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Effects of mixed chelators on the removal of heavy metals from contaminated soil and on the growth of plants
GUO Xiao—fang, HAN Wei, ZHAO Guo—hui, ZHANG Gui-xiang, HE Qiu-sheng

(School of Environment and Safety, Taiyuan University of Science and Technology, Taiyuan 030024, China)

Abstract: Soil washing is an effective technology for the remediation of multi-metal—contaminated soil. This study investigated the changes
in physicochemical properties, the concentration and fractions of heavy metals in the paddy field contaminated soil after using EDTA or
mixed chelator (EDTA, GLDA, citric acid) washing. Subsequently, three types of crops were planted in the washed soil. The agricultural
value of washed soil were evaluated by measuring the plant biomass and metal concentrations in the root and shoot of plants. The results in-
dicated that the removal rates of Cd, Pb, Cu and Zn in soil by mixed chelator(MC ) washing were 44.30%, 28.78%, 26.44% and 11.49%, re-
spectively. The highest removal rate of heavy metals was obtained at the time of second washing. Thereafter, the removal rate decreased
with the increase in washing times. Biomass of Chinese cabbage decreased in the washed soil, and the heavy metal concentrations in the
Chinese cabbage increased in the washed soil. This suggested that the risk of heavy metals in the washed soil was high in vegetables such
as Chinese cabbage. In comparison with the control, biomass of maize did not decrease, however, the concentration of Cd, Pb, and Zn in
maize were significantly decreased in the washed soil. Moreover, shoots of the maize were safe for use in feed production. The available
heavy metal contents in the MC—washed soil were lower than those in the EDTA-washed soil and had a low impact on the growth of the
plant. Therefore, the MC is a useful and environmentally friendly chelator to remediate multi—-metal-contaminated soil.

Keywords : soil washing; multi—heavy metal contaminated soil; mixed chelators; maize; Chinese cabbage
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BEF KA VRIS B I K A A F 05 7K
PN, FIEE SR Y m 8 H a6, HHE 4
J& AE - e i B R 5 LR AN RE R R
A X A S FR G FURR B4 A B T TR A KU

A6 52 4 i 5 g 3 i B R [ Ak /A e
e s MRS ks R, Hdg,
b2 B IRk O — PR VR (A1  R0R S RE T
PR AR L R (EDTA ) it
LR R A BRI A RE T, AT LME b 2R E )R
TS YL IR IR VET . SR EDTA & —F APk g ny

A, AR 2 YAk 0 B AR K L R A, DR G
EDTA % + 358 5 2 1 3 8 AL 250 ) 26 1 e
BF, 76 13 25k B 4 IR -EDTA 485, Ak, 18
Wb R R T S50 SR AR i B
2 R AEARARI ) Zupane SEBFIT R B A TR
f L3 EDTA Rk A9 L e RD 1 & B A, {84
TSR pH BRI AN EE > T BR Na® LA BH 25
TR A ASE A S R TR PR R St — 5
M A7 40 (R B AR MY 2B 77 o Jelusic S8 I 5Y 3R B
WG 4 JB -EDTA 45 5 WX /A s bEE A, o
S B ICE A LA K A SRR AL 1 o A A A S B0k
Je PRI AL 4 7 B T TR

DRIt D0 - SR e X - 9 B DA ok e BB
BUAE R FH AT A R A 0 B 5 DR AR EDTA, a4 24
2 — CRR DU (GLDA) A7 45 IR 45 4 %) 3 43 J A 455

AT . Guo "™ IS R W fE Z P i 4 Jm 15 Ut
T3 R A WBER (EDTA .GLDA ¥R ) H Al ]
F L — EDTA WU ERS bR E 2 E 48, JF B
TR A B 0 791 0T - 8 g 0 e R P S R T D o
SR, & TR IRV 2 Ukt 4198 Sk s 14
A A AE A R IR A BR -

WA SCHE IR EE 4 R 15 Y 30 kil 1 48, e
T EDTA AR A WPERI MC(EDTA .GLDA f7 5512 ) £
YOS X A M T 4R o R A A
BYSZI , BFSE T IR BEXT /N SR K i EE 4 R AR
R VLSRR AT 1 558 h oG A A R A se i, IE X
TR AR R P HE 4 R V5 Ul 398 1 A SO0 Rk Tk Je
T LN BT TP

1 #MB5EFE

1.1 ik #r et

P I A ) AR OCTT (24°31'N,113°43'E)
FEEBIEROKBHNERZ L ZRENT X GE%RT
A B RS ) R, S8 T i - R 4
JEIGYs . HIRERENCRAE S RPN ZE R AR S L 1 5
mm 7 , F TP 25 BG4 A4 20 H A1 100 H 2
Je i SR S AT A SRR T AR 1.

HE IR PERIE T 0.1 mol - L7 i 2 — Bk DU 2,18 —
B (Na,—EDTA , AT & #} EDTA) 1 i AR A 18 W (LA
T FR MC) , MC 4 2 R — £ TR MU Al (GLDA) |

Mg RE N RN, A 2 F I UG X5 G R

Rl LT EESESEREABEUMR

Table 1 The basic physiochemical properties and heavy metal contents of materials

EDTA FIFFEERR LLEE SR FE 10123 4 FU AR & i e,

BRI Parameter J5i L5 Original soil ~ *J i 1-3 Control soil ~ MC#kUEST 1:3E MC—washed  EDTA #UES5 -3 EDTA-washed
pH 4.18+0.03b 4.4320.11b 4.32+0.26b 5.0440.15a
A LT OM/g kg 26.0+1.2a 27.3+1.9a 27.3+0.6a 26.6+1.0a
M TN/g kg™ 2.80+0.32h 3.55+0.35a 3.69+0.45a 3.24+0.18ab
S TP/g kg™ 0.81+0.04a 0.81+0.03a 0.82+0.01a 0.80+0.02a
JSETTK/g- kg™ 24.2+1.4a 24.0+0.3a 22.342.5a 22.8+0.3a
BT AN/mg - kg™ 124.3+7.3d 184.3+6.6¢ 227.5+4.6a 209.4+2.0b
AL AP/mg kg™ 18.8+0.9h 15.10.6d 17.3+0.4¢ 21.0+0.8a
A AK/mg - kg™ 64.8+3.2a 53.149.0a 48.0+3.9h 48.2+4.5h
+HEBA B F a8 it CEC/emol - kg™ 5.48+0.13b 4.47+0.19¢ 5.58+0.53b 6.63+0.54a
Cd/mg kg™ 1.00+0.02a 0.59+0.06b 0.29+0.03¢ 0.28+0.05¢
Ph/mg-kg™! 717.209.32a 753.00+16.47a 528.79+45.18b 408.79+35.45¢
Cu/mg-kg 385.25+4.35a 371.19+2.75b 285.10+5.00¢ 244.25+3.23d
Zn/mg-kg™! 484.41+5.79a 480.10+4.54a 412.50+27.00b 402.25+9.00b

T R AR NI 22 (n=3) , [R5 8 BA A R PR3/ D6 835 2253 (Duncan %, P<0.05) . F[A].

Note: The values in the table are Mean + Standard deviation (n=3) , according to Duncan’s multiple rang test (P<0.05) , the means in the same line

followed by the same letter were not significantly different. The same below.
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PRI E R pH R FH 0.1 mol - L™ 8 NaOH F1 HNO, ¥ &
3.50, K FHEBE T /RKME AR, Na,—EDTA FrPEeRR (43
Brad) ¥ [ E 253 Ak A A B F . GLDA I
B 5 S5 i DR AR T AT PR W) AR 23 T i 3511,
& & >47% , % 1.400 g-cm™,

B Y T NARMER A S5, Tk
wn P T 4w I R A A
1.2 KEH*E
1.2.1 T HEMpE R

K AR LG F 2 B (200 H ) FilA S b4 4
FALRAE A (55 12.5 em, A2 9.5 em) JIEHB, Bt 5 mm
I B T A 11 kg e KM A — i 5, 72 50 5
A6 % b5 R W B, LA 1 mL - min” A4 3 8 5 0
550 mL VR BROCHEA TR IR AR SE AR AT T
JHCE I O R A

WV S0 ek 7 Wk (R 2) , FLR S 1,25 IRtk
PERT EDTA 40 B F1 MC 40 #4351 28 1 0.55 L 0.1 mol «
L' EDTA 1 MC i W21 7 bk e, % B4R 3R F 0.55
LRI KA ik E . 55 3.4 .6 .7 IR IR i Ag Ak 33114
K 0.55 LZERK ATk pE o B U bk e R i 4 45 Ak
FRAIRVEIR , R0 S5 R A A

2 MBERWIZIT
Table 2 Washing times design

Lb¥g LM EL Soil washing times

Treatments 1 2 3 4 5 6 7

CKALHE  ZRIB/K Z2IBK Z8IRK 280K 281K Z8I8K 281K
MC/AbFE MG MC  ZEMK ZEIEK MG ZEIK 28K
5 7k

EDTAZLFE EDTA EDTA ZEW/K ZEM/K EDTA ZEIR/K 2808

b

1.2.2 FEYHAR L5

H4 2l B 5 CaCO, XS 2 #22 FEUS 5t Ry 0.2% F
2% SRR 0 LRI SR A . LR LR A ) —
Z SR — RN R RO 10 JU/IN 32 RN, f 45
JE I H B SR AR R AR 0L, PR TR B R
3PN ks A K 7 8 BORBAN /N
55 2RI EOK B SIS AL A LA 5 R OKRFP T
PRSI, B R 3R KA, IRk K 1A A ik
RASFEN TR 55 =Pl oK RS 2,
1.2.3 HEESHYIREERAE

S A5 oS OIR— 2= /N SRR ZE K, 43 50
FE/INC S5 W2 FOK T i e o, T JE ol A 28
K Ve v, BT 105 CHEAR R 7 30 min, PR 2
65 CAkZ ML+ = fH i o AH Y FE M 0 S5 1 I 2
Cd.Pb.Cu.Zn 4 FlE 4 J& & it o [W) BB ORI AL )5 SR

£ AR TR 20 95 20 B Je b, T E
MAAESR TR,
1.3 H@maH

158 pH DAL AL LI e, K 25015 3%
A BT (OM) R H 58 FRHR 78 i T - ARl 22 5
8 PH B 128 Ha it (CEC) SR FH i R B 12— KM I -
Wil 5 5 438 (TN SR FH 2 ol FR vl 5 +
8 5% (TP) R A NaOH 45 fil —4H B Bt bb (3200 5 5 +
VR (TK) R NaOH 265 il — KU 6 B8 740 5 1358
B A 20 (AN ) SR FHBRUAA 4 H007 DU A 5 - H A8l (AP)
K H 0.5 mol - L™ HC1-0.025 mol - L' (1/2 H.S0,) 72 ]
E 5 1 HEEACHT (AK) SR FH I 1R i 3 UL I e, +
1% v R 4 ) 142K ] HF-HC10,~HNOs—HCI 74 f#
PR, IR 0 EE 4 IR A3 A A e i AT R R
A A (GSS—4) A T BT w21, 4 Fh E 4 ) WU 1)
YA Y57 SRV Bl 5 R FH Tessier 1025 7 25 $2 HU
PRt e % 4 R AA T S T Al 5 - rh
EAEBAMESEEEXA L mol - L L84 (NHLAC) LA
B LA 1: 8 R4 FR IO T EE 4 Jm 7 i YR K M
JEF W 66 BE 1 (AAS, Hitachi Z-2300, H AS) ik
AT %E , Cd . Pb . Cu.Zn £ G E K FR 4371 4 0.005
0.02.0.005.0.006 mg-L™",

A il HP 4 S 5 SR 0 B 0 R P R T
il — JCHA R F RO AT o FRBUR RS A 0.5 (0.1 g
TP R R 43 ) 2 AR EE D, A5 mL HNOs 2l i
P, B 2 mL HoOo J5 A R T A4S 267 5 05 A
TH RS2 S F K R T IR 53 6 B 3 (22300) T
FE YRR S A EE 48 A BT AR RO B SR ERE )
FEah (GSV=1) 47 B s 42 i, 4 ol 50 4 Ja 1) v 2 35
FEFCVFE N
14 Gt 559

S B 32 Al ] WPS Excel 3178 #5474 34
SO BT, FH SPSS 22.0 647 HLR % U7 2240 H1 (Duncan
R 560 A 25 b B B B G T 2E 22 5 ) MG 2= b,
fd i Origin 2018 1 &,

2 GRS

2.1 BAMEFI ST LIEFESENER

AN T) P bR 3 Y BSOS - 38 o T 4 1) 22 BR AR
A 225, EDTA AR A58 MC Xf - 587 Cd . Pb.Cu.
Zn [ ZBRBOCR A 1R . SXF B L, 7 ke fe
EDTA F1 MC 4 Z 3 Hi %} Cd . Pb ., Cu Fll Zn 4 Fh 42 )&
A I R BRE EDTA M9 8 LB 40 58 51.93%
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38.41% .35.90% F1 14.27% , MC F i 2 15 45 51 Hy
44.30% .28.78% .26.44% F1 11.49% . 5 1 YK X} 8
S 1R BRBART A 2 bRk, v RB R R LA T
T FLIRES T A MRPE RS 1 K 2 Bl R TE R
B W TR S R CR TR - S Bl
55 LR R P A E T . AR 2 Rk
BRACR B w U B bk vk R 358 vp 5 4 R 1 AR AR
HRESEEGYH AR 53 R ZE MK
XF b A SR A R R I S BR R  X FE HER
BA 7E A 1w A I R 4 R B TS AR A K
7 I Bt AR PR B 386 0, 7 4 T 1) R BR SR 2
. 555 YR EDTA FI MC ik vk , 8 4 @ 19 £ B R
52 35 FRAIG, 10 BH 38 v mT bk vk 22 B 1 EE 4 AR

AN T3] B4 908 98 700 %o = 18 v A () 4 1) 2 BR AR
W& A 22 5, EDTA TE 7 YOk B8 o xof 398 0 4 s 1 25 B
BCRIEE T MC, X2 EDTA X8 E S E 48 176
fkRE 18 B BT S, BT EDTA 7E -1 438 o xfi DLk 96 it
A DARE FELE , IR A U8 MC Hh GLDA FIAr i iR 1
AR AR WA, T L LTE AR ) S TR . S Ah,
EDTA 5 MC %} + 3 ip Cd 8 £ B 1% 5 T Ph ., Cu Al

201
151

10

Cd %53 Cd removal rate/%

201

151

10

CuZ 4% Cu removal rate/%

RPE R EL Washing times
-0~ Xf BRAL 2 Control treatment
TR AT MR 2R JC i % 25 5 (Duncan %, P<0.05) . R[]
Same letters above the bar indicated that the results were not significantly different according to the Duncan’s multiple test(<0.05). The same below

| AEMERIXT L1ZEFR Cd.Ph.CufI Zn BIEBE

-@- MCALFEMC treatment

Zn, Shaheen ZE2 W57 W/~ , Cd BA SR TGTE, 5
Pb . Cu.Zn % 5 4 J& A Lo, HoAE A 38 v 2 A 555 110 W%
Yo IEAh, pH 25200 Cd i £ %, 3 pH #Ikn]
DM Cd 1 22B8™, [RlES -8 (% Ph  Cu F1 Zn 3222
PIFRIE ST A7 (R 2) , BBRMERE R R .
22 TEREELEEAERMESEHRSHETL
R S R - S A A i M T, AT
AR A . 2 UIE R TSR R R EAE
PEJiT . EDTA FIMC bkt f5 3 pH BE A T, X 5k
VEAIBIBR B A . fb2Ebkixt 3 p g ML L BB
SRS RIS K . EDTA FI MC Ik %k f5 358 vh ik
TR E WD T 26% 31X & T ER bR 1
Herb 4@ 19 R B), 23 A pE K2 A TR
HEBR . EDTA FIMC b FE A 358 b S 8 RA 30CR & &
Yot b A SR S TR T 68% 1 83% , i
J&HF EDTA FI GLDA 'R & 5 Rt &, HAE H sk #
SN S P, MC R E RGN T A A Y
S, IR R 0 B B A A v ) B O A R AL
A R R S BRI A T S B S 42 JE (U Ca
Mg . K) i 7 2 {H 2 EDTA DL = AL, 254 A
43 Na*, Rl + 3 CEC 0% B F FRAL. 25 1L il

20T
151

101

Pb Z:B%8 Pb removal rate/%

20r RVEUEL Washing times

15

10

7n 2B 3R Zn removal rate/%

WRVEUEL Washing times
= EDTA ZbF EDTA treatment

Figure 1 Effect of different treatments on the removal rates of Cd,Pb,Cu and Zn in contaminated soil
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T 8001
vy
50
\E 600
15
g £ 400t
SN
&
=2 200
A<
2
g 0 —
= Jti e 1 Jopivast MCAES  EDTA A3
A~ Original Control MC EDTA
soil treatment treatment treatment
- 6001
2
&0
g
i \g 400
daE
B £ 200
83
kS 0 = =
£ JFi5 gt X AR 3 MCAb#  EDTA L3
3 Original Control MC EDTA
soil treatment treatment treatment
- 6001
vy
g0
E
B g 400
4 E
g
E?u £ 200
=
& Jim g+ X Mk B MC b EDTA b3
RS Original Control MC EDTA
soil treatment treatment treatment

[0 %% 4 Residual 5 HL45 A 25 Organic matter bound
A B4 H ALY 45 A %S Fe—Mn oxides bound
O WREREL 4547 Carbonate bound O I AcHizs Exchangeable

B2 RE#MEFIX LEREREPD Cufl Zn FERIFM
Figure 2 Effect of different treatment on various fraction contents
of Pb, Cu and Zn in soil

Ve AE AR AR E b X eI 7= A i, WA T
i) - 398 5 2 B A T (EJR AR EDTA T 5, MC it
T B RN RE AR B ORI A LIS A, R
ORI .
MV A T P E SR IR A S A
A (E2) , H 4 Jm A B3 IR A S A 3 )
TR RE S = A s . eSS A E
GBS A BRG] RIRER S A SRR, SRR
FH L, R TR I AN [ R B B AR T 1388 Ph . Cu 11
In BB . EDTA A MC WRPEA RB#L T 58
s RIRER LS A A B AW EE A AR
FI5% i A 1 Ph Al Cu, 20 5 FEAK T 129%~60% . 25%~
59% (1) Pb F1 29%~57% . 3%~46% [ Cu, HiF Pb.Cu.
In IR ES S HA THPh . Cu Zn W B =P F 5 1Y

H 43 H A K EDTA 5 MC ke 25 B R 43 ik
F|T 43% .24% .20% F127% .22% 15% , iX B EDTA
FIMC Xt Pb ., Cu.,Zn i 58 & HA SR IELIER
T G PR FE PO A R A5 S

IEAk , EDTA FI MC R BE T Zn BB S AL 25
A LGB S R SEAN T 41% .32% .21%
H132% .22% . 14%, i EDTA 1 MC &b B+ 3 b Zn (19
T A WS R B Ao 11.33 mg-kg_lﬂl 8.43 mg-kg'l,
A3 X BE B 1S RE A LAY, Zn OB BR R 45
U251 M 10.88 mg-kg*ﬂ] 5.92 mg-kg’l,ﬁj}’%ﬂﬁz
X HE 380G 2.3 45 0 1.3 45 0 3 AT B2 A D IR
() s — 7 T PR IR ) o] LK R e S A B b R
ARES AN se S 4 8 O W W o o —
D5 T A2 e e -8 pH B T (R E TR IR R A &
IR . Chen 527 HT Guo S5 A 2L I 4518 .
EDTA 5 MC X} Pb . Cu ., Zn ¥ 2 H 461 43 4 19 52 1 7] B
SR Ve RIAS B G . ek, RIS TEHLA
AL A 1 S5 DR 2% Y 2 S Y RT RE ) EE 4 JR E
T A= oA
23 EYMTIEERSESESE
230 NPERAEY R N ES RS E

AN ] 6 32 791 94 0k R A 38 IS X /N P 3 R ed
Pb.Cu il Zn & A AR R RZm (£ 3) . 55X
AHEE, EDTA Fl MC AR FRXT /N 1352 i B3 3 Ay
AR — WS A i o B> T 48.2%
54.5% $123.8% .27.3% . FEMPELIFEH , EDTA 5 MC
— AR LR T SR A R R A T, g
th B ST E O GE , W EDTA 5 MC kgt /s L g
RO R AR 269% (3R 1) , R A 3 bk ke 2o 7 3 B
HEFR A Z 00, [R]IE, EDTA 1 MC A] DA 225 + 3 rh
) Fe Mn %0 E , NI BB R Ic R
B,

ANEAEFE T /N3 Cd Ph ., Cu 1 Zn 4 75 15 9]
B TN R R AR PR AR R S AR
45 A WD T B0, SR, AN [R] Ak B /)y 1 28 3
Cd & T 3255 Cd % AR 0.2 mg- kg (GB
2762—2017) ; EDTA Ab #1383 E 358 Ph 75 2 .3
o X R AL BEFN MC bR, L T SR8 Ph & fh
#E 0.3 mg- ke (GB 2762—2017) ; EDTA 1 MC &b 3 14
BT E T/ FI Cu % &, A H X R 455
FLE T 99.7% F1108.8% ; EDTA AbFH/IN [T 36 34 Zn
TR A LU T 3.5 A% 0wt/ 1 S MR S
7 , EDTA Fl MC &b B34 i /)N 1 =2 # T 3 Pb . Cu Fll Zn



20207 B

SRR , 45 IR A RUE DO 15 Gt v o G 1 2 R L) A I R 1491

F3 TEARLENAFESERM AN TEE (g-pot ) REEEEE (mg-kg')

Table 3 The yield(g+pot™) of maize’s aboveground and underground part and heavy metal contents(mg-kg™) by different treatment in soil

s Hi_E- 343 Aboveground Hi R #43 Underground

Parameter Xt 1 MC ikt EDTA i XTI MC ikt EDTA
Control MC-washed EDTA-washed Control MC-washed EDTA-washed
UNEEIN Y 25.63+1.81a 19.52:7.26ab 13.28+5.97b 0.33+0.16a 0.24+0.10a 0.15+0.10a

Cd ND ND 0.03+0.01a 0.41x0.10a 0.39+0.16a ND
Ph 0.22:£0.06b 0.33+0.04b 0.72+0.18a ND 15.40+6.44b 40.05+8.81a
Cu 2.93+0.50b 6.12+1.53a 5.85+0.01a 5.30£1.01c 25.51+3.22h 45.79+9.19a
Zn 3.13+0.22b 3.46+1.04b 14.1120.46a 14.11£2.12¢ 26.09+2.79h 52.21+5.93a
H—%  DW 0.4120.11a 0.60£0.05a 0.48+0.17a 0.09x0.02a 0.11x0.03a 0.09+0.01a
EX e 0.08+0.02a 0.02:£0.00b 0.02:£0.00b 0.25+0.01a 0.15+0.07b 0.04+0.01c
b 1.42+0.05a 0.530.06¢ 1.19+0.10b 14.74+0.89a 8.52:0.50b 5.00+0.16¢
Cu 2.27+0.30a 2.57+0.30a 2.74x0.69a 13.97+0.76a 11.28+0.27b 6.22:1.46c
Zn 10.93+2.93a 9.29+0.14a 3.50+0.54h 22.87+4.65a 6.33+2.26b 2.37£1.43b
BoF DW 1.7420.06a 1.34x0.68a 1.22+0.29a 0.51+0.06a 0.27+0.16b 0.32:0.09ab
R 0.05£0.00a 0.02:£0.00b 0.01+0.00c 0.44x0.17a 0.03+0.01b 0.01x0.01b
Ph 0.35£0.04b 0.12+0.01c 0.60+0.11a 2.83£2.12a 4.80£1.62a 2.90+0.46a
Cu 1.0420.03b 1.12+0.10b 1.5420.26a 11.99£10.61a 9.51£1.95a 6.36+1.24a
Zn 8.72+2.16a 4.41x0.78b 2.90+0.27b 8.75+2.48a 5.26=1.97h 0.01=0.00¢

VE:FW B i s DW: T B8 ND SRR
Note: FW : Fresh weight; DW : Dry weight; ND : Not detected.
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Figure 3 Effect of different treatments and times on NHsAc—metal contents
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