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RHERIROKIEH T H 5 HML 7207 & O FrgedsE
FHRWHIT, FEiKR oM IR &5 5 BRI
WECs THE SN2, ZROEMKEEAT LK
H Tl EBIBOFHRERLEW O EENRE SN, D
7o, MEBETIE, 20124F O KRRIEIZIANT TRED
Bt A AL L, RIEEEClX 2 HRICHYPKEO 1
W VT 058 35 & AR S K R0 B L2 A LIS <
WIEREEFEIC DWW CE BERBEB NI R e T o 70
N%Z 1 CEAL R FEBHT CI320124FE3 A 6 HIZEN®
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N5 7% ETWRA IENOEEASKD 5T 5, 5%
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L72X3R 21T S LA SN T b, mBRANTIZZ
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IR R 72 DM 70 EIKIROTHZL AL - TRZE KIS
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BHE Cs DBRZRI R IOV TR 21T 9 o RHUL BRI
Bo—iEdHE LTEL02bDTH b,
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AR E TN DM Cs DRI, KB4 2@
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HREWA~OWESF L LTHAEL, @Ik TRFRHEIZ
TR A A4 > & UTHAE, i) TEERTF~NO 7L AN
Ty VhkECGWAEREE LCHERE, i) ROWAHRYICE
H, HREVPEZHNL (Figd),
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LYk, FOHEEL L CHAEEET AV B HEECO
WL BRI A EH % IV 72 B RECs D A BIZ X B R
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FTLIBRARNOFGOFE ST THED I L OITKRENE
DWFECs TH B0 Bl 212, TROKBIFREEER (A
2012a) TIE 3 % i b 2 VW IREEIRAE TRTASAALEED
B ECs # MR L K WINT 2 Z LS 2SN Tw
bo F72, 20124FEEICERE S N2 GHETT/NEIX IS
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Form of radioactive Cs in water
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ZICIC MBI BT B CsSZ O BLS A S HKIZTH KO
FRTIERWE LTV CslIMbo A 4+ v & 1380,
FIBITRFEEEN L 720, HIEPSEAET AEERTIX
KEED A & YRETIIBE LI2 v (IR, 2012) & &
Nbo

R 24 4E FEIC FEHE S N7z BEERK O KERA TIE,
F B KR 12 3V T IBg/L % 88 2 B gt Cs 1332
D ONL o 72D, —HBOSHHKEETIZ 1Bg/L 2B 2
DI ECs B E hTw s (RALEES, 2012),

2 EIHFHEZAVEKEBKOCE TS
REZKITNE BT 5 FHKBBEICEI N T 7 4 V7 —Off
AL SN D X9 12 o IR D L B ) TH D
B, FDZLEINT HREGEITERT % & v ) FEEIZD
IZHIRT %0
T B I AT 2011 4E BE LS 20 L 72 PR et fir 23R 353 (1@
B UL TRBEEEER, 2012) O R C, AR TH O A (k)
PEMTAFESREIFNTIZED LZ IS Y
EE AR 2 S5 2 L TRBT ORI E %
i35 2 &2 BIELHE SN DTH B (RSN,
2012), Dk, BEHNLTHEWIZ, &L IEERD
E“m&mﬁth E I H TR FH 72 KO B gt
B D NS, BATT 5 TEM OLEN 2 iRER
ﬁmmwmﬁwgﬂ%% FEREICRERH L L b D
PoTElz, &, ZOFEOERIZATT, FEEMH
K?ékté CAEFH I AER OMLBR T 7 & O FRE SR
o B A T S
AWFECHE L 72K B BB, €3
HIREX T4 &Iy MROSSIZAINTKIICE &
FOHIZHKZ KT D 2 & TRBP OGN ECs % Bk
FTAHILERBRTOIOTH D, T, EERNTIE,
WIRO TN T v TV —FEANCEI T IR ER AND
HHIRe, RO R % 5 R W B O TR 2 &
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Decontamination mechanism of irrigation water expected at inlet of
paddy field
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WEALDSAA LN T D, 72720, KIHOKOIZBIT
LRNROEREN LIFNIE L TH D,

Y+ T4 MY AIVIROZEREE L FF o727V
oA BRESE OFHR (LIS, 2012) T, BA A w3l
REDSEN T & CTHIS N M HIE R EM S & L TR
HAENTELD, BOCsTEFEDER SNHEHAK
BRI RF I DN T A, SEEERIZH
7o B d T A MIBEKEHIE GO B EFEZ HNDHIR
B2 Y ) TFUuI4 N THDHH, EMNIZIIAMIZDH Cs
WA REDS LD R GERBO RELREFEENT A
N, 2012) BERAET 5. WL E X EINOER
HIIEBETHLZ 0O ZNLOFEHAMGFES NS,

CARIE, BEIFNITHRILLZ DT, LFERBEON
I & % CsERFEOWAZ ZEKL T 5,

TN T T —1d, 18RI ATIIZAEK S 7z
HOEBO—MTCs I L TEWIlERFEx AL Tw
Lo TN Ty ITN—d 7207 Abdkiz Fn e+
% b OTIREMIZ LB DR < & D AT RUGHRE S mv
(B, mitt) i, ESBREEME LCEHSNT
Wb SEHWET VYT TV — AR, SR
MATIZERT (2011) 12X WBSE SNz o7 2AWEEM O
—OTHhY, TNTT 7 I— LRI SEE 2 Ho
KHBLEOMEL TS T 7 ) IVER) TZXATIVEOR
KA 123 ) A A TEIE S N7z0 ZAUZNEBZERR AR & <
HARERBIFCTH B L) gz o,

2y MEIZHECTALZINS DEM % Fig3 2R,

2 WJE/NYFRER
RECHRA LI T, (AR, EX T4 M EHH
THHENTWETVYT v TRk k5 L LT,
2 AOWE RS A RRAME RNy FRbr Do
BSHTHEMET 5o
R LZ2EMIE, OFEITT (MG), @< AR (KT),
@Y+ I A4+ Mk, z1), @¥F 54~ CHEL
73), ®&F NV T T IV—A#A (PB) BLUE® B
DEMCT VYT v TN — % &AL T WA
D6fEfH L35 (Tablel),
- 0.lmg/L, 1.0mg/L, 10mg/L O 3 DL % #> IRt

Fig.3 Hta{L 720 - A @t
Adsorption filtering medium used to experiment

(EDSXFITA N, (AW, TIFT)

PECsA & Y (CsCl & ZEG AR S FE) 2
5o

C HEM R 250mMLAEO R ) BEIZAN, 0.1mg/L Tl
200mL, 1.0mg/L & 10mg/L CTIlL150mL D CsA & » A
WAEMA, ZiE QIT) ITBVWTRE )BT HWT
LR iR & 9 2179 o

CHRE DR, R EHENOBRO FEHRE LD 0.2um
DAY T VYT ANE—=THBLTR CBLD
K#A4+rrux /I 7 CTERY bo

- RABR O LR L RS O BRI BT B RO
WEEZELLDTPBEF KL EIZIFEREDFE—
L b,

3 e

HEBRES LR EMREE» S X NOEEK
DKM BV TH23EEEED T X 7> 6 W g S e fil
(500Bq/kg) % 8 2 2 it Cs A3 B O B85 o0 [ 5 T
H & U724 B VLR 5 T PN O K T I35 L 2 SR B 5 % % e L
720 WEREESA~ v 7 CCHRHES, 2012) 1245
& A % B O SRR O 22 R R R L Im O 3RS fE
T1.0~19uSvh TH 5 (20124E6 H 28 HFE) o A} 5[
5 O K EHER 600m A7 i 3 5 B iR KR O /N
NN R S 7z [ & HUK S AV K % %% CHl
W ZEK SN D o BREA T CILIMRA & O TR AT I
AT HHEH D 55, PAKEFIZIZIEE A STHAZRS
7\,

BRI S0, SRR ISRl S~ AL
A % 3l LEY 128Kk T 5 (Figd) . EIGICEKRS
7oK BRI ERT (FHEFTSUSOR!) B L U= KIE
A (H7Y) 2—28) IZXhHAEPIESN, 0%
K10 7 TSI - fRKk S B, Rifo#AKE D 8K
BTB H7Y 2—2%8) ICXDMENPTRETH D, F72,
FZKE GBI L H LR & ABBROKER 2 3iE L, BN
12 0.5smm R EI N EET & BiE T %,

KR A Tl HFEKAEN TR % FEdk LKA = HH AR
WL it A BEH L, mAKEB TIEKAMEE 721K 0
AN L D HEEMET S, TNOZELILE W
BB ILOBHEOWEIX, T—Fal—12L ) 1058
FLEET Do

HEECs DEREER = /KEB (Figd) OJI2HH
T 51~ 10D, Bgets & L Citiim byt onm iz

Table 1 W5/ Ny T3 BRI W72 &4 & EE

Materials for adsorption test

peatate s fE
MG EIHS 24 EEEFER
KT <Ak 2.4 iR

21 EASASGERAL 1-3mm) 140 A (LEERS)
23 EASAGRAL 3-5mm) 148 A (LUBERSR)
PB FILYTPUTIL—TEf 055 Bt
F  Tim 6nEMEEL 0.55 Bt
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Schematic diagram of field setup

WTCWAILEEWLETIAFy 7 BaryTF Ry 7 A
(WN~F 1 B &49cm, i X 30cm, H33cm) #ixiE L, £
CIWEIHN TR EWHE - AEEME T TALIZKR) ZF
Loty MY (£E60cm, IE35cm, #2mmA v ¥ =)
EREL, AT AL THAKICEEFNDHEECSD
Fad:aild % (Figs, Fig6). 7B, =AMBOHMI
SBREFEOMMILE TOSEHEEIIH20em TH Y, K
K20em FEEDKN 2% FIH L CEM P 2K L, »i#-
W % 2% o

WA - A\EME LT, EINT (FElE, B
CsiERE68Bg/ke), ¥4 T4 & (KUK : 1~3mm, MLk :
3~5mm, FHFVECs IR M T IRME (40Bg/kg) i),
BLO AR (BURE Cs I 54B/kg) % iBRICHES 2,
INSIENE Ny FRBOEM L ILETH %,
MERTIE, HARZ—EMIHEK L, EARZRICE - 5
WEM RS, TOREHMECREYNET AL
WL BrEm AR L, B 2 AR R OEN
THND WA - HMEM ORI N5 T, T
MENFETRKHEZREEZITY, RICTOTIZHE L 72 E i
PRI RS AT D o WoSRE LB IE 2w % KALR
VASIZANTHTHEIC R S &) HaiERe LIER
BART 2, EIFNTELLLARTIHLYY 1) H
VT, F72, ¥4 54 P TIIUSERZ HVTGet:

(@) BATA haty b LIZEH

Fig.6

FyMNMZ AN R F
=/KIE
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Cross section of experimental boxes

BRI L D S ECs 2 Em T bo T OB, USHE
e O CIRE Lz vy 7 icB e T h llEE
WNTIFRRENDLDOTIIEE & ) ZOFHft % iR
B3 4. —7, 2L~ 2 & w72l TIRERITIIIC
—DOECHEBDO BT~ TV Z VR LT L7225,
EDINT Y DI INE Do 72720 F DRI %
BT TR T o 72,

NV BREEE

1 BEMOREFHE

ER DEAFRECS ™ A~ OWRAEREROH R % Table 212
RS WLDIZEITTIZONWTAL L, WEYEOMRE
0.ImgL s LA TIECG A 4 vy olEIZRBOL
o725, 1.0mg/L B X 10mg/L TIEXZENENT6% &
46% WA L, HBE L DCS' A F U HEIH TR
BTDHI LD otz BEIHITNOWFERER, ®AT
10mg/L D & Z12285mgkg Tho7ce TDE X, KA 4
213 Cs™%0.1mg/L T 24mg/L, 1.0mg/L T32mg/L, 10mg/
LT56mg/L & Cs D FAICIE-> TKIRED LA L
720 WAEEOKRBWPIEHWIKA F G EFNTH
Lol l EMBKIIHOLNMIEI TN THEKTH 575,
Cs LK ICHBEEN RO ONE EZAEALE, ZNE

(b) RERE DT, RO — 7 EHERS N TND.

Bt

Experimental box
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Table 2 &M OWATHE
Absorption property of materials

W& E . =58 Cs' K"
7]?5%21& ﬁ*z‘ (g) == U&OE P “& B2 RE
(mg/ll) (%)  (mgkg) (mg/l)

MG 2.4 0.11 0 0.00 24

Cs KT 2.4 0.11 0 0.00 10
71 140  0.00 100 1.43 0.2

0.lmg/L __ 73 148 000 100 1.34 0.4
200mL. _ PB 0.55  0.03 72 26.1 0.1
F 0.55 0.16 0 0.00 0.6

MG 2.4 0.24 76 473 32

Cs” KT 2.4 0.44 56 34.9 16
71 140 000 100 10.7 0.3

1.0mgL __Z3 148  0.00 100 10.1 0.4
150mL _ PB 0.55  0.04 96 261 0.1
F 0.55  0.97 3 9.5 0.5

MG 2.4 5.44 46 285 56

Cs' KT 2.4 5.67 43 271 24
71 140  0.01 100 107 0.8

l0mgL __ 73 148  0.01 100 101 0.9
150mL PB 0.55 3.97 60 1645 0.1
F 0.55 931 7 188 1.0

MG: £I 47, KT: <A, Z1: EXTFA4~ (P V) TFuidg
&, KL 1-3mm), Z3: BATA b (27U TFFaT A~ KL
3-5mm), PB: 7V T VI I—ARE A, F:PBICT AT TN
— % WA SO RO Rk AT

EINTHICEEFNLK OHM AL TIER L, —if
TIEBAF o5 LCCs OB L 0K O 4
LTWBIZEDTRIBENS, ARIZBWTOMAES
HT k FREDMEAFED SNz { AROENEE Y72
DOWEEIIEIAN T LYRRL R, BRPOK R
BIXEINTIONGUTTHL.ZOT—IhbhbE,
CARTIZEIFN T L DGA L Y OWET A 3D %
CEDHREIND,

YEr o4 FOREBRTIX, 212307 - A THEN
FN1I~3mmB LT3 ~5mmTH o720 DAy, FEhir
DIRE X VRPN —EITR IR E o7z FD
720, RS KEICEZ 200 LHEEINT, £
T4 bOFRBFEREALE, 21238 B CsSTH0.1~
10mg/L @ i T m 2SI E & L 7z. Wk s Ak o Z1
DFIPMILOZ3 L)L h ol TiUL, HxIC
ZIDHBREREIRECZ EFFE LD DEE L
bNbe T2, XI5 P TEHK OBEBRIIA N2>
72, ZThEEL I A4 DA F R A MK AMF
MENCThdpoizizbbEzZ N5, €474 MIK
EROBEPOLENTVDE L IICAZDLD, kD LD
IR OBRIZ X 2B KEHIO WL D 5, 4
COFIIHLE L 72 B Th A,

RIZT N T 2 TN =REANZONWTHDL L, 0.lmg/
LT72%, 1.0mg/L T96%, 10mg/LT60% &t T A b
T D RV I 180 E RS s w o
WELEAROLN, FOTZHEAE RS2 ) OYaE =i 10mg/
LT1645mg/g L m {3 DDBHEL IR BLETEL T A
FDI5~25KTH D, TV T ¥ T I — kA OFEM

THh DAKEAT DA T, WAEIZ0~7% & RENTH > 72,

2 BESHHBRICHTI2AKOKE EBBVE O
AN & F N DO Cs IR L, BRI o F 7212
ZORBEOWEMZ [ 5 & FKERILAL < B4 1Bg/L A
(W R IR SR TH o 72708, B OEE L 21Tk
OB E S 2 BED LA Lz 8 &I2IT1By/L 78
ZCEI Sz,

=7, RAKRPICEEN2EEBWEOREZIERET 572
DI, BRGAEOME LAY (Fig7) % 5%iE L Cikk
PO SREYE 2 PRACL 720 BIHCHREL L 72 PRI |21 e
FIEHCTRAE L, EERHZRICE ) BEWEOR
#} %1572 (Table 3), 3 OFA TS N/ BE Y H
DT Cs 78 % 13 55,000 ~ 62,000Bq/kg & FLELAHELL L
TRETH 572 TNHWERWHIIZIREDNE~9%HE
BEEFEN, — i e T 2 LGRS W2 &
DIRBENTZ, T2, T—F L TRLTW RV, 2
DHEFEW 1212 250mL D 75 7K % 00 2 1 Rg [ O AR &
9 &N TH G ECs DFE IR S 2 vahs, [FkkD
FRAEZ 2% E R KB TIT 9 & RIEEABD A (0214
YTV V) AHEHECs SR &, BRICH T A A
PHERR S N7z TS, HERE KRB MECsIZIE L A
EHEELRVDS, AW ISR ECs S E E NS TR
PEZIRIET B

C DX NIRRT OB Cs i EEAME < T
b, CsOEFERDVPIHBMEL WHIBIZ B WL, HEW
B ORI ECSIEEDR BN E b, HABICET B
B DTS Cs TR I ik ICEm Wb D L EZ BN D,
%k, HHEEZE U CBREWE O OB O
AT LT EHEE LTRSS TV AYS, BT T4
P =7 Do TV Wiz, ZOEIZOWTIESHD
PREHE L2,

3 HEREBOXMH
WL ODPDOSEMTENM L 2R BEoh T, 22 TIZ9A
2APSIH260 P TEBLEZDLD (Case 1) &,

Fig.7 725w % 72k B o3RI

Collection of sediment with tubs
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Table 3 /K7 H RIS N7 B W - O WUGHE Cs i E (Bg/ke)

Concentration of radioactive Cs in suspended substance within irrigation water

T PECS (Ba/kg) WET  HEEY

PROEE GBKR S eaecs TC TN oy BRI
Csl34  Cs137 Cs134+137 (8 (M) ssmgL) @Bqr) (B () (20124F)
AEF1T 22900 38200 61,100 231 4.9 4.7 029 90 1.0 90 8121
AEF2 23400 38,700 62,100 238 27 0.89 006 9.0 094 96 8}J21-22H
#EF3 20,600 34,700 55300 188 7.1 2.6 0.15 7.7 080 9.6 9H6H

10H6HZ2S 1019 HICATCTERLZ LD (Case 2)
IZOWTHINT Ao Case | TIEEICEI N T ELARD
21Ty, Case 2 TIXEIN T XTI A4 btz
1To720

Case 1 DEBRFESEHIC BT A W=B L UHUKE & HK
DEE % Fig.8 127~ $ . WM ICHEN (5F29mm) 256 1),
9H 24 HA 525 HENZ AT T, W)l 2 & O HUK A 1k
ENDBIRMTH oz T2, FKOEBREEIZMER &Iz -
AL, OA2HDH HITIZmAKSOEIZEL 720 )1 2
5 OISR S N7 D& IR - 72,

CCT, BEOLANASLNZIA23H 141 00123
B X 7z K DT Cs 12 13 2.3Bg/L TdH - 726
iR Case 20 ESEHIM P OWE, BuksEs L UHK
DEE % Fig9 2 /R 36 Case 20 A IZBWTYH, [
WiZd - 7225, Case | TRONT X9 RyBE DA 70 1Y
KT SN ol

4 WE - HEMOHE

Case I CTIXEI N TOTRTAEZILLS 12L T T4E
RElcAEZ 2L b1, FABEOSEMETARE L
(Table 4), Table 4 Ti%, WFMECSIEE IS T, H&E
R U7z CEINET, B XUBKIBEOMKEDRERNE
WIE 5 720 @K E L 2 VW CHE L7z "mshE”
FEWM L2, 22T "EEET X, EIATTOHRT—
FONED S 572LDEIHTD D bREI/PHE N

Vit a 1L L7zl EOM R ENEEZ R L TWwb,
T, WG - AEEMORE LT AL L, EINTELL
ARTIE A Y MENOTCTAEDID 2L 2 5I13E, B
DOWEECs IR I AL, 12LF 2 45 TIE3,600Bg/kg
THo72h, 3LEIHN 7B LU3L L AKRTIE12,000Bg/
kg B2 3G L o720 F2 MINETIEEI N T,
CABEBIZILA L L, RLTIEEMBE OB D H
b S LERIZ C AR TIZIEE B D 3 STz,
R 2L &, EIHTE Sy NMBRICIOLETA
L72IREECT—HFAE L gt cs s s, AR
LRI CARZIL L L7z EI2—FRIIET R
Fod, BEINTERET S EH T THINEIEIZK
Mol TIFNT, LARDMIT, TTAEDNIL X
D% THOL R L TOBRFRRIIT VD ERIMEL NI,
DFD, fHTL Ay MEOT A XIS U TR Cs
ORI KILT LR CAER DL LD EEZ LN
%o
FETABDW A L BRERIRDW S ER L, BB
VHBERTHLDIFT LT, FETAEDR D L RIH)
WA BERIL, BMATI2LIZR S & Ry MRIZIED AS
M CREFEOHIG T T RE 2BREITE, 22105
WK DTN A WRIEPMLT L7270 E 2 6 b,
HKE L) oRIEIX, PINErEKETHRLED
DT, KRFIZE > TERERKILE ) OIS
NV NVEERTIBIECTH Do Case 1128V T dRIE

200

wwwmm WWWW| 0

@
o

wmi/”ﬂﬁm\“q

o

|

PVJ

Bk 1k

ME(mm/10min.)

S

B /K E(L/min.), B EE (F)
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Removal of Radioactive Cs from Irrigation Water at the Inlet of a Paddy Field
Using Chaff or Other Materials

KUBOTA Tomijiro, HITOMI Tadayoshi, HAMADA Koji, YOSHIOKA Kunio, SATO Mutsuto and
SAITO Takashi

Summary

The contamination of irrigation water by radioactive substances including 134Cs and 137Cs became an
agricultural concern after the Fukushima Daiichi Nuclear Power Plant accident that occurred on March 11, 2011. The
development of methods for the removal of radioactive substances from irrigation water is crucial for paddy farming.
Removing radioactive substances from irrigation water at the inlet of a paddy field by absorption and filtering media
such as chaff and zeolite was tried without knowing the effectiveness.

Thus, two kinds of experiments were conducted to confirm the removal effects of absorption and/or filtering by
some media. Three kinds of materials, rice husk, carbonized rice husk, and zeolite, were compared in the field study
while these materials and a fourth, a Prussian blue coated nonwoven textile, were compared in the laboratory test.

The results were as follows.

i) High adsorption ratios of dissolved Cs were obtained using zeolite and Prussian blue coated nonwoven textile,
and the adsorption function was also confirmed in rice husk and carbonized rice husk in simple batch tests in the
laboratory.

ii) The removal of radioactive Cs was most effective in the order of zeolite, rice husk, and carbonized rice husk in
the field tests.

iii) The radioactive Cs concentration in materials rose by decreasing the amount with which the mesh bag was filled
with rice husk or carbonized rice husk.

iv) The removal efficiency of radioactive Cs was decreased by increasing the water flow-through when the same
materials were used.

v) The appropriate amounts of materials for the effective removal of radioactive Cs suitable for the size of the mesh
bag to be used could be determined.

vi) The concentrations of radioactive Cs transported with irrigation water and contained in the accumulating

precipitate were high in the study area.

Keywords : radioactive Cs, decontamination, irrigation water, rice husk, zeolite, Prussian blue coated nonwoven

textile, Fukushima Daiichi Nuclear Power Plant
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