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Behavior of radioactive cesium in agricultural environment

Sadao EGUCHI!

Abstract: This paper illustrates the behavior of radioactive
cesium (radiocesium) in agricultural environment mostly
based on the new findings obtained during the last 5
years after the Tokyo Electric Power Company (TEPCO)-
Fukushima Daiichi Nuclear Power Plant (FDNPP) acci-
dent in 2011, in comparison with the knowledge in Europe
after the Chernobyl Nuclear Power Plant (CNPP) accident
in 1986. The highlight topics are on the potassium (K)
application as the most effective measure to reduce trans-
fer factor (TF) of radiocesium from soil to crop; discovery
and characterization of a few micrometer-size particulate
radiocesium deposits; formulation of effective solid-liquid
distribution coeflicient (Ky) to elucidate in-situ Ky varia-
tion; unexpectedly rapid migration rate of radiocesium in
soil in Europe as well as in Japan; importance of long-
term monitoring of radiocesium inventory in soil, etc. Fur-
ther research needs to ensure the long-term safety on the
crop production in the contaminated/decontaminated agri-
cultural soils would be proposed as follows: developing
K4 database and Ky formula; proposing appropriate K ap-
plication scenario by using short- to long-term TF predic-
tion model; reconstructing water-soluble/particulate radio-
cesium deposition map in 2011; and understanding the bio-
geochemical cycle of radiocesium in relation with that of
stable cesium in agricultural environment.

Key Words : transfer factor (TF), potassium application,
solid-liquid distribution coefficient, radiocesium intercep-
tion potential (RIP), frayed edge site (FES)

1. (ZC&®HIZ

2011 4 3 A o HEREE )75 (FDNPP) H5ii%, &
BRAETRLE LR ARSI T, HEEMDK
e T A (Cs) %0 NTHBAPEEREIC L » TiHY
Ehiz. 2011 4E 4 Hicid, fEE EES0~15cm) Dk
BHPE Cs B2 s (134Cs + 137Cs J2#) > 5000 Bq kg™ % 4
YL LT, @ERN® 85km? (T8 T, 2011 4EpEXD
VEAHT HIRR KIS RRE S iz (BMOKPES, 2011). B3
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2017 4E 1 A 5 ARG 2017 4R 1 A 27 HHE

IR CIE, RENEFEE A~ OIS HEREC T E o~
OIS Cs BATZ 2R - TR - I3 2720, wmERE
HINE % < OFRBRBFZE N Elits S L7, AKF Lk~ filckt
PE Cs WU L LTiE, #Y v A (K) MEEc kY
VEL ozttt K & &% #IE7e L~UL (25 mg K,0/100 g
B SRR T 2 RO A TH D Z ENHALMNE
20, R RN COMRA RS L72FER, 2015 4R
KON A TIE, HUHPE Cs 2 100 Bqkg™! %
BT AT OWCE r Lo (R, 2016).
HHHE SRR L, O Cs OB 281 K 2
BT (40 134Cs : BICs k=1 &425 &, 54T
38 % £ TIKT) & BRHBRYLE DR~ 7o BB M) 7296
B ORER, 2016 FEFEKOVEM T HIPRKIRIT 21 km? (&
MOKEER, 2016) & T/ Sy, BEHEFR R XKD KT
IR EMBR S EME T TEIN TS (RIFEES,
2016). “HEFEICHT IR0 MARARIT D H, #*
TR E LR LD TOI-BRYZ RIS T, REREY
AR RIS 2720 OB =72 kL - s
MEEE I TS, Ao EME, EICZ o5 E£R-ICT
ORISR RIS BHOMREICE S X, 2
EBRETD CORSHE Cs OBz OWT, HHEPOHE
O3AT,  EESYECAREL, 1EM~DOBAT & I, R
B 2WEINEOE) TS 2 LIS, 5%, ©4
IR ERE 7 RIS R T 5 E T LB X D 0F
RHRELTETTDHZETHD.

2. ML DLDEBEELEEMTIEIZE TS
KE - SRES

21 %% - BiElEEKELH

W7 FDNPP Hi#%, BRIEHICHH Sz B Cs
1%, KEMESE (H2 0.5 ~ 0.6 um OFEE=T 1 L)
(Kaneyasu et al., 2012) F 7213k FIRH'E (BHZE2~2.6
wm OERRKL T : Cs A —/L) (Adachi et al., 2013) & L
T, BTSSR LB S s L.
8 o ARITHE RN TEREL L 72 Cs AR— /L DERIT,
gk, #ign, A X, AV v A (K), vEYULA (Rb), Cs
HEEGLTABEN T ATHY, TAYIIALF L THD
Cs* 1%, K*, Rb™ &3Liz, R ARG & 5 IR
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L7 B 572 (Yamaguchi et al., 2016a) . 48 5 IR
W - Ao (B8 FDNPP 7> 5 40 ~ 200 km O
HE) T2011 44 ~6 AICEImS N THOMMmIE (<
0.1mm) REOA—= T IF T T T (L A=
7L— b [IP] Eifg) i, ARSHE Cs %5 Lo U foks
T EEE S, WERB R ONERR RIS X 2 R 2R 5y
B, FRCELES (<2 um) (SRR % < 17
T 52 ERENT (Itohetal., 2014). T72bb, +
B O RS Cs 13, A (um 27 —v) IR T
TARE o LTz, Fie, HEWE A —ick
W, R TR U7 BRI D Rl TSR LT i D
AEELEI O TP B T, kI X 2 RRHERD OFE
T AH T T AR BT A T2 230 O Jle i Mok F- 23 R
nTWwW?b (Nanzyo et al., 2015). Ziu 5 DJFRAIL,
® Cs R—DiksE L, BILEZER: (weathered biotite)
(Mukai et al., 2014; 2016) &\ 9 R i® DR HIEWITRIN
FIZHR S NS (BRSNS, BEE, WINEIZ L0 B
MEITEBICBITTSZ28) &b Cs OE o7
BEZBND. ok, EEE+ ~ 100 wm BE O RS
ERA~DEFHE Cs DILEICHOWTIE, SEMbmmics
D057 LA K.y Ak (frayed edge site,
FES) (McKinley et al., 2004) ~® JSFHRER 2RI 720F
T2, PRI B L HERIENHINGETH D
ZEMNRENT (Mukaietal., 2014). 7%, FES &
[FFRIC Cs B IRAYITINAE T D FES #kD ¥+ i, FES
DAL (B z 0, im ICAHANCFEET 2 ThAH &
HEERNENBEIND) U ELFHFET HAletEd &
5. Fiz, MEBRERZEERV BT TR, SE250
A AU H# A K (ferruginous smectite) (Fujii et al., 2015)
FIZLDHBHMECs DINENEELEZ BND.

X0 EMRMZR R r—v (L ~ W - i) T
T, B Cs 13D TRE—I12o4 LTz, 2011
F 4 BITRRE ST ARAT T IR AN O AT 157K H [
% (BREEAT) TiX, ftE (MRmoOM™N) Si3sd L
BB, BSE Cs AR =20 LTz (EH)
2% : CV =51.8%) (L% 5,2013). BFR—BHORE
HCIE, HEE Cs IR (M3 1 em 1281F 2 2 &ESR
NHEE) OEMEHMENTIAE S (Tsuiki and Maeda,
2012a; 2012b), AN X 2 #7823 Ll 0 24) — 7o B HLHA
(meadow) XY, FHICKLDHILOFEL S oA
Hi (pasture) O J5FAEEPE Cs DZEMERMERE L (CV
=387 %), TR EIRER Yy ARy MBFIET D
ZEMRENTZ. Fie, ZOBEMIZIT AR Cs
DOFEJ e FIERFER (R M) —) 2ERTS
72HIZiE, mifE 1 ha %720 29 £ OV T OVEPMEET
HDHZ EREINT.

B L, Bk Cs O & * O%OBESAMIBIED, KIE
PEEIC L DI & IR EREAKIC L 2 TEEAER
OHHFRRO A KA SN D72 DX, Bt Cs IRE
IO OB R IR < BT C, M TRo0m < M Hh
TRRIENEWSIBHREZRTIEAS. LaL, 2011 44
A 15 B (7 FDNPP F#f% O R & IT 2> 25 mm

THY, RELIBNRELEIRNTH-T2), mER
BEREGE & —EY (BRILTH) ORI OB EU I
BT, GM H—_A A —% (AT BB AT 4 HIL)
D7 v —7 & MRS TR EREZE L L
ZA, T, REAEO BRI M O B 3 o 5 3K <
(3.2k cpm, Fig. 1a), HAD & Mo Fm (4.0
kcepm, Fig. 1b) WO MDAz H 7. LZTAT, H
BT S 72 S, BEOTEFIFRIC X - THk S h,
ANENOFLN T HIFR 1 CIIMI M (R 88E) k0 b
s (AR SY) IS GEMEILE) T 0m»H 2
(Fig. 2a). ZDZ LiX, EFROKESHIL, MHE T
72, WAEHG~OEFOBFNE R NPT ) I
FoT, BZIRELENTWEZ &&7RT. LaL, MM
HDSAKIE Y BRI X, KREDOEF D RETIICHTE S
AL, IKIEDEZEBIZEFOR y ARy BB IILD
(Fig. 2b). M mILE®% OMEE Cs b RERIC, BUZ X
% Fi7ilE (resuspension) &LAEZ#MEVIEL, X0 HFME
DEWEET (PR HL DR AR 5B 43 <P W] 1 00 7K D EB43)
WZFXTIZZ S ERE LDt LivZew., Aot b, #%
W & 13009 L b BR O 20 WA H AN 22 B PE Cs 185 5y
i (1% &, 2013; Tsuiki and Maeda, 2012a; 2012b) 13,
CZOEI BB ER TR INTARELHDTZAD.

WHARDIZIZER (15#R) 1[<bizb, 3461 R DR
MRS T (RE 0~ 15cm) OHURYE Cs IBE & HiZR 1 m
ST BIT D EMRER & ORI TIAE S 7 (Takata
etal., 2014) . BEEEFE RSN T3 (FEAH 188), BaAR
74, 2LTC, KELEIZRT D HEHE Cs IRE IR
LEMMEROBE L, N, BEEHER XN L5
(RERHT 8D, FERAR 7 LR OHEHI L D 100/ S
WZ EWNTRENTZ. INHORERIE, EER, Bl
KV M Cs BEOE TR OB —{bREATLZ &,
BRI LONIEENERR L b/hanz e, £
LC, KHEILEETITRAEMYE Cs OSRE T H~OBEEE
PDHEEE D b RED-T22 8 (ZHIZOWTIE, KE
22 T3 5) 12X 5. ZHUTES X, BEEHE R XKIRN
SO LI - A — TR, RO Cs IR
L e E R OB ER S D &, SCERY
4 (2011) OMIZEHEY—_AIZL 5 1 m & S O E
BRNCHES X, BHIOKS M Cs IREHMR B ER SN
(Takata et al., 2014). Z OHXIZ, EHRYEEOFEE
(ZFE LI2iZh, SBOTEHRRER TOERHERIIC
T 72 2 COVEBE R OFHE O R TE R E 72 5.

B 38 ds 1T B BTCs D EEY 7 I (effective
half-life: #ERRY 72017217 T <, BREH TORAS
Zl U 7o BRI X HH D BE L) (e,
Paller et al., 2014) 12O\ Cli, HEEEE O L 2 W
U0 (30.1 42) KV H/hSNWZ EBHLMNER ST
W5 Bkt 5,2006). UL, ZORREIL, #x o2
OEETE OKHOKEER, MO THIRE IEXIRSE)
WKL, HxoFGHTRE< RS ik, H
LN K OV R O RE Cs A X2 b U — D ZERY
AR A SO D RERFKD 1 2L 72o5THEY,
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A B EE v A D) 11

T Z—NIZEBIT S a) kO BHTE

Fig. 1 R EERE
(BIH) & b) FEAERD (B L
2011 %4 A 15 0).

TR DR EONE

%M’iélﬁ~ﬂﬁv&wvwﬁﬁwm®mﬁﬁmﬁ
ZREEC LTS, HBOBFM Cs £ x> Y —
%b&H%%M@%%&&éM%T&D,%ﬁ-ﬁﬁ%
FHECRAEMSEEE ST LT, — MM B,
R A TR T D L ER D D .
22 ShENT EBERE

T Cs (T HEEEARIC RS WA - FES D Z &N
LETE VO TRY, FHMEHRIL S TRV ET
%, TOITLKKRBICHAMECs I ED & TPRINE.
IAEA (2010) 12 kauf, R TER SN DM Cs ©
A BAR R (Kg) (Lkg™") o8Izl 5 % T
flilx, 1.2x103Lkg™! Th 5.

Kq=

Q
Pal ey

ZIZT, QIIHTE Cs oFEMTREE (Bqkg™), C i
WAETh OE BqL™) ThHDH. HETOKBE)] ﬂ#
% Cs BEhOEN 2 £ T IBIEMREL R (EXkoT) |
AREEAREO (mPm™3) LSHEEp Mgm™) ’Eﬂ%b\
T, WAUWCEIVHEHTES.

Ky

R=1+— 2
TP 2

AFRE DS Cs 23, RBAKE T (mm) & 3EICHiZR E
o LERARA LSS, M Cs O RER S
zp (mm) %, KATRKDOND.

a) HEAERR (i) (24E
[ZHERE (2016 42 4 A, 23R <

Fig. 2 BLOIEF DR —7205010
Fl, b) AKIEO (M)
).

1
Zp:_

R 3

Bl ZiE, 0=02~0.6m>m™3, NEHEp=0.5~1.5Mg
m™3 D& 7p FHEICK LT 1 = 100 mm DREANR S > 7=
Btr, KELITIEWAEERE (Kg=0,R=1) @zp &S
200 ~ 500 mm & 72 525, ik Cs (Kg=1.2x10°, R=
1201 ~ 9001) @ z, %, #7~0.06 ~ 017mm,15%&v

L2 L, BRPECs i, 20k 5 REBEEmRICESL T
BEVH2~3H bM< TR EZBE L (HIRS,2011),
T —EEE X 20 em T E THIEE L TV /2 (Ohno et
al., 2012; Yamaguchi et al., 2012). & HIZRAEfiR7R 2 &
2, TOHESAORIRL, EoHE (Kato et al., 2012;
Ohno et al., 2012; Tanaka et al., 2012; Yamaguchi et al.,
2012; Honda et al., 2015) {25\ T, Mt v (2]
FE B LRERNEDTH-T= (2L, ST
DB O F PMEDNTEVER) (L1, 2014). HHMET O
WAL, BEPECs LIZERULZA I 7 THELTEY
(Ohse et al., 2015), #HRBIC L DEERITIZFE A TN
(Fujiwara et al., 2016). +HEdIcH1T 5 B o Ky 137
# 69 Lkg™! THH (IAEA, 2010), Ao 14 - ok
LT, R=8~53, zp=9~27mm &72%. FHT
FER SN HHVE T OFRE AL, Zh b OBEEmM A &
KRERTTERIR0.

BRIELREL R 723 2 ~ 3 M7 b 7p 2 BT & 137Cs 78, R
B, FERUMESfAEZ R LB E LTE, 1) WS

SEFDSERAL T DRI L DMk, 2) @G (RE—
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O L REbd
A & KEViLacd
= - )L MEEL D
£ & BiRE 09
S \ - %%@?%Mir))
-a JL—VU—%c¢
%‘ i§§ « - k#to
2 T e e Fig 3 EOHROMBIRADHR i
o 2 N BB 3Cs @ﬁﬁlﬁ%@]ﬁfﬁ &R %
+ — B RO & OMR. BT — 2%, oo
Q ! o BN (2012) % 5-1 IZHSE {FH : a) Bunzl et
u e BB al. (1995) ; b) Zygmunt et al. (1998) ; ¢) Rosén
o o o A KD etal. (1999) ; d) Chilbowski etal. (1999) :
:I:| —o- TEAREEHE ) e) Holgye and Maly (2000) ; f) Forsberg et al.
—e— EEALEERF (2000) ; g) Chilbowski and Zygmunt (2002) ;
0.01 — AL AR D h) Arapis and Karandinos (2004). #& & &HN
0 5 10 15 FT—H21%, 1) EES (2016) & j) HIR (2016)

RFEEHREZOZBERE (yr)

KB E R OVRE RS, 3) 2 R (colloid-
facilitated transport), D FREMER T D (L H,
2014). LTI, 2nubo ) bENCEM 1) IcBh#E L
T, FEZRIZ T TR, - BRI A 57— LT
DR BTV,

BH D) 2oV, HERIZBT D EEME Cs OUE
CBEEICET SPGB LTS EE X ONS. Zh
W, TAPCITHRLELMEENDLOTHY, it -JF
AR D L 2 TR BE RO AL 2 1 ALK 8% 0 8
~OFEHE CsT OT 7 B AEFHIRLTWDZ &, L
B3 U2 Cs™ S oI e 5%
BEGA A (g Cs™ L0 b TELEICERERICT
TETHHA ) AT ML N 5 FES IZEET 5
EFTICEHLBEOREMMAMETHL I LHEIZLD (1L
M,2014). %7z, Kt, Rb*, ZECs*, 7= A%
v (NH}) %, KR — 38 < 20 1R gm0
BRICEE SNG WS EGA A 0%, B Cst 3 EE
SNRT WG A BRI SHLL TR Y, HILE L
WEOHEE Cst Db &agad 5 Lz, BESS
ZHENMEZFETHL 72012, HOBEORMNASLE LE
Zbns. FlziE, ¥Cs &b 6 h U EE S - mqk
HERA, Imol L' @ CsClEIZ 1 BRIEL TS, 4
WCEE S BICs 1 & A EiiE L72vy (Mukai et al.,
2016). —H T, 1986 FEIcF =/ 74 V5% (CNPP)
gk 134Cs & BTCs 23T LB A 1L, FIRRJINC
B HEWE (SS) 12k % 137Cs d Kq 1%, 134Cs @
Kqg EAEETH Y, &512, CNPP ST K& E N
FEE (ANT) Bk m— 74— 7 7 o B¥Cs o
Kq & bRETH o7- (Hirose et al., 1990). Eit, A7
< &b ZOMIKEREEF TIX, ANT fk 37Cs %05
{2 A L7z CNPP J5 Filighiok 134Cs O 137Cs & oo
SS \Zxtd B UE L, HAHEALLFORMA 7 —1 7T
FIEPHRREIZE L T 7o, 3 FDNPP iz o0
Th, 20114E 6 A TS 7 AT (%8 AWH)
DK — 2 ADORIZ, LHHR O Cs B oA I KX
72 72T R 57 (Koarashi et al., 2012; Matsunaga et al.,

W3S & 1B

2013), FEEHIT A THURME Cs BB 23 KIE 2 I
DULEZ EWRENTZ. &6, MOERNEROFHIT
1%, HE~OZE Cs T 1 B, =0 70 % 23 Eilz
T U=y AER T SN/ (Takeda et al., 2013).
INLEBEZED L, BARKELICHFERNOERALL
et Cs SR CRE LT WA 7 —uiX, H
HALLTFTH Y, BKBEARREZDOEZORIIROIND
LEbhD.

BN 1%, CNPP it o LRI 5 P Cs
OEBEEE X, —HOPRKLONE LA BRTIE 1
emyr ! LT TH Y, FEx b4 5% 7R Lz (Fig. 3,
a~h). W% FDNPP HH#OEERNIZEW TS, [
MoEmasRosns (Fig 3,j). LaL, RMEMITKE
i (Fig. 3,1) 720013, ¥#20cmyr! (3.7 24—
155145135 1.6cmyr") L9 KX 2aBBIHE
ZRL, 2EAMUEITIFIES—EREAEEL TS, £
T EIC X D R ERYEE (BRIEA, 2014) TiE, &E
JE 5 cm FREE A XE DD, FtE Cs OBEIEE A K
TN ERIBEB ORI+ 2B RN L < 22 5.
B A TZERMNIC LE R TR B K& W2 bttt Cs BE)
HEMNKEWET S (Konoplev et al., 2016) & %
28, KELAO 1 (Fig. 3,) Z2RHMB0, ZIUIHFE
FIZBR B, 4 HCARRIZRON & Rtk OB ihiE e 27 L
TWo. LER-T, BKEDREITIRNT SR
EMTHD. MOBERICET, AKBELE CRIEMFT)
W DI Cs $nERBEIN KXW &%, BEEN
DOEFOFEREE (Lepage et al., 2015; Takahashi et al.,
2014; Takata et al., 2014; #ii{R, 2016) TH@mL TK Y,
ZHUIKE BRICHAOBRLE 2 Livewn. HREET
1%, KRIRED Cs OWIRRERIC K E IetkBla R4 &
EX (Steiner et al., 2002), S|P LER CIILE L@+
» 37Cs MY EESEI2%1T4 5 (Fukuyama and Takenaka,
2004) . KH THEOWAEMBEIT —MRISHE FEHRTH D
2, MOBRHITRREEERTHD Z b, KB
THECIk, SRIREOIEEN DS, AT b, Cs BEhNEE %2
LETWORREMENRBZ bID.
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FRED THE IS T D B Cs OB ENHEED, Ky fE
MNOTFRINABEEEL Y bTo LRIV IO
T, FHICEET & Z L%, TAEA (2010) OF—4
Ty ML BEZDHENIZETHD. X () TRLE
THESMETIE, Kg=1.2x%x10°Lkg™! o & &, 4£f] 1000
mm OFAKBH oL LTH, s Cs DRIEES
13 0.6~1.7mmIZ#E7. LivL, Fig. 310571 X9
I, BRINTS 1~ 10 mm yr~' OREhHE 78 4% H CRLH &S
NTHEY, Kg b TRINDIELY L —HREW., Z0
JRRD—2i%, Bl HEEEMETO Ky 2R T 5 2 LI
NEgETHDHZ 0D, ERETCHUEINTE K Ex2T7 —
HAR=ZTHEH L TWD 720 s Lz, Bi 84
T ORGE Cs OB ENRE 2 BR$ 572 0121%, T
IR O AR R RS 2R T 5721 Tl <,
AR OB X 2558 L= BT, WEIERN L
MO OFEMFLED VI L Bbivs.

3. REFICE T 5L LV LADOEM G
&% 57 BL iR 3%

3.1 EUMLGERSEREOSTH L ERL

BREE TP OREE Cs 13, FICEBEL LTINS
ZENRHEBMNER S TWA D (Ueda et al., 2013; Evrard
et al., 2015; Iwagami et al., 2016), +HEH TOE L
TEIR~DWRIE, FITEFRETITONLD. KT O
TAATRE R TE Cs IBENEWIE E, KRR LK DO HE % Cs
XA ¥ % (Fujimura et al., 2013; Suzuki et al., 2015) .
BRI Cs IRE L& % TRIT 572D, BREFPTO
[EH — RFH R DR PE Cs 3Bk D e Bk E D E
7 (= REBESM L HIZE® T 5) B SEEARE Ky
1) ohEEBEETINERDS.

EIEORE Ok, BEL Y U LAWK, BT v E=v
LIEWRE) 128 - THBED S ORI Cs iR K &
< &% (Takeda et al., 2006; Yamaguchi et al., 2012; (LI
15,2015 Z &b bHB LI, REFTO Ky 13K
BN (4 A AR ST THEA Ty 7B T 5.
Friz, WA O K*, Rb*, Z5E Cs*, NHy 5, AKfn—x
X —=DPMRNGA A 1%, BEHITKFIKS 2 FhL T
FES ~O W &R MA~DEENAE CRLF <, FRFAY IR
WEOKEM Cs O Ky It K& 2B 525,

TEPICBT D Cst OWAEY 1 M, 1A (2014) &
HEIZTHIE, ROXIIZZRBITE D O Cst @Rk
DAX pH (K FEDE BB m (EHEWE OBt L 7= 0 v
AETU— M, KR OBERLLT v 7 = UEID
TFET DREKEERL), © Cst BREIIEWV RO Z &
A A2 & DORMNAE LG\, #EEROKAEMR (2:1
gtk A BRI O, @ Cs™ BRMERIER &
<, MOZEGA A BRALIZWEITIZSH 5 FES
(A BUmEES — N CRBEHENAE T TS 2: 1 1)E
WrABEIMTHHIER, AF7A4F, N—=IFa2T4
NMED g O &l O5ERESy) & O FES B
YA b Fiz, ©~Q@DWAE Cst LT H, @ FES I

W& L7, EM2PACCEES R Cst, ® & -
EHA R TIEARWD, TEEMRICBT S Cst OfFEST
L LT, SR OISR Sz Cst, © RofiF
EWEAROHIRIHIAFAET D Cs*, ENRBERHND.

nsnHh, OE@% RES (regular exchange site)
(Sanchez et al., 2002), ®% FES (#7275 « &t
&), @% FESir (RAliif)7e FES k% : BEERE), ®&
©% X (A& - EEF A NSO FETESTT) &35,
THEAKCTOR (1) 28175 Q KO Ky 1E, koA (4)
KLY (5) THRESD.

O = OrEs + Ores + Oresir + X 4)

K4 = Kqrgs + Kares + Kargsir + Kax ©)

2T, FHAEXFRES, FES, FESir XO'X 1%, =1
Zi, RES, FES, FESir KO X iZ25W T Q £721% Ky
ThrZtuard. 72, X (5) OFHDE _H Kyres
1%, LEEORSHE Cs e A7 > ¥ v (radiocesium
interception potential, RIP) (mmol kg™!) & &k EfRIC
b5,

RIP
K = — 6
aFES = 5y ShC, (6)
;

ZZT, Ck KNG 1E, hvEh, K KOO A A
VFl i (NHj, Rb*, Z5E Cs*™ %) O@FAP L (mmol
LY, k 1 3fBRERTH Y, FESICHIT D KT okt
T DA A | OBPURBIARE T 5. BT, knn,
KR kna 1F, Z0EN, K95 4.2~53) KOKI0 (0~
0.02) OENFEHA T Y (Wauters et al., 1994; 1996;
Smolders et al., 1997; Absalom et al., 2001; Sanchez et al.,
2002), kcs [22WTIE, FES 238175 K' (295 Cs*
DOFEFARE L LT 1000 (Brouwer et al., 1983) & d R
LR DH. 7ok, RIPIX, FESIZX 5 Cs* flifiEhe
ERBICFET 272D DfETH Y, FES LSO AE
# (RES) % AgTU £7-13 Ca®* T~ A2 L& TFT,
FES (25132 K* & 137Cs & Wk 45 -y o0 I % ]
ETDHZ eIk, EEIZRD 51D (Cremers et al.,
1988; Wauters et al., 1996) .
A (1) KO (4)~(6) 2FBLT D &,

RIP N OREs + OFesir + Ox

= 7
CK+Z_kiCi C )
i

Ky

K (D) 3, Kg \[CHEHBSEES HEK L LT, [EHAHO RIP
72T <, FES WA LEE~OETER Y, BT
DEYIHENC M 31T D MiAE & B Bk 5 2 &1
A A UHE (KT, NHy %) JREOHR, BGETEMLOL
1B & 2 BRBRAL DVRIR - IEB SR B D 2 & 2R T
F7o, ZOXOEKEHEHD S B, RIP, Ck, ki, C; XKOC
THRJATRE (kG IIXMIEZGED) THY, EMTERW
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Ores, Oresir XU Ox OF1 (05 ZHO ) 1%, X
(7) #Hz2ERES.

32 EAENEBRBOEHER

B SR D E Cs 0 Ky 2 FEJT 52 L
3RO CHREECTH DA%, Bk (FAK) BREEFICIITS SS
2D Kg 1X, ZNETICEL OFEREIHRE ST
W25, HEE FDNPP & ICHIE STz Ky 1%, Tl
ATNCERMNL AATHE SN Ky LD L, 2RI
—HikEWEmASH S (Fig. 4). ZOFRE LTIE, K
T FDNPP i Tt S = #iAME Cs R—/L D% ¢,
B & T3 (Konoplev et al., 2016). L4>L, CNPP
FHCHT - % & S FDNPP Hiitt 0 HARD Ky & EXUS
HEE (BC) L <rry v9 5 & (Fig. 5), &fmic
EC REWEE Ky WME T TN RLND. T,

ER 7 ERIRE Ky (L/k)
102 108 104 105 108 107
Min. Max.
o ° & 28R
IAEA (2010) o—e f i 28R
HHT—4

‘

FL/ T4 )ER

Hirose et al (1990) o— L i
Matsunaga et al (1991) o——e 2;%052&0)27%
IO S (2013) o °

Ueda et al (2013) o———o

Nagao et al (2013) o———oe HEFDNPP
Yoshikawa et al (2014) o———e BED
Yasutaka et al (2012); &Il 5 (2014) o—eo BARD 5
Tsuji et al (2014) o— o T4
Yoshimura et al (2015) o—e

Ochiai et al (2015) o————e

Fig. 4 HOKBRBETICIT 2 By BR 8 (Kq) DOZEBE.

1E+7 ¢

-
m
+
]

EC 23\ BEKIE &2 BB A A (KY, NH %) RJE
DEnEE L, X (7)) TEATES. G, ®KE
FDNPP &4 D Kq BEEEOMA L 0 b EmnE2FR O
—2UE, EC BMERWEAKRZGRE LIy —ABL N
LEZ NS, ENO CNPP Highi - % OMAETIE, £
LT, digkmfEo R E KA CEAFI, FIRR)I, JE
) O T Zxg L LT\ =2y, HE FDNPP %
W te OFA G, PRS0, RKOEEICHE L ikE
DO, BB T D HPEKERERTH D, —
Bz, TR Ekkx e ANFNEB OB LR 2T T, W
JIAKO ECIEEES.

R S EAR L Kg 125283 2 RHEMMoME & LT
1L, RIP SR b EETHD. —MRIC, THPOREME Cs
DIFTEREIL, BEET v =W AR CIEE S he
W4y (= iR @ FESIr (ZIZIEAY) A RE S % S
% (Takeda et al., 2006; Yamaguchi et al., 2012; (L1 &,
2015). ZoHETHE (@ FESir) %, sk L7211, %
S BAR AN LT it Cs 23zc#ang (@ FES) /% C#
ITLZbDEEZ OGNS, LIz~ T, FESIZ X 5k
M Cs flieRE# €8I L7z RIP 2@V (£7-1% SS)
1Y, @FES 721 T2 < @ FESir ~OBITELZ W EH
bbb, WU EC THoTh, FHEMINCELY Kg D
AR B FIC s (Fig. 5) o, ECHE SO
## (Yoshimura et al., 2015) &3&x 541, SS @ RIP A3
MV SIS BR RAF (HUB St 23K TR Ak & 50 < B
E) 52 LIcLD. ARFEZEZNL, RIPIL, ML
FELRE &0 O EVER 70 PR & B Cs W OBLE D 6 18
L& WS HT, Ky BERCIE~D S Cs BAT
EPRT A0 NRT A= L UTHMAM - IUAMEDIE
WIZEW. 5%1F, RIP Z LS ICHIET 572001
B 72 FEBRFIE ORI, FAR 72 THIRED D RIP %
HEE T 572D FE (Nakao et al., 2015; Uematsu et al.,

CNPP

A Ishikari (Oct-85) 2 i
£ Gl

O Kitakami (oct-85) @)

O Tone (Jun & Nov-85, Feb-86) 2 }
® Tone (Jun-86), Cs-134 2

> 1.E+5 |

A ERIZREK, (Lkg)
O
I
D L 2
»
&%

E|
-
m
+
'S

A [shikari (Aug-86), Cs-134 2

® Tone (Jun & Oct-86, Feb-87) @

A [shikari (Aug-86) @

¢ Kuzuryu (Oct-86) @

+ Kuji (Nov & Dec-87, Jan, Aug & Oct-88) )
® Abukuma (Sep-12, Jan-13) ©

O Abukuma (Aug-13) 9

A Kuchibuto (Jan-13) 9 B

B Shakado (Jan-13) © FDNPP

CNPP
ik

1.E+3

# Ota (May-13) © EEE S
<& Ota (Jun-13) 9

O Niida (Jul & Aug-13) @

A Others (Jun & Aug-13) 9

0.01 0.1 1
ESIEEE EC (dS/m)

Fig. 5

TR ORBIEE > 7 LA OREESBRE (Kg) & EXUREE (EC) OBf%. Ochiaietal. (2015) (FTEERIIAKR & i@

0O EANIND KO Tsujietal. (2014) (FIEELIKFR)O @ BEC HIZiC T o F2HE, Hirose etal. (1990) CFFHI, db k)i, F
TR R OILEATE N D4 K %) D K O Matsunaga et al. (1991) (AZ)I17K%)D o BEC fl1F, HRAHLA K UMK B ISR &I RN E
T IHEEE (EC EOFMZLE 2 EE) 2AKIKET —#~—2 ([HE#E, 2016) ([2HES& 527
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Tl
a3

e

7N
Vo

MR PSRBT B S VU A% 15

2015) OBARENRMEIEAHH. EOT=HITIX, JRETO
A TSR T — & DUE - B 721 Tl <, K RLE
Cs %, HSHECs L0 o LAV ILHE D 13 - i $#
BT OEEBMEHIONICT LI EDRMNETHD. £,
RIP S5 T3 BARMIC EOWEY A NI T Bkt Cs
R ZHE L T DONHEIZONT, LN TRER
A9, BT, BEHRTOENNR Kq B2, GHED
BHEENEL BRI 5 Z LB TWA A (Staunton et
al., 2002; 11T, 2014), ZOFEMITRMBEHTHY, GHEY
IR L BRI TO Ky BB A BE-DIT 5 72O OWETR
BRIFZENMETH 5.

4. B~ DIETEE > LDFEIT &

41 BEEERE (EEXE)

WU FDNPP $lE % 1%, MdttE Cs 12 X % BAEWG
GLlImE s EER O W (RETRSOM R 2> & DRIV & dA431)
2L BEHAGY (BHLE) DERTHY, HEF (Ohse et
al, 2015), /h# (HEH, 2013), % (Tagami et al., 2012;
Hirono and Nonaka, 2016), M (g5, 2014),
(Sunaga et al., 2015) O BEHEFY: (F721FKE 42 T
LRI B MEEHY & DIRAT) BHEMTEL. iz,
2013 FFFEED KRG LA TIE, PRI TR 22 B
HYR A Ut (BMOKES 5, 2015b) . £ OJRREIE, fl
RICAHE LT RRE T OKEMEERC, B PR 1
MHDEHE) THhY, TOEFIZ-OWTIE, Hido+
HERL T B TIL 220 2 & 234 skt 13%Cs/137Cs R 1
ICEES &R &7z (Matsunami et al., 2016) .

KBTI X B Cs ohE, Fhresk Lt
95 LIEFITNIVR, BHEBREW WD (R
fIZE%, 2016). BEAEM~OREIIIEFIT NI NEB X
HIVDD, 2013 FREEKFEZAKA~DEHFYD X 5 7234
HAELTWDZ Enb, SR TORBMRE=2
U IMMETHL. K coe=4Y 7 (KTHHR
filZ B2, 2016) 12 XhuE, Filic X 2 kaE Cs thas &
DRE o HIkIZ E, BIES S Cs B TENZ N
FERPELNTERY, HEHE Cs OFVRlE & DS, M
A=V THROELALCLTWD EEBZOND. £z, K
o YCs TR AR A AR L, Bk (F
S, BRILTT) TIXATRICHRIS, FEERHTIR (RILHTEE G Hh
X) TIEEFICmAL D5 (Ib5,2016). ZHIZONT,
A ZRDMBRAEITER T T O N B ZIEENEIR, =DM
FAB I IAEY) H S DB MR T-RIENS R E E 2 ST
L. FERTE, —FERIC2E, £FEERIE—IN
R, 2012 45 2015 ARSI CToREH 137Cs it
WY, WEAEE LY T o LR, —FTIERIE
¥ L T /2 (Kitayama et al., 2016). 5%, ZhbH D
MRAEERT L LiIcky, B Cs BT &
FRLEDEERDOIERNRTFREICR D LEZEZXBND.

4.2 IIEESE (BRRID EBITHRE

IR U7t Cs DR S ORIV %58 U 7= 1E
M~OBATIIMEG Y (BARRIY) & MR, G0

EURT IO E LT, BITHR%L (transfer factor, TF)
NHWLNS.

P
TF = Cs
MCs

®)

ZIZT, Pog MDY Mg 1, FnEh, 1EY (Ko —ih)
RO (OfELJE) ORUYE Cs % (Bqgkg™) Th
B. EFRMILEMEICI L > TA LA EBEFLITATH - T
THIH SRRV, REEYE, T — BRI IT Bl
% Cs OWBERRA MRS 52 LI2X 0, TRl & filfE
NHAEETH 5.

2011 47 4 Bizix, 2EKHICBIT 5 1960 F48H0 60
ANT Hi3k 137Cs 7k [ 587 & Kl L~ i Cs
®171%% (transfer factor, TF) OEHME=4%1 o /5 —
% (Fig. 6) IcH3%, TF<0.1 OFEDTF, Ktk Cs
2 75 5000 Bq kg™ BA b oD i 38 T o (RS A3 I TR
S CHEFOR S OB EILER - 500 Bgkg™). Zh
IT—EORREZT =0, K EMEGEHOBSSE (O
HBED 0.2 %) T, YREOEEILIEFERE RS R Sl (&
MAKEEL &, 2014; \F 5,2015). 2011 £ LY, B
K OB BSR4 oD 7K H B 3512 38 W) Tk 4 72 K IERF R OY
K &G &M ol AR Thh (RS, 2014; #FAM -
1, 2014; #1l 5, 2015; Kato et al., 2015), KFGZ K~
DG Cs BTN K il (K IEEH R OV K 2 & TeHEE
R LB ) Ko THflEN S Z &A%, WG
UL THID THEIES N (Fig. 7). AKREOREIIZ IS
5 Kt & Cst Ooia o=, KA Cs Wl
FNZEZITH D Z L1E, EREL LV TIIURIL Y #H
Tz (RIED, 1961; AT 6, 1984) . AT OKH
+3E RS, 2014; AR - 1ERE, 2014) (281 5 K i
A& 5 BTCs mmiblzh 8%, KY iEE Cst RINo
PR 7 & 9% Michaelis-Menten %! € 7 /L3 (Shaw
and Bell, 1991) & KT RZ TRIT D K¥ fgkfkz X
JBEREERLT, il 22 LAk (Fujimura
etal., 2014). F7=, Bt LTo KiHEEZEanb

0.1

. |
f ol
éé‘:‘: 0.01 JTM% 0“ .ﬁi’m Mlllﬂﬂﬁman
\‘ il

0.0001

0.00001 . . . . . ,
1950 1960 1970 1980 1990 2000 2010

BEF

Fig. 6 2EAMOKE 6~ 10 Him (1959 ~ 1968 42) KN 11
~ 15 Hus (1969 FLIKE) (281 2 KKBENZER (ANT)
kra—nn 7 —n7 s BICs ORREZ K~ DBITIRE
(TF) »F#%)fE. Komamura et al. (2005) K OEaFT S (2006)
ICHESEEE, =5 —N— TR KE - B/ MEEFET
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x O GLS, AfIE?)
01 2 K,0/1
xx 5 mg K,0/100 gézt A GLS, ZBL
w o, A O LPS, #ifgY
% P .
A X ol o & GLS, EviFa
lsg 0.01 X%X [P . o @ o WA HEZ/Y
® 0o
? K o © A WA, F#E2)
X
ﬁ X A m WA, KF12
fm 0.001 | ADD _
i A * WA, KF22
X
X Gl, Z74150
X Gl, Z&29
0.0001 | | | (20124)
0.0 0.2 0.4 0.6 0.8

IRFEZDELTOTMMEKEE (cmol/kg)

Fig. 7 BEREOULBERO R 5K H 15 (GLS = JK ki
+:; LPS = (KK H 3, WA = 22K 7 £, Gl=277 1 1)
BT 5 2011 KON 2012 4EEARRG L Kk~OBATIRER (TF) &
IS DIELDZZHNER V7 A (KY) EEOBMR (AR 2 ©
7 2012 4E7E) : a) Katoetal. (2015) ;b) 75D (2014) ;c)
MLS (2015) ;d) PR - 2 (2014).

BRIEECHENEES L (0557 gKm™2), Al
Dtk B1Cs R AR S5 (234 - 25Bqke™)
Z R ENT- (Saito etal., 2015). ZiuE, KT EED
BN FEVS, FES K OVBR~D K* W35 3 A 7255 3,
BRFRNERST-BENE -tk EEx 60
%. [FEEIC, T3 o FES &5°, RIP &) HHHEL
T, EAMICEEM TIERL, KEESE OfMoBRE
M (BIZAE, RO LS FRES,2011) 1I2Xk-
TEBL D D72, fflx D EH O E RO HE 3 4B
Thb.

FHTORBRKE RITHS X, 2012 FI12iF, KRGELKD
FORE Cs % 2 7= 72 JL7EME (100 Bq kg™!) LATFICHD
R B0 TR K 2O BEMEE LT, 25mg
K,0/100 g ¥ =23 S (EAFHERE, 2012). AKFg%
K~D TF 1%, KHEZEOX R E LARWEETHREN
2309 55 (Fujimura et al., 2015; Yang et al., 2016),
KH O (RIP AMEWE) 1Tk - TiE, EYEEL
RS D AN EFESN D ATREM DS B 5. FERE, 2013 4
PEOKFRLZ AT, KRR E & Sian -7z 1
SRV, BB E U (BHOKES 6, 2014).
BB RN TOMIE L7 K 5E %S oWRImHx Rz L v,
2015 4EPEKRG LA D 2EFHA TIEZ, DUz 100 Bqkg™!
BRIt Lo (BER, 2016). 51T, #A
R, IR, BB W TS, KEAIZ L D5 Cs o
ITIIIR R EFE S e (B, 2015). 7272L, Zhb
DOHEY TIE, Pt K &R0 BAEE2 KE XY
b, ¥A4X, IYNROBEIZONT, i, 30,
30 T30 ~ 40 mg K,O/100 g 3B & 70 b (B,
2015).

BEENSE S E Lz KieAxRz, 4% bEE
Mt 9 2 Z LIXTFROICHEETH Y, B0 HHR
(RIP %) BB L1, L0 XDt RE iyl
KIS TV ) OERPRD BN TND. o RIP
ENEMC K D g Cs W s A O MHBIRRICH D = &

23, B (Delvaux et al., 2000), Kfig (EAMKFESE &,
2014), 414 X (Takeda et al., 2014; EH/KFEE &, 2015)
ETREINTWS., HHEORIP I, £HX A 7iIck-T
By, BAR7 LCHEMKS, Al Lol Lo
EVMEM D B 5 (BHRKES B, 20152). Fiz, %72 d
THRREEESORE # 70 K BB K EA &M Ol AR 2 %A
FICERB LT, KgZk~D TF & TR T 55T
IVORFENED 5TV (Eguchi et al., 2015). Zih
1%, BRINCBA% & 7= Absalom et al. (1999) @ TF T
ETNEHEHBELIEZLOTHY, ETAVASMEE LT
1, AV THE L SR EEOMN LS E,
P K R ROHSHE Cs BN BED 3 ST,
THOREEI R E R T T2 O BB RT A — 2 L
LT, RIPEZFEHT 2. RET /OB & REENED
X, BERNEFLE L7zJEE RIP <~ 7 (Yamaguchi
etal, 2017) ZFHT 2 Z L2k v, KETomMYZ K
MERES TV A DIRENAREL 72D,

RTHEIT L HRYAEOKHETIE, BHEOKHBED b
KD TF R—HHE EEL e d85E6503H 5 (Yang et al,,
2016). ZhiE, FICKHWEK GREOETICED DL
Ez b, TF & & K &E0RERTERINE, B
DK & DOBFVITR B2 (R 5, 2016). BID, i@
WAKH E RO K AR Z &L, BRE%KEIZREN
TH TF 2K < HEFF T2 2 L3Sk 5. ZKILEE, /K
IR D B - rEFX (FHE B, 2014; #r 5, 2015)
RRTHE - BLHFX GRES, 2014) 12X DREZOK
HTOIKR T2 GRBRES 4 7055, 3 707
TWD, 1 2N D0 (RS, 2016), 14
DAERFE R L OFEREGI RIS TEBY, BF
JBREZED D Z L TWEMHTE S, —J7, B
DEMTE, FLE3NEORENKE MEE 2o
TRBY, =7 nm v 7L DR IEEIT OB FE ) 1
Do Twd (5, 2015).

5. RMICHIFTIMHEESVLOHAY

BRI T B B Cs IN301E, WERAY 7o Hu 828 DA
AT, REMETY (i, k), #EEK, 1Bkt
DIXA L, fERIN NF), Rl (HHEER), HE
R, BHEOXHEDELIETRED. ZNH0f
RITAGFREE IIRRETEL LD, EMICITBRBEN
FRE D2, SSICIAIETHZ ENEEICRD.

BRI T, —RIC, THEERICL D HER L,
SS LT AfE L 72 5. 1959 ~ 1973 4EIC42H 8 » [T C°FF
DITAER T 1 o A — 23R B (R 5° ~ 10°, Rk 15
~20m, BEAERREEIX) OfERIC UL, FHO SS NI
—-7.9 ~-0.1 Mgha™! (¥ -23Mgha™!) ThHo7= (&
(1, 2002). ZAUTK LT, 1993 ~ 1998 4EIZFKH I, T
BE R R O R O IBAT R B K BE 11 HR) &P 4qT
Pz SSINKE=4# U 7 L, 4/ 0.05 ~ 0.47
Mg ha™! @ SS A, 0.20 ~4.20 Mg ha~! @ SS ¥iH»
HY, SSINHIE, —4.16 ~0.03 Mgha™! (IEfEIE 2 Hik)
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Table 1 KHIZHEITDHHMEE S T L (Cs) OERIOILSL
(HSEP DR Cs fAERITHT 2 53R THR).

T Cs JsH % Cs
Y H W
WRE e e ok
kBq m™2 %
2011 589 -296 &5 (2014)
2012 ~0.40 Yoshikawa et al.
3 4 (2015)
2012 10° to 10 +0.07 il E
2012 —-0.48 [F]_k
2012 308 -0.14 EH5 (2014)
2012 25 -1.04 Eil=
2012 323 +0.093 Gl
2012 342 +0.13 Eil
2012 61 -0.002 Eil
2013 ~0.060 Yoshikawa et al.
3 4 (2015)
2013 107 to 10 -0.97 Al
2013 -2.48 Al k=
2014 210 +0.24  #HEL (2015)
2014 210 +0.16 [[_E
2015 208* +0.093 FES (2016)
2015 208* -0.022 Gl
Mean = SD
-0.52+0.98

“fBH (2015) 226 OFHEME  HEEH)

Thotz (11,2002). AL, MEKEO SS UL ITHE
ARNCAMETHY, VoM Cs 55, LHk 11258
KEETHILEZONEZLE-AEERD. TORBEEL
T, @EfMoKHEHEIZH TS5 ANT fk 37Cs o ~
ARy N Y —OENRIIL, WER YR (30.1 )
L b TFolmE<L, 9~24FThHo7= EIF 5, 2006).
HUFE FDNPP g%, @5 N Hiod K H TR Cs
W S, BBREOMRAIZK T2 Z &<, AfER
%< RENTWD (Table 1). L2vL, ZOFEFITEY
ICERB TR E RLBEZ R L, 2IEKROEEHHRE CV i
FEFIZRKEV (188 %). MG L~/ DR Cs ILKIT,
TEEESCR R LM T TR, BRI DEEED
T8 KEEFIBEIRET 2 ERDBIEFICRE VWD,
TRISEE L. £/, BECTEBTL-010E, &z
BEMELH - K AT A (= T a—h, =

e, MR, WER, T—2ud—, KBIxRL, Ny
7V —, HEERKEES THR) OMERBEL R DT

T, REHEZE TR SS OFEA - i H SO
FELHTAET DD, K- WHEINSZOERAIEFIZHE L
W, LERS T, e Cs LK 2L TEMT S 2
CIFBEMICARTRETH Y, KRR TOEELE
D=L, ZOMRBEEKE LT, KEEEOKHIE Cs
A Xy N —FRRECTREMMICESE=4) 7 T5
Z & (B S, 20060 BMETH S, Witk L~ TOHR
JI B O Cs Wit b E 72 FRERIC TR - SZHIEES

TRV, FHOERTHET —F52&EHT LI LIk
D, RBRE IR R O EST (Smith et al., 2004;
Iwagami et al., 2016) 23 F[RE L 72 5. 7K H 58 D Al
Cs A Xy P —ZONWTh, ERT —HEZmRTREM
BIEERE L, CNPP Mg OMINT — % L b L7228 5
BRI IR DR T A — 2 B R LT
VENRH D,

6. BHYIZ

Loth, EREEB & RN BAIE A TE O 2
7o, HH - EHEOEREIN Utk s AT
e B L 72 % (Yamaguchi et al., 2016b) . R ILIAHE
FIC R SA, 22Tk, Ty LR BRT285%
BELE LT, RO 4 SEZFETT0.

— O HIX, TEPICBIT A HEM Cs OZEENI < ¥
BEOIERANRTA—Z L LTD Ky DF —HF _— 2 H%
grerb (B) ©hHs. HEhOKEE - wE
RSB OB - TR O 72 O IR EFE KGR B
¥} (HE) LV omEMRT A=A RNELE SRS
O ERBRIC, Kg X, HEEFIZRT 38 Cs oZdh %
P PR S ECHMERAIRRNT A= ThHD. B
AR 2 Ky o LA ER A2 BfREL, fho
2 (LB, KBS, RIBRFME) T Ky 2RET
D (BIEAL) ABRFE S L, Bt Cs ibEE %)
SEMMNREETTIE T, B~ ik~ L TET IV
T 95 ENAREL 72 D

TR, HEEFE RIPS) RHE - ERICIS LR
Kt o et (MWERBGIZE T HEREEZ AT 5
L) orvo, FRKEOE W TF FHlT T Lo %
ThD. ZOETINE, HEFDNPP H®%IZHE S
7= TF 721 T/ <, 1960 4FRLIE, 2EEHTHIE S
T& 7= ANT fi3k ¥7Cs » TF (Fig. 6) (%L C &
TE, 5% 30 LI EITh i 28T Re K fEE s
UAGIBERL D ETHMLENDS.

—-OHIX, H7E FDNPP HHE %2k L7 ik Cs
DFEEREZDRB MDA TH D, KFHIZILAE LI
HPE Cs DIERRIE, KB T o Ve A AT T AE
Cs R— VDWW FTNEZ6NDN, EOXAL I TTED
HIBIZE B N ENTETRT LIzONZ D0 TE, Yk
OFT—ERIEFIWRENTNDZEHH Y, REIZRER
2\, BUIEOREFICHRFET DU Cs DFEED LY
PRI IC L, YEFOBR IR AFBRT L2 LN
HiskeiuiE, Kq <0 TF THIET L om A - En K&
KEDLDLRMENRSH L.

eI, U2 BE, B2 Cs B T HID 729
O, E Cs OBEMATH 5. LE Cs 20 TiE, =
NETHLZLOWRAEmSNTEBY, ZECs D TFIZ
%95 ANT Hik B7Cs @ TF I, R TIEHK 2.6 fi7
(Tsukada et al., 2002) <°% 1.5 f# (Uchida et al., 2009),
YK TIEA 1.8 f% (Kamei-Ishikawa et al., 2008; Uchida
et al.,, 2009) LW 7= NH 5. HE FDNPP F#tk
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é:t, fABE A 5 (Harada et al., 2015) =°7/k#E (Kondo et
., 2015) 12k Téﬁﬁ? Cs DBATRLIE Cs N FH M
%Bkk@@ﬁi ETRASSHAESL TS, Lk
L, BEPIZBITS mCs@Kﬁ&ﬁ%ﬁCs@K&@
BIfRSC, FEXIMIICZ BT HEE Cs DR ELE N
TS E Cs D Ky &,?%QM_ODT@ BREEHTO
WFFEEGIA R Y 72 520, —F, ENERTIE, TV
JaFA FROA T4 MekiF s BCs o Kg 1oxit+ %
ZE Cs BEDOHBIIFEFICRENI ENRINTND
(Staunton and Roubaud, 1997). B+ COREHE: Cs
Z#@ & RE Cs OWEIEER & BE-S T TEAMIZH &8

52 }:75> HFE Cs O B e @ 2 BT 5720
D—F/FBDITEIS LIV,
Bt

ABFFED—HIE, BMOKEREZET vy =7 b TRl
O BSEE OBRE - R OB — I

B DB v LT RIEAR S K O Ik Bl
DB —] KO ISPS BT 26511001 DR TH 5.

51 Rk

Absalom, J.P., Young, S.D., Crout, N.M.J., Nisbet, A.F., Wood-
man, R.EM., Smolders, E. and Gillett, A.G. (1999): Pre-
dicting soil to plant transfer factor of radiocesium using soil
characteristics. Environmental Science and Technology, 33(8):
1218-1223.

Absalom, J.P., Young, S.D., Crout, N.M.J., Sanchez, A., Wright,
S.M., Smolders, E., Nisbet, A.F. and Gillett, A.G. (2001):
Predicting the transfer of radiocaesium from organic soils to
plants using soil characteristics. Journal of Environmental Ra-
dioactivity, 52(1): 31-43.

Adachi, K., Kajino, M., Zaizen, Y. and Igarashi, Y. (2013): Emis-
sions of spherical cesium-bearing particles from an early stage
of the Fukushima nuclear accident. Scientific Reports, 3, 2554;
doi:10.1038/srep02554.

Arapis, G.D. and Karandinos, M.G. (2004): Migration of '37Cs
in the soil of sloping semi-natural ecosystems in Northern
Greece. Journal of Environmental Radioactivity, 77(2): 133—
142.

Brouwer, E., Baeyens, B., Maes, A. and Cremers, A. (1983): Ce-
sium and rubidium ion equilibria in illite. Journal of Physical
Chemistry, 87 (7): 1213-1219.

Bunzl, K., Kracke, W., Schimmack, W. and Auerswald, K. (1995):
Migration of fallout 239+240py,_ 241 Am and 137 Cs in the various
horizons of a forest soil under pine. Journal of Environmental
Radioactivity, 28(1): 17-34.

Chibowski, S. and Zygmunt, J. (2002): The influence of the sorp-
tive properties of organic soils on the migration rate of Cs-137.
Journal of Environmental Radioactivity, 61(2): 213-223.

Chibowski, S., Zygmunt, J. and Klimowicz Z. (1999): Investi-
gation of adsorption and vertical migration of 137Cs in three
kinds of soil at Lublin vicinity. Journal of Radioanalytical and
Nuclear Chemistry, 242(2): 287-295.

Cremers, A., Elsen, A., De Preter, P. and Maes, A. (1988): Quanti-
tative analysis of radiocaesium retention in soils. Nature, 335:
247-249.

Delvaux, B., Kruyts, N. and Cremers, A. (2000): Rhizospheric
mobilization of radiocesium in soils. Environmental Science
and Technology, 34(8): 1489-1493.

o Eﬂ% (2014): St v 0 L oPhas & I

PEEEE. AR IR AR, 85(2): 80-85.

Eguchi, S., Yamaguchi, N., Kohyama, K. and Taniyama, I. (2015):
Short to long-term prediction of radiocesium transfer factors
for paddy rice. ICOBTE 2015 Fukuoka Abstract Book, p.
191. 13th International Conference on the Biogeochemistry of
Trace Elements, 12-16 July 2015, Fukuoka.

ILRGER, SNEF, WG E, ZBE—8, W0 %, §H R,
SCPERF—, ARJFIETR, JRAREA, IR, RS, e
e %ﬁﬁA TR B (2013): fRIB RPN D572 % K BB
iz D VAT HE K OVRIB B A P o 0 LR DS B B2
X Hﬂiii%ﬂlﬂﬂ%ruﬁ(ﬁi%a% 59: 10.

Evrard, O., Laceby, J.P., Lepage, H., Onda, Y., Cerdan, O. and
Ayrault, S. (2015): Radiocesium transfer from hillslopes to

BT 5

the Pasific Ocean after the Fukushima Nuclear Power Plant
accident: A review. Journal of Environmental Radioactivity,
148: 92-110.

Forsberg, S., Rosén, K., Fernandez, V. and Juhan, H. (2000): Mi-
gration of Cs-137 and Sr-90 in undisturbed soil profiles un-
der controlled and close-to-real conditions. Journal of Envi-
ronmental Radioactivity, 50(3): 235-252.

Fujii, E., Tamura, K., Hatta, T., Yamada, H., Yaita, T. and Kogure,
T. (2015): Cesium sorption to paddy soil in Fukushima. Clay
Science, 19(1): 17-22.

FRATEN, TLREh, FAsFEDR, KM, FEECC, ),
MWz, AP, "fEF'é’:* Me, HHmo, bk, REE
Z(2016): BREEEAKHIZIIT D ZASDBEEE T L DB
1THRE EIZM’E%%ﬁ#\L% 85(2): 211-217.

Fujimura, S., Ishikawa, J., Sakuma, Y., Saito, T., Sato, M., Yosh-
ioka, K. (2014): Theoretical model of the effect of potassium
on the uptake of radiocesium by rice. Journal of Environmen-
tal Radioactivity, 138: 122—131.

Fujimura, S., Sakuma, Y., Sato, M., Saito, T., Yoshioka, K., Ya-
mauchi, T., Sato, N. and Eguchi, S. (2015): Difference in Cs-
137 concentration of brown rice between the years of 2011
and 2012 in Fukushima Prefecture. Journal of Radioanalytical
Nuclear Chemistry, 303(2): 1147-1150.

Fujimura, S., Yoshioka, K., Saito, T., Sato, M., Sato, M., Sakuma,
Y. and Muramatsu, Y. (2013): Effects of applying potassium,
zeolite and vermiculite on the radiocesium uptake by rice
plants grown in paddy field soils collected from Fukushima
prefecture. Plant Production Science, 16(2): 166-170.



feit - BRI D R v T A0 ZEE) 19

Fujiwara, H. (2016): Observation of radioactive iodine (311, 129y)
in cropland soil after the Fukushima nuclear accident. Science
of the Total Environment, 566-567: 1432—-1439.

o B (2016): B MEW E A « 2K, https://fukumegu.org/
ok/kome/ (2016/12/19)

Fukuyama and Takenaka (2004): Upward mobilization of 137Cs in
surface soils of Chamaecyparisobtusa Sieb. et Zucc.(hinoki)
plantation in Japan. Science of the Total Environment, 318(1—
3): 187-195.

[ M ZE RS (2016): BURBRE=2 Y > 7, ERFRE TY
DE =% Y 7. http://radioactivity.nsr.go.jp/ja/list/195/list-
L.html (2016/12/27)

NFES, BE, JIAMR— (2015): ENREHKED OB
Pt > U MFROFRMER LN - B COMFEE T A
BIERTZEDBUIR. A AR SRR L4, 62(1): 1-26.

Harada, H., Sunaga, Y. and Kawachi, T. (2015): Cesium-137 con-
centration of forage corn and Italian ryegrass in a double crop-
ping system under different rates of cattle farmyard manure
application after the Fukushima Daiichi Nuclear Power Sta-
tion accident in 2011. Soil Science and Plant Nutrition, 61(6):
972-982.

Hirono, Y. and Nonaka, K. (2016): Time series changes in radio-
caesium distribution in tea plants (Camellia sinensis(L.)) after
the Fukushima Dai-ichi Nuclear Power Plant accident. Journal
of Environmental Radioactivity 152: 119-126.

Hirose, K., Aoyama, M. and Sugimura, Y. (1990): Plutonium and
cesium isotopes in river waters in Japan. Journal of Radioana-
lytical and Nuclear Chemistry, 141(1): 191-202.

Holgye, Z. and Maly, M. (2000): Sources, vertical distribution,
and migration rates of 23%2*0py, 238py, and '¥7Cs in grassland
soil in three localities of central Bohemia. Journal of Environ-
mental Radioactivity, 47(2): 135-147.

Honda, M., Matsuzaki, H., Miyake, Y., Maejima, Y., Yamagata, T.
and Nagai, H. (2015): Depth profile and mobility of '*°I and
137Cs in soil originating from the Fukushima Dai-ichi Nuclear
Power Plant accident. Journal of Environmental Radioactivity,
146: 35-43.

IAEA (International Atomic Energy Agency). (2010): Handbook
of parameter values for the prediction of radionuclide transfer
in terrestrial and freshwater environments. Technical Reports
Series No. 472, pp. 1-194. Vienna

A, BOERE, REE T, MR, BERE, LR,
EAEE, SRmAEE, RREEES, MR (2014): Hhid S
N KEHE K Z 505 & LmKIC X D 23 - ok
R LA, AL 26 R RN LA amHS M E R,
336-337.

LNEEF, NAES, frEfE, REHT (2014): BRI
KRICBT DHHAEE S Y AOMEY I 2L — 3 . K
BREST 58, 37(2): 29-43.

Itoh, S., Eguchi, T., Kato, N. and Takahashi, S. (2014): Ra-
dioactive particles in soil, plant, and dust samples after the
Fukushima nuclear accident. Soil Science and Plant Nutrition,
60(4): 540-550.

Iwagami, S., Onda, Y., Tsujimura, M. and Abe, Y. (2016): Contri-
bution of radioactive 137Cs discharge by suspended sediment,
coarse organic matter, and dissolved fraction from a headwater
catchment in Fukushima after the Fukushima Dai-ichi Nuclear
Power Plant accident. Journal of Environmental Radioactiv-
ity, (in press) http://dx.doi.org/10.1016/j.jenvrad.2016.07.025
(2016/11/25).

Kamei-Ishikawa, N., Tagami, K. and Uchida, S. (2008): Estima-
tion of 137Cs plant root uptake using naturally existing '33Cs.
Journal of Nuclear Science and Technology, 45: sup6, 146—
151.

Kaneyasu, N., Ohashi, H., Suzuki, F., Okuda, T. and Ikemori,
F. (2012): Sulfate aerosol as a potential transport medium of
radiocesium from the Fukushima nuclear accident. Environ-
mental Science and Technology, 46(11): 5720-5729.

BT (2014): PRy TdbdmEaE (55 8 WO , pp. 1-
100. https://www.env.go.jp/jishin/rmp/attach/josen-const_cs-
h26-8.pdf (2016/12/19)

Kato, H., Onda, Y. and Teramage, M. (2012): Depth distribution
of 137Cs, 134Cs, and 31 in soil profile after Fukushima Dai-
ichi Nuclear Power Plant Accident. Journal of Environmental
Radioactivity, 111: 59-64.

Kato, N., Kihou, N., Fujimura, S., Ikeba, M., Miyazaki, N., Saito,
Y., Eguchi, T. and Itoh, S. (2015): Potassium fertilizer and
other materials as countermeasures to reduce radiocesium lev-
els in rice: Results of urgent experiments in 2011 responding
to the Fukushima Daiichi Nuclear Power Plant accident. Soil
Science and Plant Nutrition, 61(2): 179-190.

8 W BE €A (2016):  BREE AT IC B D ok B FR R Xk
D iR BRIZ -2\ T, http://www.meti.go.jp/earthquake/nuclear/
kinkyu/hinanshiji/2016/0617_03.html (2016/12/28)

b Fnz, TA-EEEA, RSIEE], REEE, SHHEMIL, BH K,
WEEER, BR R, ZEfZ, KA, AEES, W
R, WR R, B, PSP, EBHNaemE, 1R B
H— (2016): R EH T /I3 BT FHUT & 2 R EE
REOFZE. AMENENT I & 7L — 7 4R LY H & A T%
B - b, BRETICBS 2 WFFE BRI JE AL EE, 29: 183-190.

Kitayama, K., Ohse, K., Shima, N., Kawatsu, K. and Tsukada,
H. (2016): Regression model analysis of the decreasing trend
of cesium-137 concentration in the atmosphere since the
Fukushima accident. Journal of Environmental Radioactivity
164: 151-157.

Koarashi, J., Atarashi-Andoh, M., Matsunaga, T., Sato, T., Nagao,
S. and Nagai, H. (2012): Factors affecting vertical distribution
of Fukushima accident-derived radiocesium in soil under dif-
ferent land-use conditions. Science of the Total Environment,
431: 392-401.

E & &g (2016): K X AKETF — F X — &,
http://www 1.river.go.jp/ (2016/11/27)

UM Ees, AN, IHOAEF, BRRE, KGRI, /IR
(2006): LARE DK, PP LOHEICET S S & 137Cs
WREORMT=2 1 > 7 L ISR, R EBREEEAN AT TERT
&, 24: 1-21.



20 TEOEME

1355 (2017)

Komamura, M., Tsumura, A., Yamaguchi, N., Kihou, N. and Ko-
daira, K. (2005): Monitoring 908r and 137Cs in rice, wheat,
and soil in Japan from 1959 to 2000. Miscellaneous Publica-
tion of National Institute for Agro-Environmental Sciences 28:
1-56.

PRLRNRN, /NETE, ST, BRRE M, VERREEA, 7 RFEAE,
A H—ER (2015): 2011 4F @i B AU & & 0 LAY 2R T
Ao HIEER. SR BT AR FERTAI e MLy, 34: 63-73.

Kondo, M., Maeda, H., Goto, A., Nakano, H., Kihou, N., Makino,
T., Sato, M., Fujimura, S., Eguchi, T., Hachinohe, M., Hama-
matsu, S., Ihara, H., Takai, T., Arai-Sanoh, Y. and Kimura, T.
(2015): Exchangeable Cs/K ratio in soil is an index to esti-
mate accumulation of radioactive and stable Cs in rice plant,
Soil Science and Plant Nutrition, 61(1): 133-143.

Konoplev, A., Golosov, V., Laptev, G., Nanba, K., Onda, Y.,
Takase, T., Wakiyama, Y. and Yoshimura, K. (2016): Behav-
ior of accidentally released radiocesium in soil-water environ-
ment: Looking at Fukushima from a Chernobyl perspective.
Journal of Environmental Radioactivity, 151(3): 568-578.

Lepage, H., Evrard, O., Onda, Y., Lefévre, 1., Laceby, J.P. and
Ayrault, S. (2015): Depth distribution of cesium-137 in paddy
fields across the Fukushima pollution plume in 2013. Journal
of Environmental Radioactivity 147: 157-164.

Wiz, FRPET, nkeT, FR &, o osk, KHREIE,
BEEIEE], KE M, AW, ARG LAl e
Ve, HFTNC, THHE M (2015): A& V72 HEERE — W3
HEAKIEIT X DKED S OFSMEE & 0 LEREHATOBRFS. 2
BRI BRI FERTII e i, 34: 75-80.

Matsunaga, T., Amano, H. and Yanase, N. (1991): Discharge of
dissolved and particulate '37Cs in the Kuji River, Japan. Ap-
plied Geochemistry, 6(2): 159-167.

Matsunaga, T., Koarashi, J., Atarashi-Andoh, M., Nagao, S., Sato,
T. and Nagai, H. (2013): Comparison of the vertical distribu-
tions of Fukushima nuclear accident radiocesium in soil before
and after the first rainy season, with physicochemical and min-
eralogical interpretations. Science of the Total Environment,
447: 301-314.

Matsunami, H., Murakami, T., Fujiwara, H. and Shinano, T.
(2016): Evaluation of the cause of unexplained radiocae-
sium contamination of brown rice in Fukushima in 2013 us-
ing autoradiography and gamma-ray spectrometry. Scientific
Reports 6:20386, doi: 10.1038/srep20386.

McKinley, J.P., Zachara, J.M., Heald, S.M., Dohnalkova, A.,
Newville, M.G. and Sutton, S.R. (2004) Microscale distribu-
tion of cesium sorbed to biotite and muscovite. Environmental
Science and Technology, 38(4): 1017-1023.

TEEEE (2011): SCHBBIFEEICL D% 4 KT =¥
U > 7 OWPEFKE R > T http://radioactivity.nsr.go.jp/ja/
contents/5000/4901/24/1910_1216.pdf (2016 4 11 A 28 H)

Mukai, H., Hatta, T., Kitazawa, H., Yamada, H., Yaita, T. and
Kogure, T. (2014): Speciation of radioactive soil particles
in the Fukushima contaminated area by IP autoradiography

and microanalyses. Environmental Science and Technology,

48(22): 13053-13059.

Mukai, H., Hirose, A., Motai, S., Kikuchi, R., Tanoi, K.,
Nakanishi, T.M., Yaita, T. and Kogure, T. (2016): Cesium
adsorption/desorption behavior of clay minerals considering
actual contamination conditions in Fukushima. Scientific Re-
ports, 6:21543, doi: 10.1038/srep21543.

Nagao, S., Kanamori, M., Ochiai, S., Tomihara, S., Fukushi, K.
and Yamamoto, M. (2013): Export of 134Cs and 137Cs in the
Fukushima river systems at heavy rains by Typhoon Roke in
September 2011. Biogeosciences, 10: 6215-6223.

T, AR, SUBITA, ERERES, i, RERCE,
IATEE, JRHES, BB, BIER, FRRAL (2016):
KEEN LI o w7 A 0BifE & K ORE]. 55 53 4
TAY =T AT ERERE S, p. 37,

Nakao, A., Takeda, A., Ogasawara, S., Yanai, J., Sano, O.
and Ito, T. (2015): Relationships between paddy soil radio-
cesium interception potentials and physicochemical proper-
ties in Fukushima, Japan. Journal of Environmental Quality,
44(3):780-788.

W I, i e, AR A, AN B (2011): Y T A
BN - FIRLPZ L 5 A A 7 2 A NE LD | v U ARERE
Dl L& EDOFHGNE — ARX 7 XA NETELT e T = E
TR R —. B AR RS, 82(4): 290-297.

Nanzyo, M., Takeda, A., Hio, A., Ito, K., Kanno, H. and
Takahashi, T. (2015): Vertical distribution of radiocesium in
Tsunami-affected farmland soils in Miyagi Prefecture, Japan.
ICOBTE 2015 Fukuoka Abstract Book, p. 227. 13th Interna-
tional Conference on the Biogeochemistry of Trace Elements,
12—-16 July 2015, Fukuoka.

AR (2012): XK OMEHME Y AERE O
® @ 7V Jis H. http://www.naro.affrc.go.jp/publicity _report/
press/laboratory/narc/027913.html (2016/12/19)

BEAROKFEE (2011): 23 4 E K O A HIBR, it
W) 8 A %2 > CLohttp://www.marff.go.jp/j/kanbo/joho/
saigai/s_seisan_23mai.html (2016/12/28)

BEMOKFEE (2016): 28 4 7E 2K o 1F A4 il IR 5 0> b G2 Hi i
http://www.maff.go.jp/j/seisaku_tokatu/kokumotu/sakutuke
_housin/28kome _sakutuke _housin.html (2016/12/28)

BEMOKEER, () B - RMEEBINGAUT7CHERE, () B
SR HANIIIERT (2015a): BURMEE U MREREWVKE
MIAET D HERE & DORPRIZONT ~ HRERMHT A & 3R
BB EOMEOmY L ~ WEES 3 b)) . pp. 1-17.
http://www.maff.go.jp/j/kanbo/joho/saigai/pdf/youin_daizu_3.
pdf (2016/12/28)

BEMOKEER, ISR, Oh) 23 - &R PEERINR AU JoE,
() EERBEEINUIZEET (2014): BUREE T U AREOE
VORDBFEAT D BN & F D IRIZ OV T ~ SRR &
PRI EOREOTY F &> ~ (WEH 205 . pp. 1-25.
http://www.maff.go.jp/j/kanbo/joho/saigai/pdf/youin_kome2.
pdf (2016/12/26)

BMOKER, MR, BRALRENAE 7 —, BERER
WEAFFFEAT (2015b): FEARIE THIC 31T 2 X2k o0 S HEfE 8 it o
A SRS, pp. 1-47. http://www.maff.go.jp/j/kanbo/joho/
saigai/fukusima/pdf/150526_youin_chosa.pdf (2016/12/22)



M RERETICR T 2 Bt v U A D%H) 21

Ochiai, S., Ueda, S., Hasegawa, H., Kakiuchi, H., Akata, H., Oht-
suka, Y. and Hisamatsu, S. (2015): Effects of radiocesium in-
ventory on '37Cs concentrations in river waters of Fukushima,
Japan, under base-flow conditions. Journal of Environmental
Radioactivity, 144: 86-95.

Ohno, T., Muramatsu, Y., Miura, Y., Oda, K., Inagawa, N.,
Ogawa, H., Yamazaki, A., Toyama, C. and Sato, M. (2012):
Depth profiles of radioactive cesium and iodine released from
the Fukushima Daiichi nuclear power plant in different agri-
cultural fields and forests. Geochemical Journal, 46(4): 287—
295.

Ohse, K., Kihou, N., Kurishima, K., Inoue, T. and Taniyama, L.
(2015): Changes in concentration of 31y 134Cs and 137Cs
in leafy vegetables, soil and precipitation in Tsukuba city,
Ibaraki, Japan, in the first 4 months after the Fukushima Dai-
ichi nuclear power plant accident. Soil Science and Plant Nu-
trition, 61(2): 225-229.

BHE#B—, W@, miglls, v7v . =27, &L,
g, AR, SULBEZ, RO # (2014): HEICE
R LT e o U A OBATIRBLIA. [T T 2 RE
HHE DER 25 FEEFE) () @EH TR EmF
HUZLE S B E O R YR BIT IR FIEOMESL ) TR
S, pp. 105-139. AZATEGE N A AR 1 FI 78 6R JE 1
1, http://fukushima.jaea.go.jp/initiatives/cat03/pdf06/2-2.pdf
(2016 4= 11 H 24 R).

Paller, M.H., Jannik, G.T. and Baker, R.A. (2014): Effective half-
life of caesium-137 in various environmental media at the Sa-
vannah river site. Journal of Environmental Radioactivity, 131:
81-88.

Rosén, K., Oborn, I. and Lonsjo, H. (1999): Migration of ra-
diocaesium in Swedish soil profiles after the Chernobyl ac-
cident, 1987-1995. Journal of Environmental Radioactivity,
46(1): 45-66.

TR M, BCER, ENTETR, FRERIERA, ARACHDH, ERFRLE,
FRATREON, FEfR 3, BREFESC (2014): YRR EE > Y
LRI 2 0 U R0 8. meREERE
S —RFZEH S, BRI E S R R 5, p. 33-36.

Saito, T., Takahashi, K., Makino, T., Tsukada, H., Sato, M. and
Yoshioka, K. (2015): Effect of application timing of potas-
sium fertilizer on root uptake of '37Cs in brown rice. Journal
of Radioanalytical Nuclear Chemistry, 303(2): 1585-1587.

Ve TIvhAsT, Ve Ak (2014): KFBICK T 284 TA RNV E
P ORI &0 WG R, R RS e v ¥ —
R e, O PE E xR AR 5, p. 37-40.

Sanchez, A.L., Smolders, E., Van den Brande, K., Merckx, R.,
Wright, S.M. and Naylor, C. (2002): Predictions of in situ
solid/liquid distribution of radiocaesium in soils. Journal of
Environmental Radioactivity, 63(1): 35-47.

Ve 57, BTERFnT, RUF W, FHARERTT, @il E 1, B,
i K, HEPHEERE (2014): IRIRENCIE Y S % 3ER
O 0 L OBHEN~DOBATRIE O, 18 5=
Gt o H —iER R, B e SRR R 5, p. T0-T73.

Shaw, G. and Bell, J.N.B. (1991): Competitive effects of potas-

sium and ammonium on caesium uptake kinetics in wheat.
Journal of Environmental Radioactivity, 13(4): 283-296.

FIRFLRR (2015): BEM~DFSHEE v 7 L OBATHIHIXER.
JATAFF ¥ v —7 /L, 3:24-29.

R B (2016): ittt v o Lo HEh o 268) L KR ~ORH.
KED%n, 84(6): 495-499.

HR B, BB, RAEN, & EE—RL, 75 HFL, FA
7, BN, hE AT, RIER, NEFEIR (2011): R I
DIKHE FIRITIS T 2 B 7 S ORI E & B iR
. Radioisotopes, 60: 323-328.

Smith, J.T., Wright, S.M., Cross, M.A., Monte, L., Kudelsky,
A.V,, Saxén, R., Vakulovsky, S.M. and Timms, D.N. (2004):
Global analysis of the riverine transport of *°Sr and '37Cs. En-
vironmental Science and Technology, 38(3): 850-857.

Smolders, E., Van den Brande, K. and Merckx, R. (1997): Con-
centration of '37Cs and K in soil solution predict the plant
availability of '37Cs in soils. Environmental Science and Tech-
nology, 31(12): 3432-3438.

Staunton, S. and Roubaud, M. (1997): Adsorption of 137¢g
on montmorillonite and illite: effect of charge compensating
cation, ionic strength, concentration of Cs, K and fulvic acid.
Clays and Clay Minerals, 45(2): 251-260.

Staunton, S., Dumat, C. and Zsolnay, A. (2002): Possible role of
organic matter in radiocaesium adsorption in soils. Journal of
Environmental Radioactivity, 58(2-3): 163-173.

Steiner, M., Linkov, I. and Yoshida, S. (2002): The role of fungi in
the transfer and cycling of radionuclides in forest ecosystems.
Journal of Environmental Radioactivity, 58(2-3): 217-241.

Sunaga, Y., Harada, H. and Kawachi, T. (2015): Weathering half-
life of radioactive cesium for winter rye (Secale cereal L.) and
Italian ryegrass (Lolium multiflorum Lam.) directly contami-
nated by the 2011 Fukushima Daiichi Nuclear Power Station
accident. Soil Science and Plant Nutrition, 61(2): 200-211.

Suzuki, Y., Yasutaka, T., Fujimura, S., Yabuki, T., Sato, M., Yosh-
ioka, K. and Inubushi, K. (2015): Effect of the concentration
of radiocesium dissolved in irrigation water on the concen-
tration of radiocesium in brown rice. Soil Science and Plant
Nutrition, 61(2): 191-199.

Tagami, K., Uchida, S., Ishii, N. and Kagiya, S. (2012): Translo-
cation of radiocesium from stems and leaves of plants and the
effect on radiocesium concentrations in newly emerged plant
tissues. Journal of Environmental Radioactivity, 111: 65-69.

Takahashi, J., Tamura, K., Suda, T., Matsumura, R. and Onda, Y.
(2014): Vertical distribution and temporal changes of '37Cs in
soil profiles under various land uses after the Fukushima Dai-
ichi Nuclear Power Plant accident. Journal of Environmental
Radioactivity, 139: 351-361.

ALY, HEEN, EAEE, EHEA— (2016): BEUKHIZE
D Cs OTREE A & T AT — o & 0> & bR
% E TOMRSE — HARLHIEE A2 B4, 62: 13.

Takata, Y., Kohyama, K., Obara, H., Maejima, Y., Ishitsuka, N.,
Saito, T. and Taniyama, I. (2014): Spatial prediction of ra-
dioactive Cs concentration in agricultural soil in eastern Japan.
Soil Science and Plant Nutrition, 60(3): 393-403.



22 TEOEME

1355 (2017)

Takeda, A., Tsukada, H., Nakao, A., Takaku, Y. and Hisamatsu,
S. (2013): Time-dependent changes of phytoavailability of Cs
added to allophanic Andosols in laboratory cultivations and
extraction tests. Journal of Environmental Radioactivity, 122:
29-36.

Takeda, A., Tsukada, H., Takaku, Y., Hisamatsu, S., Inaba, J.
and Nanzyo, M. (2006): Extractability of major and trace ele-
ments from agricultural soils using chemical extraction meth-
ods: Application for phytoavailability assessment. Soil sci-
ence and Plant Nutrition, 52(4): 406-417.

Takeda, A., Tsukada, H., Yamaguchi, N., Takeuchi, M., Sato,
M., Nakao, A. and Hisamatsu, S. (2014): Relationship be-
tween the radiocesium interception potential and the trans-
fer of radiocesium from soil to soybean cultivated in 2011 in
Fukushima Prefecture, Japan. Journal of Environmental Ra-
dioactivity 137: 119-124.

Tanaka, K., Takahashi, Y., Sakaguchi, A., Umeo, M., Hayakawa,
S., Tanida, H., Saito, T. and Kanai, Y. (2012): Vertical profiles
of Iodine-131 and Cesium-137 in soils in Fukushima Prefec-
ture related to the Fukushima Daiichi Nuclear Power Station
Accident. Geochemical Journal, 46(1): 73-76.

AI—EB (2002): ZARHIDN S O LW WEHIZER 5 U Vi 2 E
=2 V755 RENE— R, BEARZ TS5 —
=XV THBET U T~ —, pp. 127-142. At R,

A—B8, L AER, FHIE T, =B E—RE, W 5, s B AE, 78
i B A, L B, RIS ], RN, ARILARR, & AT,
/NELVE (2014): MU 351 D EFERAT O IREEEA. R 0
PP ZERE TR 26 TAAR 25 SRR T) (BF) /e lS 88— 77038
BT O BU MW E O RN B R FIEOML) F
AR EEE, pp. 140-172. MSZATEUHE N A AT H0F5E B
A%, http://fukushima.jaea.go.jp/initiatives/cat03/pdf06/2-
3.pdf (2016 4% 11 A 24 RA)

H R B (2013): 2 AXITBT 2 R > U A DB S
RO & ZEA~DBAT, B ROARHEEEMEEICHTZ > T,
b7 &AW, 51(9): 634-637.

KIETH, JEF 7, I (1961): KRGIC X 2R RATE > 7 20
INOHEHE. HAR TIRIDE MRS, 32(4): 139-144.

Tsuiki, M. and Maeda, T. (2012a): Spatial distribution of radioac-
tive cesium fallout on grasslands from the Fukushima Daiichi
Nuclear Power Plant in 2011. Grassland Science, 58(3): 153—
160.

Tsuiki, M. and Maeda, T. (2012b): Spatial variability of radioac-
tive cesium fallout on grasslands estimated in various scales.
Grassland Science, 58(4): 227-237.

Tsuji, H., Kondo, Y., Suzuki, Y. and Yasutaka, T. (2014): De-
velopment of a method for rapid and simultaneous monitoring
of particulate and dissolved radiocesium in water with nonwo-
ven fabric cartridge filters. Journal of Radioanalytical Nuclear
Chemistry, 299(1): 139-147.

Tsukada, H., Hasegawa, H., Hisamatsu, S. and Yamasaki, S.
(2002): Transfer of '37Cs and stable Cs from paddy soil to
polished rice in Aomori, Japan. Journal of Environmental Ra-
dioactivity 59(3): 351-363.

HAIEA, BIREET, IRRIE (1984): L O L — i)
RICBTDHAMEA by Fo Ly A0S
HHFTE. RFEBIIIFERT A B, 36: 57-113.

RS, 5, R A, FESARE, thEvEt, R e,
T B, B E, fREAZE (2015): AKH 24 Lot
> LAOWEE. H2T R TR B4, p. 438-439.

Uchida, S., Tagami, K., Shang, Z.R. and Choi, Y.H. (2009): Up-
take of radionuclides and stable elements from paddy soil to
rice: a review. Journal of Environmental Radioactivity, 100(9):
739-745.

Ueda, S., Hasegawa, H., Kakiuchi, H., Akata, N., Ohtsuka, Y.
and Hisamatsu, S. (2013): Fluvial discharges of radiocaesium
from watersheds contaminated by the Fukushima Dai-ichi Nu-
clear Power Plant accident, Japan. Journal of Environmental
Radioactivity 118: 96-104.

Uematsu, S., Smolders, E., Sweeck, L., Wannijn, J., Van Hees, M.
and Vandenhove, H. (2015): Predicting radiocaesium sorption
characteristics with soil chemical properties for Japanese soils.
Science of the Total Environment, 524-525, 148-156.

Wauters, J., Elsen, A., Cremers, A., Konoplev, A.V., Bulgakov,
A.A. and Comans, R.N.J. (1996): Prediction of solid/liquid
distribution coefficients of radiocaesium in soils and sedi-
ments. Part one: a simplified procedure for solid phase char-
acterization. Appllied Geochemistry, 11: 589-594.

Wauters, J., Sweeck, L., Valcke, E., Elsen, A. and Cremers, A.
(1994): Availability of radiocesium in soils — A new method-
ology. Science of the Total Environment, 157: 239-248.

E A7 (2014): LEEA~OBURM Cs OWAE A =X A, THEO
Mg, 126: 11-21.

Yamaguchi, N., Eguchi, S., Fujiwara, H., Hayashi, K. and
Tsukada, H. (2012): Radiocesium and radioiodine in soil par-
ticles agitated by agricultural practices: Field observation af-
ter Fukushima nuclear accident. Science of the Total Environ-
ment, 425: 128-134.

WHfdf, JLHETR, HPIIER, RIRIER, B¥me, ail—
BB (2015): FSHPEM B DEAE RN 0 il 15D~ & D B o
U KO, REBRETEARIT ST JE i, 34: 29-32.

Yamaguchi, N., Mitome, M., Akiyama-Hasegawa, K., Asano,
M., Adachi, K. and Kogure, T. (2016a): Internal structure
of cesium-bearing radioactive microparticles released from
Fukushima nuclear power plant. Scientific Reports, 6: 20548,
doi: 10.1038/srep20548.

ke, s HEAIY, MRECRER, )15, BREA, ILAER,
FIEF, WO 2, 91 &, R, Bk, RP%
T, TEROKER (2012): L8 — RERICHBT DR v D
LOEE) L= OEBNER. RS BT e JE i, 31
75-129.

Yamaguchi, N., Taniyama, 1., Kimura, T., Yoshioka, K. and
Saito, M. (2016b): Contamination of agricultural products and
soils with radiocesium derived from the accident at TEPCO
Fukushima Daiichi Nuclear Power Station: monitoring, case
studies and countermeasures. Soil Science and Plant Nutrition,
62(3): 303-314.



feit - BRI D R v T A0 ZEE) 23

Yamaguchi, N., Tsukada, H., Kohyama, K., Takata, Y.,
Takeda, A., Isono, S. and Taniyama, I. (2017): Ra-
diocesium interception potential of agricultural soils in
northeast Japan. Soil Science and Plant Nutrition, doi:
10.1080/00380768.2017.1294467.

P28, FHHE—/, HRE (2013): B I 5 5
Pt o7 A DREL AT O ZEIZEE). 2013 £ Ly e

DR L, pp. 103-104, 55 55 [ AR YU A, 2013
10 H 26 A, f& 5.

Yang, B., Onda, Y., Wakiyama, Y., Yoshimura, K., Sekimoto,
H. and Ha, Y. (2016): Temporal changes of radiocesium in
irrigated paddy fields and its accumulation in rice plants in
Fukushima. Environmental Pollution, 208, Part B: 562-570.

Yasutaka, T., Kawabe, Y., Kurosawa, A. and Komai, T.
(2012) Monitoring  dissolved

Abukuma River in Fukushima Prefecture,

radioactive cesium in
Proceedings
of Environmental monitoring and dose estimation of
residents after accident of TEPCO’s Fukushima Dai-
ichi Nuclear Power Station, http://www.rri.kyoto-u.ac.jp/
anzenkiban/outcome/Proceedings_for_Web/Topics_2-17.pdf

(SRR 25 4 10 AR .

£

Yoshikawa, N., Obara, H., Ogasa, M., Miyazu, S., Harada, N. and
Nonaka, M. (2014): 137Cs in irrigation water and its effect on
paddy fields in Japan after the Fukushima nuclear accident.
Science of the Total Environment 481: 252-259.

Yoshikawa, S., Itahashi, S., Igura, M., Kihou, N., Fujiwara,
H., Saito, T., Okoshi, S., Kohyama, K., Yamaguchi, N. and
Eguchi, S. (2015):
paddy fields in Fukushima, Japan. ICOBTE 2015 Fukuoka
Abstract Book, p. 188. 13th International Conference on

Radiocesium balance in mountainous

the Biogeochemistry of Trace Elements, 12-16 July 2015,
Fukuoka.

Yoshimura, K., Onda, Y., Sakaguchi, A., Yamamoto, M. and
Matsuura, Y. (2015): An extensive study of the concentra-
tions of particulate/dissolved radiocaesium derived from the
Fukushima Dai-ichi Nuclear Power Plant accident in various
river systems and their relationship with catchment inventory.
Journal of Environmental Radioactivity 139: 370-378.

Zygmunt, J., Chibowski, S. and Klimowicz, Z. (1998): The effect
of sorption properties of soil minerals on the vertical migration
rate of cesium in soil. Journal of Radioanalytical and Nuclear
Chemistry, 231: 57-62.

=
=]

AT, EIZ 2011 FEORIE IR EHE IR HRETFLE 5 FERIC/ONIH I LS %,
1986 EDF = /v ) 7 A U FELITHIN TR O TR S L7223 6, JRERETICR T 2 St t
UL (Cs) OFEBEBHT D, RS, HRDOIEM~DORETE Cs BATHRE (TF) 2T EE5729
Dl bR TH DAY v L (K) fiH, oum Yo ZORFIRBESME Cs ILEW D IR & 2 D5k
R, BREET TOREMRER IR (Ko OEBZHNT D700 Kg OER[L, AARZT Th
SERMNCHWT S B ORE Cs BEIEEDBEDOIM A b TS DU Bis#N 2 &, Bk
SECs A oy M) —2REE=2V 745 LOEENE, FOFEICERELYTS. 5%, Hjk
TER OGO RIS W TR R B/ EEZ RIMIC R 2 L TREE B2 DN ORI & L
TiE, Kg 7—#_"—2AD%HL Kg 0ERL, B ~ B2 TF FRE 70 2 Hv 7257 K
TV AORIR, 2011 FIZB T D AREME R OCRAROBEE Cs thE~ » 7 OFESE L ORERE T
TOLRFE Cs OWEAEER & BHER T 72t Cs OMBETRR OBIRZET b s.

F—U—FBATERE (TF), WU L6, EESERE, Bt o v A#e AT > v L (RIP),

ZLA Ry %A (FES)



@ ®@ @ This article is an open access article under the terms of the Creative Commons Attribution
(CC BY-NC-ND) license (https://creativecommons.org/licenses/by-nc-nd/4.0/).



