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Radiation Protection
under radiocesium contamination

 Avoid external dose
... Lowering radiation level (decontamination)
... relocation, evacuation

 Avoid internal dose (uptake-inhalation)
... avoid foods that contain a certain level of radionuclide



Evacuation
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Dose rate at the time of Apr. 2011
20 km Evacuation zone
30 km Refuge inside the house

227 Apr. 2011

20 km Restricted zone

~30 km Evacuation preparation zone
in case of emergency

litate etc. Deliberate evacuation zone

Rearrangement in Aug 2013
Lift of Evac. order in prep. Zone
Residence restricted zone
Difficult to return zone

Rearrangement of evacuation area:s
(NRERF, 20134104
the Cabinet Office, Oct. 2013)
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Decontamination



Decontamination of school ground

04/19 Interim guide for usage of school grounds outside of evacuation area
“3.8 uSv/h” (based on 20 mSv/ly) MEXT-MHLW

04/27 Kooriyama-city started removal of surface clay of school ground(<3.8 uSv/h).
05/02 Fukushima prefectural governor asked prime minister to show

the method of the decontamination of school ground.
05/07-08 Decontamination tested by JAEA (photo)
05/11 “Countermeasure to lower the radiation dosage in School etc.”

MEXT

05/22- 6/7 Removal of surface clay in a school in Fukushima city.

(Japanese Atomic Energy Agency)
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Countermeasure : removal of surface,
school ground in the city of Fukushima
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Removal of the surface
(<5cm) and confinement in
the subsurface (>50 cm)

1

Additional soil (20
gravel (10 cm)
Deep subsurface cl

Surface clay wrapp
seepage control sh

cm)

ay (20 cm)

ed with
cet (1 m)




Wrapped with water-impermeable sheet:
Concaves are for drainage tubing and poles for
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Before the
removal

equivalent dose
(uSv/h)

Center: High
Boundaries: Low



After
the treatment

Equivalent dose
(MSv/h)

Buried surface
clay

[




1A21HEEX

AER 20124

=
“Z~H

=

AJ

!

~

.
/

I:TI

il

=
=1

7%t
-

T

)

e 10T

=
I

=

SRR E O
() =2 Zig e

=

TENTDE RV

i BERiEERECERYURMHEIC
SHLEIVRNLORER DN BRIE SRR
SRCCEREHOMV LN’

ot ERYUCER SR O 4° IKE:
Bple ool L IOEMER 0o QERK Y BV~
EORREH o ono I N 2L N H°

PXAUTI—A" BHRAER OB (VD
e BOQTIH NANNRQIEHESHEN° Hhik
QAL — W VAN~ YQELANK IR
~RENEKESRQYREN P BerremizC
HUIUDHON S NEWIEN D R
Y& Va

YORSTEV SRABDAVLREBHNHO”
WRENELN RRSROLHHEIUHE T
xna)° RABHO” RXIDQNH D H—E R
ISR A L1 - oo " IR 0o
—no e fIN—Y 2LBER 0K (HEER




FairDO rairbO

Fukushima Action Research on Effective P rOjeCt 20 1 2_20 1 4

Decontamination Operation

7

Understanding current status in radioactive pollution-affected areas, drawing on knowledge
and experiences gained from Europe, and contributing to effective decontamination

<http://www.iges.or.jp/en/fairdo/index.html>

G =

3 Research Components: Governance, Decontamination Plans

and Communication with Local Residents

(1) Effective governance on
decontamination

(2) Development of decontamination (3) Communication that promotes
plans that reflect local conditions collaboration with local residents




Agriculture



Fukushima Future Center for Regional Revitalization

DDLULEBMLKUEREZIEEF—

Assistance of Children & Youth Rehab|l|tat|on Ass|stance
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Support agriculture in collaboration with
grocery store chain (2011-)

Ozawa(sss), Nishikawa(econ), Kojima(educ), Oose(FURE)
@ GAP: Good Agricultural Practice

Hsi

Practice to manage production process:

To avoid poisoning by bacteria etc. (¥iEEBHPEH)
*To avoid residual pesticide (3% 88 = &)

=R

BafEEE

- To avoid contamination (stone, plastics, metals,,) Z2%;E A
*To avoid contamination of poisonous substance B Z¥;EA
(Cadmium, Mercury,,,)
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= Spring in 2011
= Rice was planted where rCs in
the soil < 5kBg/kg.

P In the harvest season

.1 Oct. 12 pref gov. declared that
| therice harvested is less than

the regulation level and safe,

after screening of
representative samples.

Cs-134+Cs-13712 B R 2E#M/KESD (2011.10.12) (s : =)
PO LAEERGE (500Bg/kg) BLF
100Bqg/kg|200Ba/kg|300Ba/k
FERE ND 100Bq/kg|#8 Y gﬁ i gﬁ ; gg)OBq/kg
BLF 200Bqg/kg|300Bq/kg(500Bg/kg
LLF BLF PUF
=X1] 1,174 964 203 6 0 1 0

F100Ba/kgAT1 DREUCE,

'ND (BRHRFELT) 1 ORBUIFENTVWEE A,



After declaration of safety, brown rice of > 500 Bg/kg was found
in Oguni area (Fukushima city).
Pref. gov. checked all the rice bags(2011.11.16- 11.12.18) from this area.
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Cs-134 + Cs-137 in brown rice

kg)

Rice with high radio Cs from soil <5,000 Bqg/kg

(Bg/kg fresh W)
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(Fukushima pref. gov.*MAFF, 2011.12.25)
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Radiocesium (Cs-134 + Cs-137)
iIn brown rice (Bg/kQ)

1,300
1,200
1,100
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900
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Solil potassium and rCs in brown rice
(Fukushima Pref. gov.-MAFF, 2011.12.25)
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Exchangable K,O in soil (mg/100q)



Sma” Scale By Fukushima univ. and Katakura Chikkarin
cultivation tests

Nov. 2011 — May 2012; photo on 10 Jan 2012




Exchangable K conc. in soil (mg K,0/100g DW)
and Transfer coefficient of edible parts of plants.

broccoli potato rice
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Cs-134 + Cs-137 of rice in 2015
in Fukushima pref

Screening (belt coveyor -Nal ) <RIV —ZVIRE>

25N JLll/kg 25~50 | 51~75 | 76~100 _
CRITE T RRAE) R (A JUlikg | N Jblikg | A JLllikg At
BRERK 10,458,717 643 13 1| 10,459,374
25 99.99 % 0.01 % 0.0001 % 0.00001 % 100 %
Detailed (Ge detector) <FHRE>
25K | 25~50 | 51~75 |76~100 100\ 7Ll =t
N JLlkg | N JUlikg | A JUlikg (A Yblikg|  /kgiB ]
BRERY 135 2 4 0 0 141
2|5 | 0.0013 %| 0.00002 %) 0.00004 %| 0 % 0 % 0.0013 %




From 2012 all the rice harvested in Fukushima have

ROSLELEREOEN) | been checked according to the scheme by pref. gov.
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Checking with Belt conveyor- Nal: results on the bag
Measured with HPGe when excess of regulation value was
suspected.

Among 10 milion
bags tested every
year,

the n. of the bag

| with >100Bq/kg is

711in 2012
28 in 2013
0in 2014.




: Cattle
Euthanasia of homeless cattle
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Radiocesium distribution within the cattle Cattle
Prof. Takase et al.
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137Cs concentration in whole blood (Bq/kg)

(Takase et al., 2013)

137Cs concentration in the tissue (Bq/kg)

137Cs concentration in the tissue (Bq/kg)
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R =0.91 (p<0.001)

1 1 1

0 10 20 30 40

137Cs concentration in whole blood (Bq/kg)

+ Kidney
o Spleen

[K] =22 x[Blood]
R=0.84(p<0.01)
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R=0.87 (p < 0.001)
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137Cs concentration in whole blood (Bq/kg)
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Institute of Environmental Radioactivity at
Fukushima University
(IER)

Helping the residents, farmers,
administration (decision making, managing environment ...)

Sharing the experience and findings among experts of relevant
field of science from various countries.

(In order to
* Promote restoration of Fukushima
* And to prepare for a future emergency situation that may happen

somewhere in the world)



 5EBFY 1581 3 73 F Rl

— WSTRER B AP —
| BSRESHRESR

BEHEME DL 2 EIRED AT
FIRERET D,

EHOET
W BRiue

BEENEOBITIZHSLEH
BoUIZYBIERMTEE DT
EEAH

a A

ARSI -5—TY EEERE
AR A

===

RIBSTRERR TR AT 547 4 (1400mm)

— TS B BR R R —
| BEREASEE

AREBEL-BEEMEDBAT
ERAT 5,

Rl D + RS B (S S MSTHE Y
BEOBITERAT S,

JrL T4 dAYT
S
.
?
b A

JIE A JTNE 33
b5 i

KX 2B RIS I 083
TORSGENEOREEN>DHE
TEMBET S,

BEORDICHSIKHAUEMED
BTEEHAT S,

; FILEE
wL s

FTLYtEA-a/,F)ad
FEHR

I—H-CILX=XYH
iz

s

&

BEEZ
i

TS A RE P AR P
WU RERR ML 2

HAMRERZOBSENEDRER
OFOERHRETS,

P aod
g7L-3 0
‘Ej BRI
BEKR ST ERESE

BEKEIZEITOMAEMEDE
M~DOBITERRAT S,

2 £

4
BEREE— s

i R

WU R T IREY

TIRWPICHEYFE A~ DRI
BoBTERAT S,

BEDMBRAREES
METROFEBMI5 254N
SULBERAT 5.

F—2R-Evby BRE £
iR HHEBIH

TS REAE YIRS B
RSTRED B - TR - I
ZHEMFWFBERSAT S

FLF-Lza—y
HEBH

BEMIaL—a FITLYRK
SHEMBEORBANITREET
fifi- FRIT D

I F—F—J7
BT

BHBEZSULT VAT L, I
SRR RT LIS B
BARETS.

.

woRg 7Iv-ILRTIL
X HEAERER

NE: 1t

— TS B BERFT —
| BEREETILRY

INSTITUTE OF ENVIRONMENTAL RADIOACTIVITY

e ER T ZEARFY

ARV REEHEDOH
R BN -HAMGEEEE-R
E-RE-IWITHEEDIC, RS
EDOHMEEDRDIZIELT, B
HEMORBEEDITI,

ANEEERT S ENEHT
BRRTOY LTI 0EmRIRE
[CBET HAhPA= IR HIBEDH
RE1TIo

BRI
i

(B #])

[(R5v7]

XENFEILEETS
AFIEHHAEE

BAR. D954+, 827 FA) A A4F)

A NVTSToa

(1), BIff R (2), #4%(2).

HEHIZ (2), EER(2) ., HEHIZR(5).
FEAERIR (2) . $31EB%(2) . EiE
MEE(9). FHEHE (6). FH(7)




Freshwater environment



\ Wakasagi (Hypomesus nipponensis)
Osmeridae
Zooplankton (Cladocera, Copepods) feeder

photo from Shiga Pref. Museum<http://www.lbm.go.jp/index.htmI>
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Fresh Water: T. Wada & K. Nanba

Wakasagi Japanese smelt
Himemasu Sockeye salmon

0 1
Years after Mar. 11, 2011

A Y e ——— leference')
Wakasagi Lake Hibara
J Food?
——smn 1] Physiology of fish?
- e sessie dvrtiie) [esmta | Features of Lake?
(Data from Pref. Fish Res. Stn.)
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Years after Mar. 11, 2011
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Carp aquaculture in Koriyama
in (former) irrigation ponds
FLUD-HithTHIAMERE

*Largest production in Japan

*No detection of rCs above regulation level EBLLI ODE Q

* ' i B2 L EAROMOES, MELRORARKNTENA
Supplied as school lunch before the acmd{?ﬁ B O

(not restarted) B4 (BE—) LWDRTVET. R R R G EE A
WEEKE T963-0212 B METEAFILE 47 T 024-957-2002




(Nogami, Kishinami et al., 2013. <3 rept. 184-189>) Fukushima Univ.

Analysis of radiocesium in river water

Separation of suspended substances with
continuous centrifuge from 1-4 tons of river water
1.5-5h (12.5 L/min), >1.3 un¢ collected (25°C)

Total rCs

Centrifuge
SS Sup

PartiCU|ate I'CS Precipitation with Zeolite

-PB filter

CH3COONH4 , H,0, , HNO, _
-> Org-decomposition Dissolved rCs

2R 2
IR | organic
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Decrease of Cs-137 for fish (ayu & lwana) and waters from
Kuroiwa of Abukuma R. and its tributary channel in populated
area Harai R. (based on observation 2012~2015)

Decrease of Cs-137

C. =C,exp(-mt)

Co m(y™") R half life (y)

Kuroiwa  total Cs—137 (Bq/L) 0.178 0.432 0.101 1.60
Kuroiwa PCs-137 (Ba/L) 0.17 0.533 0.107 1.30
Kuroiwa DCs-137 (Bg/L) 0.0217 0.19 0.0047 3.65
Kuroiwa Cs—137inP (Bg/kg DW) 21,700 0.462 0.361 1.50
Harai R.  total Cs—137 (Bq/L) 0.581 0.426 0.0377 1.63
Harai R. PCs-137 (Bq/L) 0.322 0.404 0.0379 1.72
Harai R. DCs-137 (Bqg/L) 0.0923 0.205 0.0118 3.38
Harai R.  Cs—137inP (Bq/kg DW) 18,480 0.1047 0.0276 6.62
Upst ayu Cs—137 (Bg/L) 59 0.649 0.428 1.07
Upst yamame Cs—-137 (Bg/L) 77 0.635 0.246 1.09
Downst  ayu Cs—137 (Bqg/L) 243 0.630 0.623 1.10
Downst  yamame Cs—137 (Bqg/L) 528 0.789 0.524 0.88




Rivers that are banned for shipping fish e
Fig by Fukushima Pref. Fish. Res. Stn. Fish: H. Wada
( 2014 Sep- 2014 Nov — 2015 Jan — 2015 Sep )
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%f wsrvreor - Radiocesium Ky(L/g) in rivers.
ex Rapoacrviy Chernobyl-Fukushima comparison

River | Period [Min |Max |Median | Geom Mean | Ariphm Mean | StDev

Chernobyl
Bgc?ar:\(:rhichi 19871999 4,1 165 29 28,3 29,6
g;:gy‘/gagoroka 51’38F§U'\}33:9 1’ / 42’ 8 8’ 1 916 1614
GEER R 96 | i | 252 24 30
h -
g;erevach é§§§U§§§9 2,5 168 29 28,3 42
Fukushima
buk ;
,’i‘uzjsﬁm city ﬁgnlézz%llﬁ 56,6 1660 564 561 665 352
Al s 33dﬁ1eta|., 92,4 955 139 179 230 226

2013

Wariki River 2011 252 923 367 439 484 229

Ueda et al.,
2013



Marine



Sampling locations during the period  Marine: M. Aoyama 1/2
from March 2011 to Oct. 2012
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N. Of tested individual

Results of Monitoring of marine fish by

Fukushima Pref Fish Res Stn (2016/6/9)

Red bar: n of ind. >100 Bqg/kg
Blue bar: n of ind. < 100 Bg/kg
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Fish: H. Wada

Yellow line: ratio of >100 Bg/kg
Purple line: ratio of “Not detected”
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26 species (including
commercially
important ones) are
still restricted to ship
by National govt.




Forest and wild mammals



V. Yoschenko

Regulation levels
of wood
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To use for
mushroom culture
A To build houses
e To use as fuels.

Are not decided
yet..
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Yamakiya Observatory site
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Radiocesium transfer to fungi depends on
the nutrition of the fungi.

o Saprotrophic
Symbiotic litter-
I\/chc_)rrhyza- xylo-
foomng  ® ...
am Symbiosys meginesiosaaasna . o a0 e,
| Organic substance |
Fingi | Plant

Water,
\ mineral nutrients

(Yoshida, 2003)



Transfer of rCs Animal: T. Hinton & K. Okuda

W”d mammals Estimation of Ext.& Int. dose
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_ Wild Animal; Tom Hinton
Dose assessment of wild mammals

Tracking collars with GPS + Electronic dosimeter
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IREMETRERI TR EEREDREER  (Study of environment and human)
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1 Understand and model
the movement of radioceasium

e Hydrological migration
Water action ... eluviation, leaching,
erosion, transport, sedimentation
ocean current
Wind action ... resuspension

Relation to human: change in radiation level

e (Radio) ecological transfer

uptake by plants, fungi etc. from soil or water
Transfer to an animal from plants

Cycling in forest environment
Relation to human: Food safety

e Physicochemical morphology of radioceasium
e Development of new instruments for

a measurement or sample collection etc.

m Influence on biota in the environment
e levels: community, population, tissue,
cytological, molecular

Relation to human:

Influence through the change in ecosystem
Analogy to human
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