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Removing Pb and Cd from soil by organic chelators

XU Duan-ping, LI Xiao-bo

(College of Environmental Science and Engineering, Liaoning Technical University, Fuxin 123000, China)

Abstract: Heavy metal contaminated soil sample was collected from farmland surrounding a zinc refinery
plant in Liaoning Province. For the purpose of investigating the best leaching environmental conditions
and the mechanism of three organic chelators on leaching remediation of heavy metal contaminated
soil (Cd and Pb), oscillation and leaching experiments were conducted under the condition of different
environmental factors by using tartaric acid, citric acid and oxalic acid as the eluents. The results showed
that the optimum leaching conditions of three organic acids on leaching Cd and Pb from soil were as
follows: the ratio of solution to solid was 20, eluent concentration was 0.2 mol-L™', temperature was
30°C , pH value was 3.0. The removal efficiency was increased with the increase of temperature and the
decrease of pH value. Because the diffusion rate of heavy metals from soil to solution would be accelerated
which facilitated desorption of Pb and Cd from soil with the increase of temperature. The more quantity
of protons was contained in the organic acid, the activation ability of heavy metal was greater with the
decrease of pH value, which improved the solubility of heavy metal compounds. Extractable Pb and Cd
from soil were more effectively removed than reducible and oxidizable Pb and Cd by using tartaric acid,
citric acid and oxalic acid.

Key words: organic chelators; washing remediation; removal; Pb; Cd
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ARACHT LR 7 B b 2 TR T R B A e A 7
Mz —. 504, HAay- & SR Y
80% LA b, AR i AR HE R 0 R S 4 T A
H ik 7R Rl AR B Y B R T e (HRHE T 45
2008) . (M, TfRE B TR RATEIEAS
il N2 OB sl PR R B R AR e B
K ok 4 e 7E 3 IR S e ) o T O PR
WU 2R, T HOE RS R S AR S B ] 53
T I 5 4 I AR AT O, P AT - e PR
W R R AL TE, S E AR T g
MEE . IREREEA N ENSE IR T, BT,
TR CAEE N M T, R
SR A 27 1R 52 15 G A 338 AR vh i A LA
PLTS Qe e % BN T AAe, DAk BB 527 e 1 4%
A0 H RS RV A GBI SR — APk R, RERE
ARARE SR, AR YR e
Yiastly, TNARR . Fr R R iR S A L &
HA AL, G R FIE 5 Q550
B, PR AT A I AL (Strobel, 2001
Kos and Lestan, 2004; Lim et al, 2004; Tandy et
al, 2004; &1 4145, 2005; Luo et al, 2005; Jia
etal, 2009; Pociecha and Lestan, 2010) .
AWFFEREIBCP AR | Fr IR AR R e
WFFRAEAFIRIE L. A FERGERIAEE . A pH {E
FAS )3 3 T Hok 323 A v P AT Cd Y ik AL
MRS 3 Pb A Cd RIFFAEIE RS, LA
A5 B A AR A 1R L 2 Po il Cd RRIE A 1Y

LB, AEERTE Y R B Ty ik et
BheEAHE
1 #MiERZE
1.1 A

B AR BT A S R A
BHEZE T3, REEIREE H 0~20 cm, +HAEZ H R
TG, BB YRR A e, B, 2 mm
Je e it & Ao bl £ A pH M (K £ 1 2.5:1)
FH pH it (PHS-3C) i, AHLET & &R NY/
T85-1988 Wl 7, FH 2§ F 22 4t & % JH LY/T1243-
1999 W 5, K42 3 A FH S 7K SCHOG AR BE A
S, Pb I Cd 2 & % JI] USEPA3052 Il 5 (US
Environmental Protection Agency, 1996; Ygor et
al, 2014) , & %) 24 B H 72 5 Bruker AXS 7\ H]
D8advanceSB 001 % X B 28 A7 S A o ik 4%
1 CuKa £k, L% 40 kV, LI 40 mA , 274 0.02,
B 0.1s, HHRX HAEAY FEZHEPERS] T 1.
1.2 RFI 5N

R AR, MR . REERIY N 4l
. MR, %R, KKom. AR, HR
FEM . BRI ARl s HAHRE R o el ;
SEES K R R B K

X FRF (FA2204N) ; =5 HIRDR
iy (BS-S) ; B HVEAY (SB25-12DTD) ; pH
i1 (PHS-3C) ; JE-FMs-ttiE Tt (AA7000) 5
W% &4t (ETHOSA) 5 B0l (L550)

# 1 BHA AR IEA B

Table 1 The physicochemical property of heavy metals in contaminated soil

A HLF BB FACHE: B8R AR Rk 4 Pb Bad BHIALL %
(gkg ) (cmolkg) (%) (%) (%)  (mgke) (mgkeg) mur pkrn MEKG =R SRG NG
19.5 6.98 16.9 11.89 87.29 0.82 227.12 30.62 42 33 15 4 3 3

1.3 WHE

RIS R BRI AR FR ) BT )

(European Community Bureau of Reference) &

i) BCR E L2 Bk (S 085, 20065 Pueyo et
al, 2008; Ozgeetal, 2009; Keivanetal, 2011;
Hilya et al, 2013) , X 3RS 48 4 FE
SHATHRBOIMT, RBCPIRINE 2,

WRVESE S . BN ATR . AR . RN+
HErhESREMEEENAEIEGH, B g tRET

— 751 50 mL B0, LR R 0.1 mol-L!
(A LS B R T (RTRTR ), I B30 R 2.5

5. 10, 20, 30, ¥ LiRELEE T BS-S &Rk
fER ARG A, B R 25°C, L 150 rmin!
() 43 1 75 % 1440 min, HCH B0 48 B T IAY
L550 B5.0HLA, £E 4000 rmin”' R 5.0 15 min,

W 0.45 pm IRZFUEREIS , XIS Pb, Cd
(Ve BE EAT B f A0 B, A SR 3k, 45
B3 W FHMH. pH. TR . MRSk VE SR 1
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A Mg 2 i I = R - R e YO = ([ N W
:c;vx100 (1)
Rd g NELSIBKIER (%) 5 c ik $
Pb. Cd [ R EE (mol-L™) 5 v bk v ik i A
(mL) ; m K 1g +REPEREERENTRE (2)
2 #R51FE
2.1 HELEXT Pb #0 Cd kRS0
FWENMT, BHBRHE ] 0.1 mol L™, &
[ A 2.5, 5, 10, 20, 30 gEA7 525, X fr 15
BRI RIE (D). RS, BEE R E L
K, Pb, Cd ke Rl ¥, W b 2.5
W] 20, Pb FI Cd By Ik vk 18 i . 2%, 20 4

n

hnE] 30, Pb Al Cd 1YWk PEF G 2212 . W L
D920 I, AR AT AR AR X Pb A1 Cd 1Y
WUE 4> 9 h 104.84 mg'kg ', 104.84 mgkg ',
73.75 mgkg ', 16.98 mgkg ', 16.40 mgkg " Fl
12.48 mgkg ', WPEFRD 9K 46.16% . 46.16% .
32.47%. 55.45%. 53.56% Fl 40.76%., W & I
930 I, AR . AT AR R AR X Pb A1 Cd Y
WRUE 4> 91k 108.71 mg'kg™ . 106.91 mgkg .
77.50 mg-kg ', 17.30 mg'kg ', 17.19 mg-kg ' Fl
13.41 mgkg ', WMPEERDHH 47.86% . 47.07%.
34.12%. 56.50%. 56.14% F143.79%., W W, W&
1 L 20 36413 30, Pb A1 Cd BER AR LA K,
PR A HLER M B R 0.1 mol- L™, Y& [ Lt A 20 B,
WO BTUNERIOR]INV - G o

%2 BCR HEZHEHOELTE

Table 2 BCR sequential extraction procedure

PEHUL PR ST AR B B B HEEEIEE

| 05 gBUFREIERER, MADKZE (011 molL™) 20 mL, SRS 16 h, & SR
DS LR -

5 rﬂ?ﬁ ! fﬂé\%ihu/\ﬁ@&%ﬂ% ; ﬁﬁ HNO, ##95 pH=2, 0.5molL") 20 mL, TR
FIRIRG 16 h, BELJEHT LRE .
155 2 LRI 5 mL A A, TEIRKE (852 ) Ciifk, HEMAH

3 WL E]F 3 mL, A S mL i ER AR BE U R EE SR EK AL A
291 mL, WHISMAZ TR (H HNO, #35 pH=2, 1.0molL™) 25mL, %R L
P& 16 h, BLJR L2

4 55 3 B RIRYIR T, WO IS F T o e B T ARSI 4 SRt A

AL
[REENS

TEVRE LR 2.5 25T, Pb Fil Cd ke 34
%, X0 i AR E ELE, A HLER R 1 B
Ahg, ALK P Al Cd Rk ke, Bl & L
HHE 0, Pb F1 Cd Ik it bl 5 38, 17 >
oA 30 B, A HLERXT Pb Al Cd [k R 2 A
AR, EIEH T HIEE R AR E K ek sE
K Pb F1 Cd, 3 W Ak = %) Pb A Cd A4 FHL
14 @i — 20 A B bk gk ok
2.2 REEXT Pb #0 Cd kR B2 00

T 25°C, FRHL1 g BIERES T — R0
P, e LRI 20 mL ¥ 34351 49 0.02 mol - L™, 0.05
mol-L™", 0.1 mol'L™", 0.2 mol-L™" F11 0.5 mol-L™" fi}
W CGNARR . FrERFERR) o Pb fil Cd ik
VERB AR IE 2 Fros, BERTAL, b A R
W3R, Pb Al Cd IRV SR bl 75 38 R, MR B

H10.02 mol'L™ ] 0.2 mol-L™ M, MikpEH N
P, 0.2 mol'L™ ] 0.5 molL™" HOUCHEEHIN, i
VRN

0 0 é lIO 1I5 20 25 30
l:s
BT OO R R AT L SRIRUE AR R
Fig.1 Leaching efficiency of Pb and Cd with different liquid
to solid ratio
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7E 0.02 mol-L™" #] 0.2 mol-L™" 3 /™ ¥k Ji 75 [l
P, A7 R X P 13k Uk i 1 40.01 mg-kg " 3
) 128.58 mg-kg ', M B PE R Y 93.42%, FrE
fi2 Xt Pb (13 Uk it 1 36.70 mg-kg ™ 1N F) 120.53
mg-kg ', K PR 19 92.97%, B R X Pb Y
Wk 12.50 mg-kg ' #4903 108.58 mg-kg ',
A7 B VE I 11 98.64%; TP R YT Cd 1Y ik vk i
9.04 mg-kg ' HhNF 21.56 mg-kg ', MR
86.66%, FriEfxT Cd Bkt i 8.65 mg 34 %]
19.59 mg, 5 EMBERLR 88.96%, HEEEXT Cd Btk
VehbH 7.75 mg- kg #EmE) 16.61 mg-kg ', 5
WPEEAY 83.13 %, 1fi7E 0.2 mol-L ™' 3] 0.5 mol- L™
FIMe BETL PN, = A HLERXT Pb FIl Cd A9k vk =
BN EE IR

90
80
701
60
g S0F
= 40} —=—TA-Pb
—e—CA-Pb
301 —+—0A-Pb
20k ——TA-Cd
——CA-Cd
10F ——0A-Cd
O n 1 ) 1 n 1 n 1 1 1 n 1
0.0 0.1 0.2 03 0.4 0.5 0.6

¢ (mol-L™)

K2 WREEXTMGE I RE . SRR RS
Fig.2 Leaching efficiency of Pb and Cd with different eluent
concentration

WAER . Frige B AR Pb B SR 2 2
4y 137.64 mgkg ', 129.65 mg'kg ' F1 110.08 mgkg ',
di 4 BE B Pb 1Y 60.60% ., 57.08% Fil 48.47%.
=Rl X Cd Y L I VR B 43 5k 24.88 mgkg
22.02 mgkg " F1 1998 mgkg ', 5 4 k8 Cd Y
81.26%. 71.93% F 65.24%.,

AHLRRAE DA FOMA 35, — 5,
HAGWI Rt 5 E 4R S8 F L LS5 1EH
TERBE A, DT/ 3 4 i o 7 AF R R w1
WeRfls 53—, AHLRREIMA, RN pH
H, ¥WingEEFrmtE, MRS EE T
WeBE . A BLER I AR AT LY (Fe. AD [
SER AR B RCR,  DUCTE AL FE B 4 A i o
JCE R EAE LR W e (B ek
4, 2013) o AAHLRR BN AGLARE], W,

Jr LA 45 A VR I D et L A i B AN R, X+
9 pH {H AR, A LR R, X 15
WA R B T4 G RE )R, 58 pH {EERAIT,
EAEEEIINI S, Wb E 48 W R
(BRI BIFIZE, 2010) .
2.3 pH X} Pb 1 Cd itk EHIZZIN
FETELEE R 25°C, WRPERIHE A 0.2 mol L,

pH {73514 2.0, 3.0, 4.0, 5.0, 6.0 &MFT,
AR . FPERMERRMGEZ I 4, Pb, Cd itk
VeRm A 3, HENAL, R pH (Ei i,
Pb. Cd BRI TGS

751

70

651
60

i d
=
T T T 1T

pH

K13 pH EXT G R T SRR I
Fig.3 Leaching efficiency of Pb and Cd with different
pH value

AR .y R TN RE R 6 Pb Y Ik Uk 2 Bl %
pH B 1Y T & WA, pH (B 2 3 m 3 3 mf, =
TR HLIR X Pb B IR R AR T 2.05% . 1.68% Al
2.02%, pH{E M 3 ¥m%l 4 &f, =FhAHLERXT Pb
(IR e AR I T 7.62% . 5.99% F1 5.19%, pH
B 4 35m=E] 6 i), —FrAHLERXT Pb AL AH
M/ T 21.05%. 25.76% i1 22.55%, 7E A pH
N, —FPERXF Cd W52 5 %) Pb 152 — 2L,
pH {E A 2 8 m %) 3 if, =R HLERXT Cd B ikvE
KA B T 7.87%., 7.06% i1 5.09%, pH {4
3HEINE] 4 BF, A HLERXT Cd 9 fiFE T A I 9
AT 11.93%, 12.18% A1 11.08%, pH 18 H 4 34 i
B 6 mf, =FhAGHLERXS Cd By bk BE R A I 0> T
31.99%. 22.93% F120.41%, W] W, BEZ% pH (H %
K, Pb Ml Cd Ik Pk 0 Jd Bk B, pH (B 2
23, GYRN E ARt R, HESEk
VERA RN, TR R, R X iR
FEPEBTRYE , pH {5 T 3 VR skt &4
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56 4

A LR X T 4w 1 2 B 5 A LR 9 e 1 A )
REMEILHI S AR A & (ZIRA%E, 2013) .
— T, A H LR S R 4 pH
B, o s P R AR I [ W 4 S R, LA
ML R G ESE TR, aEERL
HYRnTEY; —Jr i, A LRI Y —OH 1
—~COOH 1[5 Pb B 7l Cd BT & E4E 0,
e ATEEE A INARA LR VR B A ARy
—E, EEAENIIREE R o A%, Hit
S HLIR X T 4 B R RACR I RN R IE AL
R, M Tizg. bEE pH AR THE, AL
g P BT 5 R ARk B 3G b 4 JE Y RE IR
OB, RULE pH EATHS, B4 RAHYE
RN PR
2.4 EEEXT Pb 0 Cd MR RN

FEA LIRS 0.2 mol' L™, pH{HK 3.0, i
B4R 510 259C . 30°C . 35°C . 40°CHI 45 CHMET,
WA, FrEm M mskveszi £AE, Pb. Cdilk
VeR AR L& 4, REAHEL, EEETEE, Pb.

Cd PkpERIE I
80
750
70F
65
60F
= S5F
S 50
= 45k —=—TA-Pb
40 L +CA-Pb
35k —4—0A-Pb
—v—TA-Cd
30 —e—CA-Cd
25 ——0A-Cd
20 ' ' . ' '
25 30 35 40 45

t(°C)

P4 IREEXTGE R SRR R
Fig.4 Leaching efficiency of Pb and Cd with different
temperature

TRJE W 25°CTHR 30°C, WA MR, KRR
F R KT Pb 1Y Ik Bk 2 3 Al B 54.36% ., 48.72% Fi
42.41% 1 K 3] 56.61%. 53.07% F11 47.81%, 42
BT 2.25%., 4.34% F1 5.41%, & JE i 30 °C T 3
45°C, WATR . PR IR YT Pb (ke 2R 55
BT 1.07%. 1.96% F12.42%, & JF i 25 °C I+
2 30°C, WA . FrEmRMERXT Cd ks
WIH 53.53%., 48.80% Fil 42.20% 34+ 3| 70.41% .

63.99% F1 54.25%, #& & T 16.89%. 15.18% #lI
12.06%. HRFEH 30°CTHE) 45°C, WAL . FrEEmR
FELIR X Cd FY R B rl4e = T 7.03%., 4.64%
F11.56%.,

bifi %5 I B A T =5, Pb R Cd R Ik sk 3 A B
Thws, 4R Pb il Cd it S AR K SIE
B 286 ) SR I AL S AT S E 4 8 Ak
G, HOEE A BN E AR 2R AR (g
WS, 20100 o REAEGSFBESBE Y
PR R AR N $RE ke R i = T SR,
Pb fil Cd Wk R m R E AR, X2m T 1
ext Po Al Cd (A RET TINS5, 7RI BT,
Pb il Cd % K50 & M BEAR L 2 A £ T,
i1 25°C. 30°C. 35°C. 40°CHI145°CF A Pb Al Cd
WRPER R IE K AT LI, 30°CTT ke 2 B
BT 25°C, i 30°CH] 45°CTFRMPYERS 30C
i, LGEatriert, EH30°CHE,
2.5 FEHERHERTE Pb 1 Cd AT H

K H BCR % 2242 B X A MLRR R pE i 5 A
o Pb Fil Cd FEFEIE ST 04T, TS Bdis WA 5.

1.0
0.9n
0.8

0.7
0.6
0.5
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P (%)

O P77 | V7777207724 |\ Yo7 7787774
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K5 APLRMGERTS 1 mMEIEsam
Fig.5 Species distribution of Pb and Cd before/after leaching
by organic chelators

KAWL, RATHECS. T iE R
A TS FIERIEZS Pb 4251 19.79 mg kg
135.03 mg-kg ', 21.86 mg-kg ' Fll 54.24 mg-kg ',
A3l B 8.57% . 58.47%. 9.47% Fi123.49%.,
ZNARR . FrERMERRIKES Po i UMIETEIE
A (ROTHEEGS v AR



2

W mBIREAR T, A DURR AR AT A BT 7 L) kA=
T, FRATEEIGE . W JE AR S A AS BT
He I3 T N R, BRIE AT A g . Horp,
= AR XTI AT SR B P IR RO e, TR
BIBEiRE] 86.10% LA I XAl id S AFIAT AL AR
WRPERCR BT, PR REIE 2 50%~T5%; X 5%
BRI 25, RBERARE L 30%,

RAWPER PR TSRS . R R
Al AL S R BRI S Cd 4 ) ol 13.49 mgkg '
10.19 mgkg™". 1.93 mg'kg' F13.89 mgkg ™', 437
b7 hE Y 45.74% . 34.53%. 6.53% il 13.20%.,
5 Po MHIF], @NAIR . PR AR ES Cd
VAR TE L S A R R AR YRR, & ER
B o Lol e A T AR AR, TR T BRI BT o LA R
IR EE, AFERSE, WotE, TERIREA Cd b
AN A SR IRAR /)N, AT S A S RN 8% i A5
o7 OB K iE 4 . —Fia HLIBON R AT 2 HUS Cd
HIMREROR b, TTak 81.76% LA b XAl if B Zs
Cd MR IR Z 5 XAl AL Cd Fnskil 4 Cd
IR ERCRAS 2R AR

SSRGS R AEY A S R m IR, ]
W JEAS A E AL S R BRI B, fE—
TEBE S T S A A nT O B A, ARk
SEMYILTARFHMIEE, AN E LT
TR . FHLRRMRDESZ I -4, Pb fil Cd LBg3
R T PRI > AR RS > A S > aRiE S, H
A PRV, R T RIS T & Lo i 25 K i e
i, TR A FAT AL b A AR R TR
I, A HLER AT LA 5t 25 Bk 48 v A= 0 sk vk
KA AR N ESE, N E 4
JRE L YRR RS, PR G TR

3 it

(1) SCERZERFLH . W o 20, WRPERIK
B 0.2 mol-'L ™", JEJE R 30°C, pH N 3 M5S0 4%
T, AR, PRI R X Pb F1 Cd Ik TE
BOR AT

(2) FLIRAERRY . W& pH FFEIUER
AT S A R IR

(3) AW . FrEMmAEEXT Pb Il Cd (IR
AR ICS A ARAF 0 R BRACR, XAl R JE A A Al 41
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