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In the radiation dosimetry of radiocesium in Iitate, Fukushima, the level of radiocesium around the
environment did not exceed the criteria in liquid phases such as puddle water, but was distributed in solid
phases such as some soil types and organic matter. On the other hand, retting of the cut bamboo grass and
hemlock fir in water allowed the release of radiocesium, about 230 Bq/kg exceeding the criteria for a bath-
ing area. The flow-thru test using zeolite showed the removal of radiocesium from the liquid phase. The wet
classification test was performed for 3 types of radiocesium-contaminated soil. According to the results of
wet classification, radiocesium was detected and its level exceeded the cropping restriction level in almost
all classified particle fractions. The decontamination effect of wet classification on radiocesium contamina-
tion was smaller than that on heavy metal contamination. Specifically, the wet classification could not induce
volume reduction. Accordingly, preprocessing and intermediate treatments such as dispersion or attrition
by vibration or mixing in the wet classification process were devised and examined as improved processing
techniques. As a result, the effectual volume reduction of the radiocesium-contaminated soil was confirmed
by adding an intermediate process such as the surface attrition in the vibrator.

KEYWORDS: radiocesium, released radiocesium from organic matter, radiocesium-contami-
nated soil, wet classification, volume reduction
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HHARKERIC L HMEEE R REFE L TR b S
NICKBEOBSEHEIC LD, BEE—RRERLDO LD
TR 5B O & HT MU IO R 2 O i\ 75 Gt
AL T\ b, BEEEHIIS 2 [k < AR TR O 75 YL 1)
B E SRR 181, 184Cs, BCs TH AV, ZD Db,
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RO Z7#EMT AT ENRTELEINTWDEY, L
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BYXULHFIABES S TH L &, BEERIISE LT
EHIFNCE > CTEEINLLNERD L L, HEOHEEIS
FAEB LR IS FEE k4 2 &, fEERE LU4E
EEZEORLEEBEMEONENC L EOFRERTHS
bHo I T, HERD 2 TERELEAREL T, —ED
S AT U7 BT (RE & 5% THEBES —E
NIVCTFHA B ETOMME, HH - RET 5 EPREKRD
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SHE, BREIST R OMRE T 2,419km? ¥ 7k 5%, &
7o, BTSSR O40%, EisE o F#13100% O
KRLEAScmHERD, HFMARIF10% THEITHL10~
100% THHIEEIM, FAID 21T 2 HE ORGP TREST S

(P, i)
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b, HEEATRTHEMR T a8 T KBEREY ORE T HFTHE
WD 5 EEOFEND, [RROEFEEFRLBIBIC T
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Fig. 1 Conceptual scheme of wet classification and washing for decontamination of heavy metal contaminated soil®
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BWORy FRBRAITV, BAHEE VY Ak S Bt
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WEHRy FaBaE, 2011488 A23~25H £ 10H16~21
HO2 BN - TEML 7z, FRERI» ORR, HESE
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BIFIIREB P AREE TH 722 &b, RBREDOER
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IL. AEFHEER L URM

1. {ER5mh

AURHS SRR Y, EICHESRL O % XV,
SEEN B OWBIIOT, SERERITERN SN O R
WEEH THRM L 72, £72, SURORAEIT RS OBSHR
DY Bt TUERO/Ny 7757/ F el 2 %72,
FENBSREEN T - 7,

2. AIEHZE

AR OB v ARG EEIEE, Nal(TD v
VFU—va VR y AT Fa A —2 (AMPTEK #
EMF-211, 3x3inch) # i\ /2, /Nw 7757V Rz
5728, HIETIEZRERS L & BITES 5em OFF T
0y 7 Tl - 7280l A5 M AN TIT - 72 (Fig. 2),
P ICIE, HEEREITIEH 100~300 g, WAERE TIdM
100 g & F\ /oo IEREF A 134Cs & 137Cs DX 7 L VA
ICHBREAEL, CnE2EFEL CTHHRBOERETEVRL Tk
Bty ABE Ba/kg & L7z, BIgRMRELE Ny 775
TV FORENS, BIEOTE TR 33 Bg/kg, HIE
MEFHW IO LATH - 72, FFMITKEKLO®RE
(2012) &5 L U HE A —h —ER BRI NN, 7
¢ =)V F COREHFIROBS, HYatb a2 55R L0
THEZEL TRy FEGM Y —XA A—=X (AT B A
74 VL TGS-121) Z i\ 7o E 72, WK O—
i3, VI LARADOTLARTMS BT 27 (ERLAY —T
L) TRy A Y, 68 B AR 0 SE B R R
CBWTHIESN/ e TARTIMS RS 27 Lk, &
MICHEFT HHEDILRCA A VE RN T ST 4 A 7R
DEFIAHAECh 5, A TIE, #BPK, WK,
TR EDO—BERBEFOKICEENSHEEA 4V OREY
BL 2 FICRGEE Y Y A BIRICRE T 5, 7 HaY
T A O—FE, a0 MEMINFT YT SigE A v
Y AOFRME ¢ 5T AT BT 4 A7 AL
(Fig. 3)¥W, HIEHEIROLEY TH D, LV T AHS
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Fig. 2 Gamma ray spectrometer detector enclosed by
radioprotective lead blocks (upside) and appearance of
field assay (underside)
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Fig. 3 Empore™ RAD disk for cesium

F5 ¢ 27 CakK 100 mL Z# W5 6B L, b oty
UL T FT 4 AZICERY B, RIC, FFT 4 AT %
B/PHEGM U —X A A =R (AT B H AT ¢ L
TGS-1368) OIS TS %, ThTHOLN/
FET 4 A7 D BREFAEEE (cpm) 1T, FRHEERHR A FVTk
O TG ¥ LICH T B RSP 7 35 R %5 (0.0644 Bg/
cpm) #HHF T, ZOELIERKETED RL Tkt
VAR (Bq/L) & L0, ZOFEITRT H
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Table 1 2 kinds of measurem

(P, i)

ent method for radiocesium in samples

y-ray spectrometer

GM suvey meter with rad disk

Instrument & specification
3% 31inch, NaI(TI) sc

y-ray spectrometer EMF-211 (Amptek Inc.)

Selective SPE disk
Empore™ RAD disk (3M)
pore: 0.1~0.2 um

intillation counter
p-ray and y-ray GM suvey meter
TGS-136 (Hitachi Aloka Medical, Ltd.)

Measurement time
Objective sample

10 min
Liquid and solid

10 min
Liquid

Form in measuring In vinyl bag RAD disk filtrated sample
. . Liquid: 100 g
Sampl t 100 mL
ample amount in measuring Solid: 300 ¢ m

All phase in

Measurable form of radiocesium
Unmeasurable form

sample Soluble ion phase, fine particulate

Colloidal phase under 0.1~0.2 um

B AT 400 mBq/L A FTH Y, ESWiiERTEy
Y ARERT 5HEESNTOSW, £72, T FF (X
7 ORI AL 0.1~0.2 um TH A0, LI,
OMES R T T ¢ A7 kLR o 85, Kkl
HORBHLILEA 1 kg/L & L THIER R TIE Ba/kg TR
L7zo BRE 2 B OME 5K D\ C Table 112779,

3. BT EEZEDBLAET S L U EHER

REBEMIT U720, BHNICST ARG S a iR 5
7o, BEEATES R LU BRSO LB EIES O (K
BrUKIZO>WTEh 2Nk 2 I L CHlE % 1T - 72
(Fig. 4),

PASER DK TIE, BT LBy 7 AD DS Wid %
NEEUWNTEPRHICER L TOSAEEESE 2 Hh
722 b, BATREIERHAA RSN Tz Bbhn
vy — BB KKEOKERRL 72 ZDHEEE L
T, FREOBRE Y —F LIS TEKIEZE D OKEFK
BOFRKA ML /2R E LTI 72, 72, Aiky
SR ER AR D 20114F 8 H 24 HICT AR IO K HIC I\
T, KHEEICBT 5 RS EDEREZOYEIIFED 1
D& L CEEE - AamE MR G TR - B L
FrinsEim L 7218, HKE AN/ KHLEELFEHL <EL
Z L PR B AR SR HIE KRR THEE S s kI
WTKHELZETER & L TR 720 — ISR D
HOKIZIBER O BB AR E$ D Enh, RIBIBK
DOBEREBEL &, 75 um EHC@E L TRUEART IV I =D 4
(PAC) % 200 uL/L fnz THIFEL, BEWLE S ¥/ ou
BKED2MED LA % ER L TKEICEKREOWRHE
AEE L,

BE{RICOWTIE, s HEP R 7o, Bty
LADOBETIZLONELEZ LNy & LT, BEHNOM
B CEMBEL FFA72OIC8E SN/o Ty &Y HOE
BEER B 7oo —MRICHER O ZRIR S ORI LB A1 CRER
KBRS NDL T EhD, &Y HTOMERIEL 1 4 V3
AN — W (R 16BFRE) iR 1 S ¥ 718, fLEE 3um, ExH5
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mm OANEATED /N7 T 4 % —CEVR S BEL Tt
VI LDIRNDORBATOHEN R L 7o, LS, HHib,
AL, ¥, KOErn/KHE, BLXUWEOT S/ F
DERFTEZHRRL /oo TOSHKHE, M, 75/ FD3
AT CIXE S 30cm T TO LRI L THEE HRDOHK
WU KOG RER L 72, 7k, EHEEHZ DWW T
PR E B D) Oy T ARE R EIE S AT, B
EERBRIES, Cha110°COERMPN CHEE £ Tk
IR TEREEFRD, ThEBPIEERICHITTHEE L,
D EOFEFBRE» O EEL, HESRES, B
O8N & ARE 2 v AOMBE & Frls & L 7ol & 1T

2 f:o

III.

1. #hFREAF

il LURAE SN SRR OBMEL VY ARE Y
Table 2 ([Z/” ¢, BEYLY 7 ADOERIL, KOLEL 1
kg/L &9 % &, B kKK CIRES QKBS OKEEY
BIZBA4 %468 50 Bq/LUUTFTH DY, KizEhicon
TEHER FRMLU T Th -7, x/z, RIREEKIT 2,100
Ba/kg # RL UK TERWRETH - 72, ZOEEA
V3 E R &SRB O\ b BB TRIEL T Ch
ST, ThiE, 33 X DKBICHET Lottty Ak
HHE R I R T a v 7 U — MR & OB
ESNTHERHEIPOBRI2NTWAZ ExRLTW5S, E,
FKAKEKDOKIZEDICOWTHER FRIMEL T TH - 7,
Zhid, o X okt ABBEREE A B L 72
», BAHNIEKICTREEN TN EaREEL TV 5,
TR TR E 2 D OB S ABEEE AR
DOIEFHIFR T 5 5,000 Bq/kg ##Em 1L 20, 8 A+ &
TR L DIAMIBREEY & Z e A T 5720 DFEETH 5
TG P B TS Gt LB RS R CRRRE R I & D < fR e 2k 8
8,000~100,000 Bq/kg O#IFHIZH - 722122, Lorl, &
HFE IOV TR RRE O ERXEORA A AL 7o, &
72, BUEREEOHS Y T AREIT VSN BIIREET

AHDOAERBRE LUVBE
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Fig. 4 Appearance of field research and sampling in litate, Fukushima
(top left : rotary on paddy-field, top center : forced overfall, top right : topsoil sampling, middle left : handy sampler, center : ap-
pearance of soil sampling, middle right : borehole by sampling, bottom left : dose measurement of pruned hemlock fir, bottom cen-

ter : pruned bamboo grass, bottom right : appearance of pruned blanches sampling for immersion test).

Y75 53,000 Bq/kg, Y /773 65,000 Bq/kg & &\ MEA R
L7ze REBROMYOEKEIZS0N L, EEHHEIND
EDD, INLHICOWTOEERIEERAED FR T
LHATREE DRI S N, BTEREE % KIC—BRREE L 7oz
KIZ DWW T4 230 Bq/kg TdH 0 BREEH O KB TEE 50
Bq/L #i## L 7= (Table 2, Fig. 5),

D EOREERER DS, BRI RITERHOREEZ &+
BB IUERTHY, SOICERICHE L BEELy Y
LFBERZ I X DEB L TRICBIT T 5 e REE R S
Niz, BB THW YT &Y HOMERIEO RS
APEREIL Y Y25 53,000 Bq/kg, 7774 65,000 Bq/kg TH
D, TNOLOERBEIIHIOL TH -7z, AL /2T &
YAHOELPFEABRETHY, KAMWOKIEDE LEY
0.1kg/L &fEET % &, AL 728l EREOEIIN 1kg
THY, BEHEE Y 7 AEET 59,000 Bg/kg & HE I
B TOBTRHE1kg #HI10L DA AV AHIKICEEL
THEONR B KOBSHE Y > ™7 L 7 230 Bq/kg T
Bolol D, BETRB LD, BEIN/-BIERIEN

250,000 - 250 Cr_iter‘ion for
1 1 drinking:
1 200
200,000 200 | N4
150,000 - 150 -

1 Criterion of
1 designation:

100,000 8.000~100.000 100 -

Cs (Ba/kg)

Cropping 5 1

1 restrictions I
30,000 {Tevel: 5,000 ! ! 1
" 0
0 = I %og 5 §
SER-B-BA 2§ 8¢
2200022 & Z‘E”s % EE
D I I 0 .
2525538 4¢% £% 3 =%
4 s g BB = 88
=:gEEe e 2 g
SEF RN "2
ogm

Fig. 5 Radioactive cesium concentrations of substances around
Titate village office
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Table 2 Radioactive cesium concentrations of substances around litate village office

Cs (Ba/kg)
Time Sample Aspect and sampling site Per wet  Per dry
weight weight
Soil: croft Near Iitate village office 3,640 5,620
Soil: line soil Same as above 24,800 35,900
Solid Soil: grass topsoil Same as above, twined soil round grasses 93,900 208,700
oli
Organic matter: bamboo grass  Near litate village office 53,000
Organic matter: hemlock fir Same as above 65,000 —
%{)12' Muddy water: Paddy-field From rotary and forced overfall test 2,100 —
ug.
Rotary muddy water Supernatent after spontaneous precipitation <33
Supernatent after sieve and precipitation with PAC <33 —
Liquid Fire-fighting water tank Near Iitate village office 39 —
Puddle water On the coating sheet near litate village office <33 —
Seeping water With organic matter 230 —
Soil: Paddy-field Kusano area 12,000 18,500
Oct. Solid  Soil: Croft Akaishizawamaeda area 13,000 18,255
Soil: Ground In front of Iitate village office 34,000 37,810
Ministry of Agriculture, Forestry and Fisheries of Japan: Cropping restriction level about paddy-field 5,000
Environment Ministry: Criterion of designation (storage direction) 8,000~100,000
Environment Ministry: Criterion of bathing area 50

3% The error range of all data in this table is =10%.

SWHICBAT L 2kt A0 B3 2,300 Bq TH Cs (Bg/kg)
D, WEMECEENLELY T ADDH ARREHKAD 0 20,000 40,000 60,000
BEIC K DBHEANBH L EE2 N5, 0-2cm

2-4cm

2. FEAMOHSTEL L T LDS T

K, Hl, 759 D3 nfHoB50TAY Fy T A-6em
Z — (BB (AT RL HS-258) %\ Tl 42 HE S 30 cm 6-8cm
ETOFHEARIL, 2em & SICHRL TlREHEL Y Y @Paddy-field
NEEZRE L2, 0-2cm

% Fig. 6 107, 3H8 & b HUHEY Y AR 2 2-4em
10 cm IS L, 10em &0 W HEE < Th = 4-6cm
HFBREL T CTH 7o COT b, BRKEDORHENIZE Z
WEIC GBS L5102, HFCH T LB o Al 6-8cm
LR E CREE I HENR EE T E > T0H T
LAER S NIz, —T7, BAREORAE GRS TIIKHS 0-2cm
ICBWTES20mEEE TRESFRE SN TW5S, H 2-4cm
13 5\ M HE ST kA RS Y AOBSBRREE OB t6em
i, HAEOB MBSV AR - LT .

WS O A SN B LD FRS NG, &/
HIC 35\ Tl SRl B DR T U 72 RO Bz
BHEIC & 5 EB LSO A B - 7=k b b 5 & HEZE S n
He L7eho T, AFATICBWW TS 7 ADORE
FEEIZT10ecm LT TH - 72, FEREITIC k- Tidxz
NUEDEREETRETHIENHAHAT 1D, EBROK N .
QB LTIt 2R - HROHOH I v A+ Iv. &hit 7 LOBRE

DIETERDO T CHEREROERE HEOMEL#ED L & 1. RERAERFE X

MLEE L W2 5, FEIZ B\ THED D S KANOFEHE > 7 A O D

B Ground

Fig. 6 Radioactive cesium distribution direction at each depth
on 3 types of soil
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BINiz, TS, ERIPEA TTA/COICEE - RES
T B ECERR O EDRER I L0 Bt
o AR U CRNBRE 7 T IRTEY T Sl REME R L C
W5, 2T, INLORERORILK, B2 WIEEEL
HAYE LT L 0BRSS v A B S &
TG K OME ZE L 72, S X5y
LDBREDOF M R Lz, TD72, ARSI ER
HARE L BHAKICH L TNy FE 8 15 AEIC L DL
Wy i S & 2 WAERBR 1T - 72,

Ny FRERBRIZOWTOHERKRD EBD ThH B,
WK 1L LT, S8 K% % 100 mg #in L T3
S U THAL ThHfitk, BERKRDI-DEHIC 200 ul O
PAC il THEHRAEL /2, T % 30 min HiEHk, 5
YRROE L EHEE DS A2 L5, HEHRICET
HEHRBREONEE SN CRBSHRICHVWON A
0.45um DAV TV VT 4 ) —THEBL TERIR SN /-K
HABTEHE E L®, GERBBATHALT 05, 1K
By NEEOWIEICIES FF ¢ A7 SRRz,
W ARIZIE, 100 mesh LI FOJLBECAREY 4S54 (7
V) JFuas 4 1), &E/R, BT 7UAEN—IF 1T
A MR, EPEM B IEESE (NIMS) Aot v 7 AH
AVR=F AV U N E RN, Tnl, AVKR=5AUA
IZ DWW TR O AL CIREER W nwZ &6
PAC 3N L 7e - 7=,

N5 LAEAKREICE, RROCKREXLY A5 A4 FOMY
A ACREE2~5mmBZE), LY A ACREE5~10 mm 2
D 2 A AL 72 (Fig. ) BEIFZBEORRE L /x
AMHBARX:27Tg, LY A X :25gHZTNLTNRY 10
VL BEIE 7 5 A (P 15 mm X 5 & 175 mm) (& A
L, MY AXELYAXETNENTIRDARERTA X
B ENFN 2R L 4o ORB K A % E L 7- (Fig.
8, Fig. 9, &7 AICid/ Ny FaEk & [ U dmis ik
Fa—V V7RI T REREICHRL, @KEH» S 0~30
min (F#) O 30 min) {2 @8 L 727K & BitA 2> 5 30~90 min
DO (KD 60 min) IZ@ME L 72K %2 2 h 2 EIR L THE
TSty AREABIEL 72, FHiEly, SV6.6~7.6
h-1 T&H - 72, SV(Space Velocity) i3 B AZLEFE2472 V) O

Fig. 7 Granular Niki-zeolite
(left : M size, right : L size).

K 2 YEEPPRHARE TEID R L 7l TR S 1 4 22 it
ThH%,

2. LI LREABROBERS LUER

Ny F G A kE B4 Table 3 1074, y#EARY PO
A— 2 THEIE S NP2 K OBHE & v 7 LR EE 230
+23Bq/kg ICX LT, T FF 4 AZETHE I WY
BHKOBEEY Y NEEITS F T 4 A716T133.8+
4.9Bq/kg TH o7 BHETICIT HEERMN S, MY
BHKOBSME Y T AR T 5 2 DOHEIEE DR
1213 68.3~124.1 Bq/kg DENBD BNz, p AT
O A—=2%, SREEIVBEHINS y B4R L 729+
THET HHETH Y, ZOMEITHEHARFICEETN LK

Fig. 8 Appearance of the columns for flow-thru test

Column 3 Column 4
Zeolite (M) Zeolite (L)
bdg B0g
(2Tgx2) (Begx2)

—r

v plbmm
' .

Column1 Column2
Zeolite (M) Zeolite (L)
2Te 2Bg

Fig. 9 Scheme of the flow-thru test using columns
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Table 3 Results of batch adsorption test for eluted cesium from organic matter using geomaterials

Removal efficiency

Adsorbed amount

Partition coeflicient

Cs
Sample (Ba/kg) %) (Ba/kg) (mL/g) Comment
Seeping water from (230+23) (y-ray spectrometer)
organic matter 133.8+4.9 Measured using rad disk
. At Niki, Hokkaido,
Zeolite 93.9+4.1 29.8 399,000 4.2x103 <100 mesh
Phlogopite 65.4+6.6 51.1 684,000 1.0x104
Vermiculite 87.5+4.0 34.6 463,000 5.3x103 In South Africa
Meso-porous silica 110.9£8.0 17.1 229,000 2.1x103 Cs target type

Table 4 Removal efficiency of 2 geomaterials against cesium according to READS24)

Sample 1?11151;/1 LC)S pH Removalo/;eﬁiciency Partiti(oél1 I?;)Sﬁcient Condition

0.01 8.27 93.45 1.4x103
0.1 8.11 96.60 2.8x103

Zeolite at Niki, Hokkaido 1 8.43 98.99 9.8x103 L/S=100 Shaking: 24 h
2 8.25 99.26 1.3x104
10 7.75 99.56 2.2x104
0.04 6.0 84.0 5.2 %102
0.1 6.8 97.9 4.8x103
2 6.1 98.9 8.6x103

Vermiculite in South Africa 10 5.8 99.5 1.9x104 L/S=100 Shaking: 24 h
20 5.9 99.4 1.7x104
100 5.9 99.8 5.3 %104
200 5.6 99.9 7.1x104

LY A EBORE YRS S, —TTTTFT 4 AV
%, 728y T AT K DEFY YT LA T SR
W& 5, BREIZ01~02um DT 4 )V E—ThH
BUID L Ieh 5T, T F T 4 AV ETHRE S N7t
y AR KPOBSEE Y Y LDSEL, T o0
VT NICBIE SNICBEEEDO YT A T b, Y
ICIEE X 72 0.1~0.2 um LA OSBRI T 10 5 9 5 gt
My ADEHEEE Z DN S, Tz, 2 DOJIEED
FETH 5 68.3~124.1 Bq/kg 135 F 5 ¢ A7 D% fim
L7can A FAORECHEBE & S L /oty
TAEHEISNS, ThOORERSEMH B X URESEH»
B, IFF 4 AZETUEL 72Ny FREOFBRIL, BF
RER LU 0.1~0.2 um DL EOBRFICH’A L /o RED ik
Wy T AR R E LB ORENRERT EEZLD
N5,

DhEAB & 2 THEDOBRERBIERIC OV TEET
Bo T L BNy FRERBBEOKS LY T LRE
3, 9 FF 4 A7 ¥ T654~110.9Bq/kg, BREXRZ
17.1~51.1%, #EEHIE 2.1x103~1.0x104mL/g TH
D, 4:ZEFR} (Phlogopite), /N— I F 2 5 A + (Vermicu-
lite), ¥+ 5 A I (Zeolite), AV iR—= A3 1) 7 (Meso-
porous silica) DIEIZ E B R %R L 72, | U7 W
oty ARERBO I T — % & LT, NIMS DJiht
WHEOMZE - BIREMT O/ D F — 2 X— X READS
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FVAT Y FOLCKREYASA F LT 7Y AEN—IF
254 FTERINE YT ABRE AV 22—V FICk
LY ARERB DT — % % Table 4 » Fig. 10 I
RTW, Tabled DY AT A FEN—=3F 254 POy
7 AREFRE84.0~99.9% ThH - 72 T HUTHT Table
3DOAN Y FRER BT HBRERIIENMETH > 720 Lo
L, a—IVFRBROSELRE 5.2X102~7.1x104mL/g ©
HPNITIZA NSy FREBHERINEL 2 226, ANy FR
BIZHBIT AL SA b EN—3IF 254 FOKBRIT, WY
RHKE D7 AOWREDPTI TH 5 72 O B OB
FERADPAHETIED 52, a—IV FRBRTRIN/I-&H0
WYy AOBREMRORI TH Y, ZORFERML
mEEZ NS, T2, a—)L FRBCEEWIIERIE,
SEERE S LI AR MENE S RME & 72 S
R ZRL/22S, N—3F 254 MIKEE CREMEF OB
NP L ER 3 AEA AR L7z (Fig. 10), ¥4 54 Mg
a— )V FRBROL YT ABE 0.0l mg/L O %M THRltk
$14x103mL/glcff L CTAN v FRER Tl 4.2 x 103
mL/g L b IFNICEL, N—3IF 254 FFa—L PR
DY 7 NPEFE 0.04 mg /L O S T4y B R 3 5.2 x 102
mL/g I8 L TA/N y FRBR Tl 5.3x103mL/g & 1 #75
WMEZ R L 72,

Table 31T AN v F3ERIC 500 2 PR K O
PE vy AYEEE 133.8+4.9 Bg/kg 13, B/y £ GM 3 —~
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Fig. 10 Relationship between the equilibrium concentration of cesium in liquid phase and cesium concentration in solid phase about 2

geomaterials according to READS2

A A= TFHAIIN/ZF FT 4 A7 D BHFAREI LR
HENAMETH L 7-0EKOY Y ARMETEO EiHE
1EH, G THBEE Y AE BICs LEEL TEZS
L, WCs OFFBEER A =7.32x10" 1051 HFEH137 )
OZFOEREIIH4.16x108mg/kg TH D, Table 4 D
READS OB EA OB w7 AYEEE & o~ TR
LWz b, BEMOBEHEYL Y7 A TV OREREDE
i, a—IVRFRBR2S, WY AEESMECITE SR
FBEPMMETFT LT EPREINT5b, L2L, a—IVEFR
BRI DIEAPITERNEI 2y ARETH - 7oAy Fik
BRICHWT, &8t a— L FRBORLIE LY A
&ML DECSERE AR LI, £/, $TICEEDL
BV, IFT 0 AZETHRI SN S ISHEY V7 ADTERE
B, BIERER LU 0.1~0.2 um DL EOBR FITWE L 7o
REEHEINS, UbErE, ANy FREBRTRINI-ZIL
WORMR L KPSV AREDRL, SEDOEHT
YT LA TV OWHFIC X BIERIZT TRk Wl getEn%
ZbNnhb, MOEAELTE, BEAELHEML
PAC, BLUBEWTHEROA VTV VT 4V EZ—ITk5
RO ENE 2 OGNS, TNLEHDOETEET S L,
ANy FRERE T, B LB T LA T VDOERED
E2IZ, PACOUINC XA D AW L 7=
Kipean A FEKEHEOBERB S, ThE 045 um
DAVTVY T 4V EZ =TI L 7= &2 X AR
PER L /cAREME A HEE SN 5,

WIRY A 54 FE2FHEL N5 L@ KBRS E%
Table 5 IZ/~" ¥, HIEIFEICyHEAXRYZ O A—&THT
W, BB TAETERP 72T A3 E4D—FITOW
TEZ P74 A7ETHUEL /oo @KL 7oME KT,
& # D 30 min (0~30min), & 60 min (60~90 min) D
FTANTTREA DRSS 50 Bq/L % TE- 72, T F
F 4 ATETHEL 7275 A3 & 40 60~90 min DK

IZOWTCh y AT P a A—2OER FR% FE S S
vy MREOIK T AR I N/, £/, LY A XDA
SA2L 4 EVRBEDONIMYAZADNFT AL EIT
HEEORSE Y v LB L 0K - Jo, HATS, 0
WORED NS VT ER—EBPICRIBES NS 88 &
OZDORMETEZZ B2 DITMEERR [ E L& 2
bNb, BaHEE VY AREE EEKELLEON/IET
SLEMETOEYEFA T+ OGEAEIL 7.8 X101~5.1 x 102
mL/g TH YV, Table 3Dy FHoERRICK T HEAF A
DRI 42X 103 X DIERWME L 8- 72, Thid, (D%
K5 LR OEW RN T Al L 7o KO E, D% D IR
KGR DHLRDP11.8~13.7TH D, /Ny FREBEOME A/
£ =10,0001C LN TEL <KD o 7720010, S B E R
W) OWENEPMET L7222 &, Q)75 ARBRO R
Ny FRBRO RS F 30 min @ 1/3 AR D 7.9~
9.1min S48/ 522, SVIE6.6~7.6h 1 THO ALV
AP E T ARE K & AL 4 B BR D SV10~100 7% & & Hh
TRVWRIGKHTH > 72123 69, Y454 oA %
VABNIGIZ BN LD TH Y, ABAKEICBTS
G C AR B b O v s LT A
SAFOREPTFICRECE o722 8, BNy FR
BROEBZE TR I N/ PAC I & IEEIC L Ak o2
04 RICRE SNty AOYRRBREIER A 5 A8
KABR TR ahro7ol, O3ENELRHEBLL TEZ
bbb, LeL, BIL%EL 7Bttty ARER
Ny FREBERICHENTELS, B2 L TiEiEEo 50
Bq/L % FEISETH - 7=,

U EDRERP S, SEHOREAE A TH S LT Z D5
BT B2HELE L COFIHBEME T T2 ETHS
2, INETFTFTHLHTLABKRD XD ITENTRAE/E AT
TS 5 C & CHRAHPFOBSHE L > ARE %510
WMTEDL T EDRSI NI,
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Table 5 Results of flow-thru test using columns infilling granular zeolite

£
nffl

(P, i)

Column 1 Column 2 Column 3 Column 4
Sarélzple Seeping Criterion of
condition water M size L size M size L size bathing area
X1 stem X 1 stem X 2 stems X 2 stems
Amount of mineral (g) 27 25 54 50
Column volume (mL) 30 30 60 60
1st time: Cs (Bq/L) 230+4.6 <33 46+4.6 <33 32+3.2 50
30 min
- Treated water — 194.79 223.38 214.6
(0~30 min) (mL)
Removal Cs 11.6 9.3 52.5 46.3
(Bq)
2nd time: Cs (Bq/L) 230+4.6 — <33 8.3+2.7% 27.2+2.99 50
60 min
. Treated water — 101.11 456.09 468
(30~90 min) (mL)
Removal Cs — 23.3 101.1 94.9
(Bq)
Total: 90 min  Treated water — 296 679 682.6
(mL)
Ave. SV (h™1) — 6.6 7.5 7.6
Removal Cs 11.6 32.6 153.6 141.2
(Bq)
L/S — 11.8 12.6 13.7
Ave. Reaction — 9.1 7.9 7.9
time (min.)
Partition — 7.8x10! 5.1x102 9.6 x 10!
coeflicient

a) Measured using rad disk. Others are measured by y-ray spectrometer. The values are indicated as Bq/L on the assumption that water density is 1.

V. B HROSkES

1. TESRARSE

B Y AR EGRBHECOWT, BA LY BN
& L7 RS RSB A 1T - 72 ABRICIE, vy &L
TEWES L vy AP EE SNzt 5 LU0KH,
M, 757V FORERBHEELEL -, Ak TIIEmEL
ICBWTER S B2 Y Y ARER &G - 7o, BEORIC
MATZEHE &S R Th v, £RBRICtd 5
PO ORBEZHERTE R >/ L BRIFL 72,
TS BEEARIIRD L BV fT- 72, HEAFLEOA
Himes L CLokg(ZE R & LT 1kg HY) 5 i L,
HHAFBM S 5 \WiR & S B (FRITSCH # A-3) % T
KTUHE L 72 B S BT - 72 (Fig. 11), PEEKIE
HSHE Y v AT T H - TR B85 DK E K %
ML, AR EAEEON 7 HETH- 7,
FE®E S (3, $S5VOH25, <0.075mm, 0.075~
0.125 mm, 0.125~0.25 mm, 0.25~0.5mm, 0.5~2 mm,
2~4.75mm, >4.75mm O 7 BfE L L7z, <0.075 mm
OWTCIEAK L L TEIRL, BB %< HIVTHEYER
HAKZEEL 72D ERL 3um O/NNT 7 4 )V X —ICHl L
720

Fio, WEEWEIC A I VA CRE SN it v
TABFEIUGA AV TERINLWREELEZbNDS, £
T, B oW T E LIRS N TLE R
DNIWEEZOENDET VEZT LA TV OKER % T
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Fig. 11 Soil wet classification and washing procedure
(1 : homogenization of soil samples, 2: electric test
sieve shaker, 3:washing and re-sieve residue, and
solid-liquid separation for muddy water, 4 : classified
each particle fractions from soil sample).

KO DITH O AR AT - 720 KIEWIZIE 0.1 mol/L
DWIRT VB LKEREER L, Sl HEIc e &
BOWMBT VEZY LAKBRM1SL Z Mz T1lhRES
H7otk, HESBGEFABR LT - 7,
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2. TESMESPHABRBRSLUER

K EREET | = LK Th iRl w47 > okt
S R O k5B % Table 6 IC7Rd, MAEZREL -8
A3 HEIED T 5 RGO LEOGKERZHS THETE
ool EMD, Bi\VCTKEY) S ESEKEDOLEE L
kg W7- 0 ORHMEL Y T LBE L y AR PO A—x
THIEL 7 53, FLCOWTRBEEZIC LV ggEEY
Rz,

REEE EREEE T V= AKBI RGO Z N T NI B
T, B2 v ABEIE R EE 51T & RIS T
B2 LAL, BSERT VB AKERWRIC X AR EIT
AONInipotc, BIHERE YD OO/ DI S % /K
KA, BRED 72 B - D30~50% g & L7
56, {RIEHEE T 6,000 Bq/kg AT 0.5 mm LA_EOKE
I OWTU, G L O AR+ &
DRSS EHEZE SN, LAL, 0.075~4.75 mm OFL
JEE 6 23 12 Fs > B 2 o v AR P VAR OO 1R A PR fiE
5,000 Bq/kg @ L 7= &5, WOV T ok
B K A OB LRI E SN 5 7,

0.075 mm LA FOEKIZ/NT 7 4 )V Z—%BL Iz, LH
L, BARBOBEWE KIS X VIR - 7o AT LD /S
TT 4 VE—DOHAEFBED LIcd, EEEDRIIRER
DFEE, HEHMEYY T AEEZ320Bq/kg R L 72, R
EATTLD N7 T 4 )V X —TIIR RN B R OPEE B T & 7z
Wl D, BT BB OBIK, B #ET I
X, 74 VR —TVAE, BEOD LA K 5 IEE0E
MM EEZOND, £ IT, NT7 4 )V Z—HBKIZD
W, EMERLLS LD TCREREDHMETH A
10pum DAV TV VT 4 WA —TEBEIT- 7o DM
WIS EBR FEPREINTHEBETH D, sttty
AT LR PR 33 Bq/kg LLFTh - 72,

Table 6 Radioactive cesium of each particle fraction from
list soil after in wet classification

Cs (Bq/kg)
Line soil 25,7942 Per natural wet weight
38,731 Per dry weight

Washing solvent Water 1 mol/L ammonium nitrate

>4.75 mm 2,200 5,500
2~4.75 mm 5,100 4,700
0.5~2 mm 5,300 5,600
0.25~0.5 mm 9,500 8,700
0.125~0.25 mm 10,0002 9,800
0.075~0.25 mm 10,0002 12,0002
<0.075 mm® 320 —
<0.075 mm® <33

@ Per natural wet weight.

b Muddy water.

¢ Filtrated b water using 10 um membrane filter.

3 The error range of all data in this table is +10%.

L b2 6, @Az DWW T 285 #%264 C 0.5 mm LA R
DFEEROERL T EIC K OBy T AW TE S
HEME &, LSRRGS Tl Eh OB v AR
AT L B C & DRI NI,

wIZ, WmtDOTHESBABKEREZI T, ERORLS
R R O\ T RRGE S ORD IR A G 3 5 720,
KHE, M, 7Sy v FOoLEIFEIZOWTHBA T -
72o fER % Table 7 35 X OF Fig. 12 1277,

FLEICEEN ALY Y A0D63~85% 13 0.075
mm LA FOREESICHFAEL Tz, UL, BRI E
FEAGAAL 2T &6, %1809 5000Bg/kg LLFT
B AT RE 2R B 4y & B EIE1E, KHT2mm M ED
12.2%, T 0.25 mm L L0029.5%, 757 F T3 0%
Tholce Eiz, HRBREOE MRS % 78 T B
7RI HEOYHENE L RIE I8 57 OICEBEE O/
WLAREES, HHLVEFHE S HBET L8 E2LN
bo XOHE, BREI NS & FEOEE LS AIE S
N, HHEHER IS, HFA ik L T 5,000 Bg/kg %
TES ST, KHE, HHE 0.075mm UIF, V5V E
025 mm UL FABRER R D, ThZnERED
399%, 44%, 5% Lix b rEZ BN L, LESRIEEEIC
F OB DR Z ED HITIE, ()KELHMD XD ik
HO%NEETIE, it A vy 21T KA TOBERTEE
7% 0.075 mm M FOHER FICR LT, SA 7B vnlo
OB N RS HRR AT BT 5T &, (2)
AN HEH SN 2 B EE DTG IRIC D\ T bR
JEU LS OB MU 2175 C L BABETH 5, *
7o, WHEOZ S5 F TR % & ds ¢ X T ORLEH

30.000 -
m < 0.075mm
25.000 -

1 £0.075~0.125mm
20,000 | # 0.125~0.25mm
= ]
=
fas) 15.000 1 #%0.25~0.5mm
© = (.5~2mm

10,000 -
1 #2~4.75mm
5.000 1 2> 4.75mm
0
S
@b

Fig. 12 Radioactive cesium integral density of particle fraction
and recovered amount about 3 types of soil
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Table 7 Particle size and radioactive cesium distribution about 3 types of soil in wet classification

Water Dry weight ratio of

Cs per dry weight Cs per 1kg dry

. . : . Cs distribution
Sample content ratio particle fraction weight sample

%) (% (Ba/kg) (Bq) (%)

Paddy-field 35.1% 18,500

>4.75 mm?® — — — — —
2~4.75 mm 5.3 2.8 4,011 111.3 0.8
12.2 ’

0.5~2 mm 33.9 9.4 } 3,782 356.5 2.5
0.25~0.5 mm 35.9 12.4 8,733 1,084.4 7.5
0.125~0.25 mm 43.0 74 13,674 1,008.9 7.0
0.075~0.125 mm 47.6 7.1 16,418 1,160.6 8.0
<0.075 mm 77.9 60.9 17,618 10,736.1 74.3

Croft 28.8 18,255
>4.75 mm 23.9 3.1 1,445 45.1 0.3
2~4.75 mm 24.6 7.2 295 2,918 210.5 1.6
0.5~2 mm 39.6 11.0 - 2,981 327.0 2.4
0.25~0.5 mm 39.6 8.2 4,805 396.0 2.9
0.125~0.25 mm 45.2 8.5 7,301 618.2 4.6
0.075~0.125 mm 41.6 6.2 7,363 459.4 34
<0.075 mm 79.0 55.7 20,525 11,440.9 84.8

Ground 10.1 37,810
>4.75 mm 22.5 1.1 30,968 325.9 1.1
2~4.75 mm 4.4 9.5 16,732 1,584.0 5.3
0.5~2 mm 15.5 33.0 9,946 3,286.9 11.1
0.25~0.5 mm 15.0 314 10,701 3,364.5 11.3
0.125~0.25 mm 8.8 9.6 19,733 1,892.4 6.4
0.075~0.125 mm 0.9 2.4 26,228 617.9 2.1
<0.075 mm 73.3 13.0 142,500 18,589.8 62.7

Cropping restriction level about paddy-field
Criterion of designation (storage direction)

8,000~100,000
5,000

@) preclusion for less amount to measure.
3 The error range of all data in this table is +10%.

TR Y AERE D 8,000 Bq/kg B #E L 72, O
i, BT AW HER T ORBANOBRE F /-
A v A WS Ui RSO EIC L DR
LTCWABAREREZRL TW5D, EVWHWEEERSIC OWT
13, WECOB S BB Cid 7/  HEES MO T
BCTUEINLLELD S, ZOBE, EiVve 2 ORijALE
A TRL THOKR FESOBEHEL Y 7 ARELY T 5
CEDRETH D,

VI. 7kt OaILERES

1. ®ETHE

AR R 251 b 5\ B S AR
BHER I N/27 5oV FHEEITH L T, 5kisORE s
D5 12 OO R L 72o BT L 22 FEEIC DWW T —
% C Table 8 IC/"9, WECTOEMZAEEL, JAKEZS
THBEL R P e Ui, /e, RSty 7 ADBRH
DFERICE, WK FANOBEENZRE, HH\ vy
LEWHE L7kt CMHIR FORSEREDPEZLNS
B, e A Z OFAEFB I LER T O£ & HHE
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Table 8 Improvement methods for removal efficiency of
radioactive cesium from coarse-grained particle

fraction
Method Effect
Target and equipment
Preprocessing 1: Ultrasonic vibration Dispersion

Dispersing soil particles by about 20 kHz Ultrasonic vibra-

tion.
Preprocessing 2: Vibration using degasser for Dispersion,
fresh concrete shaking

Dispersing and shaking soil particles using with about 120 Hz
vibration using degasser for fresh concrete.

Weighted
attrition

Preprocessing 3: Pot-mixing with rubber weight

Mixing soil in rotary pot with rubber weight ball frictionally.

Surface
attrition

Intermediate processing: Attrition by vibrator
and mortar

Rubbing soil with rubber coating 6,500 Hz vibrator in deep
mortar.

ENbH, £ THIAB L L LT, KFREICIERT5 K
2, HECOCIRE A EEH &I AE LT VST
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V=3 —, MEEXELIFRHET ARy FIFT—+FEAS
FUHAS+ A TV — 2 —DFH 4 FHIC OV THRFA 1T
572 TDOL, HE+NA TV =2 =D 3Ly
R ORI & LTy, fJUR+ 3 T L — 2 — oW
TGRS OFRMIE L L T - 7o T/, BEHIIH
BONAKS Tk, REQRSBHEO-E L LT
1To72e BRFFEOZEMIKD &0 TH 5 (Fig. 13),
(1) i 1 : BEK

+HE1kg, K1lkg #HEALLY =L 8%EREM/D
RBEWRIR & OB (7T X7 V) I AN T, 10 minx 3 @O
&1 30 min Zff B TodEE L /e,

(2) giLB2: &£ HNATL—9—

+HE1kg, KlkgZ#5LDAF v/ L ABWERICHEA
L, B#ic7 40 v HiEf#EAKTIO g, 74 1V
50 W i /N A 7 L — & —) & #:55 L C 5 min DIRE) & 17
o T BRI R L 72,

(3) AALIE S : R b IFH—+ER

B 20.5cm D/NAY v FIR—)UIC 8.5kg Db % &

Fig. 13 Improvement methods of removal efficiency for residual
radioactive cesium from coarse-grained particle fraction
(Preprocessing 1 : Ultrasonic vibration, Preprocessing
2 :Vibration using degasser for fresh concrete,
Preprocessing 3 : pot-mixing with rubber weight, Inter-
mediate processing : Attrition by vibrator and mortar).

JcEAE, HHE15kg#70L DRy b I F9—(AKTIO
A I8 A L CTHI45° DM EE ¢ 3 min D [Al#x (24 rpm) %
Tolee UL, TERIFY—HNAENE - o7zl 13

CEADBDEWHEL -7 b, 1.5kg DK%
BALT2min O#RAE S/, UL, EREDEVR
Bpo7cl & D, ERAAZHN10°IC FIF T 30 min [@l#E S
HTC, TEEEAYED ADEHE L /o, BRI S REGE
HafT -7

(4) ENE : HF+ N1 TL—5—

Ay Liarme s J0a A = A R 2 3 e WY & R AT N
rEr B EL TABEI T/, T70bb, LB LD
0.125~4.75 mm OR E By w MR 5 - LTV & 0,
Cnaxg s Uiz, HR 5200 g &K 100 g % PRBLEAY
FUKICBA L 72, BATIC T AR —IV &3O BRI T
V— 2 —THN HEA B2 > ko HHRE) (6,500
rpm) %52 L8 % 10 min /7>, 0.125 mm THf - CTFk
50, BT OFREXIEL 72, /2, FLUFIETKD
EIE & BRI AR L7z, MR8 100 g &K 100 g 1
L C 20 min OB & BEH L 72,

2. FILE 3BOHERELUER
AR LEE ORI O LB CEM L 2R 1 B
B, BIAEE2 AoV HNA T —x—, RBiAE3 Ry
FIFT—+EALADHKE% Table 912777, WO
B, BT 1 OEIIC X 55 BULIETIE, 0.075~0.125
mm, 0.125~0.25 mm, 2~4.75 mm ¢k FE 5 45 C ik AL T
ICHANTHF RIS Y7 ABEREAD L7225,
0.25~0.5mm, 0.5~2mm Ok &4 Tl3aic L& L
7oo BIALE 2 OOV NA TV — 2 — L HLE 3 DR
v FIFY—+FRICOWTIE, 2~4.75 mm THIALE 1
TS Y T NBEE S DICES LT & SRR
BRBAE SN, T OMOEKREEE 55 ORSHE Y ™ A
BRI RTEE 1 LI 2o [ Th - 7o,

TSR I EEWE ® L DR IR S TR
IRBLZEFHNELIFETHAT LD, TOMRE
TR T 5 72 OIC KR EE 5 OB v LR L EEE
& 2D LEARORRS Y 7 AR IR S &R
NOBEHEY S AP EERIC OWTEE L 72, B RITALFE
OB WT, PHELHHIC & 0 BRIEE S O R
v A ELERIT 0.25 mm BL_E ORI FE I 45 C 9 N CAE LB
FOWAL TWB T L, FRICHTAE 3 Tid 0.125~0.25
mm T RKESHEDPLTED, ZOERIPEEINT
(Table. 9), 0.075 mm AT DR L 5 O FH B El & & ik
vy AGELEROEAL % Fig. 14 1IZ77 9, Table 9 &
Fig. 13 205, FRiAEIC X D 0.075 mm LLF ORT 25 Hif
IR 1, 2, SDOIETHML, ZhiZ& b7k ->T0.075 mm
IFIZ Bl S N A SHE Y 7 ADEIG B LR L T 5
LD BN,

CORERN S, MOREE S ICEET S gHEE Y A
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Table 9 Results of wet classification after 3 types of preprocessing

Cs (Baq/kg) Particle size distribution (%) Cs distribution (%)
Sample Preprocessing Preprocessing Preprocessing
Control Control Control

1 2 3 1 2 3 1 2 3
>4.75 mm 30,968 — — — 1.1 — — — 1.1 — — —
2~4.75 mm 16,732 15,535 6,249 6,239 9.5 13.8 121 18.2 5.3 5.3 1.7 2.0
0.5~2 mm 9,946 10,252 10,449 9,555 33.0 16.7 26.3 195 11.1 4.2 6.3 3.3
0.25~0.5 mm 10,701 14,175 12,234 12,857 314 20.7 11.1  10.1 11.3 7.2 3.1 2.3
0.125~0.25 mm 19,733 15,206 12,879 12,762 9.6 17.0 19.6 12.0 6.4 6.4 5.8 2.7
0.075~0.125 mm 26,228 15,697 18,095 23,385 2.4 8.6 5.6 7.7 2.1 3.3 2.3 3.3

<0.075 mm 142,500 128,531 139,832 147,705

13.0 23.2 253 325 62.7 73.5 80.8 86.3

3 The error range of all data in this table is +10%.
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Fig. 14 Results of wet classification after 3 types of preprocess-
ing
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Table 10 Efficiency of intermediate processing on wet clas-

sification
Cs Soil residual Cs residual
Sample (Ba/kg) rate (%)  rate (%)
Coarse-grained soil
0.125~4.75 mm 11,706 100.0 100.0
Condition 1 6,490 93.6 55.4
Condition 2 6,217 89.5 53.1

3¢ The error range of all data in this table is +10%.
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Fig. 15 Conceptual schema for improved wet classification decreasing the amount of radioactive cesium contaminated soil
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