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Radioactive materials were scattered on the vast area near Fukushima, Japan after the Fukushima Atomic Power Plant accident
after the earthquake occurred on the 11th March, 2011. Among the radioactive materials, especially Cesium (Cs) caused a
severe contamination of soil and due to its longer half-life (30.0 years), the removal of Cesium is urgently needed. However,
the removal of Cesium from soil especially in the mountainous area is not so easy. We have proposed a method of Cesium
removal which can also be applied in the slope area. Non-radioactive Cesium was used in our experiments. During the
Electrokinetic process of the contaminated soil, acetic acid and citric acid were applied in purpose of more Cesium removal.
These acids are easily decomposable in nature. Without any electric field, a small range of Cesium removal was possible with
tap water, and the two organic acids. Performing the experiment with Electrokinetic process, using acetic acid as electrolyte,
showed a better result considering the amount of removal of Cesium. Thus, our Electrokinetic process has showed good

results to remove Cesium from contaminated soil.

1. ZU&IC

TS5 — IR FJI 5 EAT OEHUC X 2 WU Y B ok
W&, IRE BRI S R L, REA0BRES
SOBITHOBSEPOEE L E 2 5N 5 W E L,
AUERIL LYY ACs, ANIYFTILS, VT U T
VR =77 4 Pu e EORGHERMARTH 5. EEHE—IET
DFEFTER T, FRI2 L MCs BL O Cs ASKEICER
S SN ST A, MHEEER (8.04 H)
AL, HBWEHE CRER 2 OHET 5. —7, Cs
R (300 4F) 2R, o TEAOWERED W
720, RENCOZDERERIRATH. 20/, 1
WCEE SN YCs BIONCs BNELREE e 5T B Y,
BUKTI, B MEWE IS X > THRE SR BIEOEAL

F-T—-K:bTva, HhAIE BELHE, AR
FRKH RS RS b Lo g R e R
(T010-8502  FKHTHFIARHT 1-1)
Graduate School of Engineering and Resource Science,
Akita University, 1-1 Tegata Gakuen Machi, Akita 010-
8502, Japan
=Ty F ke
(T140-8669  H LU an) I [XFah )11 6-5-19)
SANWA TEKKI CORPORATION 6-5-19 Minami-
Shinagawa, Shinagawa-Ku, Tokyo 140-8669, Japan
' 21tmak.mur.kr@gmail.com

Fike UTHHIBRZESFIATTbI TN A, Lo, $EHEI
FUIHMAIITEE L < s, HHIBOIRE] - E =
RE L EOEHIZB T 2 1EEBORERFNEREA DR
W, WKL BRE T IEORE iR CTRED % Y, RIS
HRAA S ORI % 5D B P ILEHICB W TUIH R
DB VEER R OfEREED» S@EHPELW. 2L
7ZBURoHC, JFEALE TR E  HER S BRET
2 N BB EAN OFFFE S T b TV %, T, Hh
BEHR R L 7By TFEC & 2 JF 8 AL E - i
W&, HF AR K e Lt o JEUAT T AL ER AR C UL PRI 7
it o N 7 & O Z TAL T CRE K S 7o K Y
DI L COAER A e L TER SR TWws *,
BRI, TERICERE RE L, ERERE
WY 2L TEASH, BERKBBLUOERREL Vo
FHBEHR 2 HE L, HEWEEZE RTINS &
THrET 2 HETH L, LTI L > THBATTE
FEVERTAR A BB S KEA F VPR END . KFEA
F 3 TRTFETROBA F v OlERESES. B
TKENIZER T CTHEL TWAH A 4 VBTG U CHEMR
HBET2HRTH L. BA 4 v xBEmAI~N, B
A% VIR AN T 5. BREEIXTIEP ORI
KPELRM BN E YV BETL2HHRTHL. TR FEHE
HEERENEZTOCBY, BEAIICEVBGA F U



GNP S OBEFHTEIIL v 7 AREICRITTAERRORCE (ZH FED) 15

WETAH. BRICL > THA 4 IFEm AT~ L
AR X o THIBEK S ET I SNBEBABET 5. AT
i, BEIREIZL D BKEOML NI HEIC L M T X,
BB OB 2B X o THIMT 5720, HEmy
DILFDE T2V, A EAUIBIE R & O A G HE
WEHE VSR EET 5.

TIEIZW S L 7G5 B OB 2 RS 5 720 1285k
#H &R AEDATHI T 5. LRI ORINIEKE
S I R DR A S LT VA ol = ot VA e 111K 90 - 2
T EEAREIRT D2 L THA A v DRSS
b, RENREMAFI THLEZF LI T IV IUEERE
(EDTA) EEEEOMIPIIKH L THERTH S Z LR
ENTWw3 7. LA L, EDTA IF8LHI & LTS
fichy, MEWZE>THBEIRLEWY. —F, 7T
VIR X OEERRIE, MERE L ChERICHERICHEAEL
AFBLCRCDES i bHIThHL ™. $£72, S
BIE T A bR 2 L 2B BN TR oM
FHIIEN, SIS OB % RO PR 5 e 1120
LTS L7213 2w,

AWFZETIE, WL ORI 7 2GR HIEIC BT
LEE TR B EMELE By E LT, EEIED
Y AHG IR L 7 T MBS ONEEE A M L 72
BRI DL T ABRERIREFERIC L DBE L7

2. EBFE

21 AIEL+i%

By EMIEERO TIEIITROFZHE 2T 5.
HIEOREE =T AR LB IR —
WX DL, 40 um-212 pm B L 740 um L F K &
ETHLVIIDT A, TNEFNOREDLET 400 g 12,
A ¥ &K 50 ml & RIS 7 ARREERE (°Cs,
1000 mg/l) 20 ml & {4 L, [EHRIESRRE A FH VT 24 R

Float
switch

/

tilt angle:20°

1 BYFEALELEE O P K X

Fig.l Schematic diagram of the electrokinetic equipment system.
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Table 1 Initial values of pH and conductivity of electrolytic

solutions.
Electrolytic solutions pH Conductivity [ uS/cm ]
Water 7.3 103
0.01 M Citric acid 3.0 380
0.01 M Acetic acid 3.6 161
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Table 2 Cs removal efficiency, potential gradient, effluent solution volume during the experiment conditions.

Electrolvtic solution Remediation time Cs removal Potential Effluent solution Soil hydraulic
ays cIrcienc 0 radient m volume [ m conductivi S
Y [ days ] fficiency [%]  gradient [ V/m ] lume [ ml] ductivity [m/s ]
21 16.1 0 14930 226 X 10°
21 46.2 200 17394 226 X 10
Water L
21 13.1 0 10411 7.97 X 10
21 27.9 200 12281 7.97 x 10°°
L 21 36.5 200 11243 226 X 10
0.01 M Citric acid S
21 19.7 200 4336 7.97 X 10
o 21 87.3 200 33703 226 X 10°°
0.01 M Acetic acid S
21 60.2 200 16146 7.97 X 10
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Fig.2 Cs removal efficiency by soil washing with water, 0.01 M
citric acid, and 0.01 M acetic acid with remediation time.
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Fig.3 Results of electrokinetic remediation with water, 0.01 M citric acid, and 0.01 M acetic acid.
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Fig.4 Results of electrokinetic remediation with water, 0.01 M citric acid, and 0.01 M acetic acid in low hydraulic conductivity soil.
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