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Positioning of our project
in the “Panorama of Research on Disaster Environment”
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Introduction

v Due to nuclear accident at the Fukushima Daiichi nuclear power plant
(FDNPP), enormous amounts of radionuclides were emitted into the

atmosphere and the ocean.
v Radioactive materials affect human health through the contamination of air,

water, soil, and food.

v' Aims of our project
» Better understand the fate and transport of radionuclides released from
FDNPP

* Predict long-term distribution of radioactive nuclides in the terrestrial and
aquatic environment as well as in living organisms

* Develop a tool set for evaluating the effectiveness of decontamination
 Build a model to estimate long-term human exposure to radiation

» Contribute to better understanding of the impacts on human, wildlife and
ecosystem health



Project framework

Understanding of actual circumstances and

prediction of temporal changes of spatial
distribution in future




Outline of study on
“Behavior of radionuclides in the environment”

q Multimedia I\/IOdellng v'Developing a multimedia fate \
model by coupling models for

atmospheric, oceanic, and
terrestrial environments.
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v"Analyzing and predicting the
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l Field Measurements v" Monitoring radionuclides in t&
Forest atmosphere.
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v" Improving the analytical method

Field survey in the eastern area of Fuku_shima of 1-129, radioactive Sr, and Cs
prefecture and Mt. Tsukuba/Lake Kasumigaura :
In the water.




Targeted area of field study in our project

Typical high contamination area
around FDNPP
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Typical moderate contamination area\

Cs-137 deposition map by
airborne monitoring 6



137Cs dynamics in forest of Mt. Tsukuba

Temporal redistribution of 137Cs from the canopy of a cedar forest
in Mt. Tsukuba to the forest floor beneath
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137Cs accumulation in forest soil (Mt. Tsukuba)

® Accumulation into surface soil including litter layer & little downward migration
®Increase of 3’Cs accumulation in surface soil by mechanistic decontamination
(through fall and litter fall) of contaminated forest canopy

13/Cs profiles in forest soils of main tree species in Mt. Tsukuba
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Runoff characteristics of radiocesium
from a forest catchment (Mt. Tsukuba)

® Continuous hydrological observations started immediately after the accident
and stream water sampling during the rain events at a forested catchment
® Estimated '3’Cs annual runoff load was 0.04 kBg/m? for one year,
corresponding to only 0.3% of the total amount deposition in the catchment.
® Very little contribution of forested area as a source of '3’Cs at present

137Cs runoff = [13’Cs concentration in SS (900 Bqg/kg-SS)] x (runoff volume of SS)
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Contribution of POM to 13/Cs runoff from forest
catchment in Mt. Tsukuba

Relationship between 13’Cs activity and organic matter content
of S|eve classmed suspended solid
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Stock and flow of Cs-137 (Lake Kasumigaura)

Horizontal profiles of activity in sediment
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@ Inflow via river 0.2 TBq
(runoff ratio from entire land to lake = 0.5 %)

@ Deposition from air to lake 2.7 TBq
(=@-D)

@ Stock into the lake sediment 2.9 TBq
(estimation based on the measurements)
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Temporal variation of Cs-137 (Lake Kasumigaura)

Vertical profiles of activity in sediment
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Observation in Udagawa River catchment

v 4
™ @Y . . Sedimentation
| Sedimentation & fluid in
w in river lagoon & coast
(
Deposition Sedii':fgﬁgtion Runoff ’(atsukawaura
& runoff in a oon
forest ™ J

Deposition in
forest soil
(Sep. 2012)

Ave.
deposition

330kBq/m?

137Cs activity (kBg/m?)

Quercus Red
pine

L layer
FH layer

. . M 0-5cm

5-10cm

Cedar Cypress

Coast of
Fukushima
Pref.

I

Runoff from forest area
(Jul. 2012 to Feb. 2013)

» 137Cs runoff amount per unit area

0.04 ~ 0.07 kBg/m?

> Runoff ratio to deposition
0.02 ~ 0.03%
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Outline of multimedia fate modeling

To establish simulation model to estimate the long-term ( up to
several tenth years) fate of radioactive substances, combining ‘

existing atmospheric, multimedia and ocean fate models

Atmospheric transport/deposition model
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Atmospheric model

Emissions
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Spatial distribution of [-131 and Cs-137
(surface concentration and deposition)
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Observed and modeled Cs-137 deposition map

Airborne monitoring Model
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Terrestrial multimedia model

/Atmospheric)
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4 Terrestrial model
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Model domain

15 river watersheds around

\ Fukushima prefecture

Cs-137 in soil

Level of Cs-137 in soil at March 23, 2011

Cs-137 in river water
Level of Cs-137 in river water at March 23,
2011 (Soluble+Particulate, ordinary flow rate)j
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Media distribution of 13/Cs in the
simulation domain

[.

— More than 99% in soil after 2 years

Most part of 137Cs exists in soll compartment] [

Second largest part exist

S
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Simulated trend of 3/Cs in soil

8 Most part of 137Cs were mainly
deposited to forest area

— Contaminated plume
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« Decreasing trend of 13’Cs in soil
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Coastal Ocean Model (Dispersion and Sedimentation)

Deposition
(Atmospheric
model)

Loading
(River basin
model)
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Radionuclides Dispersion Model
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The model reproduced the observed distribution
of radionuclides in the sea and the sediment.
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Coastal Ocean Model (Bioconcentration)

Spatial distribution of Cs-137 concentrations in
bivalve mussel and in seawater

Monitoring Simulated Cs-137 concentration
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L E Biological Half-Life: 26 days (simulated)
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for the other bivalves (50~90 days)
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Human exposure estimation

Exposure monitoring, case studies

v' External exposure: Outdoor and indoor dose, personal
dosimeter monitoring and behavioral record

v’ Internal exposure: Total diet, soil and house dust
measurement

v' Parameter and validation data generation for exposure
models

Exposure modelling

v Use of monitoring data to construct a long-term
exposure model for general population

External and internal models

v

v' Long-term exposure estimation with input from fate
models

v

Potential contribution of health effect assessment
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Exposure monitoring

 Vacuum cleaner dust measurement

— The most radioactive material in the

indoor environment
— Log-normal distribution

— Decreased in the first several months but
reached the plateau after that

— Distribution in ingestible size (< 250 um) el e
— Provided a model with parameters
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External exposure

Fukushima-city
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Exposure route

Kashiwa-city Fukushima-city
Outdoor air . Outdoor air .
0% Soil Indoor air 0% Soil

Indoor air

0%
Indoor

Indoor dust
dust 10% 0%

0%

0% 0%

0%  Diet
4%

External
96%

90%
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Ecosystem evaluation
(1) Effect for Wild animals

Wild mouse, Apodemus speciosus, were

captured at high-gamma-dose area in Fukushima
and low-gamma-dose area (Aomori and Toyama).

Check DNA oxidization by gamma irradiation
at sperm cells using 8-OHdG antibody
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[ DNA oxidization in sperm cells was remarkable in Fukushima ]




Ecosystem evaluation (to be continued)
(2) Plants (development of DNA damage monitoring system)

[ Established transgenic plants that can detect homologous DNA )
recombination results from DNA damage by gamma-irradiation

Plants were grown on contaminated soil collected from
| Fukushima, then we estimated frequency of DNA recombination

DNA recombination
(/plant)

2.64 261 2840
Exposure level ( 4 Gy)

DNA damage by gamma- h

| irradiation can be assessed

with the transgenic plant

J
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Analytical method development

Dissolved radioactive ceasium

— Rapid and trace measurement of dissolved Cs T e
in water using Cs selective disc g o R
= 0.008
g 0. 006 Cs-134
Radioactive strontium 5 oo —
— An effective solid phase extraction method 0mo—Ipt'"{'ﬂwij;!‘&mm:«wwlmwu*ww»:MW
developed using crown ether resin %0 @ M R M
Gamma-ray energy (keV)
lodine 129 b——
AMS

— Ultra trace determination of *?° by an
accelerator MS

— Reconstruction of short-lived 31| distribution

Imaging plate
— Disposition in organisms, house dust and 0

gk 129)3+

1218:12°1/127] 1E-10

wastes
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129] Analysis by Accelerator Mass Spectrometry

[Purpose of the study]

 To reconstruct distribution of short-lived radioactive iodine ('3'l)
by using '?°I (half life = 15.7 million y) as surrogate

[Current status and future plan]

« Establish sample preparation and analytical condition
=> compare the data with AMS at Scottish U. Environ. Res. Center

« Analyze air filters to reveal 12°1/131] ratios emitted from
Fukushima Daiichi NPP 25610

. O
1291/131]: Quartz filters=7.4~9.9 o 260
Active carbon f.=7.1~13.3 3 5w
IS
E 1E-10 %
to analyze more samples for & _
improving reliability of the data
. 0
and revealing temporal / areal 0 SE11 1E10 15E10 2610 25610
variations Data at NIES
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Future work

Better understanding of the dynamics of radionuclides
in environment based on the field measurements

Long-term monitoring (terrestrial, agueous, oceanic
environment)

Improve and validate the fate models and simulations

Calibrate exposure model using more data (Food,
drinking water, dust, soils, ...)

Combining fate models and exposure models for
long-term exposure assessment

Better understanding of the impacts on wildlife and

ecosystem health
31



NIES’s plan in Fukushima-ken Environmental Creation Center

Three Research Programs

Environmental recovery

research
',/" Behavior of ~::«::' Waste e
\ radionuclides in { } Management and J
. \\ 4 .
S e v iemmEnt 2 MielElEl ChelEs o 2

~~~~~
——————
———————————————————————

Disaster

Environmental

" environmental
SUEE 'OE management
researc research

Reconstruction of
environmental security system
against future disaster

Recovery and revival of
environment in Fukushima
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