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Continuous Soil Washing with EDTA/DTPA Combined with Citric Acid for
Removing Cd and Pb and Its Impact on Soil Fertility

XUE Qing-hua', HUANG Feng-lian*, LIANG Fang', GUO Zhao-hui'
(1.School of Metallurgy and Environment, Central South University, Changsha 410083, Hunan, China; 2. Hunan
Research Academy of Environmental Sciences, Changsha 410004, Hunan, China)

Abstract: The continuous extraction of Cd and Pb with the composite reagents, including a mixture of ethylenediamine
tetraacetic acid (EDTA) and citric acid, or diethylene triamine pentacetate acid ( DTPA) and citric acid, from Cd and
Pb-contaminated soil was performed, and its effects on soil fertility were also investigated. The results show that the
mixture of EDTA or DTPA combined with citric acid can effectively enhance the leaching of Cd and Pb from soil. It is
shown that the leaching rates of Cd and Pb after first-stage of soil washing with the mixture of 1 g/L EDTA and 4 g/L
citric acid are 57.3% and 60.7%, respectively, and can reach 63.5% and 70.3% after continuous three stages of soil
washing. The leaching rates of Cd and Pb reach 55.6% and 56.8%, respectively after first-stage of soil washing with the
mixture of 1 g/L. DTPA and 4 g/L citric acid, and up to 61.4% and 72.5% respectively after continuous three stages.
However, the soil after three stages washing have the available N, P, and K all significantly decreased, and need to be
added with relevant fertilizers to maintain its function.
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1.1 EWERIRIEE

il R A R A R PRI R R )2
(0~20 em) (27°52'17.44"N,113°03'48.84"E) , B} Jii Ky
gt R T E KRR AN L, RS E
AT, 90 5 2= 0 B 1, 3 i) ok s, AR A7 45 . Cd T
Pb {5 0%+ BEELAR B M o 0L % 1, Atk - B b
RiE+ L Cd S RIS e R H 1S
e KU A bR o (1X17) ) (GB 15618—2018) FRA 2 {H
(3.0 mg/kg) o FHorr, 8 om0 B SR AE 120 ~ 149
mg/kg Z[0] 45500 & KT 30 me/ kg, HAE & 7E
100~ 150 mg/kg JEE N, J& “ F&" S B F &K
ST R IAANA AR S KR

F1 T IEHERE UMK

24 Hpy (e

KL (>0.1 mm) %5 % 57.0
B (WD) HRE(0.01~0.1 mm) 7t % 13.3
HERL(<0.01 mm) & % 29.7
pH fH 6.92

FH B 7 2c 4 (CEC) emol (+) /kg 11.0
AHLET(OM) o/kg 4.54

T 22 mg/kg 121
Rk mg/ kg 37.2
A mg/kg 115

B Cd mg/ kg 10.8

B Pb mg/kg 210

FESI Y PR A - iCAP 7400 L JRHE & 48 Tk
RSPIETEIL ( Thermo , 5& [F ) , UV1801 54 ] L4350k
FETF (bt o B Rl o A AR 4R AT ), THZ - 82 KV H
IR # CH RN A R AR 48, R 2R
5 EDTA \DTPA A7 IR NaHCO, FIH & BR A0 (70 b7
afi | [E 2548 Ak 2 iR AT BR A /) i R AR IR (L)
afi | [ 25 R A AR AT BR A D), Cd . Pb B AR ([
FANGAT BRI B BB ) 45
1.2 EIHE
1.2.1 BA#kk 7 B b kA iX s

WelEH1.2.4.8g/LHJEDTA, B E R 0.5.1.2,
4 g/L ) DTPA 351 SRR 1.2 4 8 o/L INFFEEIR R
PIEA , FH HNO, 77 pH (HZ 5, BIA$A 10.0 g Rifs
0.25 mm KT+ HREAY 100 mL 5504 b, 45 455 [ W L
1:10, 14 200 t/min Z=iE4%% 30 min, J5 T4 3 4 000 t/min
TG 10 min, iF 58 MEJER H Cd Pb &, &K
WEAE 3K,

1.2.2 A& SEHhERE

ST IR A WP LA A B0 45 5%, #% ALt
WeBEBCH] 500 mL EDTA+FPE RS, DTP A+ 2 111
BVAW, 0 HNO, #5 pH HZE 5, A &FH 50.0 g K
T RS 500 mL HEE A, LA 200 v/min 2 R R 30
min, 7 FFEIA 100 mL B0, T4 4 000 1/min
T B 10 min JEab i WE B8 Cd P S, B0
ZIE W BRI 50 mL KB /K ¥k 15 min 5 2L
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c.v

n = x 100% (1)
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U omL M A3 o C, N H3Ed Cd/Pb MRS,
mg/kg,
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T SUM
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D

x 100% (2)

. R N (N A Np
iﬁ%ﬁﬁjﬁa%hﬁiz—(l Tk @%)XIOO% (3)

RE S ¥8hR 4045 CEC (cemol (+)/kg) , A HLIT | Bl i
R AR (mg/kg) o

% F Microsoft Excel 2013 {18 5256 308 09 -4 (5
FbRiEZE SR FH SPSS 13.0 Seit kit 475 2240 #r,
FIH B & 75 22 73 H1 ( One-way ANOVA ) WELZEA [] 42k
BRZ A 225 p<0.05 g E K,
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2.1 BAMEFIE LR R EMKERE

IRA WX T Cd Ph IO ERENE 2, N
2A[LLE W, 2 EDTA MR N 4 o/L AP BRI N
1 /L IRAWRPERT 255 14 61.8% 1 Cd 1 69.2%
) Pb, 24 EDTA 4 FRIKE 1 o/L B IR G WRVEXTTS
P+ 1 Cd 1Y BR A B AT AR IR Tk B 3 i 2 e N f5 R
FER %Y EDTA YREEN 2 o/L 1 4 o/L B IR Gk

VEXTTE Y 138 Cd  Ph 1Y 2% Bk A7 168 R R 38 338 Jon vy o2
I, R BIZ EDTA WRBE T A B vk 5 14 I S i BELAS: 1
-4 Cd Pb AR, 33X AT RE 2 F T Bl G IR Tk B
BN, AR R pH (N FE, YA RR S AR R pH H
TR TZ LR 5 ( PZSE ) I iZ 46410 (k) B 5
W RFFAE - HE T, 45 Cd Pb ERBUCRIEES , 4
EDTA YRR 8 o/ L B, Bl 5 7248 i Wk 45 385 o, YR 5 bk
VRECR T /NE F B 2, 38 Cd P K BRRICH
L

*2 BAMEXLEH Cd, Pb HIMERE

iR EOmAR/ (g - L) EERE/ % R AR/ (g - L) LB %
EDTA Frigmg Cd Pb DTPA Frigm cd Pb
1 56.5+0.8 e 58.8+0.4 i 1 52.9+0.8 b 48.0+1.2 h
X 2 59.0£0.1 ¢ 62.2+0.3 h 05 2 54.3+0.5 ab 49.7+0.1 h
4 59.20.6 ¢ 62.9+0.2 g 4 55.5+2.4 ab 50.3x1.4 h
8 58.0+0.8 d 62.7£0.8 gh 8 54.5£0.4 ab 49.2+0.1 h
1 60.2+0.3 b 66.1+0.0 e 1 54.5+1.3 ab 52.621.4 g
5 2 60.3+0.7 b 65.7+0.7 e . 2 54.9+1.4 ab 53.321.7 fg
4 59.2+0.6 ¢ 64.9+0.4 f 4 56.11.3 a 55.421.3 def
8 58.3+0.1 d 65.3+0.1 ef 8 53.9+0.3 ab 54.220.0 efg
1 61.8+0.4 a 69.2+0.5 a 1 54.6+0.6 ab 56.2+0.2 cde
. 2 60.4+0.8 b 67.8+0.4 ¢ 5 2 55.4+1.6 ab 57.720.8 bed
4 59.240.5 ¢ 67.1£0.2 d 4 55.0£0.1 ab 58.5+£0.2 he
8 58.1+0.1 d 65.9+0.2 e 8 50.5+6.6 ¢ 53.926.5 efg
1 60.7+1.2 b 68.6+1.5 ab 1 54.2+1.0 ab 58.5+1.5 be
0 2 60.2+0.0 b 68.1x1.1 he . 2 54.4+1.1 ab 59.5+1.5 b
4 60.7+0.1 b 69.1£0.3 a 4 54.9+1.0 ab 59.6£0.3 b
8 59.410.6 ¢ 67.4+0.1 cd 8 56.4+0.4 a 62.120.1 a

TE : Al —FUA ) PR R A R R B R 2% L T 308 Z IR A7 A6 B35 k22 57 (p<0.05)
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62.9%, AP, %+ DTPA 1 o/L AR 4 o/ LIRS
i, Cd . Pb Z2BRZF551R 56.19%F1 55.4%
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ZHIR AR LS , g R T RIS AT
IR Cd, R AT FEHGE v A KT 4L 4 Pb & i
FEA, T AT A AL SRR AS Cd UK FR I ZS Ph & 4
XIRRAE o R AZIR A W BE AT LA R0 /015 g 1
Cd \Pb A= 9178 RPE DT 28 31 B AR L R 5% XURS: 1) H Y
2.4 RAEWEIT LR BN

XHRA RV R JE 1 AR ) AR AR DL AT A T, &
W3, N3 W LIE I, EDTA+FF R 5K DTPA+
FEBERRIR A ke T3 pH & CEC & & 12 mas /N,
SR, FELRIRTE T 3 PLT 7 it 2 B RRAC S 84
3K AT B SE DR R IV Y b e e R O 2 1 A LB
PAAHUKBERIFN SIS, EDTA+FBERIR G HTE T,

R3 WEEIETIEE AT (25 C,FEELE 10:1, ¥R E 30 min)

st i CEC IRYRER (vp ko) i
(emol(+) - kg™') A LT Tl 2 U R
JE IR 14 7.25£0.04 b 11.4£0.2 ab 5167£147 bed 137+11 a 32.126.1 b 11242 a
K1 7.32£0.00 a 11.5£0.0 a 54790 ab 11920 b 44.7+0.0 a 89.6+0.0 b
K2 7.30£0.00 a 10.8+0.0 ¢ 53410 abc 131+0 a 453+0.0 a 80.1+0.0 d
K3 7.32£0.00 a 10.5£0.0 od 395420 e 1200 b 44.220.0 a 82.8+0.0 ¢
EDTA+FF5R 1 7.09+0.02 ¢ 11.0+0.2 be 5132+653 bed 116210 b 26.5£5.6 cde 78.4x0.1 d
EDTA+H7HM 2 6.86+0.02 f 10.1£0.7 de 4878+392 cd 114+9 b 27.0+1.8 cd 71.0+1.9 e
EDTA+F7#50R 3 6.84+0.02 f 9.70+0.5 e 5364+882 ahc 11427 b 23.1£0.3 e 70.9£0.2 e
DTPA+HHERR 1 7.32£0.04 a 10.9£0.4 ¢ 4844114 d 11220 b 29.0£0.3 be 84.1+3.1 ¢
DTPA+HFHERR 2 6.92+0.02 e 10.9£0.7 be 5572433 ab 1133 b 27.0£1.0 «d 70.7£2.1 e
DTPA+FFAE R 3 7.03£0.03 d 9.90+0.1 e 5699+16 a 112+10 b 24.6+£0.5 de 64.952.3 f

T« 7] — B R o RN [RIAL R 258 F1 48 b5 2Z (B A7 A 35 M 2 57 (p<0.05)
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