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FOREWORD

The effects of global environmental changes associated with human activities are becoming
increasingly apparent, such as an increase in disasters due to an increase in extreme weather
events and changes in marine and fishery resources due to rising sea water temperatures. It has
become a global challenge to understand the reality of these phenomena and to continue mitigation
and adaptation measures. Satellite-based monitoring technologies are also playing an active role in
understanding events occurring on the earth's surface. Areas that are becoming drier due to
climate change may experience forest fires, and NASA has a website to monitor this with satellite
systems. These global environmental monitoring systems also capture the front lines of Russia's
ongoing war of aggression in Ukraine. The battlefronts, where human lives are at stake and have
been turned into battlefields, are being captured from space as lines of smoke signals that appear

to be caused by the use of heavy weapons.

In both Japanese and English, front lines do not only refer to war. In terms of academic fields and
research, fronts and frontiers also refer to the forefront of research. In the field of environmental
radioactivity research, there are small fronts that only a small research community is interested in
at this time, while there are large fronts in terms of social interest and impact on other fields. Of
course, there are also fronts that may be small at the present time but will lead to a better
understanding of the Earth's systems and the larger ecosystem in the future, leading to the

realization of a sustainable society.

Apart from the academic field, there seems to be another front in the environmental radioactivity
field, where humans come into contact with radioactivity. The evacuation order for the Specified
Reconstruction and Revitalization Base set in the difficult-to-return zones was lifted in 2022, and is
scheduled to continue after this year, 2023. In 2021, the government announced its policy to lift the
evacuation order for the off- “Base” areas through the 2020s. The fronts associated with the lifting
of the evacuation order will become apparent, particularly in the relationship between forests and
the living environment, and in the use of forests. In addition, the discharge of treated water into
the ocean, which TEPCO plans to begin in 2023, will cause a front between the treated water and

the environment, and between the treated water and human activities.

After the Fukushima nuclear accident, new situations have emerged one after another. With this
change, both social interests and scientific research subjects have changed. In this Annual
Symposium, we hope to present the efforts and results of the large and small fronts in our research
activities, taking into account the new fronts between environmental radioactivity and humans that

are emerging in Fukushima.

NANBA Kenji

Director, Institute of Environmental Radioactivity, Fukushima University
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TSUKADA Hirofumi, KIKUCHI Mihoko, NISHI Kouichi, TAKAMURA Noboru

VLRI TR L2z HRIEEEWH Y Cs & & M oWEEIE K B IZow»T

BHREST, R T, THEE—. EAFEL  creeeeerrmrmmrmrrr e 87

Dynamics of radiocesium and other metals associated with soil organic carbon in the
Fukushima-derived soil
Ismail M. M. RAHMAN, Zinnat Ara BEGUM M. Ferdous ALAM, HASEGAWA Hiroshi -+ 88

Temporal variation in the radiocesium in current-year roots of Japanese cedar in
Fukushima Prefecture

TAKAHASHI Junko, SASAKI Takuya, IGUCHI Satoshi, ONDA Yuichi

SO A X B4R O ¥ A DRSEEL

B v SR R /o1 e 1 SN 5 72 S PP 89

Analysis of Suspended Radioactive Particles Affecting Crop Cultivation

TATSUNO Takahiro, NIHEI Naoto, Kazuya Yoshimura

VERI IR\ B B Vi TR PR OB 1~ D S e

TEBFEAC, IR, TEATHIHL  oovereemrrrreeeeee s 90

Influence of different soil dressing on radiocaesium uptake by crops

SUZUKI Masataka, AZUMA Kazuki, NAKAO Atsushi, MANPUKU Yuzo,

MARUYAMA Hayato, WATANABE Toshihiro, SHINANO Takuro

YEM DO GHEE > 2 2RI HBT 2 R 5 % L o8

SRELG: HAIE, PRE. WS, JLILEN, JEREE. BIREAR o 91

Studies on Cs fractions in archived soil sample collected from Fukushima Prefecture

in 2011
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Development of a visualization device of radiation distribution
based on a new concept

TORII Tatsuo™*!, SASAKI Miyuki? SANADA Yukihisa?

nstitute of Environmental Radioactivity, Fukushima University, Japan Atomic Energy Agency
*Corresponding author : t.torii@ier.fukushima-u.acjp

Pinhole gamma cameras and Compton cameras have been developed as devices for imaging gamma-ray
distribution and have been used in various fields including the environment in Fukushima Prefecture and
the decommissioning site of the Fukushima Daiichi Nuclear Power Plant. In this presentation, we will
discuss the development of a new radiation measurement device with a fractal structure that can
visualize the radiation distribution from various directions. The conventional instruments are capable of
imaging gamma rays, but it is difficult to measure charged particles such as beta rays. The newly
developed device can measure not only gamma rays but also beta rays in all directions, and is expected
to be used not only for measuring radiation in the environment but also in various other fields.

Keywords : radiation imager, omnidirectional measurement, fractal geometry, beta/gamma rays
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S-02

Terrestrial dynamics of radio-cesium - past, present and future -
IGARASHI Yasunori*!

Tnstitute of Environmental Radioactivity, Fukushima University
*Corresponding author : y-igarashi@ipc.fukushima-u.ac.jp

More than eleven years have passed since the Fukushima Daiichi Nuclear Power Plant accident in 2011.
Radioactive materials (mainly radiocesium) emitted from the nuclear power plant accident have been
deposited on terrestrial ecosystem, which is the foundation of our lives. Radiocesium is also deposited in
forests, which cover a large proportion of the terrestrial area in Japan, and is incorporated into the
material cycle that occurs in forest ecosystems over a long period. After the accident, many studies have
been conducted on the circulation (dynamics) of radiocesium in the forests of Fukushima. Radiocesium
that fell on the forest in the early stages of the accident is supplied to the ground surface as litter. The
litter is then decomposed by microorganisms, and the radiocesium contained in the litter is absorbed by
the soil, and some of it is uptaken by trees. Current our question is how radioactive cesium accumulating
now and where will it go in the future as a result of this material cycle in the forest ecosystem? I would
like to try to review the past researches and explain it in an easy-to-understand. And some of the
radiocesium in the forest ecosystem also flows downstream from the mountain streams. In my
presentation, I would also like to explain various perspectives on the transport of radiocesium through
river environment.

Keywords : Radiocesium, forests, material cycle
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New frontiers for understanding of dynamics of tritium in the
marine environment

TAKATA Hyoe*!

nstitute of Environmental Radioactivity, Fukushima University
*Corresponding author : h.takata@ier.fukushima-u.ac.jp

Since the Fukushima Daiichi Nuclear Power Plant (FDNPP) accident in March 2011, ALPS treated water
stored in tanks at the facility is assumed to be released to the ocean. In order to assess the subsequent
impact on the ocean, it is necessary to understand the tritium level in the marine environment before the
release and the dynamics of tritium in marine biota. In this presentation, I show the temporal change of
tritium levels in seawater and marine biota in the Japanese coastal waters from 1990 to present. The
monitoring results around the FDNPP since 2013 will also be discussed. In addition, assuming that tritium
concentration in the coastal water near the FDNPP is expected to fluctuate after the release of ALPS
treated water, new issues which should be solved will be presented, as well as tritium levels in seawater
and marine biota sampled by IER in the waters off Fukushima in 2021-2022.

Keywords : Japanese coastal waters, background, Biota-Seawater concentration ratio (CR)
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S-04

Frontiers and remaining issues in fisheries restoration of
Fukushima

WADA Toshihiro™*!

Unstitute of Environmental Radioactivity, Fukushima University
*Corresponding author : t-wada®@ipc.fukushima-u.ac.jp

More than 11 years have passed since the accident at Fukushima Dai-ichi Nuclear Power Plant (FDNPP)
in March 2011, and radioactive contamination of marine products has almost been settled, with the
exception of those within the FDNPP port. Regarding restoration of Fukushima’s coastal fisheries after
tsunami and FDNPP accident, the Fukushima Fisheries Cooperative Association has gradually expanded
the “trial fishing” from June 2012, for which several limitations (e.g., operation areas, operation times, and
target species) were imposed. Under the new operation scheme started from April 2021, several
limitations will be lifted systematically, and increase of landings will hopefully be achieved: the landing
amounts in 2021 were still less than 20% of those recorded before the accident. Under these
circumstances, the Japanese government has decided in April 2021 to discharge ALPS treated water
containing tritium into the ocean, raising concerns among fishery workers about harmful rumors about
marine products. Toward the fullrecovery of fisheries in Fukushima, it will be necessary to solve the
remaining issues one by one (e.g., fish within the FDNPP port, reconstruction of distribution channel,
countermeasures against harmful rumors), in addition to considering the resource management of marine
products. This presentation will also introduce the latest research (bio-logging survey using temperature-
depth loggers) to elucidate the migration ecology of tiger pufferfish, whose catch has been rapidly
increasing in recent years, and spotted halibut, a high-priced rare flatfish.

Keywords : Fisheries restoration, Radioactive contamination, Marine products, ALPS-treated water, Bio-
logging
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S-05

Radiation risk perception and the recovery of Fukushima
TAKAMURA Noboru*!?

!Atomic Bomb Disease Institute, Nagasaki University, 2Institute of Environmental Radioactivity, Fukushima
University

*Corresponding author : takamura@nagasaki-u.acjp

Twelve years have passed since the accident at TEPCO Fukushima Daiichi Nuclear Power Station
(FDNPS). After the evacuation from the hometown, 80% residents of Kawauchi village have already
returned back. On the other hand, rate of return of Tomioka town is still 15%. Furthermore, Okuma and
Futaba town, where the FDNPS was installed, return rates of the residents were still limited. Since the
recovery process becomes different in each evacuated municipality, supports by experts should be based
on the situation of the recovery process of each. In this session, I introduce the radiation risk perception
and its related factors in residents of these areas, and elaborate the appropriate risk communication for
the recovery of this area.

Keywords : risk perception, recovery process, risk communication
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S-06

Radioecology after Fukushima: Lessons Learned and Challenges
for the Future

Alexei KONOPLEV *!

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

Fukushima Dai-ichi Nuclear Power Plant (FDNPP) accident in March 2011 led to extensive
environmental contamination by several radionuclides, particularly ®!'Cs (half-life T12=2.06 years) and
BCs (T1/2=30.17 years). This has rekindled the interest in the behavior of radionuclides in the
environment, particularly given the geoclimatic conditions of Japan. The studies after the Fukushima
accident have clearly demonstrated that behaviour of accidentally released radionuclides in the
environment is governed by radionuclide speciation in fallout or liquid discharges to the ocean and site-
specific environmental characteristics. The Fukushima-derived ®’Cs is found to be strongly bound to soil
and sediment particles, which reduces the potential bioavailability of this radionuclide. Up to 80% of the
deposited *"Cs on the soil of the contaminated area were reported to be incorporated in hot glassy
particles (“Cs balls”) insoluble in water. These particles decompose in the environment very slowly, and
long-term radiocesium leaching from these particles is a challenge for future studies. In Fukushima
contaminated areas the high annual precipitation and steep slopes are conducive to significant erosion
and intensive r-Cs wash-off especially during devastating typhoons. Typhoons Etou in 2015 and Hagibis
in 2019 demonstrated a pronounced redistribution of *’Cs on river watersheds and floodplains, and
natural self-decontamination occurred in some cases. Understanding mechanisms and prediction of
radiocesium remobilization from river-transported sediments at the interface between freshwater and
marine water in estuaries is important challenge for contemporary radioecology. Another acute issue,
which requires our research study, is the planned discharge of decontaminated wastewaters containing
tritium from FDNPP site to the Ocean.

Keywords : Fukushima, radioecology, radiocesium, fate, transport, self-purification, challenges
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Ecological Resuspension of Radioactive Cs in Contaminated Forest
Area

IGARASHI Yasuhito™!

! Institute for Integrated Radiation and Nuclear Science, Kyoto University (KURNS)
*Corresponding author : igarashi.yasuhito.4e@kyoto-u.ac.jp

The authors found that bioaerosol processes may be involved in the resuspension of radioactive Cs into
the atmosphere in the case of contamination from the 2011 Fukushima Daiichi Nuclear Power Plant
(FINPP) accident (Igarashi et al, 2019). The authors studied the resuspension of radioactive Cs released
by the accident in a typical contaminated village-suburban mountain area to assess the impact of the
accident (Ishizuka et al, 2017; Kinase et al, 2018). The results showed that 1) the concentration of
radioactive Cs increases in summer, and 2) unlike previous experience (Igarashi et al, 2015; Ishizuka et
al,, 2017), electron microscopy revealed that the particles harboring radioactive Cs are of biological origin.
Given that fungi misidentify Cs as potassium and concentrate Cs, it is assumed that fungal spores are the
main contributing hosts of radioactive Cs resuspension (Igarashi et al, 2019). To identify sources of
atmospheric radioactive Cs emissions from forests, sampling based on weather conditions (with and
without rain) was conducted in contaminated forests. We found that rainfall promotes/induces bursts of
radioactive Cs-containing aerosols in the forest. Furthermore, we confirmed that the fungal spores that
promote the dispersal of radioactive Cs into the atmosphere during rainy weather conditions appear to
differ from those during sunny weather (Kita et al, 2020).

Keywords : Radioactive Cs, forest ecosystem, fungal spores, resuspension, precipitation
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Long-term transfer of radiocesium within the forest in Fukushima
Prefecture

KATO Hiroaki*!, NIWANO Yuma', IDA Hikaru!, ONDA Yuichi'

I Affiliation Center for Research in Isotopes and Environmental Dynamics. University of Tsukuba
*Corresponding author : kato.hiroakika@u.tsukuba.ac.jp

In Japan's forests, field data on the distribution and migration of radiocesium deposited by the Fukushima
Daiichi Nuclear Power Plant accident have been vigorously collected over 11 years from the initial
dynamics. In this presentation, we summarize the mechanisms of radiocesium transfer in Japanese
forests. The research targets the transfer between atmosphere, canopy, and soil due to hydrological
processes and the discharge from the forest headwater catchment through the water system, based on
the results of field monitoring in experimental forest areas and watersheds in Kawamata and Namie
towns, Fukushima Prefecture. In addition, we clarified the difference in the transfer rate of radionuclides
between Fukushima and Chornobyl by combining the findings of previous studies. Finally, we discussed
the transfer phenomena in forests that need further clarification because they may have long-term effects
on the distribution of radionuclides in the forests.

Keywords : Fukushima Dai-ichi NPP accident, radiocesium, forest, distribution, transfer mechanisms
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Monitoring methodology of tritium in the environment
AKATA Naofumi*!, YAMADA Ryohei!, KUWATA Haruka? Khemruthai KHEAMSIRI

Tnstitute of Radiation Emergency Medicine, Hirosaki University, 2Graduate School of Health Science, Hirosaki
University

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

Tritium CH; T12 = 123 y) is the radioisotope of hydrogen that decays to *He; the majority of sources of
environmental tritium are natural, and some parts originate from artificial sources. The 99% of naturally
occurring tritium is present in atmospheric water vapor, rainwater, land water, and seawater in the
chemical form of HTO, and migrates through the Earth surface as part of the water cycle. Furthermore,
the data on tritium concentration is used for evaluation of the residence time of groundwater and as the
tracers for air masses containing water vapor along with hydrogen and oxygen stable isotope ratios. The
discharge of treated water containing tritium into the ocean, one of the decommissioning of the
Fukushima Daiichi Nuclear Power Plant, and the reputational damage associated with its environmental
impact have attracted considerable attention. Since the concentration of tritium in Japan has been kept
around the detection limit of the counting device, it iS common to measure tritium after enrichment
procedure. Tritium in environmental samples is converted to the water form (HTO) for measurement
through pretreatment procedure. In this presentation, the sampling methods and measurement
techniques for tritium measurement were reported.

Keywords : tritium, environmental monitoring, methodology
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Long-term variation of "Cs concentration in river systems with
different *’Cs accumulation watershed in Fukushima and Gunma
Prefecture, Japan

NAGAO Seiya*!, SUZUKI Kyuma? KIRISHIMA Akira®, TOMIHARA Seiichi’, OCHIAI Shinya!

Institute of Nature and Environmental Technology, Kanazawa University, Gunma Prefectural fisheries
Experimental Station, Gunma Prefecture, *Institue of Multidisciplinary Research for Advanced Materials, Tohoku
University, “Fukushima Marine Science Museum, Fukushima Prefecture

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

Long-term variation of *Cs concentration in river waters is basic information on dispersion and
migration behavior of ¥"Cs deposited on the ground surface with various land-use after the Fukushima
Daiichi Nuclear Power Plant (FDNPP) accident. In this presentation, we reported the results of three
river systems from the Abukuma River (*Cs accumulation of watershed: 388.1 kBq/m* Lower reaches
75.2 kBq/m?), the Natsui River (57.3 kBq/m?), and the upper Tone River (16.2 kBq/m?. The “'Cs
concentration in river waters decreased exponentially with increasing time after the accident at the river
systems during 2012-2021, though the *"Cs concentration level is different from each other. After rain
events, total ¥Cs concentration was increased to 3.83 Bq/L for the Abukuma, 0.89 Bq/L for the Natsui,
and 3.78 Bq/L for the Tone River. In the Tone River, the *¥Cs content in riverine suspended solids (ss)
was 304 to 808 Bq/kg-ss at the rain events of 2012-2013, but ranged from 52 to 493 Bq/kg-ss in the period
of 2016-2019. The similar variation is also observed at the Abukuma and Natsui Rivers. These results
suggest that the transport of *’Cs supplied from the watershed is changed with increasing time after the
FDNPP accident.

Keywords : Radiocesium, river systems, migration behavior, rain events
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Spatial and depth distribution of radiocaesium in near-coastal
sediment cores of Fukushima Prefecture

Pierre-Alexis CHABOCHE*'2, WAKIYAMA Yoshifumi?, TAKATA Hyoe? WADA Toshihiro?
Olivier EVRARD? MISONOU Toshiharu?, SHIRIBIKI Takehiko!, FUNAKI Hironori*

International Research Fellow of Japan Society for the Promotion of Science (Postdoctoral Fellowships for
Research in Japan (Standard)), 2Institute of Environmental Radioactivity, Fukushima University, *Laboratoire des
Sciences du Climat et de I'Environnement (LSCE/IPSL), Unité Mixte de Recherche 8212 (CEA-CNRS-UVSQ/
IPSL), Université Paris-Saclay, ‘Sector of Fukushima Research and Development, Japan Atomic Energy Agency,
Fukushima

*Corresponding author : p.chaboche@protonmail.com

Following the Fukushima-Daiichi Nuclear Power Plant (FDNPP) accident in March 2011, large quantities
of radionuclides in general, and radiocaesium (®***Cs) in particular, were emitted in terrestrial and
marine environments of Fukushima Prefecture. Although '¥Cs activity in these environments has
decreased since the accident, the secondary inputs via the rivers draining and eroding the main
terrestrial radioactive plume were shown to sustain high levels of *¥’Cs in riverine and coastal sediments,
which are likely deposited off the coasts of the Prefecture. Accordingly, quantifying the riverine sources
of sediment deposited along the coast and characterizing its spatial and depth distribution, as well as its
physico-chemical properties, is of the utmost importance to ensure the safety of fishery products and
anticipate the environmental fate of radiocaesium. To conduct this project, coastal sediment cores (n=6)
with a length comprised between 26 and 60cm depth were collected during cruise campaigns between
July and September 2022 at the Ota, Niida and Ukedo river mouths. In this presentation, we report
preliminary results regarding the spatial and depth distribution of radiocaesium activities in these
sediment cores. Finally, we will discuss the main challenges identified so far to design and implement a
sediment tracing method to quantify the source contributions of sediment deposited along the coast of
the Fukushima Prefecture.

Keywords : North Pacific Ocean, Sediment tracing, Heavy rainfall event

29



The 9th Annual Symposium of the IER, Fukushima University / ## & K =B8RBS RERFZERT 45 9 WIS RHE &

P-02

Application of tracer study using *H in groundwater by post-
accident at Fukushima Daiichi Nuclear Power Plant

SATO Hikaru™®!, ONDA Yuichi?, Maksym GUSYEV?, TSUMUNE Daisuke?, SHIBASAKI Naoaki®

"Faculty of Life and Environmental Sciences, University of Tsukuba, ?Center for Research in Isotopes and
Environmental Dynamics, University of Tsukuba °Institute of Environmental Radioactivity, Fukushima
University, ‘Central Research Institute of Electric Power Industry

*Corresponding author : sato.hikaru.gf@alumni.tsukuba.ac.jp

Tritium (CH) is often used as a radioactive tracer to estimate groundwater flow and age. 10'-10° Bq/L of
H concentrations in groundwater were detected at the upstream hill of the Units 1-4 at the Fukushima
Daiichi Nuclear Power Plant (FDNPP) in 2015-2020. This ®H -containing groundwater discharges to inside
port through the drainage channel K with '*"Cs-containing surface runoff from vicinity of the Units.
Estimating the contributions of surface runoff and base flow in the drainage channel K is important for
clarifying the causes of seasonal variations of *’Cs in this channel and seawater. Therefore, *H occurred
post-accident was applied as a tracer to estimate the contribution of surface runoff and base flows in the
K drainage channel. The ternary plot on total beta, *H, *Cs in the channel water revealed that the water
entering drainage channel K is mainly a mixture of two types of water. Thus, *H concentrations of
endmembers were estimated from groundwater upstream of drainage channel K and from natural
concentrations in rainfall. The contribution of surface runoff showed a good correlation with the discharge
at the sampling. The concentration of '*Cs in drainage channel K increased with the increase in
contribution of surface runoff, which suggests that the seasonal variations were caused by “’Cs flushing
by surface runoff. Thus, post-accident ®H tracer is effective in resolving hydrological issues at the FDNPP.

Keywords : *H tracer, base flow, surface runoff, *’Cs, Fukushima Daiichi Nuclear Power Plant
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Distributions of tritium in the marine water and biota around
Pacific Ocean near North East Japan

OHTSUKI Adzusa*!, TAKATA Hyoe!

nstitute of Environmental Radioactivity, Fukushima University
*Corresponding author : s2271003®@ipc.fukushima-u.ac.jp

For decommissioning of Fukushima Daiichi Nuclear Power Station (FDNPS), it is one of the biggest
problems to treat the radioactive contaminated stagnant water in the building. It is difficult to remove
H-3 from the contaminated water by only Advanced Liquid Processing System (ALPS) treatment. Thus,
the Japanese Government announced to release the ALPS treated water containing H-3. To predict the
alteration of the dose rate of the marine biota by the change of H-3 concentration in marine water after
the release of ALPS water, it is necessary to understand the dynamics of H-3 in marine ecosystem. In
this study, we evaluated H-3 the marine biota around in the waters off Aomori and Iwate prefectures, as
the background data of the Pacific Ocean near North East Japan. Without the period of the active
testament of the Rokkasho Reprocessing Plant, the concentration of H-3 in sea water, tissue free water
tritium (TFWT) and organically bound tritium (OBT) were 52-200 mBq/L, 0.05-0.34 Bq/kg-wet and
0.007~0.099 Bq/kg-wet, respectively. Concentration Ratio (CR), the ratio of the concentration of marine
biota and seawater for TEFWT, was to be 0.34~2.37 in all spices, meaning the concentration of marine
biota and seawater was almost equal. About OBT, CR < 1, meaning the less accumulation into OBT. In
addition, the data around the FDNPS will be added in the poster.

Keywords : Tritiated water, Organically Bound Tritium (OBT), Tissue Free Water Tritium (TFWT),
marine biota, Concentration ratio, Spearman-r, Rokkasho reprocessing plant, Fukushima Daiichi Nuclear
Power Station
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Estimation of annual Cesium-137 influx from the FDNPP to the
coastal water nearby

SATOH Shun*!, TAKATA Hyoe?

IGraduate School of Symbiotic Systems Science and Technology, Fukushima University, *Institute of
Environmental Radioactivity, Fukushima University
*Corresponding author : s2270054@ipc.fukushima-u.ac.jp

Due to the accident at the Fukushima Daiichi Nuclear Power Plant (1F) in March 2011, radionuclides
were introduced into the environment, and one of the release pathways to the ocean is the direct
discharge from the 1F. This was mainly caused immediately after the accident, but even now, the direct
discharge is continuing, that is, on-going release. In this study, firstly we estimated the direct discharge
of ¥'Cs from 1F over 10 years after the accident, using the TEPCO’s *¥Cs monitoring results in the
coastal area around 1F. Secondly, fluctuations of monitoring data coincide with countermeasures by
TEPCO (e.g. construction of iced walls) to reduce the introduction of contaminated water into the ocean
or detect *Cs in seawater nearby, so their effects on the direct inflow estimation were also discussed. A
box model including inside and outside of the port was assumed for the area around 1F, and the amount
of Y¥Cs in the box was estimated using the exchange rate of water between inside and outside of the
port and the surrounding sea water and the physical half-life of *"Cs (estimated value: modeled data).
Then, the difference between the estimated value and the amount of *’Cs obtained from actual observed
concentrations (measured value: monitoring data) was calculated. The result shows that the measured
value is higher than the estimated value, suggesting the on-going release from 1F. As for fluctuations of
monitoring data, the estimation of rate of on-going release has been improved by considering the
countermeasures.

Keywords : Fukushima Daiichi Nuclear Power Plant, radiocesium, direct release, box model
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Mechanism of "Cs transfer to benthic fish off Fukushima:
Modelling/verification of bio-available *’Cs in benthic ecosystem

TATEDA Yutaka™*!, NISHIKAWA Jun? KOBAYASHI Takuya!, AONO Tatsuo®>, HAMAJIMA Yasunori’,
AOYAMA Michio®, TAKATA Hyoue®

ICentral Research Institute of Electric Power Industry, *Toukai University, *National Institute for Quantum
Science and Technology, *Kanazawa University, *University of Tsukuba, ‘Fukushima University
*Corresponding author : tateda@criepi.denken.or.jp

After 10 years from the Fukushima Dai-ichi Nuclear Power Station (FDNPS) accident, the *Cs
concentration in benthic fish was not decreased as expected level, compared to that of surface water fish.
The possible reasons to enhance “Cs levels in benthic fish was suggested to be ingestion of radio-
caesium rich benthos in which 1) ¥Cs transfer from interstitial water in sediment layer; 2) organic *'Cs
transfer along organic matter e.g. detritus ingestion. In this study, bioavailable fraction of *Cs in benthos
were examined by measurement of refractory *’Cs concentration after H202 digestion of organic matter
in benthos. Assuming labile fraction as bioavailable *’Cs in benthos, the radio-caesium levels in benthos
was theoretically reconstructed by model to verify the excess *’Cs source other than from seawater and
prey to understand radio-caesium transfer kinetics in benthic ecosystem. The food chain structure was
also examined by stable carbon and nitrogen isotopic ratio.

Keywords : marine ecosystem, benthos, *’Cs

TSI RSB 2 CSBATEE DM « AW RERIC BT
2 FEPy GBS T 2B D E TV & Bk

SEHRERL VE)IREE AMREY FEREE, R FIESRS, R

VEJ UL ZERT, SRR, PR TR RN E B R, CETURAE, SRS, SRE R
*BTLF ¥ © tateda@criepidenken.or.jp

i I 55— R I ST I H 104 0368 L 722°, 1R B QA B 2 BT ECsiR L, #E
D FEHERZ IZ I LTy 20104E LRI DL T TIRF L T v JRAESBEAORGECSATAY, AEERN
TEBRBIZHZHEEE LT, 1)EREMDOHE 2 5 ALY~ O BT ECSOEIT, 2) ALY
NOHEREY) A BRTE R ECs D EWESHIEAT, AR SN T b AMFZETIE, W CsiRBEIREED A 5
N5 RAEMOMAEY 2 BE LT ALY DAY TIHREYCs2 Mt L, RAERNOREECSHATIZE T 2
FGRBE L7z SRR TRINL 2RAEEY O G AHABHECsD 9 B HEoMWEm 5 P B ECs o 2 22 L
GlvT AR TECSIRE 2R, & 7V EHE THg A R O U ECsBATIR T 2 0T L 720 ffF¢ T
AL TOME R LIRAEY O, ZRRFEERFNARL 2 KD, WEERAERRICB) 2 Al & 2
T OB Z Z5 L7,

F—7— FEEERR, EAEEY, YCs

33



The 9th Annual Symposium of the IER, Fukushima University / ## & K =B8RBS RERFZERT 45 9 WIS RHE &

P-06 | ERANRINGEE F-22-62

Impacts of Cesium bearing microparticles on the marine coastal
ecosystem of Fukushima: Reanalysis of radiocesium distribution in
plankton-net samples

KANDA Jota*!, ITO Yukari!, ISHIMARU Takashi

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

We have been studying transfer of radiocesium in the coastal ecosystem by analyzing cesium
radioactivity in various biological samples. The plankton samples obtained so far show slower decrease of
radioactivity than that of seawater, with levels exceeding the commonly accepted concentration ratios.
Very high radioactivity levels are observed sporadically in samples from shallow waters. Since cesium-
bearing microparticles (CsMP) are found in many environmental samples on land and at sea, we have
analyzed the plankton samples by autoradiography using an imaging plate (IP). Samples containing
CsMP were actually confirmed, but on the other hand, there are samples of high radioactivity with no or
little CsMP contribution. Long-time exposure IP images of such samples confirmed the presence of
numerous fine particles, much less radioactive than CsMP. The reason why such fine particles are
captured on nets with a mesh size of 100 to 330 um is unknown, and we are reanalyzing the distribution
of radioactive cesium in plankton-net samples, including samples preserved in formalin. We report some
of the preliminary results from the reanalysis.

Keywords : radiocesium, plankton-net sample, cesium-bearing microparticles

fi ST IR 351 2 R R - DR TE R TR R B B B S
757 b3y MBI ORKGT
AL, AL, ALk

VR R R R e RS e v & —
*TEEE ¢ jkanda@kaiyodaiacjp

Feald, BEHEL Y Y ADRRERZNTORBITICOWTIHINT 2720, % { OAEWRB 2L THM L
T&7 TNETIXH/ONLTT V7 b VEBHE WAKIZHARTRRYIN 2 B BT 25812 T i g &
ML G EBATBY, BIORERCIZIEFITE VW LNV ORESHEMIZESN TV S, ThbDHR
BHZOWTIZ, B IR D%  OBERE 2L WS TW A EHRERN I abbEmt vy A AWM
MR T (CsMP) DEENHE LN, A A=V V7 TFL— b IP)ZHWIF = FVF 574 —12L 5T,
FEBRIZCsMPx &G LB iR S 7z — /T R %CsMPZE & £ 2 WA CSMPOZGA/NEWT T v 7
Pty PRETH, BOMSHREEATRENICE SN A, 20X ) ik 2 BB E L 2IPHE %) 5.
CsMP & 1) & BUREDS T o /NS WG 2 KL F- D3 BAFTE L T B Z L DSERR S N7z S D & 9 2t 2o kL
F5, HEW100~330u mD At v b BICHE SN LZBBHEIAHT, A=) YREOTT 27 bty Mk
BHED GO THEHMEL > 7 A0 MO E2T->TB Y. ZORKRICOVTIHET %,

F—U—F Ty A, 57 bRy ML BR YT A SHEBGIR T

34



The 9th Annual Symposium of the IER, Fukushima University / & & K2~ BREEMETRERFZERT 45 O WIS R &

P-07 | ERANERIRGE F-22-04

Spatiotemporal variations of *Sr and *H in the global ocean based
on the historical data, HAMglobal 2021

INOMATA Yayoi*!, AOYAMA Michio?

nstitute of Nature and Environmental Technology, Kanazawa University, 2Center for Research in Isotopes and
Environmental Dynamics, University of Tsukuba
*Corresponding author : yinomata@se.kanazawa-u.ac.jp

It was found that ®"Cs released from the Fukushima Nuclear Power Plant Accident were inflowed into
the Japan Sea via deeper part in the Eastern China Sea within shorter time scale (several years) from
the western subtropical North Pacific Ocean. In this study, the spatiotemporal variations in the ®Sr and
H activity concentrations in global ocean surface seawater from 1956 to 2021 using the HAMGlobal2021:
Historical Artificial radioactivity database in Marine environment, Global integrated version 2021. The
global ocean was divided into 37 boxes. The 0.5-yr average value of ®Sr in the northern North Atlantic
Ocean and its marginal sea, decreased exponentially in 1970-2010. Estimated apparent half residence time
ranged from 3.6-25.1 years. The longest Tap was found in the Eastern China Sea from 2011 to 2022,
suggesting that PSr were inflowed into the Eastern China Sea from the subtropical western North Pacific
Ocean. Although *Sr decreased exponentially, these trend tended to be larger than those of *’Cs, which
was investigated by our previous study. This might be caused by the different behavior of *Sr and *Cs
such as particulate form for ®Sr in the seawater.

Keywords : *Sr, °H, '¥Cs, Database, surface seawater, global ocean
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The behavior of organic matter discharged from macroalgae
KIRIHARA Shinji*'%, ISHIKAWA Yoshio?, BABA Takahito’, TANAKA Yoshiyukd’

'Hirosaki University, “Institute for Environmental Sciences, *Hachinohe Institute of Technology
*Corresponding author : kirihara@hirosaki-u.ac.jp

The organic carbon content and the decomposition process of Saccharina japonica (Phaeophyceae) were
investigated for carbon neutrality. A sporophyte of Saccharine japonica was collected at the Pacific coast of
Aomori prefecture on 22 September 2022, was transported with 50L seawater kept at 17°C, and was
incubated until 7 October. 144 centrifuge tubes were filled with 40 ml GF-75-filtered culture fluid each in
order to evaluate the decomposition process of extracellular organic carbon. Sporophytes were gouged
out in 7 mm diameter with a cork-borer and each of them was put into 144 tubes with 40 ml of GFC-
filtered seawater. Centrifuge tube samples of culture fluid and sporophytes with seawater were kept in
incubators set at 1, 5, 10, 15, and 20°C. At each temperature, 36 samples of culture fluid and sporophytes
with seawater were stored. After 0, 7, 14, 27, 42, and 150 days of incubation, six tubes each were removed
from the incubators. The organic carbon contents in the culture fluid, sporophyte disc, and GFCAiltered
seawater were determined. The refractory organic carbon contents of each sample will be compared.
Saccharina japonica seedlings with a blade length of about 1 cm were outplanted to a culture facility in
Mutsu Ogawara Port on December.

Keywords : Saccharina japonica, refractory dissolved organic carbon, blue carbon, carbon neutrality

)}

SR O PEE S NSRRI O 2B BE$ %
W1, NI, IS, E b

BARIKEE, (W) BRBERM A IFZEAT, /0 TR
*F#E % | kirthara@hirosaki-u.ac.jp

W BEANICREZID AR, O35 AR KkE S L CRIIBWEIEAR T2, £2C,
=Ry Za2a—=FITNNO~ Y TEMOFH ZMET 5720, FIHEROA TR FERLEARNINOG K
FDOREE DR % KA 72,

20224F 9 H22 H \CERIEITHER RIS 210G 1A Lz~ 3 v 7 248 H AR % SRR A B 78T |2 58
O KIR17CICHHIR L 72K 2 BN 72500 KA A L16H RIF 2 L7z 108 7 HICHE AR L Bk 2 5 L
ERFITHE L, BEKIZOWTIZGF-75T % % 1240ml$ 2 144K O50mIE L 125 L,y BARIZ DWW T
a2 R —5—TL VW& 1 OB 7mmD T 4 X 7 #GFCIEE#EK40mlE & b I214AR D E LS
WCANTz. BAREREKZ AN ZLEZ L, 5, 10X PISCIZERE LA VY F o= —|28£ 436483 D
AL, BHERE L2, K380, 7, 14, 27, 2R 150HBICK % 6 KFomibE 2 4 v FaxX—% —»
I L. K. BAKROGFCIEM AT OARRFRmZWE Lo k. BRI K OEEARS}L
CHEH S 2 HE IR A B 3R OB G & AR A KIS IR 5, B~ O v T OA R L RO AR
KFEEDEALZ IR T 5720, 20224E12H 12 L2/, ER 1 cmOYRTARPEE T 5452 0 —
T AAA T L L7,

F—U—F:xary7, WomEEEERRE TV —KY, A—Kr=Za—-LF+IN

36



The 9th Annual Symposium of the IER, Fukushima University / & & K2~ BREEMETRERFZERT 45 O WIS R &

P-09

The Effects of Upstream Decontamination Activities in
Agricultural Land on Downstream Transport of Persistent
Suspended Solids and Cs-137 in Niida Catchment in Fukushima,

Japan

ONDA Yuichi*!, FENG Bin', HASHIMOTO Asahi!, ZHANG, Yupan', TANIGUCHI Keisuke?,
WAKIYAMA Yoshifumi®

ICenter for Research in Isotopes and Environmental Dynamics, University of Tsukuba, 2National Institute of
Technology, Tsuyama College, *Insititute of Environmental Radioactivity, Fukushima University
*Corresponding author : onda@geoenv.tsukuba.ac.jp

The Fukushima Daiichi Nuclear Power Plant (FDNPP) accident released the largest amount of
radioactive cesium into the terrestrial environment since the Chernobyl accident. In order to reduce
radiation risks, especially in highly contaminated areas, decontamination was carried out by removing 5
cm of soil from farmland and replacing it with new soil. To evaluate the impact of land use change in the
decontaminated area on the dynamics of suspended sediment and "Cs downstream discharge, we
digitized the evolution of the decontaminated area boundary, photographed the land cover in the
decontaminated area using a drone, and analyzed the land use change by using the fusion images of 10 m
spatial resolution of Normalized vegetation index (NDVI) was used to quantitatively assess land use
change, combined with river monitoring data. We found that decontamination of farmland after the
Fukushima Daiichi Nuclear Power Plant accident caused soil erosion and increased the flux of suspended
sand downstream, resulting in a decrease in *’Cs concentrations, which were restored to their pre-
decontamination state 1-2 years later due to rapid vegetation recovery in the decontaminated area.

Keywords : Cs-137, river, suspended sediment, flux, decontamination, rate of decline
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Temporal patterns of riverine “’Cs concentrations during high-
flow events

WAKIYAMA Yoshifumi*!, TAKATA Hyoe!, TANIGUCHI Keisuke? NIIDA Takuya®,
IGARASHI Yasunori!, KONOPLEV Alexei'

Unstitute of Environmental Radioactivity, Fukushima University, National Institute of Technology, Tsuyama
College, ’)KANSO TECHNOS CO., LTD.
*Corresponding author : wakiyama®@ipc.fukushima-u.ac.jp

Understanding riverine ®*Cs dynamics during high-flow events is crucial for improving predictability of
B’Cs transportation and relevant hydrological responses. Different temporal patterns of *Cs
concentrations in river water are found in existing literature on *’Cs dynamics during high-flow events.
Although such differences may reflect catchment characteristics, there is no comprehensive analyses for
the relationships. This study explores catchment factors controlling temporal pattern on riverine *Cs
concentrations based on datasets obtained for high-flow events. Datasets obtained at 13 points in 6 river
water systems were subject to the analyses. No significant catchment factor explaining mean values of
normalized concentrations of *’Cs and apparent Ka was found. When approximating *’Cs concentrations
and Kda value as a power function of suspended solid concentration (Y=a X #), the power of f in the
equations for dissolved “'Cs concentration and Kd showed negative and positive correlations with the
logarithm of the watershed area, respectively, and the positive and negative values of f reversed when
the catchment area was on the order of 1000 km? or larger. This indicates that the concentration of
dissolved *Cs tends to decrease in larger catchments in peak discharge phase and vice versa for smaller
catchments. These results suggest that the temporal pattern of dissolved *’Cs concentrations depends on
watershed scale.

Keywords : *Cs, catchment characteristics, Kd, river, typhoon
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Investigating stream water chemistry and tritium radioisotope in
headwater catchments of Rokkasho, Japan

GUSYEV Maksym™!, IGARASHI Yasunori!, HIRAO Shigekazu!, ONDA Yuichi?

nstitute of Environmental Radioactivity, Fukushima University, *Faculty of Life and Environmental Sciences,
University of Tsukuba
*Corresponding author : r891@ipc.fukushima-u.ac.jp

Environmental tritium (H) radioisotope with a half-life of 12.32 years is a useful tracer to understand
catchment-scale water transit times and natural *H concentrations are affected locally by anthropogenic
°H released from nuclear facilities. The aim of this study is to investigate background *H concentrations
in stream water at three headwater catchments located nearby the Rokkasho Nuclear Fuel Reprocessing
Facility, Japan. On 26™ April 2022, we conducted a field investigation of eight locations and stream water
was sampled at six sites for major chemistry analysis using Thermo Fisher Scientific Ion Chromatograph
and at four sites for *H analysis, which was conducted using Hitachi Aloka Liquid Scintillation Counter
with the determination threshold of 0.14 Bq/L for the total measurement time of 1750 min/sample. For
the in-situ measurements of eight sites, the average value of water temperature, pH, and electric
conductivity was estimated 6.85 (=0.28), 114 (=0.9) °C, and 1286 (=39.9) mS/cm, respectively. The
chemistry analysis of six sites demonstrated the neutrality of the system with average cation
concentrations of 140 mg/L, 0.78 mg/L, 041 mg/L, and 0.12 mg/L for sodium (Na*), calcium (Ca*"),
magnesium (Mg?*), and potassium (K*), respectively, and with average anion concentrations of 2.03 mg/
L for chlorides (CI) and of 0.76 mg/L for sulfates (SO4*). Site 2-1 and 2-6 had much lower average SO+*
concentrations of 0.26 mg/L compared with Site 1-1 and Site 1-2 values of 2.26 mg/L and 1.22 mg/L,
respectively. In addition, Site 1-1 had nitrate (NOg) with a concentration of 4.71 mg/L and Site 1-2 had
ammonia (NH4") with a concentration of 0.45 mg/L indicating fertilizer contribution from nearby
agricultural fields. As the result, °H radioisotope was measured for representative sites of two headwater
catchments and had values of 042 Bqg/L (£0.05 Bq/L) at Site 1-2 and 050 Bq/L (£0.25 Bg/L) at Site
2-4. These *H concentrations indicate natural levels of *H and could be used for estimating water transit
times in headwater catchments using the convolution integral with tritium measurements in precipitation.

Keywords : headwater catchments, stream water sampling, major chemistry, tritium radioisotope.
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Long-term dynamics of "Cs accumulation at an urban pond
KUROSAWA Honoka*!, NANBA Kenji*®, WADA Toshihiro®, WAKIYAMA Yoshifumi®

IGraduate School of Symbiotic Systems Science and Technology, Fukushima University, 2Faculty of Symbiotic
Systems Science, Fukushima University, ®Institute of Environmental Radioactivity, Fukushima University
*Corresponding author : s2271004@ipc.fukushima-u.ac.jp

This study presents the changes of '*Cs inventory and depth distribution in bottom sediment and *Cs
concentration in pond water before and after decontamination in an urban pond in Koriyama City,
Fukushima Prefecture. The changes of *"Cs concentration in river water around the pond was also
investigated after decontamination. The pond was decontaminated by the bottom sediment removal in
2017. The bottom sediment and pond water were collected in 2015 and 2018-2021 and measured for *'Cs
concentrations. Compared between 2015 and 2018, the *Cs inventory and 0-10 cm depth of ®Cs
concentration in the bottom sediment at 7 points were decreased by 81 % (mean 150 to 0.28 MBqg/m?)
and 85 % (mean 315 to 4.8 kBq/kgDW), respectively. Although mean ¥Cs inventory in bottom sediment
did not drastically change from 2018-2021, its variability became wider. Points with increased *"Cs
inventory in bottom sediment showed year-by-year increase in thickness of layer with higher than 8
kBq/kgDW. The ¥Cs concentration in suspended solids (SS) in pond water was halved by
decontamination, however, remained above 8 kBq/kgDW. The '*’Cs concentrations in SS of inflow water
exceeded 8 kBq/kgDW at times, which was higher than in low-urban rivers. The '*’Cs concentration in
SS of the river water around the pond was higher when it passed through the city, suggesting that
particles of urban origin may have higher '¥Cs concentration and maintained '*Cs level in the pond.

Keywords : *’Cs, pond, decontamination, urban area
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Tritium interaction with same types of aquatic plants
Lydia Bondareva*!

Federal Scientific Centre of Hygiene named after F.F. Erismann, Moscow region, Russian Federation
*Corresponding author : lydiabondareva@gmail.com

Tritium CH or T) is attributed to long-lived radionuclides and can pollute the biosphere on the local
(directly in the area of the source location) and on the regional and global scales. Tritium occupies a
special place in radiological studies due to the necessity of controlling the radioactive contamination of
the environment and the possibility of using tritium to track the pathways of the contaminated water
transport and experimentally verify theoretical models of forecasting radioactive pollution of water areas
and potential sources of nuclear accidents (e.g., nuclear power stations, coastal bases and repair facilities
for the nuclear navy, fuel cycle facilities and radioactive wastes storages of different hazard levels).
Tritium is the least toxic radionuclide. The main contribution of the total tritium content into ecosystems
1s made by technogenic tritium, which is released by the operation of nuclear fuel cycle enterprises. The
tritium content in the ecosystem of the Yenisei River is connected with its background values as well as
with tritium entering the water ecosystem as a result of the operation of the Mining and Chemical
Combine, (MCC) Rosatom. This study investigates the possible transformation of tritium interacting with
two certain species of aqueous plants: submerged macrophyte Elodea canadensis and aqueous plant, which
floats on the surface of water reservoirs, Lemna minor. Elodea sampling was made in a water reservoir of
the Yenisei River, while Lemna was grown in laboratory conditions. The experiments show that with the
chronic exposure of young Elodea shoots to tritium, the latter transforms from tritiated water to
organically bound tritium ( OBT ). Optimal conditions were also obtained for the maximum
transformation of about 35% from the total tritium content at 25 °C and the light period 6/18 (day/
night). In the Lemna experiments, the number of rosettes in the medium was higher than in the control
experiment under the same conditions.

Keywords : Tritium, Elodea canadensis, Lemna minor, organically bound tritium, accumulation, transformation
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High-resolution reconstruction of sediment and radiocesium source
contributions in a lake draining the main Fukushima radioactive
pollution plume

Thomas CHALAUX Clergue*!, HAYASHI Seiji?, TSUJI Hideki%, WAKIYAMA Yoshifumi®,
Anthony FOUCHER!, Olivier EVRARD!

Laboratoire des Sciences du Climat et de I'Environnement (LSCE/IPSL), Unité Mixte de Recherche 8212 (CEA/
CNRS/UVSQ), Université Paris-Saclay, Gif-sur-Yvette, France

“National Institute for Environmental Science (NIES), Fukushima Branch

Institute of Environmental Radioactivity (IER), Fukushima University

*Corresponding author : thomas.chalaux@Isce.ipsLfr

Fallout radionuclides including a majority of ’Cs have been deposited on Fukushima landscapes
following the accident in March 2011. Ten years after the accident, questions remain regarding the fate
of particle-bound "Cs across terrestrial environments in response to heavy rainfall events and the
associated erosion events. In particular, there is a need to identify and quantify the sources delivering
sediment and associated "’Cs to the water bodies. Two sediment cores were collected in the Mano Dam
reservoir, also referred to as Hayama lake, at midstream and downstream locations in June 2021 by the
NIES team. Elemental geochemistry, organic matter and stable isotopes, visible colorimetry, particle size,
and radiocesium isotope spectrometry analyses were carried out at very high resolution, with depth
increments of 1 c¢cm, on both sediment cores. In addition, 17 samples were collected for environmental
DNA (eDNA) analyses on the midstream core. These analyses allowed us to define the flood event
sequence recorded by the sediment deposits and to date them when compared to rainfall measurements.
The sediment tracing approach highlighted changes in sediment sources, with variable contributions
from forest, cropland, and subsoil (i.e. channel bank collapse and landslides) since the Fukushima
accident and following decontamination works. The eDNA measurements provided information on the
changes of biological communities throughout time in response to these changes.

Keywords : Sediment fingerprinting, environmental DNA, Soil erosion, Source-to-sink, Fukushima, *’Cs
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Factors causing variations of dissolved Cs-137 concentration in
runoff water in groundwater discharge areas

SAKAKIBARA Koichi*!, HIROTA Masahiro?, OMORI Yasutaka®, AKATA Naofumi®, TSUJIMURA Maki,
ONDA Yuichi®
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University of Tsukuba, °Center for Research in Isotopes and Environmental Dynamics, University of Tsukuba
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Groundwater discharge could be directly or indirectly involved in the transport of dissolved Cs-137;
however, the relationship between groundwater discharge and dissolved Cs-137 concentrations has not
been fully discussed. Therefore, the study aims to clarify the effect of groundwater discharge on the
dissolved Cs-137 in runoff water. In this presentation, we report the preliminary results of the spatial
distribution of Rn-222 in a forested headwater catchment, which is a useful tracer for evaluating
groundwater discharge. Rn-222 concentrations were higher in groundwater, spring water, and stream
water, in that order. Rn-222 in bedrock groundwater was more than 10 times higher than in stream
water. Comparing groundwater in the foot of hillslopes with groundwater in the recharge area, Rn-222
concentrations were higher in the former, and the difference was more pronounced in the shallow
groundwater. On the other hand, Rn-222 concentrations in stream water were lower than those in
groundwater, and there was no significant difference in their spatial distribution, suggesting that the
interaction between groundwater and surface water is limited. In order to investigate the relationship
between groundwater discharge and Cs-137, it is important to study at a larger watershed scale with a
variety of topographical gradients.

Keywords : Rn-222, groundwater, forested headwater catchment
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Spatial variability of radiocesium contamination in the bottom
sediments of the small size ponds in the vicinity of Fukushima Dai-
ichi nuclear power plant (FDNPP)

LINNIK Vitaly*!, KONOPLEV Alexei?, WAKIYAMA Yoshifumi?, IVANITSKY Oleg', BYRNES Ian®

Unstitute of Geochemistry and Analytical Chemistry (Vernadsky Institute), Russian Academy of Sciences,
nstitute of Environmental Radioactivity, Fukushima University, Center for Environmental Radioactivity
(CERAD CoE), Faculty of Environmental Sciences and Natural Resource Management, Norwegian University of
Life Sciences (NMBU)

*Corresponding author : linnik@geokhiru

Closed and semi-closed water bodies of small size are most suitable for radiological monitoring. Our
analyses revealed spatial variability of the radiocesium inventory measured in bottom sediment cores and
soils taken in Inkyozaka (isolated pond), Suzuuchi (irrigation pond), and Funasawa (recreational urban
pond) contaminated by the Fukushima Dai-ichi Nuclear Power Plant (FDNPP) accident in 2011. Bottom
sediment samples were taken in each pond in triplicate in June 2016. The selected ponds are
characterized by the following statistical parameters of Cs-137 inventory (minimal, maximal and mean
value, MBq/m2): 1) Inkyozaka - min= 1.0, max = 2.3, mean = 1.58; 2) Suzuuchi - min= 5.8, max = 14.],
mean=11.0; 3) Funasawa - min= 3.85, max= 6.77, mean = 1.52. The ratio of the average Cs-137 inventory
in bottom sediments and soil samples taken from the watersheds (at three points) for Inkyozaka,
Suzuuchi and Funasawa was 0.7, 1.63 and 1.52, respectively. Thus, Cs-137 accumulations due to erosion
are observed only in Suzuuchi and Funasawa, while Inkyozaka, a completely isolated pond, was
contaminated due to atmospheric precipitation on the water surface in March 2011. Developing a map of
surface flows towards the selected ponds corroborated the contribution of erosion to bottom sediments
contamination: although radiocesium wash-off can be observed during the rainy season, the main flux of
radiocesium comes mainly from temporary streams. This research was supported by ERAN Project I-22-
07 “Small ponds radioecology".

Keywords : Fukushima, *’Cs, bottom sediments, soils, ponds, erosion
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Peculiarities in distribution of sediments and radiocesium on
Abukuma River floodplains caused by typhoon Hagibis

Mikhail KOMISSAROV *!, Alexei KONOPLEV? WAKIYAMA Yoshifumi? Valentin GOLOSOV?,
Maxim IVANOV? IGARASHI Yasunori’

'Ufa Institute of Biology, Ufa Federal Research Centre of the Russian Academy of Sciences; “Institute of
Environmental Radioactivity, Fukushima University; *Department of Geography, Lomonosov Moscow State
University

*Corresponding author : mkomissarov@list.ru

The Abukuma River (AR) is the largest in Fukushima Prefecture. The initial contamination level of river
basin was medium; the mean *’Cs inventory is 88.3 kBq/m? The river represents an essential water
resource for the local inhabitants and paddy field irrigation; therefore, the radiocesium (r-Cs)
concentration in river has important implications for the “health” of humans and biota. During some
erosional natural events (intensive rainfall or snowmelt) the turbidity and r-Cs concentration in river's
water could increase, especially due to typhoons. Hagibis was (6-13 October 2019) the strongest typhoon
in the last several decades in Japan and caused widespread destruction and high-floods. The rainfall at
the AR basin was nearly 600 mm in 24 h (mean annual precipitation is 1200 mm). There are 6 floodplain
locations along AR, where sediment and r-Cs redistribution were analyzed. The max ’Cs inventory AR
valley bottom in 2018 was ~ 950 kBg/m? (~ 600 in 2019), it is indicated a high washout of r-Cs from up-
and midstream to mouth and ocean. The thickness of “fresh” sediment deposited on the floodplain in the
case of the ordinary flood is in the range 1-5 cm, while it increased up to 40-50 cm after the extreme flood
associated with typhoon. The high r-Cs concentrations were found in sediments with domination of silt
and clay fractions.

This work was supported by ERAN Project 1-22-08.

Keywords : flood, grain size, radiocesium, river, sediments, typhoon
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Effect of monovalent cation on cesium uptake and translocation in
rice

FURUKAWA Jun*!? LI Chenyu!, KANNO Satomi?, FUJIMURA Shigeto*

Life and Environmental Sciences, University of Tsukuba, 2Center for Research in Isotopes and Environmental
Dynamics, University of Tsukuba, *Institute for Advanced Research, Nagoya University, *Tohoku Agricultural
Research Center, National Agriculture and Food Research Organization

*Corresponding author : furukawa.junfn@u.tsukuba.ac.jp

Uptake and translocation mechanisms of radioactive cesium (Cs) in rice plant are of great interest in
Japan. Through the investigation of the high affinity potassium (K) transporter, OsHAKI1, which
contributes to the Cs uptake from the rhizosphere to root, we have obtained a lot of knowledge about the
Cs uptake from the soil into the rice plant. We have further advanced our research focusing on the
internal translocation of Cs in rice, and found that the sodium (Na) contained in the rice controls the Cs
transport in the rice. It was clarified that the uptake of Cs from the rhizosphere and internal Cs
translocation were differently affected when the cultivation conditions for K before the Cs treatment
were different. In particular, when we compared the rice cultivated under [Condition 1: K concentration
in the hydroponic solution gradually decreased] and [Condition 2: K supply recovered after strong K
deficiency], in the former, Cs transport from root to shoot was suppressed depending on the Na
concentration, whereas in the latter, Cs uptake from the rhizosphere was suppressed depending on the
Na absorbed. These investigations will reveal how monovalent cations such as Na, K, and Cs interact in
the plant to control each other's behavior, and these might be one of the key phenomena to propose new
Cs suppression method in rice.

Keywords : rice, radioactive cesium, sodium, potassium, transport regulation
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Existence of Two Groups of Japanese Dace (Pseudaspius
hakonensis) with Different ¥’Cs Concentrations Observed in the
Yokokawa Dam in June.

FUNAKI Yuto*!, WADA Toshihiro? ISHII Yumiko®, HAY ASHI Seiji®, NANBA Kenji*,
KAMIYAMA Kyouichi!

'Fukushima Prefectural Inland Water Fisheries Experiment Station, “Institute of Environmental Radioactivity at
Fukushima University, *Fukushima Branch, National Institute for Environmental Studies, ‘Faculty of Symbiotic
System Science, Fukushima University

*Corresponding author : funaki_yuto_0l@pref.fukushima.lg.jp

In this study, we evaluated the feeding habits of fish using carbon-nitrogen stable isotope ratios to
examine the transfer of radiocesium to fish. Two groups of Japanese dace that had significant differences
in total length, "*’Cs concentrations, ¢ *C and 6 ®N were observed in Yokokawa Dam in June 2020. The
relationship between total length and "Cs concentration, and between ¢ '°N and total length and *Cs
concentration were significantly and positively correlated with each other. The difference of *Cs
concentrations in the two groups of Japanese dace in the Yokokawa Dam in June may have been
influenced by feeding on higher-order prey as they grew.

Keywords : Japanese dace, *’Cs, Carbon-Nitrogen Isotope Ratios
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Dose estimation of wild boars by dicentric chromosome analysis

Donovan ANDERSON!, FUJISHIMA Yohei!, OKUDA Kei?, INABA Toshiya®, NAGAMACHI Akiko?,
YOSHIDA Mitsuaki', MIURA Tomisato!, ISHINIWA Hiroko**

Unstitute of Radiation Emergency Medicine, Hirosaki University, 2Faculty of Human Environmental Studies,
Hiroshima Shudo University, *Research Institute for Radiation Biology and Medicine, Hiroshima University,
Tnstitute of Environmental Radioactivity, Fukushima University

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

Protection of the environment and assessment of radiological impacts to non-human biota is a
fundamental principal in radiation protection. However, extreme diversity of non-human biota causes
large uncertainties in dose estimation. Better understanding of the applicability of radiation biomarkers
as dosimeters in radiation accidents may support a new frontier in the estimation of radiation exposure
for free-ranging animals that move along a gradient of radionuclide contamination. We investigated the
accumulation of radiocesium in 307 wild boar inhabiting radioactively contaminated areas (50 to 8000 kBq
m?) in Fukushima Prefecture. Additionally, dicentric chromosomes, an ideal radiation biomarker in acute
exposures, were examined. Considering dicentric aberration response varies depending on dose rate, we
first need to establish and compare two in-vitro dose-response curves at different dose rates using
dicentric chromosomes in wild boar lymphocytes. As a first result, we found radiocesium activity
concentrations in boar tissue remained high in sites near the power plant with the highest concentration
of 50 kBq kg®. The total dose rates to wild boar were calculated and ranged from 0.02 to 36 u« Gy h?,
which was primarily attributed to external radiation exposure. Cells are still being scored for
chromosomal aberrations and will be reported on in the future.

Keywords : wild boar, dicentric chromosome, dose rate, radiocesium
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Uptake and excretion of cesium by Lepidostomatidae laevae
feeding on fallen leaves

KANASASHI Tsutomu®!, WADA Toshihiro'

nstitute of Environmental Radioactivity, Fukushima University
*Corresponding author : t.kanasashi@ier.fukushima-u.ac.jp

Clarification of radiocesium contamination in headwater stream ecosystems is essential because some
species of commercial fish in headwater streams have contained radiocesium more than regulation value
(100 Bq kg'). We expect that radiocesium detected in the fish was derived from the ecosystem,
especially, food sources. Aquatic insects are one of the important food sources for the fish. Therefore,
larvae of aquatic insects of the family Lepidostomatidae, which feed mainly on leaflitter in streams, were
fed with dead leaves of Magnolia obovata to clarify the process of radiocesium transfer by feeding on
leaflitter. In July and August 2022, larvae whose Cs-137 concentrations were below the detection limit
were collected and reared in an environment with constant water temperature, and fed with pieces of
dead leaves of Magnolia obovata with high Cs-137 concentrations to investigate and analyze changes in Cs-
137 concentrations over time. The Cs-137 concentration of larvae was detected 4 hours after the
beginning of the experiment and increased thereafter. However, the concentration of larvae did not
exceed that of dead leaves until the end of the experiment (36 hr). We also successfully measured Cs-137
concentrations in larval excrement, and found that Cs-137 concentrations in excrement were higher than
those in larvae and higher than those in dead leaves with the passage of time.

Keywords : riparian forest, aquatic insect, shredder, FDNPP accident
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Initial radiocesium behavior influenced by mode of atmospheric
deposition

Donovan ANDERSON*'2, KATO Hiroaki?, ONDA Yuichi?

Unstitute of Radiation Emergency Medicine, Hirosaki University, ?Center for Research in Isotopes and
Environmental Dynamics, University of Tsukuba
*Corresponding author : ande4163@hirosaki-u.ac.jp

About 520 PBq of radionuclides (excluding noble gases) were dispersed from the Fukushima nuclear
accident compared to a release of 5300 PBq from the Chornobyl nuclear accident. Both nuclear accidents
resulted in radiocesium deposition in various environments, and many studies have investigated the
environmental radioactivity and accumulation of radionuclides in various media. However, few studies
have investigated the possible influences of atmospheric deposition mode on initial radiocesium behavior
in forests. Wide scale environmental radioactivity measurements were conducted in 2011 and campaigns
were repeated in 2016. We have attempted to use the data to elucidate the differences in *’Cs deposition
depending on the deposition mode following the Fukushima accident. Dense forests where most
radiocesium was deposited by precipitation had lower ambient dose rates and levels of contamination on
forest floors than forests with fewer stems per hectare in 2011. This was not observed in areas subject to
primarily dry deposition nor were any trends observed in 2016 data. While the initial retention of
radionuclides by forest canopies was generally higher for areas with majority dry deposition, initial
retention increased with the stem density, which may be a result of the increasing biomass per unit area.
In dense forest canopies, the ’Cs was retained for an extended period regardless of the deposition mode.
Initial activity levels in the above ground parts of evergreen forests were higher in areas of dry
deposition. Wood tissues accumulation of radiocesium was the same for both deposition modes. Deposition
mode is crucial in determining the extent of the environmental radioactivity and contamination in forests
immediately after a release.

Keywords : cedar, pine, radiocesium, atmospheric deposition
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Evaluation of genetic effects induced by radiation exposure for
wild bryophytes, Marchantia polymorpha

SHIMAMURA Masaki*!, OGURI Emiko? Frederic BERGER?

IGraduate School of Integrated Sciences for Life, Hiroshima University, “Faculty of Education, Tokyo Gakugei
University, *Gregor Mendel Institute
*Corresponding author : mshima@hiroshima-u.ac.jp

The bryophytes are one of the most widely used organisms for biomonitoring of radioactive
contamination due to their small bodies in direct contact with soil, relatively large surface area, and metal
accumulating ability, etc. The radiocesium concentrations in the bryophyte colonies showed a high
correlation with either the aerial dose rates on the date of sampling or the estimated aerial dose rates on
the earliest date after the Nuclear Power Plant Accident. To detect the genetic effects of radiation in
individual and population-level, we conducted a genome-wide SNP analysis of a liverwort Marchantia
polymorpha species complex. In the Fukushima Prefecture, even in a single population within 1 square
meter, there was sometimes significant genetic polymorphism. We have analyzed the SNP of the genomes
of the plants of Marchantia polymorpha species complex from Japan and other parts of the world and
detected approximately 7 million autosomal SNPs. We are verifying the possibility that the remarkable
genetic polymorphism in a narrow range detected in Fukushima Prefecture is derived from the effects of
radiation.

Keywords : bryophytes, Marchantia polymorpha, biomonitoring, radiation effect, SNP analysis
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Effects of Radiation on the Early Development of Sea Urchin and
Xenopus in the Presence of DNA Repair Inhibitor

SHIMIZU Naoto™®!, TSUDA Masataka!, IDE Hiroshi'

"Program of Mathematical and Life Sciences, Graduate School of Integrated Sciences for Life, Hiroshima
University
*Corresponding author : naotos@hiroshima-u.ac.jp

The biological effects of radiation derive from DNA damage and are influenced by radiation dose. In
general, the effects are not expressed at low-dose or low-dose-rate radiation. We hypothesized that DNA
repair inhibitor sensitizes target animals to low-dose radiation. Sea urchin (H. pulcherrimus) and Xenopus
(X. tropicalis) embryos are sensitive to toxins and are used to study the developmental and cytological
effects of anthropogenic pollutants and environmental stressors. We have been using these embryos as
model systems to estimate the effect of low-dose ionizing radiation on early development. In previous
studies, we found that irradiated these embryos exhibited dose-dependent developmental abnormalities
(0.1 - 5 Gy). In the present study, we assessed the effects of X-rays in the presence of NU7026 (DNA-
PKcs inhibitor) on the early development of sea urchin. We found that the inhibitor enhanced the
sensitivity to X-ray. Together we established a high sensitivity assay system for the detection of
radiation-induced biological effects in the development of sea urchin using a DNA repair inhibitor.

Keywords : sea urchin, Xenopus, early development, radiation effect, DNA repair
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Study on the effects of terrestrial-derived radiocesium via rivers
on brackish water systems of Fukushima

WATANABE Sho*!, ENOMOTO Masahiro', AMANO Yosuke!, WATANABE Toru!, TAKATA Hyoe?,
WADA Toshihiro?

'Fukusima Prefectural Fisheries and Marine Research Center, “Institute of Environmental Radioactivity,
Fukushima University
*Corresponding author : watanabe_shou_01@pref.fukushimalg.jp

To understand the effects of terrestrial-derived Radiocesium (**Cs) on brackish water and coastal areas,
we measured *’Cs concentrations of sediments in Matsukawa-ura lagoon located at the northern part of
Fukushima Prefecture. Sediment samples were collected from 5 sampling groups, indicating the inflowing
river (4 sites), river mouth (3 sites), Matsukawa-ura lagoon (4 sites), lagoon mouth (1 site), and coastal
area (1 site), from May to October, December 2021, and February 2022. Sediment samples were
dewatered by suction filtration and then measured for **’Cs concentration. The *Cs concentrations were
converted to a value per dry weight using the dry soil fraction calculated from the same sample. The
B7Cs concentrations tended to gradually decrease in inflowing river (20.1 - 657 Bq/kg-dry), river mouth
(20.3 - 226 Bg/kg-dry), Matsukawa-ura lagoon (12.2 - 126 Bq/kg-dry) and coastal area (1.69 - 3.00 Bq/kg-
dry). On the other hand, lagoon mouth observed relatively high *Cs concentrations (89.1-481 Bq/kg-
dry). The grain size composition of sediments, which were measured in some samples, showed a
correlation with *¥Cs concentration, suggesting that the grain size of sediment was one of the factors that
the difference in *Cs concentration among the sampling groups.

Keywords : radiocesium, Matsukawa-ura lagoon, sediment, grain size composition
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Estimation of radiocesium concentration in the trunk and fallen
leaves from the tree branches and leaves of Quercus serrata in three
areas in Tochigi prefecture with different initial amount of
deposition

HAMAGAMI Momo*!, OHKUBO Tatsuhiro?, AIZAWA Mineaki?, IIZUKA Kazuya®

"Laboratory of Forest Ecology and Silviculture, Utsunomiya University, 2Department of Forest Science, School of
Agriculture, Utsunomiya University
*Corresponding author : mc226994@s.utsunomiya-u.ac.jp

In Tochigi prefecture, the contamination damage caused by cesium-137 (hereafter *¥Cs) released and
deposited as a result of the Fukushima Daiichi Nuclear Power Plant accident has forced restrictions on
the use of deciduous broad-leaved Quercus serrata forests in Satoyama, which are used to produce shiitake
mushroom logs and leaf compost. We collected overstory branches, tree trunks, and fallen leaves of
Quercus serrata in three areas of the prefecture with different initial deposition levels, and examined the
relationship between 'Cs concentrations in different parts of the tree, the current availability of tree
trunks and fallen leaves based on provisional permissible values, and the estimation of “'Cs
concentrations in tree trunks and fallen leaves from overstory branches and fallen leaves. The
distribution of ¥’Cs concentration in each individual Quercus serrata was highest in the overstory leaves. In
the highly contaminated area of Sekiya (initial deposition 147,399 Bq/m?), both tree trunks and fallen
leaves were unusable compared to the provisional permissible values. In addition, linear regression
analysis showed that the best fit of the regression equation was obtained between the upper leaves and
the trunk and fallen leaves, suggesting that the concentrations in the trunk and fallen leaves can be
estimated from the concentrations in the upper leaves.

Keywords : Leaves, Mushroom logs, leaf compost
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Influence of Fukushima Dai-ichi Nuclear Power Plant accident,
explored with land transaction data on municipalities in
Fukushima Prefecture

SHOJT Nobutoshi*!, WAKIYAMA Yoshifumi?

!Graduate School of Symbiotic Systems Science and Technology, Fukushima University,
Tnstitute of Environmental Radioactivity, Fukushima University
*Corresponding author : s2170052@ipc.fukushima-u.ac.jp

This study is aiming to reveal social impacts of Fukushima Dai-ichi Nuclear Power Plant accident.
Existing literature tried to quantify the impacts of the accident based on analyses of variations in official
land prices which were published by government. In this study, we focus on land transaction data to
explore the impacts. Land transaction data were derived from a website of the search site of the real
estate transaction-price information by Ministry of Land Infrastructure and Transportation. As the first
approach, we summarized and analyzed the value and number of land transactions by use (residential
land, residential land + buildings, agricultural land, and forest land) for the period 2007-2022 in 59
municipalities in Fukushima Prefecture. The results showed that there were years of increasing farmland
transactions, although the timing varied by region. For example, in the southern part of the Aizu region,
the number and value of agricultural land transactions increased from 2017 to 2018, followed by a decline.
These suggest land divestitures by agricultural businesses, but it is necessary to consider factors
including subsequent uses such as conversion to residential land. Although it is difficult to describe the
causal relationship between these land transactions and the nuclear power plant accident at present, we
plan to clarify whether or not the nuclear power plant accident affected the land transactions through
analysis of the relationship with air dose rate and radioactive cesium deposition using GIS data, hedonic
approach, and interviews with traders in the future.

Keywords : land transaction, real estate
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Uptake and excretion of radiocesium from food by starry
flounder, an euryhaline fish, under different salinity conditions

MANOME Yuuki*!, WADA Tshihiro"?

IGraduate School of Symbiotic Systems Science and Technology, Fukushima University, *Institute of
Environmental Radioactivity, Fukushima University
*Corresponding author : s2270055@ipc.fukushima-u.ac.jp

After the Fukushima accident, longer-term radiocesium contaminations have been observed in freshwater
fish than marine fish. In waters affected by the nuclear power plant accidents, water-to-body
concentration ratios of Cs in freshwater fish were reported to be negatively correlated with K*
concentrations. However, no study has compared the uptake and excretion of radiocesium under different
salinity conditions from freshwater to seawater using the same fish species. Subsequently, a rearing
experiment using *’Cs contaminated food was conducted on the starry flounder, an euryhaline flatfish.
The fish (mean 19 cm total length, 107 g body weight) were fed by pellets containing *’Cs (328 Bq/kg-
dry) under different salinity conditions from freshwater (0 psu), brackish water (4 psu), to seawater (32
psu) for 20 weeks, and some were switched to non-contaminated pellets after 8 weeks. Results revealed
that ®"Cs uptake was faster in freshwater and brackish water (osmolalities lower than fish: about 10 psu)
than in seawater, while "’Cs excretion was faster in seawater than in freshwater and brackish water. K
concentrations in seawater are higher than freshwater and brackish water. This difference affects the
uptake and excretion of radiocesium from food, and is likely a factor contributing longer-term
contaminations of freshwater fish.

Keywords : fish, radiocesium, salinity, ecological half-life, bioaccumulation, rearing experiment
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Elucidation of 137Cs transfer processes in terrestrial and aquatic
ecosystems in the difficult-to-return zone

YAMAGUCHI Daisuke™®!, KANASASHI Tsutomu? ISHINIW A Hiroko?, WADA Toshihiro?

IGraduate School of Symbiotic Science and Technology, Fukushima University, 2Institute of Environmental
Radioactivity, Fukushima University
*Corresponding author : s2270057@ipc.fukushima-u.ac.jp

The Fukushima Daiichi Nuclear Power Plant accident released and deposited radionuclide in the
surrounding areas. In particular, *’Cs still remains in the environment and is taken up by wild animals
and plants mainly through food webs. In addition, the concentration of *’Cs in forests tends to be higher
than that in human living areas because *’Cs is recycled within the forest ecosystem. In addition, fallen
leaves in forests may migrate to rivers, lakes, and ponds, and thereby transfer *Cs to aquatic
ecosystems. There were many studies targeting the dynamics of *’Cs in forest ecosystems and aquatic
ecosystems. But few studies have analyzed the dynamics of *’Cs in multiple ecosystems, and clarified the
transfer of ¥’Cs of plants and animals living in the transfer zone. In this study, we conducted a survey at
Shimofukazawa Pond in Futaba town (mean air dose rate 9.08u Sv/h), which is located in the difficult to
return zone, and measured *Cs concentrations in several species inhabiting terrestrial and aquatic
environments in and around the pond. As a result, no significant difference in ¥Cs concentration was
found between largemouth bass (3080 Bq/kg) in the pond, and Japanese field mouse (2440 Bqg/kg)
around the pond. In plants, a wide range of mean ’Cs values (299-34800 Bq/kg) depending on the plant
species were found, with some species showing the extremely higher values. In the future, we will
analyze stomach contents and seasonal change of *"Cs concentrations in the target species.

Keywords : wild plants and animals, forest ecosystem, aquatic ecosystems, *’Cs transfer process
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Model laboratory experiments to support field researchers on
uptake and excretion of ’Cs and “Sr in the silver Prussian carp
(Carassius gibelio)

Polina PAVLENKO*!, Olena KASHPAROVA!?, Maksym HRECHANIUK', Sviatoslav LEVCHUK},
WADA Toshihiro®, Vasyl YOSCHENKO?, Valery KASHPAROV'?

'Ukrainian institute of agricultural radiology of National University of Life and Environmental Sciences of Ukraine,
“Norwegian University of Life Sciences, Institute of Environmental Radioactivity, Fukushima University
*Corresponding author : polina.pavlenko97@gmail.com

Dynamics of radionuclide transfer to fish was studied in natural conditions in field experiments in the
Chornobyl Exclusion Zone. We found that '*’Cs uptake by fish depends on the season of the year. The
rate constants of *’Cs and *Sr uptake from water and feed were also obtained. The rate of radionuclide
intake into fish with feed can be obtained only in field experiments and only together with uptake from
water. To support the field observations, a series of controlled model aquarium experiments were
conducted to determine rate constants of "’Cs uptake by fish separately from water and from feed and
the rate of excretion from Carassius gibelio at the water temperatures from 5 to 26 °C. A significant
difference was observed between the rate constants of ¥’Cs uptake in muscle tissue from water and feed:
8.0-22 day! during summer and 0.2 to 1.0 day! during autumn/winter, while the rate constant of **’Cs
uptake in muscle from water was only 0.05-0.09 day'. The main *Sr uptake in natural conditions comes
from water. The “Sr uptake rate from water in fish bones increases with an increase in the amount of
food consumed by fish at water temperature 5-27°C from 0.06-0.2 day® (for 0-0.15% feed) to 0.2-1.5 day™
(for 0.3-15% of feed). Clean feeding results in increased *Sr uptake from water due to increase in fish
mass and, consequently, increase in bone tissue mass. Decrease of *Sr activity concentration in the bone
tissue in clean water occurs due to biodilution (growth of new clean bone tissue).

Keywords : Carassius gibelio, ¥'Cs, Sr, uptake, excretion, clean feeding
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Radiocesium concentrations of prey organisms for Japanese
seabass Lateolabrax japonicus in Matsukawa-ura Lagoon and coast of
Fukushima Prefecture

MORIOKA Yoshiaki*!, AMANO Yosuke?, WADA Toshihiro®

'Fukushima Prefectural Research Institute of Fisheries Resources, ?Fukushima Prefectural Fisheries and Marine
Science Research Centre, *Institute of Environmental Radioactivity, Fukushima University,
*Corresponding author : morioka_yoshiaki_01@preffukushima.lg.jp

Radiocesium (**Cs) concentrations in Japanese seabass (Lateolabrax japonicus) are slightly higher in
Matsukawa-ura Lagoon (mean 1.70Bq/kg-wet) than those in the coast of Fukushima Prefecture (mean
0.98Bq/kg-wet), although these concentrations are much lower than the standard value for radioactive
substances in food. In order to elucidate the factors that cause the difference, ¥Cs concentrations,
nitrogen and carbon stable isotope ratios of Japanese seabass and its prey organisms collected from the
lagoon and the coast during 2019 to 2022 were measured. Also, stomach contents of Japanese seabass
were analyzed, indicating that main prey items were quite different between the lagoon and the coast:
fish and crustaceans occupied 81% and 76%, respectively. *’Cs concentrations in prey organisms in the
lagoon were higher than those of the coast; 0.62-2.04 Bq/kg in mysids and shrimps in the lagoon, while
0.07-0.72Bq/kg in anchovy and sardine in the coast. Mean carbon stable isotope ratios (  *C) of Japanese
seabass and prey organisms in the lagoon were higher than those in the coast. These results suggest that
¥7Cs from prey organisms affects the concentration of *’Cs in Japanese seabass.

Keywords : Japanese seabass, radiocesium concentration, Matsukawa-ura Lagoon, prey organisms
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Impact of the Fukushima Daiichi Nuclear Power Plant Accident
on Paramecium

FUJISHIMA Masahiro*!, KODAMA Yuuki? Francesco CATANIA® Michael LYNCH!, NANBA Kenji®

I'Thermotolerant Microbial Resource Center, Yamaguchi Univ. and Institute of Environmental Radioactivity,
Fukushima Univ., *Institute of Agricultural and Life Sciences, Academic Assembly, Shimane Univ., *Institute for
Evolution and Biodiversity, Univ. of Miinster and Institute of Environmental Radioactivity, Fukushima Univ.,
*Center for Mechanisms of Evolution, Arizona State Univ., *Institute of Environmental Radioactivity, Fukushima
Univ.

*Corresponding author : fujishim@yamaguchi-u.ac.jp

The purpose of this project is to investigate effects of environmental radiation on Paramecium living in
Nakafukasawa Pond. In 2021, we found that the slow cell division rate of the local Paramecium was
restored when transferred to the laboratory. In order to confirm the reproducibility of this phenomenon,
in 2022, Paramecium caudatum (strain YR15042) and P. tetraurelia (strain 51) were placed in 50 mL plastic
centrifuge tubes and left in 10 to 30 cm depth of water in the Nakafukasawa Pond for 48 days, harvested,
cloned, and their mean number of cell divisions/day was compared with that of the same strain cultivated
in the laboratory without exposure to radiation. As a result, the average number of cell divisions per day
for exposed and non-exposed strains of P. caudatum was 1.176 and 1.707 per day, and that of P. tetraurelia
was 1.664 and 1.751 per day. In both species, the possible effects of radiation exposure were suggested.
Furthermore, we could find that the density of endosymbiotic Chlorella cells in P. bursaria living in the
Nakafukasawa Pond is low but recovers by cultivation in the laboratory.

Keywords : Paramecium. unicellular protist, ciliate, effects of environmental radioactivity on cell division rate
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The chronological changes in radiocesium concentrations in
mushrooms, parasites and mycophagous animals

HOSAKA Kentaro*!, KASUYA Taiga?, YAMAMOTO Kohei®, NAM Kyung-Ok!, ISHINIW A Hiroko!

"Department of Botany, National Museum of Nature and Science, “Department of Biology, Keio University,
3Tochigi Prefectural Museum, ‘Institute of Environmental Radioactivity, Fukushima University
*Corresponding author : khosaka@kahaku.go.jp

The Kingdom of Fungi is one of the most diverse groups in the terrestrial ecosystems. Furthermore,
many species of fungi, especially mushrooms, are known to accumulate higher concentration of
radiocesium in their fruit bodies compared to other groups of forest organisms. Based on our previous
studies using limited numbers of samples, we have demonstrated high concentrations of radiocesium
from: (1) hypogeous (truffle-like) mushrooms, (2) parasites on truffle-like mushrooms, and (3) historical
dried specimens of mushrooms collected before/after the Chornobyl (1986) and Fukushima (2011)
nuclear accidents. In this study, we further attempted to clarify the radiocesium concentrations from
historical and more recently collected specimens of diverse groups of mushrooms, especially focusing on
ectomycorrhizal mushrooms (e.g., Amanita caesareoides, Russula nigricans, and Entoloma spp.), parasitic
mushrooms (e.g., Tolypocladium spp.) and their hosts (e.g., Elaphomyces spp.). These mushrooms are also an
important food source for forest animals (e.g., rodents and insects) and, therefore, radiocesium
accumulated in mushroom fruit bodies can be transported by parasitic mushrooms and mycophagous
animals throughout the forest ecosystems.

Keywords : DNA barcoding, ectomycorrhizae, Kanto region, parasites, wild mushrooms
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Study on the effectiveness of radiation education in secondary
schools in Asia-Pacific countries

KANAMORI Masashi*!, MIYAZAKI Tomoyuki', TAKASHIMA Ryuta? KOIKE Hiromi',
OKURA Masahiro!, IMOTO Takeshi'

'The University of Tokyo, 2Tokyo University of Science
*Corresponding author : kanamori@kcconsulting.jp

In this study, we analyzed the results of questionnaires on the effectiveness of radiation education in
secondary schools. The degree to which students perceive radiation as “Interesting” or “Easy to
understand” became stronger after the lecture except Indonesian junior high school students. Radiation
education with the WOW factor is effective. In the analysis of changes in students’ impressions based on
teacher characteristics, teachers who perceive radiation as “Simple” or “Easy to understand” are more
likely to teach radiation basics which are easy to understand and attractive. On the other hand, in the
overall analysis, the degree to which students perceive radiation as “Interesting” or “Easy to understand”
decreased when taught by the teacher who perceive it as “Good”. It is possible the students were
influenced negatively by the teachers' strong impressions and messages.

Keywords : radiation education, educational effects, questionnaire survey

7 T 7 R HUE S E ORI BT B BEHREE ORI RICBIT 5
W5e
SHRIEE, FRELY, FISHA NI, AR, SARE

URERA SRR R
*T{EEE  kanamori@kcconsulting.jp

KT Tl EFA O BEHREE ORI T L7 75— bOS5 %475 720 EEOBEHRICH L TEL %
(HEWI DB RT W] EBIEEVIEAS ¥ FRA Y TOHRREDATIRIRERABICEL Bolzl h b,
WOW 7 7 7 & — % Bk L 72 R BB T AEEDBR - BLZ2 &5 2 BT 5 EWR b AEDEER
BOBERIH T IR OEAL & B ORI T 5 58 Tld, BEHIC L THBO L322 &L Tw
BEIOEFEZ DALY RTVI[HAV]E R ) EEWAELRD, TOX ) REAEIZH2 0 R T VIEN %
BELZLTOLWREEDLE V. —H Ty RO HICB W TIiE, BEHRISH LTIRW ] & & U 2 E A% 2
5 EHAENTHHVI DAY R TV LKL LEAGVAMR 22 6MICH ). HEOFRVEIRE X v & —
VI X o TP RADREZ Z T 12 ReEdH % .

FoU— N RHREE. BHEAR. T — i

62



The 9th Annual Symposium of the IER, Fukushima University / & & K2~ BREEMETRERFZERT 45 O WIS R &

P-35 | ERANRIRGEE F-22-49

Examination of bystander effect for evaluation of low-dose
radiation effects on wild animals

ARIYOSHI Kentaro*!, KASAI Kosuke?, NAKATA Akifumi®, FUJISHIMA Yohei!, MIURA Tomisato!

Integrated Center for Science and Humanities, Fukushima Medical University, 2Department of Bioscience and
Laboratory Medicine, Hirosaki University Graduate School of Health Sciences, *Faculty of Pharmaceutical
Sciences, Hokkaido University of Science, ‘Institute of Radiation Emergency Medicine, Hirosaki University
*Corresponding author : ariyoshi@fmu.ac.jp

The bystander effect is a phenomenon in which cells that have not been exposed to radiation show
reactions as if they had been irradiated. Some signals emitted by irradiated cells cause DNA damage,
chromosomal aberrations, apoptosis, etc. in non-irradiated cells. To date, there have been only a few cases
in which the bystander effect has been confirmed in wild animals, and it is still unclear whether it is
evolutionarily preserved. We focused on exosomes released extracellularly as candidate factors that
propagate bystander signals. First, we extracted exosomes from irradiated human cells and collected
exosomes were treated Japanese macaque cells and raccoon cells. Micronuclei were analyzed as an
indicator of the bystander effect. As a result, the frequency of micronuclei increased in Japanese macaque
and raccoon cells treated with exosomes. This result suggests that exosomes are common bystander
factors in mammalian cells.

Keywords : bystander effect, wild animal, exosome
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Simplification and optimization for tritium measurement in fish
samples

TORIKAI Yuji*!, HOSONE Takeru', KAKIUCHI Hideki*, ISHIKAWA Yoshio®

IGraduate School of Science and Engineering, Ibaraki University, 2Institute for Environmental Sciences
*Corresponding author : yuji.torikai.sci@vc.ibarakiac.jp

The measurement of tritium concentration in fish requires more than one month for a single sample. This
is not enough for safety assessment and monitoring of marine discharge disposal of tritium-treated water.
A microwave heating method is proposed as a screening method for fish in the coastal area around
nuclear plants, in which free water from fish is recovered quickly and easily in a microwave oven. In this
study, the possibility of using the method for safety assessment of fish was examined.

In the microwave heating method, edible parts of fish were placed in a microwave-safe container with
holes, placed in a plastic bag with a zipper, and heated at 100 W microwave power for about 15 minutes.
Water condensing in the plastic bag was collected and measured for tritium. Tritium contained in heavy
water was used as the tritium source. Fish were mainly flatfish.

The measurement error due to the isotope effect of the microwave heating method was examined using
tritium-containing seawater, and it was confirmed that the method could measure tritium accurately.
Flatfish were reared under tritiated seawater, and the tritium contained in the free water of the flatfish
was confirmed to be measurable. Flatfish were reared in seawater to which heavy water containing
tritium was added, and it was confirmed whether the isotope effect appeared in the heavy water and
tritium taken into the free water. These results will be reported on the day.

Keywords : Ocean discharge of treated tritiated water, Screening of tritium, microwave heating method

farh o v F U AWEEOT R - Rt
KRR, MR RS, )11

"R K AR BB TR, 25 M RN BRBER A HA T 78T
*HBLEH | yujitorikaisci@vc.ibarakiacjp

o M) F T AREOWETIE. 12O EIC 1 » AU LoWERM2ZLETH S, TN TIE, b
) F 7 DALBUK DAL OB AT T =5 ) Y ZIZ3EIE TE RV FZCT ADA T ) ==V 7
FLLTHACEITNLIHMAKEET L v IV TREPDOBMEIZEINT 2~ 4 7 T PEMBADE"E2IREL. AO%
VIS TE 20 ME 217> 720 A 7 0linEgkid, Ao EHEZFERTITROBNL v IR
REIZANERTEF v v 7 X R BIZAN L ¥ VHB100W ISR ENEE 17 - 770 G HB.F 1 v
AL E R ABIIESGE L2 K2 L, WY v FL—ya VEICk) b FoaR2MELRZ, P F L
FELCTHEAKPIEINE VY F L E2MH L X, EiCe I AW, BEARFMN)FI7LE2EA
72HEK " VT = A 7 T JMBGE O RAARRI R & 2 e iis 2 Bead L 7zds 3, MRS S SRR
CHPETELZEDHERTE, 22Ty NI FILEZEALRWATTLI AZHHF L, ©I ADHEKIZ
GENL PV FTLEME LR, WETELIENHRTE 2, ZITESIT, AriRENIcBVLT
M) FOLZELEKRELBMLAZRE T I A2HHF L. HHAKIZINY AThBEKE MY F 7 A2 FEAAE
WP N D 0 E ) PR EIT o720 UHIEINSORFERZHET 5,

F—T—=F: M)FYLRIEKROEERME. P FYLADORAZ ) ==Y <A, 7 a ik

64



The 9th Annual Symposium of the IER, Fukushima University / & & K2~ BREEMETRERFZERT 45 O WIS R &

P-37 | ERANRIRGEE F-22-61

Public understanding on complicated dose definitions, and
implications of the definitions revision

OKURA Masahiro*!, IMOTO Takeshi!, KOIKE Hiromi'

I'The University of Tokyo
*Corresponding author : okura.masahiro@mail.u-tokyo.ac.jp

In this study, we aim to outreach the characteristics of each dose by organizing the interrelationships of
the exposure dose groups with the promotion of radiation risk communication. In addition, since ICRU/
ICRP has recently proposed a new definition of effective dose, we will examine the impact of this revision
on future radiation monitoring and present challenges. Last year, we set up model environments
(immediately after a nuclear disaster, and on-site/off-site during the recovery period) to quantitatively
organize the characteristics of various dose groups used in environmental and individual monitoring,
thereby helping to deepen understanding. In this year as the second year, in order to understand how to
receive the “radiation dose” information that is transmitted, radiation experts who are familiar with
human resource development, public relations, and communication among industry, academia,
government, and the private sector were interviewed about their experiences and opinions regarding the
misunderstanding of radiation dose and the confusion caused by it, and clarified the factors that are
expected to cause discrepancies between the senders and receivers, and considered future
countermeasures. Most of the opinions obtained from the interviews were summarized in two points: (1)
the sender’s mistaken perception that the content of the message was conveyed to the receiver as
intended, and (2) the sender should accurately grasp the information needs of the receiver in advance.

Keywords : exposure dose, risk communication, outreach, interview
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Exploratory study in the forested area in Rokkasho

Vasyl YOSCHENKO*!, NANBA Kenji!, YOSHIDA Satoshi’?, IMADA Shogo? KAKIUCHI Hideki?
NAGAI Masaru?

nstitute of Environmental Radioactivity, Fukushima University, *Institute for Environmental Sciences
*Corresponding author : r705®@ipc.fukushima-u.ac.jp

This paper presents the first results of the joint ERAN E-22-05 project to assess current levels of
radioactivity in forested areas near the nuclear fuel reprocessing facility in Rokkasho, Aomori, prior to its
operation. The observation sites were chosen in mature cedar and mixed broadleaved forests about 4 km
and 6 km northwest of the nuclear facility, respectively. In May, layer soil sampling to a depth of 30 cm
was performed to characterize the vertical distribution of *’Cs and estimate its deposition levels. In most
of the collected soil cores, maximum *’Cs activity concentrations were found at the depths 5-7 cm,
indicating its origin from the global fallout. The *"Cs expectation depths (mass depths) at the cedar and
broadleaved forest sites were estimated as 62+04 cm (21+4 kg m?) and 65+09 cm (25+6 kg m?),
respectively. The ¥'Cs soil deposition levels were 24+ 1.1 kBqg m? and 1.8+ 04 kBq m? respectively. In
November, litter and biomass samples were collected to measure *’Cs concentrations; test measurement
of ®H in biomass will also be performed. After the measurements are completed, the current
radioecological situation will be assessed and a routine monitoring scheme will be developed.

Keywords : Rokkasho nuclear fuel reprocessing facility, forest, radiocesium, tritium
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Current policy changes and the historical background of
Chornobyl exclusion zone
—Positive image and tourism —

KATAOKA Hiroshi*!, IGARASHI Yasunori’, NANBA Kenji?

'Faculty of Business Administration, Osaka University of Economics and Law, “Institute of Environmental
Radioactivity
*Corresponding author : kataokaster@gmail.com

Since 2017, the Fukushima University Research Institute of Environment and Radioactivity has been
engaged in international joint research (Chornobyl Project) with 12 research institutions, including three
Ukrainian government agencies in charge of radiation control. This task includes as social implementation
the provision of necessary support in line with the Ukrainian government’s policy of effective utilization
of the Chornobyl exclusion zone. Currently, the Ukrainian government is in the process of shifting its
policy from regulating activities in the ChEZ to making it a site for a variety of activities. This policy
shift can be attributed to the social context in which the Ukrainian government is rethinking ChEZ from
a negative legacy to a positive one. By tracing the evolution of ChEZ legislation from the post-accident
period to the present, especially from the perspective of ChEZ management, this paper examines the
process of how the Ukrainian government has dealt with the ChNPP accident and ChEZ management
from the data available.

Keywords : Chornobyl, ChEZ Management, policy change
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Challenges of measuring *'Np in the hydrosphere

SAKAGUCHI Aya*!, NAKAJIMA Akihisa!, NAGAI Ayumu?, HAYAKAWA Yuta?
HOSOKAWA Hiroyoshi’?, HABA Hiromitsu?, SEKO Noriaki*, HOSHINA Hiroyuki*, Karin HAIN®,
Andreas WIEDERIN®, YAMASAKI Shinya!, SUEKI Keisuke!, YOKOYAMA Akihiko?

"University of Tsukuba, 2Kanazawa University, *RIKEN, QST Takasaki, *University of Vienna
*Corresponding author : ayaskgc@ied.tsukuba.ac.jp

It is estimated that about 2000 kg of #?’Np, one of the most important nuclides in high-level radioactive
waste, has already been released into the surface environment due to human nuclear activities. Since Np
is mobile in the environment, it is essential to understand its concentration and distribution in order to
understand its behavior and to facilitate its use as a tracer in the water cycle. However, no
comprehensive studies have been carried out, especially in aqueous environments, because it is necessary
to handle large volume of samples during complicated chemical treatments, and there are no appropriate
isotope spikes in mass spectrometry. We have attempted, with the aim of establishing a simpler Np
determination method for relatively large volume environmental water samples, to produce **Np as an
isotope-spike for ?’Np measurements and to construct a new pretreatment method for large volume
environmental water samples. As for the spike production, the reaction of “Li(**Th, xn)***Np was
employed. Pure #*Th stack foils were irradiated with 42 MeV of "Li beam at RIBF, RIKEN, Japan. The
productions of ?™Np as a by-product with this this reaction were confirmed, and the excitation function
was successfully made for this nuclide. The concentration method for Np from large volume seawater
was conducted using the amidoxime adsorbent which was employed for U concentration from seawater
in our previous experiments. More than 95% of Np could be collected from seawater samples. Further
experiments are needed for achieving the simple measurement of ?’Np in environmental waters.

Keywords : Np-237, actinoids, accelerator mass spectrometry, spike
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Investigation of atmospheric tritiated water concentration in
Okuma

HIRAO Shigekazu*!, KAKIUCHI Hideki®

nstitute of Environmental Radioactivity, Fukushima University, Institute for Environmental Sciences
*Corresponding author : s-hirao@ipc.fukushima-u.ac.jp

There is a need for scientific knowledge to evaluate the environmental impact associated with the release
of ALPS-treated water stored at the TEPCO's Fukushima Daiichi Nuclear Power Station (FDNPS) into
the ocean. Therefore, it is urgent task to examine the environmental behavior of tritium because the
spaciotemporal variation of tritium should be investigated before and after the release. This study aims
to investigate the behavior of tritium by observing tritium concentration in air in the vicinity of FDNPS.
We carried out the continuous observation of tritiated water vapor in the atmosphere and analyzed the
variation of the concentration. In order to collect atmospheric water vapor in the atmosphere, we used a
passive type sampler for atmospheric water vapor. The bottle contained molecular sieves (MS-3A) for
adsorbing water vapor passing through the membrane. After the collection, the water adsorbed on the
MS-3A was extracted with heating and purified by distilling. The activity of tritium was measured with a
low background liquid scintillation counter (LB7). Sampling sites were in Okuma town. Sampling interval
was set to be every one month from 2017 to the present. The tritium concentrations in soil pore water
and pine needles at the sites were also observed to discuss the variation in the tritium concentration in
water vapor. It is revealed that the tritium concentration in water vapor was ranged within the variation
in the past observation although the tritium concentration obtained was slightly higher than that of the
background level in Japan. These long-term observation results could be used for assessment of the
environmental impact of tritium.

Keywords : tritiated water vapor, atmospheric concentration, LB7

KAEMTCOREKAGIN b Y 5% KL O HAE
FRE— AT

U B SR U R 78, “BRESRL AR I SE P
*TBL#E ¥ © s-hirao@ipc.fukushima-u.acjp

R IE S — T 3BT TS ST 5 ALPSHLFL K O HEER N RE D BRI EICE LT, b
SERAE CORFEHADRD 5N TS, WERINAIROBEEE MY 77 2 OB EFIIIREORETH %,
ARFZETIX IFOEED M) F 7 AOKRAHFREXHEL, TOFEHE2MHTLIL2HIBEL WS, KA
KRELZHO M) F o A BEOBINCIE, ELXFaT—Y—7T(MS3A)ZHALLNy ¥ 7TROMER H
Wi SR Z IR, MSICBAE L7zKE BN - 8- Lze €0 BNy 7 79 v Rk v F 1L —
> oa MR (LB7) CHOGTREIR S % i L7z Bl RAERT, 201740 SBAE T CBIE L. M —~»
HiEE Lize TKRAHB MY F 7 AREISEEEZ5 2 2WNT 2502 T 572012, BlllHE 00 THi%E
BIUMEZRFIL, M) F7ARERZIELZ. TOME, BEOEBIROHPHN TIXD 5 ANLAED—HK
REEXD DRREOKREAKRELRT M) F o LBENMEONZ, NS BHBOBIRRE M) F7 208
HESMICAHAMNTDH 5

%

FoT—F RAKER M) F 74, KRERE, LB7

69



The 9th Annual Symposium of the IER, Fukushima University / ## & K =B8RBS RERFZERT 45 9 WIS RHE &

P-42

Measurement of radiation image in Hamadori area of Fukushima
Prefecture

KAWAHARA Rika*!, OCHI Koutaro?, YAMAGUCHI Katsuhiko!, TORII Tatsuo'

Unstitute of Environmental Radioactivity, Fukushima University, 2Japan Atomic Energy Agency, Minamisoma
*Corresponding author : s2170050@ipc.fukushima-u.ac.jp

Currently, decontamination activities are conducted in Hamadori area of Fukushima, but it is difficult to
comprehensively measure in those areas using portable survey meters. Therefore, the technology to
measure the radiation distribution with convenient measurement devices is needed. In this study, we
conducted measurements of radiation distribution with a Compton camera capable of omni-directional
measurement. By using this Compton camera, we obtained the hotspots quickly and easily at the
measuring points. However, the distribution map obtained is a two-dimensional image, and the distance to
the hotspots is not measurable. The objective of this study is to combine the radiation image with optical
image to create the three-dimensional image of the radiation distribution.

This Compton camera will enable us to confirm not only the environmental radiation distribution but also
the indoor measurement of radiation, and to identify the sources of resident’s exposure.

Keywords : Compton camera, gamma-rays, radiation imaging, optical camera
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Feasibility Study on the Advanced Application of Airborne
Radiological Survey Data for the Estimation of Atmospheric
Radon and its Progenies

Sam KOH Boon Kiat*!, HIRAO Shigekazu!, TORII Tatsuo!, SANADA Yukihisa?

nstitute of Environmental Radioactivity, Fukushima University, 2Sector of Fukushima Research and
Development, Japan Atomic Energy Agency, Fukushima
*Corresponding author : s2170053@ipc.fukushima-u.ac.jp

Rn-222 is a radionuclide with a half-life of 3.82 days, making it commonly used in studies of atmospheric
processes. The presence of Rn-222 progenies interferes with airborne radiological surveys (ARS)
conducted after the FDNPP. The purpose of this study is to examine the feasibility of estimating Rn-222
progeny concentrations at high altitudes using ARS data. Data was obtained over Fukushima and Fukui
using a large Nal detector. In the obtained data, the variation of net peak area with height was studied
for radionuclides with a quantifiable peak area. Simultaneously, the surface Rn-222 concentration was
measured to compare with ARS data. The detector response was then simulated by EGS5 under the air
submersion condition. A spherical volume of air with variable radius from 20-250m, containing an
isotropic Bi-214 and Pb-214 source was used. The net peak areas simulated were then plotted against
radius to determine the effective radius with influence on detectors. The comparison of net Bi-214 peak
area with measured Rn-222 concentration showed a reasonable relationship. The effective radii were
estimated as 155, 223, and 259m for Bi-214 peak at 0.6MeV, 1.12MeV, and 1.7MeV, respectively. The
simulated peak area at effective radius can be applied to ARS data when estimating Bi-214 concentration
at high altitudes. Data from flights above the sea was used to subtract self-contamination for flights above
land. This subtraction showed good agreement with the theoretical terrestrial contribution for K-40 and
TI1-208. The results from the subtraction of self-contamination shows potential for further analysis to be
performed to isolate and elucidate the contribution due to airborne Rn-222 progenies.

Keywords : Atmospheric Radon, Airborne Radiological Survey, Monte Carlo Simulations, EGS5
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Environmental assessment of water quality and trace elements
levels in Ningyo-toge closed uranium mine, Japan

Ibrahim MAAMOUN*!, TANAKA Kazuya!, YAMASAKI Shinya?

IAdvanced Science Research Center, Japan Atomic Energy Agency, Ibaraki 319-1195, Japan, *Center for Research
in Isotopes and Environmental Dynamics, University of Tsukuba, 1-1-1 Tennodai, Tsukuba, Ibaraki 305-8577,
Japan.

*Corresponding author : maamoun.ibrahim@jaea.go.jp

Ningyo-toge old uranium mine, located in Okayama Prefecture, was closed in 1982, and the site was
disclosed as high radiation area originated from the mining residues discarded after closing the mine.
High concentrations of uranium (*®U) and arsenic (As) are occasionally found in groundwater near the
site, which exceeds the regulatory limits set by Ningyo-toge Environmental Engineering Center. Hence,
the main aim of this research is to evaluate the current status of water quality and monitoring of trace
elements levels in Ningyo-toge former mining site. Water (from mill tailings pond and groundwater
wells), sediment, and plant samples were collected from the site. The geochemical measurements of
water samples depicted average DO/pH values of 5.07/6.92 and 5.26/6.43 for pond and groundwater
samples, respectively. Acid digestion of sediment samples from the pond bed yielded much higher U
and As loading on the solid samples than water samples, indicating the high retention of the target trace
elements in the pond bed. The presence of iron (Fe) and manganese (Mn), in varying proportions, on
the surface of plant parts was confirmed by energy dispersive X-ray spectrum (STEM-EDS). The root
part had the highest Fe-loading ratio, which was confirmed by the iron plague brownish color in the
originally collected root samples, that can be associated with the precipitation of iron oxide/hydroxide on
the root surface.

Keywords : uranium mining, arsenic, groundwater, sediment, plant, trace elements levels
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Development of Strategy on Near Surface Disposal of Radioactive
Waste

JIN Qianhao*!, TACHIKAWA Hirokazu!, IMOTO Takeshi

I'The University of Tokyo
*Corresponding author : 2839426570@edu.k.u-tokyo.ac.jp

In this study, the discussion on the development of the system of radiological protection concepts has
been provided focusing on the regulatory discussion on the suggestions and future discussion points for
the implementation of recommendations on the application to the disposal of radioactive waste, especially
near-surface disposal. Strategy discussions on suggestions have been made based on critical thinking
according to the investigation and analysis on current approaches of ICRP Publications and approaches
on radioactive waste disposal and the radiological protection concepts. The approaches focused are: 1)
the category of radioactive waste; 2) oversight phases and memory keep; 3) application of ethical values;
4) stakeholder involvement strategy; 5) release of disposal site; 6) dose constraint and 7) human
intrusion issue. Suggestions on potential improvement points and future discussion points concluded as
important approaches are: 1) discussions of clarifying the category of radioactive waste for disposal
options; 2) stakeholder category principles and involvement strategy of who should be considered as
mandatory involvement in decision-making phase; 3) discussion on clarifying the dose constraint for
public exposure in near-surface disposal.

Keywords : radiation protection, radioactive waste management, near-surface disposal, ICRP
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Study on the characteristics of various methods for measuring
radioactivity of naturally occurring radioactive materials

KOIKE Hiromi*!, IMOTO Takeshi'

'The University of Tokyo
*Corresponding author : 7712372897@edu.k.u-tokyo.ac.jp

Radiation protection issues related to the handling of naturally occurring radioactive materials (NORM)
have been summarized and appropriate methods for measuring and handling the data have been studied,
which contribute to probabilistic dose assessment. Combining the information obtained from the NORM
database"” and the case study of relatively high radioactivity detected in deposits in metal pipes, which
was defined as a typical case study of NORM in this study, the radiation protection issues related to
NORM were extracted. The results of this study are summarized below. Assuming various cases in
which NORM exists, several representative issues were extracted, especially regarding the measurement
of radioactivity, which required the development of systematic guidelines for each purpose of evaluation.
Detailed information on radioactivity and exposure doses is necessary when making decisions on
management and disposal strategies, and methodologies such as the national standard series of
radioactivity measurement? that pursue the accuracy of values are suitable. However, measurements in
industries that are not familiar with radiation, or where the measurer wants to know roughly those
values for initial policy making, do not require the aforementioned methods, and it would be good if the
digits of the values could be estimated. Therefore, it is necessary to develop practical and reasonable
valuation methods for each evaluation purpose. We are continuing to develop specific measurement
methods, using actual measurements of deposits in case studies and simulations.

Keywords : naturally occurring radioactive materials, radioactive measurement, radiation protection
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Feasibility study of analytical method of *Sr in seawater and land
water using barium silicate-based Sr adsorbent -comparison of
various measurement methods-

OGATA Yoshimune*!, KOJIMA Sadao!, ARINOBU Tetsuya!, MINOWA Haruka? KATO Yuka®

'Department of Chemistry, Aichi Medical University School of Medicine, *Radioisotope Research Facility, The
Jikei University School of Medicine, *Nippon RayTech Co., Ltd.
*Corresponding author : yoshimune.ogata@aichi-med-u.ac.jp

Strontium-90 is a pure f emitter, so that it should be chemically separated from other elements before
measurement. The chemical separation method is extremely complicated, uses a large amount of
deleterious substances, and requires skilled techniques and a lot of time. We are developing a method for
analyzing *Sr in seawater and land water using a strontium adsorbent of that main component is barium
silicate; Pureceram MAq® (Nippon Chemical Industrial Co., Ltd.). In this report, as rapid measurement
three methods were performed, such as, 1. Measurement using a gel suspension method in liquid
scintillation counting, 2. Directly measuring the adsorbent with a low background gas flow detector, 3.
Measurement the adsorbent in a plastic scintillation bottle with a low-background liquid scintillation
counter. It took less than five hours to prepare the measurement sample from seawater/land water. In
the case of 2 and 3, the volume of the sample should be up to 100 mL, but in the case of 1, it was possible
to apply to 1-L sample. In the 60-minutes measurement, the minimum detectable concentrations were 60
mBq L*, 80 mBq L%, and 500 mBq L for 1, 2, and 3, respectively. These values were less than 1/60 of the
%Sr effluent concentration limit; 30 Bq L. The methods do not use any deleterious substances. A rapid
and safe measurement method of *¥Sr in water was verified.

Keywords : Radiostrontium, Rapid measurement, Barium Silicate
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Preparation of Cs isotope standard solution with traceability to
national standard for precise determination of Cs-135 released to
the environment

ASAI Shiho*!, SATO Yasushi', FURUKAWA Rio', SAKAGUCHI Aya*

"National Metrology Institute of Japan (NMIJ), National Institute of Advanced Industrial Science and Technology
(AIST), ?Faculty of Pure and Applied Sciences, University of Tsukuba
*Corresponding author : asai.shiho@aist.go.jp

Measurements of Cs-135 have become more important as it is essential for the evaluation of long-term
radiation risks to the environment. In view of the absence of available calibration standards for the Cs-
135 measurements, a Cs isotope standard solution including Cs-133, Cs-135, and Cs-137 was developed
through the value assignment of Cs-135 in an existing Cs-137 radiation standard solution with a
traceability to a national calibration standard of Cs-137. In this study, the contents of all Cs isotopes and
Cs-135/Cs-133 ratio in the Cs-137 standard solution was determined by inductively coupled plasma mass
spectrometry (ICP-MS). Impurities were also measured by ICP-MS and the results showed that the
interferences originating from the impurities found in the Cs-137 standard solution on the measurements
of all Cs isotopes were negligible. In addition, the homogeneity and stability of the subdivided solutions
have been evaluating for supplying them as practical standard solutions.

Keywords : ICP-MS, Cs isotope, Cs-135, standard reference material, traceability
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Collection and measurement of atmospheric aerosols near uranium
mines in Kazakhstan and studies of biological effects of
radioactive microparticles
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“Faculty of Life and Environmental Sciences, University of Tsukuba, “Institute of Radiobiology and Radiation
Protection, Astana Medical University, "Regional Testing Engineering Laboratory Scientific Center of
Radioecological Research, Shakarim Semey State University, L. N. Gumilyov Eurasian National University, *A.
Tsyb Medical Radiological Research Center-Branch of the National Medical Research Radiological Center of the
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*Corresponding author : mhoshi@hiroshima-u.ac.jp

Kazakhstan has the former Soviet nuclear test site. The principal investigator has been continuously
conducting researches on radioactive contaminations, radiation dose, and effects on human health since
1994. On the other hand, there are many uranium mines in Kazakhstan, and we have been measuring
radioactivity and heavy metals in the region and investigating their effects on residents. Recently, in the
village of Aksu located near the city of Stepnogorsk in northern Kazakhstan, it was discovered that
radon concentrations were high and drastically exceeded regulatory limits. Radon monitoring system
(Radon Vision 7, SARAD GmbH) was used for the measurements. As the results, high average values of
3,000-4,000 Bqg/m® were observed in a building of an elementary school near the uranium mill reservoir,
while outside the building, the average value was about 30 Bg/m?® In Kazakhstan, it is stipulated that
levels should not exceed 200 Bq/m? and the TAEA, ICRP, and WHO recommended the level to be less
than 300 Bq/m® Therefore, we recommended ventilation, etc. In 2022, we made sure the level has been
decreased to normal by ventilation. Currently, the area of our study has been expanded to include
individual houses in the village of Aksu and the capital city of Astana, with measurements being taken at
a total of 100 locations. In addition, air samplers are being used to collect aerosols in the air to measure
radioactivity and other parameters. In addition, animal experiments are being conducted with
Nazarbayev University to study the effects of radioactive particles. Ultimately, we will study the
mechanism of their specific effects.

Keywords : radon, uranium mine, Kazakhstan, radiation effects, radioactive microparticles
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Microanalysis for U- and Th-chain contaminations in the crystal
materials for rare decay experiments

UMEHARA Saori*!, TAKAKU Yuichi?, FUSHIMI Ken-ichi*, KUROSAWA Shunsuke*

!0saka University, University of Tsukuba, *Tokushima University, *Tohoku University
*Corresponding author : umehara@rcnp.osaka-u.ac.jp

A key to solve the mystery of the matter-dominated universe is the possibility of particle-antiparticle
conversion (Majorana nature). Almost the only experimental test is the measurement of “neutrino-less
double beta (Ovpp) decay”, which does not emit neutrinos. The half-life of the Ovpp decay is longer than 10%
years, and these measurements will require very low background conditions. The low-background
conditions are achieved by constructing detectors with low-radioactive materials.
Now we have studied the OvpB decay by using calcium fluoride crystals. Background sources for the
measurement are the thorium- and uranium-series within the detectors. The amount of these radioactive
impurities is generally required to be less than 10 uBq/kg, which is corresponding to several ppt. Then we
aim to develop high-purity calcium fluoride crystals. The purification process includes the following steps;
1. High purification by segregation during crystallization
2. High purification by high purity raw materials for calcium fluoride
In study 1, we investigated the positional distribution of the amount of uranium and thorium impurities
in the calcium fluoride crystals using the ICP-MS system. As study 2, we also analyzed the impurity of
calcium chloride, which is a compound of calcium ingredient. And we also analyzed the impurity after
purification of calcium chloride, which was performed by using adsorption resin for uranium and thorium.
In this paper, we will report on the results of these microanalysis.

Keywords : microanalysis, radioactive isotopes, ultra rare decay event
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Development a method to measure radioactivity in organic
materials at the trace level for the next generation experiment

ICHIMURA Koichi*!, KISHIMOTO Yasuhiro', KURASAWA Maho? SAKAGUCHI Aya®,
TAKAKU Yuichi®

'Research Center for Neutrino Science, Tohoku University, 2Graduate School of Science and Faculty of Science,
Tohoku University, *Center for Research in Isotopes and Environmental Dynamics, University of Tsukuba
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The KamLAND-Zen experiment, which aims to search for neutrino-less double beta decay with the
world’s highest sensitivity, plans to further improve the sensitivity by reducing the radioactivity of its
detector to extremely low level.

In this study, we aim to establish a method to measure trace-level radioactive elements at the 1 ppt level
in organic material such as polyethylene naphthalate scintillation film and wavelength-shifter agent (Bis-
MSB), which are candidates of detector materials in the next-generation experiment, KamLAND2-Zen.
To reduce sample contamination from the environment, which affects the target sensitivity, the clean
room at Tohoku Univ, and the laboratory at the University of Tsukuba were maintained. Organic
samples prepared at Tohoku University were ashed by a microwave ashing system in the University of
Tsukuba to remove organic component. The radioactivity in residue were measured by ICP-MS at the
University of Tsukuba. By establishing this process, we can measure the radioactivity in scintillation film
and wavelength shifter agent at the level of 1ppt. We have also studied the change in the amount of
residual trace in scintillation films depending on the cleaning method and the purification method of
wavelength shifters using the water-extraction method. In this presentation, these results and the status
will be reported.

Keywords : KamLAND-Zen experiment, trace-level radioactivity, ICP-MS
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Development of low background liquid scintillator neutron
detector for underground astroparticle physics
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Environmental neutrons are an important background for dark matter direct-detection experiments and
neutrinoless double beta decay exploration experiments, which are being conducted in underground
laboratories. However, the neutron signals are masked by the alpha-ray background from the radioactive
impurities in the liquid scintillator neutron detector, and direct observation of environmental neutrons in
underground laboratories has not yet been successful. In this research, under the guidance of Professor
Avya Sakaguchi, we will identify the background sources from the component parts of the liquid
scintillator neutron detector by measurements using the ICP-MS owned by the center for research in
isotopes and environmental dynamics, University of Tsukuba. We would like to reduce the alpha ray
background rate by about an order of magnitude to 0.1 mBq by replacing the parts with those containing
less radioactive impurities. In FY2022, we constructed a setup at Waseda University to reduce radioactive
impurities contained in liquid scintillators by liquid-liquid extraction and purified the liquid scintillator. At
present, the purified liquid scintillator is introduced into the detector, and we are investigating the alpha-
ray background rate.

Keywords : neutron, underground laboratory, radioactive impurities, ICP-MS

W RN TSR EBRDO 7DDy 7 759 ¥ N v F
V—%7 —EfEiih s O B3

IR R RIS HREL?, A@a ke, HHEA!

U S, RS AT ZERE, SRR E RSP T2, P RAR RSP T2 BE. KBRS K P B =R 7
*HT-3¥%  minamino-akihiro-nx@ynu.ac.jp

WTEBRETED LN TV S FEHBEEWHOBERRERR =2 — M) J 2Eb R wIER— ¥ flERERE
BlzBw, BEPYTREELRNy 275 FThb, LML, kY v FL—% —hlETHth ol
WA S DTN T 78Ny 72 75 2 RIZHETOREPRENTL T, R TEREORE P
T OEZBINIEI L T v, RIFE T, WOBEAEDOIRED D LHERFET vV b— TERE#EL ~
7 — A OICP-MSEEIC X 2 METHAY v F L —7 = TRIBZROHER = 5Ny 7 75~ Fil
EBoTVAbDEHVIIT, 2082 % X ) BUHEAMD EA ROV LV OICEEZRZ 52 ET, T
W7 7Ny 775 v FEEZ01mBqE TR L7z ve 20224F 1k, AT Y FL—F—IZ&HFh
B ST EA R 2 WO IC X o> TIRIR T 27200ty b7 v 72 BREHRZICHESE L, kY v 71—
¥ — ML EIT o720 BAE. COMALZ T 72K Y v F L —F — B RIBERICEAL, TVT7 78Ny 72 7
7Y FPREOHRHELZED TV 5,

F—U—F P M FERE, BEHMEAMY. ICP-MS

81



The 9th Annual Symposium of the IER, Fukushima University / ## & K =B8RBS RERFZERT 45 9 WIS RHE &

P-53 | ERANRIRGE F-22-21

Incorporation of Ra into polymorphs of calcium carbonate
TANAKA Kazuya*!, YAMASAKI Shinya®

'Advanced Science Research Center, Japan Atomic Energy Agency, 2CRiED, University of Tsukuba
*Corresponding author : tanaka.kazuya@jaea.go.jp

Various trace elements and radionuclides can be incorporated into Ca carbonates in the environment.
The two polymorphs of Ca carbonate, calcite and aragonite, have 6-coordination and 9-coordination Ca*"
sites, respectively, where positively charged trace elements and radionuclides can be substituted. Ra*
ion, which is fairly large, would be more suitable for 9-coordination Ca?" site of aragonite than
6-coordination one of calcite. However, incorporation of Ra into Ca carbonates has not been well
understood. The aim of this study was to clarify the relationship of local coordination structure and
distribution coefficient in incorporation of Ra into Ca carbonate. We synthesized calcite and aragonite in
Ba-containing solution to determine distribution coefficients of Ba, a homologous element of Ra.
Mineralogy of the synthesized Ca carbonates was identified by XRD analysis. Local coordination
structures of Ba in calcite and aragonite were analyzed using X-ray absorption fine structure (XAFS)
spectroscopy. Analytical results of XAFS spectra suggested that Ba?" ions were incorporated into Ca*"
sites of Ca carbonate.

Keywords : Ca carbonate, radium, polymorphs
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Fundamental study for the development of chemical form
detection method of airborne elements by WDS-PIXE

HAGURA Naoto™!, MATSUI Takaaki?, HATANO Yuko®

"Nuclear Safety Engineering, Science and Engineering, Tokyo City University, 2Cooperative Major in Nuclear
Energy, Integrative Science and Engineering, Tokyo City University, Engineering Mechanics & Energy, Faculty
of Engineering Information and Systems, University of Tsukuba

*Corresponding author : nhagura@tcu.ac.jp

It is significant to continuously acquire data on the distribution of elements in airborne particulate matter
over a long period of time. A more meaningful database can be constructed if not only the abundance of
elements but also their chemical forms can be determined. However, understanding the chemical form
requires operations involving complex chemical processing, which is difficult for analysis of many
samples. Therefore, we could use ion beam technology to reveal chemical bonding states in a simple way.
In this study, we employ Particle Induced X-ray Emission spectroscopy (PIXE). We decided to use
wavelength dispersive spectroscopy PIXE (WDS-PIXE) analysis, which is known to achieve an energy
resolution of less than 1 eV by wavelength discrimination of X-rays generated by using a spectroscopic
crystal. In previous studies, the spatial resolution, ie. energy resolution, of the acquired bright spots is
improved by increasing the distance between the X-ray source and the detector in the WDS-PIXE
system. In the present study, the distance is kept as short as possible, and image processing techniques
are applied to achieve high energy resolution. As a basic study, we examined the energy range of the
elements to be analyzed when analyzing airborne dust samples using this system.

Keywords : tandem accelerator, ion beam, PIXE, WDS-PIXE
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Development of Simple Survey-Meter and Its Calibration for
Radiation Education

IIMOTO Takeshi*!, KOIKE Hiromi', JIN Qianhao!, HASHIMA Shun!, WANG Xueqing"

'The University of Tokyo
*Corresponding author : iimototakeshi@g.ecc.u-tokyo.ac.jp

In this study, we have focused on simple radiation survey-meters developed for use in schools for
radiation education, and investigated and organized the various characteristics required for them. In
particular, with regard to the performance of dose-meters and radiation counters for the purpose of
recognizing environmental radiation, JIS Z 4333:2014 “Dose equivalent (rate) survey meters for X-rays,
y -rays and f-rays” has been referred, focusing on their “temperature”, “direction”, and “energy”
responses, for example, and have obtained certain results. These survey-meters are usually based on
inexpensive and simple internal designs, but in this background, we continue to devise ways to further
improve the energy response of them. We classified the y -energy spectrum of various environments into
two systems (i) (ii) and four types (1)-(4) in advance, and fixed the energy classification for the region
of interest for integrating the radiation counts. Specifically, (i) used in domestic outdoor environments
((1) focusing on K-40 and Cs-137, (2) focusing on Ra-226 and uranium series), and (ii) used in
environments related to nuclear accidents ((3) focusing on Xe-133, and (4) focusing on radioactive
cesium and radioactive iodine). For example, a model calculation by PHITS targeting KIND-Pro (CsI
(T1) scintillation type survey-meter) developed by the Japan Science Foundation shows that the energy
response characteristics are improved by about 20~30% as the above countermeasure effect.

Keywords : radiation education, simple survey-meter, ambient dose, energy response
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The advancement of Sr-90 analysis method using ICP-MS/MS

YANG Guosheng*!, KIM Eunjoo!, TAZOE Hirofumi? ZHENG Jian!, KOWATARI Munehiko',
KURIHARA Osamu'

"National Institutes for Quantum Science and Technology, Japan, *Institute of Radiation and Emergency Medicine,
Hirosaki University, Japan
*Corresponding author : yang.guosheng@qst.go.jp

In present study, we developed a simple and rapid method for urinary bioassay to determine ultra-trace
9Sr using ICP-MS/MS, in order to provide timely information for prompt decision-making in radiation
emergency therapy. After only organic matter decomposition of 10-mL urine by HNO3 without other
chemical separation, stacked DGA and Sr resin cartridges were used directly for chromatographic
separation and purification of Sr from the urine matrix and other interfering elements. During
chromatographic purification and the whole procedure, Sr yields were measured as 94.0+54 % (n=3)
and 884+78 % (n=3), respectively, using stable ¥Sr originally in the urine sample as a yield tracer. To
overcome isobaric/polyatomic interferences further and peak tailing effect from stable 3¥Sr with high
concentration in urine, different collision/reaction gases (COz2, Oz, N20, NH3, He, and H2) were introduced
into the gas cell of the triple-quadrupole inductively coupled plasma—mass spectrometry (ICP-MS/MS)
for optimizing measurement conditions. Using COz2 as the optimal collision/reaction gas, the low method
detection limit of 9.78 x 10* pg/mL was obtained. Finally, for method validation, the standard reference
materials provided by PROCORAD (Association for the PROmotion of Quality COntrol in
RADiotoxicological Analysis), France, were analyzed and compared with other international laboratories.

Keywords : Sr-90, ICP-MS/MS, COz2, DGA , Sr resin
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Development of electrochemical method for selective recovery of
I' in environmental water

YAMASAKI Shinya™!, NAKAMURA Tsukasa!, HIRAO Shigekazu?

ICRIiED, University of Tsukuba, “Institute of Environmental Radioactivity, Fukushima University
*Corresponding author : s-yamasaki@ied.tsukuba.ac.jp

Iodine in environmental water exists in various chemical forms, such as I, I0* and organic substance-
bound iodine. It is important to know the amount present in each chemical form because the transfer and
behavior of iodine in the environment. In this study, a selective separation method using electrochemical
techniques was established for iodide ions in environmental water.

The electrochemical behavior of I was investigated using a silver electrode. The solution was prepared
to a final concentration of 0.01-100 uM of KI. In addition, IO3 was added to examine the selectivity of I
and the recovery behavior. In addition, 3 kBq of '*I was added to the solution because the current
associated with the reaction could not be detected at low '¥I concentrations (<1 uM). Stripping
voltammetry was performed to correct I as Agl. The I recovery behavior was evaluated using artificial
seawater, assuming seawater with high levels of interfering ions.

Experimental results showed that I could be selectively recovered. After optimizing measurement
conditions, a steady state was reached in about 10 minutes. The recovery rate varied depending on the
total concentration of I. Since the results showed that I could be recovered even under artificial seawater
conditions, it was concluded that this method is applicable to actual environmental water.

Keywords : Speciation, Silver electrode, Iodine-125
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Activity concentration of "’Cs in self-consumed crops collected
from Namie, Fukushima with associated internal radiation doses
to human

TSUKADA Hirofumi*!, KIKUCHI Mihoko? NISHI Kouichi®, TAKAMURA Noboru*

nstitute of Environmental Radioactivity, Fukushima University, ?Graduate School of Symbiotic Science and
Technology, Fukushima University (Present: Kankyo Bunseki Kenkyusho), *Community Future Design Center,
Fukushima University, *Atomic Bomb Disease Institute, Nagasaki University

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

In Namie Town, Fukushima Prefecture, decontamination was carried out after the Fukushima Daiichi
Nuclear Power Station accident. With cooperation of returnees in Namie, 181 self-consumed crops,
including homegrown agricultural crops and edible wild plants, were collected from the decontaminated
fields and surrounding areas in 2019 and 2020. Activity concentrations of *Cs in the homegrown
agricultural crops ranged from 0.18 to 46 Bq kg* fresh weight, which were all below the standard limit of
100 Bq kg, while activity concentration of *’Cs in the wild plants ranged from 3.2 to 175 Bq kg fresh
weight. The activity concentration of ®*"Cs in the homegrown leafy vegetables was higher than those in
marketed vegetables, which may be due to inadequate soil management, such as insufficient application
of potassium. Additional internal radiation dose for adult males in 2020 from ingestion of the various self-
consumed crops was 0.032 mSv, accounting for approximately 5% of the total additional internal and
external radiation dose of 0.64 mSv due to the accident. The internal radiation dose from the intake of the
homegrown agricultural crops, excluding wild plants, was 0.012 mSv, which was about 1/3 of that from
the intake of both self-consumed crops and wild plants, and well below 1 mSv.

Keywords : Decontaminated agricultural field, homegrown agricultural crops, edible wild plants,
radiocaesium, additional radiation exposure
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Dynamics of radiocesium and other metals associated with soil
organic carbon in the Fukushima-derived soil

Ismail M. M. RAHMAN*!, Zinnat Ara BEGUM", M. Ferdous ALAM? HASEGAWA Hiroshi*

'Fukushima University, Japan, 2Southern University Bangladesh, *Atomic Energy Commission Bangladesh,
*Kanazawa University, Japan
*Corresponding author : immrahman@ipc.fukushima-u.ac.jp

Uncharacteristic environmental release of anthropogenic radionuclides, including radiocesium (r-Cs: *'Cs
and ¥Cs), occurred during the Fukushima Daichi Nuclear power plant (FDNPP) accidents in March
2011. After FDNPP release, agriculture is significantly impacted due to the soil-to-plant transfer
conjecture of deposited r-Cs in soils. The conventional decontamination approach for r-Cs containing soil
is unsuitable since r-Cs are strongly adsorbed on the clay mineral layer in the soil. The current study
aims to understand the attachment of *’Cs, organic carbon, and other elements in different size fractions
of the soil and use the knowledge to reduce the total waste volume using dispersing agents. Soil samples
representing forest and grassland soil types were collected (Soil depth 0-10 cm, particle size <2 mm)
from Tomioka and Minamitsushima, Namie machi of Fukushima prefecture. The soils were treated with the
dispersing agent sodium hexametaphosphate (SHMP), and the adhesion behavior of r-Cs, organic carbon,
and other elements in different soil size fractions was determined. SHMP concentrated *’Cs in finer soil
fractions. SHMP induced the release of *’Cs, organic carbon, and other elements from the soil, and a
positive correlation was observed within dispersed organic carbon, iron, aluminum, calcium, and
magnesium contents.

Keywords : radiocesium, Fukushima, soil, organic carbon

88



The 9th Annual Symposium of the IER, Fukushima University / & & K2~ BREEMETRERFZERT 45 O WIS R &

P-60

Temporal variation in the radiocesium in current-year roots of
Japanese cedar in Fukushima Prefecture

TAKAHASHI Junko*!, SASAKI Takuya!, IGUCHI Satoshi', ONDA Yuichi

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

Deposited radiocesium in forests is transferred from the canopy to the forest floor, and then from the
litter layer to the mineral soil. Although it has been shown that part of the radiocesium is absorbed by
trees and circulates in the forest ecosystem for a long time, studies on radiocesium dynamics in tree roots
are very limited. Therefore, the objectives of the present study was to investigate temporal changes in
radiocesium in current-year fine roots (<05 mm) of cedar trees at different depths in 2013, 2015, 2017,
and 2020. The study site was a young cedar forest (initial deposition density: 440 kBq m?) in the
Yamakiya district, Kawamata Town, located in the former planned evacuation zone. Tree roots were
visually picked up by hand from samples collected for the vertical distribution monitoring of radiocesium
in soil, which has been ongoing since 2011. After picking up, the soil particles on the root surface were
cleaned by ultrasonic washing and then the roots were ground. The Cs-137 concentration was measured
with a germanium semiconductor detector.

The Cs-137 concentration in fine roots exponentially decreased with depth. The weighted average Cs-137
concentration from 0 to 20 cm was 1.3 = 0.2 Bq g, showing no clear temporal variation. On the other
hand, the Cs-137 concentration in soils significantly increased with time, resulting in that a decrease trend
was found in the fine root/soil concentration ratio with time.

Keywords : tree root, forest soil, Cs-137
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Analysis of Suspended Radioactive Particles Affecting Crop
Cultivation

TATSUNO Takahiro*!, NIHEI Naoto? Kazuya Yoshimura®

nstitute of Environment Radioactivity, Fukushima University, ?Faculty of Food and Agricultural Science,
Fukushima University, *Sector of Fukushima Research and Development, Japan Atomic Energy Agency
*Corresponding author : t.tatsuno@ier.fukushima-u.ac.jp

Farmland was contaminated with radioactive cesium (Cs) scattered by the TEPCO Fukushima Daiichi
Nuclear Power Plant accident. Transfer of Cs from farmland soil to crops was greatly reduced by
decontamination activities and potassium fertilization. However, even now, Cs is detected in airborne
particles, and there is great concern about how much they will affect crops for the resumption of
agriculture. Previous studies have shown that Cs in the airborne particles deposited in the soil are
adsorbed by crops through roots. Furthermore, Cs newly deposited in soil is more easily absorbed than
that deposited immediately after the nuclear accident. In this study, we conducted sampling of airborne
particles at the difficult-to-return zone in Okuma Town, Fukushima Prefecture. In addition, we
investigated what forms of airborne radioactive particles were absorbed to crops by conducting a crop
cultivation test using soil samples placed at the same study field.

Keywords : radioactive cesium, radioactive cesium-rich microparticles, transfer factor
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Influence of different soil dressing on radiocaesium uptake by
Crops

SUZUKI Masataka™®!, AZUMA Kazuki?Z, NAKAO Atsushi?, MANPUKU Yuzo®’, MARUYAMA Hayato!,
WATANABE Toshihiro!, SHINANO Takuro!

IGraduate School of Agriculture, Hokkaido University, *Faculty of Life and Environmental Sciences, Kyoto
Prefectural University, *National Agriculture and Food Research Organization
*Corresponding author : masat9411@eis.hokudai.ac.jp

In decontaminated areas, after topsoil removal, soil dressing is applied. It has been shown that the soil
chemical properties with soil dressing are altered. In this study, the effect of the applied soil dressing on
the transfer of radiocaesium (**Cs) from the soil to the crop was investigated by pot cultivation of
komatsuna (Brassica rapa L. var. perviridis). Three levels of K treatment were and five soil dressing
treatment (no soil dressing, soil dressing A, B, C, and D) were set. The soil of the cultivation was a 2:1
mixture of *"Cs-contaminated soil and the soil dressing. The relationship between the exchangeable K
content and the transfer factor of *’Cs was evaluated. At the same exchangeable K content, the transfer
factor for soil dressing A, B, and C treatment were almost identical to those of the no soil dressing
treatment. However, the transfer factor for soil dressing D treatment was lower than that of the no soil
dressing treatment. The nonexchangeable K content (hot nitric acid method) in soil dressing D was high,
and this expected soil dressing D had a high content of mica minerals. Because mica mineral has high
K-supplying capacity and high Cs-fixing capacity, it suggested that they may be able to suppress *Cs
transfer from soil to crops depending on soil properties such as mineral composition of the soil dressing
used.

Keywords : radiocaesium, soil dressing, exchangeable potassium, nonexchangeable potassium, mica mineral
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Studies on *’Cs fractions in archived soil sample collected from
Fukushima Prefecture in 2011

YANAGIGAWA Kento!, TATSUNO Takahiro?, TSUKADA Hirofumi*?

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

Huge amount of radionuclides were released by the Fukushima Daiichi Nuclear Power station (FDNPS)
accident and deposited onto the surrounding the station and the northwest direction from FDNPS.
Ceasium-137 is a relatively long half-life and remains in the soil for a long time. The fractions of *Cs in
soil is known to change with ageing. In this study, 21 archived soil samples (1,082-195,640 Bq kg-1 DW)
collected from June-July 2011 from within 10 km of the FDNPS were subjected to fractionation of **’Cs in
soil by sequential extraction method and measured. Percentage distributions of exchangeable, organic-
bound and strongly-bound fractions of *Cs were 14.9, 11.8 and 73.3 %, respectively. The ratio of *Cs in
the exchangeable and organic-bound fractions were higher than those in the previously reported values
derived from the nuclear weapons tests (Tsukada et al, 2008). The *"Cs derived from the weapons tests
have been deposited in soil for 40 years, and the differences may have resulted the accelerated
immobilisation of *’Cs and soil properties. In the future, the samples will be repeatedly wet dry processes
to investigate the changes in the fractions of *Cs and the factors that contribute to the changes. The
study utilised the archived soil sample and archived soil database system provided by the Nuclear
Regulation Authority and managed by the Institute for Environmental Radioactivity, Fukushima
University.

Keywords : archived soil sample, sequential extraction, exchangeable fraction, organic-bound fraction,
strongly-bound fraction
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Driver forces identification and severity assessment of wildfire in
the radioactive residual area

Jun HU*'2 KOTSUKI Shunji!, IGARASHI Yasunori®

ICenter for Environmental Remote Sensing, Chiba University
“National Institutes for Quantum Science and Technology
SInstitute of Environmental Radioactivity, Fukushima University
*Corresponding author : hujun@qst.go.jp

Abstract: Large-scale wildfires in Chornobyl Exclusion Zone (CEZ) in 2015 and 2020 led to the release of
great numbers of radionuclides, which poses a direct and broad impact on environmental and human
exposure. Over recent years, the changes in the frequency and extent of wildfires in CEZ are likely the
result of ongoing changes in the area’s wildfire regime influenced by the regional variations in climate.
Long- and short-term weather trends are the main factors in determining fire characteristics and
severities. The Sentinel-2 satellite images are used in this study to calculate vegetation indices with
monthly data smoothing to identify the evident signal for severity and compare fire severity with
observations. The NDVI and SWIR are evaluated to be the most suitable indices for developing the
algorithm for fire severity assessment in the CEZ. Then the spatial driver forces are identified to assess
the cause and impact of wildfire events in 2020.

Keywords : Chornobyl Exclusion Zone, wildfire, fire severity
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Evaluation of the effect of plant phosphorus deficiency response
mechanisms on the transferability of radiocaesium from soil to
plants.

HANASHIRO Kiyotoshi*!, UNNO Yusuke?, WASAKI Jun'

!Graduate School of Biomedical and Health Sciences, Hiroshima university, “Institute for Environmental Sciences
*Corresponding author : d202744@hiroshima-u.ac.jp

The legume crop white lupin has a higher transfer factor of radiocesium from soil to plant shoot than
soybean. In addition, when deficient in nutrients such as phosphorus, white lupin forms clustered roots
(CR), a dense tertiary root system, and actively absorbs nutrients such as phosphorus from the
rhizosphere soil. Based on the hypothesis that CR formation contributes to the high radiocesium
transferability exhibited by white lupin, we are investigating the rhizosphere soil of CR from the
viewpoint of radiocesium transferability. In this study, we attempted to apply “C and PETIS (Positron
Emitting Tracer Imaging System) to identify rhizosphere soil regions where white lupin actively works
to absorb nutrients. By using 'C and PETIS, we observed a rapid translocation of 'C assimilated in the
aboveground region to the belowground region and high ''C secretory activity into the rhizosphere soil
in the region of CR formation in response to phosphorus deficiency. Transcriptome comparisons between
CRs with high !'C secretory activity and normal roots (NRs) with low 'C secretory activity revealed
changes in gene expression, including ALMT (malate transporter) and MATE (citrate transporter), as
well as gene expression changes not reported by existing root-wide comparative methods. We also
observed changes in genes that had not been reported by existing analysis methods that compared whole
roots. Of the group of ALMT genes possessed by white lupin, the expression levels of 5 genes were
increased by more than 2-fold and 2 genes were decreased by more than 2-fold. The expression levels of
12 of the MATE genes in lupin were increased by more than 2-fold and decreased by more than 2-fold in
5 genes. When focusing on the enzymes and transporters of organic acid synthesis, the expression
variation of genes associated with citric acid was greater than that of malic acid, suggesting that MATE
is responsible for the transport of hydrocarbon compounds during phosphorus deficiency.

Keywords : PETIS (Positron Emitting Tracer Imaging System), low phosphorus response in plants,
radiocesium transfer to plants and organic acid secretion, comprehensive genetic analysis
(transcriptome)

HIPIO Y o RIS T3 & I~ DRI & 2B FHRC
Bl 5 R i

AEWRF R ™ ALY, Al

Ui BREFER A AR Rt 2BREER BT 7E A
*TEEE - d202744@hiroshima-u.acjp

SRARMEW T uNF = 3T A XL LT, R v A0 TIED SR AN OBITRESEH W &
BHONT WD, YUNFL—Y Vi3 VEDKREVPRZTHLE T TAY—MR(CR) &) ZRMRPEHEL
7oA L, BETE2S ) Y EOREEZRBICHINT 5 & VW)t zHo, FcxannFr—v
VIR EWIEHE Y ABATHEICCROTERIH G- L TW5E L WIHIRFEO T, Bkt > v 281D
BEPSCRIEBEZHAL TWb, AR TIEI O NF IV — ¥ V2SR 2 WIS 5 720 R % 207 ¢
W 5 R PE HIEE A R E T A 72, NCE PETIS (Positron Emitting Tracer Imaging System) @38 )] % 3.
720 VY RZHEOYONF V=Y LT, "CEPETISZMEHTA 2 & ¢, # F#ECTRAL S 721ChsH
RPCH T IANEGE T S BR R, CRIEKEIBIC B W THRE TIEAOE WICHIEES BN S iz EwiC
SWTEESBIZE SN -CREVCHMIEESE VW ) —< VIRINR) D NS v A2 ) T h—2 %235 &,
ALMT (V) ¥ IHE#i%R) . MATE(Z = ¥ Bk AR) &0 72 8IE T ORI L TEY., 72, HElkT
W L2 O FECIRIME SN T id o BETOLE bR I N, Y unNF v —¥ roiEo
ALMTEEZFHON, S5HEOFEBES2MHU LML, 222 5 LA LTz, YanNfFir—E s
PHEOMATE#E = FHON, 120B R 2/ EBEIML. 522 /FU BB L Twiz, FHEREBOS
BRI A ARICIER 2B, U Y IR L) 7 VRICHE T 2 BT ORBEH I KE WO, MATE
M) YR ZIRERAUKRFLE W Ok 23 5 2 & AR S 7z,

¥ —17— F : PETIS(Positron Emitting Tracer Imaging System). fE# DK VIn&., HP~OHEHE &
T LAOBAT L GRRIEW. MRER TR (N Y A7) T h—24)

94



The 9th Annual Symposium of the IER, Fukushima University / & & K2~ BREEMETRERFZERT 45 O WIS R &

P-66 | ERANRIRGEE F-22-11

Regulation mechanism of Cs* absorption and transport in rice
plants by Na*.

KANNO Satomi**¢ FUJIMURA Shigeto? LI Cheny®, TAKAHASHI Junko®!, SHINANO Takuro?®,
LEONHARDT Nathalie®, FURUKAWA Jun*3*

nstitute for Advanced Research, Nagoya University, *Tohoku Agricultural Research Center, NARO, Japan, Life
and Environmental Sciences, University of Tsukuba, “‘Center for Research in Isotopes and Environmental
Dynamics, University of Tsukuba, Research Faculty of Agriculture, Hokkaido University, SCEA, France
*Corresponding author : kanno.satomi@iar.nagoya-u.ac.jp, junfurukawa7411@gmail.com

Elucidation of the mechanisms of cesium uptake and transport in plants is of crucial importance for
cultivation management. Rice OsHKT2;1 has been reported co-transport potassium and sodium under low
potassium conditions, but in field tests, cesium uptake is increased in rice plants lacking the OsHKT2;1
gene. This suggests that the OsHKTZ2;1 gene does not contribute directly to cesium transport, but
indirectly. To understand the detailed mechanism of cesium absorption, we performed experiments using
Na-22, K-43, and Cs-137 in a hydroponic system simulating ion concentrations in a field aqueous solution,
suggesting that sodium regulates cesium absorption under low potassium conditions. Next, RNAseq
analysis was performed under sodium conditions with different cesium absorption to determine the
transporter genes that contribute to cesium absorption. Comparison between wild-type and OsHKT2;1
under different Cs uptake conditions showed that the expression levels of two genes reported to act as
sodium transporters were altered in roots under conditions of increased Cs uptake.

Keywords : Na*, K* Transporter, Rice, RNAseq
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Distribution of cesium-rich microparticles in contaminated forest
soil in Futaba District, Fukushima Prefecture
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IGraduate School of Informatics, Kyoto University, 2Graduate School of Science and Engineering, Chiba University,
Institute of Environment Radioactivity, Fukushima University, ‘Faculty of Food and Agricultural Science,
Fukushima University

*Corresponding author : wakihiromichi54s@st.kyoto-u.ac.jp

Large amounts of radionuclides were released due to the Fukushima Daiichi Nuclear Power Plant
accident in 2011 and deposited into the terrestrial area. Even now, more than ten years after the accident,
radioactive cesium (RCs) is gradually migrating from forests upstream to living areas downstream. In
the soil and river water, particulate RCs was detected, such as mineral soil particles absorbed RCs and
glassy radioactive cesium-rich microparticles (CsMPs). Because CsMPs have extremely high radioactivity
per unit mass, there are concerns about human health risks through local internal exposure and
increasing RCs concentration in river water. In this study, we focused on the distribution of RCs in soils
at a small catchment in the headwaters of a river. To grasp the runoff of RCs and CsMPs downstream,
their distribution in the soil (topographical effects and vertical distribution in soil) was investigated on a
forested slope upstream of a river.

Keywords : radioactive cesium, radioactive cesium-rich microparticles, small catchment, soil
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Synthesis and application of a new supramolecule-based conjugate
material for the separation of radionuclides from aqueous matrices
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Bangladesh
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Developing materials for the selective separation of radionuclides from aqueous matrices has received
increasing attention since Chornobyl and Fukushima disasters. Herein, we share preliminary information
about synthesizing a new macrocyclic crown ether immobilized onto inorganic mesoporous silica. The
conjugate adsorbent material can be an effective option for the selective separation of *’Cs and *Sr from
aqueous waste matrices.

Keywords : selective separation, radionuclides, crown ether, conjugate adsorbent
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