grazing food chains based on plant production. To explore the biological proliferation of 137Cs within forest ecosystems,
it is essential to track the 137Cs concentrations of each organism component within complex food webs. In the present
study, the accumulations of 137Cs were monitored for each biological component of forest ecosystems, i.e., soil, fumes,
plants, fungi, and animals. The trophic levels of these components were measured by the Nitrogen stable isotope (d15N)
ratio of the samples. This was repeated for four times from 2012, one year after the accidents to 2017. The results of
this analysis will be presented on poster.

Keywords : carbon/nitrogen stable isotope, trophic levels, food webs, bio-proliferation, bio-accumulation
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Population genetic structure of Asian black bear in Fukushima
Prefecture

Yui Nemoto* ', Rie Saito ', Reiko Kumada ', Natsuko Kondo ?, Yoshiki Morimitsu *, Masanori Tamaoki *

' Fukushima Prefectural Centre for Environmental Creation

? National Institute for Environmental Studies

* University of Hyogo, Wildlife Management Research Center, Hyogo
*Corresponding author: nemoto_yui_01@pref.fukushima.lg.jp

Radionuclides were detected from the body of Asian black bear in Fukushima prefecture after TEPCO Fukushima
Dai-ichi Nuclear Power Station accident. Large individual variation of radionuclide concentration in the same bear
population was reported, and the migration between habitats was assumed as a reason why it. To show the migration
of Asian black bear in Fukushima prefecture, we focused on population genetic structure of that bear population using
DNA from the bears that was sampled for measurement of radionuclide concentration of the species. We extracted
genomic DNA from 172 bears captured in Fukushima prefecture and 10 bears in Hyogo prefecture to estimate clear
population genetic structure of the bears in Fukushima prefecture. Then, we analyzed population genetic structure of
the bear population using these DNA samples.

Keywords : Asiantic black bear, Ursus thibetanus, Fukushima, DNA, population genetic structure

B E2HOERERICBT 2 Y X 9 7~ BB A OfFH
& U PR B D B %

MRAHE * 1 Tl BRHAL T SREE T, ARy, LiEHER

EERERAE v 2 —

*EZWTFERAFEE N E BRI Fe R

SRR H IR - BRERFANTZEAT / Se i AR EI I 2 v 2 —
* FEEE : nemoto_yui_01@pref.fukushima.lg.jp

W B NEEE T RENESE, BERENOY X Y 7<= kN> SIS EEESRTH I NTws, YF 7
Il B T AT ERREREE X, AU eI N MR T RESRREZ Ao NTEY ., ZDRERD—
DL LT, XN AR, MR & 3 ARG P O RS 2 7 2 HuIE A A L C & 2 flfA T 2 g
BEZOLNE, FZTCANMECEEERENTOY X 7 7<~0BEARNEZIEET 2201, 2NFCEREBRICEN
T AATERE 2 HE L < 2R o#EBEREH T, BEROY X/ 7 /<l BT 2 BN ERNE 2 5 5
T2 HHMNE LT, BEEICBWCELAEZY X 7 7<= 172 k. B3I, @EENICE T 3 EMfEE %5
FEICT 27280, HEDTREMER D I W ILER DY ¥ 7 7 7<= 10 fll{k7 57 7 2 DNA i L 7=, 2h 5D DNA #
i U S EIRGE % 00T L 72,

¥—7—F :v* 7=, Ursusthibetanus. fa5k, En 7. EMNFEE

123

6th Fukushima University IER Annual Symposium / £ 6 [f] IER BRR S &

P-135

The effects of farming interruption, decontamination and resumption
on aquatic insects in the rice paddy fields by theaccident at the TEPCO
Fukushima Daiichi Nuclear Power Plant

Toshimasa Mitamura ', Wakana Endo ', Nobuhiro Matsuki *, Akira Yoshioka *, Ken Tabuchi *

' Fukushima Agricultural Technology Centre Hama-dori Centre, Japan,
* Fukushima Agricultural Technology Centre, Japan

* National Institute for Environmental Studies

! Tohoku Agricultural Research Center, NARO

*Corresponding author: mitamura_toshimasa_01@pref.fukushima.lg.jp

The Great North Eastern Japan Earthquake & Tsunami on March 11, 2011 inundated the coastlines of Fukushima
prefecture and damaged many human lives and biodiversity. In addition, many residents were evacuated due to the
accident at the Fukushima Daiichi Nuclear Power Plant. In these regions farming was interrupted. After that, the
farmland was decontaminated and farming was gradually resumed. However, effects on biodiversity associated with
farming interruption, decontamination and resumption were not examined in these farmlands. Therefore, in rice paddy
fields where resumed, we investigated Odonata, the genus Sympetrum and damselfly (Coenagrionidae, Lestidae),
aquatic Coleoptera and Hemiptera as the functional agro-biodiversity indicators(Mitamura et al. 2012).

From the field research, three species of Sympetrum dragonflies, S. frequens, S. infuscatum, S. kunckeli were found in
the paddy fields where farming resumed. Of these, S. frequens was the most common and the nymphal exuviae were
found even in the reopening year. In the damselfly, 7 species (5 species of Coenagrionidae and 2 species of Lestidae)
were found and the most common species was Ischnura asiatica (Coenagrionidae). On the other hand, 23 species of
aquatic Coleoptera and Hemiptera were found in a 2019 survey. Coreoptera have 3 family 12 species, Hemiptera have
8 family 11 species. Among them, a large number of individuals were identified in Enochrus simulans (Coleoptera,
Hydrophilidae), Gerris latiabdominis (Hemiptera, Geriidae) and Sigara nigroventralis (Hemiptera, Corixidae).

Keywords : aquatic insect, rice paddy field, farming interruption, decontamination

HORCE R o — IR 1 S R I B R PR U 7oK IH ok A

SHABAE' EHED 222 AR, ERPR H

RN A v 2 — RS AT
B E BN A Y v & — R FERREEE

* ] 37 BREET 5 A 1 SR

CHALEZEMR S v 2 —

* BATLF A : mitamura_toshimasa_01@pref.fukushima.lg.jp

201143 H 11 HORHAREKR IS WEFE T IREMOERTIE, L R G A RER SN,
ook cik, EEPHRWTE N, 20Kk, BHIZRE I, RACEESHEINLTWS, L2rL, Thb ol
HIcEH T 2EMERHERED LS B L7200 35 2 TlidRv, 22T, HEZHBLZKHIIB T, BEiC
FHEMSREDER S L UFHli~= 271 (2012) iKif>T, FYFRET7AAREB LA b b vREE, KEHR
M L OKAEELZTAE L 72, 2ORR, THFBELTCTITHA, /v A VYR, =4 3T 40 3FEITER
I, TET A %  FHRYSECTY PR HER SNz, 4 F Y FETIE, TEIERI LTI TA v
RS % OIS CHER S Nz, —J7, KEF R L KA IR 23 AR S N, ZOF TR, ¥4 0L
FGRAHNLY, EATAVEBLIUAT 70 a I XL CEHBOMERHERI LT WS,

F—7—FKAERR, KH, ERTE, PR

124



6th Fukushima University IER Annual Symposium / # 6 [a] IER BCRERE &

P-84
Precise and accurate measurement of uranium isotope ratios at
nanogram level using multi Daly collectors of MC-ICP-MS

Murugan Rajamanickam ', Sarata Kumar Sahoo* ', Tatsuo Aono '
' National Institutes for Quantum and Radiological Science and Technology (QST)
*Corresponding author: sahoo.sarata@qst.go.jp

Uranium is primordial radioactive element present in the earth’ s crust. Natural uranium comprises mixture of three
isotopes such as 238U, 235U and 234U with relative isotopic abundances of 99.27%, 0.72% and 0.0055%, respectively.
The chemical toxicity of uranium is likely to be much more important for human health compare to the risk of cancer
from ionizing radiation. The principal modes of uranium intake are from food and water for occupationally unexposed
persons. The concentration of uranium in Japanese rivers after FDNPP accident are range from 0.13 to 590 ng L
with the mean value of 54.7 ng L-![1], which is three magnitude lower than World Health Organization (WHO)
recommended value (30 ugL-1). Hence, the isotope ratio measurement of uranium on such low concentrated water
samples are a challenging task. Multicollector inductively coupled plasma mass spectrometry (MC-ICP-MS) is a
powerful research tool for obtaining accurate and precise isotope ratios. MC-ICP-MS, Nu plasma 3D is equipped with
five Daly detectors, six switchable 1011 Ohm and 1012 Ohm resistor Faraday cups, and two fixed 1012 Ohm resistor
Faraday cups, and eight fixed 1011 Ohm resistor Faraday cups detector system. The multi-Daly detectors are used for
such low concentration uranium isotope ratio measurement. The separated uranium fractions from JB-3 is made into
four different concentrations such as 10 ngL!, 25 ngL!, 50 ngl."! and 100 ngL! solution to find the working level of
uranium in dry plasma condition of MC-ICP-MS. The precision obtained for 234U/238U and 235U/238U isotope ratios
are in the range of 0.18% to 0.09% and 0.10% to 0.02% at two standard deviations (2SD) respectively. The accuracy of
2341/238U and 235U/238U isotope ratios with relative bias ranging from -0.16% to 0.07%, indicating that high accuracy
is obtained for four different concentration using MC-ICP-MS [2]. Therefore, the present setup of multi-Daly in MC-
ICP-MS coupled with desolvating nebulizer system can able to measure uranium isotopic ratio at ngL"! level with high
precision and accuracy.

Keywords : uranium, Daly detector, MC-ICP-MS
[1] S. Somboon, K. Inoue, M. Fukushi, H. Tsuruoka, H. Shimizu, S. Kasar, H. Arae, N. Kavasi, & S. K. Sahoo. J. Radioanal.
Nucl. Chem. 319(3), 1307-1314 (2019).

[2]]. Qiao, P. Lagerkvist, I. Rodushkin, S. S. Paatero, P. Roos, S. Lierhagen, K. A. Jensen, E. Engstrom, Y. Lahaye & L.
Skipperud. J. Radioanal. Nucl. Chem. 315(3), 565-58 (2018).
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Analysis of in vivo kinetics of radiocaesium in Japanese Dace
Tribolodon hakonensis reared individually using CsI (TI) scintillator

Masamune Endo*!, Keiichi Sasaki', Tatsuma Sato', Tsuneo Fujita '

'Fukushima Prefectural Inland Water Fisheries Experimental Station

*Corresponding author: endou_masamune_01@pref.fukushima.la.jp

In conventional experiments using radiocaesium contaminated food, to elucidate the process of uptake of radiocaesium

in fish, individual food intake could not reveal due to rear in groups. Therefore, the relationship between food intake
and the amount of 137Cs accumulated in the fish was not clarified, since food intake and growth rate were different for
each individual. On the other hand, food initial value of radiocaesium at the time when switching from radiocaesium-
contaminated food to non-contaminated food was individual ly uncertain as radiocaesium in fish was measured in a
dead state in previous studies.

In this study, each daily food intake in Japanese dace was revealed by rearing individually, and the change of
radiocaesium of a single specimen with the passage of time was clarified by measuring in vivo using CsI (T1) scintillator.
Furthemore, food initial value of radiocaesium at time when switching from radiocaesium —contaminated food to non-
contaminated food was individually confirmed. The results is currently being compiled.

Keywords : feeding experiment, 137Cs, food intake, individual rearing, CsI (T1) scintillator
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Activity concentration of radiocaesium in self-consumed crops
collected from cancelled evacuation-zone

Mihoko Kikuchi ', Hirofumi Tsukada* *

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

Returned residents living in cancelled evacuation-zone eat foods from not only markets but also kitchen gardens.
The residents are advanced in age and they are having more self-consumed crops including wild vegetables and
mushrooms than purchased food. In this study self-consumed crops made in Namie town where the evacuation order
was released, wild vegetables, fruits, and mushrooms collected from nearby forest areas. Samples were provided from
each household. The radioactivity concentration was accurately determined by a germanium semiconductor detector.
It was measured and compared with the standard value of general food in Japan (100 Bq kg!). Provided crops should
be preprocessing. Collected crops samples were washed in order to remove soil and non-edible parts such as hides and

o

seeds. The leaves and vegetables were dried at 70 C, and root vegetables and fruits with high sugar content were
freeze-dried. The dried samples were pulverized with a stainless steel cutter blender and measured in a U-8 container
for 70,875-109,795s. Soil samples collected at fields where the crops were grown was heat-dried at 50°C, then grinded
in a mortar before being passed through a sieve and put and measured in a U-8 container for 1,106-3,754s. The activity
concentration in leaves and vegetables were very low, 0.6-4.7 Bq kg1 fresh weight, and those for root vegetables were
0.2-2.0 Bq kg1 fresh weight. The native butterbur was 26 Bq kg! fresh weight. This is below the standard value.
The soil was 294-977 Bq kg ldry weight and decontaminated soil. The transfer factor from the soil to the crop was
calculated and compared with the literature value. The transfer factor varied from 0.0012-0.0057 for leafy vegetables
and 0.0006-0.0069 for root vegetables, was higher than the literature value. In the future studies, we plan to accumulate

data on self-consumed crops including wild vegetables and mushrooms, and calculate the internal exposure dose.

Keywords : cancelled evacuation-zone, self-consumed crops, preprocessing, transfer factor, internal exposure dose
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Detection of 60Co released from the 2011 Fukushima Daiichi
Nuclear Power Plant accident

Yusuke Okizawa ', Hirofumi Tsukada™* *

' Graduate of School of Symbiotic Systems 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,
and it was reported that 60Co, generated from 59Co 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 60Co in the environment.
In this study activity concentration of 60Co in surface soils and humic substances collected from Okuma and Namie in
2016 and in 2011, where deposition of radiocaesium was relatively high areas around FDNPS and north-west direction
from FDNPS, were determined.

The samples were collected using a core sampler, and dried at 50 °C before being passed through a 2 mm sieve. The
sieved samples were compressed into a plastic container (U-8) and measured 60Co at the energy peak of 1332 keV with
a Ge semiconductor detector for 24,000-420,000 s. The 60Co was detected in four humus samples collected within 1
km from the southern direction of the FDNPS in 2016, and was not detected in the deeper soil layers under the humus.
The deposition of 60Co at 1 km southern from FDNPS was 37-72 Bq m*2, which was about 0.01% of the deposition of
137Cs. In the future studies, the 60Co measurement in archived soil samples collected from the northwest direction of
the FDNPS, where the radiocaesium deposition was higher, will be measured. This study was performed using archive
samples provided by the Nuclear Regulatory Agency and managed by the Institute for Environmental Radioactivity at
Fukushima University.

Keywords : neutron activation products, cooling water, 60Co
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Radioactive cesium uptake in Koshiabura
(Eleutherococcus Scz'adophylloz'des)

Jun Furukawa* ', Masaki Tamaoki * , Takafumi Mizuno *

' Center for Research in Isotopes and Environmental Dynamics, University of Tsukuba
* Fukushima Branch, National Institute for Environmental Studies
* Faculty of Bioresources, Mie University

*Corresponding author: furukawa.jun.fn@u.tsukuba.ac.jp

It has been often reported that the radioactive cesium released from the Fukushima Daiichi Nuclear Power Accident

is highly accumulated in the perennial mountain herb, Koshiabura (Eleutherococcus sciadophylloides), but its specific
mechanism is not clear. Therefore, sampling of wild Koshiabura by field survey and analysis using plants cultivated
in the laboratory were performed. A comparison of the radioactive cesium amount contained in the buds before
development between Koshiabura and Taranoki (A4ralia elata), a mountain herb belongs the same family, sampled in the
litate and the Yamakiya area in Fukushima prefecture showed that the cesium contained in Koshiabura buds was about
12-fold or 3-fold higher than that in Taranoki per fresh or dry weight, respectively. In order to elucidate the mechanisms
of cesium absorption and accumulation in Koshiabura more in details, we are applying several growth conditions for
establishing a cultivation system at the laboratory level using Koshiabura seeds.

Keywords : radioactive cesium, Koshiabura (Eleutherococcus sciadophylloides), mountain herbs

LT 7 7B T B HHHER T ARIREE O T

aAE > REAERC, KEFRESC

SHIEKRET 4V b — TR v & —
*ENZER BT IE AR B SR

S E ARG E IR AR

* HLEE : furukawa.jun.fn@u.tsukuba.ac.jp

WEE R FNIREROFHIC L D I N oY 253, SOOI TH 23T 7 7 I HiEEICERE
INDTEBMEINT VB, ZDOEEMREEEICOWTIZWE AL 2 TIEA Vv, £ 2 CHEMFEAEIC X 2 T4
oYy 7Y v e EEREICE W TR S WBRE O 2 S L 72, @S REEX & IIRE#XICES W
THv TV vradnizav 777, ALK vaxRlolliEcsds 277 F2HT, TLZNORERMATOFICEE
NHBEE Y LERHIE L2 2 A, FlfEBEY 20 TR 12 /%, BEEYZ Y TR 3 fSogtes v
LR T 7 70HICEENT 2, L YFEEMARMINZA S NICERBEEZMHT 27201, BrrofEL-av 7T
77 & AV 72 BRI L SOV T ORET R QML IC N CRAFHRET 2 D Twv B,

F—U—F ey A 20T 7T K

129

6th Fukushima University IER Annual Symposium / £ 6 [a] IER BRRE &

P-89
Measurement and application studies on the environmental actinides

Z.Huang *, Y. Ni’, H. Wang *, J. Zheng* ', S. Yamazaki ', A. Sakaguchi®, X. Long?, S. Uchida
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*Corresponding author: zheng.jian@qst.go.jp

This work presents a method developed for simultaneous analysis of ultra-trace level 237Np and Pu isotopes in soil
and sediment samples by sector field inductively coupled plasma mass spectrometry (SF-ICP-MS). 242Pu was used as a
yield tracer for 237Np as well as for Pu isotopes. A simple single chromatographic column packed with anion exchange
resin (AG MP-1M) was used for the separation of 237Np and Pu isotopes from the matrix elements and other potential
interferences. The SF-ICP-MS measurement precision of the 237Np/242Pu atom ratio for sub-fg/mL level 237Np and
242Pu was 0.97%, and the overall fractionation between 237Np and 242Pu for the whole analysis procedure was 1.010 £
0.038. Besides, the single column chromatographic separation realized high decontamination factor of U (1.8 X 10 to
1.7 X 107), and that ensured the interference effect of 238U to the 237Np, 239Pu and 240Pu measurements was negligible
or could be easily corrected. Four standard reference materials were analyzed for method validation, and the results
illustrated 242Pu was an effective non-isotopic tracer for 237Np determination. Finally, the developed method was
successfully employed in the analysis of the global fallout level of 237Np and Pu isotopes in Japanese paddy soil samples
to study their environmental behaviors.

Keywords : SF-ICP-MS, Plutonium, Neptunium, global fallout
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Precision analysis of tritium using low-background liquid
scintillation counter

Naofumi Akata* ', Hirofumi Tazoe ', Chutima Kranrod ', Kenso Fujiwara *, Toshiharu Misonou *, Haruka Kuwata *,
Shigekazu Hirao *

' Radiation Chemistry Department, Institute of Radiation Emergency Medicine, Hirosaki University

* Fukushima Environmental Safety Center, Sector of Fukushima Research and Development, Japan Atomic Energy
Agency

* Institute of Environmental Radioactivity, Fukushima University

*Corresponding author: akata@hirosaki-u.ac.jp

In this study, low-background liquid scintillation counter (LSC-LB5, Hitachi) installed at Hirosaki University was
employed in the evaluation of performance characteristics. The 50 mL of water sample was mixed with 50 mL of a
liquid scintillation cocktail (Ultima Gold LLT, PerkinElmer, USA) in a 145 mL low diffusion polyethylene vial with
an inner Teflon coating. After the vial was set in the liquid scintillation counter, counting time was performed for
1,000 min. As a result, background count rate was quite low at about 2.3 cpm, and minimum detection level (MDL)
was approximately 0.29 Bq/L. In addition, enrichment factor of solid polymer membrane electrolytic concentrator-1
installed at Hirosaki University was 8.68, and MDL of combined with enrichment procedure was approximately 0.035

Bq/L.

Keywords : tritium, low-background liquid scintillation counter
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Development of precise analysis Cs-134/Cs-137 ratio using thermal
ionization mass spectrometer

Hirofumi Tazoe* ', Yoshitaka Takagai **

' Institute of Radiation Emergency Medicine, Hirosaki University
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*Corresponding author: tazoe@hirosaki-u.ac.jp

Inventory of radioactive cesium isotopes (Cs-134, Cs-135, Cs-137) which generate by thermal neutron fission in the
nuclear reactor and its isotope ratios depends on type of nuclear fuel and burnup time. Radioactive decay also varies
Cs isotope ratio with elapsed time because of their different physical half lives. Therefore, Cs isotope ratios can be
useful tracer for the source. Cs isotope analysis using thermal inonization mass spectrometer (TIMS) is expected high
precision, but removal of isobaric interference from barium (Ba) must be accomplished completely prior to TIMS
analysis. In this study, improvement of Cs preconcentration and Ba removal has been examined. Cs in leachate from
soil was preconcentrated by AMP. After dissolution in ammonium solution, Ba was removed by MnO2 resin and ion

exchange chromatography.

Keywords : thermal ionization mass spectrometer, Cs isotope ratio
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Fundamental research on tracer use of natural radionuclide

Masahiro Hosoda* ', Shigekazu Hirao ?, Yuki Tamakuma ', Naofumi Akata ', Shinji Tokonami

' Institute of Radiation Emergency Medicine, Hirosaki University
* Institute of Environmental Radioactivity, Fukushima University
*Corresponding author: m_hosoda@hirosaki-u.ac.jp

Many papers about the tracer use of environmental radon have been published in the journal. Recently, an electrostatic
collection type radon monitor (ERM-I) was introduced in the Institute of Radiation Emergency Medicine of Hirosaki
University for tracer use of environmental radon. In this study, we carried out a calibration experiment of ERM-I using
a radon calibration chamber which was developed by the Institute of Radiation Emergency Medicine. We obtained the
conversion factor from counting rate to the radon concentration. We will carry out the further experiments to know the

performance of the radon monitor.
Keywords : natural radionuclide, tracer, radon monitor, calibration chamber
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Feasibility of Cs-135 measurements using accelerator mass
spectrometry

Maki Honda* ', Alexander Wieser ', Johannes Lachner ', Martin Martschinil, Peter Steier ', Alfred Priller !,
Oscar Walther ', Robin Golser ', Keisuke Sueki *, Aya Sakaguchi *

' VERA Laboratory, Isotope Physics, Faculty of Physics, University of Vienna
* Faculty of Pure and Applied Sciences, University of Tsukuba

*Corresponding author: hondam84@univie.ac.at, m-honda@ied.tsukuba.ac.jp

Transportation mechanisms of shorter-lived 137Cs (t1/2 =30.1 year) in the Fukushima area can be clarified by longer-

lived fission product 135Cs (t1/2 =2.3 X 106 year). Cesium 135 and 137 in the standard materials (137Cs source from
Amersham UK, and grass of IAEA-372) and blank samples (Cs ICP Standard, Millipore) were measured by accelerator
mass spectrometry (AMS) at University of Vienna to develop the 135.137Cs measurement. Cesium in ashed grass sample
was leached using conc. HNO3 in the first step. Cesium in the acid leachate (pH<1) was next collected using 20 mg of
AMP, and then remaining Cs in the acid leachate was collected using another 20 mg of AMP. This duplicated step led
the good Cs recovery of 100%. Cs was more purified using 10 mL of cation exchange resin (Dowex 50W X 8, 100 —
200 mm, Alfa Aesar) in 9.5 mm i.d. PTFE column in the last step. The last step suppressed the amount of barium as
<10 ng (1013 atoms) in Cs fraction (about 60 mL of 1 M HNO3). The AMS system sufficiently suppressed Ba signal by
a factor of >108 (103 in the ion source and 104 in the ion cooler). Extraction of CsF2 — beam from the mixed Cs2SO4,
PbF2 and Cu powder sample was achieved by the fluoride sputtering with the current of 100 nA-1 pA. The intensity
was 10 — 100 orders of magnitude greater than that of the Rb sputtering. The obtained 137Cs/Cs ratios in the blank
samples were (3 — 6) X 10-12, Therefore, limit of detection was estimated to be 107 atoms, which corresponding to
13 mBq 137Cs and 0.17 uBq 135Cs. Our new method enables 135, 137Cs measurements with around 0.5 g of dried soil
sample, and around 5 g of dried foods (brown rice, soy bean and mushroom).

Keywords : 135Cs, accelerator mass spectrometry, Cs2SO4, CsF2-
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Monitoring of continental fallout in Okinawa Prefecture

Yoshitaka Shiroma * ', Syunya Nakasone ', Shigekazu Hirao *

' University of the Ryukyus
* Fukushima University

*Corresponding author: y_shiro@cs.u-ryukyu.ac.jp

The cosmogenic Berylium-7 (7Be, T1/2 = 53.3 d) were measured to understand the characteristics of continental
fallout in Okinawa Prefecture. The atmospheric depositions were collected using a sampling basin (It is 800 mm
in diameter and 300 mm in thick) at rooftop of the building of the University of the Ryukyus Faculty of Science
from December 2019. Collected samples were passed through a column which was packed with ion exchange resin
for collecting the various radioactive species. The resin was dried, followed by packing into plastic containers. 7Be
concentrations in samples were measured by a high-purity Ge spectrometer for 250,000 sec, using y -rays of 477.6
keV for the determination. The characteristics of 7Be measured in Okinawa Prefecture will be report in the poster

presentation.

Keywords : Beryllium-7, atmosphere, cosmogenic
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Establishment of a novel cytogenetic dosimetry method using
chromosome condensation inhibitors

Yu Abe* !, Mitsuaki A. Yoshida *

' Department of Radiation of Life Sciencies, Fukushima Medical University School of Medicine, Fukushima, Japan.
* Department of Radiation Biology, Institute of Radiation Emergency Medicine, Hirosaki University, Hirosaki, Japan
*Corresponding author: abeyu@fmu.ac.jp

The metaphase dicentric (Dic) assay is gold standard in cytogenetic biodosimetry and is the main aberration used
for biodosimetry. For accurate assessment, the first metaphase chromosome image must be captured after prolonged
colcemide treatment. However, the determination of Dic is made difficult by long-term colcemide treatment because
of excessive chromosome condensation. Therefore, we focused on the regulation of chromosome condensation by
mitotic kinase and attempted to control chromosome condensation by mitotic kinase inhibitors. First, we used the B
lymphoblastoid cell line to determine the criteria for excessive chromosome condensation based on the arm length and
width of chromosome 2. Next, we observed the change in the degree of chromosome condensation by the inhibitor, and
added the inhibitor over time in parallel with colcemid treatment. As a result, some kinases including Casein kinase 2
tended to reduce excessive chromosome condensation. However, under multiple treatment conditions of the inhibitor,
no more effect was observed than when the inhibitor was added alone. Excessive chromosome condensation was
suppressed within 2 hours of the treatment with the inhibitor before the end of the culture. There are still many unclear
points about the inhibitor treatment conditions. Therefore, it is necessary to clarify detailed conditions for preparing

chromosome specimens for which Dic determination is easy.

Keywords : dicentric chromosomes, chromosome condensation, mitotic kinase inhibitor
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Analysis of temporal variations for Cs concentration and bio-aerosol
in Tsukuba botanical garden

Ishizuka Masahide*', Tanaka Kuniaki *, Miyamoto Erika ', Hatano Yuko *, Hosaka Kentaro *, Kita Kazuyuki *,
Maki Teruya °, Igarashi yasuhito’

' Kagawa University, Faculty of Engineering
* Kagawa University, Graduate school of Engineering

* Tsukuba University, Center for research in isotopes and environmental dynamics

* National Museum of Nature and Science, Department of Botany
° Ibaraki University, Faculty of Science

¢ Kanazawa University, Institute of Science and Engineering,

" Kyoto University, Institute for Integrated Radiation and Nuclear Science

*Corresponding author: ishizuka@eng.kagawa-u.ac.jp

At the National Museum of Nature and Science, Tsukuba Experimental Botanical Garden, field observations were
conducted in July 2019 to evaluate the conditions for the release of mushroom spores. A video camera, a thermo-
hygrometer, and a particle counter were used for the observation. As a result, we succeeded in measuring spore release
from three different mushroom growing in summer. It became clear that the amount of mushroom spore differs
depending on each mushroom growth process. In addition, the body shape of Shiitake mushroom is converted into
three-dimensional data, and a 3-D numerical simulation is performed to examine the transporting characteristics at the
time of spore release. The spore fall within the range of about 1.5 m. This agrees with the referenced research (Galante
etal., 2011) .

Keywords : mushroom, spore, FDNPP accident, particle Image velocimetry
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Abundance and distribution of radioactive cesium-rich microparticles
released from the Fukushima Daiichi Nuclear Power Plant into the
environment

Ryohei Ikehara ', Kazuya Morooka ', Mizuki Suetake ', Tatsuki Komiya ', Eitaro Kurihara ', Masato Takehara ',
Ryu Takami ', Shinya Yamasaki *, Satoshi Utsunomiya* '

' Department of Chemistry, Kyushu University, Japan

* Faculty of Pure and Applied Sciences and Center for Research in Isotopes and Environmental Dynamics, University
of Tsukuba, Japan

*Corresponding author : utsunomiya.satoshi.998@m.kyushu-u.ac.jp

To understand the dynamics of highly radioactive cesium-rich microparticles (CsMPs) released from the Fukushima
Daiichi Nuclear Power Plant (FDNPP) to the surrounding environment at an early stage of the nuclear disaster in
March 2011, “quantification of CsMPs (QCP)” method was applied to 20 surface soils around FDNPP. The number
and radioactivity fraction (RF) of CsMPs plotted in the map reveal that the distribution can be classified to three
regions; near-northwest (N-NW), far-northwest (F-NW), and southwest (SW), of which the number and RF of CsMPs
are determined to be 40.1 — 154 /g and 19.2 — 33.3%, 24.3 — 64.8 /g and 36.7 — 37.4%, and 0.869 — 8.00 /g and 27.4
— 77.9%, respectively. The distribution is comparable to the trajectories of the plumes released from the afternoon
of March 14 until late afternoon of March 15, 2011, indicating that CsMPs only formed during the period. Unit 3 is
the most plausible source of CsMPs based on the analysis of the sequence of the release events. The lower RF values
in N-NW indicate the influence of the subsequent plume only consisting of soluble Cs species afterwards due to
precipitation. Consequently, the quantitative distribution map of CsMPs obtained in the present study was useful for
understanding the dynamics of CsMPs as well as the potential risk assessment in residential area and environmental

impacts derived from CsMPs.

Keywords : radiocesium , CsMPs, Fukushima, distribution of CsMPs
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Local coordination structures of Sr in calcite and aragonite

Kazuya Tanaka* ', Shinya Yamasaki *

' Advanced Science Research Center, Japan Atomic Energy Agency
* Center for Research in Isotopes and Environmental Dynamics, University of Tsukuba
*Corresponding author: tanaka.kazuya@jaea.go.jp

Marine organisms were contaminated by radionuclides released into the Pacific Ocean from the Fukushima Daiichi

Nuclear Power Plant. One of the released radionuclides, 90Sr, is accumulated into marine biogenic Ca carbonates such
as shells and coral skeletons by substitution of Sr for Ca site. Most of coral species form aragonitic skeletons, while shells
of bivalves are often composed of calcite. In general, Sr®* is incorporated more in aragonite with 9-fold coordination
Ca?* site than in calcite with 6-fold coordination Ca®* site. In this study, we investigated local coordination structures
of Sr in the two carbonate polymorphs of calcite and aragonite using extended X-ray absorption fine structure (EXAFS)
spectroscopy. We measured stable Sr concentrations of limestone (calcite) and coral (aragonite) samples and then their
K-edge Sr EXAFS spectra. Analysis of EXAFS spectra indicated that the local coordination structures of Sr in calcite and
aragonite were different while Sr was substituted for Ca site in both calcite and aragonite. Corals had Sr concentrations
(~7000 ppm) one order of magnitude higher than limestones (200 — 500 ppm), which is attributed to the difference
of local coordination structures of Sr incorporated into calcite and aragonite. Considering almost the same chemical
natures of stable and radioactive Sr, radioactive Sr is also accumulated into aragonitic marine carbonates.

Keywords : Sr, calcite, aragonite

ANYAL P ROT 7 T4 PR v v F v LR E T

FHHOA At * 1 LIRS %

AR TSI e R I 1 I R ARE SRR PR T I R A DR P e A e e v & —
KT A Y b — TERIREN I v & —
* FAEEH « tanaka.kazuya@jaea.go.jp

BEE—RFHIEEF CRAE L 215 PR IS & U745 5L, BE & 7R e E W A LA 1 X 0 TR I 7,
e iER e vy F Y 43, FETCETH I IS Y L LHEUOEE AT 3720, BEO® - v ITHKRGR ED
BEEA N> T LT 5, BRLOY Y IBEDOEIZT I 3F4 bR d 8, —HRELHTH ¥4 b
OB LFET 5, —fRINIC, 6L Ca2t %4 b ERFFOAAH A4 PICHNT IR Ca2t 44 P bKET 7
FA LD S FRDAALCTVWEEZLNT WS, £ 2 TAIFIETIZ, EXAFS (A8 X SRINMMIRES) &%
A Thrd A b7 73+ 4 FHOLE St oEIT (B #ExfH~7k, aKE (ArF4 ) eFrva (77
IH4 b)) 1ZF7 5 EXAFS 2<% P V%R L7z, EXAFS 2= 2 b L% fBHT L 72455, Sr OJFFtER ALY 4 b &
TI7aF A4 PCREARDEDREBEINSZ, ) LEEFEEDENIZ, 6 e 9D Ca2+ ¥4 FOH 4 XD
HEWICERLTwbeE2bN5, £/, ¥ v = (St ~7000 ppm) 34 K% (SriRE 200 — 500 ppm), I~ T
Sri#ER—HEWI LIZI) LEA#E&EICL2bDTHIEEZLND, E Sr & EHE Sr 3L 12131 [H
CEEZ T2 ehb, BEHMES b7 7354 S E R0 AR ICE T2 L £ 250 5,

F—YU—F: 2+ uVFTL AALFAL L, TTITFA L

139

6th Fukushima University IER Annual Symposium / £ 6 [f] IER BRR S &

P-99
Development of NORM sources for educational application
Takeshi l[imoto* ', Hiromi Koike *, Hasan Md. Mahamudul *

' Division for Environment, Health and Safety, The University of Tokyo
* Graduate School of Frontier Sciences, The University of Tokyo
*Corresponding author: iimoto.takeshi@mail.u-tokyo.ac.jp

A thick 500-yen coin-shaped source can be created using a proprietary compression molding machine, using familiar
substances of natural origin. Potassium chloride and kelp were molded by this machine, but some coffee and sinter
collapsed, and oil oozed out from some sinter. In the development process, it was thought that factors related to stable
molding were related to the moisture content of the material, the pressure for compression, the particle size of the
powder. The moisture content was measured using a soil moisture meter. Those that could be molded had a moisture
content of the order of 2%, and those that collapsed had a moisture content of less than 1%. As for the pressure,
durability tests were conducted for potassium chloride and sinter by molding pressure with reference to the impact test
of sealed radiation source. There was no difference on the durability of sinter in the various pressures, and it was found
that 40 MPa or more was optimal for potassium chloride. In the budget year of 2019, we focused on optimizing the
conditions for creating radiation sources of NORM, but in the next year we will proceed with quantitative analysis as
radiation sources for the education application.

Keywords : NORM source, radiation education
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Calibration test on instrument for natural radionuclides in the
atmosphere

Kazuki Iwaoka* ', Yuki Tamakuma *, Masahiro Hosoda **, Naofumi Akata *, Shinji Tokonami ?,

' National Institutes for Quantum and Radiological Science and Technology
* Institute of Radiation Emergency Medicine, Hirosaki University

* Hirosaki University Graduate School of Health Sciences

*Corresponding author: iwaoka.kazuki@gst.go.jp

The quality assurance of instruments for natural radionuclides is important to correctly evaluate influences due to
natural radionuclides. In this study, we performed a radon exposure test in the radon facility in Hirosaki University to
validate the instruments for radon measurement. The devices were exposed to radon gas under stable conditions. The
ratio of radon concentrations of the nominal value and the measured value (i.e., the nominal value/ the measured value)
was 1.02.

Keywords : atmosphere, natural radionuclides, radiation exposure
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Development of a gamma-ray radiation source by using a dual
nozzle type 3D printer

Takashi Saito* ', Yuya Koike *, Horofumi Tazoe *

' Faculty of Comprehensive Human Sciences, Shokei Gakuin University
* School of Science and Technology, Meiji University

* Instotide of Radiation Emergency Medicine, Hirosaki University
*Corresponding author: t_saito@shokei.ac.jp

A gamma-ray radiation source for accurately determining the radioactivity of samples of arbitrary shapes were
developed by using a 3D printer and a 3D scanner.

The development of a radiation source using a fused deposition modeling type 3D printer that has dual nozzles and
can mix two types of filaments at an arbitrary ratio, the strength of a 3D printer filament made by mixing lead oxide was
not stable. Therefore, the expected performance could not be acquired.

However, by applying this method to a product made by mixing a natural radioactive mineral called "artificial
hokutolite", we succeeded in non-destructively measuring radioactivity concentration by creating a source with the
same geometry. Additionally, the authenticity of whether or not artificial hokutolite contained travertine derived from

hokutolite could be confirmed.

Keywords : 3Dpurinter, gamma-ray radiation source
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Development of evaluating radiation exposure dose in association
with nuclear disaster by PHITS code into which mesh-type
reference computational phantoms (MRCPs) is incorporated and

MRCPs in represented with high quality of organ/tissues of human
body.

Minoru Sakama* ', Takuya Saze *, Naofumi Akata ’

' Radiological Science and Technology, Tokushima University, > National Institute for Fusion Science,
* Institute of Radiation Emergency Medicine, Hirosaki University
*Corresponding author: minorusakama@tokushima-u.ac.jp

In this study, we have generally performed to make progress according to the initial working scheme of our research
subjects as follows,

1. Evaluation of internal exposure dose associated with the cause of SPM and PM which caught radioactive cesium
(including cesium ball) of nuclear disaster in FDNPP, in addition external exposure dose occuried in the cause of their
fraction which have subsided in the ground.

2. For simulation space of Monte-Carlo based PHITS code, we have constructed the human body voxel phantom to
carriy out the evaluation of exposure dose and maintained the calculation environment that could cope with the big
phantom data.

3. Improved calculation environment of PHITS has included the construction based on applying the MRCPs with high
quality to the huma voxel phantom currently in use.

Keywords : Monte-Carlo calculation, PHTS, MRCPs
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Survey of radiation and earthquake disaster education for children
who have not experienced the Great East Japan Earthquake, and
search for optimal educational content

Takuya Saze* ', Minoru Sakama ?, Naofumi Akata ’

! National Institute for Fusion Science
* Tokushima University
* Hirosaki University

*Corresponding author: saze.takuya@nifs.ac.jp

About nine years have passed since the Great East Japan Earthquake, and there are an increasing number of people

in Fukushima that have not experienced the disaster. The purpose of this research is to investigate the current status
of radiation education and earthquake disaster education in Japan, identify the characteristics and issues, and propose
optimal educational contents. All of the science textbooks used by elementary school fifth and sixth grade students
and junior high school first to third grade students (elementary school: 12 books at 6 companies, junior high school:
15 books at 5 companies), the Great East Japan Earthquake, radiation, nuclear power Investigations were made to see
if any descriptions were made regarding the locations and their environmental impacts. The publishers differed in the
amount of description of each keywards, especially in the description of the environmental impact of the Fukushima
nuclear disaster.

Keywords : government authorized textbook, science education, education for disaster prevention, education guideline
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Trouble shooting for ESR dosimetry of racoon teeth living in
evacuation zone after Fukushima Daiichi Nuclear Power Plant
accident - Identification of interfering factors-

Atsushi Takahashi* ', Toshitaka Oka ? , Kazuma Koarai * , Hisashi Shinoda '

" Graduate School of Dentistry, Tohoku University
* Japan Atomic Energy Agency
*Corresponding author: at@dent.tohoku.ac.jp

We are participating in a research project that investigates the effects of radiation on racoon living in evacuation zone
after Fukushima daiichi nuclear power plants accident. When measuring the external dose of an individual using a
biomaterial, electron spin resonance (ESR) dosimetry using tooth enamel is often applied. Although it is considered
effective to determine the amount of external exposure to individuals by ESR method not only humans but also in
wild animals, it cannot be successful in raccoons. The reason is that the ESR spectrum of racoon enamels is not a
typical curve and cannot be fitted by the measurement program. Although several chemical treatment for enamels are
recommended to remove interfering factors, acceptable spectrum of racoon enamel is not obtained even after these
treatment. Therefore, it is necessary to know what factors interfere with ESR measurements using raccoon enamel.
In this study, we determined the elements containing in the racoon enamel by inductively coupled plasma (ICP) and

attempt to identify the interfering elements for ESR dosimetry using racoon teeth.

Keywords : ESR, ICP, racoon.
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Analysis of volcanic activity and radon and progeny nuclide
concentrations in Sakurajima

Kenta Higuchi* ', Masahiro Hosoda *, Shinji Tokonami *, Suminori Akiba *

' Japan Health Care College

* Hirosaki University

* Kagoshima University Graduate School
*Corresponding author: k_higuchi@nihoniryo-c.ac.jp

To determine if there was an association between outdoor radon gas concentrations and volcanic activities, hourly
average outdoor radon concentrations were measured at a monitoring post located 10 km south—-southeast from Mt.
Sakurajima during August 2003 to July 2007. During this period, Mt. Sakurajima was recorded to have erupted 145
times on 107 days. The geometric mean radon concentration at the monitoring post at hours with eruptions was 8.5
Bq m3, which was statistically significantly higher (P <0.001) than that (= 6.5 Bq m3) at hours without eruptions,
when the data were restricted to hours with no wind. On the other hand, during hours with wind, outdoor radon
concentrations were not affected by the eruptions. Next, the effects of tail winds were examined. At hours without

I resulted in a radon concentration of 6.6 Bq m™3, which was

eruptions, a tail wind blowing at a speed of 10 m s~
significantly higher (P <0.001) than that associated with a head wind with the same wind speed (6.2 Bq m3). However,
at hours with eruptions, outdoor radon concentrations were not increased by tail winds. In conclusion, radon gas was
released from the soil into the atmosphere during the eruption of Mt. Sakurajima, possibly in response to the increased
seismic activity. In addition, the findings suggest that volcanic ejecta from Mt. Sakurajima also contributed to the

outdoor radon concentrations.

Keywords : outdoor radon, Mt. Sakurajima, volcanic eruption

SO RILGEEN & T F v RO T-FREARIREE O fib

BEEOR = ' MHFIERE, PRRE A, BKEEEA°

'"HARERKY

SHLRTR

R B RER AR

* FALFEH : k_higuchi@nihoniryo-c.ac.jp

BT FVIRE L KIEB OB Z SN 7 F VIRERNE L 72, % OIS E 13 107 HIE T 145 [ 0 Wk [
Baik Lz, Mok wiGs, AR S o 2R O %M 7 F ViRE R 8.5 Bqm™ T, BA Dk w054
Y ofEREICAEREICE Y (P <0.001) (=65Bqm3) EBETH-72, —f. JADH 24, EIO T F VBT
WK DR EZ T o T, IBORDOFEL R, BWADRWFT, 10 m s-1 OFE TR GBWEOKED 7 F
VIEIEIX 6.6 Bqm3 T, IR LEE TR FAVERL Y DERICEHVEE (6.2Bqm-3) TH-72 (P <0.001),
L L, BAkDDZHERTIE, BAHD T FVEEILEGEIC X > THINL a5 72, e LT, 7 F Y H R IIHE
DWEKICEE L T D O KA S h 2 alfEtEnd 2, & b, MEOKINEHMBEID 7 F v BEICH %
HLTWw3 I EWRBINT,

F—U—F BT P E. KILEX

146



6th Fukushima University IER Annual Symposium / # 6 [a] IER BCRERE &

P-106
Examination of submarine groundwater discharge search method
by measurement of radon concentration in water

Masahide Furukawa* ', Yoshitaka Shiroma ', Masahiro Hosoda *, Naofumi Akata* *, Tetsuya Sanada* *,
Shunya Nakasone* ', Akinobu Ishimine* ', Kaori Nakamura* ', Shinji Tokonami *

' University of the Ryukyus

* Hirosaki University

* Hokkaido University of Science

*Corresponding author: m_furu@sci.u-ryukyu.ac.jp

Radon (222Rn) in environmental water have been used as a tracer to understand the water cycle process on the Earth's
surface. Although it is important for assessing the impact of landwater on the marine environment, the method of
applying to the quantitative search for seepage of groundwater is not established. In this joint research, to understand
the submarine groundwater discharge area of terrestrial source groundwater and quantitatively understanding the
amount and spread of the spring water, using the coral reef area under Okinawa prefecture as a test field. The samples
were collected from Ohdohama coast where have reported of submarine groundwater discharge in southern part
of Okinawa Island. The radon concentrations were measured with liquid scintillation counter (Tri-Carb2910TR,
PerkinElmer) and portable 222Rn monitor (RAD7, Durridge). Radon concentration in the water was ranged from 1.08
to 5.78 Bq / L, showing high concentrations around the groundwater seeping point and a declining tendency as the
distance from the point. At several points along the shoreline from the groundwater discharge point, relatively high
concentration levels (1.96 to 2.70 Bq / L) were observed, and the occurrence of terrestrial groundwater with a certain
extent along the coast was confirmed. From the above, the outflow area of groundwater from land area to coastal area
could be observed by measuring radon concentration in water.

Keywords : radon in water, submarine groundwater discharge, groundwater, coral reef area, water cycle
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Study of the deposition situation by the isotope analysis of
environmental samples near the Fukushima Daiichi Nuclear Power Plant

Haruka Minowa* ', Hideki Yoshikawa ', Hirofumi Tazoe *

' Radioisotope Research Facility, The Jikei University School of Medicine
* Institute of Radiation Emergency Medicine , Hirosaki University
*Corresponding author: minowa@jikei.ac.jp

The purpose of this study is to estimate the source reactor from environmental samples containing radioactive
materials released by the Fukushima Daiichi nuclear accident. We plan to measure fission-derived nuclides from
samples near the nuclear power plant by ICP-MS analysis. Prior to the experiment, we examined which nuclide
to measure. From the Cs isotope ratio (134Cs / 137Cs) estimated from the burn-up of nuclear fuel, it is possible to
discriminate between reactor No. 1 and others, but it is difficult to distinguish between reactor No. 2 and reactor No. 3.
Other than Cs, we selected 234U, 238Pu, 241Am, etc. as fission-derived nuclides that may be able to distinguish between
Unit 2 and Unit 3 from their isotope ratios. We are sampling environmental samples from difficult-return areas. Each
nuclide would be measured in these samples. Based on the results, we will identify the source reactor, estimate the
degree of contamination of each reactor from each unit, and attempt to estimate the deposition process.

Keywords : environmental samples, isotope analysis, ICP-MS, source reactor
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Method for checking the sensitivity of exhaust monitors at radiation
facilities using radon in the environment

Yumi Yasuoka* ', Shinji Tokonami*, Masahiro Hosoda *, Takeshi limoto *, Takahiro Mukai

' Radioisotope Research Center, Kobe Pharmaceutical University

* Institute of Radiation Emergency Medicine, Hirosaki University

* Department of Radiation Science, Hirosaki University Graduate School of Health Sciences

4

Division for Environment, Health and Safety, The University of Tokyo

Department of Biophysical Chemistry, Kobe Pharmaceutical University
*Corresponding author: yasuoka@kobepharma-u.ac.jp

We examined whether activated-charcoal radon collectors (PICO-RAD) can measure indoor radon concentration
levels to confirm the sensitivity of exhaust monitors at radiation facilities using radon in the environment. The World
Health Organization (WHO) proposed a reference level of indoor radon concentration of 100 Bq m™3. Therefore, it
was decided whether the PICO-RAD was effective as a screening measuring instrument for measuring the reference
level, and we determined the screening value. The reference monitor of this experiment (DGM-101, an exhaust
monitor manufactured by Hitachi, Ltd., was used as a radon monitor) and PICO-RAD were calibrated in a standard
radon chamber. When measuring radon concentration, simple linear regression analysis with the reference monitor
as a dependent variable and the PICO-RAD as an independent variable was obtained, a 99% prediction interval was
calculated. When the value measured by PICO-RAD was 88.8 Bq m™3 (PICO-RAD screening value), it was found that
the radon concentration certainly did not exceed 100 Bq m-3. When the value measured with the reference monitor
was 70.8 Bq m™3 (reference screening value), it corresponded to the PICO-RAD screening value. Since the reference
screening value exceeded 50% of the reference level, it was found to be effective as a screening measurement device. In
the future, a similar experiment will be conducted using a radon measuring instrument as a radon monitor at a humidity
of about 50%.

Keywords : activated-charcoal radon collectors, PICO-RAD, screening value, radon
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Development of pretreatment and analysis for environmental samples
containing radiocaesium - Preliminary ToF-SIMS analysis of Cs isotope
ratio in the microparticle -

Hisaya Tagomori ', Hidehisa Kawamura* ', Keiichi kusano *, Terumi Dohi *

' Kyushu Environmental Evaluation Association
* Inspection Development Co., Ltd

’ Japan Atomic Energy Agency

*Corresponding author: Kawamura@keea.or.jp

To investigate their spatial distribution and physicochemical properties of the radiocaesium-bearing micro particles
(CsMPs), an efficient methodology for determine and analysis them is required. Here we focused on CsMPs from litters
as they may affect the radiocaesium cycling in forest ecosystem. In this study we developed a method to determine
CsMPs (mostly 1-10 um sizes) from litters by combine digestion treatment and automatic particle analysis with FE-
EPMA. In total it took up to 3 days for detecting one CsMP from huge amounts of mineral-like and metallic particles.
In the ToF-SIMS analysis for Cs isotope ratios of CsMPs to understand their emission source as the next step,
pretreatment for easily detecting micron-sized samples is needed. To solve this problem, FIB technique was used for
Gallium marking formation around target sample. Preliminary Cs isotope ratios (133Cs, 134 (Cs + Ba), 135Cs, 137 (Cs +
Ba)) and their distributions of CsMPs were determined by applying these approaches. We developed pretreatment for
microscopy and ToF-SIMS analysis of CsMPs.

Keywords : ToF-SIMS, Cs isotope ratio, radiocaesium-bearing micro particle.

Cs 13 1 Bb 2 R B O Wi - 400 —ToF-SIMS % v
7 Cs Il Pk K5 0 Wit —

HEAL JIRFEA S R, LS’

i A R N U BRI E M
AR E R it

ERZ IR TR H AR - I B AR
* FTLFEH : Kawamura@keea.or.jp

FEHOIL, BFMEERD CsIERIGEE T 2T EEDOH 2 ) 2 —ICEH L., Cs E2IRMEWE S b Cs &H K
T (CsMPs) oEI&-cRE%ZFHEi s 2 720, 2O OFTULE - o Pk E2 et Lz, ffE 1~ 10 pm F2E D CsMP i<
DWTIE, AL ETIENE A GbE CRT~B Ao BN T2 &0 ) 2 —Fh» o5k 3 H/ 1RF)
THIERIAE L L7z, Cs RfRIEMZS 2 720 D R A F v EEBHHE (ToF-SIMS) @M+ 2 ETid, iy mL~
NDORBHER D HECH 572, 22T, EHRA 4 v v — LT CsMP I IC Ga D HHI % ftid < & T, ToF-SIMS ic
X% CsMP oERE RS IC LTz, 72, HEEID Cs [k (133Cs, 134 (Cs + Ba), 135Cs, 137 (Cs + Ba)) A7 bv
BLUOZXIt~ vy ¥ 75 5% Cs MR D S AIGEHRZ HUS L. BT BEME S X U ToF-SIMS % v 72 ekt o
TE D> B FINARHENE £ CO—@#HDO T FEZ ML T 5 2 LB TE 72,

F—U—F  ZRA A VHEBESE, Cs Rk, Cs &FRT

150



6th Fukushima University IER Annual Symposium / # 6 [a] IER BCRERE &

P-110
Mineralogical study of transporting radiocesium sorbed media

Hiroki Hagiwara* ', Hiromi Konishi *

' Sector of Fukushima Research and Development, Japan Atomic Energy Agency
? Faculty of Science, Niigata University
*Corresponding author: hagiwara.hiroki@jaea.go.jp

Identification of radiocesium sorbed minerals in sediments is important in view of adsorbed or desorbed mechanism
between minerals and radiocesium in river water. Recently, the authors reported that not only micas but also mafic
minerals could contribute toward the radiocesium migration in Fukushima river basin. In this study, we investigated
crystal structure of hornblende in riverbed of mafic minerals using scanning electron microscopy (SEM) and
transmission electron microscopy (TEM) within Tomioka river. The results showed a part of surface on hornblende is
altered to clay minerals. We also confirmed hornblende had cleavages and fractures which filling altered minerals inner

part. This implies that these altered minerals could be contribute radiocesium adsorbing.

Keywords : radiocesium, minerals
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Environmental behaviors of radioactive Cs studied by Cs DGT

Takumi Saito* ', Masafumi Fukuoka *, Kenso Fujiwara *
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*Corresponding author: saito@n.t.u-tokyo.ac.jp

Environmental behaviors of radioactive Cs is crucial to predict long-term changes of its distribution in soil or river
environments. It is known that Cs is selectively bound to micaceous minerals in nature and inert for chemical exchange
reactions. Nevertheless, dynamics of labile fractions of Cs in a given environment if any must play an important role
for its environmental behaviors, as it directly contributes to the mobility and bioavailability of Cs. In this study, we
perform in-situ evaluation of the labile Cs in soil and aqueous environments of Fukushima Prefecture by diffusive
gradients in thin films (DGT), which is a technique designed for the lability measurement of trace elements in nature.
Two types of DGT devices, one for aqueous environments and the other for soil environments, were developed and
their applicability for environments have been tested by laboratory experiments. With the developed devices we have
revealed that the labile fractions of radioactive Cs In river environments exceeds the dissolved ones, suggesting that the
desorption of Cs from suspended particles modulates its behaviors in river water. Meanwhile, in soils we have found
that the distribution of the labile fraction of radioactive Cs is heterogeneous with particulate materials rich in labile Cs
and that the proportion of the labile Cs in a soil column becomes large at the depth deeper than 5 cm from the surface.
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Evaluation of sorption condition of polyvalent metal ions by
multidimensional spectroscopic approach

Takayuki Sasaki* ', Taishi Kobayashi ', Kenso Fujiwara *, Terumi Dohi *, Kazuki Iijima *

' Department of Nuclear Engineering, Kyoto University
* Sector of Fukushima Research and Development, Japan Atomic Energy Agency
*Corresponding author: sasaki.takayuki.2a@kyoto-u.ac.jp

Development of more reliable sorption reaction model is essential for estimating a behavior of radionuclide migration
in the environment, which contributes to the safety assessment of waste disposal of contaminated soil and wastes.
Observation by various spectroscopic methods is helpful to understand a chemical condition of metal ions sorbed
on soil and host rock surface. The TEM-EELS and TEM-EDS methods were used in the present study. These have
been applied to lighter elements, while very few studies for heavier metals. Therefore, Eu and Zr as analogs of tri- and
tetravalent actinides were examined. After attaching powder samples Eu203, ZrO2 (oxide), and Zr(acac)4 (acetyl-
acetone complex) on a copper grid, a thin layer of carbon was deposited to prevent charge-up. No peak except ‘zero
loss” in the spectrum was obtained for Eu oxide, since the particle size was too large and the electron transmission in
the sample might be suppressed. Meanwhile, Zr oxide was a nanoparticle, so peaks for Zr and O were observed in the
TEM-EDS spectrum, and the lattice image showed a ZrO2 single crystal. The EDS peaks of Zr(acac)4 were clearly
observed, and also small sharp peaks in EELS were observed at the edges of Zr and O. Thus, the thinness of the sample
was indispensable to obtain a better quality of spectrum.

Keywords : TEM-EELS method, sorption condition, rare earth element, zirconium
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Method development and radioactivity analysis of strontium-90 in
environmental samples by ICP-MS

Chen Fei* ', Zhang Zhen ', Jiao Ling ?, Tazoe Hirofumi’, Yang Guosheng’
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*Corresponding author: chenf irm@126.com

90Sr is a product of nuclear fission. It is present in significant amount in spent nuclear fuel and radioactive waste from
nuclear reactors and nuclear fallout from nuclear tests. 90Sr is one of the most dangerous man-made radionuclides with
a long half-life of 28 years. It has a high affinity to bone. Tea plants are easy to absorb 90Sr from soils in the growth
process, and 90Sr in fallout is prone to contaminate the tea leaves as well. In order to investigate the radioactivity
concentration of 90Sr, several kinds of tea samples collected from verious provinces of China were carbonized, ashed,
digested and leached, and then samples were measured after 90Sr/90Y was separated by di(2-ethylhexyl)phosphate
(HDEHP). The results revealed that the radioactivity concentrations of 99Sr in tea samples ranged from 0.28 to 3.78
Bq/kg, and the possible internal doses of 0.44 X 10-2 ~ 6.00 X 10-2 u Sv contributed to each consumer, which were
far less than the ICRP annual dose limit of 1 mSv for the public. Besides, we have collected some soil samples in Namie
Town, Fukushima prefecture. 90Sr radioactivity concentration were also measured, which ranged from 0.8 to 17.0 Bq/

kg.

Keywords : strontium-90, tea samples; soil samples, radioactivity, internal dose
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Study of stability of complexes containing radioactive metal ions using
quantum chemical simulation

Tsugiko Takase* ', Kousei Wadayama ', Syunsuke Nakamura ', Dai Oyama '
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Following the accident at the Fukushima Daiichi Nuclear Power Station, an attempt was made to "take in Cs + ions
and Sr2 + ions into organometallic complexes and fix them to use them to remove radioactive metal ions contained
in the environment." The fixation of radioactive metal ions with Prussian blue, “Cs resin”, “Sr resin”, etc. has been
proposed. Among them, the stability of the complex containing the radioactive metal ion was studied by the quantum
chemical simulation using the density functional theory (Gibbs free energy change: A G = -RT * In (K), K: chemical
equilibrium constant, pKa = -log (K)), and attempts have been made to use it for molecular design of new metal
complexes. In this study. the accuracy of estimation of free energy A G was improved by using measured data for
proton and electron hydration energy, which were important issues in estimating A G in solution. We report the
results of comparing the pK of the deprotonation of the compound containing a carboxyl group (EDTA) estimated
by simulation with the measured data. The possibility of fixing Cs ions using manganese formate compounds is also

discussed.

Keywords : DFT calculation, organometallic complex, proton (electron) hydration energy
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Studies on nickel(II) and cobalt(ITI) complexes of an isomeric
polyazamacrocyclic chelator and its N-pendent derivative for the
application in radioactive waste decontamination

Tapashi G. Roy* ', Saroj K.S. Hazari ', Benu K. Dey ', Debashis Palit ', Lucky Dey ', Zinnat A. Begum ?,
Ismail M.M. Rahman *
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University, Japan
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*Corresponding author: tapashir57@cu.ac.bd

Radioisotopes of nickel (r-Ni: 59Ni, 63Ni) and cobalt (r-Co: 60Co) are produced in the structural steels of nuclear
reactor vessels and internal components from neutron activation of corresponding naturally occurring stable isotopes.
The primary concern with r-Ni or r-Co is in limiting the exposure to personnel working for decommissioning and
dismantling nuclear reactors, primarily those are in service for more than 30 yrs. The current work aimed to evaluate
the performance of chelators like shape-persistent macrocycles for the selective isolation of r-Ni or r-Co from the
waste matrix. Macrocyclic complexes of Ni and Co with the N-pendent bis(cyanoethyl) derivative of an isomeric
ligand isolated from reduced hexamethyl 14-membered tetraazamacrocycle, namely Me6[14]ane, using stable chemical
analogs, were synthesized. The compounds have been characterized by spectroscopic methods as well as by magneto-
chemical, and conductivity data. It is expected that further study on the efficiency of adsorption of the chelators on

Ni(II) and Co(III) ions may open a new dimension in radiochemistry.

Keywords : macrocyclic chelator; complexation, nickel, cobalt
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Studies on the distribution and migration characteristics of actinides in
typical karst environment

Hai Wang* ', Jian Zheng *, Detao Xiao ', Ming Liu ', Xiangyang Luo '
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* Department of Radioecology and Fukushima Project, National Institutes for Quantum and Radiological Science and
Technology, Japan

*Corresponding author: 2016000006@usc.edu.cn, wanghai451405249@gmail.com

Groundwater in karst aquifers constitutes about 25% of drinking water sources globally. Soils on karst landscapes are
typically thin, patchy and extremely fragile. It has been observed that the widespread existence of metal binding and
transport by natural organic matter (NOM) in karst dripwaters. The vertical distributions of 137Cs, 239+240Pu and
241Am activity in soils from Hunan karst environment were investigated. The total inventory of 239+240Py, 137Cs and
241Am was 134.5 Bq/m2, 2342.3 Bq/m2, and 39.4 Bq/m?, respectively for the Hunan soil core (0-30 cm). The Pu
inventory was apparently higher than the global fallout inventory (42 Bg/m?2) within the 30° -40° N latitude band
due to precipitation and vegetation types (forests). In terms of migration, the depth distribution was analyzed in detail
and the subsurface Pu activity peak was observed. The scattered high activity values in the deep soil might be derived
from bioturbation. The 241Am/239+240Pu activity ratios have no obviously change with depth increase, indicating that
Am has similar migration behavior in soil with Pu. The activity ratio of 241Am/239+240Pu was higher than the global
fallout value. This result suggests the underestimation of 241Am activity in global fallout based on the 241Pu/239+240Pu
activity ratio during the global fallout peak year in the early 1960s. The 137Cs/239+240Pu activities ratio in surface
soil was 23.48 + 1.73 which was close to the global fallout value. The 137Cs/239+240Pu activities ratios decrease with
increase soil depth. This phenomenon may be attributed to different migration mechanisms between plutonium
and 137Cs, and further research is needed to elucidate the influencing factors for Pu and 137Cs migration in karst

environment.

Keywords : Pu isotopes, 241Am/239+240Py activity ratio, karst environment, global fallout
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Long-term prediction for collective radioactive particles by a
bayesian advection diffusion equation

Yusuke Uchiyama* ', Yuko Hatano *
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* University of Tsukuba
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Collective radioactive particles exhibit spatiotemporal random dynamics. To predict long-term behavior of the
collective radioactive particles, we propose a Bayesian advective diffusion equation as an extension of existing model.

For practical use, we derive parameter estimation and predicting methods of the proposed model.

Keywords : collective radioactive particles, advection diffusion equation, bayesian model
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Application of radon and its decay products monitor using two-filter
method as a monitor for airborne radionuclides under nuclear disaster

Yu Igarashi * ', Takeshi limoto *, Masahiro Hosoda *
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The purpose of this study is as the following two points. The first is to realize stable measurement of concentrations
of radon and its decay products in air using one monitor by opening or closing the window of the first filter of radon
concentration monitor based on two-filter method. The second is to develop an emergency monitoring method
under nuclear disasters using this monitor, taking into account existing of radon and its decay products evaluated as
environmental background. In the first year of this study, we tried to realize operational stability of the monitor for the
first purpose, and selected a semiconductor detector to measure « / 8 -rays at the same time as well as acquired its
basic characteristics for the second purpose. In BY2020, we will investigate measurement loss due to the attachment of
radionuclides particulate to the inner wall of the collection container for the first purpose, and will design a conceptual
for the analysis of acquired data related for the second purpose.

Keywords : two-filter method, radon & its decay products concentration, nuclear disaster, emergency monitoring
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Thoron infiltration through filters used for diffusion-type radon-
thoron detectors

Yasutaka Omori* ', Yuki Tamakuma *, Takahito Suzuki*, Eka Djatnika Nugraha *, Miki Arian Saputra *,
Masahiro Hosoda *, Shinji Tokonami *
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*Corresponding author: ys-omori@fmu.ac.jp

Air infiltration through a filter depends partly on pressure difference induced in the filter, i.e., air-flow conditions of
the outer air. Consequently, response of diffusion-type detectors to radon and thoron may vary with air-flow conditions
surrounding the detectors. This effect may be significant for thoron measurement because half-life of thoron is
shorter than that of radon. The present study aimed at examining response of diffusion-type detectors (RADUET
and AlphaGUARD) to thoron with respect to wind speed using a thoron calibration chamber established in Hirosaki
University. Response of RADUET to thoron increased monotonically with wind speed. Response of AlphaGUARD
increased with wind speed, but it became constant in higher wind speed. Different trend of thoron response between
RADUET and AlphaGUARD can be explained by conditions of flow induced by pressure difference in filters of these
two detectors. For RADUET, laminar flow was induced in the filter in the examined range of wind speed, which
means that rate of thoron infiltration into the detector increased with wind speed. For AlphaGUARD, laminar flow
was induced in the lower range of wind speed, whereas the flow was changed to turbulent flow at higher wind speed in
which rate of thoron infiltration into the detector did not depend on wind speed.

Keywords : advection, diffusion-type detector, filter, laminar flow, thoron, turbulent flow, radon
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Analysis of nonvolatile nuclides in radioactive particles released from
Fukushima Daiichi Nuclear Power Plant accident
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The radioactive particles having highly concentrated radioactive Cs were released into the environment by the accident
of Fukushima Dai-ichi Nuclear Power plant. Due to its insolubility, the radioactive particles have still been retaining
the original property such as elemental composition at the time of emission from the reactor. Cesium-137, 90Sr and
239, 240Pu are the most remarkable radioactive nuclides due to their long half-lives and large core inventories. These
nuclides having different volatile behaviors according to the oxidization potential in the reactor. Therefore, by analyzing
the elemental composition of radioactive particles, the progress in the reactor at the accident can be investigated.
In this study, we picked up 4 radioactive particles from dust and soil samples collected in Futaba and Okuma town.
After measurement of gamma-rays from 134, 137Cs by germanium detector, we separated 90Sr, 239Pu and 240Pu by
radiochemical analysis and identified them by Cherenkov light and ICP-MS measurements. By analyzing radioactivity
ratio of 134Cs/137Cs, the particles were estimated to be derived from Unitl and Unit 2 or 3. For the radioactive particle
derived from Unit 1, the activity ratios of 90Sr/137Cs and 239+240Pu/137Cs were about 10-4 and 10-8, respectively.
For the radioactive particle derived from Unit 2 or 3, the activity ratios of 90Sr/137Cs were equivalent to the value of
radioactive particles derived from Unit 1. However, the activity ratios of 239+240Pu/137Cs in the radioactive particles
derived from Unit 2 or 3 were clearly lower than the value of radioactive particles derived from Unit 1. This difference
indicated the different formation process among these radioactive particles, such as temperature and oxidation potential
in the reactors.

Keywords : radioactive particle, radiochemical analysis, ICP-MS, strontium, plutonium
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Analyses for physicochemical properties in radioactive particles by a
synchrotron x-ray: Part 2

Yukihiko Satou* ', Keisuke Sueki *
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*Corresponding author: satou.yukihiko@jaea.go.jp

New types of radioactive particle which is main component is silicon (Si) discovered in the environment at the
Fukushima Dai-ichi Nuclear Power Station accident. Large amount of similar particles are expecting remain in reactor
buildings needs prevent from exhausted to the environment at accident during decommissioning works. The particles
contain valuable information not only its physicochemical properties but also the particles generated environment.
Electron state of each element shows particle generated surrounding environment. This work focus on particle from
Unit 1, which was released at hydrogen explosion in 12th March 2011 and obtained electron state of containing
elements in the surface layer of the particles by a Hard x-ray photoelectron spectroscopy(HAXPES) in BL22XU, which
is exclusive beamline for JAEA, at SPring-8.

Iron(II) oxide, CsSiFeO4 and metric iron(0) detected from all analysed particles. This result suggest iron capture
process has occurred in a reduction environment or low concentration of oxygen. Presence of metallic caesium, which
was observed in last year, could not detected in this experiment. Detection of the metallic cesium in experiments in
last year predicted that the particle generated location would be more close to the reactor core which is a reducing

atmosphere. Present evidence suggest that the particles generated in operation floor in reactor building.

Keywords : radioactive particle, synchrotron x-ray, HAXPES, reduction, oxidation
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Development of chemical separation method of Np for the determination
of Np-237 in environmental by accelerator mass spectrometry
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Development of a chemical separation method for the determination of 237Np, an isotope of minor-actinide Np, which
is slightly present in the environment due to the release from nuclear facilities, is useful in various earth science fields
such as surface material circulation, environmental pollution assessment and so on. The measurement of 237Np could be
quantified by accelerator mass spectrometry, although an internal standard method for Np needs an appropriate spike.
A candidate of the spike,236gNp, can be produced in some nuclear reactions with U or Th target material. However, the
Np component should be isolated from a high matrix sample with the target material. In this experiment, techniques
of nuclear chemistry were applied to purification of Np in the solutions of the irradiated samples by using a simple
chromatography with TEVA and UTEVA resins in nitric acid and hydrochloric acid systems. As a result, obtained thus
far, more than half of Np was recovered from high matrix samples. In addition, ICP-MS measurements indicate that
more than 99.9% of interfering elements such as U and Th can be removed in the processes. From now on we will seek
for a method with higher recovery of Np and utilize it for the application to accelerator mass spectrometry.

Keywords : minor actinide, nuclear chemistry, chromatography, accelerator mass spectrometry
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Mesoporous Fe203 was synthesized by a simple chemical route and later characterized by a set of complementary
techniques such as XRD, XPS, SQUID and BET surface analysis. XRD and SQUID analysises show that the material
is amorphous and superparamagnetic ferromagnetic, respectively. The BET surface area of the materials was measured
to be 229 m2/g. The adsorption of cesium on the mesoporous Fe203 was studied in a batch process using aqueous
solutions of CsCl at varying concentrations. The other variables include solution pH, initial element content, adsorbent
volume, and sorption duration. The adsorption isotherm was analyzed using the Langmuir and Freundlich equations
models. Kinetic and equilibrium aspects of the adsorption process were also studied.

Keywords : iron oxide, adsorption, cesium
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Remediation of radiocesium contaminated soil
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Decontamination of soil containing radioactive materials, especially radiocesium, is a critical issue because of its long
half-life (30 years for 137Cs). The removal of contaminated soil without pretreatment would create a vast quantity
of radioactive waste. Therefore, the separation of radiocesium from the soil is needed to minimize the quantity of
radioactive waste. Removal of radiocesium can be done by sublimation using heat treatment, separation of soil by
grain size in water, and treatment with chemicals, such as oxalic acid, aqueous potassium solution. The current study is
focused on measuring the removal rate of radiocesium from contaminated soils with the aqueous solution of ammonium
and potassium because radiocesium can be displaced with monovalent cations NH4+ and K+ via the ion-exchange
mechanism. The chelator-assisted washing aided by the solution of NH4+ and K+ were also studied for the extraction
of radiocesium from Fukushima-derived contaminated soils.

The soil samples were crushed with a mortar, pass through 2 mm size sieve, and dried at 105 °C . The samples were
then treated with chelators and different concentrations of ammonium and potassium-containing aqueous solution at
changed soil to extractant ratio.

The efficiency of the different extractant shows that 1.0 M ammonium solution (soil to extractant ratio, 1:10), 0.5 M
ammonium solution (soil to extractant ratio, 1:20), and 1.0 M potassium solution (soil to extractant ratio, 1:10) can
reduce nearly 15% of radiocesium from contaminated soil. The individual chelators have no significant influence on the
137Cs extraction rates. The combined extraction efficiency of chelators and ammonium or potassium solution is more
or less equal to individual ammonium or potassium solution, which could be due to the unstable complexation ability of

chelators with monovalent cations.

Keywords: decontamination, extractant, chelators, radiocesium.
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Analysis of effects of radioactive particles on crop cultivation
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To safely cultivate agricultural products in radiocesium-deposited areas, decontamination works have been carried out
for agricultural fields. However, they have not been completed in the areas. Some of the deposited radiocesium have
been in the ground surface and are continuously released into the atmosphere. Therefore, it is important to assess the
radioactive deposition on plants. The purpose of this study was to assess the radiocesium deposition on crops caused
by the resuspended matter. Komatsuna (Brassica rapa L. var. perviridis) as tested crop was cultivated in pots, and the
pots were arranged 30 and 120 cm above the ground surface. Pots were set in the site of Okuma Town and Tomioka
Town. In addition, water in a container was set beside the pot to evaluate the amount of radiocesium in atmospheric
fallout. The radiocesium concentration of Komatsuna, 4-57 Bq/kg (dry weight), and fallout, 15-370 Bq / m2, fluctuated
seasonally at the same place. It suggests that the factors involved in the change were meteorological. The radiocesium
concentration of Komatsuna washed with water after harvest was predominantly lower than in the un-washed plants.
Furthermore, Komatsuna cultivated at 30 cm above the ground tended to have a higher radiocesium concentration than
cultivated at 120 cm. Therefore, it can be posited that radiocesium detected in Komatsuna was present because of the

adhesion of floating matter from the ground surface.

Keywords : radiocesium, resuspended matter, crop
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Ruppur nuclear power plant (RNPP) is under construction in the study area (Ruppur, Pabna District, Bangladesh),
which has schedule for power production in 2023. Most of the local people generally consume groundwater from hand-
tube wells, and groundwater also is used for cultivation in the areas of RNPP. Therefore, this study has been designed
to collect ground water samples from twelve different sampling points surrounding RNPP site for determining the
present status of heavy metals concentration in groundwater and to assess human health risk related to heavy metals
contamination in groundwater. The concentrations of Pb, Cd, Cr, Fe, Mn, As, Ni, Cu, and Zn in the groundwater
samples were determined using Atomic Absorption Spectrometer (GTA 120-AA240Z, Varian, Australia) at Bangladesh
Council of Scientific and Industrial Research (BCSIR). This study revealed that the concentrations of heavy metals in
groundwater samples for this study area in decreasing order was as follows: manganese > iron > lead > chromium >
cadmium respectively. As, Ni, Cu, and Zn concentrations in the water samples were found to be below detection level.
The level of target hazard quotient (THQ) in ingestion in the study area followed the order: Mn > Cr > Pb > Cd >
Fe respectively. Subsequently, this study revealed that THQ values for Mn were lower than 1 in five sampling points
except 1 sampling point, which indicating that there is no adverse health effects on human body in the study area for
the selected metals. THQ values of dermal for all the heavy metals were less than 1. However, hazard index (HI) values
for dermal adsorption of Pb, Cd, Cr, Fe and Mn are smaller than 1 indicating that there is no adverse health effects on

human body and potential non carcinogenic concern via dermal adsorption of water.

Keywords : Ruppur Nuclear Power Plant, heavy metals, target hazard quotient, hazard index
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Studies on the effective dose for public calculated by air dose rate
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After the Fukushima Dai-ichi Nuclear Power Station accident, the Ministry of the Environment decided that the
additional annual dose in a high exposure situation (less than 20mSv/y) reduced to 1 mSv/y or less. The additional
annual dose is calculated by ambient dose equivalent. However, the relationship among air kerma, ambient dose
equivalent and effective dose seems to be identically by many people. In addition, conversion coefficients from air
kerma and ambient dose equivalent to effective dose have been considered to change as time proceeds because the
half-lives of 137Cs and 134Cs are different. Therefore, agricultural land in an evacuation zone was selected to evaluate
relationship among them. Furthermore, the actual environment such as soil will be simulated by using a monte carlo
radiation transport code PHITS. Finally, the relationship will be verified by comparing the results calculated by PHITS

to ones obtained from actual environmental monitoring.

Keywords : additional annual dose, effective dose, external dose, monte carlo radiation transport code PHITS
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The temporal variations of radio-cesium concentration in air in Okuma
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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. To obtain radioactivity concentrations in the air, airborne 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 air monitoring were conducted during November, 2013 to the present.

The measured Cs-137 radioactivity concentration in air for Okuma varied from 0.08 to 0.66 mBq m3. 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 points of view of size of airborne
particles, the temporal change in activity concentration of Cs-137 depends strongly on the that of coarse particles that
is larger than 1.1  u m. It is possible that decontamination activity near the sampling site enhance the atmospheric

concentration of Cs-137.

Keywords : Cs-137, Cs-134, atmospheric radioactivity concentration, resuspension
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Radio-cesium emitted by the TEPCO FDNPP accident has been deposited on soil and vegetation after transpiration in
the atmosphere. Re-suspension of the deposited radio cesium is increased atmospheric concentration of its radioactivity
even now. Quantitative understanding of re-suspension flux of radio-cesium is essential for the modelling of radio-
cesium transition from soil and vegetation via the atmosphere.

For this purpose, we have developed 1-bix and 2-box models to evaluate the emission of radio-cesium by the re-
suspension from surface. In these models, the temporal variation of atmospheric concentration of radio-cesium
radioactivity is considered to be balance be the difference of emission and deposition in the 1-box model, and by the
difference of emission, deposition and vertical diffusion in the 2-box model.

Using the atmospheric concentration data of radio-cesium radioactivity derived from continuous air sample of 12-hour
interval at Namie site, Fukushima, in some weeks between March and September, 2019. Dry and wet deposition flux
are evaluated from the data of passive sampling of deposited aerosols and rain water at the same site and during same
periods. Meteorological parameters were also measured with automated weather station at the site. Vertical diffusion
of radio-cesium activity concentration was estimated from two heights (0.6 and 5m) air sampling using 6.5m tower
as well as measurement of sensible heat flux measurement by ultrasonic anemometer and two heights temperature
measurement.

Using these box models, the resuspension flux coefficient was evaluated and its values were positively correlated with
the surface wind speed, indicating that the re-suspension is activated by wind blow at the surface especially in spring
(March and May).

Keywords : atmospheric radio-cesium, re-suspension, emission flux, box model
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As the first year of this research, we focus on dose evaluation by reusing radionuclides contaminated materials which
are generated by radiation emergency. We evaluate exposure dose by radiocesium which is discharged into the ocean
by assuming using radiocesium-contaminated soil to coastal reclamation. Miwa, et al., 2019 evaluated internal exposure
dose by marine products ingestion. By this study, it is suggested the external exposure dose of public on beach is same
order as the internal exposure dose by marine products ingestion which is the highest exposure dose from radiocesium
in ocean. We also evaluate external exposure dose assuming use of contaminated rubble for material of parking place
in Fukushima Daiichi NPS (1F). Miwa, et al, 2019° evaluated exposure dose by use of contaminated rubble for road
material. The length of parking place is shorter than the road, however dose conversion coefficient by radiocesium for
worker on the parking place is almost same with the value of worker on the road in previous study.

Keywords : radiocesium-contaminated soil, contaminated ruble, reusing, exposure dose evaluation
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P-129
Modeling of time series data of radioactive cesium concentration in lake
water of Lake Onuma on Mt. Akagi

Yukiko Okada* ', Eiichi Suetomi *, Takafumi Uchiyama ', Masakiyo Fujita *, Yuko Hatano *

' Atomic Energy Research Laboratory Tokyo City University

* Faculty of Engineering, Information and Systems University of Tsukuba

* Graduate School of Systems and Information Engineering University of Tsukuba
*Corresponding author: yokada@tcu.ac.jp

The Fukushima Dai-ichi Nuclear Power Plant accident released large amounts of radioactive cesium into the
environment. Concentration of radioactive Cs-137 (RCs) exceeding the regulated value was also detected in fish such as
wakasagi (Hypomesus nipponensis), a representative lake products in Lake Onuma on Mt. Akagi, Gunma Prefecture.
After that, the RCs concentration of the lake water rapidly decreased, but its pollution was protracted. The purpose of
this study is to develop a model that can reproduce the peculiar time-dependent RCs variation in the lake water of Lake
Onuma on Mt. Akagi, and to predict the pollution level of the lake in the future. An analytical solution is obtained,
assuming that vertical diffusion in the lake water is represented by a fractional diffusion equation with respect to time.
The Mittag-Leffler function is known as a fundamental solution of such an equation. In this study, the Mittag-Leffler
function is expanded to a series of up to 100. When this equation was fitted to the time-series data of the measured
values, they agreed well. This gives the prospect of long-term prediction of the decay of RCs concentration.

Keywords : radiocesium (137Cs), FDNPP accident, lake water, long-term prediction, fractional diffusion equation,
Mittag-Leffler function
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Development of mathematical model for long-term prediction of
radioactive cesium concentration in airborne particulate matter

Eiichi Suetomi* **, Yukiko Okada* ', Naoto Hagura ', Takafumi Uchiyama ', Yuko Hatano *

' Atomic Energy Research Laboratory, Tokyo City University

* Faculty of Engineering, Information and Systems, University of Tsukuba

* Graduate School of Systems and Information Engineering, University of Tsukuba
*Corresponding author: esuetomi@tcu.ac.jp

The Fukushima Dai-ichi Nuclear Power Plant accident released radioactive Cs-137 (RCs) into the environment and
affected the Kanto region. The concentration of RCs in the atmosphere has been measured before the accident at Tokyo
City University (TCU) Atomic Energy Research Laboratory in northern Kawasaki City, Kanagawa Prefecture, high
concentrations of RCs were detected after the accident. After that, the concentration of RCs decreased rapidly, but after
half a year the RCs decreased slowly. Several models have been proposed for the time dependent RCs concentration
in the Chernobyl accident, and the same phenomenon has been successfully explained. However, these models need
a large number of fitting parameters. In addition, there was a problem that the value diverged at time zero (at release
time). In this study, we propose a long-term prediction model of RCs concentration by a new method to solve these
problems. From the time dependent data analysis at the Chernobyl accident, transport phenomena of RCs in the
atmosphere can be regarded as anomalous diffusion. The anomalous diffusion can be represented by the fractional
diffusion equation (FDE). The analytical solution was obtained by separation of variables the FDE into time and space
variables and averaging the space. The validity of the analytical solution was shown by comparing the analytical solution
with the RCs concentration in airborne particulate matter measured by the Atomic Energy Research Laboratory at

TCU.

Keywords : radiocesium (137Cs), FDNPP accident, atmosphere, long-term prediction, fractional diffusion equation
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P-131
Prediction of radiocesium behavior based on concentration profile
and mass transfer simulation

Tetsuo Yasutaka® ', Koki Matsushita *

' National Institute of Advanced Industrial Science and Technology
* University of Tsukuba
*Corresponding author: t.yasutaka@aist.go.jp

The behavior of radiocesium in the soil is affected by soil physicochemical properties such as partition coefficient,
organic matter content, soil nature. The partition coefficient of radioactive cesium in soil is generally determined by
a batch adsorption test, but it has been pointed out that it is significantly different from the actual phenomenon. In
this study, we estimated the partition coefficient and predicted the long-term behavior by inverse analysis by the one-
dimensional transfer simulation software HYDRUS-1D using the vertical profile data of radioactive cesium in soil
obtained at the University of Tsukuba.

Keywords : radiocesium, partition coefficient, inverse analysis, mass transfer simulation
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P-132

Radiocesium resuspension caused by the decontamination and
demolition work at a special reconstruction and revitalization base of
the difficult-to-return zone in Tomioka Town, Fukushima Prefecture
Yasuyuki Taira* ', Masahiko Matsuo ', Shigekazu Hirao >

' Atomic Bomb Disease Institute, Nagasaki University
* Institute of Environmental Radioactivity, Fukushima University

*Corresponding author: y-taira@nagasaki-u.ac.jp

Based on “Specified Reconstruction and Revitalization Base Plan" for aiming at lifting evacuation orders and allowing

the residents to return by the Act on Special Measures for the Reconstruction and Revitalization of Fukushima (May

2017), six municipalities near the Fukushima Daiichi Nuclear Power Station (FDNPS) have made efforts of the

decontamination work such like removing deposits from roofs, wiping off roofs and walls, high-pressure washing of

houses and buildings, removing fallen leaves and stripping topsoil in garden and high-pressure washing of roads.

Tomioka Town, Fukushima Prefecture is located 8.5 km south of the FDNPS. In Yonomori District (Tomioka Town),

the decreasing time trends of the environmental radiation and confidence levels of radiocesium were consistent with

the decreasing time trends of the ambient dose rates by the decontamination work. On the other hand, the radiation Symposium
exposure level and resuspension by the decontamination work on the difficult-to-return zone have not been evaluated

concretely. Therefore, the dust samples near the building where the decontamination work (including the demolition)

is planned were collected using a high-volume air sampler (HV-1000R, Shibata Science Technology LTD, Saitama, “/ \/ ﬂ.e “/‘\ ]7 A
Japan) during August to December, 2019, and analyzed using a high purity germanium detector (ORTEC® GMX

series, Ortec International Inc., Oak Ridge, TN, USA) coupled to a multi-channel analyzer (MCA7600, Seiko EG&G

Co., Ltd., Chiba, Japan) for 80,000 s. In the present study, 137Cs, which is considered to be derived from the FDNPS

accident, were detected in some samples. These levels were 0.11 mBq/m3 after the decontamination work next to the

target building is completed and 0.14 mBq/m? under the decontamination work next to the target building mBq/m?3,

respectively. On the other hand, 137Cs was also detected in a sample collected at Tomioka Town Office (0.034 mBq/

m3). These data were consistent with the survey results by Fukushima Prefecture Office. Since the decontamination

work of the target building is not still started, however, further investigation with detailed conditions is needed while

confirming the change of radiation doses by the decontamination work.

Keywords : radiocesium, resuspension, decontamination, demolition
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Research on environmental radioactivity by the collaboration
between Fukushima and Chernobyl researchers

Nanba Kenji*"*, Member of a Project of SATREPS program “Strengthening of the Environmental Radiation Control

and Legislative Basis for the Environmental Remediation of Radioactively Contaminated Sites” "****

" Institute of Environmental Radioactivity, Fukushima University

? Faculty of Symbiotic Systems Science and Technology, Fukushima University

* Graduate School of Symbiotic Systems Science and Technology, Fukushima University
* University of Tsukuba

* 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 Chernobyl
nuclear accident have been utilized for the countermeasures and research activities.

Ukrainian government has a plan to facilitate the utilization of Chernobyl Exclusion Zone (ChEZ) as a new industry
area of nuclear management and solar power generation near NPP and a natural reserve area surrounding the industrial
area. The plan requires an investigation on radiation level and researches on the behavior of radionuclides in ChEZ.

New methods of observations and analyses that have been developed after Fukushima Daiichi NPP accident were
introduced and collaboration among Ukrainian 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 the behavior of radionuclides after the draw down 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 and contribution to international communities through publication etc. based

on the collaborations.

Keywords : Chernobyl, Fukushima, Exclusion Zone,
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Childhood thyroid cancer around Chernobyl Nuclear Power Plant:
The differences with Fukushima

Noboru Takamura* **

' Atomic Bomb Disease Institute, Nagasaki University
* Institute of Environmental Radioactivity, Fukushima University

*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 in behaviour
of radiocesium in soil-water environment

Alexei Konoplev* '

" Institute of Environmental Radioactivity, Fukushima University
*Corresponding author: r701@ipc.fukushima-u.ac.jp

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
137Cs speciation in the fallout were demonstrated to lead to differences in migration rates of 137Cs in the environment
and rates of its natural attenuation. It has been revealed that in the exclusion zone the Fukushima-derived 137Cs is
strongly bound to soil and sediment particles, which reduces potential bioavailability of this radionuclide. Up to 30%
of the deposited 137Cs on soil of the exclusion zone were found to be incorporated in hot glassy particles ( “Cs balls” )
insoluble in water. These particles are decomposing in the environment essentially slower as compared with Chernobyl
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 mm/year) with
maximum rainstorm events during typhoon season. Typhoons Etou in 2015 and Hagibis in 2019 demonstrated the
substantial redistribution of 137Cs 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. Irrigation ponds in Okuma and Futaba towns demonstrated persistent behavior of 137Cs similar to the closed lakes
in Chernobyl, its concentration is decreasing slowly and showing regular seasonal variations: the 137Cs concentrations
tend to grow in the summer and decrease in the winter.

Keywords : Fukushima, Chernobyl, 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, * Center for Research in Isotopes and Environmental Dynamics, University of Tsukuba
*Corresponding author: r705@ipc.fuksuhima-u.ac.jp

Forests cover the major parts of areas that were radioactive contaminated due to the Chernobyl and Fukushima
accidents. In this paper we analyze consequences of the two accidents for the forest ecosystems in Chernobyl
and Fukushima, and make an attempt to evaluate the perspectives of revitalization of commercial forestry in the
contaminated territories.

In Chernobyl, especially in the near zone of the accident, forest ecosystems are considered as the environmental
repositories of radionuclides that prevent spreading of radioactivity to the populated areas. Decontamination of
Chernobyl forests has never been planned, and the forest countermeasures to cut trees and bury them in trenches
that have been performed are aimed on prevention/reduction of the radiation exposures of population rather than
on revitalization of forestry. The possibilities of economic activity in forests and utilization of forestry products are
regulated by law and the national standards based on the radionuclide deposition levels and their concentrations in
wood etc. On the other hand, in absence of the decontamination measures, Chernobyl forests provide the possibilities
of the detail study of the long-term radionuclide dynamics in the forest ecosystem compartments. In our presentation,
we analyze the major dynamics trends and identify the processes involved in the radionuclide redistributions in the
ecosystems.

In Fukushima, the extensive efforts have been applied to prepare return of people to evacuation areas. This includes
decontamination of the residential and agricultural lands, roads etc. However, decontamination in forests is performed
or planned only within the limited areas and, similarly to the countermeasures in Chernobyl, is aimed on reduction
of the population exposures. In our presentation, we present our data on the radiocesium levels in typical forests in
Chernobyl exclusion zone and Fukushima evacuation areas and on their dynamics, identify the processes that may
determine its future trends, and discuss the revitalization perspectives of forestry in Fukushima.

Keywords : forest ecosystems, Fukushima, Chernobyl, radionuclide dynamics; revitalization of forestry.
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Dynamics of radionuclides throughout the river network in
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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 Daiichi Nuclear
Power Plant accidents

Hyoe Takata* '
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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 (137Cs) 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 137Cs 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 137Cs.

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