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B)#ATESRELRR, WEAFRRAEYE SR LIEESLE Cd.Pb.Zn WIEME, SREW, AREMIEMED BT
13 Cd.Pb 1 Zn W IELRE TSI BRISR > MRHOAL > B, 11 (EfrtE: Z8 MK E ) IR TR ELE N BEEST
Ho2 SRR . RAEYE G FIXT Pb.Cd #TEALRE 71 B BAKTF EDTA (B3} Zn HTEALAE 73R, BRAESR 1:1 THRANEHIAA 2
TR SR B E R T 5. 00 mmol - L™ EDTA , KB RARM Y E & FIxt Zn f7E b BEH F 2. 50 mmol-L™"
EDTA, YT R E S R T REH R, SRR, BRI — MR IR KRR E S A,
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Selection of appropriate natural botanic chelators for mobilization of heavy metals
in soils
ZHOU Jianli'* ,GUO Xiaofang' , WU Qitang'* * ,WEI Zebin', WU Changan' ,CHEN Huojun'

1 College of Resources and Environment, South China Agricultural University, Guangzhou 510642, China
2 College of Agriculture, Yangtze University, Jingzhou 434025, China

Abstract: The common used chemically-synthetic chelator EDTA ( ethylene diamine tetraacetate ) is hardly degradable and
expensive in mobilizing soil heavy metals for enhancing phytoextarction. Using three botanic leaf juices including Masson
pine ( Pinus massoniana Lamb) , Slash pine( Pinus elliottii Engelm) and Embelia( Embelia Laeta L. Mez) , the mobilization
of Cd, Pb and Zn in two agricultural soils contaminated by lead-zinc mining wastewater and different in soil pH from
Qingyuan and Lechang District, Guangdong Province of China, was studied in batch experiments in comparison with EDTA
in 1.25, 2.50 and 5.00 mmol -L."". Results showed that the studied botanic juices had different mobilization ability to Cd,
Pb and Zn of the soils,and decreased in the order; Embelia > Slash pine > Masson pine. The concentrated Embelia 1:1
juice (fresh leaf weight: water weight) were significantly higher than that of 1:2 juice in mobilizing soil heavy metals. The
mobilization ability for Pb and Cd of the studied botanic chelators was significantly lower than EDTA, but they exhibited a
strong mobility for soil Zn. The mobilized amount of Zn by Embelia 1:1 and Slash pinel:2 from acid Qingyuan soil were
significantly higher than that by 5. 00 mmol - L' EDTA and the other natural botanic chelators were higher than 2. 50
mmol+L ™" EDTA. For neutral Lechang soil, the mobilization rate of heavy metals were generally lower than that for the acid

soil. Based on these results, Embelia leaf extract can be a promising natural botanic chelator.
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BHEAR b IHE [ RS, (X S F R EAELE VR B RAS 1 15 PR IR L IR EE A S5l s o AR, —Fh
B EEMYRBE G HROBEREARY, B EA K RA IR S0 AT AR K2 AKX
E, HEEEAYRR T RE SR ORI TR B ES BN, £XSHBEE/YEE
RS EYRRGG S, AMEN TR ERESRNABRAERY . B—FE, ELBELEPRE
YA SRR , R X A MK , DT — 25 S 8 B SR ML O AR BUS R . I S BT9E 45 - £ W1, EDTA (2 — ik
WZER) DTPA( “ZH=WAZIR) S8 AF GRS LERESB OB, INE LI RELRE, TREES
TP RIRBUSCRNT B XL YRR 5 e, 55 B T K Bis ™ . $RiRE" 245 EDDS(Z —jk
TIRIAER) B —Fh T A MR AR ) R, FC T RO E AL R T R, BB B A, (B R AR B
B, EASMEME M. B, FHRE A TE AR 158 EL5 R IR R A 254 ) R A 1 1 s S U B 5T
BZ—. BEFRERN | G EmaR S TAEVRITER ERR ER BRI _REWEEE
- RESBIEE S, HENRIELRE NN ET, pH ZEEM I EESBEENREEREZ Y,
Boekhold 21"/ 4§18 , pH3. 8—4. 9 Y Bl P48 0 0. 5 ANBALAr , 3T Cd BB An 1 £, HIRE SR iR
R B B A A, BB pH AR Cd AR BE7ERS K, HE Mt e k. BHgs A7 B 1 , 24 pH
<4 i, JLTFTA B RS ) Cd 8 T ok, 24 pH >4 i, i B IT 4R BE pH T T/, 45 B2 Y
pH >5 i}, R R BB/ LR K, BUARS &L 6 MESRE T(C [ Zn®" [Cd*" \Pb** [Co™" |
N ) IR BT R R, B LR R REE pH FREMRE™ o me il 0, 8m LM EE A T L EE LRI
ko BRBEFR A S F R BR R  , BB G L EEL B IO 7, vl L2 sl ke
FOUZE ) ] PR B P i 15—25 min ZRAG ARG L3P ) Ni Co HEATIHR LIRS, S5 R EWH AR —
FERR o ARSI e S AR A - FRO 35T it RO 3BT 0% AR, LA 075 o o AT LA v 438
Cd \Pb . Zn Y fAPERRERE R ARZE A5, R I I3 A A 3R BB AR AR BERL 24
1 #REHE
1.1 {40kt

B LI HI R BT ARE T AR BT R A
T BKGREKRE L, ENH pH B BKER (F
1), FrE B3, EE b, XTI
Imm %, MRS . BELRHIESZEZRHENE

F1 A THERBAER"
Table 1 Basic physo-chemical properties of the tested soils

FRTELHE ikt
Acid soil Neutral soil

i H Item

J7: GB/T17138-1997 #l GB/T17140-1997 , i #i 4k,

e S P e ) %NT-N/(g~kg‘_‘1DW soi.l) 1.95 2.67
BT A e & 1 EDTA( Z,— P2, Bt 4 PT-P/(gkg _ DW 501?) 0.645  0.870
N = R 4 K TK /(g kg~ 'DW soil) 16.2 14.7
8N RS BT ARG A HUFE OM/(g-kg ™' DW soil) 38.7 52.0
BRI R R Y EA TR E 3 FHY: R CEC/(cmol-kg™ DW soil) 5.42 15.8
( Pinus massoniana Lamb. ) . & #h #3 ( Pinus elliottii . €d T-Cd /(mg-kg ™' DW soil) 1.01 1.25
Engelm. ) RIFRMESR ( Embelia Laeta(L. ) Mez) ) i & P2 TFb/ (merke ™ DW soil) 102 780
. 8 Zn T-Zn /(mg-kg "' DW soil) 243 722
. RV EE ST M6 & R0 i E A, F 4 Cd Available-Cd/ (mg-kg~'DW soil) 066 0.69
HR/KYE 3 8, AWK 3 i, BT, FREF T FHC A 4534 Pb Available-Pb/(mg-kg~'DW soil)  25.7 203
THPERENL(HR2094) T3, FT R SR F MA—EEH A% Zn Available-Zn/ (mg-kg ~' DW soil) 40.5 60.6
T+ 3T Hb Soil texture Wi+ EiEL

XK, s 5K E Loy 1:2, T35 i it
0B THBRE o O T EBE v B A TR T Al

ROR  BUBERIER AT 121 B ELB, 10 S AR AR A i TR S B 5K E By 121 mXELATT IR, B0

RA 11 BB,

pH 4.84 6.91
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|X‘ 4 ET Y ET i /= | El" \-i
R 535 :1'13 ﬁi}iﬁlﬂa ﬁiﬁﬁ%ﬁﬁ&ﬁ R E -
81 ﬂﬁ ' L‘% 2 » B ﬂﬁ 3 D\E:EC’ Table 2 Treatments included in the laboratory batch experiment
FRELS. 00g T3 , BT 100mL BLE , finA 50mL and TOC concentrations of the extractants
AEPERE, TERGHL L IR 2h (200r/min) s RIGFERS L b IR B
m J:%l[“ 15min ( 20001 /min) , flifg :J:‘ 50mL 92& *Sl’;ﬂi , Treatments Botanic juice type and concentration
\ N . NI CK X B (3K )
1 Y66 11 (Hitachi Z-5300) | | %€ JE3
HE %Wﬁﬁﬁj@z +(Hitachi 2-5300) &Jf B i AT AT =122
WA U W pH, ] TOC 43 #7 4 (ANATOC SERIES gy 12 R SR 7 K TR = 1:2

II) JisE )5 TOC(BADK) & & . R 1:1 RAME R T KT =1:1
SIS B A SPSS10. 0 B FEFT 81407 EDTAL.25 EDTA 1.25mmol+L"!
EDTA2. 50 EDTA 2.50mmol - L ~!

2 £R5iE
2.1 ARZEFIX PR 1 E SRS R AR
K3 NAFEE RN R T IRE SR MR,
MR ), FZS KR 3R R BOR P R BERE i Cd, WA [7] BG4 B K SR 255 570 A EDTA % Cd #R A BER
EE, TERREYESH T, BHER 122 Mo Bt L4 Cd MyE LB B35 T 5 B AR b , THE
WX BERT DR, F—MHEYH IR BREER 11 M7 RO Rk 13 Cd S LR B2 & TR
FRESR 102, SR T IR BE R, T AL RE D R . BRBER 101 M3 iioxd R 4 Cd i fL RE 1k
T 1.25 mmol-L™'EDTA, IR IHBA B L e Pb i 1E AL B0 K/NIUF 5 Cd AR, ELIE fb AR X ¢
/NI BERT RAGHKEE EDTA KGR, 8T, % Zn {EALIELLN 5 Cd \Pb g2 R, RARME Y2 & 51 4R
HARRK In KGR, REOOVRBER 11 ROMEHAR 12 1M, ENRELKEEZRER T
EDTAS. 00 438 ; HLUCRBRER 1:2 11, 55 EDTAS. 00 #3fr; B R DR 1:2 11, B = T EDTA2.50 4
B, XEEERRR A RGN 1 Zn BABGRRELE, KB EZER THANNELESR
AE IR B EDTA,

EDTAS. 00 EDTA 5.00mmol+L !

*3 TREGHANBETIHESEELE
Table 3 Effects of the different chelators on the mobilized amounts of heavy metals from acid soil

Kb 3 Treatments Cd/(mg-kg™1) Pb/(mg-kg™!) Zn/(mg-kg™!)
CK (7K Water) ND 0.22 +0.08h 0.86 +0.09g
I, 2/ Masson pine 1:2 0.312 +0.015¢g 2.38 +0.05g 61.84 +1.07d
1@ H A Slash pine 1:2 0.406 +0.017f 4.50 £0.08f 70.61 +2.84ab
FRHER Embelia 1:2 0.543 +0.028e 10.96 +0.29%¢ 68.10 +0.79bc
FRHESR Embelia 1:1 0.620 +0.011d 13.67 +0.17d 73.22 +1.40a
EDTA1.25 0.741 +0.027¢ 37.07 £0.65¢ 31.72 £5.17f
EDTA2.50 0.787 +0.016b 40.81 +0.85b 40.18 +4.70e
EDTAS. 00 0.830 +0.008a 43.94 +1.44a 65.01 +1.60cd

 RAPBUEA TV + rfi2E (n =3) sND R RAEH 5 M4 BA AR 55208 T 8. 2 22 53 (Duncan 3£, P < 0.05)

K4 BAFEGH PR PESRIOELE. NFAE L, ANFREYESFINZLH Cd 1 Pb BTG
RS L SEAR R, T 100 Lo B Zn BB BR BTG LRE 1. (25 EDTA AL, Y
it b SRR XS AL BE 7 55 T X BR M R AR FRCR

LRI, KR T U2 50| X Re 2 2 13 Cd \Pb Zn K%/ , EDTA Xf Cd \Pb 7R3 i 2
BREN X GFSHI A RS . RARMWEANX T L Zn RILHRAWELEE S, X5 Miller %
NPT IR BRAE RARM . Miller 254 20 HE4E SO AERBEAT T HTEEA I MORIAR: KB 7 JRIE RIS T
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BEE, IHOKR SR RAL B + 38, S5 R R X SRR R A BRI E S Zn BYRETT, Horh DUE 7 &5 R R BN
Rk, BEFFHYRBERNXEZ —REGHER, HHER, —LR2 0T R B a8 KR K K
JEAS I AR S ERBE AT OB A ) B, AR B N R R TS SRR R WA 3 2 R LENR &
T A TR IR, BEARYT A MR AR B SR % Cd\Zn (9WRIC; Evangelou % A7 R 3L T 2 B /K AR BUR —FH4RER Cu
RENBORIZE G MBS R MR, B SR AR AR M1 13 Cd\Pb \Zn B A B985 A9 15 1L BE
1, ENBEEARR MRRA X SRR/ N R . R ENTHEA T &8 15 % 139, BEwT LI
TR GEBA SGR AR AR B, R RER R IR R SR .

F4 TEESHANIHEIHESEELE
Table 4 Effects of the different chelators on the mobilized amounts of heavy metals from neutral soil

AL P Treatments Cd/(mg-kg™1) Pb/(mg-kg™!) Zn/(mg-kg™!)
CK (7K Water) ND 0.4+0.1g 1.5+0.1h
I, 2/ Masson pine 1:2 0.134 +0.009¢g 7.5+0.2g 43.1+0.9g
1@ H A Slash pine 1:2 0.255 +0.013f 22.6 +1.1f 108.2 +1.6e
FRRHER Embelia 1:2 0.382 +0.009¢ 90.7 3. 1e 112.3 +1.7d
FRHER Embelia 1:1 0.495 +0.022d 118.1 +1.4d 121.0 +2.2b
EDTAL.25 0.728 £0.027¢ 361.7 £0.5¢ 92.0 +0. 6f
EDTA2.50 0.809 +0.019b 464.1 +6.7b 118.2 +0.4c¢
EDTAS. 00 0.900 +0.004a 522.6 +12.4a 139.4 +2.1a

# FPEEA T + HrEE (n =3) sND IR AR 5 [FFIEHE AT MR 588 J6 8 3 2% 5 ( Duncan 3£, P < 0.05)

2.2 RFEEEAFIXFIR -5 E 4R SR

TEFESBEEAER AN IEERENESENE, B R KN B A —E WiE e, =
Tk LR R £ 2 B TS AL J1. ML, SIATERERMBM S (MELBEHES L RESBEL2ENE
R) KT, £5FIHTARRABESFIXFA LIEELSBOTELR, NPATFH, S FES I BRI 15
Hff) Cd 1 Zn FEALFRER KT o 138 EDTA X FR b+ 3R 3 ) Cd &30 BIHE 73. 7% —82. 6%
H158.0% —71.7% Z [8], T K SRAE ) 2 & 0 % BR M 3 Fn b o 138 Cd 3% k3R 4 5| 78 31. 1% —61. 6% Fi
10. 7% —39.4% Z 8] ; BRHER 1:1 1O BRI L g8 Fn A o 38 Cd 1L 351353 61. 6% F139.4% , TR R
HYEA N P B , 8GR T EDTAL 25 403, BRBESR 1:1.1:2 FIiBHbAN 1:2 VRO BRI 3% Zn MTE LR
43517 30. 2% 28.1% \29. 1% , %R F EDTAS. 00 ZhFH [ 26. 8% ; BAESR 1:1 JHo6 4 1 38 Zn (TELR N
16.8% , /=T EDTA2.50 AbFE () 16.4% o XFF Pb, BRFEESR WA EDTA Xt o 3B Gt B R TR M 38,
T 25 AN FIE HAA R KA R« UEBAEE & 00X BR M 1358 Cd . Zn MOEALBE 58 T ok H 38, H R X T 1+ 3
Pb R[], $2BRE 1 50 R BR E SR 1 W F EDTA X b + 38 Pb 3% 4k B 1 AT o TRtk 3%
2.3 AREAFITELLEESRENEENER RIS

pH Z0 + B LB IEHENBREEREZ ", %6 FIH T ARG R H 358 B K pH, iR %
A FIEE & M ER R ER M , KRR EE A 570 1) pH #{/NF EDTA ,{H EDTA %} Cd.Pb K)3G{bAE 158 T R
A, TR R EE ST P I RE I BGR BREER 1:1 1A pH R R B AR, & = TR , DL EE & 57
X E 4 B TG AL BB A S 2 BUR T HBRE

B2, 4 F 14 Zn 4B H M T4 IR0 Rl B 26 85 T WE R 251 (pH2. 04) (£ 2 (pH6. 78 ) g7 i 45 nt-
(pH7.05) fE AR I AR}, 45 SRR B M A A TR BB T L RE IR 5S , % Zn [EILRE I HE
EbZE K (pHS. 17) MK (& 1) , H 44 Zn WL B ST pH ZRIEA BEN AL R FHILRER
SE AR BGE B R A AR AT Ik Zn FORE ST, BT ARV pH (BRI (pH <4) M YIIEN Zn B A K
XS4
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Table 5 Heavy metal mobilization ratios from two soils by the different chelators
M 13 Acid contaminated soil 144 43 Neutral contaminated soil
Kb Treatments
Cd/ % Pb/% In/% Cd/ % Pb/% Zn/%
CK (7K Water) 0.0 0.2 0.4 0.0 0.1 0.2
I, ¥ Masson pine 1:2 31.1 2.3 25.5 10.7 1.0 6.0
1@ H A Slash pine 1:2 40.4 4.4 29.1 20.3 2.9 15.0
BRJHER: Embelia 1:2 54.1 10.7 28.1 30.4 11.6 15.6
FRHER Embelia 1:1 61.6 13.3 30.2 39.4 15.1 16.8
EDTAL.25 73.7 36.2 13.1 58.0 46.4 12.7
EDTA2.50 78.3 39.8 16.6 64.4 59.5 16.4
EDTAS. 00 82.6 42.9 26.8 71.7 67.0 19.3
F6 ATEESEF TOC 71 pH K H + 15 H % pH tLE&: "
Table 6 TOC and pH of the different chelators and pH in the soil leachates
JF 437 Chelator + 338 7 Leachate pH
Kb B Treatments
TOC/ (mg-L~1) pH BRME 13 Acid soil 4 + 3 Neutral soil
CK (7K Water) - 6.58 5.82 +£0.22a 7.35+0.11c¢
I, ¥ masson pine 1:2 16633 3.75 3.72 £0.03e 4.28 +£0.03d
YR HBAL slash pine 1:2 21060 3.27 3.33 +0.02f 3.98 £0.07e
BRJHER: Embelia 1:2 7537 3.52 3.44 +0.18f 3.71 £0.01f
BRHE R Embelia 1:1 11305 3.39 3.27 +0.00f 3.58 +0.01f
EDTAL.25 224 4.61 5.47 +0.04b 7.53 +£0.09b
EDTA2.50 447 4.68 4.82 +0.04c 7.69 +£0.08a
EDTAS. 00 894 4.67 4.61 +0.03d 7.66 +0. 16ab
* RAPBUEAFIME £ brmi2E (n =3) ; [FIZIECHE HA A R 58 308 6 8. 322 57 (Duncan 3%, P < 0.05)
ZARESBIERGRS) M pH MR, AT UK 250 -
W, RIAAEY)E G089 pH KT EDTA, XS +3% Zn 1) ~ 200 - J=d0.57x + 2834
WEALRE T EDTA, R R + 45 KRR Y &) é‘,‘i ol R=09778
Xt Cd HOVE ARG T EDTA, Xt £ Ph b3 ML £ |
ST EDTA, AT, 9 20 @I (LT RESE
ZHfcE pH HREAT, B H HZcs s Cd i S [
PR H " 324 PR AN £ ViR A 5 T Pb T B4 T2 FRER ;
p

REGEMIER. X 52F0R%E A BT R A
L, TR B SR B e pH A 2.5 28463 7.5 i f
Cd*" \Zn®" 7 PR L ()W RS SR B pHL 38 T34 K, T
Cu®* \Pb* " AR(LAR/IN; Cu® " (P> T UBC A ) A s 0
K AEREFEIR b BRI AS A% pH 20 X o AT LA

E1

Zn from soils

EWitiE pH 5118 Zn B EHX R
Fig.1 Relationship between pH of plant juices and the mobilized

BR S TR ME R —E A BRYE 1 3% Cd \Zn BYTE L RE 75 T 1k - 3%, 3R BCRE ) B0 A BRBE R 1T
A1 EDTA Xf w4 138 Pb {GELRE 38 TRRME 138 i T Cd\Zn WIEALTEZAKEE H' SCHAE R, BRdk 15
AEZH AT, TR RN Cd 1 Zn Z38 T oK, B IZERRYE £ 3 S AL RE SR T rp e 3. iR 1 W]
A0, B R R AR P RS54 P SR 41% , KT IR 1% , RUTPEIIRSHERS
IS Pb, T Pb T BRKEEE G YA ARAE T, BT AR BUBE ) B0 2K 5 0 X 1k 38 P BTE AL RE J7 58 T IR M

T,

5 A By 508 R OKIRBUR) B9 pH A8 L, RN S 5058 21
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RR(FR 6) o (EXTHEYITHRALE H M 3 Ja 22 MU 3R B, 7 % IR T O & 46d J5H: pH AT AL E] 7. 37,
JE R AT BB T L AE AR Z , RIRE &K T RBAR PB4 , X 358 pH B2 st B2 1K 2% , IR T AR
WG RN - SRR BE R B T
FLIEESRIEERN S —BRE2KEEEIY, X5 RAEYESFK TOC(BE LK) S EA X,

AHIFERY , RAEYE S K TOC I T EDTA (K 6) i@ 1:2 i) TOC & B, HIREZEDREM 1:2,
PRI 1:2 1) TOC & E{UBHIAA R 1/3 TR 172, Z5E3R S B FTH B A7 TOC & & A RER B
X E &R ITERET) . RAEYE S RN EEJE RIS L AR 1 W] B85 HBRIE A X B B 1M E K. (HHE
P B B B, A Rt — B AT E o
3 g

(1) RFEFSEHAEY 5B 14 Cd Pb I Zn MTEILRE AR, H AP BRIEESR > 1R bs > SRS, T
(R FfAE A I VR BB R, T AL BB T BRGE

(2) RNEYEE SR, BREER 111 PR AR —ERIEL Cd.Pb 1BEST, 154k Cd BE I HOE T 1.25
mmol - L 'EDTA,

(3) RARMEYE SR EAERTE Zn WEETT , BRBEE R AR HIAL VB Bt 48 Zn FE LB KT
5% T 5.00 mmol-L™'EDTA , FRRESR 1:1 M-F 0%t Hp k4% Zn A5 LB th 837 T 2. 50 mmol-L™'EDTA,

(4) Pt G BRYE 138 Cd Zn BTG LSRR T rh P 135 (BT 138 Ph, V&L AE I BRI BR e R
HF R EDTA X i v 3B T (LR 5 TR ME 48
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