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Metal Removal from Contaminated Soil by Co-planting Phytoextraction and Soil

Washing
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Agricultural University, Guangzhou 510642, China; 2. Huizhou Environmental Protection Bureau, Huizhou 516001, China)
Abstract: Combining the different soil remediation technologies can overcome the shortcoming of a single technique, for example, the
combination of phyto-extraction with chemical washing can enhance the phytoextraction and build up an effective technology. In a pot
experiment, the co-crop of Sedum alfredii and Zea mays was conducted, chemical washing was also applied with different mixtures of
chelators (MC). Metals amounts washed by leaching, the uptake of metals by plants and the metals contents remained in soils were
determined. Results showed that the co-crop combining with 10 mmol-L ™" MC washing removed the highest amount of Zn and Cd,and
after 2 crops,the removal rates reached 6. 0% and 40.46% of the soil total metal respectively for Zn and Cd,which were higher than
those for the only co-planting. Soil analysis showed that the two successive co-crops with MC washings decreased soil Cd,Zn and Pb by
27. 8% -44. 6% ,12. 6% -16. 5% and 3. 6% -5. 7% ,respectively. Chemical washing with 50 mmol-L~" MC affected the growth of S.
alfredii and resulted in higher metal contents in thereafter leachate water than the other less concentrated washing agents. EDDS ([S,
S]-ethylenediaminedisuccinic acid) enhanced the phytoextraction of Cd and Zn but did not effectively wash Pb. Zn and Cd removal
mainly depended on phytoextraction while Pb removal relied on MC-washing in this combined technology, by which the multi-metals
contamination problem could be resolved.

Key words: co-crop; phytoextraction; soil washing; Sedum alfredii; Zea mays; mixture of chelators
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Table 1~ Selected properties of the soil used in this study

4 N/g-kg ™! 4 P/gkg ! 4 K/g-kg ™! AHL/ g kg ™! DTPA-Pb/mg-kg ™' pH
19.7 1.13 13.29 32.44 91. 60 4.13
4> 7Zn/mg-kg ! 4 Cd/mg-kg ! 4> Pb/mg-kg ™' DTPA-Zn/mg-kg ™' DTPA-Cd/mg-kg ™!
989. 6 1.256 1161 87.23 0.3728
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Table 2 Experiments design for pot trial
b 3 4 b ¥
CK AN kB

MC-10 RABH (MC) BIH % 10 mmol - L~
MC-20 MC #4996 BE 7 20 mmol - L~
MC-50 MC ¥ £ 50 mmol - L ™!
MC ) EDTA %43 EDDS( 2, — ik — 35511,
ME-20 [S,S]-ethylenediaminedisuccinic acid ) , 1§ & iz 7

¥ > 20 mmol - L !

. AL B 43 59 % F R 25 F0 KHL, PO, (359 4 Bt ) ,
VESEAE 5 3R 4], HoH B2 50 8 . N 100 mg-kg ™' P
80 mg-kg™'; K 100 mg-kg ™", 7£ 45 75 K 42 ¢ — &5
BB, I s 1) AR K R 1) R L
VR . 2006 4F 11 H 3 H, £ K/AN—B0W KR/
SRRBA A, B 6 B, E R RS KN
3 M JEHEATI N REALAE R 2 MR ROk, 3k 15 4. 2007
AE 1 23 H RDAE YIS AR T 40d H5 3R 2 (AR BT TR
117 d) FF4E BEAT R P Ak 2, TR A 305 MC % T2 L 2%
TR, X 4 3 R A7 22 18 bk vk (b Uk B BE 29 0l 30



12 1

B AL A R AL A B S PR SR R S e e 3069

mL/min) , CHE I8 VRO 10 3 AR, IO 4 Ik s ik 1
SEHTE COD Zn (Pb F1 Cd 5 &5 DA b itk v b 3
5d—¥, It 4 %2007 43 H 2 H o SRR 5
RATRH 30, P AR M SR A | em, fi 4k
AR, TR I ZE M SR AR R AR AR L R
atr, SR AT Jr 0 e o 0, DR A a0 A R o T 2
oK vkE e, TT0CHT )5, FRH 5, JE40, L& E
HY) Zn .Cd F1 Pb & 4.
1.2.2 252 FEM + Wkl

551 ZE U S8 MU, B AR Y R R R Gk Sk
A, 2007 4F 4 A 1 H 4k 2 MAE Ok, ) B N A
PREE 1 B TR, WIR)IE i JR % A1 KH, PO, — ik, T4
21 %6 A9 HIF IR 2 hAT ke sk 22,5 d
— U AL BE 3 (6 49,14, 19 H), 24 H (%4
UC) FHZR IR AT R, OF WS R I, T SR AR AR 6
J125 H R ZR R S KRR K (6 K 43k L 25 i

T PR AL PR S bR (2% 1) R ) 4 T8 Y 4 BT
TS IRSCHER (23 ] P i J7 3k 25 AT, ke T )
SyMT TS BROCHR [ 24 ], KK COD 43t 5 i 2 1)
SCHRI25].

1.4 %dls b orik

Jir A Kt R Excel 80F AR, 2 R SE T

Sy SAS8. 0 Bl Ze it B SE k.

2 HERESH

2.1 ) b A B S S o A ) £ ) ) R W
TEER 1 ZEANGE 2 A KM, EOR WA R 3
FAEAR , A [k Ak BT 25 o K A9 2R ) B R B A
BERW (£ 3). ARIWRGEAL B 1 FRm 5K
A A W A 2 R, MC-10 4b 3R MC-20 4k 2
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Table 3 Biomass of S. alfredii and Z. mays/g-pot '

IS X

e 2% Ik B2 %
CK 6.75 £0.61 a 4.86 £1.03 a 43.13 £1.35 a 33.50 £4.96 a
MC-10 7.23 £1.55 a 4.28 £0.67 a 46.66 £7.19 a 31.03 £3.06 a
MC-20 7.68 £1.68 a 4.20£0.29 a 48.62 £3.36 a 23.54 £6.77 a
ME-20 7.01 £1.28 a 4.31 £0.60 a 47.62 £10.26 a 31.80 £2.10 a
MC-50 6.74 £1.89 a 0.86 £0.24 b 43.05 £7.65 a 23.81 +7.44 a

1) 445 Duncan #:45 (p = 0. 05) , [7] 51 ¥ 45 B A7 AH 7] 5= BF (4 B8 o) 6 4825 22 5%, T A

2.2 APk Ak B X A oo ) R A R )
4 75 R [ b B (39 AR R 5 K Zn LCd AT P 5 ik AL
FAE 12 FRERERM Zn SR HKF 12977
mg-kg 'L 10221 mg-kg 'L b, ML B A
Y Zn 1l FARHELO 000 mg-kg ™" 555 1 FEARR R K Cd
FEAF 211 mgokg 2 FARABRK Cd HEH
BARTH 1 F(F4), X515 Cd = FREIEE K
A XF SAMBEAL B I, 7545 1 2, A MC-10

WhFRAR T AR R Zn F R SR E R 6% ;
MC-10 4b BT ME-20 4b B4 5 T 45/ 52 K Cd Fil Pb
TRV EREE S BN 8% 1 15% . 4 2 Z=, kk
MC-20 fb ¥R AR 5t K Cd 7 & B AR Ah, H 4% ik ok 4k
PRSI T R 5 K Zn A1 Cd & & i Al I, 10
mmol« L™ YR AR5 % 4 g AT bk R T AR R
K Zn 1 Cd & & W B GFvE .

AN TR) 9K U Ab B 3B 1 2 OK 25 M Zn | Cd AN

x4 FEEXHK Zn.Cd F Pb ﬁ%’/mg-kg_l

Table 4 Zn,Cd and Pb concentrations in the shoot of S. alfredii/mg-kg~

51 f 2
HHEGS Zn gl:Cdé Pb Zn %Cd . Pb
CK 14 598 +483 a 253.8 +16.6 a 234.6 2.8 a 10221 +474 a 55.11 £15.41 a 175.6 +54.1 ab
MC-10 15455 +1038 a 274.4 +17.0 a 270.7 £20.8 a 11945 +410 a 61.80 £17.22 a 161.1 +£10.0 ab
MC-20 13822 £33 a 211.6 +23.3 a 228.9+9.7 a 11764 +1 004 a 53.16 £15.41 a 120.6 £29.9 ab
ME-20 14330 £995 a 258.4+29.9 a 252.7+22.2 a 13755 +1490 a 70.87 £21.39 a 215.7+13.7 a
MC-50 12977 +837 a 212.9+19.7 a 233.4 +28.6 a 11844 +1647 a 85.28 +15.06 a 95.33+£30.77 b
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mg-kg ' ,Phb<100 mg-kg ';Zn WHME ), 2 F
FokZEM IR AR A R OE AR T A AU E 4
BRI AT L, oK ZE AR A HLAE 2 AT AT R

552 2 KPR Zn ,Cd FI Ph £ i 4b B ] 22 57
B3 (% 5). ME20 4b FI g Ok KR Zn 5 B R
43.94 mg-kg ™' T B K S TAERRE SO mg-kg ™!
(GB 13106-1991) ; Hifx 4 A~ b FUFE b Zn &5 B #0H
T 50 mg-kg . MC-10 43R fFFRL Cd 75 BHE T 0. 1
mg-kg ' [ K A5 #E (GB 2762-2005 ) , Ho 4y ib B
F 0.1 mg-kg ' A4k B £ KAF KL Ph & 4 #52
i3 T 0.2 mg/kg (9 [ 5 £ i T AR M (GB 2762-
2005) . F kAP Cd Pb & 4t (3£ 5) AR T [H 5 4

B AR (GB 13078-2001,Cd: 0.5 mg-kg ™', Pb;
5.0 mg-kg ') . Rk B 4 B AH X B R A Zn, Zn
T E R DA A fE A A, A R OK T
B Zn & oHTE B W) W OREHE S B (45 ~ 80
mg-kg ') PO KNP AT LA AR B iR T L
SKoFERE I AT L AR M S0k TS R i vk b B AR
H,MC-10 \MC-20 F1 ME-20 kit b B FEAIK T KK FF
B Zn S, MC-10 F1 MC-20 4b B3 F& A% T F K ke ki
Cd &4 ,MC-10, MC-20 Fll MC-50 4b 3 R T F 4L
Pb . L AT UL, MC-10 F1 MC-20 4b BEGE A 55 Hb
BEEA T Kbk 4 J8 & &, 09 10 mmol - L™ A1 20
mmol« L~ f &K vk B MC 4k 22 %+ 38 bk Pk Re R 1% 5
TEEFP FOKAFRLE 48 5

PRV AL FRREAR T 55 2 2 B KR8 0 1Y Zn 0
Cd i (3£5),0d FHEXH T RBEMEZSR,MC-10
Al MC-20 42b 3 3 1% MR 22 880 K. MC-50 4k 3 . 25 e 1K
TH Pb &5, 295 Ak AL B R — 2, MC-10 F0
MC-20 Ab 3 5 Rk b BEAR 25 A K. e ] 0L, 4k 22
FH MC ERRGE R B b SBEAR T R E oK ZE 4 R

PO =N
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£5 S2FTERFHMEMNE Zn.Cd 1 Pb &8/ mg-kg ™'

Table 5 Zn,Cd and Pb concentrations in tissues of Z. mays/mg-kg~

b 5 HFRL EL N

Zn Cd Pb Zn Cd Pb
CK 65.39+£1.75 a 0.1785+£0.0419b  1.352+0.081 a 378.6 £38.6 a 1. 167 £0.268 a 15.62 £2.19 ab
MC-10 54.86 £6.09 ab  0.0404 +0.0121 ¢ 1.294 £0.249 a 319.7 £30.0 a 0.708 £0.042 ab 15.72 +4.51 ab
MC-20 50.33 £2.33 ab  0.1644+0.0396 b 0.5344+0.1054b 267.6+32.2 a 0.470 £0.119 b 14.15 £3.72 ab
ME-20 43.94 £3.80 b 0.3779+£0.0201 a 1.413 £0.027 a 351.8 £40.7 a 0.778 £0.285 ab 28.59 +8.47 a
MC-50 63.57 £5.67 a 0.2059 £0.0415b 0.4157+0.0255b  363.4+22.7 a 0.768 £0.120 ab 7.33+£0.58 b

2.3 U[R] R Ak T X S o ) B R < S £ R

AR B S R R s R i Rl WK 6, B
PR GEXS Zn Al Cd AH Y4 U 2 2O T R M o=
R AEF B KM ZR B 5 R XS Zn A1 Cd $2 0 it i
KT FEA. AR AL BEXS 2 1 5 0 5% K F0 KK $2

WO 4 i (9 52 i AN 8 35 5O I Uk A B HE, MC-
10 #kyE AL PR ¥ X 9 5 K Zn (Cd \Pb W iic i H 2
5 W 5 K, 10 mmol - L1 (IR 4 R X & Fh &R S
BEAT IR TE , 2 e 1 2 PR R SR M Zn AT Cd Y
g SIS

#6 FERIMEKWESBARNE mg:pot !
Table 6 Zn,Cd and Pb uptake by shoots of S. alfredii and Z. mays/mg-pot ~'

SH Ak 7 B PN 5P S
i Zn cd Zn cd Pb
CK 97.87 £6. 69 1.704 £0. 160 1.586 +0. 154 24.42 +1.46 0.0559 +0.0089  0.7972 £0.077 3
MC-10  114.0 +28. 4 1.907 +0. 329 2.039 +0.571 27.78 +7.51 0.0632+0.0118  0.8545+0.1806
%17 MC20  106.2 £23.4 1.532 +0.179 1.788 £0. 445 26.93 +2.13 0.0704 £0.0123  0.9648 +0.1022
ME-20  100.6 +20.9 1.747 +0. 248 1.830 +0. 484 24.54 +4.89 0.043 4 £0.005 2 1.025 +0. 173
MC-50  90.74 31.15 1.395 0. 414 1.708 +0. 689 22.85 +4.49 0.0610 £0.0135  0.9617 +0.2213
CK 41.58 +10.67 a 0.2642+0.1030 a 0.8829 +0.4102a 10.58 +1.98 a  0.0304 +0.0054 a 0.4090 +0.017 4 ab
MC-10  50.71£6.74 a  0.2615+0.0708 a 0.697 0 =0.1355 ab 8.85+1.30a 0.0190+0.0017 a 0.4351 =0.2378 ab
%27 MC20 49.73+6.56a 0.2173+0.0510a 0.5128 £0.1462 ab 5.77+0.42a 0.0142+0.0039 a 0.2316 £0.0408 b
ME20  60.37 £12.88 a 0.3282£0.1211a 0.9407 +0.1707 a  9.42£0.23 a 0.0283 £0.0172 a 0.6010=0.0298 a
MC-50  10.97 +£3.99 b  0.0778 £0.0315b 0.0943 +0.0475b 8.18+2.78 a 0.0177 £0.007 1 a 0.1580 +0.054 1 b
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FEAE I AR (T 1) . 55 2 AR 1 ~3 I
AR IR, Wk W Zn  Cd R Ph v B2 Bl & bR
YRR BE T, B8 4 Ja W B 52 R B R 55 T 3 O [ Ak

TP A 9 L R R R vk, MC S50 Ak B AR 5, MC-

20 AbF YR 2 ,MC-10 FI1 ME-20 5.

551 EARFR G, 8 2 FRH 4 Ok BERH]
JEZE VK, S 4 8 R AT Ik R IS 9 A [R) Ak 2 H
B Cd ¥ #RAER T A HH 8 TR /K I3 B o 0. 005 mg- L™
(GB 5084-1992) ,MC-10 \MC-20 \ME-20 &b F () ik

IS
=

[\ w
(= (=]
T T

WP I Z0IR B /mg L
=
T

(=]

sk mak B3k AR

() cd

WL CaYR B /mg L™

EAb/e 2K FIR B4R
LSRG

W Zn R BE43 5 1,408 . 1.590 F1, 0.513 mg-L ™",
T 2.0 mg- L~ A4 3 8 /K 5 A 4, 1 MC-50
REFRH 6. 869 mg-L ™", EARAE 3.5 f%. MC-10 .
MC-20, ME-20 1 MC-50 &b 3 % ik 5 W Pb ¥k B 43
H1470.229 . 0.264 . 0. 129 F10. 584 mg-L ™" #RE &t
T A WK bR il 0. 1 mg- 17", Horp MC-50 4b 3
AT IZ AR E S A KRR 38 7 AR 53k RV COD
B 8 LI T 3 YR b Bk, b MC-50 4b B Y
kW COD e FE S 229 mg L7, T AR H K fE
(200 mg-L~") FIgh 3E (150 mg-L~") B {14 9 T K R
PR A, A T 5 4 B AR oE (300 mg-L™"). MC-10,
MC-20 F1 ME-20 &b ¥ i) itk i ¥ COD e 251G, HBAIR
T R S I I K S bR . fR e AT D, 50
mmol - L™ AR A3l 6f 4 396t A7 bk ok, HL 5 22 59 K
Wz 88K, ROk 6 7™ A= Bk W Pb  Zn B 8K
A 10 ~ 20 mmol - L~ 435 57 Xof 4 1 iF £ 98k 0k
Ji B AR /)N

w
f=1
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Fig. 1 Metal concentrations in soil leachates for 4 leaching with different chelators

w8 T o = T i M SO RERI L /R 2 2| B
W rb DR A T 7 A B A AT IR S b EL
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D7k [ H b i EDTA A e 4 8 00, AT LA A
P&T 5 AR AL B0T5 Ye ik g, 76 R 2 - S 8% hn 1 2
U BEA AR E BV IZ 0 T ORI E 4, FL
{1 T 4 J AR /0 399 10 A K 5 R O ok SR R AR 4
M4 0 M T K ER B8 KU AT UL A 3 Ak
WA TR AN 23 (A R AR + R R A

AR H A S
2.5  N[E] Ak B A MR G X BRI R

19 75 A [r] Ak LS o A 0 RO B o < i R B
RBE R (3R T) A8 B ORI 4 S8 R Bk 2 5 15 AR X
A E A R BR R T R — R,

S ANIRGEAL FAR BE, MC-10 94 Bk A0 B2 3 i 1 56
1 FEMRGAEYIXT Zn (0 552 DO, HLHE 0 g 2 4
K, I HAT MC AR BRI T A9 B4R Cd B 25
2 Z A AR B Zn S O R R R AR R A BEOR TR
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Table 7 Metal removal by phytoextraction and soil washing/mg-pot =
oy Ak B B %2 % EHES GESSSS

%' T ) 4 B I ) 4 B R PR BR 4/ %
CK 122.3+£7.2 a 50.55 +£8.64 a — 175.3£0.6 b 3.54%
MC-10 141.8 £21.2 a 39.28 £5.31 a 59.56 £6.57 a 53.37£9.13 b 296.9 £27.3 a 6. 00

Zn MC-20 133.1+21.6 a 32.36 £2.94 a 53.58 £5.04 a 79.59 £17.05 b 307.6 £19.1 a 6.22
ME-20 125.1+16.4 a 28.81 £3.49 a 66.65 +15.80 a 57.28 +£5.21 b 284.2+10.7 a 5.74
MC-50 113.6 £26.8 a 44,10 £7.64 a 19.14 £1.87 b 133.1£15.2 a 314.7 £30.3 a 6.36
CK 1.760 £0. 154 a — 0.2946 +0.0986 a — 1.926 £0.072 a 30. 66
MC-10 1.970£0.324 a  0.1432+0.0196 b 0.2805+0.0709 a 0.1282 +0.0257 b 2.541 £0.380 a 40. 46

Cd MC-20 1.602 £0.182 a 0.1328 £0.0143 b 0.2268 £0.0497 a 0.2202 +0.0480 b 2.161 £0.225 a 34. 41
ME-20 1.791 £0.246 a  0.1154 £0.0102 b 0.3471+0.1276 a 0.1252+0.0239 b 2.466 £0.200 a 39.27
MC-50 1.456 £0.401 a  0.1954 £0.0122 a 0.0954 +£0.0247 a 0.4208 £0.1020 a 2.220 £0.445 a 35.35
CK 2.383 0. 166 a — 1.292 +0.399 a — 3.643 £0.236 e 0. 06
MC-10  2.863 +0.400 a 46.97 £5.82 b 0.9870 £0.204 3 ab 52.76 +5.44 ¢ 106.4 £2.5 ¢ 1.83

Pb MC-20 2.753 £0.344 a 57.54 £5.38 b 0.6672 +0.110 3 ab 76.42 £6.22 b 141.7 £4.6 b 2.44
ME-20 2.855+0.317 a 10.18 £1. 15 ¢ 1.341 £0.371 a 11.67 £0.54 d 25.77 £1.23 d 0. 44
MC-50 2.670 £0.514 a 84.84 +11.45 a 0.2523 +£0.0121 b 118.7 £10.7 a 215.1+13. 1 a 3.70

PR Ak BRI 5 e R Ak BE L RCER I Cd R R MO Ik
TEAL B 5 AR R A URE 2. AN [R) 96k vk Ak 2 L e 2 B
3 Zn Rl Cd, iE— 25 BEE 5B i E R AE Y
HURUM P X 118 Zn A1 Cd /Y7 22 4 L BR & MC-10
A B B R, A IR AN IR GEAL B 1.7 A5 R0 1.3 £

P ZE A [F] Ah B VG ) Ph B 22 S 0 2 Hom i
RTFEFFYFLI Pb 5, Pb 1) 2 Bk 2 ZHEMRUE , 3K
AT AP PEHC P RN R (R 7). kR MC
B R, Rk B Ph B 22 X% Ph Y 2
BRiEAE MC-50 4b 3T &, & ANk sE b B 59 £5.
Zn F Cd 4 B i MC-10 Lb ¥, P (14 58 5 %
ALK, AW VEALHL A 29 £

ME 5 MC AR Z 4bJ2& , MC 1) EDTA
kR () EDDS. ME-20 4b i fil MC-20 4b P (%) 75 /4
SRR 4 W B0 W 2 5, WX Ph A ik A%
Rz R, P T ME-20 20 3 ik iR Pb ik

EFE A T MC-20 4b# (& 1) ,ME-20 kb Bk H #5 Pb
AL T MC20 Ab B (3R 7). X 245 R,
EDDS 7R B fiE #F 7R pg 50 K WU TR 4 Jd (AN R A 4K
ok T Y Ph.

Y E R 5L E MR VR R A AW B4R L 4
Ja& 1 25 BR A5, 1 2 AN () U ) Ik Ak BT Zn )
RN 5.74% ~6.36% ,%F Cd (1 5 2= 14 % 3k 5|
35.35% ~40.46% , %} Pb i LR R H 0.44%
~3.70%.

2.6 AFAHY I EELBELEEMARLSTED
34k,

WEEMMMKEKASBE L, L HEEL)R
4 F DTPA $EIUCS & i W3R 8. S5 R A +HEAH L,
A AL B S 0 A e 4 B I RRAIR. Zead P ZR Al
YA W VEL LS, + 48 Zn (Cd A1 Pb [ RE
EE A K512, 6% ~16.5% 27. 8% ~44. 6%

*8 FEMELEHTESLSELEN DTPA REESE /mg kg ™'

Table 8 Total metal and DTPA-extractable-metal concentraction of soil after the different treatments/mg kg =

NH AL o e Pb
H1ZE %2 & B %2 & ETRES H2 &
o + e 989.6 1.256 1161
cK 977.2 +5.7a 899.0 +7.3a 0.9367 £0.0253a  0.7460 £0.052 1ab 1142 +4a 1118 +12a
T4 8 MC-10 934.5 +19. lab 865.2 +4.7ab  0.7829 £0.097 1a  0.6959 £0.066 9b 1106 +28a 1122 +16a
4 MC-20 949.5 + 14. 8ab 834.5+10.3b  0.8449£0.0771a  0.7806 +0.0855ab 1117 =11a 1124 +9a
ME-20 961.5 +20. lab 857.0=11.5ab  0.8787 £0.0770a  0.7383 +0.0537ab 1124 £12a 1119 £15a
MC-50 915.0 +27.2b 826.4+29.3b  0.8828 £0.0985a  0.9060 +0.016 7a 1103 +32a 1095 +19a
A - 4 87.23 0.3728 91. 60
CK 78.57 +0.33a 43.46 +3.14a  0.2101+0.0159bc 0.161 1 +0.0183a  78.51 +2.78b  63.32 +9.98a
DTPA MC-10 76.92 +2.22a 38.04 +5.57ab  0.2119 £0.0383bc  0.1125 £0.029 6ab  83.71 £2.81b  71.34 +6.19a
P MC20 72.06 +3. 64a 31.34+1.09b  0.184520.0231c  0.0889 £0.0083b  93.68 +2.27a 65.00 +3.81a
ME-20 79.17 £2.32a 37.13 +1.60ab  0.2643 £0.007 lab 0.1114 £0.017 7ab  97.83 2. 46a 71.50 +4.62a
MC-50 78.99 + 1. 64a 34.13+2.23b  0.2830=0.0034a  0.1283 £0.020 1ab  97.66 0. 63a 69.30 +6.28a
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3.6% ~5.7% X SE45 R SAE Y HE B + e &= Y
TSR EEA Y & A R AL B S 3 20 Zn FIA 2K
Cd &8 ¥R T as -5, HER 2 FARLHE/ L
AR In AR Cd FRARTH 1 F)5, 562 F
MC-20 ikt Ak B8R B + A 2L Zn FIA 2 Cd & i
BFEMT AWML (CK) . 22 0d P12 A iy 32 OB &
WP PG, RHEAT R Zn, Cd F1 Ph & & B9 23 531
&T 58% ~63% , 66% ~T76% F118% ~25% , KT
R 455 4 e ) B AIG

3 #ig

(1) EFPFIL 22 VR I 5 BOAR X H 42 R 1 25 BR
R TR —H P E 10 mmol- L™ IR A 1 X £
& Gk vk, PG 1H X Cd 8 & B R Gk F
40.46% B FEAR T2 2 = E R AFRL M ZE 0t Zn Cd
i Zn Cd By EBR EEFEAAY S, P B9 £ £
LEREMR TR, A+ Kk T DL Y Zn/Cd/Ph B A
15y

(2) WRBEFNERNEE S L HL Zn/Cd/Ph i5 Gt + 5
5, AR AR R E R, B EEMEY IS
WVEB AR (9 M) JE, L EHE LR Cd Zn F
Pb fyREMEZE 3 H355] 27.8% ~44.6% . 12.6% ~
16.5% F113.6% ~5.7% .

(3) 50 mmol-L ™" IR A IXHI X EF R G VE,
SR J5 2R AR R S R B AR, T EL IR 45 R S T
KRR 7 A B Tk S 9 R 4 R R R v T A AR ok Ak
B, AU 85K

(4) EDDS R 51 77 BE A HE AR 5 K i i 4
J& AR BEA SO 1 L Py P,
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