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FOREWORD

You may have heard the piping of humans, yet you have not heard the piping of earth.
You may have heard the piping of earth, yet you have not heard the piping of heaven.
— Zhuangzi, “On the Equality of Things”

Thank you very much for joining us today for the 12th IER Annual Symposium, “Fukushima
Voices: 15 Years of Nature and Humanity.”

At the IER, we have continuously conducted studies to understand the post-accident natural
environment, including the behavior of radiocesium released and deposited into the environment
following the nuclear power plant accident. we have regarded our investigations of radiocesium
concentrations in the environment, plants and animals—including food products—and future
projections as a central mission of this field to support decision making regarding risk and safety.
At the same time, we have come to recognize that even levels of radioactivity so low that they fall
outside the scope of safety assessments can, through precise observation, yield valuable insights
into how the nature is organized by knowing material transport associated with water movement
and biological activity. Because radioactive substances can be detected even in extremely small
quantities, tracing the movement of accident-derived radiocesium enables us to visualize material
circulation within natural systems.

These phenomena related to environmental radioactivity and biological effects may be understood
as something like echoes from nature—made perceptible as a consequence of the nuclear accident.
According to Chinese character dictionaries, lai (#%) originally refers to a woodwind instrument
and, by extension, to the piping or sound produced as wind passes through openings. In Zhuangzi,
chi-lai (the “piping of earth”) is described as the resonance produced when wind flows through
natural forms such as hollows and cavities.

Research at IER, through the radioactive substances deposited by the accident, seeks to grasp not
only environmental risks but also the workings of nature itself. In this sense, it may be described as an
endeavor to listen attentively to the sound of nature—the piping of earth. In this metaphor, radioactive
substances may be likened to the wind. Yet wind need not be limited to accident-derived radioactivity
alone; rather, it may be understood as encompassing all the resonances emitted from nature’s inherent
mechanisms as they are altered in some way—resonances that, if personified, could be called a “voice.”
Although human history is extremely short in the context of Earth’s history and the history of life,
the impacts of human activity have come to impact the entire planet, giving rise to the concept of
the Anthropocene. This implies that changes are occurring in the mechanisms that generate
nature’s resonances. In 2025, for example, there were a series of incidents across Japan involving
bears that caused human casualties. This, too, is one of the phenomena that confronts us with the
question of what has changed within the workings of nature.

In fiscal year 2025, Fukushima University established an International Research Laboratory (IRL),
“MITATE Lab. Post Fukushima Studies,” in collaboration with the French National Centre for
Scientific Research (CNRS) and the French Alternative Energies and Atomic Energy Commission
(CEA). This IRL is the 13th in Japan, and Fukushima University is the fifth host institution,
following Tohoku University, the University of Tsukuba, the University of Tokyo, and OIST. At
MITATE Lab., researchers of diverse nationalities, primarily from Japan and France, come
together to explore—through interdisciplinary research—the consequences of the disaster and
their complexity from the perspectives of both humans and the environment.

Here, I would like to turn our attention to the notion of “humans,” which is presented alongside the
environment as part of MITATE Lab. mission. Fukushima University has also continuously
addressed the impacts that nuclear accident countermeasures—such as prolonged evacuation,
decontamination, and demolition—have had on individuals and society. There were people who lost
their history, families, and communities, and were forced to make extremely difficult decisions. For
fifteen years, many people living in Fukushima, or connected to Fukushima in some way, have
raised their voices—or expressed responses that could not be put into words. These experiences,
reflections, and even silences may be understood as resonances that emanate from the human
side—jin-lai, the “piping of humans.” Sciences that focus on humans and society are likewise
indispensable endeavors for carrying the lessons of disaster forward into the future.

Meanwhile, as responses and adaptations to climate change are increasingly demanded, the
international situation is also undergoing major transformations. The consequences of human
activity, as reflected in the idea of the Anthropocene, may be seen as unintended effects arising
from our own intentions. Faced with projections of what lies ahead, what, then, should we do ?
Borrowing the words of Zhuangzi, we have listened to the piping of humans, and we have listened
to the piping of earth. But what about the piping of heaven ?

Researchers, too, stand in a position, in which they listen attentively to voices and resonances, and
mediate them broadly to society and to future generations. Today’s presentations represent the
outcomes of listening to different kinds of lai. We hope that you spend this day listening closely to
the “voices” and “resonances” that rise from Fukushima.

NANBA Kenji

Director, Institute of Environmental Radioactivity, Fukushima University
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S-01

Issues in reconstruction policy following the Fukushima nuclear
accident from an urban planning perspective

Cécile ASANUMA-BRICE*"*

ICNRS (French National Center for Scientific Research), 2MITATE Laboratory Post Fukushima Studies (CNRS,
CEA, Fukushima University)
*Corresponding author @ asanuma.brice.cecile@cnrs.jp

The reconstruction in Fukushima offers a reconstruction plan that does not exist anywhere in the world.
The implications of this revitalization, presented as a boon, are nevertheless numerous, both on an
environmental and human level. It involves drastic choices that are deeply inscribed in the landscape,
without, for the moment, generating the expected dynamics. The implementation of large-scale
photovoltaics is also questioned, as is the resettlement encouraged by the authorities of the population to
territories surrounded by forests still unstable from the point of view of the radioactive situation. We
rethink the nature of these choices, their motivations, and their consequences through quantitative and
qualitative analysis enabled by monthly access to the field since time TO0. Our approach allows us to
embrace the complexity of the factors at play. This transition in land use entails the destruction of the
historically existing landscape and entire villages. This point is also being questioned, and measures to
preserve old buildings, symbols of an entire region, are being proposed.

Keywords : Fukushima nuclear disaster, landscape transition, post disaster reconstruction
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S-02

Long-term psychological consequences of the Fukushima nuclear
accident for affected communities

TSUTSUT Yuji*'?

"Faculty of Symbiotic Systems Science, Fukushima University, 2The Center for Psychological Studies of Disaster,
Fukushima University
*Corresponding author : tsutsui@sss.fukushima-u.ac.jp

This presentation examines the long-term psychological impact of the Fukushima Daiichi Nuclear Power
Plant accident on disaster-affected residents in Fukushima Prefecture more than a decade after the event.
Unlike earthquakes or tsunamis, nuclear disasters involve little visible physical destruction, while
residents are exposed for extended periods to anxiety about radiation-related health risks, raising
questions about conventional post-disaster mental health frameworks. Previous studies of nuclear
accidents, including Chornobyl, have identified psychological effects as a major public health issue,
particularly among mothers raising children at the time of the accident. The present study investigated
these impacts through two surveys: a longitudinal study of mothers and children in low-dose radiation-
affected areas, and a comparative study of residents from Namie Town who experienced evacuation
orders and residents from other regions. Changes in radiation anxiety, psychological symptoms, and
subjective well-being were examined. The results indicate that although radiation anxiety among mothers
and anxiety and behavioral problems among children have changed over time, they have not fully
disappeared. Psychological difficulties also remain among evacuees, including returnees after evacuation
orders were lifted. These findings underscore the need for long-term psychological support specific to
nuclear disasters and ongoing challenges in recovery processes.

Keywords : radiation anxiety, mental health, low-dose radiation contamination, return to hometown,
Namie Town
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S-03

The future of wildlife issues in Hamadori, Fukushima
MOCHIZUKI Shota*!

Faculty of Food and Agricultural Sciences, Fukushima University
*Corresponding author: smochi@agrifukushima-u.ac.jp

Since the Great East Japan Earthquake in 2011, the Hamadori region has faced severe conflicts with
wildlife due to environmental changes. While management systems for wild boars are becoming
established, the region is now confronting a new phase of wildlife issues: emerging threats from Japanese
macaques and Asian black bears. Unlike boars, these species possess high learning and climbing abilities,
requiring different countermeasures.

This presentation first outlines the basic ecology and behavioral characteristics of these animals to foster
a proper understanding of the risks. Subsequently, we focus on the Asian black bear, presenting the
latest analytical results based on sighting data from 2018 to 2025. We employed Kernel Density
Estimation (KDE) to visualize the transition of sighting hotspots. Furthermore, we conducted a distance
analysis to measure the proximity of sightings to human settlements and infrastructure. This quantitative
approach reveals how significantly bears have encroached upon human living spheres over the past eight
years.

We will discuss how the knowledge and community networks built through wild boar management can
be adapted to these challenges. Our goal is to provide scientific evidence to guide residents in
understanding the changing reality and implementing effective safety measures.

Keywords : Asiatic black bear, spatial analysis, phase shift
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S -04

Hearing the voices of the Fukushima sea
— ocean warming and its impact on fish —

WADA Toshihiro*

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

Fifteen years after the Fukushima Daiichi Nuclear Power Plant (FDNPP) accident, radiocesium
concentrations in marine products from the coast of Fukushima Prefecture have declined substantially. In
monitoring surveys conducted by Fukushima Prefecture in 2025, all samples except one were below the
detection limit. In the same year, analyses of fish collected within the port of the FDNPP by Tokyo
Electric Power Company showed that all samples were below the regulatory limit of 100 Bq/kg. In recent
years, 'Cs concentrations in major commercial species have generally been below 1 Bq/kg, indicating
that the radiation exposure risk associated with seafood consumption has decreased to a negligible level.
Despite this improvement, coastal fisheries landings in Fukushima Prefecture remain at only about 25%
of pre-disaster levels. While increasing catches in accordance with the plans of fisheries cooperatives is an
important goal, a new challenge-changes in the marine environment-has emerged over the past 15 years.
Rapid warming of coastal waters has altered species composition along the Fukushima coast, resulting in
shifts in fishery catches. This lecture outlines recent trends in seawater temperature rise in the coastal
waters off Fukushima and highlights species that have increased (e.g. tiger puffer, cutlassfish, and spiny
lobster) as well as those that have declined (e.g., sand lance, snow crab, and chum salmon). By listening
to the signals conveyed by fish, this talk aims to provide a basis for discussion on future directions for
fisheries recovery in Fukushima.

Keywords : '¥Cs, marine products, species composition, fishery catches, global warming, ocean warming
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S-05

Rainstorm-induced fluvial "*'Cs transport and impacts on coastal
seawater

WAKIYAMA Yoshifumi*!

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

During heavy rainfall events such as typhoons, large quantities of *’Cs are discharged into the sea via
rivers, along with substantial amounts of suspended solids. The author has carried out observations in
several river water systems in Fukushima for better understanding of the dynamics of **’Cs in rivers and
coastal waters during high-flow events. An observation on the Ukedo river system showed that an
approximately 190 GBq of *Cs was discharged due to intensive rainfall on 8 September 2023. Particulate
and dissolved *"Cs concentration in coastal seawater collected at the seashore 5 hours after the peak
discharge were 2.2 Bq/L and 04 Bq/L, respectively. These concentrations were relevant to about 40 and
80 times higher than those before the discharge, respectively. An observation on the Abukuma river
system showed that an approximately 76 GBq of ¥'Cs was discharged due to intensive rainfall on 17
August 2024 when the typhoon Ampil approached. Although particulate ¥"Cs concentration in coastal
seawater increased at the seashore to 0.060 Bq/L, approximately 9 times higher than those before the
discharge one day after the discharge peak, dissolved '*’Cs concentration was 0.0046 Bq/L, lower than
those before the discharge. These differences suggest that response in coastal seawater to **’Cs
exportation depends not only on magnitude of the exportation, but also on various factors of catchment
and seawater conditions. In the symposium, based on analyses of carbon and nitrogen stable isotope
ratios and speciation (exchangeable, organic, and particle-bound fractions) in suspended solids, findings
concerning the relationship between catchment characteristics and the dynamics of *Cs will be
presented.

Keywords : catchment, desorption, stable isotope, suspended solids, typhoon
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S-06

Understanding the environment after the nuclear power plant
accident — connecting human voices and the voices of the land

NANBA Kenji*!?

Unstitute of Environmental Radioactivity at Fukushima University, 2Faculty of Symbiotic Systems Science,
Fukushima University
*Corresponding author : nanba@sss.fukushima-u.ac.jp

Research on environmental radioactivity has provided an essential foundation for safety during post-
accident recovery and has made significant contributions. At the same time, it is clear that approaches
based solely on the natural sciences are insufficient if the experience of a nuclear accident is to be applied
to the future. The accident also prompted a reconsideration of the relationship between the environment,
human beings, and society. Long-term evacuations, changes in everyday life, and transformations of
towns and villages point to the need for research that considers humans and the environment. Although
the emergence of Homo sapiens occupies only a brief moment in Earth’s history, human activities have
unintentionally left traces across the planet—an era often described as the Anthropocene. Clarifying the
mechanisms underlying environmental formation, material cycles, biodiversity and its changes, as well as
the increasing frequency of disasters, and using this knowledge to anticipate the future and present
options for social implementation, is one important role for experts. While science is widely used in policy
and public measures, expert interpretation can also shape how people perceive the world. Biological
concepts such as evolution and the struggle for existence have at times been linked to arguments that
undermined human rights, whereas ideas of coexistence and biodiversity have also been connected to
inclusive and affirmative contemporary values. Drawing on the experience of Fukushima after the
nuclear accident, this presentation explores how the voices of people and the voices of the land can be
connected, and what this connection means for our understanding of nature and human society.

Keywords : Anthropocene, human-environment relations, science and society
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P-01

Comparison of radiocesium behavior and distribution coefficients
(Kd) in river water between Fukushima and Europe

ONDA Yuichi*, IGARASHI Yasunori!, Jim SMITH? SAKAGUCHI Aya!, FAN Shaoyan!, TAKAHASHI
Junko!, YOSHIMURA Kazuya®

ICenter for Research in Radiation, Isotopes and Earth System Sciences, University of Tsukuba
2University of Portsmouth, *Japan Atomic Energy Agency
*Corresponding author : onda@geoenv.tsukuba.ac.jp

Long-lived radionuclides released by nuclear accidents continue to migrate through river systems over
long periods. This study investigates the controls on dissolved *Cs concentrations and solid-liquid
partitioning in river water by comparing catchments in Fukushima affected by the Fukushima Daiichi
accident with major European rivers influenced by the Chornobyl accident. Seasonal river-water
sampling was conducted from 2021 to 2024 in the Yamakiya and Kuchibuto catchments, Fukushima
Prefecture, measuring dissolved *Cs, 3Cs, K*, NH4", and dissolved organic carbon (DOC). Statistical
analyses were combined with GIS-based evaluations of catchment characteristics, and long-term data
from nine European river catchments were also analyzed. In Fukushima headwater catchments, dissolved
B7Cs concentrations increased from summer to autumn with enhanced K* supply, accompanied by lower
distribution coefficients (Kd). Regression analysis identified '**Cs and K* as key controls on Kd, indicating
dominant ion-exchange processes, while DOC had a minor influence. In contrast, European rivers showed
persistently higher dissolved *Cs and lower Kd values, with DOC and **Cs playing more important
roles.

Keywords : '¥'Cs, FDNPP, river water, dissolved *’Cs, '*Cs, Kd
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P-02

BCs concentrations in river periphytic algae and the influence of
Cs-bearing microparticles (CsMPs)

KANASASHI Tsutomu*', WADA Toshihiro!, MORITA Takami?®

Unstitute of Environmental Radioactivity, Fukushima University, 2Japan Fisheries Research and Education
Agency
*Corresponding author : tkanasashi@ier.fukushima-u.ac.jp

To clarify radiocesium contamination in river ecosystems, it is essential to understand the transfer of
radiocesium through food webs. In this study, periphytic algae, which serve as primary producers in
river ecosystems, were collected at three sites from upstream to downstream in the Tomioka River,
located in the Hamadori region of Fukushima, Japan. We measured *’Cs concentrations in the algae and
investigated the influence of Cs-bearing microparticles (CsMPs), which are particles with high
radiocesium activity in suspended solids in river water, on *Cs concentrations in periphytic algae
through their incorporation into the algal samples. The presence of CsMPs in the algal was evaluated
using autoradiography with imaging plates. The detected CsMPs were removed, and then “"Cs
concentrations were remeasured to compare values before and after removal. The *'Cs activity of
individual CsMPs was also estimated. CsMP-like particles were detected in 10 out of 54 samples, with
estimated '*Cs activities ranging from 0.012 to 042 Bq. The contribution of CsMPs to total *’Cs activity
in periphytic algae varied from 5% to 86% , depending on algal *Cs concentration and biomass. At sites
where triplicate samples were collected, large within-site differences in *’Cs concentrations (>1000 Bg/
kg) were associated with the presence of high-activity CsMPs. CsMP contamination is likely to cause an
apparent increase in the *Cs concentration of periphytic algae and to enhance within-site variability.

Keywords : autoradiography, imaging plate, Tomioka river, Fukushima Dai-ichi Nuclear Power Plant
accident
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Comparison of Cs behavior in urban waters between under high-
flow and low-flow conditions

SUZUKI Nobuhiro*, WAKIYAMA Yoshifumi?, TAKATA Hyoe?

!Graduate School of Symbiotic Systems Science and Technology, Fukushima University,
Institute of Environmental Radioactivity, Fukushima University
*Corresponding author @ s2371007@ipc.fukushima-u.ac.jp

It is known that *Cs is released from river in large quantities when rivers overflow due to rainfall, but
there are few observations of *’Cs in urban rivers under high-flow conditions, and many aspects of its
behavior remain unknown. In this study, water samples were collected three times under low-flow
condition from August 2023 to 2024 and high-flow conditions from May to July 2024 at five locations in
Koriyama City. The average normalized particulate *’Cs concentration was 0.0211 m?kg” under low-flow
conditions and 0.0335 m?kg! under high-flow. Meanwhile, the average normalized dissolved **"Cs
concentration was 11.8 X 10° m™ under low and 743 % 10° m™ under high, contrary to previous studies
on forest rivers. The normalized particulate ®"Cs concentration showed a positive correlation with heavy
metals such as Pb and Cu in the SS, and the average values of the metal enrichment factor (EF), which
indicates a relationship with human activity, were higher than the benchmark value of 1 for Pb and Cu,
while Ni and Cd showed no correlation and the average EF values were lower than 1. These results
suggest that ¥’Cs moves together with substances related to human activity, such as Pb and Cu.
Furthermore, we report on the characteristics of *’Cs behavior under high-flow condition in urban areas.

Keywords : urban area, *’Cs concentration, under high flow condition
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Changes in Cesium-137 concentration in water in decontaminated
ponds and elucidation of contributing factors

MURASAWA Keigo*!, WAKIYAMA Yoshifumi?

IGraduate School of Symbiotic Systems Science and Technology, Fukushima University, *Institute of
Environmental Radioactivity, Fukushima University
*Corresponding author @ $2570054@ipc.fukushima-u.ac.jp

Water stored in irrigation ponds is used for agriculture. Following the 2011 Fukushima Daiichi Nuclear
Power Plant accident, irrigation ponds within Fukushima Prefecture were also contaminated with
radioactive cesium. This study aims to clarify the effects of decontamination on irrigation ponds.
Observations were conducted at multiple ponds. Based on comparisons with past long-term observation
data, changes in the concentration of “*Cs in stored water before and after decontamination were
tracked. Inter-site comparisons were used to discuss differences in long-term changes and their
contributing factors. The study sites are three ponds in Okuma Town, Fukushima Prefecture (Inkyozaka,
Suzuuchi, and Funasawa 2) and one pond in Futaba Town (Shimofukazawa). The Funasawa 2 pond
underwent decontamination via sediment removal in the latter half of fiscal year 2023. At Funasawa 2 pond,
compared to the year before decontamination (February to October 2023), the average *’Cs concentration in
suspended solids decreased by approximately 70% and the average dissolved *Cs concentration decreased
by about 60% during the period from May to September 2025. At the undecontaminated Inkyozaka pond
during the same period, the average '*’Cs concentration in suspended solids decreased by about 20% ,
while the average concentration of dissolved *Cs showed no significant change. Analysis will continue,
including consideration of catchment characteristics and water quality, to clarify the factors affecting
B¥7Cs fluctuations in each pond.

Keywords : decontamination, pond, "*’Cs
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Inter-habitat variation in "’Cs concentrations in sediments in the
waters around Matsukawa-ura lagoon : causes and controlling
factors

ENDOU Masamune*, WATANABE Shou?, TAKASAKI Kazuyoshi', ENOMOTO Masahiro®,
NAGASAWA Kaede?, URYU Junya? MORIOKA Yoshiaki!, SUZUKI Shotaro?, AMANO Yosuke!,
NIIDA Takuya®, NAGAYA Chisato’, NAMURA Shinya®, TOMITA Masatoshi®, TAKATA Hyoe®,
WADA Toshihiro®

"Fukushima Prefectural Fisheries and Marine Science Research Centre, Fukushima Prefectural Research
Institute of Fisheries Resources, *Fukushima Prefectural Agricultural Technology, ‘Fishery Division, Production
and Marketing Section, ’KANSO TECHNOS CO.LTD., ‘Institute of Environmental Radioactivity, Fukushima
University

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

We investigated the impact of land-originated radiocesium released from the Fukushima Daiichi Nuclear
Power Plant accident on Matsukawa-ura, a shallow brackish lagoon, and its coastal areas via riverine
transport. Between May 2021 and February 2024, sediment samples were collected at 13 locations in five
water bodies inflowing rivers : Matsukawa-ura, inflowing rivers, their estuaries, the bay mouth, and the
coast. After dehydration, samples were measured for "’Cs concentrations and converted to dry-weight-
based ""Cs concentrations using the dry fraction. Particle size distributions were measured using a laser
diffraction/scattering particle size analyzer, and specific surface area (surface area per unit mass) was
calculated based on the particle size composition. Furthermore, based on Yoshimura et al. (2015), *Cs
concentrations were standardized to specific surface area for each sample to remove the effect of particle
size, and the results were compared among the water bodies. The results showed that standardized *"Cs
concentrations in sediments were higher in the rivers, similar in the estuaries and at the bay mouth, and
lower along the coast. The decrease in the standardized *’Cs concentrations in sediments from rivers to
estuaries is thought to be due in part to the desorption of '*’Cs from particles associated with increased
salinity (Takata et al, 2020), whereas the decrease from the bay mouth to the coast is thought to be due
to other factors such as the influence of the open sea.

Keywords : radiocesium, sediment, Matsukawaura, land area
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Efficacy of dietary Prussian Blue and water salinity on "Cs
bioaccumulation in Japanese Dace (Pseudaspius hakonensis)

Polina PAVLENKO*?, WADA Toshihiro? Valery KASHPAROV!, Vasyl YOSCHENKO?

'Ukrainian Institute of Agricultural Radiology of National University of Life and Environment Sciences of Ukraine,
Tnstitute of Environmental Radioactivity, Fukushima University
*Corresponding author : pavlenko®@ier.fukushima-u.ac.jp

This study investigated the efficacy of dietary Prussian Blue (PB) additive and water salinity in reducing
the bioaccumulation of radiocesium (**Cs) in Japanese dace (Pseudaspius hakonensis), an important
euryhaline fish species for inland fishery in Fukushima prefecture.

Over a 56-day uptake phase, five fish groups were fed (1% of total fish mass per day) with radiocesium
contaminated feed (303.9 Bg/kg) combined with various treatments. Control freshwater and salinity
groups received only Cs feed, while other three groups received daily 0.8% (Cs feed) + 02% (supplemented
feed) = total 1% of feed from total mass simultaneously. Treatments included PB supplemented feed (1.0%
and 0.1% of PB) and clean feed. Excretion 70-day phase of experiment included two previously contaminated
(by feeding Cs feed for 56 days) groups - freshwater and half seawater. During this phase, fish were fed with
clean feed (1% of total fish mass).

One-compartment kinetic model, which takes into account growth dilution effect (Niizeki et al, 2020)
was used to evaluate assimilation efficiency (AE) from *"Cs containing feed and, thus, effect of
treatments and water salinity. The AE was most effectively reduced by the 1% PB treatment to 0.26,
yielding a reduction factor (RF = AE (control)/ AE (treatment)) of 2.12 compared to the control (AE = 055, p <
0.001). The 0.1% PB group followed with an AE of 0.32 (RF = 1.70, p < 0.001), while clean feed and 16
psu salinity showed AEs of 051 and 0434 (p < 0.01), respectively. The excretion rate constant (ke) was
significantly higher in 16 psu water (0.0061 day!) compared to freshwater (0.00095 day™). This resulted
in a significantly shorter biological half-life excluding growth dilution effect Th-exg of 114 days in 16 psu
water compared to more than 700 days in freshwater.

Our findings are consistent with previous studies on cyprinid fish, though natural variability between
individual fish or differences between species cause variations in kinetic parameters. Further research
with longer experimental durations is needed to evaluate half-lives more precisely. Furthermore,
excretion experiments should be conducted using Prussian Blue-supplemented feed-rather than clean
feed alone-to evaluate its potential to further accelerate excretion rates for Japanese dace.

Keywords : *'Cs, assimilation efficiency, Pseudaspius hakonensis, Prussian Blue
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Determination of rare earth elements (REEs) and Nd isotopic
composition in water samples from urban and mining areas in
Central Mongolia

Enkh-Uchral BATKHUYAG", Jing ZHANG?, Soyol-Erdene TSEREN-OCHIR®? TAZOE Hirofumi*

IGraduate School of Science and Engineering, University of Toyama, 2Faculty of Science, Academic Assembly,
University of Toyama, 3School of Engineering and Technology, National University of Mongolia, ‘Institute of
Radiation Emergency Medicine, Hirosaki University

*Corresponding author : d25¢2304@ems.u-toyama.ac.jp

Surface waters such as streams and rivers are vulnerable to contamination, which is affected by both
human activities and natural processes, and industrial effluents from sectors such as mining, agricultural
runoff, and the direct release of untreated sewage into rivers have significantly degraded water quality,
posing risks to aquatic ecosystems and human health. This study examines the hydrogeochemical
properties of river water in Central Mongolia by analyzing rare earth elements (REEs) concentrations
and Nd isotopic compositions across three river basins with varying geochemical conditions and human
influences. REEs were preconcentrated from the water samples using a chelating resin (InertSep ME-2),
and their concentrations were determined using ICP-MS 7700 (Agilent, USA). Light rare earth elements
(LREEs) concentrations were higher than those of heavy rare earth elements (HREEs), mainly in the
upstream of rivers. Gadolinium anomalies (Gd/Gd*) were consistently positive, indicating the impact of
human activity and urbanization. In the semi-arid region of Mongolia, understanding the influence of rock
weathering processes on river water dynamics is crucial for long-term hydrochemical monitoring.

Keywords : rare earth elements, Nd isotopes, river water, mining, Mongolia

25



The 12th Annual Symposium of the IER, Fukushima University / f# & K FER BB RENIZEAT 45 12 [l Rt &

P-08

Vertical distribution of primordial radionuclides in soil profiles in
Doon Valley, Garhwal Himalaya, India

Mukesh PRASAD*, Joshi A!, Prasad G? Omori Y3, Kranord C3, Hosoda M? Tokonami S°, Ramola RC*

"Department of Medical Physics, Himalayan Institute of Medical Sciences, Swami Rama Himalayan University,
*Department of Physics, B.L.J. Govt. P.G. College Purola, *Institute of Radiation Emergency Medicine, Hirosaki
University, ‘Department of Physics, HIN.B. Garhwal University, Badshahi Thaul Campus

*Corresponding author : bijalwanmukeshlll@gmail.com

Naturally occurring radionuclides (**Ra, #?Th, and "K) in soil have been the subject of significant
research worldwide. Several studies have been conducted on the distribution of natural radionuclides in
soil, including the Garhwal Himalaya, India. These studies aimed to provide an overview of typical
radionuclide levels in topsoil and to assess whether there was a radioprotection concern. However,
studies on the vertical distribution of radionuclides in soil profiles were lacking in the Garhwal Himalaya.
The understanding of the vertical distribution is crucial for several reasons, including radionuclide
exploration, source delineation, and gaining insights into geological processes. This project aimed to study
the vertical distribution of radionuclides in different soil profiles across neutral and vegetated lands in the
Doon Valley of the Garhwal Himalaya, India. Since groundwater serves as a primary source of drinking
water for a large population residing in the region’s rural areas, the study also aimed to measure uranium
and other potentially toxic elements in the region’s soil and groundwater and to investigate the
correlation between soil and groundwater contaminants. Uranium and other potentially toxic elements
were observed below the guideline values in the analyzed groundwater samples. However, fieldwork for
soil sample collection was delayed by continuous rainfall in the region. Therefore, gamma-ray
spectroscopy and ICP-MS analyses of soil samples are in progress. It is aimed to complete the
experimental analysis of soil samples by June 2026. The results of measurements of uranium and other
potentially toxic elements in groundwater will be presented in the symposium.

Keywords : radionuclides, vertical distribution, soil profiles, neutral and agricultural lands, groundwater
contaminants, Garhwal Himalaya
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Characterization and biological uptake assessment of radioactive
contamination in river Nitelva

Cathrine Haagensli BRUUN*, Ole Christian LIND!, Dag Anders BREDE!, Karl Andreas JENSEN!, Hans-
Christian TEIEN!

'Faculty of Environmental Sciences and Natural Resource Management, Norwegian University of Life Sciences
(NMBU)
*Corresponding author : cathrine. haagenslibruun@gmail.com

Since the 1950s, the Norwegian river Nitelva has received both planned and unplanned releases of
radioactive waste from the nuclear reactors at IFE Kjeller, leading to elevated concentrations of
radionuclides in the sediments, including plutonium-239. As all nuclear activities at Kjeller are now being
decommissioned, detailed characterization of remaining contamination is essential for safe restoration of
the area. This site-specific study investigates the bioavailability of Pu-239 in Nitelva sediments. In
October, sediment cores were collected both within and upstream of the contaminated zone. The cores
were sliced into lcm layers and screened using a Ge detector. Layers containing americium-241 were
further analyzed using Nal detection, ICP-MS, and autoradiography, confirming the presence of Pu-239.
Sediments with varying Pu-239 concentrations were subsequently used in an exposure experiment with
Daphnia magna to assess whether small aquatic crustaceans ingest contaminated sediment particles and
are thereby exposed to alpha-emitting plutonium. The experimental setup was based on the OECD 202
Acute Immobilisation Test, modified to evaluate biological uptake rather than immobilization. The results
will indicate whether sediment-bound plutonium can be associated with filter feeding organisms, such as
Daphnia magna, and thus contribute to the risk for the filter feeders or organisms higher up in the food
chain feeding on crustaceans, providing valuable insight into the current environmental risk and the long-
term behavior of radionuclides in the Nitelva system.

Keywords : plutonium, freshwater sediments, Daphnia magna, radionuclide contamination
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Ten years of research to understand the redistribution of
radiocesium in Fukushima rivers (2011-2025)

Olivier EVRARD *!#

IMITATE Laboratory Post Fukushima Studies (CNRS, CEA, Fukushima University), Laboratoire des Sciences
du Climat et de I'Environnement (LSCE), CEA, CNRS, Université Paris-Saclay
*Corresponding author : olivier.evrard@lIsce.ipslfr

Artificial radionuclides including radiocesium were released into the environment following the
Fukushima Dai-ichi nuclear power plant accident in March 2011. These particle-bound substances
deposited on soils of north-eastern Japan, located predominantly within a 3000-km? radioactive fallout
plume and drained by several coastal rivers to the Pacific Ocean. This presentation will summarize one
decade of collaborative research (2011-2025) involving both French and Japanese scientists to quantify
and understand the redistribution of radiocesium in Fukushima rivers through the analysis of
radionuclides in sediment deposits collected twice per year after floods between 2011 and 2015 and then
annually from 2016 to 2025. It will also show spatial and temporal changes in sediment sources based on
sediment fingerprinting applied to sediment deposits and sediment cores collected from dam reservoirs
of the region (e.g, Mano Dam Reservoir). The implications of these results for future redistribution of
radiocesium across Fukushima landscapes will finally be discussed.

Keywords : soil erosion, radiocesium, sediment transfer, coastal rivers, sediment sources
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Development of an omnidirectional detector for neutron imaging
with fractal geometry

TORII Tatsuo*, SASAKI Miyuki?2, MATSUBAY ASHI Nishiki®, KUROSAWA Shunsuke*

nstitute of Environmental Radioactivity, Fukushima University, 2Japan Atomic Energy Agency, *Kyoto
University, “University of Tokyo
*Corresponding author : t.torii@ier.fukushima-u.ac.jp

We have been developing a radiation imager that detects the distribution of f and y ray sources with a
fractal geometry, Sierpinski tetrahedron shape. A tetrahedral radiation sensor is considered as one unit,
and 16 sensors are arranged in a Sierpinski tetrahedron shape, with the space between the sensors filled
with y-ray shielding. This detector was used to measure radiation distribution within the site of the
Fukushima Daiichi Nuclear Power Plant (FDNPP) and in the environment contaminated by the FDNPP
accident. Since the nuclear fuel and debris contained in the reactor pressure vessel (RPV) will be
removed in the future, it is extremely important to identify neutron sources originating from nuclear fuel
in high-dose rate areas for criticality management and radiation protection of workers. Therefore, we are
developing a compact omnidirectional neutron imager to locate neutron sources in the reactor building.
This sensor consists of thin triangular scintillators for neutron detection attached to a tetrahedral acrylic
surface and arranged in a Sierpinski tetrahedron shape, with a neutron shielding material filled between
the sensors. The design and detector experiments for the development of this omni-directional neutron
imager are reported.

Keywords : neutron imaging, omnidirectional detector, Sierpinski Tetrahedron, fractal geometry
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Porous manganese-magnesium ferrite (MnosMgosFe204) powders :
A magnetic sorbent for the selective separation of zinc isotopes
from aqueous matrix

Abhijit BARUA*?, Bashir AHMMAD?, RAHMAN Zinnat*, RAHMAN Ismail*

!Graduate School of Symbiotic Systems Science and Technology, Fukushima University, 2Applied Chemistry and
Chemical Engineering, University of Chittagong, *Graduate School of Science and Engineering, Yamagata
University, ‘Institute of Environmental Radioactivity, Fukushima University

*Corresponding author : s2571006@ipc.fukushima-u.ac.jp

Binary spinel ferrites AB204 are magnetic mixed-metal oxides where divalent A and trivalent B cations
are distributed across tetrahedral and octahedral lattice sites. In recent years, these materials have
attracted increasing attention as alternative sorbents for wastewater treatment due to their magnetic
properties, chemical stability, and separation efficiency, overcoming the limitations of conventional
sorbents, such as low sorption capacity, high operational costs, and difficult post-treatment recovery. This
study focuses on the synthesis and application of a novel, porous manganese-magnesium spinel ferrite
(MnosMgosFe204) for the selective separation of zinc isotopes from aqueous environments. Structural
characterization by XRD analysis confirmed a single-phase cubic spinel structure with an average
crystallite size of 20 nm. The elemental composition and functional groups were determined using EDX
and FTIR analyses, while SEM observations revealed a porous surface morphology favorable for sorption.
The synthesized ferrite exhibited selective sorption of zinc ions in a mixed-metal system. Batch sorption
experiments were carried out to examine the effects of pH, contact time, sorbent dose, initial
concentration, and temperature. Maximum zinc removal efficiency of 91% was obtained at pH 6. Sorption
equilibrium data were fitted to both Langmuir and Freundlich isotherm models, yielding a maximum
sorption capacity of 2.18 mg g™, while the kinetic analysis followed a pseudo-second-order model. With a
high saturation magnetization of 56.33 emu g}, the sorbent allows for rapid magnetic separation,
effectively reducing operational time and secondary waste. These findings highlight the significant
potential of MnosMgosFe204 as an efficient and selective sorbent for the removal of zinc isotopes from
aqueous systems.

Keywords : spinel ferrites, sorbents, wastewater, toxic metals, zinc isotopes
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Competitive effects of potassium, rubidium, and ammonium on
cesium uptake by Japanese knotweed grown hydroponically

Igbal HOSSEN*!, RAHMAN Zinnat?y, RAHMAN Ismail®

IGraduate School of Symbiotic Systems Science and Technology, Fukushima University, ?Institute of
Environmental Radioactivity, Fukushima University
*Corresponding author @ s2471004@ipc.fukushima-u.ac.jp

Plants show strong potential for the phytoremediation of radioisotopes from contaminated soils,
particularly radiocesium (r-Cs), a major contaminant whose removal can limit entry into the food chain
and reduce risks to higher organisms. In this study, stable cesium (Cs*) was employed as a chemical
analogue of r-Cs to investigate the uptake behavior of Japanese knotweed under controlled hydroponic
conditions. Japanese knotweed was cultivated for three months in a hydroponic system under controlled
conditions using an illuminated incubator. Seeds were initially germinated under three conditions : (i) a
control treatment, (ii) Nutrient solutions containing potassium (K) at 2 mM (NS1) and 6 mM (NS2),
and (iii) nutrient solutions containing both K* and Cs*. After germination and early growth, seedlings
were transferred to cultivation bottles and grown under two treatments : (i) control conditions and (ii)
nutrient solutions with varying concentrations of K*. Japanese knotweed showed the highest seed
germination rates in nutrient solutions with low K* concentrations and without Cs*, whereas germination
was reduced in Cs* containing solutions and under control conditions. In contrast, higher K*
concentrations significantly enhanced root and shoot growth, leading to increased plant height. The
highest Cs™ accumulation in the roots was observed in NS1 + Cs™ + NH4", where more than 80% of the
absorbed Cs* was retained in the roots compared with the aerial parts. These findings suggest that lower
K" availability in combination with NH4" promotes preferential retention and compartmentalization of Cs*
in the roots of Japanese knotweed, thereby limiting its translocation to above-ground parts.

Keywords : Japanese knotweed, nutrient solution, hydroponic, cesium, root uptake
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Health implications of uranium in drinking water of a tectonically
active zone in Garhwal Himalaya, India

Ganesh PRASAD*, Mukesh PRASAD? OMORI Yasutaka®, HOSODA Masahiro®, TOKONAMI Shinji®

"Department of Physics, B.L.J. Govt. P.G. College, Purola, Uttarkashi Department of Medical Physics, Himalayan
Institute of Medical Sciences, Swami Rama Himalayan University, *Institute of Radiation Emergency Medicine,
Hirosaki University

*Corresponding author @ ganeshraturi7@gmail.com

Uranium is a naturally occurring radioactive element that can harm human health through both its
radiation and chemical toxicity. In India and around the world, groundwater is a major source of drinking
water, but it is increasingly threatened by industrial pollutants and Potentially Toxic Elements (PTEs).
This study systematically analyzes uranium levels in drinking water from the Tons Valley, a tectonically
active region in the Garhwal Himalayas. Using Inductively Coupled Plasma Mass Spectrometry (ICP-
MS), we found that uranium levels in all samples were well within the WHO safety limits. Consequently,
the health risks for the local population are minimal. These findings help us understand how uranium
spreads in Himalayan aquifers and provide a crucial baseline for future environmental monitoring.

Keywords : uranium, drinking water, radiotoxicity, chemical toxicity, Tons Valley
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Design and realization of a smart survey meter based on low-cost
electronic components for the ambient equivalent dose rate
measurement and radon concentration calculations

MBARNDOUKA Taamte Jacob*', Oumar Bobbo Modibo!, Saidou'?, HOSODA Masahiro?, TOKONAMI
Shinji®

'Research Centre for Nuclear Science and Technology, Institute of Geological and Mining Research, 2Nuclear
Physics Laboratory, Faculty of Science, University of Yaoundé I, *Institute of Radiation Emergency Medicine
(IREM), Hirosaki University

*Corresponding author : mtjfirst@yahoo.fr

This study reports the radon tracing using a low-cost, locally manufactured smart electronic device
developed for radiation protection and nuclear security. The proposed device consists of a ZP 1200
Geiger-Miiller (GM) tube detector, low-cost components namely the Arduino microcontroller board, the
temperature (T) and relative humidity (RH) sensor, and XBee-based IoT wireless transmission modules.
The RadonEye reference instrument that measures indoor radon concentration, temperature, and relative
humidity is used for a comparison. Typically, the developed device provides data of atmospheric
parameters and the ambient dose equivalent rate. From the ambient dose equivalent rate (uSv/h), radon
activity concentration (in Bq/m?®) is calculated using standard and recognized conversion coefficients.
The coefficients vary according to the ambient radiation strength and are ranging from 5500 to 8900
(Bqg/m?®) /(uSv/h). The developed device and the reference instrument were exposed for 24 hours during
one month in several dwellings in the city of Yaoundé-Cameroon. For the evaluated period, the average
values are 2751 C (developed device) and 26.19 C (RadonEye) for T, 74.10 % (developed device) and
7300 % (RadonEye) for RH, and 1499.19 Bq/m?® (developed device) and 146491 Bq/m?® (RadonEye) of
cumulated radon activity concentrations. Statistical analyzes carried out on the results of the two devices
provide a linear regression coefficient of R? =0.9978 demonstrating the perfect agreement between the
developed device and the reference instrument.

Keywords : radon tracing, radon monitoring, relative humidity sensor, temperature measurement
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Quick and low-cost chemometric approach to identify specific NIR
(Near-Infrared) spectral bands associated with various land-use
types in contaminated catchments of Fukushima prefecture

Grégoire TOURY™, Olivier EVRARD!, Oldrich NAVRATIL? Thomas CHALAUX-CLERGUE?

Laboratoire des Sciences du Climat et de I'Environnement, 2Laboratoire Environnement Ville Société, Université
Lumiére Lyon2, *Water and Soil Ressource Research, Institute of Geography, Universitit Augsburg
*Corresponding author : gregoire.toury@lsce.ipslLir

The study of spectral signatures is nowadays a common technique to analyze soils/sediments for
understanding suspended sediment properties in rivers, especially in contaminated catchments. However,
Near-InfraRed (NIR) spectroscopy has been less studied on sediment/soil samples, particularly for
associating spectral bands of a specific land use and chemical interpretations. Therefore, this study aims
to precisely determine the NIR spectral bands associated with each of the environments studied for two
main reasons. First, to better understand the chemical structures of the different soils (and subsoils) in
Fukushima Prefecture. Secondly, to improve the sediment fingerprinting methods already used.

This study presents a chemometric workflow designed to identify key NIR spectral bands of materials
sampled from different locations (e.g., forest, cropland, subsoil, etc.) and applied to the Fukushima
Prefecture catchments. The methodology combines global partial least squares regression (PLSR) to
identify regions with geochemical importance using VIP (Variable Importance in Projection) score. Then,
interval PLS (IPLS) is applied on each of these identified regions to pinpoint the most significant spectral
bands relevant for a geochemical interpretation. These methods make it possible to trace the origin of a
sample based on its stable physicochemical characteristics between the time of source displacement and
deposition.

Keywords : NIR spectroscopy, chemometrics, PLSR, IPLS, Fukushima, land-use, sediment source,
environment
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Analytical methods for measuring actinide nuclides in the
environment

KASUGA Yuya!, TSUKADA Kazuaki?, ASAI Masato®, TAKAKU Yuichi!, YAMASAKI Shinya!,
SHIGEKAWA Yudai!, SUEKI Keisuke!, SAKAGUCHI Aya*

'University of Tsukuba, *Tohoku University, *Japan Atomic Energy Agency
*Corresponding author : ayaskgc@ied.tsukuba.ac.jp

This study aims to establish a mass spectrometric method for the determination of curium (Cm) isotopes
in environmental samples, motivated by the significant activity contribution of Cm to actinide releases from
the Fukushima Daiichi Nuclear Power Plant accident and the limitations of conventional a-spectrometry.
The a-spectrometry for Cm analysis requires complex chemical separation and cannot resolve the closely
spaced a-energies of **Cm and **Cm. Additionally, the lack of an appropriate Cm spike has further
hindered precise analysis. To address these issues, this work focused on (1) the production of a Cm spike for
mass spectrometry and (2) the development of an efficient chemical separation methods for spike production
and for Cm analysis. A long-lived isotope, *®Cm, produced by the a-decay of ®*Cf, was investigated as a
potential spike. Separation experiments using Ln resin and nitric acid eluents demonstrated that Cm
could be completely separated from Cf under all tested conditions, with optimal performance achieved
using 04 M HNOs at room temperature. This result indicates the feasibility of recovering **Cm from
used ®?Cf neutron sources. In contrast, the separation of Am and Cm, required to avoid isobaric
interference in mass spectrometry, was unsuccessful under all experimental conditions, despite promising
results from analogue element studies. Further work using alternative resins and eluents is therefore
necessary to achieve effective Am-Cm separation.

Keywords : curium, americium, spike
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Spent fuel : burden or benefit? Exploring radionuclide recovery
and circular economy opportunities in Norwegian nuclear
decommissioning waste management

Oda GUNDERSEN*', Deborah H. OUGHTON', Simon M. JEROME!, William H. A. BEERE?

Institute of Environmental Sciences and Natural Resource Management, Norwegian University of Life Sciences
(NMBU), *Norwegian Nuclear Decommissioning (NND)
*Corresponding author : oda.gundersen@nmbu.no

Over the next two decades, about 200 nuclear reactors are expected to be decommissioned, including
Norway's two research reactors. The Norwegian research reactors were designed with little
consideration for long-term sustainability or resource recovery, and current decommissioning strategies
treat spent fuel primarily waste rather than as a potential source of valuable radionuclides. In
collaboration with Norwegian Nuclear Decommissioning (NND), this study examines to what extent
radionuclide inventories from Norwegian research reactor spent fuel may be relevant for applications
beyond waste disposal, particularly in radiopharmaceutical production and cancer research. The
investigation of medically relevant alpha-emitting radionuclides will be based on Thorium-based research
fuel from the joint NEA-OECD Halden Reactor Project experiment and the Halden Boiling Water Reactor
(HBWR). In addition, potential quantities will be estimated, alongside an assessment of the radiochemical
separation processes required for their recovery. By applying principles of circular economy, this work
assesses whether selective radionuclide recovery could reduce waste burdens while supporting
sustainability, radioecology, and resource efficiency in Norwegian nuclear decommissioning.

Keywords : waste management, sustainability, spent fuel, resource recovery, radiochemistry,
radiopharmaceuticals
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Transfer of radiocesium to arthropod and fish communities in
river and riparian ecosystems of Fukushima
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ISHII Nobuyoshi®, KOBAY ASHI Natsuko®, NIHEI Naoto’, OHTE Nobuhito?

nstitute of Environmental Radioactivity, Fukushima University, 2Graduate School of Informatics, Kyoto
University, *Research Faculty of Agriculture, Hokkaido University, ‘Graduate School of Science, Chiba University,
SEnvironmental Transfer Parameter Research Group, National Institutes for Quantum and Radiological Science
and Technology, Graduate School of Agricultural and Life Sciences, The University of Tokyo, "Faculty of Food
and Agricultural Sciences, Fukushima University

*Corresponding author : kakuma.minato.36r@st.kyoto-u.ac.jp

To assess the food-web transfer of radiocesium (cesium-137, ®¥’Cs) following the nuclear power plant
accident, we surveyed three rivers in Fukushima Prefecture (Ukedo, Takase, and Kuma) from 2020 to
2023, spanning multiple sites from forested headwaters to downstream inhabited areas across seasons
and years. We collected aquatic and riparian arthropods, freshwater fish, and environmental samples
(river water, primary producers, litter, and soil). *’Cs concentrations were measured with a germanium
semiconductor detector, and stable isotope ratios ( 6 °C and 6 ®N) were analyzed using an elemental
analyzer coupled to an isotope-ratio mass spectrometer. Accumulation patterns differed among sample
types and functional groups. Temporal declines in *Cs were limited, indicating continued forest-
associated radiocesium supply to animal communities even roughly a decade after the accident.

Keywords : radiocesium, food-web transfer, river and riparian ecosystems, stable isotope ratio analysis
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Radiocesium (*’Cs) as a tracer of river use in Japanese seabass
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MITAMURA Hiromichi®, TAKASAKI Kazuyoshi’, TAKAHASHI Yuta!, WADA Toshihiro’

IGraduate School of Symbiotic Systems Science and Technology, Fukushima University, 2Graduate School of
Informatics, Kyoto University, *Fukushima Prefectural Fisheries and Marine Science Research Centre, ‘Field
Science Education and Research Center, Kyoto University, *Institute of Environmental Radioactivity, Fukushima
University

*Corresponding author : s2470053@ipc.fukushima-u.ac.jp

Fifteen years after the Fukushima Dai-ichi Nuclear Power Plant accident, "*’Cs concentrations in marine
fish have markedly decreased whereas fish utilizing riverine habitats still exhibit elevated *Cs levels.
Japanese seabass (Lateolabrax japonicus) is an amphidromous species migrating among freshwater,
brackish, and coastal habitats, and individual differences in river use may affect *’Cs accumulation. This
study examined the relationship between river use and muscle *’Cs concentrations using *’Cs as a
tracer. Fish were collected from the Ukedo and Mano river systems and adjacent coastal waters in
northern Fukushima. Body size, carbon and nitrogen stable isotope ratios, muscle *’Cs concentrations,
and otolith Sr/Ca transects were analyzed. Muscle ®*’Cs concentrations were higher in individuals
collected from rivers, particularly in smaller individuals and in rivers with higher *’Cs deposition
(maximum: 169 Bq/kg; Ukedo River individual, 264 cm in standard length). These results suggest that
ontogenetic differences in river use are reflected as individual variation in muscle "’Cs concentrations in
Japanese seabass.

Keywords : '¥Cs, Japanese seabass, amphidromy, tracer
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Seasonal changes in diet and "*’Cs concentrations of masu salmon
revealed by a year-round survey of two rivers

HOSHI Shota*, KODAMA Fuya!, KANASASHI Tsutomu? WADA Toshihiro®

IGraduate School of Symbiotic Systems Science and Technology, Fukushima University, ?Institute of
Environmental Radioactivity, Fukushima University
*Corresponding author @ s2470054@ipc.fukushima-u.ac.jp

The accident at the Fukushima Daiichi Nuclear Power Plant in 2011 caused large amounts of radioactive
materials to be dispersed and deposited in inland aquatic environments. As a result, high concentrations
of ¥Cs are still detected in salmonid fishes, particularly masu salmon, inhabiting the Ukedo River system.
This study aimed to clarify seasonal changes in diet composition and *’Cs concentrations of masu salmon
based on a year-round survey conducted in two tributaries of the Ukedo River system, the Kodeya River
and Ogaki-shita. From June 2023 to June 2024, masu salmon were collected seasonally at both rivers
using an electrofisher. Fish bodies and stomach contents were analyzed, stomach contents were identified
to taxonomic groups, and “Cs concentrations in edible portions of fish and stomach contents were
measured using a high-purity germanium semiconductor detector. The dominant prey items varied
seasonally and between rivers. In summer, terrestrial Hymenoptera accounted for more than half of the
total diet in both rivers. In autumn, terrestrial Diptera dominated in the Kodeya River, whereas
terrestrial Lepidoptera were the primary prey in Ogaki-shita. In winter and spring, the proportion of
aquatic insects increased in both rivers. Fish *’Cs concentrations showed a common seasonal pattern,
increasing approximately four- to sixfold from summer to autumn in age-1 individuals. Mean
concentrations were lowest in summer (610 Bq/kg in the Kodeya River and 2,200 Bq/kg in Ogaki-shita)
and highest in autumn (3,700 Bg/kg and 13,000 Bq/kg, respectively), then decreased from winter (1,800
and 4,300 Bq/kg) to spring (430 and 3,400 Bq/kg). These results indicate that seasonal changes in *’Cs
concentrations of masu salmon are closely linked to shifts in the dietary contributions of terrestrial and
aquatic insects and suggest that the autumnal increase in *’Cs concentrations is strongly influenced by
the consumption of terrestrial insects.

Keywords : freshwater fish, river, diet, "*’Cs, seasonal changes
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Environmental factors influencing *’Cs transfer to the Japanese
eel (Anguillajaponica) along the Ukedo River system

MASHIKO Atsushi*!, SUGENO Haruto!, KAKUMA Minato?, WADA Toshihiro?

IGraduate School of Symbiotic Systems Science and Technology, Fukushima University, *Institute of
Environmental Radioactivity, Fukushima University
*Corresponding author @ s2470055@ipc.fukushima-u.ac.jp

Radiocesium (**Cs) deposited after the Fukushima Daiichi Nuclear Power Plant accident has been
transferred to fish through food webs, hindering the recovery of inland fisheries in Fukushima Prefecture.
Body size effects and uptake inhibition by potassium (K*) in water have been proposed as factors
affecting "*’Cs transfer to fish. This study used the Japanese eel (Anguilla japonica) as an indicator species
to evaluate '*"Cs transfer across the Ukedo River system from brackish to freshwater environments,
together with multiple environmental factors. Eels were collected at four sites (the estuary, middle and
lower reaches, and a tributary) in the Ukedo River system from July 2024 to August 2025 (n = 117). Air
dose rate and " Cs concentrations in river water, periphytic algae, and sediments, as well as K*
concentration in river water, were measured. A generalized linear model with AIC-based selection
showed strong support for models including body length, forest cover, and periphytic algal *Cs
concentration, whereas the contribution of K™ concentration was limited. These results indicate that
dietary pathways reflected by terrestrial and aquatic indicators are more important for *’Cs transfer to
eels than ambient water chemistry.

Keywords : Japanese eel, size effect, "*'Cs, K*
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Variations in ’Cs concentrations in pond smelt in a dam reservoir
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Due to the effects of the Fukushima nuclear accident, the transfer of '¥Cs to freshwater fish has
continued to this day. This study aimed to clarify the relationship between ’Cs concentrations in pond
smelt, lake water, and zooplankton collected from the Yokokawa Dam reservoir in the Ota River system
between 2017 and 2025 by comparing them over time. The concentration ratio (CR) of '¥Cs between
pond smelt and lake water was calculated. While the *Cs concentration in pond smelt decreased over
time, individuals exceeding the Japanese regulatory limit of 100 Bq/kg were still confirmed in recent
years. The dissolved *Cs concentration in lake water also showed a decreasing trend but exhibited
significant fluctuations, suggesting the influence of ¥Cs supply from sediments due to lowered water
levels. The CR remained generally stable (1,140 L/kg), except in December 2019 after a typhoon, when it
reached a high value of 7,230 L/kg. This is thought to be because the lake water's ¥’Cs concentration
decreased sharply due to factors like massive inflow of rainwater accompanying the typhoon's passage,
while the pond smelt's ¥’Cs concentration did not decrease immediately. Furthermore, a significant
correlation was observed between the '¥Cs concentrations in pond smelt and zooplankton, and between
zooplankton and lake water. Based on the above, it is considered that fluctuations in the lake water's **’Cs
concentration, associated with water level changes and typhoon passage, influenced the "Cs
concentration in pond smelt via the plankton.

Keywords : '¥Cs, pond smelt, zooplankton, lake water, water level changes, typhoon
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Inter-species and inter-site comparison of ’Cs concentrations and
growth models in two salmonid species

ENDO Toyoaki*!, MIURA Shinya? HOSHI Shota? KANASASHI Tsutomu®, KAKUMA Minato®,
SHIMAMURA Shinya?!, INOMATA Ayame!, ISHIT Yumiko®, HAYASHI Seiji®>, SAKAI Masaru®, NANBA
Kenjit, WADA Toshihiro®

"Faculty of Symbiotic Systems Science, Fukushima University, 2Graduate School of Symbiotic Systems Science
and Technology, Fukushima University, ®Institute of Environmental Radioactivity, Fukushima University,
*Fukushima Prefectural Inland Water Fisheries Experiment Station, ’Fukushima Institute for Research, Education
and Innovation ®°National Institute for Environmental Studies

*Corresponding author @ s2210031@ipc.fukushima-u.ac.jp

Fish growth patterns influence the accumulation and dilution of *Cs; therefore, understanding these
patterns is essential for elucidating '*Cs transfer mechanisms to fish. From 2017 to 2024, two salmonid
species (white-spotted charr and masu salmon) were collected from the upper Ota River near the
FDNPP at a downstream site (St.1) and an upstream site (St4). Total length, age (from otoliths), and
whole-body " Cs concentrations were measured. Six growth models-the Gompertz, logistic, and von
Bertalanffy models and their seasonal extensions-were compared using AIC. At the same age, individuals
at St.1 were larger than those at St4, and masu salmon were larger than white-spotted charr at both
sites. Masu salmon also had higher '¥Cs concentrations, suggesting that higher food intake and faster
growth enhance “Cs accumulation. The periodic function-extended von Bertalanffy model best fit the
data for both species at St.1 and for white-spotted charr at St.4; only masu salmon at St4, where the von
Bertalanffy model was selected due to the limited sample size. These results indicate that incorporating
seasonality improves growth models and that rapid growth during the growing season may influence
seasonal variation in "*’Cs concentrations.

Keywords : ¥Cs concentrations, growth models, white-spotted charr, masu salmon
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Effects of soil moisture on ambient dose rates in Fukushima
forests

FAN Shaoyan!, UEHARA Yusei?, ONDA Yuichi®*, TAKAHASHI Junko!, ZHANG Yupan!,
TAKAMURA Shiori?, YOSHIMURA Kazuya®

ICenter for Research in Radiation, Isotopes and Earth System Sciences, University of Tsukuba, ?University of
Tsukuba, *Sector of Fukushima Research and Development, Japan Atomic Energy Agency
*Corresponding author : onda.yuichi.ge@u.tsukuba.ac.jp

Ambient dose rates in forested areas of Fukushima Prefecture have generally decreased since the
Fukushima Daiichi Nuclear Power Plant accident, yet pronounced short-term fluctuations persist. Rainfall
can increase dose rates through wet deposition of radionuclides, whereas increased soil moisture may
reduce dose rates by shielding radiation emitted from the ground. This study investigates how effective
rainfall (Rw) and soil moisture dynamics control temporal variations in ambient dose rates in
contaminated forest environments.

Field observations were conducted at the Iitoi and Fuyuzumi sites in Fukushima, where *Cs deposition
is approximately 720 kBq m? and 900 kBq m? respectively. Soil moisture at depths of 5 cm and 15 cm
and ambient dose rates at 1 m height were continuously monitored. Soil moisture conditions were
represented using effective rainfall indices with short-term (2h), medium-term (optimal solution for
effective rainfall half-life), and long-term (168h) response times.

The results clearly demonstrate that soil moisture variations at both shallow and deeper layers exert a
strong control on ambient dose rates. Effective rainfall successfully reproduced the observed short-term
decreases and increases in dose rates following rainfall events at both sites. In particular, combining
multiple temporal scales improved the agreement between estimated and observed dose rate variations.
This approach provides a cost-effective alternative to direct soil moisture measurements and offers a
practical framework for correcting ambient dose rates in forested radioactive environments.

Keywords : ambient dose rate, soil moisture, effective rainfall, forest ecosystem, Fukushima Daiichi
nuclear accident
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Uptake of CsMPs by earthworms in Fukushima forests and their
contribution to *’Cs body concentration

SAYAMA Yo*, KAKUMA Minato?, NIHEI Naoto®>, WADA Toshihiro?, OHTE Nobuhito'

IGraduate School of Informatics, Kyoto University, “Institute of Environmental Radioactivity, Fukushima
University, *Faculty of Food and Agricultural Sciences, Fukushima University
*Corresponding author : sayama.yo.67c@st.kyoto-u.ac.jp

Earthworms, as major soil animals, serve as important indicator organisms for understanding “*’Cs
dynamics in forest ecosystems. While the presence of radioactive cesium-rich microparticles (CsMPs) in
environments has attracted attention in recent years, the uptake of CsMPs by earthworms and its impact
on their *Cs body concentration remain largely unclear. In this study, we measured '*’Cs concentrations
and performed autoradiography analysis on earthworms collected from forests in radioactively
contaminated areas of Fukushima Prefecture (Iitate Village, Namie Town, and Okuma Town). The
analysis revealed the presence of CsMPs in some individuals, with a significant contribution of CsMPs to the
total **Cs concentration of the individual, averaging 27% (maximum 98%). Although ""Cs concentrations in
earthworms is typically lower than those in the soil, individuals that had CsMPs at the sampling site in
Namie Town exhibited high concentrations exceeding the soil *’Cs level. These results suggest that, in
elucidating the mechanisms of redistribution of radioactive cesium by soil animals in forest ecosystems, it
is necessary to consider the contribution of CsMPs in addition to dissolved and clay-bound *"Cs.

Keywords : "¥Cs, radioactive cesium-rich microparticles (CsMPs), earthworm
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Preferential flow increases the spatial heterogeneity of *’Cs in a
cedar forest andosol

TAKAHASHI Junko*, MISHIMA Shunsuke!, ONDA Yuichi!

ICenter for Research in Radiation, Isotopes, and Earth System Sciences, University of Tsukuba
*Corresponding author : takahashijunko.ka@u.tsukuba.ac.jp

Preferential flow in soil is one of the mechanisms of downward migration of '*Cs that has not been
sufficiently studied. Accurate estimation of the downward migration is important for using *’Cs as an
environmental tracer and for evaluating air dose rate after a nuclear accident, but it tends to be
underestimated especially at deeper soil layers, suggesting the influence of preferential flow. Therefore,
we visualized preferential flow by an artificial rainfall experiment using the dye tracer in a cedar
plantation forest in the former evacuation zone of Fukushima Prefecture, investigated the relationship
among soil physicochemical properties, preferential flow and '*’Cs. The results showed that the *’Cs
concentration was approximately 3.3 times higher in the soil stained by the dye tracer, and that the
variation was also greater, demonstrating that preferential flow contributes to the downward migration
of "Cs and the increase in spatial heterogeneity of **’Cs. The variation in *’Cs inventory on a centimeter
scale was related to bulk density, which is associated with the occurrence of preferential flow, while
weaker relationship was found with the radiocesium interception potential (RIP) which indicates *'Cs
sorption capacity. These tendencies were especially clear at a soil depth of 10-20 cm, indicating that this
large spatial variation of **Cs is likely the reason why previous monitoring of *Cs in forests could not
clearly detect the migration downward deeper than 10 cm.

Keywords : selective flow, artificial rainfall experiment, dye tracer, radiocesium interception potential
(RIP)
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Environmental monitoring using bryophytes in Fukushima
Prefecture

TOYAMA Asato!, KANAMARU Tatsuya!, IKEMATSU Taichi?, MORIGUCHI Kazuki’>, SHIMAMURA
Masaki*

"Department of Biological Science, Faculty of Science, Hiroshima University, 2Graduate School of Integrated
Sciences for Life, Hiroshima University
*Corresponding author : mshima@hiroshima-u.ac.jp

The bryophytes are one of the most widely used organisms for biomonitoring including radioactive
contamination due to their small bodies in direct contact with soil. We measured the concentrations of
B4Cs and "¥Cs in the moss Calohypnum plumiforme at approximately 30 localities in Fukushima Prefecture
from 2013 to 2014. We revisited these areas in 2025 to observe the changes in radioactive contamination
over the 10-year period. Furthermore, in 2025, we revisited five localities in Fukushima Prefecture and
five locations in Hiroshima Prefecture where we analyzed the composition of symbiotic microbiota of the
hornworts (Anthoceros agrestis) in 2024, and re-investigate the composition of symbiotic microbiota. In
addition to microscopic observation of the inside of the plant body, we performed amplicon analysis of the
16S rRNA V3/V4 region of the bacteria and the ITS]1 region of the fungus to analyze the symbiotic
microbial community. In this study, we report on the changes over time in radioactive contamination
within a moss colony that appears to be the same as it was 10 years ago and the results of comparative
analyses of the microbiota within and between the bryophyte populations and discuss the effectiveness of
comprehensive biomonitoring using bryophyte.

Keywords : bryophytes, hornworts, biomonitoring, radiation effect, 16S rRNA, ITS, microbiome analysis
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Long-term transfer trend of radiocesium in Fukushima and
European forests

KATO Hiroaki*', WANG Hao', ONDA Yuichi!

ICenter for Research in Radiation, Isotopes, and Earth System Sciences, University of Tsukuba
*Corresponding author : kato.hiroakika@u.tsukuba.ac.jp

We integrated long-term monitoring data collected since 2011 in experimental forest stands in Fukushima
with published European studies (including Chornobyl-affected forests) to compare **Cs cycling rates
and forest-water interactions. Following initial deposition, ~80% of canopy-intercepted *’Cs was transferred
to the forest floor within 2011; rainwater-driven pathways dominated, while litterfall became more
important from the second year onward. After 10 years, the transfer flux declined to <1% of the initial
fallout. Tree compartments generally showed self-decontamination faster than the physical half-life of
BCs, but newly emerged leaves of deciduous broadleaved trees showed little decline, and decreases in
outer-bark *Cs slowed around 7-8 years after deposition. In Fukushima, where the forest-floor organic
layer has low retention capacity, long-term migration of leached " Cs to biota and aquatic systems
remains a concern; however, coniferous stands showed limited transfer to current-year foliage and thus
slower internal cycling. In contrast, deciduous broadleaved stands suggested cycling dynamics closer to
those in European forests with hydrophobic soils. Stemflow may also exhibit broadly similar concentration
levels and attenuation trends between Fukushima and Europe, emphasizing the need for continued
monitoring and data accumulation to establish robust long-term trajectories.

Keywords : radiocesium, Fukushima, Europe, forest, distribution, transfer component
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Investigation of decomposition and residual processes of organic
matter for estimating residual ratio of organically bound tritium
(OBT) in seawater

OMORI Yuko*, ONO Tsukasa? SATOH Yuhi®

Institute of Life and Environmental Sciences, University of Tsukuba, 2Graduate School of Science and
Technology, University of Tsukuba, *Department of Radioecology, Institute for Environmental Sciences
*Corresponding author : omori.yuko.ft@u.tsukuba.ac.jp

Tritium (°H), a major anthropogenic radionuclide, is released from nuclear facilities to the environment,
especially to the ocean. Most tritium in the ocean transfers and disperses as tritiated water (HTO) in
seawater, meanwhile parts of this radionuclide alter to organically bound tritium (OBT) through
phytoplanktonic organic matter (OM) production. The decomposition and residual processes of this OBT
have been scarcely investigated. Elucidation of these processes is essential for a comprehensive
understanding of the fate of tritium in the ocean. The present study conducted a bacterial decomposition
experiment of phytoplanktonic OM in seawater with deuterium (*H, D) tracer. Deuterium is a stable
isotope of hydrogen and an alternative to tritium. Additionally, bacterial activity is the dominant factor
for decomposing organic matter in seawater. During this experiment, particulate phytoplanktonic OM
labeled by deuterium decreased with time progress. At the same time, dissolved OM (DOM) labeled by
deuterium increased in the early stage (within 1 week) of phytoplanktonic OM decomposition and
somewhat decreased but kept a certain concentration over two months. These results suggest that DOM
may be a potential fate of tritium in seawater.

Keywords : organically bound tritium (OBT), phytoplanktonic organic matter, dissolved organic matter
(DOM)
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Uptake of "Cs from seawater by spotted halibut in captivity
TAKAHASHI Yuta*, ENDOU Masamune!, ENOMOTO Masahiro?

'Fukushima Prefectural Fisheries and Marine Science Research Centre, ?Fukushima Agricultural Technology
Centre
*Corresponding author : takahashi_yuta_02@preffukushima.lg.jp

The concentration of radioactive cesium-137 (**’Cs) in fish and shellfish from the coastal areas of
Fukushima Prefecture shows an overall downward trend, but aspects of its accumulation mechanism
remain unclear. Specifically, since *’Cs within fish bodies is influenced by multiple factors such as
seawater, prey organisms, and habitat, verifying the accumulation mechanism through surveys in natural
environments is often difficult. Therefore, to clarify the process by which marine fish and shellfish take
up ¥"Cs from seawater, a rearing experiment was conducted using spotted halibut in seawater containing
B¥Cs. The experiment was conducted twice, varying the rearing period : 84 days (December 2023 to
March 2024) and 140 days (March to August 2025). In each trial, one-year-old spotted halibut were
reared in seawater adjusted to approximately 1 Bq/L by adding a litter extract solution, and test fish
were periodically removed. The ""Cs concentration in the muscle tissue of each removed test fish was
measured. The concentration of *¥Cs in the muscle tissue of spotted halibut tended to increase over the
rearing period. The ®"Cs concentration was 559 Bq/kg-wet in the 84-day test and 12.9-164 Bq/kg-wet in
the 140-day test. These results suggest that '¥’Cs taken up by spotted halibut from seawater is
concentrated within their bodies.

Keywords : spotted halibut, rearing experiment, "’Cs
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Assessment of the quasi-equilibrium levels of Cs in a typical
Japanese cedar forest

Vasyl YOSCHENKO*, NANBA Kenji, Muyiwa Michael OROSUNY, Jian ZHANG?, Thomas E. JOHNSON?

Unstitute of Environmental Radioactivity at Fukushima University, 2Department of Environmental and
Radiological Health Sciences, Colorado State University
*Corresponding author @ r705@ipc.fukushima-u.ac.jp

In this study, we analyzed the dynamics of the concentration ratios of Fukushima-derived radiocesium
("Cs) and stable natural cesium isotope (!*¥Cs) in aboveground biomass compartments of a typical
mature Japanese cedar forest during 2014-2020. At the end of the observation period, the *"Cs
concentrations correlated well with the equilibrium concentrations of **Cs entering the aboveground
biomass from the soil, indicating that the quasi-equilibrium distribution of radiocesium had been achieved
after a period of removal of initially intercepted radiocesium from the biomass compartments. Moreover,
the isotope concentration ratio **Cs/'3Cs in biomass as of 2020, 3.6 x10° (ug kg') (ug kg®)* (95% CI :
1.6 x10% - 5.6 x10%), was close to the ¥Cs/"**Cs inventory ratio in the 5-cm topsoil, (252+2.39) x10® (ug
kg!) (ug kgh), confirming that root uptake became the main contributor to the *Cs inventories in the
tree biomass. The total radiocesium inventory in aboveground biomass stabilized between 2017 and 2020
at the level of (3.1+1.7) % of its total inventory in the ecosystem.

Keywords : radiocesium, stable cesium, isotope concentration ratio, quasi-equilibrium distribution, root
uptake, Japanese cedar
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Revisiting radiocesium retention in Japanese cedar : implications
for post-accident forest recovery

Muyiwa Michael OROSUN*, Vasyl YOSCHENKO!, NANBA Kenji!

nstitute of Environmental Radioactivity, Fukushima University
*Corresponding author @ r466@ipc.fukushima-u.ac.jp

The long-term management of contaminated forest landscapes depends not only on declining
environmental inventories of radiocesium (**Cs), but also on how this radionuclide is retained within
commercially important tree species. Japanese cedar (Cryptomeria japonica), which underpins much of
Japan's plantation forestry, exhibits an unusual internal distribution of *’Cs within wood (stem), marked
by preferential accumulation in heartwood rather than sapwood. This pattern challenges conventional
assumptions about radionuclide behavior in woody tissues and raises questions about the processes
controlling internal redistribution and retention. This study synthesizes current knowledge on radial
radiocesium dynamics in Japanese cedar, focusing on anatomical, physiological, and environmental factors
that may drive these observations. Key uncertainties are identified, and directions for future research are
outlined to improve predictive capability and inform risk-based decisions on the utilization of forest

timber in post-accident environments.

Keywords : Japanese cedar, radiocesium, forest ecosystems, Fukushima
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Effect of radioactive contamination on population characteristics
of Rodentia in the Chornobyl Exclusion Zone

Kateryna KOREPANOVA*, Svitlana KUDRENKO?}, Vasyl YOSCHENKO*

IGraduate School of Symbiotic Systems Science and Technology, Fukushima University, 2Faculty of
Environmental Sciences and Natural Resource Management, Norwegian University of Life Sciences, *Chornobyl
Radiation and Ecological Biosphere Reserve, ‘Institute of Environmental Radioactivity, Fukushima University
*Corresponding author : karepasha2l @gmail.com, s2471501@ipc.fukushima-u.ac.jp

Mammals of the order Rodentia are widely used as model organisms for assessing the negative
environmental impacts, such as the long-term radioecological effects following the Chornobyl Nuclear
Power Plant accident. Rodents are highly abundant species, have a short life cycle, and remain in
constant contact with components in terrestrial ecosystems they inhabit. Our study assessed the impact
of radioactive contamination of the territory on the population parameters and species diversity of
representatives of the order Rodentia in the Chornobyl Exclusion Zone (Ukraine). Fieldwork was
conducted in 2024 on 8 sites with contrasting levels of radioactive contamination (0.06-0.24 uSv/h in the
control areas and 0.5-41.6 uSv/h in the areas with high levels of contamination). Trapping was carried
out using Sherman live traps, followed by determination of species composition, sex, and weight, as well
as non-invasive measurement of Cs activity. The results did not reveal statistically significant
differences between the ratio of males to females as well as between the abundance of background and
rare species.

Our results indicated no statistically significant effect of radioactive contamination in the above-mentioned
range on the species diversity and population parameters of Rodentia.

Keywords : Chornobyl Exclusion Zone, model organisms, rodents, Rodentia, radioactive contamination
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Evaluation of root uptake of "*’Cs in Japanese red pine and
investigation of influencing factors

SUN Shuhan*, Vasyl YOSCHENK 0?

IGraduate School of Symbiotic Systems Science and Technology, Fukushima University, ?Institute of
Environmental Radioactivity, Fukushima University
*Corresponding author @ s2570052@ipc.fukushima-u.ac.jp

Radioactive cesium-137 (**Cs) deposited due to the Fukushima Daiichi Nuclear Power Plant accident is
retained long-term in forest soils while circulating within the forest ecosystem. It can still exert effects
through root uptake by vegetation. This study is focused on Japanese red pine trees in the Tsushima
Village in Fukushima Prefecture, examining the root uptake of radioactive cesium to elucidate the
mechanism and derive related equations. Post-deposition trees, germinated after the initial deposition,
were used as study subjects. This approach eliminated the effects of initial deposition, such as canopy
closure at the time of deposition, allowing for a direct evaluation of the uptake process from the soil.

The total amount of *Cs in vertically stratified soil samples will be measured to determine its vertical
distribution and total soil inventory. The tree samples from the same location were analyzed by biomass
compartment to determine the total **Cs content in each compartment. Soil chemical properties will be
assessed by measuring exchangeable ¥’Cs concentration, exchangeable potassium ion (K*) concentration,
and pH value, which is related to bioavailability. The mobility and bioavailability of radioactive cesium
will be interpreted from the perspective of Cs-K competition and pH-dependent adsorption behavior. The
aggregated transfer factor, Tag, will be used as an evaluation index for root uptake Tag is defined as “*Cs
concentration in each tree biomass compartment / total **Cs deposition in soil.” The relationship between
Tag and exchangeable ¥'Cs, K concentration, and pH will be analyzed, and the mechanism of the root
uptake will be interpreted considering fluctuations in exchangeable pools and depth-dependent retention
characteristics. Future work will include adding measurement items such as cation exchange capacity
(CEC) to generalize the relationship equations.

Keywords : radioactive cesium (**Cs), root uptake, forest ecosystems
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The post-Fukushima energy transition through the lens of
territorial ecology

Amaris CORNILLON *123

"French National Centre for Scientific Research (CNRS), 2Laboratory of Ethnology and Comparative, Sociology
(LESC) of Université Paris Nanterre (UPN), SMITATE Laboratory Post Fukushima Studies (IRL 2039)

*Corresponding author : amaris.cornillon@parisnanterre.fr

After the March 11, 2011 disaster, Fukushima Prefecture redirected its energy trajectory toward a mix
composed entirely of renewable energy by 2040. By 2024, the region hosted a large number of solar
power plants, accounting for 80% of its renewable energy capacity. While these plants-initially driven by
local initiatives-developed with relative ease in the post-disaster context, they have since become the
subject of growing controversy and increasing regulatory efforts by local public authorities. Their
governance and their impacts on humans and non-humans raise questions : beyond the promises of
renewed energy governance, they may simultaneously serve as vehicles for liberal extractivist logics that
transform disaster into an economic and political opportunity. Through the study of several salient cases,
this research project seeks to examine the energy justice of renewable energy infrastructures within a
specific territorial context. To this end, it mobilizes a theoretical framework inspired by industrial and
territorial ecology, as well as the anthropology of energy. This study analyzes a metabolic system
composed of interactions and flows among humans, between humans and non-humans, and among non-
humans. Within this system, energy ensures the functioning of this metabolism-responding to primary
needs and associated practices such as heating and lighting-while simultaneously constituting a medium
for the expression of power, or “energo-power.” Thus, questioning changes in the energy system entails
questioning changes in the forms through which power is expressed.

Keywords : energy transition, sustainability, solar energy, metabolism
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Study of pesticide migration in the soil-plant (tea) system using
radiolabeled pyraclostrobin

Lidiia BONDAREVA*
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*Corresponding author : lydiabondareva@gmail.com

The control of tea diseases and pests mainly relies on chemical methods, supplemented by agricultural
and biological approaches. This study provides an assessment of the migration behavior pesticide in tea
using radiolabeled pesticide. Methods : autoradiography and liquid scintillation spectrometry. Plants :
leaves collected at different heights from the tea bush (Azorean Camellia sinensis). Pesticide : pyraclostrobin
labeled with "“C (15 kBq/m?). Soils : mainly fertile, acidic, volcanic soils with good drainage, rich in
organic matter (layers 0-10 cm, 10-20 cm, 20-30 cm). Radiolabeled pesticides in solutions (1) with
surfactants and (2) without surfactants were added in the soil around the plant. After the incubation
during 60 days, massive labelling of the cell walls of all leaves in the lower part of the bush was detected,
while in the upper part, the labelling occurred in less than 10 % of the leaves. The walls of the more
internally located cells of the leaf tip differ in some respect from those of the epidermal cells; this
difference is noticeable in permanganate-fixed material viewed with the electron microscope, since the
walls of the latter cells are stained heavily, unlike the walls of the internal cells. The distribution of C
between the soil layers was as follows : 0-10 cm ~ 40 % activity, 10-20 cm ~ 30 % activity and 20-30 cm
~ 10 % of the total activity added in the soil. We did not observe any significant difference in labelling of
the cell walls between the experiments using the pyraclostrobin-"*C with and without surfactants.

Keywords : migration, pesticides, radiolabeled substance
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Sr-90 and Cs-137 activity concentrations in soil samples collected
from the Fukushima exclusion zone

Norbert KAVASI*, AONO Tatsuo', Sarata Kumar SAHOO?

'Regional Environmental Co-Creation Unit, Fukushima Institute for Research, Education and Innovation
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*Corresponding author @ kavasinorberth4v@research.f-rei.go.jp

Radiometric methods were used to evaluate the activity concentrations of Sr-90 with a half-life of 28.8
years and Cs-137 with a half-life of 30.2 year. In this study, 76 soil samples (soil, rain gutter deposit,
roadside sediment and litter) were obtained from the Fukushima exclusion zone in 2013, 2015, 2016, 2017,
and 2018. The activity concentrations of Sr-90 and Cs-137 were found to fall within the range of 3 to 1,050
Bg'kg' (with a median of 82 Bgkg') and 0.7 to 6,770 kBq-kg' (with a median of 890 kBq-kg?'),
respectively (decay correction date : March 15, 2011). Strong positive correlation was observed between
Sr-90 and Cs-137 activity concentration while Sr-90 shown higher mobility in Japanese soil samples. A
total of 85 percent of the samples were found to have an activity ratio of Sr-90/Cs-137 that fell between
the range of 50x10° to 5.0x 10" with a median value of 1.2x 10" This median value can be used to
distinguish between the Fukushima Daiichi Nuclear Power Station (FDNPS) accident and global fallout
contaminations of Sr-90. Practically, below the Cs-137 activity concentration of 100 kBq'kg?, the FDNPS
accident origin Sr-90 is at a similar level to the global fallout (some Bgkg!) in Japanese soil samples. The
Sr-90/Cs-137 activity ratios obtained in this work implied that around 0.3-20 TBq of Sr-90 was released
into the atmosphere. This amount is insignificant when compared to the Chornobyl Nuclear Power Plant
accident, which was estimated to be over 10 PBq, or any other nuclear accident contamination. As a
result, considerable Sr-90 contamination above the background level cannot be expected in agricultural,
forestry, or urban areas within the Fukushima exclusion zone, as well as in all other parts of Fukushima
Prefecture or any other Japanese prefecture. Cs-137 is still considered the principal contaminant from the
FDNPS accident in terms of radioecology and radiation safety.

Keywords : Sr-90, Cs-137, activity ratio, soil samples, Fukushima nuclear accident
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Multi-scale onshore-offshore dynamic and nutrient transport of
Kuroshio onto the outer shelf of the East China Sea quantified
using multi-chemical tracers

Michael Julian HARYANTO®, Jing ZHANG!, TAZOE Hirofumi?, ENDOH Takahiro®, NAOKI Yoshie,
GUO Xinyu*, MATSUNO Takeshi®

"Faculty of Science, University of Toyama, 2Institute of Radiation Emergency Medicine, Hirosaki University,
SResearch Institute for Applied Mechanics, Kyushu University, ‘Premier Institute for Advanced Studies, Ehime
University

*Corresponding author : michaelhariyanto.mh@gmail.com, d24c¢8304@ems.u-toyama.ac.jp

The East China Sea (ECS) provides essential biological resources for its local fishery and contributes to
biodiversity in its surrounding seas of the Yellow and Japan Seas, mainly through the Kuroshio Current
(KC), which regulates cross-shelf material transport. Using a spatial and temporal basis, this study aims
to identify and quantify multiple water mixing processes and related nutrient transport in the bottom
water of the outer shelf of the ECS. In this study, traditional tracers of temperature and salinity and
modern tracers of Heavy Rare Earth Elements (HREEs), and Nd and Ra isotopes were employed in the
water and mass mixing model. Additionally, shipboard and moored data from the Acoustic Doppler
Current Profiler (ADCP), microstructure profilers, and satellite-derived observations were utilized to
help interpret physical forces further. Preliminary results are : (1) Hydrodynamic processes influence
the distribution of chemical and physical properties in the bottom water of the East China Sea on an
hourly basis; (2) Reintroduction of deep Kuroshio Intermediate Water during the onshore flow was also
notable for its high nutrient content, resulting in net Dissolved Inorganic Nitrogen (DIN) and Dissolved
Inorganic Phosphate (DIP) fluxes from the KC region 559 and 6.69 times larger, respectively, compared
to the DIN and DIP fluxes from the continental shelf water.

Keywords : Kuroshio current, East China Sea, REEs, Nd, Ra, nutrient transport
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Assessment of the effects of ionizing radiation in bees - BEERAD

Béatrice GAGNAIRE*, NANBA Kenji? Jean-Luc BRUNET® Margot CREVET!, Nicolas DUBOURG,
ISHINIW A Hiroko?, NAGATA Hiroko?, WADA Toshihiro? Michel PELISSIER?, Luc BELZUNCES?

"Nuclear Safety and Radiation Protection Authority, “Institute of Environmental Radioactivity, Fukushima
University, *National Research Institute for Agriculture, Food and Environment
*Corresponding author : beatrice.gagnaire@asnr.fr

The risk assessment of environmental radiocontamination following a nuclear accident is a major
ecological issue. However, it remains surrounded by controversy over the real impact of such events on
the flora and fauna inhabiting the targeted zones. Moreover, the underlying mechanisms of ionizing
radiation’s action are poorly understood. Therefore, it is important to acquire data on the potential effects
of ionizing radiation (IR) on ecosystems both in experimental and realistic conditions.

The objective of the BEERAD project is, using a pluri-disciplinary approach, to increase the knowledge
of effects and mechanisms of action of IR on physiology and populations of honeybees in the context of
chronic exposure (i.e., exposure of a significant period of time relative to the lifespan of exposed
organisms) and at low dose rates (sublethal ecotoxicity) in realistic conditions, i.e., on the field and in the
laboratory. However, very few data exists on this subject, and it is important to conduct studies that will
serve as a basis for better evaluating the impacts of IR on animal health using honeybees.

In 2023 and 2024, hives were installed in April on six sites around the Fukushima Daiichi Nuclear Power
Plant : 2 in Okuma (high dose), 1 in Namie, 1 in Futaba (low dose), and 2 in Minamisoma (controls).
Hives were sampled at different time points for Cs measurement and biomarker analyses. Honey was also
collected for the measurement of radiocesium and pesticide content. In July 2024, queens were also
sampled for analyses.

Regarding the laboratory experiments, one irradiation experiment on early life stages was conducted in
April 2025. The irradiation experiment lasted 21 days, after which the emerging bees were placed in
control conditions for 10 days. Larvae, nymphs, and bees were sampled at the end for biomarker analyses.
Mortality and development were also monitored.

The poster will present the main results obtained to date, both from field and laboratory experiments.

Keywords : ionizing radiation, honeybee Apis mellifera, physiology, biomarkers, Fukushima NPP
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Transfer and accumulation of Cs in the Antarctic ecosystem
HRISTOZOVA Milena*', LAZAROVA Radoslava!, YORDANOVA Ivanka!
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*Corresponding author : hristozova_m@abv.bg

Antarctica is the continent least affected by human activity. However, large-scale radiological studies of
the Antarctic ecosystem conducted in 2011-2012 showed the presence of anthropogenic radionuclides
resulting from high-altitude nuclear tests and nuclear accidents and incidents around the world. In 2011
and 2022, a total of 93 samples were taken and analyzed from all parts of the Antarctic ecosystem. Nine
months after the Fukushima nuclear accident, no '*'Cs was found in any sample. These results were
confirmed in 2022. This proves that radioactive contamination from Fukushima has not reached
Antarctica. At the same time, **’Cs from nuclear tests in the Northern Hemisphere since the mid-20th
century has been found in lichens, mosses, algae, grass, soil, volcanic ash and sediments. The average
concentration of ®¥"Cs in moss was between 6 and 9 for 2011-2012 and between 3.5 and 11 Bq/kg for 2022.
In lichens, the concentrations were between 5 and 8 in 2011-2012 and between 1 and 6 Bq/kg in 2022. In
soil samples, ¥’Cs concentrations decreased from 8.1 in 2011 to 0.5 Bqg/kg in 2022. For the 10-year study
period, no significant decrease in the concentrations of ¥Cs in plant samples was recorded. The main
reason is the heterogeneous spatial distribution (or deposition) of radionuclides from atmospheric fallout
and melting of glaciers, which slowly released the '*’Cs that had accumulated in them in the past. In this
way, ¥Cs is reintroduced into the cycle of substances and the food chain.

Keywords : anthropogenic radioactive pollution, Antarctic ecosystem, *!Cs, *’Cs
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Volume reduction of radionuclide-contaminated aqueous waste
using a charcoal-ceramic composite : Process optimization and
application
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University, *Graduate School of Symbiotic Systems Science and Technology, Fukushima University, *Applied
Chemistry and Chemical Engineering, University of Chittagong, °Faculty of Symbiotic Systems Science,
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*Corresponding author : immrahman@ipc.fukushima-u.ac.jp

The management of large volumes of aqueous waste contaminated with long-lived radionuclides,
particularly cesium-137, remains a critical environmental challenge following the largest nuclear accidents
at Fukushima and Chornobyl. This research utilizes a novel charcoal-ceramic composite sorbent derived
from Japanese cedar and cypress sawdust modified with ceramic components to efficiently reduce the
volume of radioactive liquid waste. Batch sorption experiments were conducted to optimize process
parameters. The material demonstrated robust selectivity in complex matrices and maintained
performance within an optimal pH window of 6-8. The sorption behavior was well described by the
Langmuir isotherm and the pseudo-second-order kinetic model, indicating chemisorption on a monolayer
surface. Validation experiments using actual radioactive wastewater from Suzuuchi Pond (Fukushima)
achieved ~99 % removal of Cs-137. The proposed mechanism involves a combination of ion exchange,
electrostatic interaction, and surface complexation. Future work will focus on scaling up to continuous
column-flow systems and conducting Life Cycle Assessments (LCAs).

Keywords : cesium-137, charcoal-ceramic composite, volume reduction, leaching, safe disposal

60



The 12th Annual Symposium of the IER, Fukushima University / f# & K FER BN EMIZEAT 45 12 [l SRt &

P-43

Wildfires oppositely modify radiocesium speciation in forest litter
and soils : evidence from radiologically contaminated areas in
Fukushima

IGARASHI Yasunori*, HAYASHI Seiji?, ITO Shoko®**, TAMAOKI Masanori*, NIIZATO Tadafumi®,
SASAKI Yoshito®’, ITO Satomi’, NOMURA Naoki®, ARAI Hirotsugu’
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Co-Creation unit, Fukushima Institute for Research Education and Innovation, ‘Biodiversity Division, National
Institute for Environmental Studies, °Japan Atomic Energy Agency, ‘Fukui University of Technology, "Research
Institute for Humanity and Nature.

*Corresponding author : igarashi.yasunori.gm@u.tsukuba.ac.jp

Wildfires in radiologically contaminated areas have raised concerns about radionuclide redistribution and
increased radiation exposure. Most radionuclides, such as radiocesium (**Cs), remain in the charred
residues and burned soil even after wildfires. This study investigated the impact of wildfires on *Cs
speciation in forest litter and soils following the Fukushima nuclear disaster. Extraction tests of *Cs from
unburned litter and soil artificially combusted at 250, 375, and 500 C were conducted. *’Cs leaching from
charred residues and burned soil collected from the field after the wildfires was tested. Sequential
extraction was performed on soil obtained after the fire. The results indicated that water-soluble *"Cs
from burned litter increased with combustion temperature. However, in artificially combusted soil, the
release of water-soluble "Cs was significantly reduced. In the field, "¥’Cs leaching from charred residues
was lower than that from unburned litter. The fraction of water-soluble '¥Cs in burned soil did not differ
significantly from that in unburned soil. This suggests that the combustion temperature was relatively
low and insufficient to promote significant leaching or soil drying. Furthermore, the combustion of soil
organic matter may have altered the exchangeable form of Cs. Overall, these findings suggest that
wildfires enhance "*Cs retention in soil, potentially delaying its release.

Keywords : wildfire, radionuclides, radioactive contamination
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Lithium enrichment in high radiogenic geothermal systems
originating from lithospheric water due to water-rock interactions
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Research Group, Geological Engineering, Institut Teknologi Sumatera, *Graduate School of Engineering, Kyoto
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Hot springs with radiogenic activity and high lithium enrichment have an important role in storing
energy extracted from geothermal water. In Bangka Island, Indonesia, such springs occur in a non-
volcanic region, prompting this study to investigate the mechanism of lithium enrichment in radiogenic
hot springs, with a focus on the influence of water-rock interactions. The results show that the hot
springs are classified into three categories : geothermal hot spring water systems with a predominance
of sodium-carbonate water (Pemali, Terak, Keretak, and Nyelanding), with a high contribution of
meteoric water; a predominance of sodium chloride water (Dendang) and sodium chloride water
(Permis), where the high lithium enrichment comes from lithospheric water due to the interaction
between water and rock, with the influence of seawater. Reservoir temperature estimation using quartz
(63-89C) and multicomponent geothermometers (88-111 ) reveal distinct reservoir depths and fluid
origins. Our findings confirm that Dendang hot springs originate from older hydrothermal reservoirs
with lithospheric water enriched in lithium through water-rock interactions. In contrast, Permis hot
spring is influenced by shallow aquifers with seawater intrusion and heated by reservoirs at shallow
depths, contributing to lithium enrichment. These findings highlight the potential of radiogenic hot
springs in non-volcanic regions as unconventional sources of lithium, contributing to the development of
energy storage solutions and advancing the utilization of geothermal resources.

Keywords : lithium, lithospheric water, radiogenic geothermal, water-rock interaction, hot springs
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Long-term decline of "’Cs apparent distribution coefficient Kd in
Fukushima water bodies as a result of CsMPs decomposition

Alexei KONOPLEV*?, WAKIYAMA Yoshifumi', Valentin GOLOSOV?, Natalia KUZMENKOV A2, Maxim
IVANOV? Mikhail KOMISSAROV? IGARASHI Yasunori, NANBA Kenji!

nstitute of Environmental Radioactivity, Fukushima University, 2Laboratory of Geochemistry of Natural Waters,
Moscow State University, *Ufa Institute of Biology, Ufa Federal Research Centre of the Russian Academy of
Sciences, ‘Center for Research in Radiation, Isotopes and Earth System Sciences (CRIiES), University of Tsukuba
*Corresponding author : alexeikonoplev@gmail.com

The apparent distribution coefficient Kd of Fukushima-derived radiocesium, as shown in previous studies,
is declining with time, which is unusual and unexpected, and was never observed for Chornobyl, PA
“Mayak” contaminated area or nuclear weapon’s tests derived radiocesium. Typically, Ka slightly
increases in the initial period after an accident due to radiocesium fixation by micaceous clay minerals,
and thereafter the mean annual Kd value becomes more or less constant. We hypothesize that the long-
term decline in the Kd of Fukushima-origin radiocesium in freshwaters can be due to the slow
decomposition of glassy hot particles (CsMPs), leading to radiocesium leaching. The goals of this work
are : 1) to suggest a process-level model of *’Cs species transformation in water bodies with allowance
for ¥Cs leaching from CsMPs; 2) to test the proposed model using available data on Okuma ponds in the
close vicinity to the FDNPP and Abukuma River; and 3) to estimate the critical model parameters such
as the equilibrium distribution coefficient Kd*; initial fraction of CsMPs in deposition a, and rate constant
of radiocesium leaching from CsMPs ki for the water bodies under study. Since “Cs incorporated in
CsMPs is not involved in exchange with the solution, the solid-liquid equilibrium is established only for
the mobile fraction of *’Cs in deposition. With time, after all, CsMPs decompose even though very slowly,
and radiocesium is leaching from CsMPs, resulting in the reestablishment of quasi-equilibrium.
Accordingly, the fraction of dissolved ¥Cs increases, and the apparent Ka decreases. Using observational
data on Kd decline, the rate constant for radiocesium leaching from CsMPs has been estimated using a
simplified approach. Because CsMPs decomposition in the soil-water environment is very slow, the rate
constant for *Cs leaching from CsMPs has been estimated to range from 0.02 to 0.03 year! in Okuma
ponds and the Abukuma River, and it appears comparable to the rate constant for *’Cs radioactive
decay. Note that the long-term decline of *"Cs apparent distribution coefficient Kd occurs at locations
where the fraction of CsMPs in deposition a > 50% , with their influence being insignificant elsewhere.
A slower decline in Ka (*Cs) in the Abukuma River, compared to Okuma ponds, is supposedly not
associated with slower CsMPs decomposition but, most likely, can be explained by a lower CsMPs
fraction deposition on the Abukuma River catchment.

Keywords : Fukushima, radiocesium, apparent distribution coefficient, Cs microparticles, ponds,
Abukuma River
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leachability of radiocesium from removed soil
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Millions of cubic meters of soil contaminated by fallout radionuclides were removed through
decontamination in Fukushima after the 2011 Fukushima Daiichi Nuclear Power Plant accident. Soil
minerals adsorb radiocesium (rCS). When K* and NH4" ions are in soil pore water, they compete with
Cs* for adsorption sites because their hydrated radii are similar to that of Cs* (0.33nm). The Japanese
Government plans to recycle 75% of the removed soil contaminated with rCs, at levels of 8,000 Bq/kg or
lower, into public works, such as embankments. To ensure human safety against exposure to rCs from
road embankment constructed with removed soil, it is important to quantitatively evaluate the impact of
coexisting ions on the leachability of rCs from removed soil. Leaching experiments using KCl and NH4Cl
solutions were conducted on two soils in Fukushima to examine the effects of K™ and NH4" on rCs
leaching behavior. Results showed K*/NH4" affects rCs leaching when its concentration exceeds 10° M.
The rCs leaching ratio was below 1% and approached zero as KCl and NH4Cl concentration fell below
10® M. Thus, negligible rCs leaching is expected from road embankment constructed with removed soil if
K*/NH4" concentration is within 10° M.

Keywords : removed soil, leaching, radiocesium, ammonium, potassium
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In this research, investigations were conducted to determine the activity concentrations of Sr-90 in
seawater, marine sediments, and fish collected from various sites in the South China Sea, Vietnam. The
Sr-90 activity concentrations measured in the South China Sea are much lower than those reported for
coastal waters off Fukushima Prefecture following the 2011 nuclear accident and are consistent with
global fallout background levels. This comparison indicates no detectable influence of Fukushima-derived
Sr-90 in the study area, with the observed distributions mainly controlled by conservative marine
behavior and long-term atmospheric deposition. The activity concentrations of Sr-90 were measured in
surface seawater, sediments, and fish collected from Ninh Thuan, Phu Quy, Vung Tau, and Phu Quoc in
the South China Sea, Vietnam, in 2025. The Sr-90 activity concentrations ranged from 0.99 to 1.18 mBq/L
in seawater, from 0.44 to 0.53 Bq/kg dry weight in sediments, and from <0.03 to 0.04 Bq/kg fresh weight
in fish. These results are consistent with the ranges reported in previous studies conducted in Vietnam.
Pearson correlation analysis shows that Sr-90 activity concentrations in seawater exhibit moderate negative
correlations with pH (r = —0.67) and electrical conductance (r = —053); however, these relationships are
not statistically significant (p > 0.05). The absence of significant correlations with salinity and other
physicochemical parameters suggests that Sr-90 behaves largely conservatively in the marine
environment, with its distribution primarily reflecting background inputs from global atmospheric fallout
rather than being controlled by local seawater chemistry. In addition, correlations between Sr-90 activity
concentrations and organic carbon content in sediments were examined, revealing a weak relationship,
suggesting a limited influence of organic matter on Sr-90 accumulation.

Keywords : removed soil, leaching, radiocesium, ammonium, potassium
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On April 2021, the Government of Japan announced its intention to discharge the Advanced Liquid
Processing System (ALPS)-treated water from the Fukushima Daiichi Nuclear Power Plant (FDNPP)
site starting in August 2023, prompting East Asian countries to impose restrictions on the Tohoku region
seafood imports, exaggerating the risks from tritium (H-3) and other discharged radionuclides (Anderson
et al, 2025). This study addresses the issue of exaggerating risks by combining social science survey
methods with a reliable assessment of risk associated with radionuclides to evaluate science students’
understanding of the actual seafood consumption risks due to on-going ALPS-treated water discharge. In
our study, we utilized simulated H-3 values (Cauquoin et al, 2025) and the Linear No-Threshold model
55% increase in risk of mortality from solid cancer per 1 Sv radiation exposure (ICRP, 2007) to compare
the additional health risk with the risks from consumption of Fukushima rice and fruits after the FDNPP
accident (FASSAP, 2025). From November 17 to December 10, 2025, an online survey was conducted
using Google Form with 30 multiple-choice, Yes/No and open-ended type questions in both Japanese and
English among 82 Tokyo University of Science and 10 Colorado State University students. In case of
Japanese students, the online survey was followed by an invited lecture that provided a detailed
explanation of the correct answers. As a result of applying these combined methods, we gained the
insights from young-adult age groups on the better methods for bridging knowledge gaps regarding the
perception of health risks and the interpretation of factors related to disaster risks and recovery efforts.
In summary, this pilot study may become a catalyst initiating scientific curiosity among Japanese and
foreign university students by giving them a role of science ambassadors in risk communication.

Keywords : natural and artificial radioactivity, tritium, risk perception, food safety
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Advanced environmental monitoring of radionuclides is essential for the peaceful use of nuclear energy
resources. Following the 2011 Fukushima Daiichi Nuclear Power Plant accident, many studies have
assessed the environmental impact of radiocaesium and, more recently, tritium released into the ocean.
However, terrestrial tritium monitoring remains limited, which hinders comprehensive impact evaluation.
This study focuses on the atmospheric transport of tritiated water (HTO), the fastest pathway for
tritium to reach terrestrial organisms. A key challenge is the lack of atmospheric HTO monitoring
systems that operate without the need for commercial power. To address this issue, we developed a
portable sampling system to capture short-term variations in atmospheric HTO concentrations. Unlike
conventional long-term systems, this device offers enhanced insights into short-term HTO dynamics.
Preliminary field measurements near Fukushima, along with monthly conventional monitoring of
atmospheric and precipitation HTO, confirmed the stable operation of portable batteries. The observed
atmospheric HTO levels were slightly above the recent Japanese background but within historical
ranges. Importantly, the system detected short-term fluctuations that were undetectable by monthly
monitoring, demonstrating its effectiveness in assessing the environmental impact of tritium near its
source.

Keywords : tritiated water vapor, portable system
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TSUMUNE Daisuke*, TSUBONO Takaki?, MISUMI Kazuhiro?

ICenter for Research in Radiation, Isotopes, and Earth System Sciences, University of Tsukuba, Central Research
Institute of Electric Power Industry
*Corresponding author : tsumune.daisuke.gw@u.tsukuba.ac.jp

We examine the use of the anthropogenic radionuclide *'Cs to evaluate how differences in external
forcing associated with climate variability affect ocean circulation. *’Cs originates predominantly from
atmospheric nuclear weapons testing and was supplied pulse-like to the ocean surface in the early 1960s,
with only minor additional inputs thereafter, making it an effective tracer of advection-diffusion
processes. Using the ocean circulation model CESM2-POP2, simulations were conducted under two
forcing conditions : a climatological forcing (NYF) and a forcing including interannual variability
(GIAF). The differences between these simulations were analyzed to extract decadal-scale circulation
responses. The results indicate that regions such as the surface North Pacific and the intermediate to
deep North Atlantic are particularly sensitive to changes in external forcing, demonstrating that *’Cs is a
useful tracer for detecting climate-driven changes in ocean dynamics.

Keywords : climate change, tracer, *’Cs

SIREBDOEALN L —H— & UTO N L IR VA% R o Hig ¥ 25 8)
HEEORRT, SRR, AL

VIR - 74V b—THEkS X5 209t ¥ —., 2B pJeifgeit
*FE#% © tsumune.daisuke.gw@u.tsukuba.ac.jp

SBEEBOWEN L —H— & L CORHWREMZ RS 720, ANARBEREHEREYCs2 v, AL
Bk ) SRERER B O AN BR 1S5 2 B B A G L 720 WCsIZ I RA B BRIk T, 19604E4%
WBEIZ 7OV A WIS HEEERB ARG SN 7258, BINBHR2VN S Wiz, BihioBaf % K5 2680 7% b L —
Y=t b, WM E 7T IVCESM2-POP2% v, ARG AL R (NYF) & 4F 4 2 8 % & 4150 5 )
(GIAF) ® 2 TR 21TV, ZOEGH L10EHRBOMERISE 2 I Lz. ZofEE, LK FERBER
RG22 & AR EIT) OZACIBUR AR MR E S, PTCsAVRIEE B E ) dE BB Lo
WIZHRTH S EIRENT,

F—7—F AL, FL—H%—. VCs

68



The 12th Annual Symposium of the IER, Fukushima University / f# & K FER BN EMIZEAT 45 12 [l SRt &

P-51

Variability of radiocesium concentrations in seawater in the
coastal waters of Aomori Prefecture
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Radiocesium (Cs-137) released by the Fukushima Daiichi Nuclear Power Plant (FDNPP) accident in
March 2011 has been widely detected across the North Pacific. Most observed concentrations have been
recognized as pre-accident levels. Nevertheless, approximately 15 years after the accident, radiocesium
concentrations in waters surrounding Fukushima remain higher than in other regions. Studies addressing
the spatial extent of its influence are still limited. In terms of the operation of the reprocessing facility in
Rokkasho Village, Aomori Prefecture, it is important to understand the background (BG) levels of
radiocesium in surrounding coastal water before the planned releases.

In this study, seawater samples were collected along a latitudinal transect extending from the Aomori
region to the Fukushima and the Ibaraki regions. Radiocesium concentrations in seawater samples were
measured to assess the spatial extent of the influence of the FDNPP accident, and identify BG levels in
the Aomori region.

Radiocesium concentrations in the Fukushima region were higher than those in other regions; however,
it decreased rapidly with distance from the FDNPP, suggesting that the impact of accident-derived
cesium is small. Radiocesium concentrations in the Aomori region, as BG levels, were comparable to
concentrations observed in other regions.

Keywords : Fukushima Daiichi Nuclear Power Plant, radiocesium, ocean
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Verification of the spatial distribution reproducibility of Rn-222
and decay products in East Asia
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Atmospheric transport models are effective for assessing the impact of the atmospheric dispersion of
radioactive materials following a nuclear accident, but validation with observational data is essential to
ensure accuracy. Rn-222, with a half-life of 3.82 days, originates from land and has a time scale comparable
to synoptic-scale phenomena, making it a suitable tracer for model validation. SCALE, developed by
RIKEN, is capable of calculations ranging from low resolution to ultra-high resolution on the order of O (10
m), enabling detailed discussion of radon transport associated with atmospheric phenomena. However,
validation of the Rn-222 transport process using SCALE has been insufficient. Therefore, in this study, we
analyzed the spatial distribution of Rn-222 and its decay products using numerical simulations and
observational data, with the aim of verifying the reproducibility of SCALE. Concentrations were
calculated using the regional meteorological model SCALE-RM. The calculations were performed from
August 22 to November 30, 2021, using Schery and Wasiolek (1998) for the Rn-222 exhalation rate, with
a horizontal resolution of 30 km (400 x 300 grids) and 52 vertical layers. Rn-222 concentrations at Fukushima
Airport and Wakasa Heliport were used as observations. The diurnal cycle of variation observed in the
observations at both locations was successfully reproduced by the calculations. The use of aircraft
monitoring observations was considered to verify the reproducibility of the vertical distribution.

Keywords : Rn-222, atmospheric transport model
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