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Effects of Chelators on the Uptake of Heavy Metals by Solanum nigrum and Pteris cretica var. Nervosa Growing
in an Intercropping System

XIONG Guo-huan, GAO Jian—pei", WANG Hong-bin, PAN Yi-hong , JIAO Peng

(Faculty of Environmental Sciences and Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: Enhancing phytoextraction of heavy metals has been proposed as an effective approach to remove heavy metals from contaminated
soils. Plants with different metal —hyperaccumulative characteristics, namely Solanum nigrum and Peris cretica var. nervosa, were
monocropped or intercropped in multiple—metal contaminated field soils in this study. This line of study aims to investigate, compared with
monocropping method, whether intercropping method could improve metal uptake by these two tested plants. The effects of ethylene diamine
disuccinate (EDDS), ethylene diamine tetraacetate (EDTA) and nitrilotriacetic acid (NTA) on uptake of heavy metals(Pb, Cd and As) by
plants growing in an intercropping system were also investigated using the same soil. Compared with monocropping method, intercropping
method increased Cd concentration 1.3 times and As concentration 1.4 times in shoots of S.nigrum and P. cretica var. nervosa, respectively.
This result indicated that intercropping method could significantly improve heavy metal uptake by hyperaccumulators. Much higher tolerance
to chelators was observed in P. cretica var. nervosa than that in S. nigrum in the intercropping system. The application of 3, 6, 12 mmol - kg™
EDTA to soil contaminated with heavy metals significantly increased soil Pb, Cd bioavailability and concentrations of Pb in two intercropped
plants. The maximum Pb concentrations reached 27.58 mg +kg™ and 26.17 mg -kg™ in S.nigrum and P. cretica var. nervosa, respectively,
which were 3.3 times and 3 times higher than that in the corresponding control plants to which no chelators were applied. Under the condi—
tions of the intercropping system, the application of 3, 6, 12 mmol -kg™ EDTA also significantly increased Cd concentration in the shoot of P.
cretica var. nervosa. EDTA was more effective than NTA in increasing soil Pb, Cd bioavailability, but was less effective than NTA in increas—
ing soil As bioavailability. The application of 1.5 mmol+kg™ and 3 mmol-kg™ NTA significantly increased soil As bioavailability as well as the
concentrations of As in shoots of two tested plants.
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BERGBEESEE ST IIE. CAPIFERY, N
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FERMARM I DA FEREARRBRE Pb.Cd Tl As &
BY T ERBEHD,

APoE A E N AR, BIRTER A HIE
Pb.Cd 1 As 52575 4L -3 SR s E A Je ZE ARt
FOABFMAT LR EAH TREESRE ST
Yu PR 7 2 TERDL RIS 7 2R i — PR
HMEE IS [FHk B EDDS \NTA 1 EDTA X 484 i
Pb.Cd 11 As By52 M, ¥12%3F EDTA . EDDS NTA 2
FAEYIELE Pb.Cd Fl As EET5 5 LM TTREM:, B
R R3O FE#E— I K FHT Pb.Cd
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1 #RExR*E

1.1 gk

BHRHHER B =rA N HTT/EfE R 5k B 0~20
em HHER . HHEERE L LEXT)RE 5 mm 5, 7
SRS . HIERATRE R WA 1, X138 Pb,
Cd 1 As EAT5Y . HERXIBZE(S. nigrum) P14 A B
BT /MR R FRER TS, R2ER AR Z 5 e S
AR, AR 2~3 B/ E B S ST
Btk o KMFHTOHEL(P. cretica var. nervosa) 4% B
R B IT , BB 5~7 em i 3~5 /N
KH B TR IR
1.2 %%

RHER 4em & 15em 1) PVC &, 2L
1.5 kg, LA NH,C1.KH,PO, . KCL( 35 34> 7 48 ) FE S,
A& (g kg™ +)5514 N:P,05K,0=0.15:0.10:0.15, %t
RS+ 78R A, 4 1 F G BEAT B e 3% e R
-3 0 3 B R (B E R ZE R R O 3 B R0
BVESMF T BASBRBZES R FH LA EE 8 ¥k, H
YEE& M T BABRIBZERM KT H O R EL 4 4k, R FE
R RIIE Y A K 80 d JEUkER, IAIVE R ZEfI KR
MO EEET , AR 80 d J5 43 FIRHN NTA |
EDTA (Na;EDTA ) .EDDS(Na;EDDS )3 F#EAH] , Hoep
NTA A NaOH ¥f# , J8735 pH 2 7.0 JaHtin, 24755
HjE 4 8 d Yiegk, NTA EDTA EDDS #jfifin 5 4~k
K :0( X% H8).1.5.3.0.6.0,12.0 mmol -kg™ -, G4
ik B8 4y 3] 2L CK.N1.5.N3.0.N6.0.N12.0;CK .E1.5,
E3.0.E6.0.E12.0;CK.S1.5.53.0.96.0.512.0 £, 14
YItEE N BRI 18~30 CHAAT 3%, R A H
HoRKGEHE , + 3R IR FE 60% H M EK &, B4
AR 3 AER,
1.3 HmALEBENERE

TR S o0 o b AR , A B oRK ot T4
PR B FRMEE 2~3 )k, F 105 CTAF 30 min,
70 CTHEEE, WMETE, BRET 60 HER
i , Al HNOs—HC10, ¥ % , J& W BOE IS (£ 1=
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Table 1 Physio—chemical characteristics of soil used(n=3)

BHE BN EP/ CEC/ £JB R /mg-kg? LRAS/mg kg™
IJ”:E PH kot kot ke 1-ko!

g-kg g-kg g-kg”  cmol-kg Pb cd Zn Cu As Pb Cd As
FHE 74 36.8 1.4 1.8 9.5 569.6 2.1 2600 2196 2609  103.1 0.8 49.4
RfEZE 03 0.7 0.4 0.4 1.2 42 0.3 24.2 3.3 14.6 182 0.03 43
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Az — IR e I 2 . st Sk & AR AR B
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B s A AL AT E SR R B SR PR PP 5 B - BRI
SVEDN SR AR E LR E A BB E SR A
HCIO4—H2504 % H BH %%1‘%@&(01&10 )%Fﬁ Z@%ﬁfé
Herk; B Pb. M Cd B Cu AR Zn RAFK-BHER
HERFWRBOEIEE; 1% Pb.Cd ARESERA
O TR HBETR— = BERE (DTPA-TEA ) ¥ 5 & As
KRS KA TR FRBOEEE . BREBET %S
MR R B rg o RIS T (R A )N R
i H(HERA T (5 = O™, 3 As HEE
¥ A 0.5 mol - L NaH,PO, £ Hp:!,

25 R R AR ERE & (GBW-08505 ), 1345
TR (GBW-08303) ) K As Pb il Cd AR B 1=
FAER R G 0o B ITCE MR ENCRAE 92%~
99%Z 8], FF G ICR R 5 EU M T R s K
1.4 #ELE

BAESHTFH SAS 9.0 AT AR Rl WA B
25387, FERHA Tukey’s HSD BT ZE L, H
SPSS17.0 #ATAERAME AT, B EHEZ FI/KFE PEL0.05,

2 HRESH

2.1 AEAMEFXHEYREES BRI

A FEFFE T T PR E i B 3 FhE AR
Pb.Cd F1 As MR L3R 2, [AIFE e 35 B 3k%T Cd
AR B2 T AR R 2 M BT Cd R
(P<0.05), [AIfEJEZEH FER Y Cd & & K42 HAE
) 1.3 £, {HEVEFNBAAE JE 25 1 EB%T Pb. As AR i
BB EZR (P>0.05); [EFERMFH 1 7 H i X
As [ B 2R TR R S O i B B R
As FIIR K (P<0.05), [E] 4 I 11 30 1 R i

x2 AMAEAXTEYE LBBRKESEZE
Table 2 Uptake of heavy metals in shoots of tested plants

under two planting conditions

3% Kt JF b
AR B4 AR B

Pb/pg- A 117241922 12.91:0.51a  13.05:2.18a  15.30:4.27a
Cd/pg-$:45" 476:0.13b 6.33+0.82a 2.87+0.36a  2.74+0.55a
As/pg-¥A 20.78+1.62a 20.33+2.49a 202.13+41.74b 280.16+52.27a

R PR AT A FFROR R EA R X X E S
R B (P>0.05), FRERFIFORZE 5 B3 (P<0.05). ¥
FIYELARHEE (n=3)0 T,

HEERTR

As FERAZPMER 145, mE/EFP/ER O
ECHE B Pb.Cd BT ETC B 22 5 (P>0.05)
RMASKE, EE AR A R FE R Pb-As—Cd
CESRCE U
2.2 BEEFIXFEERZER KM H O ih 8 & KA 2200

Fi A [R5 500 G AN P R B S A R AR E 1Y
FEMR, B3R 3 AT, KA 0 0 B EA 5 A
PEESR , B ZWORETBR N12,E12.S12 RIVBME FEAE
ARI, AR AT 55 B 22 5 R K, Ui R 3 O i B
HAATEEAS NI R EN A RIHZFRER . B
PEZFERE, Hi,E12.S12 AP AR AR E RO
B B RTE R AR EE, B S12 A B AAEARAESS 8 d
WK A ER S P& . FHER 4 WL, AR [RIEA
WAL RO R ZEAR I T EA B E MW (P=0.031 2<
0.05)7h , AR S FI LA LA R G Ak L 5EAEH
X R T E IO & 0 (P>0.05),
23 EEGFBSTEMERZZEMAMHFOBER Pb R
L

JtE 8 G50 5 R B PR AE 0% Pb Ay W Wi L ]
1, 3 FhEARIALIE G 8 R O i B, 38 Pb
SRS HH 27.58.26.17 mg kg™, 43> B XT B 19
3.3 £5F0 3.0 155, AREEEF] A FEEHIME K=&
ZHAERBX RZERW Pb KB EESR (P<
0.01), 5 NTA t#:,EDTA EDDS #% B 2 = 5%+
Pb ()2 1 (P<0.01), H: A EDTA {2 i Jp 28 i b 3 XF
Pb F W ISR B 4T, Hoyk &y EDDS, T NTA 52 1A
B3, 53K, 1.5.3.6.12 mmol-kg™ A EDTA
F1 EDDS Ab38AK S8 25 M3 55 T 28Xt Pb (1 MBSO )
B2 (P<0.01), ARIZEAFH A FE S FIRE
B R O B b R Ph PR AR B E E R
(P<0.01), ARG RIFRRIZE G FIWEZ EAEH
XFR A E B R Pb PR A BE N (P=
0.0120), HH EDTA Ab3EHL R KrHH: 1 FH B
e Pb #% f2 2 47 F EDDS NTA (P<0.01); 5% B4
He%:,3.6.12 mmol -kg™ EDTA AbHEMR B E R T K
M3 0 S B B ERXT Pb T (P<0.01), 43HTas R
2B :EDTA {2 3k B Fp 48 ¥y # b ERXT Pb (1) SRR
B, HoP Ll 6 mmol -kg™ EDTA ZbFRA R AHEF o
24 EEGFBSTEMERZEMRMHOBER Cd K
L

AN FEVE AT RVERFE Y AN Cd & &%
T 2, RFEZEEER A FEGH B EL TR
P PR AR A Hh IR Cd IR F B EE M (P>



F30BH 4 M

® A K OB OB % % 669

R 3 FEIEATLE TEMWEEKRKE

Table 3 The growing responses of two tested plants to different chelators

e SRR RN KMFFF AR K R R
24 4d 8d 2d  4d 8d

CK RiF RiF RiF RiF BRI RA#F
NL5 R4 RAF RIF RiF R RiF
N3.0 R4 RAF RIF RiF R RiF
N6.0 R4 RAF RIF RiF R RiF
N12.0 RiF R VB RiF R w8045
E15 RiF RiF RiF RiF BRI RA#F
E3.0 RiF BiF IR SRR RiF BRI RA#F
E6.0 R4 TSR K45 Rk B BiF R RLiF
E12.0 MR YRkt M B IO B W R AR K RIF R AHASNEG
S1.5 RiF RiF RiF RiF BRI RA#F
$3.0 HiF RiF Uieie=d RiF BRI RA#F
6.0 HRFRI i d i N P Sl B R R BiF R RBiF

S12.0  ARFERF B NIRRT BMREII B AR E R B B E R R B RIF RIS
R4 AEEAFILENEY TEMN
Table 4 Effects of different chelators on the dry weight of two tested plants
#HETH) B /mmol - kg™ ADEHLE
i EFB/g - por H#R/g ot i EFB/g - por H#R/g ot
NTA 0 1.52+0.24 0.62+0.07 1.77£0.51 2.71+£0.71
1.5 2.19+0.71 1.00+0.13 1.79+0.51 2.74+0.42
3.0 1.90+0.29 0.81+0.37 1.53+0.58 2.49+0.16
6.0 1.25+0.07 0.78+0.19 1.13+0.15 1.96+0.69
12.0 1.59+0.31 0.63+0.30 1.17+0.54 1.70+0.35
EDTA 0 1.52+0.24 0.62+0.07 1.77+0.51 2.71+0.71
1.5 1.98+0.57 0.88+0.14 1.80+0.42 2.77+0.87
3.0 2.08+0.40 0.99+0.27 1.59+0.26 2.65+0.74
6.0 1.82+0.24 0.48+0.15 1.69+0.29 2.28+0.48
12.0 1.62+0.21 0.56+0.21 1.06+0.57 1.50+0.28
EDDS 0 1.52+0.24 0.62+0.07 1.77+0.51 2.71+0.71
1.5 1.52+0.71 0.70+0.39 1.52+0.61 2.51+1.39
3.0 1.57+0.60 0.53+0.16 1.24+0.65 2.96+0.69
6.0 1.58+0.31 0.42+0.23 1.10+0.16 2.70+0.88
12.0 1.24+0.16 0.46+0.21 1.15+0.47 2.44+0.56
WESE-YE=Yidii

BAAFIMAEWA) P=0.217 8 P=0.1327 P=0.627 7 P=0.201 6
RREEE(C) P=0.507 5 P=0.031 2 P=0.051 9 P=0.395 5
AxC P=0.098 0 P=0.198 1 P=0.947 8 P=0.618 5

0.05) , (B [R1ZA- 57 e 28 o B A 4 h_ SRRz e Cd
AWM BELW (P<0.01), 5XFBAMHLE,1.5.3.6
mmol - kg™ AbBEAR B R T B _F X Cd B
e (P<0.01);3.6.12 mmol -kg™ Ab¥H g B4R 2 T K
FE O FIRXT Cd BRI (P<0.01) . ARSI
ANTRVEE A TR BE X R ZE IR 3 11 3 REAR R W Cd
Ak B EER (P<0.01), HH EDDS b EDTA

NTA Xt EZEMR R Cd MRS FIRCR B 47, (B X
K H 54 5k U, EDTA .EDDS % AR 3 e Cd
FURHEVEF e NTA 4, 5% BRA ELER, 3.6 mmol kg™
EDDS QbR B E 4R R T IR PAR IR Cd AR
W (P<0.01), ZpHrRBH . 3 FhECE 3% 6] 4 B 75 b A
Yy B Cd AR 2 5O B3 (P>0.05),3.6
mmol - kg™ EEAFI A FRIIH B E S T RIS
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Figure 1 Effects of different chelators on Pb concentrations in two tested plants
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Figure 2 Effects of different chelators on Cd concentrations in two tested plants
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Figure 3 Effects of different chelators on As concentrations in two tested plants
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27 T EEEEERSSEYTKiL LMESESE
B f9 48 X1

m3 6 fin, HIEP R ELRAUS SHY A
FHMENESEBESEZAZIEMX, WFRE, 7
EDTA #1 EDDS 4h¥F, Hith b¥ b & &5 L5
Pb A S EE B E IEM X (P<0.05); X F Kt 3
F3h %, 7E EDTA F1 NTA A3 T, Hitth b3 Pb & &
54+3d Pb ARG ERE BE LMK (P<0.05),7
EDDS ZbBE T, Hidh B3 Cd &85 3k Cd AR
FREBETFMRE(P0.05),

3 i

3.1 RS AT E EEREES B R
REERAI S AR , B # LA TR

LT Ca HRACR AT A B As 69

Bl LTI IR TR R AT L

SR ST 4R A5 LS AT Bk

B XTI, WA — I 1

RPRAE ORI, BRI ER,
B pH 2% M Cd HHREENFE RS, A5
[ VESHE T2 3E Cd B8 & SRAEY R ZEXT Cd BRI
IR R B2 . 2 5 R I DA R E VAT, R F
Feor e F IR, R AR I D 3 B A W 2 AR
R UWMIRIE B SRS RS F A LR ZR
RO EZ RSO RS T AR S Cd B
AW, FReFERAE AR FR pH, DT $2 %5 -8 Cd
HIAYA R, R PR TSR R Cd B f 31 e 2%
HREBLH MR, P B A BT AMAR , 1) dth_b iz 5y , {1 [a]
YEIRZEHh 3R Cd & B & = e, RIVESA:
TR As (97 B AP R DA RN As B9IRIKL
MM ARG, B T — DR . B3 =5
REV, BEEEYSIEEEERER, 2B#
R B EEYN EHES BRI, X S SRR S
R—F,
32 EYXESFINEK R

AWFTLE R F I ,EDTA F1 EDDS X} Jo 258 E &
K, H EDDS X} 28K F EDTA, 55 Evangelou
0 2Y F EDTA F1 EDDS 4b 3 BAAEJH &L ( Nicotiana
tabacum) Fl Tandy %% [a] H 3% (Helianthus annuus )
K&/ 10 mmol kg™ EDDS J& - A Z2 30 ™ B k&% A1 45

RS BRI LIBESRARSHUM

Table 5 Effect of different chelators on concentrations of heavy metal bioavailability

EATIFZE AR BE /mmol - kg™

HEEBIUR /mg kg

Pb cd As
EDTA 0 102.74£13.67 1.14£0.12 49.78+1.17
15 122.75+5.83 1.41+0.04 56.27+4.99
3.0 125.00+£19.30 1.50+0.04 55.606.21
6.0 150.83+1.84 1.51£0.03 55.58+4.95
12.0 156.59+15.16 1.65+0.18 53.18+2.96
EDDS 0 102.74+13.67 1.14£0.12 49.78+1.17
15 111.95+6.89 1.25+0.09 59.72+2.52
3.0 124.70£4.77 1.330.16 55.61+4.07
6.0 126.61£8.91 1.43+0.02 55.43+5.74
12.0 153.23+7.48 1.50+0.02 52.90+2.42
NTA 0 102.74+13.67 1.14£0.12 49.78+1.17
15 102.89+22.89 1.16+0.30 63.84+5.15
3.0 117.30+5.83 1.19:0.21 61.77+5.60
6.0 123.39£13.02 1.20£0.12 60.35+4.04
12.0 124.09+12.42 1.340.03 59.28+3.16
WE R F 2555
EERFAEA) P=0.049 9 P=0.000 8 P=0.006 5
AFEHEE(C) P<0.001 P=0.000 2 P=0.000 3
AxC P=0.8315 P=0.725 8 P=0.680 3
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Table 6 The analysis of the relationship between heavy metal accumulation in shoots and soil heavy metal bioavailability

k7] EEH HeR B35 BRBERERR  WREEURR PE
3% EDTA Pb y=0.312x-10.324 0.950 0.013*
Cd y=0.746x+3.676 0.172 0.728
As ¥=0.066x+10.644 0.061 0.923
EDDS Pb ¥=0.207x-12.399 0.972 0.006%*
Cd ¥=0.845x+3.843 0.166 0.790
As ¥=0.495x-14.399 0.598 0.287
NTA Pb ¥=0.007x+7.761 0.189 0.761
Cd y=2.972x +1.175 0.189 0.761
As y=0.442x-10.324 0.597 0.288
NS auEyi EDTA Pb ¥=0.308x-21.634 0.935 0.020*
Cd ¥=2.300x-1.153 0.824 0.086
As y=8.453x-217.940 0.307 0.615
EDDS Pb ¥=0.170x-8.910 0.873 0.053
Cd ¥=3.063x-2.140 0.897 0.039*
As ¥=5.300x-98.780 0.354 0.559
NTA Pb ¥=0.140x-5.006 0.908 0.033*
Cd y=2.706x-1.194 0.706 0.183
As y=7.597x-231.230 0.798 0.106

R FORMR R BRI B E AR (P<0.01), * FoR BEMK(P<0.05), MRIFAFARICK B h BT - ZEA5RIA df=2; W E (R

df=4; BAFUEL TN df=8; 3R df=30; HALS df=44,

SER—E, (HABSEHENN 12 mmol -kg™ EDDS 44T
2R/ A0 AR R Y X SIS
FIREHR KA Ko Marques F2HF5Y KB, 7E Zn 1542
1 EDTA Xf Jp 28 %M KT EDDS, A5+
EDDS Xf[aI/E 258 KT EDTA, HIFEFEEE#H—
EWR. HRZEML, 3 FEGHIN R O EE
EB/N BAFIFEING X IR A Jp 23S Fn R 54 O i
B I ENICEER W, X RSB ARG
Bm A BORAE A 2%
3.3 EEFIXEEENREESENIE
TEPELSBHEEAFRMIES, Hh s E
&E(AEARASNESR IR RR, BA4Y
AR (XFRARE )M, hF 6 AIHI7E EDTA b3
BT, B2E. KMH DA B P & &5 3
Pb AU ST EERZFIEMX, BHAMRF 3.6.12
mmol -kg™ EDTA b PR B RS T P BRES,
MR B 254 T WA Y b 3BT Pb i R,
EDTA 3 e 28 FR i O 3 v dth B3P0 Pb 12
W, —FEE N P ARAS SR, B — et
Pb [a] 41, b EBER (HRAEY &R TSRS 3
FhE G A& BIFE RN H M6, o EDTA ¥
13 Pb 5J¥ AL Pb-EDTA 54, RAKERE

A K=17.88321 H Yk J& Pb-EDDS (12.7) #l Pb-
NTA(11.3)2 HTABF2E 5 EDTA b NTA ZE3E
+ 3 Pb BRESHBCRBEI; EDTA H EDDS NTA
A S 2 4R R PRI AR b b X Pb A IR I, 3X 5 Luo
LGOI Freitas S5 TEBAE SR T AR S5 R — 3, H
Freitas 25257 45 32  NTA 4030 B Z 4 5 /E £
K BRI Ph B, ASBFFE H NTA R PR AR 1 3
R Pb ¥R BE W, X TR SRS
. KM HAESHI% Cd As RIEA E—HA
Ko HFER Cd W E LMY, X Pb /220,
EATERTHAFFR R, 3 d Pb & &K 600,900,
1200 mg-kg™ i, JeZEFIRM I DR B3 Pb &
B3k (32.4846.21).(80.65+6.02) . (71.26+7.87)
mg kg A1 (14.49+4.39).(23.45+4.72),(39.05+4.68 )
mg-kg ' CRARFH), UHIBEE L EDEL R M,
TR A P IR o Lai S 5E  RAE BAAVE AR
¥ (Vetiveria zizanioides ) 54 , K&l 2.5 mmol kg™
EDTA XM E G R I5 4 1P Pb AT
BERATFAERENEES, AR 3.6.12 mmol -
kg EDTA BEE Pb ARAETE, X 5 HE5)
KA TG YR A K . SIMNERINE &8 T
B KIS YD & R A A B,
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DI S 675

—RIENT , ELB ARG ' SRR E
LSIRBEA R R, MR 6 AIH, 7E EDTA
EDDS F1 NTA AbFE TR, M3 OB 3 Cd &8
513 Cd BHUS T EZAIMHLERL, HA EDDS
WP, M EF Cd RS 13 Cd ARAEEZ
] . EAASE, PR 3.6.12 mmol kg™ EDDS ik 2. %
REHRLED AdAUSEE, #FMBERR T
M OB E T Cd Rk, [EARBIIE P, 1
EDTA .EDDS #l NTA b3 T, Jp 38 B &6 Cd Wl &=
513 Cd ARAEEZEFPIFREY L EER As )
WESHED As GHEFEMHARE ., KHEE
F 3.6.12 mmol -kg? ANFEEGFN AL B B ER S
TR 3P Cd BEREESE(FES), # 3.6 mmol kg™
AR AT B R E RIS I Cd il (B
2),18 12 mmol - kg™ WA i HE = B 2EXTF Cd MR
R4 1.5.3.6.12 mmol -kg™ NTA 1% B Z 45 T 1%
HAs AR E R, BICE 3.6 mmol -kg? NTA i 23
BRI O B EIRRT As BT, FRIRE
12 mmol -kg™ WA & $2 15 e ZE IR M-I O i B
Xt As BT, X AT RES R RS A AL IS Y 3%
FAH o - B 4B A 5%, Santos SEPURFSY
B EDTA .EDDS M4 i HI A Yy 3% Cd
Zn WL, MR 3 AIAIERIE G R R EZ R FR™
H, H E12, S12 A3 AAEARTEBOR BT i R TR
Yotn AR, H S12 A B FEARAESE 8 d kAT A 2>
A TR . K O BN EAS  TE E
{H N12.E12.S12 b3 RIBRMEF FAER

Chiu ZPR 55 AR, Xt F 3 As B ST
H N NTA t HEDTACGR CEBR L =2 1KR).
EDTA EGTA( Z &MU Z 1% ) .CDTA (31 fe — %
U Z W% )M DTPA( . Z 3 = . 2B BRI, 54
5% H NTA ZUR4FF EDTA —34, {H Chiu ™5
R LT 20 mmol -kg ! NTA A B EREPMEFMR
B FEE As &, ALY 1.5.3 mmol -kg™ NTA §E
W B PR R 7 =CT 2 L ER%T As ke, H
", ARSI E s Y Em R K>, B2
SR P A RT3

LA 5rHTAT A0, BN 6 mmol -kg™ EDTA H[RIVER
AR IO AEBE Pb-Cd-As B HI5 5 TIER
B R, B DCE 3 3T, 480 F 5Bk Pb,
Cd.As 5351k 384.67.2 232 pg-a’l, MYMBEHAN
BERBEIREE HARERK, iz % g
Cd.As B ZE =FhrEDHIFTE 164 a fl 92.2 a,

LR ARBTFAURZE N AT AR, B oh B R
P T BB R, TR BE— B BRABITE o

AT SRR TP AT B T BB 5 A
TURY P ESBITR AN I INE SR TE TRt
B rh R TSR S, T AE -3 20 8 X i T A
HFIK TS5 R ABT T BT RI 3 FZCEFIAESR T
Hyfed B — Bunta], o EDTA 75 5 AR K — Bt
], B =AW 1 a )5, 3R TERAE ™, T
EDDS 7 3 f o7 b g FEAR B, 28 d Jim BRIV AT [ A 52
&, HAEEHh 2.5 P, NTA 1 H3E 21 d J5 TR
e, R, 2525 [R A I 6 A A P ORI
W, B b REVE FAN AR R BR A0 T AR 2 S50

4 ZEig

(1) 5BAEM L, AE B e e 28 1 EFRXT Cd
B MSCRI A I T RN As ORI, TEIFE B 25 I
IR Cd AR O B 3 As IRCE S 2
HAER 1.3.1.4 £,

Q)EMELRMGT , R O B RE A7 8
Tiif 4 Eb 2% A

(3)EDTA ZbFRSAFT, g8 R O b
B Pb B S5 PP ARAGTEE B EIEMRK,

(4)3.6.12 mmol -kg™ EDTA BEAR B3 5 fin 13
Pb.Cd AR & ARSI EFRXT Pb HSCFI At
FAAE M EFRXT Pb.Cd Wi, ETDA H NTA HA
55 38N 3 Pb .Cd AREARIBES . 1.5.3 mmol -
kg NTA AbPRAEN B 1R T8 As ARASS &, #m
PRI ZE AR S I B BT As BRI
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