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The second COMET workshop comprised three everitsly 2015There was aession in the

13" International Conference on the Biogeochemistry of Trace Elen{dd®&BTE 2015)eld

at Fukuoka, arassociated excursiowith 26 participantsto contaminated areas near the
Fukushimd@aiichiNPPanda COMEFukushima Workshowasheldat lizakaThe Symposium
was ondUnderstanding and mitigating the environmental behaviour of radiocaesium after the
Fukushima accideat Therewere 73 presentations, including 25 posters, from 9 countries.
The COMET Fukushinworkshop organised by the Institute for Environmentadioactivity,
Fukushima Universifyhad 42 participants from 6 countriesThe speakers coved a wide
range of topisand summarisd current key findings and issues.

A very large research effortamgoing with many different research institutes and universities
involved. A great diversity in applied and developed experimental and modelling methodology
Is evident which will lead to significant advances in understanding of radiocaesium behaviour.
Comprisons of contrasting data between studies need to consider whether fundamental
behavioural difference are being observed or if differenseare due to different
methodologies. Important field observationsften at early stages after the accident, could

be complemented by laboratory studies to elucidate mechanismg will facilitate the
developmentand validationof mechanistically based predictive models.

Information on radionuclide deposition levels alone is not enough for accurate predictions

and doseassessment. Data on speciation in fallout, rates of transformation processes and site
specific environmental characteristics determining these rasegh as RIP, mineralogy and
competing ion concentrationg@re needed Comparison of RIP with reference ¢ontrasting

mineral characteristics between Japanese and European soils would deepen our
understandingof radiocaesium behaviour iforest and agriculturasoils, including irrigated

paddy fields A bngterm monitoring program should include these vated as well as
measurements of radionuclide activity concentratisaS Yy I 6 £ S A YLINR @SYSy G a
jdzt yGATFTE@AY I NI RAPIOT BB SNAOROAEALBRILIE ¥RF0of S LIN
The potential for contaminated sediment to act as a long term soucreCks in rivers,
catchments, coastal areas, coastal marine system3Cpah Oceavill need to be evaluated

over a long time periodThis will underpinongterm consideration anddevelopmentof
remediationstrategesand decision making

¢CNFYAFSN) Y2RStfAy3 Aa aSyaridArgs 02 SO02 LK
LI NF YSGSNR&FGA2Y |yR OKI NI OOBWA HIiMEA P ya ar DA IO
dzy OSNIi F Ay G & 27T Thérf®§ thé Rey fActod driedcliaypg of contaminated
terrestrial (agricultural land, residential areas, forest et.) and aquatic (freshwater, costal,
marine) environment need to be well characterised. The controlling transfer processes need

to be quantified and predicted models validated for processes sscpito-plant systems,

irrigation water, sediment to aquatic organismand diet-to-animals Information on how
radiocaesium mobility and bioavailability for uptake changes with time should be taken into
account when rehabilitation and decontamination aegies are developed on a local or

regional scale.

Comparison with Chernobyl shows similarities and also differences which will need to be
documented and incorporated into international literature, understanding and models.

[ ]
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CEC Cation Exchange Capacity

[137Cs] Activity concentration of3'Cs
FES Frayed Edge Sites
FDNPP Fukushima Daiichi Nuclear Power Plant

ICOBTE 20139nternational Conference on the &jeochemistry of Trace Elements, 2015

ICSA Intensive Contamination Survéyrea
LL Litter layer
OM Organic Matter
[RCs] Activity concentration of radiocaesium, may inclutiéCs +3'Cs
RIP Radiocaesium Interception Potential
SDA Special Decontamination Area
TF Transfer factor sojplant
ThF Throughfall
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The overarching objective of Work Package 5 of COMET is to enhance and maintain European
capacity and skills in radioecology by establishing a dynamic intergmioonoting effective
collaboration between researchers, tool developers, regulators and industry. This Work
Package ensusthat COMET has measures in place to achieve effective communication with
the wider community.

Task 5.2 igdevotedto runninga series of workshops on key radioecology related issues and,
in doing so, bring together the different communities involved in radiation protection.

The second in this series of workshops constituted three different activities. These were (i)
special sessiomithe 13" International Conference on the Biogeochemistry of Trace Elements,
held at the Fukuoka International Congress Centre dh@26™ July 2015 (ICOBTE 20(%)

an associated excursiamn 17" July 2015n the region affected by the Fukushimacatent,

and (iiithe COMEFukushima Workshop at lizaka, Fukushima, on tieciB9" July 2015.

Thisdeliverable from the meetings in Japdascribes each of the three activities, summarises
their content and considers the main messages for both Japahthe wider international
community. For brevity abbreviations of common terms- radiocaesium (RC$J'Cs activity
concentration transfer factor (TRhroughfall (hF) litter layer (LL) ete are used throughout
most of the documentA very large number of scientists contributed to the talks and posters
summarised in this documenthe first author only is given and the full authorship lists can
be found either on the ICOBTE web site and/or in this document.

2.1. Introduction toICOBTE 2015

The 13th ICOBTE took place at the International Convention Centre in Fukuoka, Japan, and
included invited Special and Plenary Speakers who delivered talks about mercury, cadmium
and radiocaesiunresearch. The conference included thirteen Special Symposia, and Technical
Sessions on all aspects of trace element research, organised by leading experts in their fields.
There were special sessions on trace element issues of particldganee to Japan, including
mercury and radioactive element contaminaticend a special session on radioactive
contaminants from the nuclear accident at the Fukushima nuclear power plant.

As with past conferences, ICOBTE 2015 offered an opportunity for professionals and students
in academic and industrial fields to come together and exchange current information on topics
related to the biogeochemistry of trace elementde nain themes oflhe conferencevere:

wTrace element biogeochemistry and environmental sustainability
wNatural abundance anbehaviourof trace elements in the environments
wTrace element contamination, environmental and human health impacts
wAdvances in toxicology amsk assessment

wRegulatory and policy dimensions of trace element contamination

[ ]

7/57
(D-N°5.4) ¢
Dissemination level
Date of issue of this repart



wAdvances in remediation technologies for trace element contaminated sites
wNew techniques to study the fate of trace elements in the environment
wHeavy metal and radio&ige element contamination

wTransnational transport of trace elements and pollutants

The conference was attended B$1delegatesepresentinga large number of countries and
organisationsDetailed documents showing the full agerida ICOBTE 201de inAnnex 1.

There were 396 presentations, including f&pecial and Plenary Lectures and two Luncheon
Seminars. The majority of the presentatiomere made as part of the special symposia, listed
with associatedPDF documents in Annex 2Zwo sessions included presentation on the
Fukushima Dashi accident.

Understanding and mitigating the environmental behaviour of radiocaesium after the
Fukushina accident

Chair: Brenda J Howard and Takayuki Takah&lsts session will be discussed in ddialbw.

Behaviour of NORM and artificial radionuclides in ¢h@ironment
Chair: Rbin L. Brigmon, Cristina Negnd Daniel |I. Kaplan

This session was organised Ry BrigmonSRN).andC. Negri (ANL) and D. Kaplan (SRNL)
Several reports on the Fukushima Daiichi accident were included in this s@dssoremit for
the special session was as follows:

Naturally-Occurring Radioactive Materials (NORM) and artificial radionuclides in the
environment are a concern due to the potential for human exposure. This exposure may
originate from contaminated air, water, or sbil I YR (G KS LI GKgl & Yl & 0°¢
AYKEEFOA2YS 2N Ay3SadAaz2yed 'a | NBadAZ G 2F YIy
is brought into the biosphere. Similarly, as a result of energy generation and industry, more
artificial radionuclidesre being created that eventually enter the biosphere. Remediation is
commonly required to mitigate exposure. However, a key knowigdge in the
implementation of remediation is our understanding of the fate and transport of radionuclides

and their interation with biological systems. This knowledggp hinders our ability to predict
accurately risk posed by contaminated systems. It also hinders our ability to determine to what
degree a contaminated site must be remediated: to pristine levels, backgmeueld,lor some
acceptable risk level. This knowleeggp became especially evident while trying to make
informed decisions related to the aftermath of the Fukushima Nuclear Power Plant incident.

Risk calculations must be based on detailed understand offdtee and transport of
radionuclides and their interaction with biological systems.

This symposium dealing with NORM and artificial radionuclides edivey biogeochemistry,

2) mobility, 3) characterization, 4) risk and transpuoddelling and 5) remediation. Particular
attention was directed at discussions related to applying scientific results to engineered
solutions and informed decision making. Presentations tde#&h low-cost, lowimpact
remediation approaches, and data or approackesupport Monitored Natural Attenuation
and longterm stewardship of subsurface radiological wadisposal facilities.

[ ]
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http://www.icobte2015.org/common/data/special_symposia_5_0917.pdf
http://www.icobte2015.org/common/data/special_symposia_5_0917.pdf
http://www.icobte2015.org/common/data/special_symposia_7_0917.pdf

The main themes were:

Source characterization of radionuclides in the environment
Dynamics of radionuclides in soil, water, micropgadd plant systems
Prediction and modelling of radionuclide fate in natural environment
Analytical techniques and speciation studies

Impact of radionuclides on agriculture and the food chain
Radionuclides in contaminated areas: case studies

Remediatn and management of radionuclide contaminated soils and groundwater

© N o g b~ w0 DN

Stewardship of radionuclideontaminated systems or subsurface wasdisposal sites

2.2. Special Symposium-8Jnderstanding and mitigating the environmental behaviour of
radiocaesium after he Fukushima accident

! ALISOAI T aSaarazy sla FOOSLIWSR 2y 4&a! YRSNAG

0SKI@A2dzNJ 2F NI RA 20! SaAi dSpedalSyntposlub). MI8sessin] dza KA Y

wasorganisedby B. J.Howard (CEH) antl. TakahashiFukushima UniversityThe remit for

the special session was as follows:

Radiocaesium is one of the most important, environmentally mobile radionuclides. It has been
released into aquatic and terrestrial environments during the operations of nuclear powe
plants, atmospheric weapons testing, nuclear accidents and other incidents. The importance
of radiocaesium as the key, miohg term radionuclide after the Chernobyl accident
stimulated an intensive research effort to improve understanding of its eméntal
behaviour. Key features of the environment leading to high rates of transfer and elevated
doses include the high bioavailability of radiocaesium in some soils, and the high rates of
transfer to game animals and mushrooms. Methods to quantify raéisican mobility in soils

have been developed with the Radiocaesium Interception Potential approach now being widely
adopted.

Based on the extensive research, models of radiocaesium behaviour, its transfer in food chain
and food web, and the consequent dese humans and other organisms, have been greatly
improved and partially validated. The quantification of radiocaesium behaviour has
progressed from the use of empirical ratios to describing the mechanisms determining transfer
in some models. In additioan extensive suite of countermeasures for the emergency phase
and for remediation in the postccident recovery phase have been developed.

In 2011 and 2012 many Japanese scienf{istth the assistance of other nationalitieskere
intensively involvedimitigation after the TEPCO Fukushibaiichiaccident. It was clear that

there are some transfer pathways leading to significant contamination of certain foodstuffs
which were not anticipated. It was also evident that although radioecological data largely
collected in European countries was relevianthe situation in Japan, there were site specific
features which had not previously been considered. From 2013 more focus has been possible
on studying the environmental behaviour of radiocaesium in Japan to develop appropriate
understanding to underpi the sustainable use of contaminated ecosystems and to assist
remediation efforts. Particular challenges have been identified for contaminated forest

[ ]
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ecosystems, which dominate the contaminated areas, and the marine environment near the
Fukushimdaiichisite.

XXdd¢ KS (A YAGOBTEZanferénkeS anaits location, is an ideal opportunity to
discuss progress in our understanding of the particular features of the environmental
behaviour of radiocaesium and to identify lessons learned for the irttena community

after the Fukushima accident. It will also provide the opportunity to consider if the Strategic
Research Agenda for radioecology developed by the European Radioecology Alliance and

research priorities in different countries adequately ¢dveA RSy G A FA SR NBa S| NOK

The main themes of Special Symposium 5 were:

1. Estimation of radionuclide deposition and redistribution in Japan after the Fukushima
accident and associated external doses

2. Analytical techniques and speciation studies ofioadclides
3. Dynamics of radiocaesium in soil, water, plants and animals

4. Quantification andmodelling of the short and longterm fate of radiocaesium in
agricultural, forest and aquatic ecosystems

5. Impact of radiocaesium on agriculture and the food chainl associated internal
doses

6. Estimation of radiation doses to, and associated impact on, biota
7. Countermeasures and remediation after the Fukushima accident

There were 73 abstracts submitted for the session which wagjtbatest numberfor any of

the specidsessions. These were evaluated by the COMET organising committee (B Howard,
H. Tsukada, H. Vandenhove, A. Liland and V. Kashparov) and revisions requested for about half
of the abstracts. Due to the large number of abstracts, the sessioadaster the entire

duration of the conference rather than being limited to one day as originally expettesl.

meant that44 oral presentations were delived over 3.5 days plussdoster presentations

The mainaim was toprovide an international forum for a comprehsive consideration of
radioecological data arising out of the Fukushima accidentntmurage good discussiao,

identify important issues arising and to consig@ssible papers for a special issue

There were 73 presentations, including 25 posters, fiddhtountries (UK, Ukrainé&orway,
Sweden, Russian Federatjarapan, Germany, France, Belgium and Austr&iantributors
included leading environmental radioactivity researchers as welti@tigs at earlier stages
of their career.A list of participants is provided in Annex Brofessor George Shaw of

Noti Ay AKIY ! YAGSNAAGES 'Yz 3L @S tfSylINEB [ SO0
R

impactc what have we learnt from atmospheric weaponsfditt > / KSNy 26e&ft |y
(Annex4).
2.2.1. Synopsis okession Ppresentations

The six morning and afternoon sections of session 5 were each chaired by two invited
chairpersongTable 1)
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Tablel. Chairpersons for Special Symposium 5

Date Morning Session Afternoon Session
Monday July 182015 1 Brenda J. Howard
1 Hirofumi Tsukada

Tuesday July 142015 1 Aleksei Konoplev 1 Frederic Coppin

1 Akira Takeda 1 Sadao Eguchi
Wednesday July 152015 1 George Shaw 1 Christelle AdarGuillermin

1 Atushi Nakao 1 Seiya Nagao
Thursday July 162015 1 Thf)m.as G. Hinton

1 Yuichi Onda

The sessions were generally focused on one to three topic arefs starity of presentation
summaries othe different topic areasprepared with inputs from the chairpersoragge given
below (with only the first author listed)

2.2.2.1. Radiocaesium in sajlbioavailability, RIP, Kd, distribution

In an invited review papelamaguch{Japan) noted that the vertical migration rateREsn
Fukushima soils, which include Andosols, seem to be higlaer ith Chernoby! soils for the
early phase of contamination. The RIP, of which measurement seems to be becoming an
essential requirement for the study oRCsransfer in soil and to plant, could be a strong
parameter to explain the observed large variatiansthe distribution coefficient (Kd) and
transfer factor (TF) based on positive HIiP and negative RIPF correlations. The link
between RIP and gravimetric clay fraction in soil is not clear, except for a narrow range of soils
with similar clay mineralgy studied so far. Empirical models or equations to estimate RIP from
basic soil parameters would be necessary for wide application of RIP.

Nakaodealt with RIP measurements for 97 paddy soils from three major regions of Fukushima
Prefecture looking for dationships of RIP with basic soil characteristics, i.e. total C content,
clay content, pH, CEC, phosphate absorption coefficient, and the clay fraction K content.
Correlation analysis revealed that RlPositively correlated best with clagkoiand negatively
correlated with total C content and the phosphate absorption coefficient. The data confirmed
that RIP for paddy soils in Fukushima was mainly controlled by micaceous clay minerals in soil.

Vandenhove measured RIP in 88 surface soils from the Imdtional Soil reference
Information Cente. RIP varied from 1.8 to 13300 mmolkgvith the lowest values for
andosols, podzols and ferrasoRIP was only loosely correlated with other soil characteristics
but was linked to the aciéxtractable fraction. An estimation of plant availali®€sn soil
from an easy acid extraction seems to be possible.

Uematsumeasured he RIP and other charactstics of 51 surface soils from arable fields in
the areas contaminated by the Fukushima accident. A model was then developed to describe
the data. Pot trials with 22 of these soils using paddy rice or rye grass are now underway. RIP
ranged from 80 to 400 mmol kgt and the linear regression with clay content was 3.3 fold
lower than that for Belgian soils. This suggests a IdWe€s selectivity on amorphous minerals

[ ]
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typical of Japanese andosols compared with micaceous minerals. Therefore, the Absalom
modd may overestimate RIP and thereby underestimBtéuptake by plants in Japan. Soil
OM and CEC explained 64% of the variance in RIP for the Japanese soils.

Koshikawagave data on the extractability &Csising Cs@hich extracted lesRCgrom soll
thanammonium acetate/nitrate. The extraction yield did not change from using 0.1 and 1 mol

L CsCl suggesting that a large excess of stable Cs ions may inhibit the release of some forms
of 13’Cs which are removed by ammonium acetate or nitrate. If the st@bleollapses frayed

edge sites (FES) thereby trappiifCs ions, and therefore only extra¢®Cs on planar sites,

0KS YSGiK2R YI& (GKSNBT2NB 06S 2F dzaS Ay |jdzt y
available!®’ a ¢ @

Stepinaconsidered a flosthrough method of measuring radioactivity in the solid ph#sat

has been used to study fixation &fCs in Fithian illite. The fixed fraction ¥fCs was a
function of [K+], aging time and temperature. At low [K+] the rat€@s fixation decreases

but ¥'Cs binding strength increases. It is important to consider realistic [K+] in the
environment when determining the efficacy of K amendment of soils to redt(€s uptake

to plants.

Takahashi looked at temporal changes #'Cs distribution in soil profiles from different land

use types after the Fukushima accident on four occasions at eight sites. They reported that
migration of'3’Cs from litter to soil was faster at grassland sites than forest sites, but seemed
to be strondy bound in the soil thereafter. In mixed and cedar forest, the proportion in litter
declined from c. 90% to 181% over two years; in mature cedar additional inputs occurred
from the canopy which led to greater spatial variability. In agricultural fieldg a small
percentage was in litter or plants. Vertical migration occurred in the paddy field with c. 25%
in the 510 cm depth after two years. The initial distribution was influenced by soil Cs fixation
and penetration via water and soil particles

2.2.2.2. Radicaesiumuptakein paddy fields

Eguchireported on the application of a simplifiegrocessbasedmodel of RCssoilplant
transfer by Absalom et al 1999 for paddy rice in Japan for short totemng Without
calibrating any soil and crop parameters, the rabdnderestimated the brown rice TF by one

or two orders of magnitude. Calibrating model crop and soil parameters allowed substantially
improved predictionsFurthermore, by modifying the model to take into account soil clay
mineralogy, the model predictiowas considerably improved, with aA\Rlue of 0.89.

Saito quantified the effect of K fertilizer application (using KCL.&i®&which is a slow release
fertilizer) on13’Cs in soil solution and brown rice from a fluvisol in the north of Fukushima
prefecture. KCl suppressééfCs uptake more effectively than the slow release fertilizer. [K] in
the soil solution declined considerably over the growing season for controls and slightly less
so for treatments. KCI applied after puddling resulted in higKgiirj soil solution than when
applied before puddling, possibly because in the latter case K on the soil surface is more
readily removed via paddy water.

Kondocompared the dynamics d2Csand potassium in sod plant in rice.The variation of
RCs accumulation in rice could be partly explainedRiBsupplying capacity of soil reflecting
the competitive manner of the uptake dRCsagainst K. ExchangeabRCs/K ratio was
suggested as a potential soil index to estimRi€saccumulation in rice. he distribution of

[ ]
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RCsinto grain increased when the [K] in shoots was low indicating that transf&@QGss
competitive with K for both soil to plant and shoot to grain. Indica varieties of rice tended to
have higheifRCsaccumulation compared with japora varieties. These varietal differences
tended to magnify in soils with low exchangeable K.

Yoshikawaconsidered theRCdalance in mountainous paddy fields in Fukushima prefecture
where RC§in brown rice exceeded permissible levels in 2011.-Year manitoring of three
paddy fields, measuring inflows and outflows, suggested thaR@Ganventory will decline by
50% and 80% by 5.5 and 29.6 years respectively, assuming a constant net R@sfroim
soil. ASRCss immobilised with time on clay minerélse levels in brown rice is expected to
decline further with time.

2.2.2.3. Radiocaesium in forest ecosystems

The invited paper bgsonzewas aimed at development of comprehensive understanding of
dose rate monitoring data in Fukushima forests. Airborne anéboane surveys in evergreen
coniferous regions of the area revealed that average radiation levels decreased much faster
than expectel from physical decay. Coniferous forest in the southwestern part of the
AbukumaMountainshave been predominantly contaminated by dry deposition (60 to 100%).
As a consequence of the biological and physical depuration of forest canopies, simulated dose
rates were shown to decrease by -29% during first 18 months, in close agreement with
observations.

Nishinapresented themodellingof 13'Cs and C dynamics in an artificial forest ecosystem using
the FoRothCs opesource model. This model simulaté$Csand C*3'Cs in leaves and litter,
which enables to link it with herbivores and soil decomposer diet. The model couples a carbon
cycling model and a biomass growth modeéICs dynamics are integrated into C cycling using
transfer parameters. The procebssed model will help to plan optimal forest management.
First results showed that the effect of thinning and harvesting after 5 years of fallout was
limited on theRCsnventory because of rapitf’Cs migration from trees to soils.

Coppintalked about thedistribution and availability oRCan Fukushima foreshndosds at
two locations in Kawamata town. The aim is to estimate the residence tiriéQH, stable Cs
and K in different profile layers to feed into a forest model. In Nov 290% of the'*’Cswas

in the forest floor, 70% of which was in the upper organic layer and t{Ben® soil layerKd
data suggest thapart of the 2*’Cs is available for root uptake and vertical water migration.
Much of the sorbed fraction df’Cs is exchangeable (ED%)reflecting the low clay mineral
content and high OM content of the soil.

Yoshenkopresented a research program aiming at characterizif@s distribution and fluxes

in typical forest ecosystems (coniferous) in Chernobyl and Fukushima. In Ukraibmgéeic
fluxes of radionuclides are comparable with geochemical migration fluxes in the root layer,
leading to a gradual decrease of the apparent vertical migration rates. In Fukushima, after an
initial phase of important foliar interception &f'Cs, roo uptake is becoming important.

Takadapresented a compartment model used to fit data BfCs migration from the litter
layer to the soil layer for 6 mixed deciduous forests. *Hes migration rate from litter layer
was 10 times Ilgher than the migratn in soil layers, and was correlated with litter
decomposition rate. Using the compartment model, it was estimated that half of¥fl@s
would remain between the litter layer and surface soil layer for the next five years.

[ ]
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Takeuchipresented te total RCsinventory in a mountainous forested catchment using 2
methods: continuous measurement of air dose rate during mourteatking and a gridbased
measurement ot3’Cs inventory based on litter and tegwil samplings. Monthly rate of fluvial
discharge of*'Cs was also estimated using continuous measurement of dissolved and
particulate'®’Cs. Air dose rates were higher on ridges and from-fzashg slopes. Dissolved
137Cs accounted for 26 % of total fluvial discharge, and accounted for 0.03 8¢ uftal
inventory in the forest catchment.

Katoinvestigated the transfer of canoggitercepted*3’Cs to the forest floor in coniferous and
deciduous stands. Whilé’Cs deposition on forest floor with throughfall was associated with
an increase of ambre dose rate, the effect of littefall on changing of ambient dose rate still
needs to be quantified.

Loffredo presented a 2 compartment model &#'Cs leaching dynamics from evergreen
canopies, adjusted using situand literature data. While no spatighriability of kinetics of
leachable®*'Cs loss was observed, a high spatial variability of the leachable stock was
observed, due to initial deposit and canopy closure. This latter parameter was added to the
model to improve predictions.

Hurteventpreserted 13’Cs distribution and recycling in two evaged cedar stands. Based on
137Cs determination in various tree compartments, litter and soil, calculated fluxes showed
that litter fall remains a major pathway fdf’Cs redistribution compared witinternal
translocation in crown. Thus, the rapid redistribution'8fCs between tree and soil still
prevails 3 years after the accident. Future studies will be focused*@s/K ratios to
characterize the stage of recycling of each element between e dtements to quantify the
dynamics of tree contamination.

Itoh reported on hitial RCsdeposition in forest ecosystenmafter the Fukushima Daiichi
accident They made use of bulk precipitation and throughfall samples collected before, during
and dter deposition for other purposes mainly in the Kanto region £260km from the NPP).

The ratio ofRCsn throughfall to that deposited in bulk precipitation to the end of March 2011
was highly variable at 0.13.66, then decreased rapidly. Thereaftdretratio increased and
eventually exceeded 1 suggesting that the forest canopy was gradually releasing intercepted
RCs

2.2.2.4. Radiocaesiuntransport in catchments and through river systems.

EyrolleBoyer showedsuspended load versus discharge relationships ifige tatchments in

the MinamiSoma region of Fukushima and concluded that their behaviour was similar. There

Ad a2YS GNIyaFSNI 2F O2ydl YAYlLIGSR &aSRAYSyd 7
O2y aSNBI 0 ADBSQod ¢ KSNB A duspendedsedidéniNdadSKd Nue tol (A 2 y
the higher reactivity of the finest particles. Dissolved @pamticulate) fluxes oRCsange

from 30:90% of total flux under mean hydrological conditions.

Konoplev reported that RCsdispersion in undisturbed forest and grassland soils in the
Fukushima contaminated area was significantly faster compared with the Chernckyt 30
zone during the first three years. Effective dispersion coefficientR@Emigration for
Fukushima soils arseveral times higher than that for Chernobyl, partially explained by the
higher precipitation in Fukushima than for Chernobyl. Soils in Fukushima are characterized by
greater bioturbation in the top soil layer. For both Fukushima and Chernobyl, foréstse

[ ]
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characterized by fag®Csnigration in the upper soil layer. TIRC3Kdin Fukushima rivers was

1-2 orders of magnitude higher than corresponding values for rivers and surface runoff of
Chernobyl suggesting higher ability of Fukushima soils andnsets to bind RCs The
normalized dissolved washif coefficients for Fukushima river watersheds ar2 arders of
magnitude lower than corresponding values for the Chernobyl zone.

Yamakawashowed that the use of a stevia fermented product as an amendrseains to
decreaseRCdransfer to plant although it also seems to increase R@dransfer in soil and
increaseRCsextraction from vermiculite compared with that due to water or K amendment.

WakiyamaquantifiedRCglischarge in the Niidagawa river Bassing instruments capable of
collecting sediment discharge during intensive rainfall events. They installed sets of integrated
suspended sediment samplers, turbidity sensors and water level sensors at three sites in
summer 2014. Total*’Cs discharge in the basin was very small compared with t&i@s
deposition. Most®*'Cs was discharged from smaller catchments during intensive rainfall
events.

Ogurashowedthat the water and suspended solid (SS) dynamics coulsirbelated usinga

the Soil and Water Assessment Tool (SWAHQr the HisoRwver catchment, model
performance for daily SS load was less good than that for streamflow possibly doento

very high peaks in daily SS lpadich occurred only a few times a yedhe results indate

that there is a source for high peaks of SS load somewhere in the watershed. The source is
also a hotspot oRCsContinuous monitoring of stream load and investigating land conditions
are strongly required.

Delmascombined prior uncertainty on wasbff parameters from the literature anth situ
measured RCsconcentrations for rivers in 5 contaminated watersheds in the region of
Minamisoma to estimate average wasff parameters. Bayesian inference avashoff
parameters from a double exponential transfer function was conducted Blagov Chain
Monte Carlo algorithm (MCMC) using the GMQSim software. Only a small fraction of
depositedRCss available for wasbff.

Nagaodescribed data od*’Cs for 211-2014 in the Abukumd&ver, which is the largest in
Fukushima area during 20X12014. Measurements of totdf’Cs versus turbidity showed
mixed results at different sites, but there was a clear incread®@g§ in river waters after
rainfall. Kd valieswere alsoderived, but these valuewere obtained under norequilibrium
condition so is difficult to comparethese Kd values with Kds obtained under equilibrium
condition

Tsujialso showed data fo¥¥’Cs in particulate and dissolved forms in storm runoff in rivers in
the Fukushima area. He showed evidence for elutioli’@fs from forest litter in the riparian
zone and he hypothesised that this part of the catchment could be important in supR{sg
to rivers since Bg/kg values in litter are similathat in suspended sediment after rainfall.

Evrardstated that 70% of area affected by the initial deposition from Fukushima is drained by
3rivers. He showed that paddy fields are the most connegéets of the rivers and that most
significant erosion occurs on farmland. There has been progressive disperftQaoivards

the Pacific Ocean, based on 4 sampling campaigns over 2 years. So far ~1% of the initial
depositedRCshas been transported frornatchments towards the ocean.
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Ondatested the hypothesis based on peShernobyl observations of rivers that there are
discrete phases t&Cgselease from soils to waters over the years following initial deposition.

He described results from a $10M programme conducted from 208ih which, among other
things, soil erosion plots were studied. Most suspended sediment comes via outflow from
rice paddies. Different temporal trends were evident in the decreas&@§carried by
suspended sediment, depending on the system being studied. There was a faster decrease in
sedimentassociatedRCdrom paddy fields than from forests. A key message thas the
temporal change in runoff dRCgrom the land to surface waters changes with land use.

PratamamodelledRCsvashoff into rivers and then flow into the ocean. He made simulations
that predicted future discharges ®Cdor 100 years. Areas with forest discharge IB&s
than urban areas. His model showed tREEslischarge rates can be decreased if remediation
activities are increased significantly.

2.2.2.5. Radio@esiumin marineecosystems

Kitamura presented the temporal rad vertical trends oRCsn zooplankton. Four years pest
accidentRCdevels have returned to background levels within zooplankton. Coastal trends of
RCswithin zooplankton differed from oceanic zooplankton, with incre&esevident along

the coast duea river discharges dRCsNo positive relationship was observed betwdR@s

in seawater and zooplankton.

Bezhenarmpresented results from a box model (Poseidon) that simuld&&dmigration from
bottom sediments through ocean food chains. Model predictions were in good agreement
with data and showed strong correlations betweR&sn sediments and benthic organisms.

Duffaspoke about several marimaodellingefforts within the Euopean COMET project. They

are using biokinetic, sediment exchange, and trophic transfer models. Models have good
agreement with plankton data, and witRCsn sardines, but only after fish migration was
included in the model.

2.2.2.6. Radiocaesium transfer to anais and wildlife doses

Hinton (invited talk) presented a new tool for quantifying external dose rate to free ranging
organisms, merging GPS and electronic dosimeter systems. The replicability of these systems
was tested on young boars in Savannah Riverasitl on wild wolves in Belorussia. The results
show that measured external dose rate was higher than the ambient dose rate. Internal self
irradiation due to wolf contamination has to be estimated from whole body measurements.

Johanen presented data from the IAEA MODARIA project. Doses to fish were calculated from
measured dataThe hghest doses to fistwere within the port of the Fukushima DNPP. Dose

to these fish are remaining elevated with little decrease over time. Dose to othenenfish

are declining with time, at a rate that is similar to what Kitamura presented for zooplankton.
Near the FDNPP, the highd&ts concentrations were in fish with trophic levels of about 3.5
3.8 (not in fish with higher trophic levels of +4.0ppe trophic level fish are not following

the same RCs rate of decrease as lower trophic chains. Fish behaamging area
differencesand methods offood consumption that result in oral sediment intake were
hypothesized as plausible reasons.
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Gjelsvikdescribed longerm measurements of transfers 6¥Csto animals in Norway and she
showed that these transfer are higher in-polluted affected areas. High&Fto animals are

seen in coastal areas than inland due to marine aerosol deposition to soils on the coast.
Southern soils in Norway are also affected by acid precipitation and have shown faster loss of
RCsand greater uptake off’Csby animals than otheareas since 1986Theincreased levels

of 13’"Csmeasuredin big predators such as lynx, wolf, brown bear and wolveiineentral
Norwayreflect the higher contamination ithis region as well as RCs accumulation in these
FYAYEF T &aQ .TaelehgethKuse of Brussian bluend clean feedingontinues to
ensure that the intervention limit of 600 Bg/kg in sheep is met.

Adam-Guillermin(invited talk) began by describing studies of radiation exposures and effects
in birds and frogs in the Fukushima ar€&urrently, there is no consensus on ecological effects

of radioactivity released from Chernobyl. Conflicting results on measures of biological impact
such as biodiversity might be due to inappropriate dosimetry when constructingeffeset
curves. DAdamGuillermin demonstrated that ambient de measurements for two very
different organisms (birds and frogs) were an order of magnitude lower than doses assessed
with respect to the specific niches occupied by the organisms. For both organisms dose
related effects were observed, but at higher dose rates than previous publications would
suggestAmbient dose negatively correlated with singing activity of frogs.

2.2.2.7. Remediation

The invited paper bidloward (UK) was some background on remediation and a brieisam

of remediation activities after the Fukushima accident based on two recent IAEA reports and
work done for the imminent IAEA Fukushima report. The presentation also gave a comparison
of the remediation after the Chernobyl and Fukushima accidents.

Unno considered the ability of different metal phytates which are a major component of soll
organic phosphorous, to remové’Cs from solution including soil solution. Al and Fe phytate
had a hight*’Cs adsorption potential in slightly acidic soil which isesutead in northeast
Japan. Phytates may play a role in adsorB@gearly after deposition. As ammonium acetate
removes theRCsthe adsorbed fraction may be available for plant uptake.

Djedidi discussed transfer dRCgo Brassica spp. after the apgioon of different bacterial
isolates (rhizobacteria) which promote plant growth as a possible phytoremediation option.
Many isolates increased’Cs uptake by the plants, particularly into the roots. The pot
experiments now need to be supplemented bydidlials.

Nodashowed that the expression level of HAK5S and transcription factor RAP2.11 of legume
could be used to select plants with high TF for remediation process or conversely with low TF
to reduceRCdransfer.

Popov presented laboratory studies dRCspenetration and washoff from urban building
materials (e.g. concrete, brick, asphalt). The data were acquired from laboratory equipment
that physically simulated weathering &Cghat had been applied to building materials, as
well as simulated rainfaand washoff oRCs Washoff was greatest for asphalt > granite >
concrete = brick.
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2.2.2. Session posters

Session 5 also included 25 poster presentatidissed belowgiving the first author only.firee

of the postersreceived awards fotbest of conferencéposters (Tashiro et al(1), Tsukada et
al. (11)and Noda et al(21)). The paters are summarised below under the name of the first
author.

1.

Tashiro et alRadio@esium retention ability of soil clay fraction of paddy soils in Japan
in relation © claymineralogy

After the Fukushima Daiichi nuclear power plant accident in March ZRT&**’Cs) retention
ability was shown to be largely dependent on micaceous minerals in the clay fraction in
Fukushima. However, it was not clear whether this result can be extended to wider areas in
Japan with a higher variety in clay mineraloglge objective bthis study was to understand

the general trend in the relationship betweéHCs retention ability and clay minerals in Japan.
Eightyfour upper soil layer (@5 cm) samples were collected from paddy fields sampled from
all over Japan from Hokkaido to Ok I 6 @ ¢ KS Of & TN} OlGA2Yy ofF
soil sample by sedimentation and the RIP measured. RIP was largely controlled by the amount
of micaceous minerals rather than vermiculite, consistent with the result obtained for the soill
clays fronmFukushima paddy soils. In conclusion, not only in Fukushima but also for wider areas
in Japan, we found that the amount of mica was the most important factor contrdfiiag
retention ability.

Nanzyo et alyertical Distribution of Radiocaesium in Tsum#fiected Farmland Ssi

in Miyagi Prefecture, Japan.

The tsunami depositsn farmlands in Miyagi prefecturand underlying two soil layers were
collected during May 2011 at 344 sites in Miyagi Prefecture. The tsuigpoisits were mostly
differentiated from the underlying soil by the presence of coarse sand. A thin muddy, layer
which was the most highly contaminated by R&ss deposited over the coarse sand. Imaging
Plate analysis on vertical sections showed two distribution patterns of radioactiMity.
distribution of imaging spots suggests that a significant fractioR@dad been deposited as
particulate material, and deposition of the radioactive particulate material occurred after the
sedimentation of the muddy layer. The other pattern was gy\faint single, layer distribution

at the upper part of the vertical sectiomhich, if due toRCsmay have deposited as a soluble
form, and become fixed by suspended soil materials in the inundation water during
sedimentation.

Ito et al, Distribution of Radioactive @esium in Classified Particlesorf
Decontamination in Fukushima

Volume reductions are being developed in Fukushima to cope with the vast amount of waste
associated with remediation. Two soils from Namie and Okuma were wet sieved and
evaluated. The fractions with the highest RCs contamination was that associated with clay
particles, but the size fraction of the clay minerals differed substantially between the two soils.
Removal of RCs by wet sieving would be effective for clay fractions < buyirthe large
particle clay fraction needs an improved classification method.

Kowata et alReplanting of mulberry: is it effective in reducing the risk ofoeaisium
contamination in leaves

[RCs] uptake in soil and leaves was compared in three mulberry plantations of different ages
(1, 2 and > 25 years after replantinghe RCs TF to the oldest tree was highest. Ammonium
acetate exchangeable K concentrations in soil > 56Ks@g100gdw redued TFs in the
younger trees, but not the oldest. Watspluble K exceeding 20 agO/100g resulted in a
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similar reduction Replanting of mulberry can be effective in reducing the transfdRG#o
leaves, if soil amendment with K fertilizers is perforna¢dhe same time.
Suzuket al, The effect of irrigation oA®’Cs uptake in rice

From 2011 to 2013, we found that brown rice and/or straw collected near the water inlet of
paddy fields contained significantly high&¥Cs] than those collected at the centre of the rice
fields and near the water outleFurtherfield examinationf the impact of irrigation were
carried outin three rice fields in Fukushima Prefectur8oil samples were collected from the
surface 615 an layer at 1, 2, 3, 5, 7, 11, 15 and 21 m apart from the inlet at harvest. Rice
samples were harvested at the same positions and divided into brown rice and straw. No
relationship between soil clay contents and distance from the water inlet was foundhllFor
three fields, the highest{'Cs] were often found in saindrice or straw andalsothe highest

TF valuesat sample sites which were within three m from an inlff’Cs] and TF were lower

at more distantsample sites. Theéatasuggest that irrigation water may take an important role

to the elevatedRCsuptake in rice grown near water inlets.

Suzukiet al, Effect of radioeesium fractions in irrigation water on radiaesium
uptake in brown rice

The studynvestigated?’Csuptake from irrigation water into brown rice by determinid§’Cs]

in brown rice grown in three gray lowland soils. The plants were grown in pot experiments in
water containing*’Cs (1.0 or 10 Bdfl)) in the dissolved fraction, bound to the soil particle
fraction, or bound to the organic matter fraction. For edéfCs fraction, thef’Cs] in the
brown rice increased in proportion to that in the water. Thptake rate for the dissolved
fraction was higher than that for the organigatter-bound and soiparticle-bound fractions.
Theuptakerates forthe three differentsoils used variedFurthermore, thauptake into brown
rice from the dissolved and organioatter-bound fractions were similar fawo of the soils,
but that from the soitparticle-bound fradion differed for these two soils.

Shinano et alarietal difference in the radioactivaesium uptake ilAmaranthusand
Soybean

Introducing plant varieties or lines which have a relatively lower ability to accunRiageom

the soil, can be one possible phytoremediation measure for application in the contaminated
area Using Amaranthus omogbean t would require more than 400 years to decontaminate
the soil (ignoring the halime and leaching from the soil), thus ael usage of plant for
phytoremediation is not acceptahleBased on ionome analysis, it seems that the uptake of
non-essential elements including Cs is carried out not only by K transporter bunatsiher
mechanisms.

FujimuraDifference in3"Cs uptake between two paddy rice cultivars

To understand the interactive effect of uptake of K+ and Cs+, we examined the difference in
187Cs uptake using two lowland rice cultivars (Hokuriku 193 and Koshihikari) which differ in
ability to accumulate KfHokuriku 193> Koshihikaii. In one field experiment, thf='Cg in

brown rice and the plant was fodiold and two fold higher respectively in Hokuriku 193 than

in Koshihikari with similar dry weights. In the second experimsitigirice seedling$*'Cg

and the amount of*'Cs in shoot was significantly higher in Hokuriku 193 than in Koshihikari.
The accumulation of K also tended to be greater in Hokuriku 193 than in Koshihikari. However,
in a hydroponic experimen{*'C¢ in shoot and root was similar in both cultivars in two K
treatments. The amount off’Cs in shoot and root was significantly greater in Hokuriku 193
than in Koshihikari due to higher dry weighttie formerin both K treatments!*’Cs uptake

in the hydropotic experiment was contrary to those in the fieldggesting that experimental
conditions in the soil need to be carefully considered.
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9.

10.

11.

12.

13.

Saito et alDistribution of radioactive aesium in soil and its uptake by herbaceous
plants in temperate pastures aftehé FukushimaDaiichi Nuclear Power Station
accident

The status of Bs contamination in soil and plants at Tohbkuversity, Miyagi prefecture, 150
km north of the NPS was evaluated. Pasture management greatly influenc&ttheontent
of herbaceouplantswhereasplant species had less influen¢e manuretreated soils the soil
to-plant transfer factor was negatively correlated to pKi and exchangeable K content of
root mat soils.TheRCscontent of plants decreased with plant maturityhe decrease €arly
May toearlyJune) was smaller in legumes thargrassesind forb.

Ishikawa et alProfiles of potassium and cation transporters in rice plants: Investigation
on possible aesium transporters

When rice plants were grown by hydroponic cult(i€] 2562M) for 20 daysome highkaffinity
Ktransporters, HAK1 HAK7and HAK10were highly expressed, suggesting ttizty may play
dominant roles in root uptake of KVhen the 26day-old seedlings were treated for 24 h with
hydroponic solution of diffeent [K] (from 2 to 5JuM), gene expression of most transporters
exceptHKT2;1another highaffinity transporter, showed little change. HowevetKT2; was
up-regulated below 1@M of K suggesting thatiKT2;1may contribute to absorb K when
present in venjow [K] in the soilDifferences of gene expression weanalysedusing root
samples from different cultivars grown in a paddy field. Gene expression of thetfiity
potassium transportetHAKland a potassium channédl.1were higher inindica than in
Japonica cultivarswhich can be compared with data showing that Indica cultivars have higher
RCs uptake than Japonica cultivars.

Tsukada et aRelationship betweesoil-to-plant Transfer Factor f’Cs imagricultural
plants and Radi@esum Interception Potential

RIP was determined and compared with the transfer factofRGE inagricultural plants
collected from fieldsThe TF values in polished rice, potato and cabbage in Aomori decreased
with increasing the RIP values, and they shogead correlation. The TF value in polished rice
collected from Fukushima was also well correlated with the RIP value, and it shows a similar
range with the results in Aomori. This indicates that RIP is the important factor for controlling
root uptake of ICs by plant.

Kojima et alComparison of Radiaesium Accumulation among Soybean Cultivars

To elucidate the factors which control the accumulation of RCs in the graaybkanthe
characteristics of RCs accumulation among soybean cultivars contaiafimis/ genetic
backgroundswvas compared. When grown in soil with a mean [RCs] of 3,675 Bqg/kg DW no
cultivar accumulated more than 100 Bg/kg in the grain sampled in 2012. The histogram of
[*¥"Cs] had a Gaussian distribution, and the modal value was 15~20 Bg/kg DW. The Takiya
cultivargrainhad the lowest T'Cs] of 6.9 Bg/kg DW. The highest was found for the Kurakake
cultivar at 31.5 Bg/kg DW, so th€7Cs] varied by a factor of 4.5. The vaaleanking of F'Cs]

in the cultivars differed between 2012 and 2013, for instance, cultivars that were ranked top
in [*3’Cs] in 2012 were not in 2013. The average valu€@4] in cultivars in 2013 was nearly
50% of that in 2012.

Rai et alDevelopmat of low caesium uptakeryza sativaby a chemicaimutagen

Chemical mutants of rice were made with sodium azide and Nmétmitrosourea (MNU).
Three low Cs uptake mutants were selected from 8027 M3 plants atf€a uptake trialln

the first experinent, the[**3Cg concentrations in brown rice dfie three mutant strains grown

in soil with 0 ppm, 1 ppm, 2.5 ppt¥CsChddedwere reduced by aboubur foldin Andosol

and > 10 foldfor Fluvisolin the treatments compared with theontrols.In a hydroponics
experiment, two weeks old seedlings in Kimura B liquid medium were transplanted into a

[ ]
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medium with 1.0, 2.5, 5, 10, 25 ppb stable Cs added. The Cs concentrations of the roots of the
three strains were low compared with the contifor all Cs levels, but that of the shoots were
not. Similar experiments were then set up with Na, K, Ca, Mg concentrations of x 0, 5, X 2, x 3
times the concentration of the original medium. Only the K enhancement had an inhibitory
effect on Cs uptakenlthe low K treatment (x 0.5), Cs uptake of the mutants was much lower
than the control in both the shoots and roots. However, the Cs uptake of the control was
reducedto a similar extent ashe mutant strains with increasing K concentration. The data
suggested that the selected three strains were mutations of one of the miwansporters.
14.Dohi et al*'Cs in lichens after the Fukushima Nuclear Accident

There was a significant positive correlation betweétds] in lichens (n=48) in Japan from
Fukushima Prefecture arld’Cs inventories in soil. Ratios8fCs:*'Cs were consistent with
those from the Fukushima Daiichi accident in Fukushima prefecture and lower for those
further away.

15.lijima et al, Transportbehaviourof radioactivecaesium throughwater system in the
coastalarea of Fukushima

This paper provides an overview of the results of field observations on the distribution and
evolution of [¥Cs] in the Ukedo River system in 2013 and 20khosition ofRCsafter the
accident wasigher upstream than downstrearitherefore RC4ound to suspended particles
originating from the catchment of the river downstream of the dam dominates the transport
behaviour ofRCsn the river downstreamOgakidam is located in the middle of Ukedo River
17 km fromthe river mouth. Bottom sediments of the Ogaki dam lake were cored at ten
locations and each depth profile of{Cs] was evaluated. The dawvas shown to havea
significant ability to constrain transpoof RCdrom upstream to downstream.

16.Lepageet al, Modelling the source of sedimefiitound RCsn two coastal catchments
in the Fukushima Prefecture thisediment tracing techniques.

A sediment fingerprinting technique was applied to determine the location and relative
contributions of different sediment sources in the Mano and Niida Rivers in Fukushima
prefecture In the Mano River ~20% of tReCsampled was modelled to be deriveaiin the
upstream area compared with ~30% in the Niida River. The highest contribution of upstream
RCsawvas modelled after the typhoon seasons in 2011 and 2013. Fluvisols were the dominant
source of sediment andRCsindicative of sediments derived from sourc¢hat are highly
connected to the river network. Understanding the relative contributions of these different
sediment sources will allow for more direct management of sediment, andRiigransfers
in these Fukushima coastal catchments.

17.Udeaet al, Distarge of Fukushimderived radioaesium from mountainous river in
the contaminated watershed, Japan

Transport rates oRCghrough the small Hiso River and Wariki River that traverse mountainous
areas in Fukushima Prefecture were estimated. R@sconcentrations strongly depended on
the rates of water discharge. ParticuldRCguring periods of flooding contributed over 90%
of the total Csin the samples. The discharge REsfrom the catchments during 2011 was
estimated to be 0.5% and 0.3% of tlital amount ofRCgleposited on the catchments of the
Hiso River and Wariki River, respectivBlgrticulateRCsluring periods of flooding contributed
>90% of the totaRCsdn the samples. The dischargeR€drom the catchments during 2011
was estiméed to be 0.5% and 0.3% of the total deposited on the catchments of the Hiso River
and Wariki River, respectivelRCsglischarge (c. 0.2 %) in 2012 was lower than 2011 showing
its relatively higher mobility just after the deposition on the ground.

18.Miyazuet al, Development of a method for monitoring rad@sium in throughfall
using a prussian blue impregnated nonwoven fabric
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A simplified method was developed for monitoriR§Csn throughfall using a prussian blue
impregnated nonwoven fabric. The method has the advantages tihatarge volumes of
throughfall water are not required for analysis, saving labour resouriethé time required
to pretreat samples prior to analigsis considerably reduced; anii)(a 10fold increase in
analytical sensitivity over that of the conventional method is achievable.

19.Hashimotq Modelling dynamics of Fukushimaderived radioaesium in foest
ecosystem using RIFE1 mod

A forest ecosystem (RIFEL1 model), was parameterized and tested using data observed in the
first and second year after the Fukushima accident. Over a period2o§elars, theRCsis
predicted to move from the tree and surface organic soil to the mineralHoé total inventory
within the mineral soil compartment peaks during the first year (deciduous broadleaf forests)
or second year (evergreen conifer forests) and then decreases slowly, prirda&lyto
radioactive decay. Th&“Cs inventory in the minetasoil compartment starts decreasing
approximately one year after the initial fallowthereas that for'*’Cs in the mineral soil
compartment peaks during the fifth/sixth year.

20.1shii et al,Effect of Beces of Rhinoceros Beetle Larvae on tR&s Transfer to
KomatsunaBrassica rapa var. perviriglis

The effect of faeces from larvae feeding on leaf litter on the transféf’@fsto a Komatsuna
plantwas determinedThe TF for faeceseated soil was similar to the control. However, the
wet weight of plant produced wasignificantlyhigher on faecesreated soil than the control
suggesting atimulatory effect onplant growth by &eces ofthe larvae. Thé®*’Cswhich was
eluted from feces would be sorbed on soil particles befbetngtaken up by plant roots.

21.Noda et alRadiocaesiumBehaviourand Expression Analysis of Potassium Channels in
Poplar
t 2L I NE 3INBgYy SAGK adlof S / ao visible sindptorasnCs>a  F 2
concentration in root, stem, petiole and leaf increased depending on applied Cs concentration
and there was no specific organ for Cs accumulation. Detailed Cs localization analysis using
13’Cs and autoradiography showed that after root applicatit¥Cs accumulated in shoot
apices and upper leaves whereas after foliar applicafif@s was detected in the treated leaf
and the stem below that leaf. These results indicated root and foliapratisn might have
different Cs transport pathways in poplao Cs absorbed by root was transported by
transpiration in xylem and foliar absorbed Cs by phloem trans@he expression analysis
indicated that PttSKORke2 localization suggested PttSKIiMe2 might transport Cs/K into
xylem sap in the poplar root. Furthermore, PttSKIRE2 expression was regulated by
environmental factors such as day length and/or temperature

22.Kobayashet al, Transport ofradioaesium by water flow througlianopy,litter layer,
andmineral soils inforests

In the first 1.5 months after the Fukushima accident, the total (dissolved + particulate) [RCs] in
throughfall (ThF)collected at a site in Ibaragrefectureranged from 14 60 Bq I! andRCsn
ThFwas in the dissolved phase. Litter layek)sampled in the same period had [RCs] < 10 Bq
L-1, indicating that a large proportion of deposit&LCswvas retained in thd_Lsoon after the
accident. In the following months, thERCs]in ThF and LL graduallgecreased and the
proportion of RCsn the particulate phase increased. In the summer period, the amouRGH
presentas suspended particulate matter ifnH and LL often increased and resulted in high
particulate[RCs] The [RCs] inhF and LL both decased in winter. Td summer increase in
particulateRCsn ThF and LL was also observeaabnifer plantation and deciduous foreist
Fukushimgprefecture sampkd from 2012. Thetemporal increase in suspended particulate
matter seems to be composed majnbf organidC and may have been due t@wemprised of
insect herbivory and litter decomposition. The [RCs] of dissolvediirsolutionwas very low

[ ]
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at both sitesindicaingthat RCss captured strongly in soil, and that runoff frdorestswill be
limited.

23.Aono et al, Thedistribution andbehaviourof radiocaesium in marine environment
around off the Fukushima in 2022014

After the accident, thg®*'Cg in seawater had decreased more than 10 fold compared with
thosebefore the accident. Howevef:*’Cslin sediment decreased more slowly than those in
seawater and had large fluctuations. The sedimentary environment depends on several factors
such as the seabed topography and freshwater and terrestrial material input via rivers.
Sedimentseawater dstribution coefficients Kd (L/kg) varied from 1,900 to 25,000 in the same
area in 20122014.Decreases of*’CsJand['1°"Ag in marine biotawill depend on differences
in the mechanisms of accumulation and metabolisniihe estimated CR éf'Cs(CRCs) m
marine organisms ranged from 26 in muscle of squid to 10,000 in clam viscera. Large
differences in Cis in different parts of marine organisms were not obsenfaat. CRCs
values, it is necessary to consider the influence of sediment and particles imerbé#ota, as
these organisms often contain particulate matter and sediment in the coastal &r88. was
not detected in the bony parts of fish an#Y2*®Pu] in visceral parts were the same as before
the accident. F'Cs] in seawater decreasg¢eh-fold over 6 months, and consequently that in
the marine biota also dropped

24.Yamasaket al, Chemical form of radioactive Cs in the estuary sediments oKtimaa
River, Fukushima, Japan

After heavy precipitation or storm events, certain fractionsaif siinerals can be remobilized,
suspended and transported via surface water (i.e., river system) to the distance depending on
the mineral size. Those minerals eventually reach the ocean and become a source of
contamination for estuarine and marine orgamis. This study investigated the nature of
transported mineral particles associated with RCs and the chemical state of RCs in estuary
sediments near the FNDPAR full characterization of the estuary sediment was carried out as
was part of the transport process of RCs via surface water. Sequential extraction revealed that
~90% ofRCswas bound to layered alumino silicate2% of the RCs was desorbed within 5
sessbns of leachinghe sediment with simulated seawatendicating asmallamounts of RCs
can be desorbed in seawater within 10 h dmpresent ina soluble form if the sediment is
transported to the oceanMobile clay aggregates associated with RCs plegyaole in RCs
migration in the surface environment and can be a potential source of RCs either in the form
of soluble or fine colloidal particle.

25.Ueno et alCaddisfly Watclg A monitoring approach for radioactiveaesium in river
environment of Fukushima using the caddisfly larvae

Fish hae previouslypeen used aabioindicator. However, the radioacttyidetected from fish

samples have showed high variatipossibly due tanigratinglong distance and refleittgthe

contaminant pesence in avide area otheNRA GSNJ SYFANRY YSy iod Ly GKAA
was selected aa possiblebioindicator for monitoring the radioactity in rivers. Caddisfly

larvae is one of the sessile organisms in river ecosystem which raadest uinder stonesin

the river bed This species has many advantagea bioindicator,namely thatit does not

move,its life span is short (six month), it can be foun@ll seasons, and it can be collected by

hand
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3.Cdz] dzZa KA Yl 9EOQOdzNBAZ2Y

The ICOBTHneeting was followed by a one-day excursion to the contaminated areas in
Fukushima prefecture.Twenty seven ICOBTE paripgants attended the excursion
accompanied byhree organisers from Fukushimaniversity anda professional guidAnnex
5). Table2 shows thetinerary for the excursion

Table2. Itinerary for the excursion of contaminated areas around the FukusBiaighiNPP.

Michi-no-Eki Soma

Lone Pine Tree that survived tsunami (Minamisoma City)

<Floral tribute to victims of tsunami>

Lunch at Kifun&est House, Namie Town (Evacuatoder-lift- preparation zone)
Experimental Field, Okuma Town (Diffietoltreturn zone)

Community Revitalization Base, Okuma Town (Habitatastricted zone) <Talk by Okuma Tows
employees>

Radiation screening

Passig through litate Village

Figure 1 is a map of the excursion route. The first stop, Miotitki Soma, was used as an
investigation base and a relief supply relay station after the tsunami. At the Lone Pine Tree at
Minamisoma City, the group paid a flotebute to the victims of the tsunami.

n e RSB Okuima Town |
& L] — \ [ F2 PP
LB

.'1 Tomioka Town

Excursion Route

I

Figure 1 The Fukushima excursion route
[COMET
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Firstly we arrived at Minamisonta place &loral tribute to victimsof the tsunami(Figure 2)

Figure 2.one Pine Trewhichsurvivedthe tsunami (Minamisoma)

Thereafter, we visited Namie Town which is in the evacuatiater-lift-preparation zone. The
entire population was evacuated in the wake of the Fukushima Daiichi nuclear disaster in
March 2011. Namie town was devastated by the earthquake. However, dilméngxcursion

it was clear that a huge and impressive reconstruction effort had resulted in the renovation of
infrastructure such as roads, and in all residential housing and other buildings.

At Okuma, which includes land adjacent to the Fukushima &®Fhas land (including forests
in SDA 12 and 3. We visited the experimental fields to examine ways to reR@®iptake
by cropsoperated by Okuma Town and Fukushima Unive(sitgure 3)

Fa 2
N B ¢ ot W

Figure3 Experimental plots in Okuma town.

At the CommunityRevitalization Base, in the Habitatioestricted zone of Okuma town, we
received a briefing on current plans for remediation from local people who were heavily
involved in revitalisation efforts in this ar€gigure 4)

[COMEY
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Figure4 Community RevitalizatioBasein Okuma town

4.1 Introduction

Following on from ICOBTE 2015 and the Fukushima excursiere was an associated
workshopheld at theYoshikawaya inn, lizakeear Fukushima on 1-89th July followed by a
tour of the facilities at Fukushimaniversity. This meeting differéddom the ICOBTE meeting

in that the speakersvere deliberately selected to cover a range of topic areas and able to
summarise the current key fitngs and issuesThe workshop included local Fukushima
University and prefecture scientis{&igure 5)and also scientists from nationdbpanese
organisationsA full list of the participants in given in Tal3le

Ll
| 13§ T et

¢ F shing, C0 LT Workshop |
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Table3. Participants of the COMBAukushima workshap

Name | Affiliation
Japanese Participants
Kenji Nanba Institute of Environmental Radioactivity, Fukushima University

Takayuki Takahashi

Institute of Environmental Radioactivity, Fukushibhaiversity

Hirofumi Tsukada

Institute of Environmental Radioactivity, Fukushima University

Kei Okuda

Institute of Environmental Radioactivity, Fukushima University

Toshihiro Wada

Institute of Environmental Radioactivity, Fukushima University

YoshifumiWakiyama

Institute of Environmental Radioactivity, Fukushima University

Ilzumi Mizushima

Institute of Environmental Radioactivity, Fukushima University

Rie Kanno

Institute of Environmental Radioactivity, Fukushima University

Kimiaki Saito

Japan Atomi&nergy Agency

Hisatomi Harada

Agriculture, Forestry and Fisheries Research Council Secretariat

Hiromi Yamazawa

Nagoya University

Sadao Eguchi

National Institute for Agréenvironmental Sciences

Keiko Tagami

National Institute of Radiological Sciences

Daisuke Kobayashi

Fukushima Medical University

Masahiro Kobayashi

Forestry and Forest Products Research Institute

Tetsuo Yasutaka

National Institute of Advanced Industrial Science and Technology

Toshio Mizoguchi

Fukushima Prefecture

Jian Zheng

Nationallnstitute of Radiological Sciences

Yuichi Onda

Tsukuba University

Shinji Kaneko

Forestry and Forest Products Research Institute

Shoji Hashimoto

Forestry and Forest Products Research Institute

Tatsuo Aono

National Institute of Radiological Sciences

Tetsuo Sekiguchi

National Agriculture and Food Research Organization

Masashi Kusakabe

Marine Ecology Research Institute

Akira Takeda

Institute for Environmental Sciences

Noriko Yamaguchi

Soil Environment Division, National Institute for Agrivironmental Science

Mutsuo Sato

Fukushima Agricultural Techiogy Centre

Takeshi Saito

Fukushima Agricultural Techiogy Centre

Takuro Shinano

National Agriculture and Food Research Organinatio

Jun Nishikawa

Tokai University

Overseas Participants

Brenda Howard

Centre for Ecology and Hydrology

Christelle AdarGuillermin

Institut de Radioprotection et de Slreté Nucléaire (IRSN)

Frédéric Coppin

Institut de Radioprotection et de SUrekéucléaire (IRSN)
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(D-N°5.4) ¢
Dissemination level
Date of issue of this repart

27157



Marc André Gonze Institut de Radioprotection et de Sreté Nucléaire (IRSN)

Rodolphe Gilbin Institut de Radioprotection et de Sireté Nucléaire (IRSN)
Pierre Hurtevent Institut de Radioprotection et de Sreté Nucléaire (IRSN)
Shinichiro Uematsu Belgian Nuclear Research Centre (SIEN)

Aste Sgvik Norwegian Radiation Protection Authority (NRPA)

Mat Johansen

Australian Nuclear Science and Technology Organization

George Shaw

University of Nottingham

Yves Thiry

French Nationaladioactive Waste Management Agency (ANDRA)

4.2 Progranme of the Fukushima COMET Workshop
TheProgram othe COMETFukushimaNorkshop, 1819" July 2015 is given below.

July 18, 2015

(Chairperson: H. Tsukada)
09:00- 09:10 Opening remarks Takayuki Takahashi (Fukushima Univ.)
09:10-09:35 (18-1) Source term and atmospheric dispersion of Fukushima Daiichi NPP

09:35 10:00

10:20- 10:45

1045-11:10

11:10-11:35

11:35-12:00

radioactivity- Hiromi Yamazawa (Nagoya Univ.)

(18-2) Distribution of radionuclide depos@in densities and air dose rates in
Fukushima Kimiaki Saito (JAEA)

(18-3) Factors affecting distribution coefficient of radiocaesium in various
agricultural environments of Fukushim&adao Eguchi (NIAES)

(18-4) Reducing radioactive Cs concentrations of forage crops after
Fukushima Daiichi NPP accident in Jagddisatomi Harada (MAFF)

(18-5) Reduction of radioactive caesium concentration in soybean seeds by
potassium application in Japaietaio Sekiguchi (NARO)

(18-6) Radio@esium reduction rates in some fruit trees in Japateiko
Tagami (NIRS)

(Chairperson: N. Yamaguchi)

13:10 13:25 (18-7) Linking radiocaesium sorption to soil chemical properties for Japanese
soils:A comparison to European soilShinichiro Uematsu (SGBEN)

13:25 13:50 (18-8) Cs dynamics in plants Daisuke Kobayashi (Fukushima Medical Univ.)

13:50 14:15 (189) Time Changes in radiaesium waskoff from various land uses and
transport through river networks after the Fukushima Daiichi accident
Yuichi Onda (University of Tsukuba and Fukushima University.)

14:15 14:40 (18-10) Deposition and dynamics of radaesium in forest ecosystem for
four years after Fukushima DdiidNPP accidentShinji Kaneko (FFPRI)

14:40 15:05 (1811) Transport of dissolved and particulate radaesium in Japanese
forested ecosystemsHasahiro Kobayashi (FFPRI)

15:20-15:45 (1812) Modelling spatiestemporal dynamics of radi@esiumdeposited onto
forests following the Fukushima nuclear accidenShoji Hashimoto (FFPRI)

15:4516:10 (1813) Radiocaesium in river and lake systerf®nji Nanba (Fukushima
Univ.)

[ ]
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16:10-16:35 (18-14) Time series and spatial distribution '8fCs concentration in
dissolved and suspended fractions in irrigation watdlembed within 80 km
12yS I NRdzyR ¢ 9t/ hQ&Hiofdri Tzakida fFlkushimai A O K A
Univ.)

16:3517:00 (1815) Cost and effectiveness of decontamination agaiasliecaesium
contamination in Fukushimelow do we manage decontamination waste
more effectively? Tetsuo Yasutaka (AIST)

17:00 17:25 (1816) New geochemical tracers for source identification and {ergn
environmental behaviour studies cddionuclides releasedlJian Zheng
(NIRS)

19:00 21:00 Research exchardjscussion

July 19, 2015

(Chairperson: A. Takeda)

09:00 09:25 (191) Survey on Radionuclide Movement in wild boars (Fukushima Initiative
IAEA Cooperation ProjectYoshio Mizoguchi (Fukushima Pref.)

10:0510:30 (19-3) Radionuclides transfer in marine organisms around Jagatsuo
Aono (NIRS)

10:30 10:55 (194) Effects of the nuclear power plant accident on marine products and
fisheries in Fukushimaroshihiro Wada (Fukushima Pref.)

10:55 11:20 (19-5) Distributions of Fukushimderived®'Cs in sediments and their
temporal change: Results from foyearmonitoring in the waters off
Fukushima and nearby prefectures, JapaNlasashi Kusakabe (MERI)

11:20 11:30 Learning for the Fukushima accident aidsing remarksBrenda Howard
(Centre for Ecology and Hydrology)

12:30 14:30 Excursion td-ukushima University
14:30- 16:00 COMET meeting COMET participants
4.3 Presentation summaries

Somepresentational material given at the workshop has not yet been published. However,
most participants have kindly agreed to prova@summarywhich are compiled below.
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8-2: Distribution of radionuclide deposition densities and air dose rates in Fukushima

Fukushima Envirgnmental Safety Center, Japan Atamic Energy Agency Kimiakl Saita

Introduction i

]
Destribution of radicnuchde deposition densibes and ar doss rates in Fukushima have been investigated by 1
large-scale envircnmental monitoring repeatedly implemented in mapping prmjects commissicned by the |
national gowvemnment. According to statistical analyses of the obtained data, time-dependent features of the
contamination conditions were elucidated. An empirical model was developed for the prediction of air dose |
rate disiribution within the B0 km zone. i

Conclusions

+  Deposition density maps were constructed for 1#Cs, 1¥Cg, 91|, 13T, 1IMAg 23Ry,
2m2a0py B5r and *'Sr; cesium was confirmed fo be most important from a viewpoint of
long-term exposure doses.,

*  The deposition density of radiocesium in undisturbed flat fields (Bgim®) has decreased
according fo the physical decay; the horizontal movement of radiocesium is small

+  Radiocesium in the ground has gradually penetrated into deeper parts; however, most of
radiocesium is still contained within & cm from the soil surface

+ A decreasing tendency in air dose rates drastically differs depending on the condition: the
average air dose rate reduction declining in the order of;, above roads > in various living
environments = in undisturbed flat fields > in forests

+  Various human activities as well as decontamination are considered to accelerate the air
dose rate reduction.

+  On the basis of statistical analyses for a large amount of envirenmental monitering data, air
dose rate distributicns were predicted up to 30 v after the accident; the results indicated
faster reduction of contamination conditions in living environment than the physical decay,

5 affecting distribu ient of ra m in variows agricultural environs

Hational Institute for Agre-Environmental Sciences Sadan Eguchi

Introducrian '

The disiribution coefficent (K,) of radioceswem (rad-Cs) contrals the dissalved cancentration of rad-Cs, which l
strongly affects the rad-Cs transpart in sod and aguatic erviranments as well as the absarplion by crops, |
Understanding of the mechanisms of the spabatemparal variation af the K value under various agricultural
field conddtions 8 a prempguiste for predebng the rad-Cs dynamics in -::-Man*unam agro-ecodystems in |
Fusushima fram shart ta lang-term parspective |

Conclusions

« The measured freshwater ecosystem Ky values for "#7Cs in varous farmlands in
Fukushima varied over 5 orders of magnitude (7= 102 = 5108 Likg) and covered the
range of all the published freshwater ecosysiem K, data before and after the Tokyo Eleciric
Power Company Fukushima Daiichi Muclear Power Plant accident

* The Ki values largely fluciuated with the dynamic water guality conditions (electrical
conductivity, dissclved organic carben concenfration, K* concentration, NH,* concentration)
as well as the radiccesium interception potential (RIF) value, showing significant seascenal
tintra-annual) changes with a kess significant kong-term trend.

*  The fraved edge site K; values, calculated from the RIF and water gquality data, were
generally one order of magnitude ar much more smaller than the measured K, values,
suggesting the importance of other '37Cs retention sites (fixed al collapsed interlayver sites,
contained in dead or alive bickogical cells, oceluded in iron precipitates, ets.).
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18=4: Radipcing radioactive Cs concentrations of torage crops alter TEPCU s Fukushima Danchi

NFP accident in Japan

NARD Institute of Livestock and Grazsland Sclence Hisatomi Harada

Introduction |
The development of remediaban measures against foed contaminaban by radwactive T bacame a pressing

ssue in nartheastern Japan after Tokya Eleciric Company's Fukushima Daschi Nuclear Power Plant acciden !
in 2011, Several effective and practical mathads for reducing radisactive Cs transfer in forage prnducmn.
have been elucidated and improved by researchers in NILGS and prefeciural research staficns

Conclusions

*  For perennial grasses, the modified grassland renovation is effective to reduce radicactive
Cz concentration. The modifications are as following: the surface grassland layer with
higher radioactive Cs and organic matter contents should be mixed with underlying soil
thoraughly and deeply, and K fertilizer should be applied to reach soll exchangeable KO
content of 30-40 mg/100g in the depth of 0-15cm,

+ A part of volcanic ash soil with high carbon content, showed lower RIF and higher
radicactive Cs aof grasses in the survey for soll factor affecting radisactive Cs transfer in
22,

* For forage com, continucus catthe manure application at the rate of 3 kgFM/m? has a
reduging effect on "'Cs concentration, Application of the contaminated manure of 3800
Bo/'kgDM at the rate of 4.3 kgDM/m? increased the "Cs concentration in the soil by 84
Ba/kg, and in the forage corn by 9.2 BokgDM. The transfer factor was lower than that
observed for soll to which uncontaminated manure had been applied as a control. Thus,
cattle manure can be safely and effectively used for reducing radioactive Cs transfer from
sail

18-5: Reduction of radicactive caesium concentration in soybean seeds by potassium application in

Japan

Mational Agriculiure and Food Research Organization(NARD) Tetsup Sekiguchi

i - +
Vintroduction H

| Canzemns heve been rased aboul the rsk for radioactive Cs contaminaban of seybean seeds caused by |
:TEPI:-D Muchear Power Plant sscident. These has been na praclical remediaticen measures o reduce |
:radi-::-acﬁ'.ﬂa C= concentration (RCs) in soybean seeds in Japan. We examined the effectivensss of |
! potassium(i) application on decreasing RCs in sovbean seeds in Japanese environmental conditions ar'.d:
b developed pracbcal countermeasunes ta reduce ROs below the Japanese allowance leved (100 kgfkg) |

Conclusions

+ TF and RCs In soybean seeds was negatively comrelated with the Ex-K content of the
topsoil during the harvest season,

*  Poiassium application to degrease RCs in soybean seeds is significantly effective in
Japanese environmental conditions

« It is necessary to keep Ex-K:0 content above 25 mg MO00g during growth fo decrease
RCs balow the allowance level .

»  To enrich Ex-K:O content up to 25 mg M00g by applying the usual amount of K ferilizer
with readily availlable K fertilizer before sowing s more effective to reduce RCs in seeds
than using slow released K ferdilizer,

* Salisfactory resulis have been received from product monitoring in which samples
contained RCs excesded the allowance level decreased from 0.5% in 2013 to 0.1% in
2014.

+  There are =til some cases that cannot be explained based on the Ex-K content, so
further studies on the factors that affect the absorption of Cs from the soll to the plant
and the uptake mechanism of Cs are required,
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