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Estimation of biomass and stocks biologically mobility radionuclides using
methods of processing aboveground and remote sensing data for
radioactively contaminated forests in Ukraine

D

'The National University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine

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

3nstitute of Environmental Radioactivity at Fukushima University, Fukushima, Japan

*Corresponding author: holiaka d m@ukr.net

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

Keywords: forest inventory parameters; regression; aetial survey; UAV; GIS; raster images; tree; canopy height model (CHM)



Long-term prediction for collective radioactive particles by a Bayesian
advection diffusion equation

Yusuke Uchiyama*!, Yuko Hatano?

'MAZIN Inc.

2University of Tsukuba

*Corresponding author: uchiyama@mazin.tech

Collective radioactive particles exhibit spatiotemporal random dynamics.  To predict long-term behavior of the collective radioactive
particles, we propose a Bayesian advective diffusion equation as an extension of existingmodel.  For practical use, we derive parameter
estimation and predicting methods of the proposed model.

Keywords: Collective radioactive particles, Advection diffiision equation, Bayesian model
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Mapping of water age in a forested headwater catchment
after the Fukushima Dai-ichi Nuclear Power Plant accident

Koichi Sakakibara™, Maki Tsujimura?, Sho Iwagami®, Kosuke Nagano*, Yuichi Onda’®

'Faculty of Science, Shinshu University
Faculty of Life and Environmental Sciences, University of Tsukuba
3Forestry and Forest Products Research Institute, Forest Research and Management Organization
“Graduate School of Life and Environmental Sciences, University of Tsukuba
3Center for Research in Isotopes and Environmental Dynamics, University of Tsukuba
*Corresponding author: k_sakaki@shinshu-u.ac.jp

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

!Japan Atomic Energy Agency, Research Group for Environmental Science
2Tokyo University of Agriculture
*Corresponding author: tanaka.sota@jaea.go.jp

Terrestrial invertebrates can be an indicator species of long-term behavior of radiocesium (¥Cs) through the food chain because of
their large biomass and importance as food resources for other organisms. In particular, the Joro spider, Nephila clavata, as a generalist
predator, is considered an indicator species of '¥’Cs contamination in insect communities because they prey on a variety of food resources
from both grazing and detrital food chain. In the present study, the aggregated transfer factor (Tag) of '3’Cs for the spiders inhabited in a
mountainous forest and the adjacent riverside area was estimated based on the ¥'Cs activity concentrations in the spiders and the initial
137Cs deposition densities map. The geometric means of Ty values were 0.0013 mkg! (Min-Max: 0.0004-0.008 m’kg?, n=10) and
0.0008 m’kg! (Min-Max: 0.0002-0.002 m’kg!, n=7) for the mountainous forest and the riverside, respectively. To investigate factors
affecting the T, values for spiders in these area, stable carbon and nitrogen isotope ratios of the spiders were measured. Results showed
that average values of the isotope ratios in spiders were higher (8'C: —24.741.1%o, 6"N: 5.4 & 0.9%o) in the mountainous forest than
in the riverside area (3"*C: —26.2 + 0.6%o, 5"°N: 3.8 £ 0.8%o), suggesting that the transfer of ¥’Cs to spiders in the mountainous
forest would be more dependent on detritus pathway (i.e., predation of organisms feeding on degraded, isotopically enriched
organic materials) compared with the riverside area.
Keywords: Spider, Radiocesium, Aggregated Transfer factor (Ty), Stable carbon and nitrogen isotope ratios (8'3C, 8'°N), Transfer
pathways
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Search for wild species of the genus Vigna without accumulating cesium at
the shoot apex
Yusaku Noda*!, Jun Furukawa?

'The National Agriculture and Food Research Organization, Genetic Resource Center
2University of Tsukuba, Center for Research in Isotopes and Environmental Dynamics
*Corresponding author: Yusaku.Noda@ulb.ac.be

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

Keywords: The genus Vigna, Cesium, Sodium, Imaging plate
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Feasibility of Cs-135 Measurements Using Accelerator Mass Spectrometry

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

'VERA Laboratory, Isotope Physics, Faculty of Physics, University of Vienna
Faculty of Pure and Applied Sciences, University of Tsukuba
*Corresponding author: hondam84(@univie.ac.at, m-honda@ied.tsukuba.ac.jp

Transportation mechanisms of shorter-lived '’Cs (¢, =30.1 year) in the Fukushima area can be clarified by longer-lived fission
product 3Cs (f1, =2.3x10° year). Cesium 135 and 137 in the standard materials ('*’Cs source from Amersham UK, and grass of
IAEA-372) and blank samples (Cs ICP Standard, Millipore) were measured by accelerator mass spectrometry (AMS) at
University of Vienna to develop the '*>3’Cs measurement. Cesium in ashed grass sample was leached using conc. HNOs in the
first step. Cesium in the acid leachate (pH<1) was next collected using 20 mg of AMP, and then remaining Cs in the acid leachate
was collected using another 20 mg of AMP. This duplicated step led the good Cs recovery of 100%. Cs was more purified using
10 mL of cation exchange resin (Dowex SOWX8, 100—200 mm, Alfa Aesar) in 9.5 mm i.d. PTFE column in the last step. The
last step suppressed the amount of barium as <10 ng (103 atoms) in Cs fraction (about 60 mL of 1 M HNOs). The AMS system
sufficiently suppressed Ba signal by a factor of >10® (10° in the ion source and 10* in the ion cooler). Extraction of CsF>~ beam
from the mixed CsSO4, PbF> and Cu powder sample was achieved by the fluoride sputtering with the current of 100 nA—1 pA.
The intensity was 10—100 orders of magnitude greater than that of the Rb sputtering. The obtained ’Cs/Cs ratios in the blank
samples were (3—6) x10™'2. Therefore, limit of detection was estimated to be 107 atoms, which corresponding to 13 mBq '¥Cs
and 0.17 uBq '*Cs. Our new method enables *>'3’Cs measurements with around 0.5 g of dried soil sample, and around 5 g of
dried foods (brown rice, soy bean and mushroom).

Keywords: Cs, accelerator mass spectrometry, Cs>SOs, CsFz
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Radiocesium Concentrations in Wild Boar Captured within 20 km of the
Fukushima Daiichi Nuclear Power Plant

Makiko Orita™, Noboru Takamura®, Cui Limeng', Yasuyuki Yairal, Yumiko Yamada!, Hirofumi
Tsukada?

!Atomic Bomb Disease Institute, Nagasaki University

?Institute of Environmental Radioactivity, Fukushima University

“orita@nagasaki-u.ac.jp

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

identify the time trend or seasonal change of radiocesium concentration in wild boars.
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Monitoring of continental fallout in Okinawa Prefecture
SHIROMA Yoshitaka*!, NAKASONE Syunya 2, HIRAO Shigekazu®

'University of the Ryukyus

2 University of the Ryukyus

3Fukushima University

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

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

Keywords: Beryllium-7, Atmosphere, Cosmogenic

HREEICRIT 3 KEEFEOBHNEE THE=4# 1) 7/

BRI B, etRith 2, PR3

VBB

2HiER R

SRERF

*EIEE  y_shiro@cs. u—ryukyu. ac. jp

ARFFECIE, MR I D KSR TIORHS AR T 2 Z L2 B L LT, Tl fEcHD Be CF
A : 53.3 H) ORIEEIT-T2, 2020 4 12 A DEERIFEEETORE FIZERE 800 mm « S 300 mm DA
AiEARE L, K& TR EA T o7, BRIRUTEEHE, BoA AL 2SHUE & fa o1 A AcufsifiR 2 FesE L7 7
7 YNA1 T NI LT, BRI MR 2 s SH T2, E0%, WA, 7T AT 7 BRERTEI AL,
Ge =B M HRRA VT 250,000 FIHIIE L7z, Be JEORHIZIL, 477.6 keV OB/ E— 7 % H]
Ve, FERTIEL, MR CHINE S 47z "Be ORHEIZHOWTHET 5,

F—U—F:~NYUTLT K&, FHAERRE



Study of radiocesium contamination of marine fishes in Fukushima
Prefecture

Shotaro SUZUKI', Yosuke AMANO*!, Kyoichi KAMIYAMA!, Toshihiro WADA?

'Fukushima Prefectural Fisheries and Marine Reserch Centre
ZInstitute of Environmental Radioactivity, Fukushima University
*Corresponding author: yousuke amano 01(@pref.fukushima.lg.jp

Radiocesium (*3’Cs) derived from Fukushima Dai-ichi Nuclear Power Plant (FDNPP) affected contamination to marine fish species
in Fukushima Prefecture. Previous study suggested that '’Cs derived from Chemobyl was transferred to marine ecosystem and food
web, and also showed relationships between '¥'Cs concentration and stable isotopic ratios (3'3C and 8°N). Although contamination
process via food web is considered to be one of the main factors for marine fishes, little is known about this process especially in coastal
environment in Fukushima.

Here, to reveal the effect of FDNPP accident, '*'Cs concentration of seven marine fishes (greenling Hexagrammos otakii, Japanese
rockfish Sebastes cheni, Japanese flounder Paralichthys olivaceus, Pacific cod Gadus macrocephalus, marbled sole
Pseudopleuronectes yokohamae, slime flounder Microstomus achne, willowy flounder Tanakius kitaharai) caught in Fukushima
Prefecture during 2011-2018 were analyzed. Furthermore, to examine the relationship between '¥’Cs contamination and the feeding
habitat of these fishes, we conducted a stable isotopic analysis (3"*C and 5°N).

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

Keywords: Radiocesium, Marine fish
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Elucidation of radioactive contamination level and establishment of
extermination methods of invasive channel catfish toward the restoration of
Fukushima’s inland water fisheries

Junichi TAKAGI*!, Toshihiro WADA?, Hiromichi MITAMURA?

'Guraduate School of Informatics, Kyoto University

Unstitute of Environmental Radioactivity, Fukushima University

*Corresponding author: takagi.junichi.34w(@kyoto-u.jp

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

Keywords: Biotelemetry, Spawning area, Abukuma River, Shinobu Dam, Channel catfish.
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Elucidation of Radiocaesium Migration Characteristics in Freshwater Fish
inhabiting Upstream Ota River

Wataru TERAMOTO*!, Toshihiro WADA?Z, Yumiko ISHIP, Seiji HAYASHE, Kenji NANBA>#

!Fukushima Prefectural Inland Water Fisheries Experimental Station
ZInstitute of Environmental Radioactivity at Fukushima University
3Faculty of Symbiotic System Science, Fukushima University
“Fukushima Branch, National Institute for Environmental Studies
*Corresponding author: teramoto_wataru_01@pref.fukushima.lg jp

Although nine years have passed since the Fukushima Dai-ichi Nuclear Power Plant accident, radiocaesium concentration of
freshwater fish is still significantly higher than that of sea fish, and, consequently, fishes in some lakes and rivers are listed as
restricted foodstuffs for shipment. In this study, to predict the change in the radiocaesium concentration of freshwater fish, factors
affecting its dispersion were examined. Specimens of freshwater fish, aquatic and terrestrial insects, river-bottom sediment, and
river water were collected seasonally during April 2018 to December 2019 from four sites at Ota river in Fukushima Prefecture.
137Cs concentration of specimens (only edible part in the fish) was measured using germanium semiconductor detectors. Air dose
rate at a height of about one meter above ground in the surrounding environment was measured by radiation detector. The dose
rate and ¥’Cs concentration of the sediment, insects, white spotted charr Salvelinus leucomaenis, and masu salmon Oncorhynchus
masou were higher in the upper site. '¥’Cs concentration of the water did not have such a tendency, while there were differences
among sites. '¥’Cs concentration of the charr and salmon had a significantly positive correlation with total body length of them,
and the obtained approximate straight line in the upper site showed a tendency to be larger inclination, whereas some values were
deviated from the line. From the results of the degree of deviation and size-frequency distribution, it was suggested that some
individuals could have migrated seasonally among sites, and the dispersion of 3’Cs concentration of both fishes within the same
site could have increased and decreased. Furthermore, the results will be discussed with stomach contents.

Keywords: Masu salmon, White spotted charr, 1*’Cs concentration, Seasonal variation, Differences among sites, River
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Elucidation of the migration ecology of fish around the Fukushima Daiichi
Nuclear Power Plant for risk assessment of radioactive contamination of fish

Takuji Noda*!, Toshihiro Wada?, Hiromichi Mitamura?

!Graduate School of Informatics, Kyoto University

ZInstitute of Environmental Radioactivity, Fukushima University

*Corresponding author: noda.takuji.7m @kyoto-u.ac.jp

Abstract

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

Keywords: Bio-logging, fish, migration, Radioactive cesium
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Relationship between radiocesium concentration and trophic position of
fish in Matsukawa-ura Lagoon, Fukushima Prefecture

Akira Matsumoto*!, Yoshiaki Morioka', Manabu Yamada', Toshiyuki Sato', Toshihiro Wada?

!Fukushima Prefectural Research Institute of Fisheries Resources

ZInstitute of Environmental Radioactivity, Fukushima University

*Corresponding author: matsumoto _akira 01@pref.fukushima.lg,jp

Matsukawa-Ura Lagoon is a shallow brackish lagoon located in northeastern Fukushima prefecture. The lagoon is nursery
ground for various juvenile fish. The objectives of the present study was to elucidate the effect of difference in diet on radiocesium
("37Cs) concentration in grey mullet (Mugil cephalus) and Japanese seabass (Lateolabrax japonicus), which are typical fish
species in brackish waters. From July to November 2019, grey mullet (n=15) and Japanese seabass (n=5) were collected using
2-mbeam trawl and cast net in northern area of the lagoon. Their total length and body weight were measured. Stomach contents
were also observed. The '3’Cs concentration in muscle of each individual was measured using high-purity germanium (HPGe)
semiconductor detectors. Prey items of both fish species (mullet: sediments, seabass: mysid) were also collected at the same areas.
The '¥Cs concentration of prey items were measured as mentioned above. The ranges of both fish species were 0.89-2.07 (grey
mullert) and 1.36-2.70 Bg/kg-wet (Japanese seabass), respectively. There was no clear difference. On the other hand, the 3’Cs
concentration of sediment sample and mysid were 50.0 and 0.98 Bg/kg, respectively. Currently, the accumulation from seawater,
rather than food web transfer, may be the main source of '*’Cs in fish inhabiting in Matsukawa-Ura Lagoon. Although grey
mullet actually fed on sediments, there was little transfer of '¥Cs from those sediments.

Keywords: Grey mullet, Japanese seabass, '¥’Cs concentration, Matsukawa-Ura Lagoon
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Evaluation of dose from handling radionuclides contaminated materials.

Kazuji Miwa*!, Takeshi limoto?, Shigekazu Hirao?
! Department of Environment Systems, Graduate School of Frontier Sciences, University of Tokyo
2Graduate School of Frontier Sciences, University of Tokyo
3 Fukushima University
*Corresponding author; miwa.kazuji@jaea.go.jp

As the first year of this research, we focus on dose evaluation by reusing radionuclides contaminated materials which are
generated by radiation emergency. We evaluate exposure dose by radiocesium which is discharged into the ocean by assuming
using radiocesium-contaminated soil to coastal reclamation. Miwa, et al, 2019' evaluated internal exposure dose by marine
products ingestion. By this study, it is suggested the external exposure dose of public on beach is same order as the internal
exposure dose by marine products ingestion which is the highest exposure dose from radiocesium in ocean. We also evaluate
external exposure dose assuming use of contaminated rubble for material of parking place in Fukushima Daiichi NPS (1F). Miwa,
et al,, 2019’ evaluated exposure dose by use of contaminated rubble for road material. The length of parking place is shorter than
the road, however dose conversion coefficient by radiocesium for worker on the parking place is almost same with the value of
worker on the road in previous study.
Keywords: Radiocesium-contaminated soil, contaminated ruble, Reusing, Exposure dose evaluation
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DNA analyses to estimate life-time dose from radiation exposures estimation
of life-time doses to wild boar using dicentric chromosome analysis

Donovan Anderson™!, Tomisato Miura?, Yohei Fujishima?, Kei Okuda®, Nanba Kenji'*, Thomas Hinton®, Hiroko Ishiniwa’

ISymbiotic Systems Science and Technology, Fukushima University
Department of Health and the Exposure Laboratory, Hirosaki University
3School of Medicine, Tohoku University

“Faculty of Human Environmental Studies, Hiroshima Shudo University
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*Corresponding author: s1782002@ipc.fukushima-u.ac.jp

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

Keywords: dicentric, biodosimetry, low-dose chronic exposure



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

Keywords: dicentric chromosomes, chromosome condensation, Mitotic kinase inhibitor
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Application of Radon and Its Decay Products Monitor Using Two-filter
Method As A Monitor for Airborne Radionuclides Under Nuclear Disaster

Yu Igarashi *!, Takeshi limoto 2, Masahiro Hosoda *

! Graduate School of Frontier Sciences, The University of Tokyo

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

3 The Institute of Radiation Emergency Medicine, Hirosaki University

*Corresponding author: yu.igarashi@envsys.k.u-tokyo.ac.jp

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

Keywords: Twofilter method, Radon & its decay products concentration, Nuclear disaster, Emergency monitoring
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Thoron infiltration through filters used for diffusion-type radon-thoron
detectors

Yasutaka Omori*!, Yuki Tamakuma?, Takahito Suzuki®, Eka Djatnika Nugraha?, Miki Arian Saputra®, Masahiro Hosoda?, Shinji
Tokonami?

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

on wind speed.

Keywords: Advection, Diffusion-type detector, filter, Laminar flow, Thoron, Turbulent flow, Radon
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Development of quantitative analysis method using radon to elucidate
complex groundwater processes unique in limestone area
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In a limestone area, rainwater penetrates along eroded fissures and underground cavities typical of limestone. Therefore, it is difficult to
estimate the flow path and residence time of groundwater using a conventional numerical model. The aim of this study was to estimate
the behavior of groundwater in the limestone area using radon as a tracer. The samples were collected from drop water in the ceiling of
the Gyokusendo cave located in Okinawa Island. The radon concentrations were measured with liquid scintillation counter
(Tri-Carb2910TR, PerkinElmer) for 60 min per sample. The aritimetic mean = standard deviation of radon concentrations were
estimated to be 10.51 = 0.71 Bg/L. The radon concentrations were observed seasonal variation with high in summer, low in winter:
The average monthly rainfall was 162 mm, tending to be high in summer and low in winter. Compared to the radon concentrations, a
shift of 2 to 3 months was confirmed. Rainwater exceeding about 30 mmy/day was observed (22 Nov, 5% 22t 31t* Dec), during the
observation period of drop water in the cave, however the same fluctuation tendency was not observed. On the other hand, a remarkable
peak (506 mmvday, 14" Dec) was observed in the drop water amount data. More than about 50 mmvday of rainwater was observed
before the peak (8™ 15, 22 Sep, 22 Oct). Since the amount of drop water data is limited, it is qualitatively suggested that a shift of about
2 to 3 months between rainwater and drop water. From the above, the relationship between the radon concentrations, rainwater and the
amount of drop water suggested the possibility that radon in drop water can be used as a groundwater tracer in the Gyokusendo.
Keywords: Radon, Groundwater tracer, Limestone cave, Dripping water, Penetration time
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Development an approach to therapy for radition injury using Muse cell.
Yohei Fujishima*!, Takuma Hashimoto', Yusuke Urushihara!, Li Gen?, Mari Dezawa?, Yoshio Hosoi!

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

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

Keywords: Muse cell, radiation injury.
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Effect of radiocesium-bearing microparticles from suspended particles on
the solid-water distribution coefficient

Hikaru Miura*!, Takashi Ishimaru?, Yukari Ito?, Jota Kanda?, Yuichi Kurihara®, Atsushi Kubo®*, Daisuke Tsumune!, Hirofumi
Tazoe?, Yoshio Takahashi®

!Central Research Institute of Electric Power Industry, 2Tokyo university of marine science and technology, *Japan Atomic Energy
Agency, “Shizuoka university, *Hirosaki university, “The university of Tokyo

*Corresponding author: hi-miura@criepi.denken.or;jp

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

Keywords: Radiocesium, Radiocesium-bearing microparticle, Suspended particle from ocean
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Analysis of nonvolatile nuclides in radioactive particles released from
Fukushima Daiichi Nuclear Power Plant accident

Junya Igarashi™!, Jian Zheng?, Zijian Zhang', Kazuhiko Ninomiya', Yukihiko Satou?, Miho Fukuda?, Youyi Ni*#, Tatsuo Aono?,
Atsushi Shinohara!
!Graduate School of Science, Osaka University
Department of Radioecology and Fukushima Project, National Institutes for Quantum and Radiological Science and Technology
3Collaborative Laboratories for Advanced Decommissioning Science, Japan Atomic Energy Agency
4 State Key Laboratory of Nuclear Physics and Technology, School of Physics, Peking University
*Corresponding author: igarashijl 7@chem.sci.osaka-u.ac.jp

The radioactive particles having highly concentrated radioactive Cs were released into the environment by the accident of
Fukushima Dai-ichi Nuclear Power plant. Due to its insolubility, the radioactive particles have still been retaining the original
property such as elemental composition at the time of emission from the reactor. Cesium-137, *Sr and *?*Pu are the most
remarkable radioactive nuclides due to their long half-lives and large core inventories. These nuclides having different volatile
behaviors according to the oxidization potential in the reactor. Therefore, by analyzing the elemental composition of radioactive
particles, the progress in the reactor at the accident can be investigated. In this study, we picked up 4 radioactive particles from
dust and soil samples collected in Futaba and Okuma town. After measurement of gamma-rays from '3 3’Cs by germanium
detector, we separated *Sr, #°Pu and 2*Pu by radiochemical analysis and identified them by Cherenkov light and ICP-MS
measurements. By analyzing radioactivity ratio of '**Cs/!3’Cs, the particles were estimated to be derived from Unitl and Unit 2 or
3. For the radioactive particle derived from Unit 1, the activity ratios of *St/'¥Cs and 2*?*Pw/'3’Cs were about 10*#and 1078,
respectively. For the radioactive particle derived from Unit 2 or 3, the activity ratios of *St/'*’Cs were equivalent to the value of
radioactive particles derived from Unit 1. However, the activity ratios of %%?%Pu/'¥Cs in the radioactive particles derived from
Unit 2 or 3 were clearly lower than the value of radioactive particles derived from Unit 1. This difference indicated the different
formation process among these radioactive particles, such as temperature and oxidation potential in the reactors.
Keywords: Radioactive particle, Radiochemical analysis, [CP-MS, Strontium, Plutonium
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Investigation of biological behavior of radiocaesium in the body of Japanese
macaque

Yusuke Urushihara*!, Masatoshi Suzuki!, Yoshikazu Kuwahara?, Yasushi Kino!, Tsutomu Sekine', Hisashi Shinoda!, Tatsuo
Aono®, Manabu Fukumoto*, Yoshio Hosoi!

"Tohoku University

Tohoku Medical and Pharmaceutical University

3National Institutes for Quantum and Radiological Science and Technology
“Tokyo Medical University

*Corresponding author: yusuke.urushihara.b3@tohoku.ac.jp

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

Keywords: Japanese macaque, Radiocaesium, Biological behavior
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Evaluations of water discharge and material transports to coastal ocean via
submarine groundwater discharge using radionuclides as chemical tracers

Saki Katazakai*!, Jing Zhang?, Tatsuo Aono’

! Graduate School of Science and Engineering, University of Toyama
2 Graduate School of Science and Engineering for Research, University of Toyama
3 National Institutes for Quantum and Radiological Science and Technology
*Corresponding author: d1872301@ems.u-toyama.ac.jp

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

Estiner W. Katengeza*?!, Yukihisa Sanada?, Kazuya Yoshimura?, Kotaro Ochi?, Takeshi limoto®.
!Environment Systems, The University of Tokyo.

2Fukushima environmental Safety Center, Japan Atomic Energy Agency.

*6922884407 @edu.k.u-tokyo.ac.jp

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

Keywords: Radiocesium, Plastic Scintillation Fibers, Ecological Half-life, In-situ measurements.
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Population structure of wild boar in Fukushima Prefecture including
evacuation zone

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

Keywords: Wild boar, Sus scrofa, DNA, Fukushima Prefecture, MIG-seq analysis
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