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Screening and Effect Analysis of Eluents Removing Heavy Metals from Paddy Soil
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Abstract: To study the removal effects of different eluents on heavy metals contaminated soil with different
leaching conditions, a batch experiment was conducted to compare the effects of four eluents (citric acid
(CA), tartaric acid (TA), ethylene diaminetetra acetic acid disodium salt (EDTA), and triacetintrisodium
salt (NTA)) on removing heavy metals (Pb, Cd, Cu and Zn) from a paddy soil at different concentrations,
leaching time, pH values and solid-liquid ratios. Changes in fractions of heavy metals in soil before and after
leaching with eluents were analyzed at single factor optimal leaching conditions. The results showed that the
optimum leaching concentrations were 0.3 mol/LL CA and TA, and were 0.05 mol/L for EDTA and NTA;
the optimal leaching time was 480 min for CA and NTA, and was 720 min for EDTA and TA; the optimum
leaching pH value was 3 for all 4 eluents; and the optimum solid-liquid ratio was 1 : 20 for all 4 eluents. At
the single factor optimal leaching conditions, EDTA had the best effects removing heavy metals from paddy
soil, and the removal rates were 67.4% ., 61.0% ., 13.8% and 76.0% for Pb, Cd, Zn and Cu, respectively,
followed by NTA, and the removal rates were 41.6%, 42.4%, 9.9% and 54.3% , respectively. The removal
rates of heavy metals increased with the decreasing eluention pH values, with the increasing solid-liquid

ratios, and with the increasing CA and TA concentrations. The desorption kinetics curves of the eluents
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removing heavy metals from paddy accorded with the pseudo second-order kinetic model. The desorption

process was mainly a chemical desorption, and the desorption rates were controlled by heavy metal contents

in soil and eluent concentrations. The desorption rates of heavy metals from soil followed the sequence of

Cd>Pba~Zn=~Cu. EDTA and NTA leaching significantly reduced the contents of iron/manganese oxidation

and organic binding fractions of Pb, Cd, Zn and Cu, and CA and TA leaching significantly decreased the

contents of iron/manganese oxidation fraction of these four heavy metals. The efficiency of the eluents

removing heavy metals was EDTA>NTA>CA>TA.

Keywords: leaching; heavy metal; kinetic model; paddy soil
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& CA TA EDTA NTA
e Q. kX107 R? Q. kX107 R? Q. kX107 R? Q. kX107 R?
Pb 23.590  0.76 0.979 9.315 0.59 0.994  173.611 0.12 0.998  136.054 0.040  0.980
Cd 0.289  23.00 0.943 0.134 167.80 0.998 1.408 17.10 0.998 1.292  5.200  0.981
Zn 12.845  0.41 0.939  14.894 0.41 0.996 44,189  0.46 0.997 43.668 0. 015 0.981
Cu 45,025  0.27 0.943  10.171 0.53 0.986  152.905  0.05 0.998  134.770 0.050  0.995
W MR ¥ FBRENT/Qr=T/Q.+1/kQ.2; T AE (min) ;Qr K T B ZIKI T 4 J& it W it (mg/kg) s T/Qr N R 43 J5 B) [A] 1 1t 5 fift 1
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Bt 18.29+0.45a 39.44+4.53a 135.05+1.29a 154.77+£1.41a 347.5742.30a

CK 17.9241.10a 33.69+2.61b 129.104+2.13ab ~ 155.3240.23a 336.0346.2b

CA 14.86£0.35b 16.08+3.30c 125.41+£3.26b 146.18£3.29b 302.5341.25¢

Pb TA 14.32+£1.03b 19.46+3.85¢ 119.39+2.13c 151.34£5.12ab  304.51£2.23c
EDTA 11.9240.36¢ 4.04£1.97d 26.64+4.56¢ 71.01£4.35d 113.62+2.56e
NTA 12.97+0.13c 15.46+1.29¢ 62.18+6.58d 112.55+2.03c 203.1744.36d

it 0.76£0.05a 0.96+£0.01a 0.73£0.02a 0.51£0.03ab 2.97£0.01a

CK 0.73£0.02a 0.95+0.02a 0.73£0.01a 0.52£0.01ab 2.9340.02a

. CA 0.21£0.02¢ 0.63+0.05¢ 0.69+0.06a 0.55+0.01a 2.09+0.02¢
Cd TA 0.37240.05b 0.85+0.02b 0.58+0.04b 0.55+0.04a 2.36£0.01b
EDTA 0.1640.01c 0.1540.02e 0.1840.01d 0.472+0.09b 0.96£0.03e
NTA 0.2240.02¢ 0.51£0.06d 0.4420.03¢ 0.56£0.01a 1.731+0.02d

Ji 4 24.16+1.28ab 24.71+2.68a 64.164-6.33b 280.634-1.80a 393.6743.26a

CK 22.45+0.65ab 23.49+1.74a 62.36-1.23bc  280.45+2.65a 388.754-1.36a
CA 20.11£3.34b 18.92+0.84b 78.62+£3.61a 245.5642.81c¢ 363.2245.23b
Zn TA 25.71+3.38a 18.284+1.13b 60.60+2.49bc  258.54£5.45b 363.1542.22b
EDTA 15.06£2.72¢ 12.77+1.23¢c 63.05+4.90b 248.4649.71bc  339.3541.57d

NTA 15.42+2.53¢c 15.00+0.36¢ 56.23+1.82¢ 267.9245.54b 354.5942.53¢

it 21.53+1.28a 28.02£2.53a 184.09+3.33a 21.50£1.79¢ 255.1740.13a

CK 20.67+0.69a 28.36£2.18a 183.55+1.36a 21.98+2.17c 254.034-2.36a

. CA 16.56£3.40ab 5.50+0.84c 79.9343.61c 47.66+2.81a 149.67£5.40c
Cu TA 19.29+2.86ab 11.72+1.13b 121.46+£2.49b 37.98£5.45b 190.4842.22b
EDTA 18.68+2.68ab 1.954-0.03d 36.10=1.90d 4.54+0.13e 61.29+1.52¢

NTA 20.44+0.27ab 5.63+0.36¢ 77.95+1.82¢ 12.70+1.54d 116.74+2.52d

TE < 3 P RO O S 3 R A of 22 5 Bl )R

3 W
3.0 HERERNHENRNES AW

ATRITZE ) T, 30 U TR B0 vk E 2 4R TH O

A7 3 R Ab B A 22 5 3% (P <C0.05)

R LRI TA M CA BIVEFRCR T A —H

#,{0 EDTA 5 NTA A&

. EDTA 5 NTA iy

AR M BE W B 0.05 mol/L, 24 EDTA 5 NTA &

JEE o T O AR IR 9 3 28CSR B B BT R A S (R
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1) 3 T S R A 3 ik 5 44k 5 34 K L 3 4R T 4 e
W E ALY B B L Fe Al Ca J0 2 Y15 i 1 1 2 4
5, U Fe' ™ Btk vk M R 4R B & A5 H bR
i S R SNV A N & ) N 1
HFELERY) Nat (i 15 2% & 90 0 B0 M A AIC (] B 40 11
AR,

4 J A A v R L PR B b T B Ik ok
A AR SE, ZEAGR K TA 5 EDTA 7E 720 min
P12 K 3] i WO T A7 2 B S (] b T 2 B o R T
& 2), W TA Ff1 EDTA J& . B & ik BE B )
FEA , 4 4 R A R RS R, AR A R
LT FW B 76 10~ 30 min B[] B, 4 Ff ik 1k )
Xof A 4 A A A b B R R T 2 R A B e T
Wb S 17 it AR L T 4 T o A I I R A e R S A
W o AR 7843 . AE 30~480 min B E] Bt , H
& B BRGNS LT SRR AR i & A A2
IO 3o R A e T A W 28 R Oy e O B S A L [
P i A 5 R BT, R CA B NTA #E 17
Y, FIEE A BAE 720 min B EAH L 480 min Y
A 3T I 302 DR Sy i 7 9k O BT ] A9 AN BT A G, FE 4
i i W N W /) L s 4 e ) W A R R >
& I il W H R T

R CALTA F EDTA 4 3k %k %4 5 b - 15
pH 1 FEAR TG 38 (B 3D, XO& o +3 pH BEAIL, +
8 3 T PR 2 R K B 2 % 2 Y R R 4 e 1Y
AEAYITTE 51 S 1 e 1A x4 T BH 25 7 11 W B
Uk 55 o A5 4 J B B A R T Y U R AT
HK WuERIB S5 £ b &8 i M EAEH .,
SCIR U 1T A i e e i N A< i o (B0 25 W R
J& BT RO B S Wb A B T R AR S R A
TR, PR TP R AR a2,
WEE T pH ARG BRER SR 25 A 75 1 T 4 J VA fige P 3
58 RRHA G 42 8 5 R TR 0 A L 3 e 2 i 2 -
hESENER. CAS TA TEpHIKZE S FHEER
fifp I i T S 9/, R R B AR 43 A ML I8 15 &8 55 g
P SR PR TR M 1G4 T MLER I Ik DR R

FEAN BSOS IR 700 R BT 48 TR bk ok ) 11 9 B RV o
IRV 4 2 Db D A0k SR i 1 YA L 1) 34 R 2 T 3 3R A
SRR B AT S LR SR % A ENA
Wb LB E SR . IR 7E S BRI N T8 7 SR 2
R 355 5 LA B B R R R
32 KEFINELEEERYURER

BAR A PR ER B A L R AR RE T L B
EBRBENA —E XS, EDTA 5 NTA 2 Z i ik
AR, EZA—COOH KM , 6844 1 35 Bk il 1
B A N Y B 4 T M Uk VTR T S O iR E 1Y

AL AW, CAH TA W5 hg] AKE
H &7 B0 pHAKSE HY & T % mIEH
5 4 8 BH B 1 1E L IR Y 5 4, vl /D + HEXT E
4 08 BH BT 1 R PR B R B L B S CA 5 TA I8
B Z A BREMBEEA ESEL BB FEHTE M
o M AT HILIEC A A, BB AT S50 1) - 9 06T 4 I 17 A B
WRUERR EDTA >NTA X AT REZH i EDTA &4 4 4~
FRHBLAT NTA &F 3 MRIEEER . EDTA BA 6 4>
SEALEINT NTA A 4 4 45600 0k 2 2k 5 ik ik
JEFHRE L2 Ak 2 AL IMA R T 5 &8 R
THATLIEE 1 AP LA A Z R AP E R
FE L, AR s ™ . WRUERCR CA>TA By R
AIRESE CA iy —RIA HLER T TA b IR MA YL . [
B CA W — i B BUNT TA . A RF5E R K5
T HUR A — GRSt 5 B0 N L %o 7 4 i 1) A MR SR
U ARG POl pE I H I E SR I LR R X
A AN AT A5 A BT REAR (L 5) L i T g 5 i+
A LT A A G, Rl B A ML A 4 Bk
iy L R AP AR U4 o VA W L LR s
J& R BRMERE B

WREFIAE 5 3 4 T8 0 IR vT 2 IO Ak AT A1k
YIS 44 10 35 AR (3R 2) X TR T 1 4 8 A R T R BUS
15 5y B R R E R A B SRR R AT
WA WRE ™ o AR TF A HURR LT 1R ME A W 5%
BEAELE LR Ph M Zn 595k A S
Pb FlE Zn Y 44.53% F1 71.28 %, X 7] fig J& CA Al
TA X Pb fl Zn () LBRBE A EH R, EDTA 5
NTA X4 JE 4 FR A7 T2 A8 0 f 0 i 52 KT CA
5 TA,iX 5 Wuana %7 #F 545 8 — 2 W oy 20
P72 A FIVE 245 5 07 i A e SRR B B £
TR TAVLR, S8 AR e E s,
4 45

(1) PRI + 3 4 1 LBR R EDTA>
NTA>CA>TA, CA Fl TA Byl vk ik 0.3
mol/L, EDTA Al NTA 4 0.05 mol/L; CA #l
NTA i f5c AWk FHE N 480 min, EDTA Al TA #y
720 min, 4 PR EE G B AR UE pH B R 3, B fE
WL # A 1 ¢ 20,

(2) 15 4 )@ L PR Z Bk e 0] pH 0% B IR 1 38
T Bt 1 9 B 1% 388 Jon i 36, BE K V) CA R TA 1Y
iR DNITITE: N

(3) IR PRI 6T 4 98 5 4 i %) ik W Bl g il 2R A A o
TR A ) AR R T O A2 R, EE A AR
VERVEAE T M 3 28 Cd>Pb~Zn=Cu,

(DR R FAEWMVE &M T . EDTA X & 4
J&E BRSO A AE X Pb.Cd. Zn F1 Cu #2 5 R 43 51
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KRR R

%33 &

g 67.4%.61.0% ,13.8%F1 76.0% s NTA FUR KR Z ., E%
BRI H N 41.6%,42.4%,9.9% F1 54.3% ., EDTA Fi
NTA Ry 2 A% Pb.Cd.Zn il Cu k4G A AL &M
BAHLGE SR ESE S E.CA M TA Mk B F KA
Pb.Cd.Zn M Cu hERER A LS & i

5% 3k
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