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Abstract

This study was conducted to investigate sorption and desorption behaviors of radionuclides (
Cobalt and Strontium) in natural soil. Sorption kinetics and isotherms were analyzed to predict
sorption behaviors of radionuclides in natural soil and the experimental data were fitted to
several sorption models. Desorption experiments were also performed with or without CMCD
at constant pH and ion strength conditions. The results showed that Sr* was more strongly
sorbed than Co® in natural soil. Both Co?" and Sr** followed a pseudo-second order kinetics
and Sips model. The desorption-resistance of Co® and Sr* was estimated using a natural
surfactant Carboxymethyl-B-cyclodextrin(CMCD) or non-desorbing fraction. Desorption of
radionuclides was partially irreversible and Sr* was more resistant than Co®’. Addition of
CMCD facilitated desorption of Co* and Sr*’ from soil.
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Carboxymethyl- G-cyclodextrin(CMCD)E& o] &3 B&A g dist dFE Fd5AT. FAMA
HFo] FA ATE 4HEY st FHAEE H4¥F 52 FF HEE £ dnen, F4 4
d HAFAE 7€ FF 2 HEstq BEich €3 492 dAY pHY o] ABE 24N
CMCDE FY3taS et FUstA E%e e @273 FE vuly s 4 49 28 &
FEY 3 2EBEF(Sr°) ZLE(Co) Bt} §Fo] & HYW, IHRE, 2EEF EF FF &
%t pseudo-second order model¥, 28la 5 FFZIE Sips modelE WEE Aoz vE
Sk HANY "F e 232 uprtgEd dEHe g3ATE 2gen, CMCDe F4% FhEel
uet g3z Zrtste 2385 ey

FAG AN F, £, 2F, 2AAYY, CMCD, ZEE, 2EEF
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A2 AdeH BAHE PAE AAAIEL JRE “Co, YSra e F - Ayl AF e
o% gretn ok AESHTH dHA0A B o, oldd WA qFe Wyt dn, 3
A e £84E AT ol A £&A A AgA %3 ¢ AsF 209 59 EAPS
43 A1), ol WAY AFE AAFHY]) A8 FE AHEHL AEHY WyYPoe=E T
(co-precipitation), -§ 3 (coagulation), ©)2 28 (ion exchange), & $ %' (solvent extraction) L
g3 FH(adsorption)d L WHe] U, B HIZ dTFHAANZ Yt PPOZE YESH
H(bioaccumulation) & °] JcH2). ©12 g HHE FoA o]2UPHL 7|& H&o] BslA &1,
A3 nAAo e Eujuzl 100710000 3= ALY FHo| J15d FHdo] glo o8 1A
FAAE o148 39 WAAY AF L AAsE 77 A8H] ok CoP'9 SR e 27
4 29 F&F 2 g€3AF AP d7: F2 AAEY ¥ montmorillonite, hematite,
kaolinite 18] 1 magnetites} & EY FALE, dF3¥o2 FA4F AUFE T G4 E
223 ¥ 3 E(sediment)g °]& % AT/t DY $H2-8).

F3d EE vAE JAZE EY F899 o2 E, ¥ol&, $ol2, #2dY ¢ 559
TE 183 pH 3% Z2& A #¥E AA9) o8, &%, E/EY v, aga pagy §
o AR A7 JHY). dtHeE £8Y F9 FEF o)LL EY v SAss FEZE
2, B ES PHAHE, 281 {AE HER f71Ed FZHY FFd EAde
Carbonates} ZA3PES PP A& o7 @oh 53] dudsEn A8 T34
©]&¢ chemisorption HEIZ F&8L EF Ul 47188 234S Aot F2sie] gito] F Q
Uz ¥ Aoz BuHI Yt

FTE ol BFE 24X EAL] UFE ZFoEE Ao Uiyt o|s} o] Agte] Ay
o mel gsz g= @Y 4UdS #3)7] Y L @AE£AL, FFAY oAFFH AR
TRz g4, FEA BHY FIFEHAH wE WU, AZAE FF FETEY FA Tl
e gise Wt iy AFU AYHo $THI0-17). HZAE EF U e FF
7 Afstd FAFES YA E EYF AJEAS B F355 €4 dFd 477 1y
td, WEZHQY EYAH EFZ CMCD9 ethylenediaminetetraacetate(EDTA)E & F Ut
EDTAE Hl23 58H22 EYAAN F35E AAS e EFAN S350 F3 AlojE
2 Zg3te A EoIY FUANEAR Hole Ao o] EUY FF 454 E doj=ay
vz E4de] 7 AR &elA sk wE, vlole AWEAH AL CMCDE AFAH #7189 E
A B4 E F/MHNAE BD olUt EYOEZRE FFL)LE AAsY FHRFES FA )
D {71098 dY F550) THUE LEEYLERYH 29EA AA HEuMEHel ¥ E
¥ W Aol Yoo vmA EAdo] g Aoz LA JrH(18-21). ¥ AdFdME AAER
N L ~EE259 F3 A% 2 EAS Freundlich, Langmuir, ¥ Sips 248 #4314
Bt o, CMCDE °) 8¢ AFESA 9 Ay %9 S-S H7t st

2. 4394y

21 48A4=

AJEGFE FA &4 O0AFH 32 okdelA AHT 2984 QL EFS £d47 34
A 4L, 2mm FEAE T3 ELE AL Axsd Falay £7)d Fol A2 BHE
o ALE35 HAMY E 349 ILE(Co)St 2EZE(SDS AA PAY #HgL PErlslt
ogm, ddyYelMde FHFY BoAHE H8 v FIFE ALY Sigma-AldrichA9)
Co(NOs)z & Sr(NO3)E AM£39 3, 94 pHE #AA717] 1% buffer®+ Sigma-AldrichAH¢l
MES(2-[N-Morpholino]ethanesilfonic acid)& AH&-3t4th &3 mzZH MESE F349 F3d
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AEgE XA gt AT LA YD), A= E YATA FAY] HAstd AP 7
2 Sigma-AldrichAl®] NaNOs& Al&3ten, gadgd Al83 CMCDE Cargill Inc.(Ceder
Rapids, 1A, USA)A &< AH8-3lth Cool 4o AAS(Varian, Spectra AA-250 Plus)& AH&3}
fom Sre] BAo & ICP-AES(Leeman Labs. Inc., PRODIGY SPEC.)& A&3&tgch

22 APy
221 EgEA

A9 E%ge FTAEAS dolry] 989 X-ray diffraction(XRD)E £X3lgen, 2 ZAAE
Tablel.o] YetRAct AL ELS] pHE 4600 KAt

Table 1. Analysis of components of natural soil with XRD

mineral Quartz Albite Sandinine  Hematite
contents(%) 323 354 29.3 3.0

222 A 49

F3 449& pH 550004 sl & A3, §2 F9 pHrF 470-4809) HHZ dElg. o
A FA4Y #AFe pH W3te] 4@ 9% H4857] A3 bufferg ©) 439 ADEF
pHE 55022 @Fo F7] 97 AXE 4F& £t

Ay Aol Aed §9& ZF5ol 005M MES bufferst 0.0IM NaNO:;E Fstad Az
stglch o} wW, $4) pHE 55001 @37 flstd 0.IN HNO; £ 01N NaOHE o] &3tsith &
HAZ & 50mL9 Conical tubed] EY 40gE ¥ FAE FHsln, E¢o] E tubed] AZF
£98 715 A¢xm oA FAE AUt ARE shakerdl ¥ 24413 EF(25T, 200rpm)
Fo 948872 nREe(2000rpm, 302)E Ut ndRe F 4599 pHE =A3u, 4
T AA & FAE &HsAh AAY F 4599 pHE 23T A3 545-551¢ Y2 g
wt

223 &3/2% 449

EY9 pHE 55002 w37] 9% #AE 48 F F2 4¥9S Y&t 2 4= 498
3 Z+7zH 0.05M MES buffer, 0.01M NaNOs, 283 200mg/L< Co¥ & Si'g Fstm,
0.IN HNOs; £+ 0.IN NaOHE o] 839 pHE 55022 RFo] £48 AZXH Az &9
€ AA 3 EYo] BT tubeo] §9E ¥Yu FAE M F Voltex mixerg ol 43t E4H
49¢ =2/ 43, Shakerol ¥o] 4823 F¢ FF &= A (26T, 200rpm)E FH3AT £
A& 98 ANEE 3000rpm, 3083 AAEY & F, 02ume] syringe filter(Whatman, Cellulose
Nitrate Membrane Filter)& ¢]43t4 oalsle B3} £3 528 AES 8 28 =
AL F& 2=483 5984 stx, Co¥9 S $EE 7 AANEA £gsg F5 A
o] B3 ¥ 4599 pHE &A8le £ A3, pH 540-5489 M2 Jepgoh

ga dge dAe Adde] AL 97 FYF $A4 L AgstaeY, &4 A9 52L =
AdoX 4ge FA3A

234 CMCDE o] &3 g4 A9
AAER 27 200mg/LY FE2 AZT Co™ot Sr* £4L FAAz ¥ 2aAAEHY 9%
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Pyo g 29/l CMCDE o8¢ 2% £x 4 52 24 4¥L #93Hd. £3 CMCDY F4
F3 gagse] HEBAE dotEr] AW EE 2AE FYSA dxm, CMCDY %¢&
0.5g/L-10g/Le] ¥=2 FUstd dd& 3. 2d3 2 AFEES Brsr] A8 45
£ A F A5/l 15 =(10g/L)9) CMCDE FYU3td 4424 4¥¢ 939

3. 918

31 §% &z =Y
Pseudo-first order kinetic model® &2 &(solute)o] FEAFoA nARTHeZ F3 He= AL
el 2o 2 Lagergern(1898)9 & A= %lch.

——=ki{g.—q) (1

A7 k& FAHD RS =4S (Pseudo-first order rate constant), g&= A7t tol A9 F&e g.=
gyAeolxe F4FE Yelde, (1] =04 o, q=0 PR t=tdWg=qg9 =
AdA HEEH,

ln(q—e_—q—-)— =—kt [2]

e

o) At WA 2186l HWe Azel U@ 13 G5t Bk
Pesudo-second order kinetic model2 a3 #Zo] Ho $(1999)9] 93 4A/Md Edz &9
o228y ggd FIAY o] 2uPEARY o]FE Y F Tdo|y,

Y kg 0

A7) ke FAFol A& 2 A (Pseudo-second order rate constant)o]th. [3]41€ =0 & ], ¢=0
a3 =t Y W, g=q9 ZZANA HEEH,

1 1

G- g TRt W
ol 87 A [14& A Y,

t__1 1

q_kzqﬁ +qet. (5]

o} %E}.‘%’M T EA4s 2de 5T HURPo|Y M glol Sz AAQE oA
2 dojrh(22).

32 &% Isotherm =9
Langmuir model & ¥ do] #dstx, & W& Ayt gov, £A-3 F32 &0 ¢
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E 714 &telA wrEo]A ® ol tHLangmuir, 1918).

__@Q%C
1=T55C (6l

714 Q(mg/g), b(/mg),= 74z 357 &% dUAE Jelge dgolx, Ce §353 )
A FEA3e 54 TEme/L), gt FEEYANA ELNY $F4 F=(mg/g)E JERITH
Freundlich model2 &F&#A ¢ A%< vasted Bol AFRHE 2oz L go] FHAD

q= KC'* (7]

o7]A KrE Freundlich §&4 442 od ST £8449 849 oA nA4Y &
Z5g YeElia, ne F&4A49 F245E Jelue Aot

Sips model® H3¥ F&S vehyr] 918 Y24 Langmuir & Freundlich R2< ¥ e =
dojt},

LOAT g
1+ Oy

q=
o] 42 ¢°(mg/g), b(I/mg), 223 no 3748 wARSFE 7HA2 glow, e &3 HYo
W Hoz o] Jhsst] AR F2E EFsH F& 2ot

4. A% 9 313

o ¥ 54<& 97E] 98 474 200mg/L 22 E(Co)dt 2EEE(SHE F93
o F& £=4¥9E F#Ysi¥n, 2 AHAE pseudo-first order model 28] i pesudo-second
order model®] A& A]A %7}6}%15}(22) F44Y 43 Sr¥o] CoP'rRY F&Fo] Be AL v
R, F 22 BEF 48 AF 33 oo FaAHYP =2 e A& ¢ F Aed, F ER
2.5 pseudo-second order model& W2 RO E YElIGH(Fig. 1, Fig. 2). Table2.0l z} 2 4]
WARSE Fsuck o9 e Ay o FYPINE FYaA 2 Ha gt 283, 2
& 27} Yol F&UA® ETET S FEFo) Co'ut ¥A Jebd Y9022 Sahai &
o] 22 =77}t Ei a(Srz*) o] o] FAAY FEA FAWLR HIY o Ftadte g
o] AA o 2 FI5& /IAdn FAU1(23), Lehtos < Sodium titanateE ©] &3 AE
EF9 oleng *a“{M]H FEO)LOE Na'7t AT A% SrPd gd £ AYASFE A
Ae Z9aATH24), A, Sr*'e) FATFo] Col'Bt & AE YA AHET NaNO; 9
NaOHel 98] =8 Ao £AstE Na'ol&o 9% Sr* 9} Co™ 9 o] A7 aojd] o7
goz stage

i
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05 ;

04 4 e
e Papudo-frst order rate(r’=0.902) Pseudo-first order (°=0.935)

——— Peeudbscadoderrae=0%8) | | | o | = Paeudo-secand ordor(=0.960)
00 ; ‘, , 00 T . . ;
o 12 b2 36 48 60 ° i 2 " “ x
Time(w) Time{hr)
Fig. 1 Sorption kinetics model of Co®* in natural Fig. 2 Sorption kintetics model of Sr¥ in
soil (0.05M MES buffer, 0.01M NaNOs;, pH natural soil {(0.05M MES buffer, 0.01M
= 5.50) NaNO;, pH = 5.50)

Table2. Pseudo-first order and pseudo-second order model parameters for sorption kinetics of Co® and
Sr* in natural soil

model Pseudo-first order Pseudo-second order
Parameter q ki r q ke r2
Co® 1.205 7.956 0.932 1.239 14.418 0.966
Sr 1.643 5.137 0.935 1.692 6.778 0.960

2 53 49 A73E 2709 wWARASFE 7FA = Freundlich model, Langmuir model Z@ 1 3
e WSS 7HX & Sips modeldl HEAIA B A, Co¥e) Z$olt Sips modelol Sr*'e)
7} $-o = Langmuir model® Sips modelel 7}3 2 @+ Aoz el (Fig. 3, Fig. 4). Table3.
of 4 2de wAuse AYsgth Sr*Y A$ Langmuir model® Sips modeld fittingo] A
9] dX3E Aoz YehgtEd, o] Sips model =AWS nel ol 19 W Langmuir model
3 dXAEk7] W Fol}(25).

30

: 5
25

4
20 g

z 3

Qe(mg/g)
o
qe(ma/g)

=
o

—— Freuntich (%=0939)

—— Freundich{2=0947)
05 ~——= Lagm (2=0%8) |-, == Lagmirt2=099) ||
— == Sps(P=0976) ==~ Sps2=09%)
00 ; ; ; ; ;
0 200 400 6M 800 1000 4 60 8@
Celmal) Celmol)
Fig. 3 Sorption isotherm of Co®' in natural soil Fig. 4 Sorption isotherm of Sr* in natural soil
(0.05M MES buffer, 0.01M NaNOs, pH = (0.05M MES buffer, 0.0IM NaNOs, pH =
5.50) 5.50)
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Table3. Freundlich, Langmuir and Sips model parameters obtained by
sorption isotherm of Co® and Sr* on natural soil

=
o

model Freundlich Langmuir Sips
Parameter Kr n & b 2 q° b n r

Co** 0411 3747 0939 | 2355 00184 0958 (2815 0.0116 1487 0976

sr? 0272 2433 0947 | 4307 0.0086 0.990 [4.299 0.0086 0997 0.990

42 WA HE(Co”, Sr)9 g%

AT 2B 2RALYS ST AR FFAY AA vl Co¥'7t ¥l wlE g
o & dojus AE & F At 2F S AY AF 1A ol Yo mEstE Ao
2 UeuthFig. 5). CMCDE o] 4# 23 dgodHe CMCDE 934 4%& drc o 8

& ZFo] o|FojAE AL

g F AR o)Re EFe] ¥l YE Co®'% Sr¥'el&o] CMCDsH

ZBAES Y48 78 FoB oFE] HELeE YZAHEH(Fig. 6).

Fig. 73} Fig. 8l 2% isothermd] thd A8 23} YAk Co¥9 P 5 F& &
H 7193 eite] 93 hysteresis’t WENG =), o] AL AFEY W e §71537 A3

wt

o Co®'¢t Sr¥'ol o] ZatA AEso v] HEQY Aoz BT

CMCD9 F 3ol ©E g3 WzlE 4517 93 CMCDS FUZFE SN I8N AE
< F8s 2 23} Fig. 9% Fig. 1014 BE A3} o] Co¥'¢t Sr* BF CMCDS Fd3e) w
2 @& o] Frtsdvd, CMCDY FU3FE 05g/L~10g/L7tA F7kA17|08 @338 243 B
kol g3 Zrle AP ASsH FAsAch 283 CMCDS F7be] we g3
Z7le Co¥Ht SrP'e] f & o Z vehgt) oA CMCDY %ol MeA (selectivity)ol

04 : 05 -
03 : H :
we § 0 f ¥ Yy v
= 59\; : v v v S 03 S
& . v B :
By 7 v - g
2 : : & 02
01
01
o Cobait ® Cobat
v Strortium v Strontium
006 : : : : : 006 = ; ;
0 %4 48 I} % 120 144 0 0 60 €0 120 150
Tima(hr) Time(hr)
Fig. 5 Desorption kinetics of Co® and Sr* in Fig. 6 Desorption kinetics of Co® and Sr* with

natural soil (0.06M MES buffer,
NaNO;, pH = 5.50)

Co”®tt Si*'o] o sl f&el vee

0.01M

CMCD in natural soil (0.05M MES buffer,

2g/L CMCD, 0.01M NaNOjs, pH = 5.50)

Aoz Hojed, o]y AL 9523 4FAAME

F98A Ueldt), ol s @Ate) ths]l Baudin & CMCD %olLe] that AL o]y
A2 A7y charge?ro.2 A998 == 11, CMCD9 3lo|=Z4H 7 (hydroxyl function)o] <)%t

Fgol 7] WEolZ FATQL.
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25 - - 4

Py
B
-
.
5o
‘o
.

qe(mglg)
3
@
qel{mg/g)
<P

B ® sopion |

: oo ® Soption . : ; !
¥ | O Dosomontancy || o 0 Dapon D)
; : . 9 Desorption (GMCD) ; : : :
00¢ — - . ; 00 : : ;
0 100 200 300 400 500 o 100 200 300 400 500 800 700
Ce(mgl) Cefmg/L}

Fig. 7 Desorption isotherm of Co® from natural Fig. 8 Desorption isotherm of Sr® from natural
soil using NaNO3 and CMCD (0.06M MES soil using NaNOz and CMCD (0.05M MES
buffer, 0.01M NaNQs, 2g/L CMCD, pH = buffer, 0.0IM NaNOs, 2g/L CMCD, pH =
5.50) 5.50)

A FaA/LA e Fo] el 228 WA dF5HoE FHHIL R £,
ESE] G ARE oA CMCDY %€ 23 s d4gd AAD Co¥'Y A4, 9442
4 A¥d3} CMCDE FUstA %4 249 20g/L CMCDE FUF # %ol 3o 28 @ ¥
A= EFUd FHH e TFSHY Fo) B AeE veyn. ddHoE 10g/L CMCDE
FUF A EF &5 e FESS A%, AT 9L dojuA & dtH(Fig. 9).
SP'e] A$E Co¥'et vs@ AnE Vb AT 10g/L CMCDE ol 43t d&593 49

20 T 20
O Somton % O Sorption
15 © CMCDOSgL 1540 O COMCDO0SgL
) Q@ & ovMeD1.0gL - ¢ CMCD1.0gl
Q 2] CMCD 2001 % CMCD 2.0g1.
® ® CMCD3OgL * @® CMCD3.0gh
a ™ % CMCD5.0gL a % CMCD5.0gt
Y v v CMCDT7.09L 5 ¥ CMCD7.09L
£ 10 A A omcDioopt |- £ 10 v A CMCD 10.090
- X initial concentration g [N X initiaf Concentriaon
o o
05 0.5
00 . * 0.0 ——
0 0 100 150 200 250 0 50 100 150 200 250
C
Cemo) e(mg/L)
Fig. 7 Desorption of Co®* from natural soil using  Fig. 8 Desorption of Sr*" from natural soil using
different CMCD (0.05M MES buffer, 0.01M different CMCD (0.05M MES buffer, 0.01M

NaNOs, pH = 550) NaNOs, pH = 550)
¢ FPP A4, 3 A HVeR EY Ul e SrPe @A g o) FelAE oz
et chFig. 10). o1& flAE AFE Azt o] CMCDe| thd Srddole AgAol wie =
7l BE) dojube Rog EAth Y No B&E AEL AUl AHME Cos s ol
o F3 AlolEd] Y ATV BIHH O FyHojol & Aoz pddn
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«“P

a.(mg/g)
N
qe(mgl/g)
w
L 2

O e e
*
" H : H H H 2 9
P’ S v Desorption with NaNO3 . . —
©  Desorption with CMCD(2gL) 1 i v DesplonwithNaND3
@ Desorption with CMCD(1091L) i O Desopionwith CMCD(2gL)
o : ¢ Desarption with CVCD(1091)
0 ; ; ; ; - 0 +00-0— ; ; —
0 100 200 300 400 S0 €0 700 0 20 400 600 800 1000
C,(mgl) CelnoL)

Fig. 9 Sequential desorption of Co® from natural Fig. 10 Sequential desorption of S from natural
soil using different CMCD (0.05M MES soil using different CMCD (0.05M MES
buffer, 0.01M NaNO; pH = 5.50) buffer, 0.01M NaNOs;, pH = 5.50)

5,48

AAEG e Co¥'s} Sr¥'olee) F&e AF A} Co¥'s Sr* BF 3N ojue] FXYY
of =gagon, Co¥el Ha Sol & JSEsF & Aoz Umdt FHSE 4F 2
Co¥¢} Sr* 2% pseudo-second order model& 713 & w2 e Yeiwen, 5L Fie
Langmuir model®} Freundlich model®] £%3% Z4<l Sips modeld & w2 A2 Yyt

ga Ay A, 23e Co'e S BF 1A oo gy m=aalda, Srtel Ha
Co¥7t EFozre g9 Joz o o] 23 I =&, CoP's S BF wistg e &
o 9% hysteresis 84S vebdich Fo) AUBAGAA CMCDE °43 EF Ul T840
o gaAdYeME CMCD F&Fe) Z7igte] wet exgs Frisges, Co¥ ol H8 S
e ool Hddido] Fol &iteo) & I dojyirt. WM, CMCDE 3 EF Ul $F35% o
2, 58 SP'E TeHoE AAY £ deds Agd

A}FAE

B ATE el 939 AT 78 EAd (M20408000025-04B0500-01410) ol 218 =3 =
Utk oo A=A

FAEd
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