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Characterization and Feasibility Study of the Soil Washing Process Applying
to the Soil Having High Uranium Concentration in Korea

Seeun Chang * Minhee Lee*

Department of Environmental Geosciences, Pukyong National University

ABSTRACT

The physicochemical properties of soils having high uranium content, located around Duckpyungri in Korea, were
investigated and the lab scale soil washing experiments to remove uranium from the soil were preformed with several
washing solutions and on various washing conditions. SPLP (Synthetic Precipitation Leaching Procedure), TCLP
(Toxicity Characteristic Leaching Procedure), and SEP (Sequential Extraction Procedure) for the soil were conducted and
the uranium concentration of the extracted solution in SPLP was higher than Drinking Water Limit of USEPA (30 pg/L),
suggesting that the continuous dissolution of uranium from soil by the weak acid rain may generate the environmental
pollution around the research area. For the soil washing experiments, the uranium removal efficiency of pH 1 solution for
S2 soil was about 80 %, but dramatically decreased as pH of solution was > 2, suggesting that strong acidic solutions are
available to remove uranium from the soil. For solutions with 0.1 M of HCI and 0.05M of H,SO,, their removal
efficiencies at 1 : 1 of soil vs. washing solution ratio were higher than 70%, but the removal efficiencies of acetic acid, and
EDTA were below 30%. At 1 : 3 of soil vs. solution, the uranium removal efficiencies of 0.1 M HCI, 0.05 M H,SOy, and
0.5 M citric acid solution increased to 88%, 100%, and 61% respectively. On appropriate washing conditions for S2 soil
such as 1 : 3 ratio for the soil vs. solution ratio, 30 minute for washing time, and 2 times continuous washing, TOC (Total
Organic Contents) and CEC (Cation Exchange Capacity) for S2 soil were measured before/after soil washing and their
XRD (X-Ray Diffraction) and XRF (X-Ray Fluorescence) results were also compared to investigate the change of soil
properties after soil washing. TOC and CEC decreased by 55% and 66%, compared to those initial values of S2 soil,
suggesting that the soil reclaimant may need to improve the washed soils for the cultivated plants. Results of XRF and
XRD showed that the structural change of soil after soil washing was insignificant and the washed soil will be partially
used for the further purpose.
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FAZ] AEAR] 29 7o) Ae AR Yehgor, A&FE43 (SEP) A ot 739 o8] EYo ZHE]
SeHr 820 AT 5 e Ao AUEY Bz EhES AASIHsI Tt ARy AlHz
s A3t EY MH ARS A 27 pH 191 AM3E, @4k 0.1 M &, 3F 0.05M &, FA%E 0.5
M B8RS Aoz AMSh= 739 e AlA T80l 80% oldollom, ofHEA} EDTA €949 3% 30%
olale] Lt A ALS JERYTE EFAEN HIEL 1:3, AlF XS 302, B 3 Bk A1 342 232 A
Aate] 9lo] MAHGAES o8k 75, AAl ek o] vl =2 2 BEY T A EF AlFol ¢
ghr AlAe aFoR A8d = S ZoF AUk AlF A5 B FH7IEATHTOC), Fol ndh
SH(CEC)S 3783133, X-AFFEA(XRF)T XASHEA(XRDYS AAste] Hlagho2m Ald § B 54
W32 stk AlE & E9e] TOC CECPF 282t 55%, 66%7HA] 74sle] Al-3E EokS AEApmjgcz )
AREE 735 A NEAIE Al Aol vl ZoE JEhdth AlF AS ESR] XRF 9 XRD #4 4
I}, A Fe] ofgt BEofe] 8 AR BE 2 ks 47 g Zlo® UERY pH S8 % S & Al
2 5 A BEFS ALE T 5 S RoF ATEqlth

FH0] : BRI, $2hE, R, MAs0 Y, ATAS 34, 54T 8347
LN = 52 S o] Tl ofe) Aol 2A UeRta 9)

Asle] Az AgE Sehes Eshe oY W
AFs #71EC o) I9IFoR edE ERE ofel, 5
thr deo] =& Mo FIERE Y A EYE
Tehrs ¥ 54 TS BEE ofFoA e A
71 got QAo Hafish 7|zl Ax 9 AJE
A JElE & ¢ e AeE HuEal UThU et
al,, 1979; Lenhart et al., 2000; Chau and Chrusciel,
2007; Wei et al, 2007). 53] S Mo} Hudo]
FE3 e U9 A9 H 9 EqkA Sk
zslel take] Al BAES] gl w2 Aow UE
, o5 A9E& o= ik Ayt HdEI ot
(Lee et al., 2005; Galindo et al., 2007). = je] 7%
Q7199 ek 2E fEIRYeRE Tk WA 55
%0l &3h= SHNAHE 170 km, = 20~30 cm, F HF
5,100 km ] SN ES FAd) BEAL] A, B,
SPFE AE] g ehe $F 7t REgleH, 1
A7} i BE2AY, SR FollA ApiAFs -2
B o] w2 Ao] ERIEHATHHETS, 1982; dadz)
A, 1991; FHEAATH, 2001). 53] $2H5S 3
3 =l diiEd PFEL THEE S5l E
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ofst A 715 Ak Lo 2fgh Tkt HAME V=
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Fig. 1. Geological map and soil sample locations in the study area (Modified from Korea Institute of Geoscience and Mineral resources, 2002).
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Table 1. Characteristics of soil samples around the research area

Soil sample .
Numberr) Sites

S1 A field soil around an abandoned mine
S2 A hillock soil on the outcrop of the rock
S3 A field soil
S4 A farm land soil
S5 A stream sediment
S6 A soil included mine tailing
S7 A stream sediment
S8 A farm land soil

22. EYo| E2|/EEN §d Y AE

AT SHEYS] 58S s flste] AATHEE
RS o]83le] EY Y= #4S Ao,
AR A= 2 (sand), AE(ilt), FE(clay)d] S
B2 Yehfo] EA(soil texture)S E-73lith EX AR
o] pHE EYTBAIEHAA A 1:5 ESHFIZE
WAIFEL} S5 1:5 HIE)S o]83te] pH S787](Istek
SPHARZ S48 BEe] FR7IEAREEHTOC) =
AL 29 BEWNRE Hx, BUsl] CHN 94 #47]
(Thermo Finnigan Flash EA 1112)2 ZAsl¥oH, &
& A8 Yol W3S (CEC)KS | N o]
O]|E (ammonium acetate)S ©]-83f] EYHHL] Jole
S YEFEOl(ammonium ion)C & X|Eksle] =3t
EG A8 TR T 2 S XREXA 334
7]: SHIMADZUALS] XRF-170071%)2} XRD(XA 3] HE
297]: PHILIPSA}S] X'Pert-MPD System” |[5)E AR5}
S35t

AT 8328 EYF ARl tiste] ESEAIEHAA
A SFAEER(Ph, Cu, Cd, 2 Cro] 82%) 1SO
oA AAGE A (& EGTBAEHEY Znt Ni
o] 8EH)S ol83dt] ke FEE 7GRt
F=M 75 100 mL A&l 10 A(< 2 mm)
2 A2 EY 100l 0.1N HCl 50 mLE ¥e the 3
< ¥ Ag7|1008 1%, IZ 10cm)ZS )-8}
30°CellA] 300 Eetlom, 23lgo] 21 & e
= AETCIGBE AE ¥ 23 945 ICP-MS
(Perkin elmer, Elan 6100)% ©]-83}] EA319t). Mgt
ZHe] 74 100 #(<0.5 um)ys ol83te] dxl B
AE 3¢S AYS] FHske] 250 mL ¥-&-87)0l] @i oF
0.5-1mLe E2 24 & G4k 21 mLet 24 7mLE
A7kl S8t w8715 SFdztrlol st

2REBA F 255 S SR EEees 3 o

P2 B3t FET. F2 F 0871E W)

o
=]

31 oJA](Whatman No. 40)2 oJZpAJZ] 84S ICP-MS
Zz 5

2.3. Pehe 85 A

AAA] EAshs ke W Fedadle P,
By, By A BRI} 9lon, o] E9Us F Bye
A L8] oF 99%= APA|SlaL RE7I7E oF 459
Wl bsEARl ks Yioltt. Bue U, Uuv, o>
2 U0 9 457 ASHel= EAlsk=d] o] oA +3
7Rt +57k= BQMERE o, AdAlM e dntEes
O +67ke] FElQl $EPol (U0 )R 4kl 4
Hkg]o] ZA)8cH(Schulz, 1965; Nishita et al., 1978). -5
ghge A AdiolA wig- Qg Ae]odA] Rkl A3
SelA] o] e g EAske ZoE veht 5
ghy o] =2 EYelst & Agte i AR §
ghy 82°] A& Zle=® U FoIH( Shanbhag and
Choppin, 1981; Abdelouas et al., 1998). Z1&Ju} &Ll
= B Wl ko] A Askre] Feitoleely &
Lol Afteh=s 749, e EY f71ER] it 2
Feh= AT, 8] ZeolESIER sk Hol A
U Akl galEo] ol sd = Sle FoRE HEA]
37 SJth(Raskin and Ensley, 2000). ¥ A4+ 2
FHdo] =& I E¢emTEH ¢ty 8552 118
Sroex FH FAR] ke 8= oS53l Sl
4 B St TS Wkl etk e B
FNE T ok el =2 209 B AIE(S2¢
S6O)E Udez AFAF &EAHI(SPLP: Synthetic
Precipitation Leaching Procedure)?} S4E7 8543
(TCLP: Toxicity Characteristic Leaching Procedure)=
Al A 1 AR ek 8= S
o, Tessier et al(1979)°] A|<Fet AAL3=ZWH(SEP:
sequential extraction procedure)ye 7|Z=Z 3dlo] AJFA
FAMSE Li et al.(1994)0] AEFZHS AAEl] E
F W 2hed] SAFEHE TR e ol
E2 EGoRREY] &2 % o it vkeA
EF Wl sehee] e Hrksisin

23.1. Q17 4 (SPLP)Y SAEE 8549
(TCLP)

SPLP¥} TCLPE H7|E 2 Eok] 739 2 A%
ot TS SEHS Es] S8l AAEE R
8= AJO|tHUSEPA, 1994). 2 230X SPLP] 73
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$ HAEYT §E (extraction fluid) B 1:20(W/V)
9 HERE EYAE 5g vs. 859 100mL)E 3]
250 mL WM&-87lell |H3kar, AREEE 8E9%S H.SO
HNO; (60:40 weight percent) -89S 100 mL A|==3}
o pHE 5.00 +0.052 243 T AMSSIFLE W-8-8715
B AEE7 30 pm Q1 Il AR £ 20403 F
oF 8EAIZLE. 8F £8 F 0.45um glass fiber filter
= o],Q_; Oﬂ}\]-jq. —7}\]-_0_ y;_a—g,—].—u ;.‘:_'—E] =) oﬂ}\]-/\]e::'-_
ICP-MSE o83t 2ha & % A & o

2 7IEA(USEPA -85 713 30 pg/L)e} HlaLsitt.
TCLPE =W #H71E 2843 Ul*a‘r ERE A1
2000l Gehs FEN (EZAHS ©]831e] pH 2.88%2 2GSt
T8MyS 242} 718t ¥ Hag rotator S ARESI] 3042
rpm®] WREEEOA oF 1877 53t §&3tt. 854
3 Fo] 8MS Whatman No. 41 HJIAZ A3 &
SEhr =5 ICP-MSE ©] 83 #4515t

2.3.2. ¥4:FZ(sequential extraction) 2

&2 (sequential extraction procedure)y 5714]2]
Qi 23012 TANZ o83l 7 AN FEale] &
o e ZgFoA B ) HELEY 24 30

2 2l sl Relehe ARAe WHew, B 9
BB W FE4 odel A 987 9T W)
St egBTe) AL D Hgol Jol FET uE
ATE 4 dvh. ES Ul vl SAFEHE A
(1) Exchangeable fraction(x13+4 3El), (2) Bound to
carbonate or specially adsorbed fraction(8FAF323 FH),
(3) Bound to Fe and Mn oxides fraction@4d E/mg
7+t 2+slE &), (4) Bound to organic and sulfides
fraction(RFeHd  F71&E/38kE  ¥H]), (5) Residual
fractionCE=AA W Z577d Fe))Rl STAI(S step)= T2
alal, 7} dAE FE40 nRelA 8EES A
A FFd Blasle] sERe EA4 FEE EAlehs 2
FHE ARkt @A FEHL MgCl 0.5 M(pH =
7), NaOAc 1 M(pH=5), NH,OH*HCI 0.04 M(in 25%
HOAC), 30% H,0, (pH=2), NH,0Ac 3.2 M(in HNO;

20%)s ARESFATHEEE AN, 1994).

24 ESME AF

B0 Sk W A 2 §2H9ET T S
o 29 B 7FsAe] 7M ok Baslol 52 B9
2 Yo Sehr AAE 9% EPAAES A8
oh. EPANTE AGEIY HHo) ANEAL =
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&3] Sigiel g 2ol ARaE BABIsIen)
Fo 4% Wge olish 2k

24.1. AFARE 2
& 7118 A3

AFAIRE B Alx A e] pH Hslel] W S2hE AR
& T1EE 93 uix] A3S AT EYoZRE 9
55 858 AFAY pH W3l vl$- e Ao
ByEy gomg@guel e, 2005; Lee et al.,
2007; Dermont et al., 2008), A&<=2] pH & “FAH30
A Z3A774(pH 1~12) HCl # NaOH &0 2 %3
sto] AXARS skt st ARAIRES AR
= AL A dEe] 2 BEYS BUshs oA vl
B3} A7 AoksleEd] whe- FQ5EE 2 EWS A
2= 7P g HA ARES AR 9E s
AAEHATE EF S29F pH ¥ A|HAe] HlELS 1
(50 g: 50 mL)E FAI8I3eH, AF RS 305, 14]
X702 ARt 100 pmOE FR(30°C)ellA] A1
Aol Hejsle] 5B DEAZ AE F ICP-MS = l
*‘l'éPO% Thr SEE A5kl EYOERE ek A
AeES Aoz 229 AlFd pHe} AHAE &
=31t

MM e} pH W3l wE AH &

[

>

—101' S

242 AHAY TR, = 2 AFHE sl e
AH &8 7 A

EFAEE 5 ARGeR &, 718, A
A gl 58 o)83la 9oL}, SAEH] £F

o [
& 54 wt AlA ZEe EH‘T‘ tFetAl e
uZoll, o Bl tiete] 71 AlA &&o] e AlH
ZAES Zg3lodoF ITHUSEPA, 1996; Mann, 1999;
Moutsatsou et al., 2006). 7152 A743}, TH52 4
5+ 74 "J’(citric acid: C¢HgO,), °}FA|E4HCH;COOH),
OW(HCI), 5o ol&sh 4k &9, ikshy
F(NaOH)= Z47}zﬂ 7] 89, EDTA(C,HsN,Og)E
i%‘ok: ARSAAA gAES] EGAF Fap} wHolt
Ao 2 el (Kantar and Honeyman, 2006; Jang et
al., 2007; Lee et al, 2007), ¥ A= Gk, &2
T, oMIEAY, EDTASHS AFdoz AME-3th.
AHd FRFolct Z2F 0.01M, 0.05M, 0.1 M, 0.552] 4
7 =R ARl AlFdoz ALgsIon, EY
A HIES 1:1, 1:3, 1:5EX 20 g A= 22
slo] AHATS wRESIATE HA o] AHAIEE EEsle
AP AvERE dojdl 308 AlFrzkez AAI

Hﬂ




Sebe Pao] B ) B vhd Eeha 54 19 0 Elael 284 %7 13

243, A& AHol| o A1H as 18 B B 54
w3} A3

Ego 2R Sy AlA 895 Fola, AFNAE )
Z&3roam Hlg-S Are = Q7] wiEol], EolA
o] ERAE 3L o EYS v AlHsk= 33
< ZEFBA =y, olelgh WiE AlHel] osiA Ede R
FE O gEhgo] RiEERel oal 8EHe YdEY B
o] FEFHOEMA 23} HIE B FAERI SAEAE 24
A Q. B RRE FEES AASINR 34
SO EAEHE AA &go] b FHET vy
F Ao® dA glo, Atelu FH7] SeE o]
g3l AHslr] wzol AlH 5 B E2akeHy &
3 Wsjel] gk et A7lEeisken, 53] 1Y & &
Fe| ALES aelehe AY AR BEY 54 WSl
ol EFANHETA Aol Ak 4 SAthDermont et
al., 2008). Wetx B A= EY A3l e
Sehr AAE W3kE sl LAES g H29
EF AH s =5 1 ofveh AlH A3 $o] E
Fel 54 WskE vlwsle] BEY F B Aol
7FsRAIE Ikl S2 B 50 g0l thellx A= 3l
Tl 2 P AAEES TE3] Slsle] QEES
T AFde] HE 1: 12 3gsle] oAl Holl 2% A4
AHEES Al ek AA &8o] =3 pH
1 S o]galo] AHLPS WEste] A1H 3158 2
e A &&S ARkl HHol 1A SiE Z24s)
o} 82 EYS pH 1 80 A& & Aze] £
T ESS 71x3Et] pH | 802 AlH AFs Wi
em, 23] A& AlH Aol Bual @2 IFEY]
i3kl TOC(total organic cabon), CEC(cation exchange
capacity, XRF(x-ray fluorescence), XRD(x-ray diffraction)
B4 Aelel A A B9 AH F =] 22kt
22l B4 ulasle] A% F Ede] B4 wslE
=R AR F B ALE VA4S Bl

8

2

ofr
-

B Aol Saet Zzke) Aeas

fr
e
1)
e

3.1. Eo| SC|/AEN 54 1Y 4 22t

Sehr Pl wral BaE AT A ) 8o B
Aage] ek e 579 295 Table 200 LEhASITH
oprEAn} SelE TR 20 EdplA oF 358
mgkgO 2 7P A e, s6 Ao B o

Table 2. Uranium concentration of soil samples

Soil sample  From the weak acid  From the aqua regia
number extraction (mg/kg) extraction (mg/kg)
S1 0.018 0.425
S2 35.824 157.560
S3 0.012 0.300
S4 0.069 0.311
S5 0.030 0.210
S6 1.327 23.147
S7 0.018 0.320
S8 0.028 0.243

Table 3. Properties of S2 and S6 soils for the experiments

S2 soil S6 soil
Soil texture Loamy Sand Sand
pH 421 331
TOC (%) 13.34 17.49
CEC (cmol/g) 6.26 7.14

Ju—

1.3 mg/kgl 2 SEoH, UYrA] /) B A= 0.
mg/kg olale] vk fehE RS VeI e
Axt 32 EYH S6 EX Sehw st 47 157.6
mg/kg, 23.1 mgkg® 2 =4 VERGoH, Ui EY AR
o] AAHR] T BEE RI5E Ao} HISS e
HeRISITE EFe2RE] S2has AAINIS 2 E
FAH AeMe ke ] 7P w2 S2 EYRE
< A&t

Sk o) = S29) S6 Eoke| Eu)/5)1ehA EA
AN=-S FE31] Table 300 YERNSILE Bk xR
A A, 2 B 86 BEYL vlSEAelM A
EA E(soil textural triangle) HY % 2 ‘Loamy
sand’?} ‘Sand’ell &= ZoE UERY, 7 AR YAt
ool EFAIFS] 29I Bl 271(0.25-2 mm)]
23] diel ek AAE S8 EGAEHS A8
sl7)e] AHg Ao g AAHrE EFY] 74 ol F
T (pH) 829, 2 ES oF pH 42 Yelytor
S6 B oF pH 322 Ueh F EY E5F pH 5 °]
31 AMIESeIT}. FR7TEA FEHTOC)YS S8 4
7}, $2 BEo S6 EWRS 77 13%2} 17%E VERES
o, B9k gole wEH(CEC)S 43 23 2 E
W2 6cmolkgSE, S6 EY 7cmolkgSE LFERSTE
LAEGS] FAAE TR TS Fetelr] S8l Al
XRE(x-A &335A) A3= Table 40 YeERASI S2
2} S6 EY EF SiO, ALO;, Fe,05, Ky0, Na,0O 59
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qEeg °1—EF°114°;1°‘+, SolstA= vHF(BaOy Hht
F(V,05) Aol & X5 vehllo] Sio2] FHdol
°F 65% oVddel= E8kal uHEFBi HhE (V)]
27F ARl aRle® MU #r1Edt
S He BEfe Rz JAE

_qq. r{o

Table 4. Results of XRF analysis for S2 and S6 soil

Mass ratio (w.t.%)

Component
S2 soil S3 soil
SiO, 67.72 69.08
ALO; 14.37 10.70
BaO 5.97 1.48
Fe 03 4.10 8.71
K,0 230 3.25
SO; 1.47 1.08
P,0;s 1.27 0.89
MgO 0.92 1.93
V,0s 0.76 1.61
TiO, 0.72 0.68
Na,O 0.17 -
Cr,04 0.10 -
CaO 0.06 0.51
CuO 0.04 -
ZnO 0.03 0.06
MoO; - 0.04

[

represents < 0.01%.

Table 5. Uranium concentrations of extracted solutions for S2
and S6 soil in SPLP and TCLP

o3

32. ks 85 M8 21

32.1. AF45 84 (SPLPy 54454
(TCLP) A3}

SebE o] = 28} S6 B thsle] Ak 2
I 2549 2 SAEE §54% ZAFE Table 59
YeRSIT. A% 70% 8243 A7 2 EQ] by
8% F57F 56.8 pgLE VERY, FH A o] sehg §
ZFol 4pyls BN ZIsh= fekE ol (anomalous
value) A|H9d ¥ 0}143]- USEPA -85 71521 30 pgy/
Loldolng Eo 2RE A ofgt &A1 A%
AL 24 71540 dtka IHhE QTHUSEPA,
1993). S6 EYC] b5 §F F5v 1.8 uyLE YER)
o] 7o o8t 0 TPsAe 342. Ao Fere Tk,
EHEE 8348 A9 2 EGS oF 1540 pg/Le] $
2y 4% 52 YeEhid, S E%h: 40 pg/lLe] 8=
Fe Roth S48 &4 uig = EkE V)
A A AR e FEolRE 24 ARE At
317] ofefeut, S2 Bk - A4t ok —?—E]’Er 8=
o] WS 4= g Ao UL

$=4F

3.2.2. 94FZ(sequential extraction) 2E Az}

S2¢} 86 EC tigt AEFE4FE ZAAE Fig. 29
YeRSITE. s2¢F s6 Bl EAlehs fehee A7t
48%} 60% AHE7} Residual fractionCdE24 W ZH
& e, s FelE EAskaL lojd, B W At
olde] fehEel FgE FeE FE Ax Yol EAjshk=
202 Yetou), ol Aol o3 EYGoETE
22 7hs7dol gle 13 W FElE EAshs ek

Soil From SPLP (ug/L) From TCLP (pg/L)
S2 56.821 153.951 "] H]EE 829]- 864 G 43%9+ 24%§ 1/]-E]-L]- =
EPQ At FFEHoRE BT S29) S6 B 27
(a) S2 soil (b) S6 soil
M Step 1 N Stepl m Step2
0% ® Step 2 1% - 2%
7%
mStep1 mStep 1
= Step 2 | Step 2
M Step 3
m Step 3
HStep 4
H Step 4 mSteps
W Step 5

Fig. 2. Results of sequential extraction procedure (SEP) for S2 and S6 soil.
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Fig. 3. Uranium removal efficiencies for different pH washing
solution in different washing time.

ShE BE(S2 EY: 157560 mg/kg, S6 EF: 23.147
mg/kg)e} Hlwa] AEFZ7olx e F Sk 358
217} 99.6%2}t 85.0%= LFERAITH

33. QMY AE Zat

3.3.1. AIFARRE B AF o] pH WHslol] WE AlX &
& 1% A% A7

AZ Iz WE AlH 88 HIE 7Es79e A8
ATE Fig. 30 YERSITE Al o] pH & 1-12744]

FHAl ARgEt] MHARS A A AlFAIRE 30
B, 1A 2297 MlE &8 Haks A9 gle A=
el §2 EGCZRE] et AlAsket Zagth Al
AR oF 3002 YERton, o] 3o AE g oA
= AIFARES 30802 g8l AFe AT pH
Halol] o3t SelE MlF 58 A9E oRlEERY A%
el o3l BAgh S2 EYe] 27 Sehw e v
3l Table 60l JERNRICE. EF AlHHe] pH7t 19 o)
S AAEC] 79.6% =R g S2 Ee] 2
7] Sehr = Hlug A= w9 =4 UeRso,
pH 20IM= 12.7%2 F43] 7431 pH 1744] Wi
v AA B8-S Vet A97] 8421 pH 120014
10.1%= 9 F718l9nt. olefst A AA=5E pH |
olale] it glo] §2 EQkozRE fehFe A|ASH]
3 AAst -z ASE 5 ASS & T AT

332, AlFYS] T, F= B AHELE wis)] mE
AH &8 Y A3 A%

B AellA AgE ol 7EA A (A, SR A
2k, oREARL, EDTAY] BoleE st 242t 0.01,
0.05, 0.1, 0.5N9] T=Z Z3Aa B} Az
HI8-2 ZH2F 101, 1:3, 1:52 343l AHdes A

Table 6. Results of soil washing for S2 soil in the different pH
condition

Uranium removal
efficiency

Uranium removal
efficiency

H Wzsr;neng .("’/f), compared to the .('0/'0, compared to the
initial amount from the initial amount from the
weak acid extraction) aqua regia extraction)

1 79.60 18.10

2 12.67 2.88

3 0.27 0.06

4 0.20 0.05

5 0.01 0.00

6 i 0.02 0.00

7 30 min 0.00 0.00

8 0.00 0.00

9 0.00 0.00

10 0.00 0.00

11 0.00 0.00

12 10.12 2.30

Alston, AR AA 58S RlFEHd o3l 4
A9 2 B ks ot vluwsle] Fig 4o Ve
URlth Giks AHdoz ARG 739, 0.01 M &4
AREEN 1012 AlFshe AT 5% Sehe AAEES
Helow, dit w5rt S5kl wel AAREC] S8}
o, 0.1M &0l M= 80%2] AA FE&S UERIIT
(Fig. 4a). 22 F52 HwE ufj, 2k glo] AH &
Z7F QAF BdRT F2 AoZ yehd, 34t 0.01 M
0.05M AHAS ARESE 739 8%} 71% AH &85
HAIL, 0.05M T4 94% AlA §8-S YERAATH
(Fig. 4b). 792k] 79 0.05M ExolA 7% AAEE
S Yepjiglon #ait = SMI weEl AlA a8o]
F7FId 0.5 M 5ol Hol 33%9] HlaE v A7
&S UYERSITHFig. 4c). oMIEARS] 734 ikt
AA &&o] YA YeRY, 0.05M &2 739 2%, 0.5
M 84 7B oF 9% AA EE&S VERITHFig.
4d). EDTA &9] 79 kg AAZ] vl-$- 9 b
El 0.5 M FEOME 2% olsle] v fEhF AlH &
S8 YeMUTHFig. 4e). A1H 2% A} s2 Eo gy
B $ehas AlASkE 1, G4, opEL, ALt &
A Foz AFH g8o] =A Yeor, EDTA §42
AA &go] vlg- St ol S AlFY BFollA
Ea} AR e vlgo] /TS AA &l F71s)
= AEE UEpIItHFig. 4). ES : AIHY HE<] 735
1:137 1:392 M3 g5 AA && Xole= A
UEREO, 1:33 1:5 H&9] AA &8 Aole vig-
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Fig. 4. Results of S2 soil washing with different washing solution (HCI, H,SO,, citric acid, acetic acid, and EDTA solution) at various soil

vs. solution ratio (1: 1, 1: 3, and 1: 5).

Table 7. Results of removal efficiency in different washing times for S2 soil

Washing solution

Removal efficiency (%)

Ist washing 2nd washing

3rd washing 4th washing Sth washing

pH 1 69.60 33.28

17.67 11.75 6.56

d

g Ao ept, 8ol B AlHae) naS
o} 11302 ZAsk= Ao] ngka Aoz el

o

3.33. A& AlFol o MH B 1 B EY 54
st A% A

A& M Hel ok AAE Wt A3 ZAAE Table 79
eI AlH 3] 47 71l et fehEe] 8=
Fo] ZolE0] A7 &8-S 23 Fu2 AT A
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Table 8. Results of S2 soil property change after 2 times
washing with pH 1 solution

Before washing After washing

TOC ( % ) 13.34 7.35
CEC (cmol/g) 6.26 4.15
SiO, 67.72 70.41
AlLOs 14.37 11.53
BaO 5.97 6.68
Fe,O3 4.10 3.53
K,0 2.30 2.15
SO; 1.47 2.13
P,0;s 1.27 1.06
XRF MgO 0.92 0.80
mass ratio V1,05 0.76 0.73
(%) TiO, 0.72 0.73
Na,O 0.17 -
Cr,03 0.10 -
Ca0 0.06 -
CuO 0.04 0.04
ZnO 0.03 -
Cl - 0.19
SrO - 0.03

[

- represents < 0.01%.

—— before washing
after washing

28(%)

Fig. 5. Comparison of XRD peaks for S2 soil before/after two
times soil washing.

Fel MH 3] F= 287 A-e sl w AT}t
pH 1 8o 23] A% A 2 FFEYS] TOC
EH71eA et CEC(@ole m3t 58)s 379313
3, XRF ¢} XRD #41& AAIg & A1F A 2d9Ed
H)w5}o] Table 8% Fig. 59 YERARIE TOC &= A4
A BEYRT 28] ME & 5500714 74819 CEC
= AlH = 66%7H] 2HAgE Ao E UERK(Table 8), Al
2 52 EYS AEANMIE 918 AgEske A9 ToC
9} CEC & &Y F Jd= F7HQI ES /@] Had

Ao AAEIT. 28] AlH & IR EYe] XRF 24
A7 Si0, §Eo] 704%2 AKF ZUI8I9.0H Ca, Na
o} 37 F3452 Al Fe, Cr, Zn ©] 7HAsle] ehgo]
9] tE ol2so] AlHdl o3l AAES & T AN
AAZLE 20| AK(Table 8). A1Z A & EFe] XRD
A A3 A Aol7t Qo (Fig. 5), AF 8-S o83
EF AH ¥ EG W Fa BEe] 724 Wshe e
vRE Ao ATE

B Ay A3S 53lo] =&d A2 olgie} 2

() FA 2k =3 AF 32 4 A7 o A
o] BES AFsk] SEhee BA% A7 BEYe] ek
T oREEHe A9 Al 358 mgkg, S
< 157.6 mghkg O 2 Yeh} fehEdhde] w2 Zlo=
Uepdom, 37 548 29 Sk 45 5t
56.8 pg/LE USEPA -8 7|FX¢l 30 pg/L oPdog
ekt &R0 A2 0 7FsAol e Ae=E
EpRiT

@) S k] B2 2 B U EAsle $ebEe
S Felg dopiy| flsle] AEFEATS A
), 71 A} it Y7} obgE FEZAL ol SAEIA
O}, A Aol 23l 8Fo] dold & Sl 13T
Fel2= oF 40% oPdo] EATh= Aoz Yeht 739l
ot ool Ly 85 7FsAe] Sie Aoz W
bel=

() ESAIA 2823 732101 pH 1 Sboll gt $-ehF
AAE] 80%E UERNASH, pH 2 o]de] &dojr=
S AALo] F43] AAsk] SekE AA g3} vl
5 Wit B A w7} SYREE Al 58] S
718k RIS AL, e A= <F 1:3%1 A=
ERtT. Thedgh AlE s ARESte] AlE AES Arlgh 4
I B AIFY v7} 1119 AS- S2kE AlAdd a9k
Q1 AlHNY FxE G4k 0.1M, F4F 005M, T4k
05M & & F AN, oPEARL EDTA &4 A
AGEo] 30% ©lste Ve EY AlF a3t Wt

(4) AEALP AT 2 BEY] AlF 3] = AAR
£} MZ7FS s 23] AlFe] 7k HH-e Ao=w
vehtor, A3 3 E9ko] TOCet CEC/F 2442t 55%,
66%71A] 7Hasle] MZg B AEAN|go 2 AMSE
735 A3 RS Frishe Aol v so= %
ERAch XRD 24 Ay} AbAAd o5k BEke] F8
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