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The area where 134Cs and 137Cs more

than 10,000 Bg/m? have deposited: ~ 8%
of Japanese land

. OHAR, Fukushima Daiichi Nuclear Power Plant
n [ O Accident, May, 2011
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Fig. 4 Radioactivity image of the contaminated soil in Fukushima.
a Farming land with high radioactivity, 50000 Bg/kg. b Soil for
vegetables, Bg/kg. ¢ Soil for wheat, 7000 Bg/kg. d Paddy soil for rice,
37000 Ba/kg

Nakanishi et al. (2013)
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SEM-EDS
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TEM analyses Type /Il (Weathered biotite)
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Reaction in equilibrium, between Cs solution
and individual mineral species

Cs

Cs l /Cs /CS
evc0 o
A B C

Reaction controlled by kinetics



() BRI B2 Cs-137 sorption experiments

2cm

A
Mineral Phases  (particle size: 25-53 pm) [ 1

E ~ 1-2mm HKaptontape Acrylic plate
.. ) ) . ot / |t (thickness: 1.5 mm)

» biotite (in granite, Ono, Fukushima) )i 4
» vermiculite (weathered biotite, Ono, Fukushima) ' e
« kaolinite (Oguni, Yamagata)

» halloysite (Eureka, Nevada)

 lllite (sericite, Nabeyama, Shimane)

* montmorillonite (Tsukinuno, Yamagata)
« allophane (Kitakami, Iwate)

» imogolite (Kurayoshi, Tottori)

Cs-137 solutions
* Reagent: non-carrier-added Cs-137 (3.7MBq/mL) Eckert & Ziegler Isotope Products,

Ca, USA (Cs-133: Cs-137=1.1:1.0)
* Diluted with reverse-osmosis-membrane-filtrated (RO) water
370 Bg/ml (1E-9mol/L, 100 ppt), 37 Bg/ml (10 ppt), 3.7 Bg/ml (1 ppt)
Sorption experiments
* Volume of solution: 50 ul (18.5 Bq, 1.85 Bq, 0.185 Bq)

* Reaction time: 1h, 24h, 168h
|P_autoradiography

e |P: Fuji Film BAS-MS: Exp. Time: 24 h
* Polyphenylenesulfide (PPS, 1.2 um) film was inserted between the specimens and IP
e |P Reader: Fuji Film FLA-7000
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0.185 Bq 1.85 Bq 18.5 Bq

FB: Fresh biotite

WB: Weathered biotite
K: Kaolinite

H: halloysite

IL: illite

M: montmorillonite

A: alophane

IM : imogolite

FBWB K H IL M A IM

()EE%?%?E% Mukai et al. (2016b) -
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Radioactivity in solution : 1.85 Bq
Mono-mineral on the substrate

168 h 168 h
51% 400% 93.6% 6.1 % 6.2 % 5.1%
WB SWa-1

WBIZEBRRBIZhHhT=2>TERENGELN . AAVZAMNIEFRTRENEHS
() Mukai et al. (2016b)



Desorption experiment with several electrolyte solutions

CH:COONHs (1 mol/l) CsCl (1 molfl) Mag{NQ:)z2 (1 molil) HCI (0.1 mol/l)
E
™
94.9% 99.0% 61.4% 42.0%

43.7% 35.6% 8.2% 6.0%

BERAY KEH :
() B R BEE Mukai et al. (2016b)



Desorption experiment with HCI (pH1)

1h (0.19 Bq) 24 h (0.90 Bq) 168 h (1.73 Bq) "natural" (0.013 Bq)
56.2% 42.0% 82.3% 60.4%

EEAY AR :
() B AR B Mukai et al. (2016b)



0.04

]
L o @
S @0 p=-0.727***
© 0.03 | Spearman's rank correlation coefficient
L
‘E .. ® O A CD,E fields AA B field
8] . Open symbols represent treatments in
S 002 | o) which the field received the soil
Jo - . amendments described in table 2 or
- manures in table3.
: oS
< &
= 001 | o,
® o
® o
® O
0 - AAMA . A . .
0 S0 100 150 200 250 300

Soil exchangeable potassium after the harvest (mg K kg1)

Figure 5 Relationship between the soil exchangeable potassium
measured after harvest and the transfer factor (TF) for brown
rice (unpolished rice grain). Data from the soil-removal treat-
ment and the no-nitrogen treatment are not shown.

Kato et al., 2015
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These data are for the uptake of extremely high concentration !

FIGURE 2. Cs on mica surfaces: lef, Cs associated with biotite, elemental abundance map for Cs () and K (BY; right, Cs associated with
muscoxite, superimposed secondary-electron SEM and false-color XMP image (C) and SEM image alone (D).

‘-""(J Frayed Edges H""

Normal Brightness

- : FIGURE 1. Schematic diagram of the mica structure: TOT,
- - tetrahedral —octahedral —tetrahedral sheet structure; K and Cs,
interlayer cations; edges are "frayed” by the removal of interlayer

Enhanced Brightness K-. Potential sites for Cs* sorption: (1) cation exchange sites on

the basal plane, (2) edge sites, (3) frayed edge sites, (4) replacement
of K= by Cs~ in interlayer sites.

200 pm

I
FIGURE 4. Optical image of i ite clast with iated false-color Cs abundance CS is abundant at the clast ends (where
FES were expected), and at the clast interior (where FES developed due to i
Mckinley et al., (2004)
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Cutting out the edges of the grains by FIB
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CslEBEATDIER
Type lll (Weathered biotite)

&®
~8.16x10-3 Bg

~4.64x10-3 Bq
~6.12x10-3 Bq

~1.93x10-2 Bq

c d

~1.24x103 Bq ~1.85%x103 Bq ~1.29%x10°Bq  ~1.01x103Bq

a , ' p)
A | [ ““! :
~ Rsr00Bg = ' ~411x10%Bqg
~8.24x10-3Bq or R+ 4.63x10-3Bq

Mukai et al. (2016a)




CsIRk & & i D 3E & (Organic-inorganic composite_type 2)

Mukai et al. (2016a)

Si
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0 1 2 3 4
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) (o

(-5 Waeesammaecaos | Frayed edge site

K—K—K
sCs—K

“"H Frayed Edges m

FIGURE 1. Schematic diagram of the mica structure: TOT,
tetrahedral —octahedral—tetrahedral sheet structure; K and Cs,
interlayer cations; edges are “frayed” by the removal of interlayer
K-. Potential sites for Cs~ sorption: (1) cation exchange sites on
the basal plane, (2) edge sites, (3) frayed edge sites, (4) replacement
of K= by Cs™ in interlayer sites.

Transition Zone
(TZ)

Mica Wedge Zone HIV

Figure 1. Conceptual view of two phyllosilicate layers comprising mica, vermiculite (HIV), and the wedge zone between mica and HIV in cross-
section. This view shows a conceptualization of the transformation of mica to HIV. The fixation of Rb;and Cs; is found toward the apex of the wedge
zone where subscript f denotes Rb and Cs ions effectively fixed within the layers near the apex of the wedge. K, denotes native K in mica. Subscript
ex denotes exchangeable ions. Oxygen atoms are represented by light gray circles and hydroxyl ions by light blue circles. All Cs*, Rb", and K" are
located in the center of ditrigonal cavities found in the basal surface of oxygen atoms (siloxane sheet) at the base of the two phyllosilicate layers.
Water molecules, silicon atoms, and aluminum ions are not represented. Modified from Wampler et al.”

() BRAY XFR Zaunbrecher et al. (2015)
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Bt 2= (weathered biotite) &l ?
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AA=T 7 TL—h Ehebht

M3 4 (2011)

Fig. 4 Radioactivity image of the contaminated soil in Fukushima.
a Farming land with high radioactivity, 50000 Bg/kg. b Soil for
vegetables, Bg/kg. ¢ Soil for wheat, 7000 Bg/kg. d Paddy soil for rice,
37000 Byg/kg

Nakanishi et al. (2013)

RRAZE XZFk 34
BERUARN-BFE

SCHOOL OF SCIENCE, THE UNIVERSITY OF TOKYO



SCIENTIFIC
REPLIRTS

. . . . . 314 21:10- 150210 *~ 3/20 21:30- 21 09:13
oren  Emission of spherical cesium-bearing =
wxcrms POrticles from an early stage of the
swomens— Fykushima nuclear accident 2
ENVIRONMENTAL MONITORING - o - o ) ) 1.00E+00
ATMOSPHERIC CHEMISTRY Kouiji Adachi, Mizuo Kajino, Yuji Zaizen & Yasuhito Igarashi 3/7 10:00- 3/12 ZE:Dﬂ‘__};H 09:20.21:01
GEOCHEMISTRY R
Metearalogical Research Institute, 1-1 Magamine, Tsukuba, Ibaraki, lapan 3050052, 1.00E-02 e ‘ Below detection limit
0 12 14 16 18 20 2 21 2% % 0. AIJnl.l
March 2011 Date
3/14 21:10- 3/1509:10 3/1509:19-3/1515:22 3/1515:30- 3/15 21:02
T e DR e R B Plume 1 (March 14-15, 2011) [kBq/mz]
o 410N | 1 L | iy | !
o yr ' |! 100.0
' 40°N + e — 50.0
¥ i Y ||
- 39°N - ‘_, 1 20.0
s o o R e o 10.0
__________________ /N - T_ __\ }
3/1521:11- 3/16 09:00 3/2021:30-3/2109:13 3/2109:18-3/21 21:20 | 5.0
______________ 37°N Jr —F
; : ‘ 2.0
\ 36°N ——\ =5 1.0
'a |
‘ 35°N - __| e 0.5
I
0.2
. &N | — ! s l T _! —
""""""""""""""" I37°E138°E139°E140°E 141 'E142°E143°L 0.1

RRKZE K2R
BEAAFRH-EF

SCHOOL OF SCIENCE, THE UNIVERSITY OF TOKYO

Adachi et al., 2013



3.27 Bq for Cs-137, 3.31 Bq for Cs-134

10 key

Intensity

Substrate (back ground

0 3 10 15 keV

- L
T g B
Fe n

Adachi et al., 2013

L=
w

10 keV
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Radioactive microparticles found on the ground in Fukushima, by
Dr. Yamaguchi (NIAES)

NWC-1 (5.04 Bq for Cs-137) collected from non-woven fabric cloth (F#8ff), five
months after the nuclear accident, before the sampling.

CB-8( 3.14 Bq for Cs-137)  collected from a needle of Japanese cedar, eight months
after the accident and before the sampling.

BOE249 2.8 kV x15.0K 8.088sm Yamaguchi et al. (2016)
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The material of the Cs-balls is silicate glass !

O, Si, Cl, K, Fe, Zn, Rb, Sn, Cs

Yamaguchi et al. (2016)
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Yamaguchi et al. (2016)
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