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The leaching behavior of heavy metals in contaminated soils
during the process of chelant-enhanced phytoremediation
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Abstract: Using soil column-leaching test, the leaching behavior of heavy metals in soils was studied in the process of EDDS or
EDTA-enhanced phytoexiraction, and the roles of high-biomass plants ( corn and vetiver grass) on the decrease of heavy metals
leaching were also examined. Results showed that, application of EDDS into soil surface did not lead to the leaching of heavy metals
from the soil columns (80 c¢m in height) after 480 mm of rainfall percolation within 25 days. However, EDTA application led to
the migration of heavy metals from up-soil to deep-soil in the columns, and the migration of metals tightly related to the amount of
added rainwater and with or without planting. The seedlings of corn or vetiver grass could be effectively delay the movement of heavy
metals downward, and vetiver grass showed more effective than corn. This implies that, combined planting with some high-biomass
plants, EDDS can be regarded as a good chelator candidate for the environmentally safe phytoextraction heavy metals from contami-
nated soils. It should be careful to use of EDTA in the field phytoremediation, especially in some heavily raining areas.
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BTG IR N (07 06 EDDS SRALAE Y ER I R b i 3 T G R R T 1 R DL

AR S a1 SRR R A6, WFTE AR B K B 25 P, WA A R AN [ ) 1P 7 2 5 )
(EDDS, EDTA) Xf-t3E & miE AT AR, RIRHTSE MR e Ay (M ER) e
AR INIETTEIAVERT, i AR R i AT P T SR S R

1 #MH57%

1.1 TERAHES
TiEgtE (A L) RABER AR RIREH 0 ~20 em IRZ L, ZARKT, 24 em i,
THERAC R EAE, BRI REE (B ) MRS A TR R E 4R 5 4 SR AL,
ANTHEEESEGY+ERLSRINARWER Pb (NO,),. CuSO,. ZnSO, F1 Cd (NO,), - 4H,0 %
HEBEBCM, S ZZ0EPFE RN Z GR35 48 & LI LR 1,
F1 R TR R

Table 1 Selected physicochemical properties of tested soils

L Eay ] Jo Y LA/ % o WMESESE/ me - ke™!
T AU ]Eua/ Kﬂﬁﬁ.tﬂi;’iuhm a R L T IEE SR S/ mg - kg
- pH g kg~ Rate of different texture soil ) . Content of heavy metals
Soils . Field water capacity
Organic content @® @ ® Pb Cu Zn Cd
A £ A soil 6.9 11.7 39.3 44.7 17.0 34.3 4.6 28.4 97 0. 87
B £ B soil 7.0 20.2 35.8 42.8 21. 4 38.2 1 480 203 388 2.39

F: A+, BEABIRELG Y EMESEG Y1, A soil stands for the un-contaminated soil, B soil stands for the heavy metal-contami-

nated soil. TI3EFTHL Soil texture; D >0.05 mm; @ 0.05 ~0.001 mm; @ <0.001 mm

KPR RS B A KR, AR 15.5 em, /DME: AR 110 em, HEEEH 115 om BIEAT, #E
FICTP LR ROAE e e B . TR A 80 em SIS Y 14, SR A 25 em &
MR 3, RS, HARBUR AR 1.2 ¢ - em 7 A, KL DR 12 R,

1.2 #EYFHERESTILIE

2004 4E7 AR, fERAERETS Y RS, o 4 DR 4 DN/AMENB R 1 SREREY Y, T
2006 4E4 A1 H, Sr5IFESI AN 4 ASKEEF 4 A/ NENREF E AR T (R, FRFL 2 20 A
AR B, BA TRV, Rk 1 m) o AR RBIR ORI K R, A B Y 4 SRR 4
AR BEORFIAE AT, AR T 40, HE B RRANBAE RN

2006 45 H 25 H, T RAERKIEIED, B4Rk EMARE, 5 AH31 H, X9 MK+
(FAREL . FRRTCHYB 44 3 M) 347 EDDS 4638, %t 9 M/ H4E (M FRL LT
B4 3 #) HEFT EDTA ZbFH, 23512 25 mmol - L™' i) EDDS-Na, 8, EDTA-Na, I W& 7E17 4 HHeE
X2 E4AIE TG IR S FE BN 2.5 mmol - kg ™' HAYH) A AR ZS 7 kb3
1.3 RBIF KM R i R &

2006 46 H 1 HZE 25 HXF EAAEMEAFHIERE. 6 H 1 HZE 20 H L HAUINKES %5 5t IX
2002 % 2005 454 H i KK E, 4051280, 0,0, 0,27, 0,2, 4, 11.5, 25,8, 0,0, 36, 34, 1,
0.0, 36fM30mm, 6 H3 H, 4 H&4ME 6 mm FF/K LR EREYIEH ARKATE, 6 H21 HE25 Hit
ALl KR R AR AL A X A3 080 50. 9 mm FORFIK, 6 H 1 HZE 25 H Y EREMKE
A F g UL IX 1997 %2005 4F 6, 7, 8 H 3 DNHBEKESBHATFEME (481 mm) , B RICEMRIER .
WU 2o U8 5 in—3 e HNO, , ME B4R &,

1.4 THERTEUREDHERIE

H TAEGSK IS B 1A T AR A DR, ARE I BT R)Z s R HIE SR ZE SR Y 11 (A
bmic (BERk22), FHESRE LT, BRZ L (KA0~20 cm) FURZE L (453 )2 20 ~40
cm, 40 ~60 cm, 60 ~80 cm) SrHNRA A, W, WE HHOKEME SR & HIEE SR B,
X Hb b ERAE AR S A BBTHL, IRG A, e EER S,

1.5 MEFHE
M pH, RHEFM . AR SO LTS I S i R R
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THOKIEMEE SR S RmIE . F15.0 g TIEHESD (332 mm §) BT 50 mL BEVET, Hi125.0 mL H,0,
ZEIE (25 °C) IKIBHRRACEREY (601 - min™') 2 h 5, SEEFE 10 ~15 min, FIEHCERRINE .,

I RAE Y e S . FRECRIERESY (4 100 B ), FH HNO, 5 HClO, (V (HNO,) /V
(HCIO,) =4:1) MRAWME"™ , MYEE S 208 i 60 B, A HNO, 55 HClo, (V
(HNO,) /V (HCIO,) =87:13) MIRAMIEAE . HEFMFEMLZ 50 ¢ - L™ HNO, #f# . 4.

R F R EETE (TAS - 986, JbntirAR) ME4EoER &, Prilinr g,
KRatiK (B ARLIKIES) . HEZIREFRES S L GSS -1 Al GSS -6, EFr 1 ebn i
B (SRM2586) LUK EFRHE bR ERE (SRMISIS) WNIETEEAT T B s, s Arkedh i B 50k
10% ~15% , FEEFECE N 93% ~108% |
1.6 %itAHE

FIH SPSS 11. 0 3k-4eit, sEdaittr 225 B vk,

2 HEREAT

2.1 AEEAFLEXTEESREMRIBIRM

HIZ 2 Al L, RAMAAEYI 0 AL, FridEnK R4 70% ~80% kik i LA Al F KA L AT,
IRUEIBOR 2 5 K B AR 19 30% 3 MR AR A ARSI B Ak D8 iR D, RZRIOK Y 22% o Mtk
e AR E SR B AT LA, 7EETPRE KA (BREEKE Dy 481 mm) , EDTA AbPHE) 41+
ST G () R KIS s Rl EOR AN A AR R AT LA RO /D G Jm f kg i ALY LS, EAE R A
T2 TR 90% LA L5 WU X s/ B 5 B ik i 22 S AN R, (50 AR Wi ) B 5 77 EDDS ]I
o B T AR ISCAR AT DI EDTA AP AT ICHEAAE S, B — EORAE I TP A B EE 2 . FUJRU m] g
J& EDDS 7 3 b Al B2 LU, AR RIKIRPE R, ©pioe 2Rt

*2 THHRBRREERKREESZEZE

Table 2 Total volume of leachates and the total amount of leached heavy metals

T+ . , s s TRUE TR o5 7 VR H ) B 4 R
S wam s W R L, I me
Soil ) =1 e % Total amount of leached heavy metals
Chelators Plant species Total leached volume
columns Percentage Pb Cu /n Cd
INFE EDTA  JG#H% No-plant 3602 +199 78.8 15.2+3.4 31.7+6.5 23.9%3.9 0.80+0.04
Small F2K Comn 1530 +266 33.5 3.6+0.9 2.4+2.4 2.0+£0.7 0.08 +0.14
column FFHREL Vetiver grass 1018 £117 22.3 0.9+1.2 2.3+0.1 1.7+0.1 0.04 £0. 00
KiE EDDS  JoHi#¥) No-plant 6 505 +572 71.7 — — — —
Large EK Comn 2 648 +525 29.2 — — — —
column FFHREL Vetiver grass 1992 £215 21.9 — — — —

2.2 EDTA #Ext/ht4E11E Pb, Cu EEEEHIEIT AN
ME 1 AW, EDTA ZbFRO ~14 d, ZFFEKTIE 126 mm B, A A8 %4 Ph, Cu kg, K
HRER SN, ARMAAEY 0 A, WIERE S S BB, 5RKE S B AR R AR

240 - 500 45 . ’
[ e vt No-plant ; 1 m i No-plant ;
' 450 40 | - .
L o FHE Vetiver arass; 200 = 2 * FHE Vetiver grass;
A Tk Comn; 350 £ ;j Ej '1;] B A F K Comn
X [&7K it Precipitation 300 £ ) =T
- ;S 25
250% = &8
® = o= 20
200 == 2 g
150 B £ £ 15
4.0 w0 = 10
50 5
0 0 0
1 35 7911131517 1921 8325 1 35 79 1113151719 2123235
EDTA 4k 35 i a] /d EDTA 4R35 m ] /d
Time after EDTA treated Time after EDTA treated

Bl 1 PEKEX EDTA FSEELZP L Pb, CulkiRIT ABIMT
Fig. 1 Effects of precipitation on the leaching patterns of Pb and Cu from the soil columns treated with EDTA
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fAE, 76 EDTA ARBE23 d J5, BIOF4R R MUKIKERS, ugRch il Sl i e )m . ik, R
23 d RBEKEE 380 mm Z T, EDTA W30y (EKFAFMRE) L4 58 4w 10 i B R AR X 22 42
(Y, FHRAAELE Ph IERURCRIF TRk, H4E Zn . Cd BUMRIESEAES Ph, Cu AHEL (BUREASIH) .
2.3 ARTEXHEKFUEEEESE

H1Z€ 3 [ 0L, EDDS AbMIRR 4L, RAERIZHEE M5 J LM 2K s R SR, Mgz (20 ~
80 cm) TIEHIRAGIEF], EDTA LLBRAY/NAAE, FE4)Z LRI K E RS JE HAMEA R Y
AR, KIEEE SR SR EERE R, AR R AL, &2 KM 4w SR 2 2 TPl
FYIR 1AL, BEIATE R R DRSS, b8 rh T 30 o < R ik i ) A, X 5 3R 2 Bl A
Bo B TR AR E A LA LUR L PR AT, IO KIS E SR AR TRIZ 0 ~
20 em + 25, P ERM LA, KEHESEFEEDT 20 ~40 em 12, SEKML, FREE
AR R ] R G 1) R )2 LTS

®3 IHEELIBEKAEESESE
Table 3 Content of water soluble-heavy metals in the different layers of soil

44 2 UK T 4R A i /mg - kg !

AR (L)

‘(:l]lielator treated 4ﬁ%ﬁlj§ B Water soluble heavy metal in the different layers of soil
.. Plant species Heavy metals

(Soil columns) 0~20 ¢cm 20 ~40 c¢m 40 ~60 cm 60 ~80 cm
EDTA ToAE ) No-plant Pb 1.29 +0. 11 0.31 +0.09 0.11 +0.04 0.11 +0. 06
(/ME Small column)  EK Corn 4.24 +2.99 6.89 +11.4 0.03 £0.02 0.05 +£0. 05
T E Vetiver grass 62.3 +8.4 5.09 +£4.70 0.11 +0.12 0.01 +£0.01
FEAHY) No-plant Cu 0.06 £0. 01 0.33£0.28 0.50 £0.53 1.57+1.82
FEK Corn 1.68 +1.39 6.77 +£9.47 0.35+0.30 0.48 £0.78
T E Vetiver grass 20.25 +3.05 5.70 £3.47 1.31 +0.97 0.19 +0.21

EDDS ToAE ) No-plant Pb 0.64 £0.22 — — —

(KAH Large column)  E>K Corn 0.60 0. 19 — — —

FALE Vetiver grass 0.82 +0.31 — — —

TAEY No-plant Cu 0.51 +£0.15 — — —

FK Corn 0.52 +0.05 — — —

TR Vetiver grass 0.47 £0.29 — — —

2.4 AEXEIEEEEREETNK

PI/NAAE 3 Ph AR T AE 3 P, Cu B9800, HEST 17 EDTA F1 EDDS 75 A P4 Bt
Frp 4 HE 4 Ar e B A R TP R A AE

M 24 AT 0L, JitiFH EDTA AlffiK)2 (20 ~80 em) Joi5Y4e+ 3% Ph & I 8 fin, i Rl ke 4 ml LAA
W P Frir, LREHFMEY), PR LAY S A2 TCT5 G T Ph B3 AN

0~20 em )2, FEEA FPAEAEL Y i A EDTA ALPRAY 3% H Pb &8 XTI 93% , Ui Bt FH
EDTA J&, Al Pb E4 W FEHETRE, 20 ~80 em L5 )2 EE T Pb BB INEZHs /L, &
Me T2 Ph A FkIERIRERE (£ 4) ., HEJE Cu, Zn Al Cd /N EHEZ E RS 82805 Pb 19728
EHARLL (BEARIIH) .

EDDS ZbHER R 4 (R5) . FIZ0~20 ecm 13 Cu FEMAFEL, Pb FEAMAHE; 20 ~40
em T3 Cu, Pb SHAFTIE, KL 40 ~80 em +3E Cu 8 Pb HREA W B2 5, 58 EDDS 4b3#
3 Cu, Pb HIERSAT A A K, X5 EDDS AbHAY HHEMIERAII AN B 4R (£2) B2—EnY,

*4 EDTA REXEE1TIE P REXNFMN
Table 4 Total Pb concentration of soils in the different layers under EDTA-treated

Pb 4/ mg + kg ™! Total Pb concentrations

IMEE)E/em

.. . J& EDTA 4b3 EDTA -F 3k EDTA -FF R EDTA TGt
Soil layers in small column .
No-EDTA EDTA-corn EDTA-vetiver grass EDTA-no plant
0 ~20 1 492.0 +56.0° 1 435.0 +58.0° 1 476.0 +29. 0 1392.0 +21.0"
20 ~40 65.5 +14. 4° 187.0 +88. 0P 135.0 +38. 0P 205.0 +125. 0"
40 ~ 60 45.3 £5.8% 68.1+12.0" 58.0 £7.2% 83.8 +5.6°
60 ~80 43.8 £3.1% 50.5 £4.3% 46.5 £2. 8% 60.3 +13. 4"

W FATAFRIFERERR 0. 05 /K F22 57 3, Different letters in the same line mean significent difference at 0. 05 level. The same as follows.
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&S5 EDDS %EXEERETE CuflPb 2ERZNT
Table 5 Total Cu and Pb concentration of soils in different layers under EDDS-treated

KiELZE/em 4R M /mg - kg ™! Total heavy metal concentrations

nyﬁft " ' Soil layers ¢ EDDS Ak EDDS —F EDDS —# H EDDS —JiA# )
in large column No-EDDS EDDS-corn EDDS-vetiver grass EDDS-no plant

Cu 0~20 195.0 £17.0* 188.0 = 15. 0* 178.0 £28.0* 193.0 +19. 0
20 ~40 29.6 +2.0° 31.2%2.7° 36.2 +3.0% 36.9+1.7"

40 ~60 27.1+1.1° 29.0 +2.2° 29.6 +2.0° 28.5+1.8*

60 ~80 27.1+1.6" 29.1 0.7 29.8 +2.1* 28.4 +0. 3"

Pb 0 ~20 1 506. 0 +48. 0* 1 488.0 +56.0° 1 498.0 +43.0* 1458.0 +75.0°
20 ~40 59.1%5.6° 73.7 +2.6" 73.4 £9.3b 82.0=10. 1"

40 ~60 55.8 £5.2° 52.9 +6. 1 48.6 £3.1° 53.9 +7. 8"

60 ~ 80 46.8 £2.3" 48.3 £3.2¢ 44.7 £4.5° 46.0 £3.4*

2.5 EYMETEERESE
EDTA F1 EDDS 4bEf AT LB R Ae y th b38 Ph /Y& &, {H Cu USSR AR (£6), &X
5P it (1480 mg - kg™') W& T L Cu it (203 mg - kg™') A K,
Fo EAFLE2 dFEYMLEMPh, CuBE
Table 6 Pb and Cu concentration in the shoots of vetiver grass and corn 25 d after EDTA or EDDS treatment

T+ A BEAF Pb & /mg - kg~' Pb concentration Cu % /mg + kg~! Cu concentration
Soil columns Chelators FHHLE Vetiver grass F K Corn TR Vetiver grass F K Corn
/ME Small column No-EDTA 1.32 5.78 12.52 7.48
+ EDTA 11.49 £1.86 20.35 +1.57 12.42 +0. 81 9.39 +1.44
Ktk Large column No-EDDS 1.17 4.46 13.75 8.29
+ EDDS 5.26 £0.41 6.75 £0. 69 15.33 £0. 56 10.92 +1.01

3 itib

ARG TR HLIX 6 A1) HIEKIEM, DL 4 450 H Rk &y B DeiE . SRR i
KRR, R TEAEFBE SR ESEMWRIET N, R REY, EDDS & —Fh XU /N
SO, FEFMMVERMET, — AR ISR P A 2 5 4 8 AOAEAE , IZESA I P i 4 8 AT
BAT gm0, IR F 25 EDDS 1+ A, S YIRS, Jaworska 25 TR
EDDS 228 HA 2.5 d, Meers 25¢- "2 458 1 EDDS I A 42 @ V5 4 T e 2 H7E 3.8 ~7.5 d,,
PEAEN, ZEACREG S, EDDS T4AE HAE P fd , KEMEE & O & A NAE IR EE, B
WRIEVR HP ARSI A B 4 @ O AEAE . DRI, H%AE EDDS jiti S 8 BRI N (10 ~20 d) ANFETEREFEK,
EDDS A DA% 43l FH 95 Y 305 S HAED R I, Bl — R S m /N et E G,

ARG R B K MYESRAF T, EDTA X %2 L HE S8 T8I M mE K, NSy S5
7, EDTARCFEY S EERIZHIEE SR W FER, FHik, EDTA 7 S A Y #2 B e e &0 TR K &
X s HA B 400 T, PR A A TREE E 4 R ) T2 HIEER, RHEREYRE . IRA
Y,

BARAAES H EDTA A1 EDDS APR) 4 HARANE, HPabH A R (24539100 11,0 em
M15.5 em), ATRABA KM ER B EAR 2, BT, /DdrmE—2, 0N L
M —3, Wik, g Ra — & nl ik, % EDTA i, EDDS & —Fh 2 4 v 4w i 3
#; 5 EDDS HA:, EDTA XM 48 HA BRI EARERY ) s e+ 5 00E B,

ARG A 5 A B R A L 4 R S i AT 20 mg - ke, IZMEIE R TE— S B A0
AR S MY R ES R SR, HENAfEA LTI rm. 1) YR RS LETS Y
(0 ~20 em) 5ARTGY I (20 ~80 em) ., ISR R, RIFATE G FIAIAT, FRMERER
WROCZAERKB LGS, WIAETs A KR RS HEY SRR EN 174 24, T—Be %
AR R G g 11 2) BAFGHN TR, AR E T, B AR b B ] — B 7E
A KRB, e, WA, A EDTA %5804 FIACH iUk, BT soAidi b3
HEE G LEEE F 2 ARG AR, AR R R ERE A K B
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3, FRBO R , Y TE A SRR R SR AT TR AR PRI, AR A
B AN FH AR ASTURE 30T DL DABEAR A SM_E . ARG émn(zsmm,@”)ﬁ
PE, FORFIFARFL L - FRY AR B W n B 3k . 7Ema ) i e il b, FORAE 14808 EDTA
(2.5 mmol « kg ') AbEH, mp R 2R G EREART 3)&%5%%?ﬂmﬁﬁé@%i& S
et E g, AR, AL KRR R AT DAl B S A B A R, E Ak R, AR
Rgerh, BEE A HIEREAWIUK, E4REMIER N 2% (3 EDDS o R EYRER) , HAH
YRR TT DB S AR A R, R TR RS R AR (ks ], SRR e T AR
Xof EE 4 I 1 B IR A
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