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Combined Leaching of Heavy Metals in Soil by Citric Acid and Saponin

XU Zhong—jian, XU Dan—dan, GUO Su-hua, QIU Xi-yang, LI Fang—wen

(Chemistry and Chemical Engineering, Hunan University of Science and Technology, Xiangtan 411201, China )

Abstract: Soil contamination with heavy metals has become an increasingly severe global environmental issue. Considerable efforts have
been made to remediate contaminated soils. In this study, Zn, Pb and Cu spiked soil was employed to evaluate leaching of metals from the
soil with citric acid and saponin. First, optimal concentration of citric acid or saponin was determined in mono—-leaching experiments with
single citric acid or saponin. Second, removal rates of heavy metals were examined by co-leaching of citric acid and saponin at their optimal
concentrations. Finally, chemical species of heavy metals in soils after co-leaching were analyzed using BCR procedure. The optimal con—
centration of citric acid was 40 mmol - L™ and saponin 3%. The removal rates of Zn and Pb were greatest at 1:5 volume ratio of citric acid to
saponin solution, being 67.2% and 68.8%, respectively. However, the greatest removal rate of Cu was 37.7%, at 1:1 volume ratio of citric
acid to saponin, less than that of citric acid alone. Compared to the control, combined leaching removed 96% of acid soluble, 38.9% of oxi—
dizable and 51.5% of residual Zn, but increased reducible Zn significantly. Leaching reduced both acid soluble and reducible Pb and Cu by
80%. Oxidizable and residue Cu did not change significantly after leaching.

Keywords: heavy metals; contaminated soil; citric acid; saponin; combined effect; leaching

THRESR GRS FEOER RSN
FE R XURSE o TR, A 0t ] SRR SR 5 e 2
TSR T P Y B R . RIS IR
JEAT TR R R | L AL IR RIS 1B
T RER o B | B R AR,
MBS R (IR BB ACR— Rl A o) . PR A R
TIEE SR YAE TR EDTA S8 N T S

Wi HEA:2014-01-12

HETH:EFH KRB 4 (20577008) ; MR 4 H AR ¥ 54
(05JJ30017)

EB R VP R (1967—), 55 IR A T, %, NS
ISR 5B E 5T, E-mail : xu67zj@126.com

HR BRI ERCRAF (L B B A2 A8 e T XEAE
Yy Kk A P R ik 2 8 ok R T el A 14 B 05 A0 i B XL
R 1T 32 3 e TARAT LB N A= 2 T I 1 79—
RIBT AP TGS, TS R E SR 4%
B Bl RS VE R T, DLk B LR S R ASOR
i HE AT AT LA A WA, A il ks
Qe T X 2SRt R BAT RAFRO N A S H— A
HURR sl th s MR M e A2 T R 5 e IR F 5T
CARZRE , PR YR Y R s PR VRt
I, BAIRTCRE T K (AR A g LA B AT A2
BORATBRAF RN, AR 22273 COT AR WS A AT HLRR AN
FATE PR S G Tk bR LR P I R B



1520

RAIMERF 217 ERRET R

(RIS 2 WA LR 5 3R T PR R R R S A 22k —
At TP E SRR, A TREES B L
BRI A PR XHFHRIR AT LA 2, AR
MBS BCRAR TR A7 TR, AR AN BA AR 5 2R 11 5 P 551
L RRIOITE RIS BRI,
ASCH TSR R IR 5 i R KA A X e e
3 DN PR R

| MRS

L1 i L1

PR T IR AR VR X 208, R A
R J5 , BERAEPIER AR e, L 2 mm G, 45
Wk LR AL 0.125 mm i, HLE SRR SR
Bro HHEAPLT(SOM )R A E 4% R A vk 7E 5
5 pH R R BE 00 5 5 R 3ERRL (Clay ) SR HEEE T
TN E 5 -3 BH 5 St (CEC ) 7 SR FH P R i ik
Wik EaRoR R MR EK+HCI0, 1,
Ph (11 )~ XU Jl ~PAR 7K AR G BE 15 0 A ity P 48, ]
BRGH 73 EE BE VL IR P A, T 2,9- T -1
10-JEMIIR I G BRI E A R . LSRR
W1,

F1 TEERBAMER

Table 1 Main physicochemical properties of soil used in experiment

pH pH CEC/ SOM/  Clay/ Pb/ Zn/ Cu/
(H,0) (KCl) cmol-kg’ % %

475 3.89 9.56 310 3545 257 127 106

mg-kg! mg-kg! mg-kg!
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Figure 1 Effects of citric acid concentrations on removal rates of

soil Zn,Pb and Cu
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Figure 2 Effects of saponin concentrations on removal rates of soil
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Table 2 Contribution values of co—leaching at various volume

ratios of citric acid and of saponin
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M 2 AT PR B PR S R R R RBC L 101
15 6 % Zn FRBLH P AAE A, HLAE 15 o R4
WOl S FERFR L A 51 B, PR AR SO (R A e
YERLLAE 1210 WX Zn SRBLH S, R0 o 3% i WIAT A6
2 5 B R ARFREL R 1:5 B X Zn RBRACR T
JeBEE AR R R , R LR SO FriaEfik.
THEEJE Ph I 7RI 1:10 B 33055 14
FEHUE R, HA S DL R B Db IRl T, ELAE AR LE
125 W ERIVE T ROR . X3 E TP ML R 1
A A HE B fE FF 6 Zn (Ph B IR RCR X — 52
AR PRI REETR M AR B IR TS T
B R S RIS MR S X T Je b Cd L Cr B9 22 BR
S, AERRIIIE IR G VR s — A BSR4
{EX) Cu BIRBE , B0 1 F BORICR IFAS L B A AT
BIRINACR . P RS 1R X R B 5P
— 7 TATBEIR 5 18 3 M B A 1 ™ 2B 1 5, 75—
J7 R TR AN ZRAE SN A HLIE A, 2
SRR Cu kA — RN 2B OV,
T Cu fETIEAIES M. AL AT RER 511
VA A AT LSR5 SR R R 0] B 4 s #) 5 4 W
BRI, 980 1% Cu BRI, AR T Cu ZER IR
AR EE , NTTTREAIR T Cu IR BE 23R 3
24 WERIELEES RIS

A BCR 352381 1 1 40 mol - L™ IFF IR 5
3% 1R MATR Ly 1:5 IR v A5 L3



VR 5 R R B T V5 LA R 1523

100f In
90
80
® 701
N‘ 60
% 501
& 40t
B 30
201
10f
ob—t . 3
20 40 60 80 100 120 140 160 180 200 220
WDk /mL
80
Pb
70 e
A
N 60 "i:.-'\-q'---"ﬂ ........... 'ﬂ‘ ........... ".ﬂ'
5 50 .
WP ==
g 40 .___,i.._ A
X 304 ._._.-" &
Y 2
20
10f - [ W SENE W W RN ——
0 ..20. ..... 40. ..... 6(5.80 ..... 100.120..140.1.66.1.86..2.0.6.220
WUk /mL
50;‘. Cu
I
I
405. [T K - B Dieeeees T AR . .
% 305‘ i re - ok ol b - & &
O
-|J,<[ ; -~ - 4 I — v R— - — e B . L -
L S . .
R : o
10
|- F""". ...... ¥ — e ¥ — T — T — —
[ (] s S U S S RN WU NP S S S——

20 40 60 80 100 120 140 160 180 200 220
WRUERE/mIL
LRk ~r110 -#1s 1l -5
3 FREGRELL WiTRBMERRERENELRE Zn.
Pb . Cu ZBRERI M
Figure 3 Removal rates of Zn,Pb and Cu influenced by co—

leaching with citric acid and saponin at various volume ratios
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