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Improving Soil Washing/flushing Process using a Mixture
of Organic/inorganic Extractant for Remediation of Cadmium (Cd)
and Copper (Cu) Contaminated Soil

Hong-Kyun Lee  Dong-Hyun Kim * Young-Hoon Jo - Si-Hyun Do- Jong-Yeol Lee * Sung-Ho Kong*
Department of Chemical Engineering, Hanyang University

Abstract

The applicability of soil washing/flushing to treat a contaminated soil with cadmium (Cd) and copper (Cu) using a mixture
of organic/inorganic extractant was evaluated in laboratory-scale batch and column tests. Citric acid was the effective
extractant to remove Cd and Cu from the soil among various organic acids except EDTA. Carbonic acid was chosen as
inorganic extractant which was not only low toxicity to environment, but also increasing soil permeability. Moreover, the
optimum ratio of organic and inorganic extractant to remove Cd and Cu was 10 : 1, and this ratio of organic and inorganic
extractant achieved removal efficiencies of Cd (46%) and Cu (39%), respectively. The increasing flow rate of extractant
could explain the phenomena of soil packing when carbonic acid was used with organic extractant (i.e. EDTA and citric
acid). Therefore, a mixture of organic extractant with inorganic extractant, especially carbonic acid, could resolve a

problem of soil packing when this extractant was applied to a field application to remove Cd and Cu using in-situ soil
flushing process.
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UL 47 F2 Aot} TEE LIYEY] BAS
A3k RISt insitu Z ex-situ FHO] HEHT glom,
I o =ZA flotation,
washing/flushing, electroremediation, bioleaching, phyto-
remediation 5°] ITHMulligan et al., 2001). 1 &
solidificatior/stabilization®] 7F& H#A o2 Z=F4 g
of AEEL glort, ol EY & FEEY fedvs
A= 7o gA ZEH o] A} HA] gethe Al
S 7L Sk AT ES AFARE 7o) 584
24 B o] S 23 glo, B A7)
W B AZTHE S Aol EE & o
EF AH7HY A, ex-siw[HOEA QQIESS
et} AzelA ZHg F ARE EYS FF7 Foj
AFdske THolH, EF AA7HE insitu 7[HoE
Az SEAE AH FY3H, soil vacuum extraction
(SVEy} Alsled Hegjshe 7ieold).

E AFE7He B2 £ (physical separation)?} 3}
814 8Z(chemical extraction)2 53l FF4S Q9E
FoaRE Hehs VIR, HAXoR 34 45
(chemical extraction)S ©]-&3F Xg]7Holg} daix] Ut
(Dermont et al., 2008). 31514 852 A8 £&%<Q W
o} BI-8HQ1 Hellx] AF}Hojm, 7|k (Fak, FAat,
Aak, Bab 5, AWEAA, i F7RHEDTA, NTA,
citric acid, oxalic acid 5)2 Fsl] FF&S &3}
o AAIGT BaEAT}E Manley and Evans, 1986;
Tuin and Tels, 1990a; Tuin and Tels, 1990b; Tuin and
Tels, 1990c; Banks et al., 1994; Burckhard et al., 1995;
Reed et al, 1996; Isoyama and Wada, 2007). 1 &
EDTAE 84 82 7P g8 A1 Sie 34
(chelating agents)® -2 A7FAIEl 23l w2 A&
o] gFHUY, & AETH B (biodegra-
dability)= Q131 Algo] Algtdelels WS 7iAa )
T} HarEtHBucheli-Witchel and Egli, 2001).

2 A= Wasay et al (1998 a, bysol s B
a1 A (citrate, tartaric, oxalate) 2 L o]2]¢] §-7)ak
ZH & et Bl st A8 res A,
Al FEE At & 5 e HF A7 IS
Agsiatt. a4 LEEAEE T TleES A%
ster, ARE 71t FA9E EDTAY $54< A

solidification/stabilization, soil
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FEE vnAZIRIEH B3, A58 f1E ARE ex-
situ B AF7Y 2 o} in-situ EF A7
Ag3sl7) st 7RI £ BEAIY 28-S A
E3l9ied, 1 olge fUIt ATk L AESe) 74
& B3, B 4y do g SEE] AAEE0)
Zesfe @) wiws] Uehly] wjiolct. Addoz
oAl A AFEEE ¢, 2004 WEW, EDTA
9} Bl 53r82Ax EDTAY ARRRS wjHThs e
FI=F AYEE-S B, EYY Fr8S F9Fo
Bk 53] &de NHAAFI. 1By, AMeE
EDTAY] W& A== 1 tiAE=e] /et HeXs
AAE FAct. olefgt EAREE A = AR
=8 2t HHo] AN EFEEAE A, ©)
A e THEEAE o183 78 ¥ TI=ESE 2
FE EYY] Xags Bk, 1 d3E EdE
column test® 53+ =HH 549 viEFHE SAY
o7 EYTS 93 ] s =E B

1

2. Xz o

2.1 AENE

B A¥of ALgEH AJQFOE  ethylenediaminetetraacetic
(EDTA)E AldrichAl AFE, citric acid AlZo AMS-H
sodium citrate= Aldrich*} A], malonic acide= AldrichA}
AFE, tartaric acide AldrichAl A=, acetic acide
Kanto ChemicalA} A3, succinic acidt Shinyo Pure
ChemicalA b A3E, oxalic acid A Z AFEH  sodium
oxalate= Junseirl AF-S ARESIHATE EgE QA
(phosphoric acids (85%)y>- Kanto Chemical*l A&, &
2Hboric acid)2 AldrichAt A&, ALknitric acid)S
Junseirl AE, E2Hhydrofluoric aicd(48-51%))2 J.T.
bakerA} AF-S ARESIH O, BES Aldrich*}] sodium
carbonates ©}831) A= - AME3IAT:. AFd AR
BE 892 AquaMax system(Young-Lin instrument
co. Korea)s ©|83}o] A|ZH 18mQ-cm deionized
waters AHESIAT

2.2, AIEEX

<=

AAZE A7 E coarse S FTFYANodHE o83}
o AASEH. A0l AME EYe] 24 2 Eeslst
2 A FEFLS Table 1 E Table 20 YERHSITE =k
TUF 28 Y3k cadmium chloride(CdCL - 5/2H,0)
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Table 1. Soil Characterization
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AE9F 2] 2] 8 (soil washing/flushing) 7} dIsk A+ 19

Soil Characteristic

Sample name

Fe,0; CaO MgO K0 P,Os  Particle density Organic matter CEC
(%) (%) (%0) (%0) () (g em™) b (%) (meq/100g)
Lab-soil 5.25 0.54 1.91 2.23 <0.01 2.75 6.36 0.32 7.11
Table 2. Soil size distribution
Size (mm) 0.053 > 0.053~0.1 0.1~0.2 0.2~2 Total
Fraction (%) 4.4 5.4 10.8 79.4 100

9} copper sulfate(CuSO, * SH,0)S &7l B38)A1A

stock solutionS A|Z3l] FY3Iom, It 7H40

ANAI FAlG] A Azsigich AlxE TR
+10m,

Lm

¥ 2lERE Y = A4 990 g%
ﬁ;dggj\r)r
HE 85492 250ml Erlenmeyer flaskel]l 552

2 099 EY 20 g} AR 434 100 miE FRI5H]
e 7ol 25°C, 150 pm & AAste] W31t
eSO 827 9] T, 2447 B FEslon,
control AF-L 8EA| ﬂw FHTNS T thgo}
AAEFS] pH7F e 5798 RISl &

At
A= 0.1N KOH$} 0.1N HCE: ©]-83le] pH 608
A3}t

ARE F71E 8249 S FURe B 1Y ¢

3 BRAES 93 column WA 4com, o] 13 em?]
ol=d A= AIFBIATE Columnt] B oF 205+2
go] E¢om 27 319, column®] A - Sk B9

o] Fae AR #18ld No. 409] meshs 72519
ok EEAle EYo] 7Y Al §49] HFH(channeling)®d
&) WAE 9fs) ofefollA $19 HL&P—E MasterfluxAf
o] Ay Al83led YA fLo0 7 gy} &
Ao} 912 pore volume(PV) E}Hi o]FojF o,
pore volume AXFA2- TR} ZTHWasay et al., 2001).

_ v
=7 M

A

- f: The total porosity
-V (mL) : The volume of water added
- Vs (mL): The volume of soil particles

i=2 @)

- M (g): The mass of dry soil

- ps (g mL™) : The density of soil particles
Vv = anrzh
7100

¥, (cm® or mL): The pore volume of the soil column
-r (cm): The radius of the column
“h (cm): The height of the soil column

2.3. 2y
TE B RS MAE 2 BAL B ATAAEH
200701 28l aEIlom, e Rd Fele] 8EEE

+ Perkin Elmer AF8] ICP-Atomic Emission Spectros-
copy(ICP-AES)E- o]83fo] 4]t

3.1. 88 E50 WE Fi=gn 72| A
3.1.1. 7Y=EA] AAE A3 HF9 g1 824
XA 2 7

A, gkt F7IE EEAE AR TR=E(Cd) AA

of tigk AR AFE Falsiaart. ol AR 71t &
ZA19] FEE 50 mMo|oH, A8 f7AE 8EA=

EDTA, oxalic acid, citric acid, succinic acid, acetic

acid, malonic acid, 113]51 tartaric acid@t}. 1 43},
EDTAS] 78 A7 G882 94%=Z 7FS &2 Agas
L eI, citric acide 87%, malonic acid= 65%,
succinic acid= 57%2] AAEEES JYERIoH UmA
S2A= 50% VT FR=F AlA B VERISIET),
1 % oxalic acide 714 W& 7% A|AE8S LERY
At wEA, 71=E AA] tist EDTAS tiAlE o+ o
= AR =& 39 AVRE 8SAEM citric acid
2 AASA, §EA4 Fol o JIEwY AAEES
Sholr 7] 915 EDTAS} citric acid®] =S 1 mMolA]
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Fig. 1. The effect of organic extractant (EDTA and citric acid)
concentration gradients to remove (a) Cadmium (Cd) and (b)
Copper (Cu) at pH 6.

10mM

100 mMZHA] HEIAIA AAEE-S S35 Fig. 1(a)).
fZ2A)9] o WE FI=F AAEELS EDTAS AL,
10mM oPgollA 93-97% o] &2 AALES KA
o, citric acid®] 7%, 10 mMOIA] 70%2] AAGEE,
50 mM oA oF 85 ool Fl=F AAEESS E
At

Wu et al.2003y> TS FE<(Cu, Zn, Pb, 18|31
Cde= 99 EY 5 & Aelgt 23}, EDTAE A}
28-S o, soil solutionollA] F219] w7}t 7P Egko.
™, citric acid, oxalic acid, malic acid®} 7+& AHEA}
7PRE ARSRLE Wle L AAEES] Rlolrt ZA] gom
EDTAE AM3S W) d43] Wrhs A3 A7E W5t
st 18y B AY Ay, 52 R AR fU1k
SEAIE AEFE 749, EDTAY 78] AA E8olle &
v &9k 50 mM o] citric acidE =813, 85% ©]
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ol Fp=g AA 8-S AS 5 Upol FRIEI
ekl 71 SEAREE BE 8EAY] s

mM)E o)&3F 2] AAN "l AR AF A9, 7P

=2 AA 58S HS =A% EDTAE °F 68%2 T

A2 AAT F UYe™, oxalic acide 64%, citric
acid= 60%, malonic acidE 44%E AAE 5 AUt

Uzl tE f-7)4k(tartaric acid, succinic
acid)®] 7A$ellE 1 AAESEC] vHIS 1 FEAd0]
)AL BTk o)Edt AP AY Avh= R ogd

ol ths] EDTAE AT 5 Sle Aesi=rt =&
L7 2ZA|E oxalic acidt} citric acid?} AHEE
P& Bl T oxalic acid®] 8%, 7F=El
3t meEk AALE(SF 7%)S RIS ZH oxalic acid
7} Fh=g el B A fg HHY frIt &
EAE A4E & ¢S ¢ 5 Ao, A 8EA
9] xoo| WE T AAES A4Fe JI=F AALE

acid, acetic

=2 o
283} 72o], EDTAS} citric acidE A3l $353}9dT}.
0|87 HA-E EDTAY cirtic acid®] S=o WS +
2] AAZEAH AT Fig. 1(b)), EDTAE 10 mMoA] F
T FEE9 86%E RPI, 50mM o] FrdMe &
ZA9] 57} ZoPESE AAEE] BoAE AL I
oalTh. W3, citric acid®] 7, 10 mMelA 76%2]
AAZSES Ko, EDTAS} BIS=SHA| 50 mM o9 &
TolME ) EoAGE AARE] HoRlth
ARE 7R £2A10] 9w odelN 1 AAR
fo] Qs FAEE IeETRs 2] Tele AR
7V 8EAY Tt SUIESE O AAESC] Aa
38 Byrk. B Agdoa FHEAE ARA fRke
0183l QB ZREY] T AA A7EHel n=,
citric acid® AR 4%, TEAAESE pHY =HE
F1ake] Ewol ke wIThel71E €], 1998).
citric acid®?] & FE( mMpPIME p7t S71ETE
T2 AAEE] ZAagot, 10mM oPdlAE pH 5
olie] epaby Wl SAdo] JANM 2 Al EES K
gom  50mMF 100 mM citric acid F=0lA9] 7P
E& AAEEE A9 Aot §AY BE7F TUHEE
Q3] AAEEC] ZAshe A B old &
o K FRHE dAsE e it 8] Bt
A= Am=lold 4= lrt. Kabra et al.(2008)y F-8H%F
oA Falo] XElE 98] EUH citric acid®] Hlo) wE
tokst Bakaol thel JrEHE e, o] AT
Al w2, =AY citric acidd] F=o) wEbA tE
7o el EgA7E 39Es Atk BvES
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e, citric acidZ} 38) ol AU o, Fel-Ao1at
ESAT ohF Atk A, citrie acid?l QW #
2o} 2L o] ZYPEHULS wlole Cuy(OH)> S 2
hydroxide®} 233t E2o] Ful-f7 1k Bk Ry} tek
o7 EARthE Aot ol#jst Aul= =gitel Axn
B EQf] EAlsh: B A3 Axdes AeE 5=
glott, olefet Bxslal tsh Hekale] #Ale H#o)
71 BEA 2 A% F23) QAYS HojE)
Ao F, JfEEY T2 29H B AHed
EDTA: #A|@4 sHo] 945
of AFAAE & 5 dolon), w2 ARSI Qs &
A3 Al 84 Age) Fard B3k 4 e AR
A} f71E EEAR citric acid?l AL & 4= 9t
gk 824 ol e e AARS A4
990 + 10 mg/kg® = 29 F&] 2ol gk &4 §7)

2 8EAe BEE 10 mMAS o 5 99t

3.1.2. HAe B 854 A4 2 5o}

Ao FINE EEAE AN, B A3l
7t=g3 o] AAEE] B 71 834 (EDTA
9} citric acid)oll THFSE F71akQIAE, AL, AR BAL
T2jal ¥hE E3tele] AlAa8-S =slgin ¥t
SEA} H7F 8&A419 FEE 10mM(1: DE 188}
Rom, FrPke} FFto g IF AAEST Hlwalr)$
slo] Frlh AR A4S v Jl=F Y]
AAEEE A el

Fh=gol digh F7 1t 54 B3 AAEL AT S
Fig. 2(all VERNQIL}. MWk o2 EDTASY] AS-, F-7
A BEA) FHl ARl =2 =F AAEES B
Aom, Qb A8et A9, 1 X ESo] I w3
AR AEe A 1 A ggo] 1g Ykl Bolg
He, BAE A8 Aes Ak, F7RrE 4249
5ol BAIe] oF 90% Fwe] AATES eryich
e citric acid®] A5, FoWE fEAE E3Elae
W], citric acidihS AMS-ES WX} citric acide} F7)3F
= SRS o =g AARS] 7R2EIT Citric
acidel EFE TV 8&A F, 71 B8 =R A
&S Bl FUREe BAAIAESE oF 58%ellon,
SIHAAREE oF 53%)c ARRE TP 854 7k
F AAEES B9k 2eu B ke AR o)
T EA0] Wi Aelar, 53] kel A9 uke pHE
Rlatod A EFEE] HE38ly] AT Ao Alm

100

80 -

60

W EDTA
Citric acid
Control(C)

87 EDTA 10mM(E 10}
X3 Citric acid 10mM
(C.A10)

Efficiency(%)

20 -

HPO, HBO, HNO, HF HCO, C E10 CA10

(a)

100

80

60

. EDTA

Citric acid

Control(C}

rZ2 EDTA 10mM(E 10)

£ Citric acid 10mM
(C.A10)

40 A

Efficiency(%)

20 -

H,PO, HBO, HNO, HF HCO, C
()

Fig. 2. The effect of mixing various inorganic acids with organic
extractants (EDTA and citric acid) to remove (a) Cadmium (Cd)
and (b) Copper (Cu) at pH 6 (organic acid: inorganic acid=1:1).

E10 CA10

|E 4 dgol dAEMAL, Bks f7E 8SA (citric

acid)ot EHRE A, TE=Ee] AX Eae 46%e] &

Teol sk Tt 854 ERAY AAEEEHN=
Fig. 2(bll UYERISITH. EDTASH &3S 749, Bake
ARERE w FElol iR we AlAEES Yehile,
FhEge] Aol 9, EDTAS T4 8&A419F &3
ARSEE Aol thAH e E Sl gk AlAREC]
23S & 5 JATk S citric acidE T4 8EA19)
E35L 749, FEle] AAEL] AAsidEt, olHd 2
TR citric acidE ©]8% e AA AY At o
3t Eoldt He o] gk M e AAEES
Bl F7E &AM AA &R 57%)eI0em,
ARG ARESE 73, 11 AAEE] 39%2 FRIFI.

o

i RuY
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gz Control(water)
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®)

Fig. 3. The effect of H,CO; concentration gradients mixed with
organic extractants (EDTA and citric acid) to remove (a)
Cadmium (Cd) and (b) Copper (Cu) at pH 6.

50mM  100mM C

Broz vie B4 W Al Jge Hisl @
e A9 A=gat ool Fo1 S e
& dgiek,

ruo ¥

EHEEA] HH N = =

e

3.1.3. A7
A&

WA AN HH f71A 8EA9 TN £5A4)
7} A==, HHe] Aot SEAE citric aciddal,
HHo] FrPE 24l gite] AAHAY. H-E £
ARIVE EF 8EAY] TN 484 sl 9
= dokry] 93 FUPE 8EA1Y TEE 0.1 mMellA]
100 mM7FA] HSIA|A A st

A, 7E=F AA tis TR 824D TEe
FAFE dolry] fal, HHe ooz HAA citric
acido} BIWAES 9 479E EDTAZ UFg Hwe
71k 8EAe) E3tsle] AgslthFig. 3(a)). EDTA
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TAE - 0B - 34
oF E3kE ghke] Fl=Fel digh A4 &5 A A,
EDTAS} Ehike- 2-1(10mM-5mM)i =03 o, }

A = 95%] AAEES HOH EDTAS gHikel o
7} 10: 1(10mM 1 mM)®] Aol HlnE =2 86%
o] AAEL-S B Citric acidE f714F 842 A}
|3 Agol &=, citric acidi?} BAF2- 10: 1(10mM : 1
mM)E EUFS o], 7P =& AAEES B, 1
AAESL 54%5

AV EEEEAY] TN 8249 wsel
E2 7 AARSE 2= Fig. 3(b)el JeRiIch 71k
7 ERRS 10: 1(10mM: 1 mM)E EU3S o, EDTA
%} citric acidE -F71= %/“ﬂi ALESE T A B 7}
= 7Y AARES Urﬁhﬂ"’*:tﬂ EDTAS} gt
E3reEAS] AT, 80%Y AAEES, citn'c acide} gHak
o] E5F82AY] AE 51%9] AATES VR

Aoz FrhHE7 1t EFEEAE AMESIGE |,
Tl et AAREL FI=F AAEE v B 5
A& VYepslen, A7t =9819E W A7kt &
7t 7SS T AAEEC] APE Flat o,
A7 23 8EAIE o8 TRIAAEE: =99
e Frvt S7VEE hAaehe RS ERIH
olgidt A= =YE '] Fasae] W= <l
MO F AAGE] FAshe ACE Al Hh. B3 F
w5 AAEES EYSEE TR T SRtk
F7lbel oEdts & 5 ATt T3 FHESE=EA
) AAS 203 F7E S2A9 Tt 82419 3H
B EDTA: BRF =10: 1(10mM : I mM)PS & 5= Q)
At

ll‘

me m

32. EEEENS RUItkERhe] S &ole 2§
column test

3.2.1. BEY 35 95 @ gsiel] uist FoRHERHS]
01]6‘]:

o AajofA] TT/—r7 V‘]' %‘gxﬂg Ed%
o] AAd FEEs wx A= #7Ikk
Zoxe] Agdr= Ur\:/]"fy\hjr. 715k E
Aexe] GEks g AEsp |9 EY 35 A8S
stied], B A AR AAESS] F=%(porosity)
= 485%= FAHer AN EY column?
pore volumes 73 mle]ith EDTA £&A|9} EDTA-B
2re] EREEAE columndl Z=Y3UE W, pore
volumeo] W& &A1 ARIF viEHF WslE Fig. 49
UERITE. =93E EDTASH §Hite] E8)E 1:1(10mM :

ohi
:{o
2

2
o L Iy
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Fig. 4. Evaluation of flow rate by EDTA and EDTA + H,CO,4
solution.
10mM)TA 10: 1(10mM : | mMy7FA] 2483k} 10
mM EDTA £&A12 9E0% ESF column U] FYUS
2 AT, BE AERE AR fAe B 4w
7} 2HE] ARkl om, 20 pore volume ©]%oE B
FeFo] =Rl ol AslEol o ool columnS: B
gt 8=A19] FYo] B7Fs3ItE 17 pore volume ©]3-,
AR o] STIEE B 4 e, ol &A1)
columng FHA] E3lo] we} dAlshs ek o
A3 column’dHF-oll Y& clayt} silt AJES] Eoko
mesh®] HIASE AapAolE B3] A"l Wt o)
ol WAste] YAl ow fafo] Frslgont, o) %
T Eoke] uRR] dide] AslEs o 4= ot whdd
EDTA B} S3F854)9) 7490l EDTA 34 d50
2 8E0IE o B Bokge] ul o) dslEs
& 5 SUth EDTA-EHE 1 mMe] 7% 30 pore volume
o] ApE frge] Wbyt A9 dojuhA] eigke-S E)
g = SI9lom, EDTARRT 854 s mMe] A9ol5
pore volume 7HAE F9] A4S HGoLl of &
O] o] Sk 17 pore volume HEI: LA43 &
&5 AL 5 At E=F, EDTA-ERE 10 mMe- o
€ EDTAER} E8EAe] w3l Fahicr} vigton) 22
pore volume ©1%oll= YA F4S FAEA wabA,
RS H7Rsle] AR 8EAIE EDTAC 93 ESE
=9 7] S A A5 EA49] f9lo] 7}
L I 5 ST

Citric acid8N} citric acid-§HF &3-g=A0] olsh
pore volumedl WE AFNG 8EA wiEH WHIE Fig
5 LFERAIIEE. 10mM citric acide= 11 pore volume”7}
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