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The effects of liming on the fraction and bioavailability to rice of Cd and
Zn in a contaminated soil
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WANG Guo

(College of Resource and Environmental Science, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: Pot experiments using a Cd-Pb-Zn contaminated soil were conducted to study the effects of liming on
BCR-extractable fractions of Cd and Zn in the soil, and the uptake and accumulation of Cd and Zn by two rice cultivars.
The results showed that liming significantly increased soil pH, reduced weak acid extractable (Aci-) Cd and Zn, and rose
reducible and residual Cd and Zn in the soil. Soil pH had a significantly negative correlation with Aci- Cd and Zn, and a
positive correlation with residual Cd and Zn, which indicated that liming could transform Aci-Cd and Zn into residual forms
through increasing soil pH. The content of Cd and Zn in brown rice was positively correlated with Aci- Cd and Zn. It was

obviously that liming reduced the content of Aci- Cd and Zn and then led to a less accumulation of Cd and Zn in the brown

rice. The contents of Cd and Zn in iron plaques on root surface

¥ 7E B #9.2016-03-06 were also decreased by liming. However, the contents of Cd and

ELTH . BRARR 348 31 ik 9 5 B B SRR 4 3L Zn in iron plaques showed complicated relationships with Aci-
430 H (u1305232) Cd and Zn, and Cd and Zn in the brown rice, which indicated

PEE B HOG L (1986-) , & R RN il 1, E2MF 4 uncertainty of iron plaque on uptake and accumulation of Cd and
EE G R 75 G A B U7 R AT 5, ((E-mail ) Zn by rice. The availability of Cd was more significantly de-
1282774085@ qq. com pressed than that of Zn by liming.
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AR Cd A FEXF Zn A B HERAE A PR e
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Table 1 Physical and chemical properties of the tested soil

it FH A ) DLk s -4 Cd Zn RIS Ham 3
FXT Cd Zn &5 19 W B AR I8 2 e 1 2k T v
AT ) AR R 4 A AR T IR, A K
A LU A % 3 Cd Zn BT A
FERGEIE R A K 2540 T, 45 pH {8, L3P
Cd Fl Zn B4 JKFEMR R Sk Cd Zn &5 2 [H]
HIOE R, LI A 4 e 15 Ye bk b 1) 38 B fn i 4
FI AL BRI AR

IR

1.1 ##

B KR AR OE 009 FIZRIE 5 5, A
A gl ey A7 FRA R B AL . A K ) 322 A3
& Ca(OH),, pH i} 12.80,Cd . Pb & &4 5 H
1. 34 mg/kg 0.29 mg/kg, ZEARHLEAMES =
BT TR B X J5 11 Cd-Pb-Zn 42 475 YL Fs H 1)
FHEZ ., TN H RS KB 228, 2T kg
Jaid 1 em Biigs ., HHEM LA ERAL M G M 4 )
SHELE L, 1 Cd Zn FESE SR NNE .
FHEK-E AR A&, SR 5 K HI 2L [E Perkin Elmer 2
AR ORGSR I (X (ICP-MS,
NexION300X ) #f 17 W &, =5 1 M b5 E B i
GBWO7402 ( [EZ bW B b 424t ) 140 38 54 i
[T, DAGRIESS B . bk e ik
RE 3 A R 8K | 4 A B o o B it 1R
B EARMEY ( GB15618-1995) it ( <6.5) +
Fery T HBARAEMLRY 19 F5F1 10 £5 75 0™ E (£ 1),

g UL O BB TR 2 € il el AR AR AR AR
PU(gkg) (mg/kg)  (emolkg)  (mg/kg)  (mgke)  (mgke)  (mekg)  (mgkg)  (mgke)  (mgkg)  (mg/ke)
6.02 21.86 29.01 17.00 5.88 2132.00 1602.00  77.20 3.70 650. 60 650. 60 14.65

1.2 ##EA

BRI I 4 AL BR, 2 ASOKRE SRR CREAR
009 FIARHK 5 %), A4 KIS 530 0 g/kg. 4
o/kg 16 g/kg 32 o/kg, TEKAEME AR AT A It
S5k (FRFE 2.1 ¢ NH,H,PO, 1.2 g K,S0, 2.1 g)
RE¥A ., ERHE TSR (525 em, N 25
em) ,FFER A 7.5 kg, B ER 3 K, K
B MR R EE A R 25 d s

B R — SO K RS W A T A, B 5 PR KA
A B WA ACIRAS (H A 2 ~3 em KJZE)
TEA RO BE (BT 45 d) B4R 5 3 Mok g, 7
BERAEL) 100 ¢ 13, FKFERBUART, FERFERT S d
Myt FH, SRARTRI T 19 2 MEAKARS, IFREEZ 100 g +48,
KRR A KA a8t 2 A A (N-P, 0,-K, 0 18-10-
10)2 Ik, gt & 73 BEI 3. 75 o, fliA i) 2. 25
g, FRAEKRESG e S K st sk a2 88 1k ik
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Hr R RRBUR RS 525 M FOKAE 70 °CHLAH
LR EEE (29 72 h) , BRI 5 AR 80 iR ALK
e, HIEAL KT EERE G 435 2. 00 mm F10. 15 mm
D) A S =2 Ty
1.3 oHAE

1 4% pH H A pH 1HE (K :+=2.5:1.0), -

*2 THESLEWS BCRELENF P

Table 2 Sequential extraction procedure for heavy metals in the soil

B BILITTR FH T 5 TR B - A I A |, 1= 498 PH 5 1
i (CEC) R £ BR 8 58 e ik 7, A 18 il
R HH NaHCO, 3500 2 , = SEHLAR 2 R O b
AL RE

T E S IRIE S PR IER BCR 1 4 %
REGE (£ 2),

PR B PRI IR BAEL IR
1 Aci 0.1 mol/L HOAc 20.0 ml (22.045.0) CHEH 16.0 h
2 FeMnOX 0.5 mol/L NH,OH - HCl 20.0 ml (22.0%5.0) CHE¥ 16.0 h
3 oM H,0,(30.0% ) ,1.0 mol/L NH,OAc 25.0 ml (22.0%5.0) CHR¥ 16.0 h
4 Res Tk 15.0 ml HF+HCI0, +HCI j41k

Aci: S FREEEUA ; FeMnOX ; FIiA JF A ; OM: AT 40fL 45 ; Res BRI

JKAEAR 24k A DCB ( Dithionite-citrate-bicarbon-
ate) IEUHTIRHE ) B e K R AR 22 1 SRk vkide
W 7K 43I MFEFREAR BT T 8 100 ml (YL,
H T 0. 030 mol/L #7412 — 4 (Na,CsH,0, - 2H,0) Al
0. 125 mol/L &R Z4H ( NaHCO, ) MRS+, 10
min 5 HEAIA 1 g FEKKS (Na,S,0,) IRE 4], 7E%E
T (20 ~25 C) 4R 223 1 h, SR 5 ¥R M 4% A
100 ml Z¥)firp IR A B FK MR R 3 a2
2100 ml, XHEIEEIET U8 SE F O R I
EFEAL (AAS) P E H AP Y Fe .Cd . Pb ¥J¥, £ DCB
PR HLIE MR R FRPRL T 70 °CBEAH gt T S 1E R
BOARE I BB T, FREL0.25 ¢ 247 B RE SO
100 ml 9 =AM, A 5 ml A2 20 B e Gl R ) ik
e AN b AT R TR A bR E )
(GBWO7605 , = 28 bn 4 oz ot J A1) i 47 o7 & 4
il (bR HEW P Fe, Cd . Zn [0 453 90 95% |
90% ~115% 95% ~110% ) , B 28 TIKE
253100 ml 20, 2 U8 5 FH H R & 45 B T A
AL (ICP-MS) M 3E Cd \Zn i,

1.4 HiEAIE

RSB G 4F SPSS 19. 1 #1477 25007
FILSD 2 b, A 36 AN [ Ab 3 ] 2 55 1) 3
FHIZ G 1A 10 78 /K R 25 30 A B 4 ) B e 5 1
FHIEAEGEZB KR, H SigmaPlotl2. 5 %F £ 4
) B AT AR 3L

2 ER 500

2.1 AXIEEE Cd.Zn ESHIFNE

1 3 T, BE A U B2 A RGN, 2 K R e A
TR SRR UGS Cd & RSB T R, AT RS
Cd FEFFRERS Cd S EIZ W, 16 BEm
AV, KRR (0 g/kg) B A7 K AL R (32
g/kg) ,FEHE 009 455 IR FE UGS Cd 7 17 BIFE AR
T 8.60% ~14.48% F11.32% ~28.19% , Al ik J5 7%
Cd &84T 3.51% ~10.53% #116.22% ~
51.35% , R HK 5 5 R HES IR IR IS Cd & 20 IR
KT 2.62% ~18.34% Fil 4. 66% ~30.93% , "] it i
AC FESHNEMT 7.30% ~ 16.06% Fi
14.08% ~50.70% , MXFRE(0 g/kg) 2 2 A7 AL
PH(32 g/kg) , F7I 009 1 IEFREZS Cd & 243 B3
T 37.38% ~45.79% F119.28% ~30. 12% , 41k
55 HIEREE Cd FEAsMEINT 1.48% ~
21.48% M136.84% ~59.21% , 155 BEWI A1 K b B
TR AR Cd SR S X IRTCEE 22 5% A
BT R Kb 3 A g ) AT AR AS Cd )
ES

HH 3R 4 AT, RIS R PR Zn & bl A K
ARSI T R, TE 4 BES R LA RROL 009
TR S R IE IS Zn FE DB T 3.45% ~
9.81% F13.50% ~13.50% , R 156 5 5 1) 55 82 2 B
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A Zn HHEA MR T 6.69 ~10.86% F17.87% ~ s 5 30 n i8S Zn & & BT
14.75% . BEA KRG, 1A E S Zn & 8.86% ~12.17% F1 1.80% ~ 10.87% , 5% 25 Zn
HHBRE A Zn R EZEEIN (BRAKHE  SFEa03Em T 29.03% ~33.29% 1 18.08% ~
4.00 g/kghbBAR) #a % FE A BERI R AL RO 22.39% , TEAMBEN], FRHE 009 - 3ER AT A AL S Zn
009 LIER IR A Zn S HI3m T 7.57% ~ SEMINT 5.04% ~6.21% , R 5 5 - HEM A 4]
12.29% F15.08% ~ 13.88% , GRS Zn o0 AR Zn STEIGI T 1.71% ~2.99% . TR,
BT 12.63% ~25.23% 1 1.70% ~19.72% ; & A1 JRALFEXT + 3 0] E AL 2 Zn T EVER I,

F3 AEARLEEGTIES CAdHES
Table 3 Effects of lime rates on the fractions of soil Cd at different stages

g FRALTE BRI Cd &5 (mg/kg) BWAFIEA Cd Fri (mg/kg)
(g/ke) Aci FeMnOX oM Res Aci FeMnOX oM Res

009 0 2.2120.11a  1.1420.0la  0.26x0.02a 1.07%0.08a 2.27+0.16a 0.37%0.09a 0.25+0.0la 0.83%0.06a

4 2.02+0.08b  1.18£0.07ab 0.25:0.0la 1.500.08b 2.24x0.22ab 0.430.06ab 0.28+0.01b 0.99+0.12b

16 2.01£0.03be 1.26:0.04b  0.25:0.0la  1.4720.26b 1.96x0.13b 0.45:0.01b 0.29x0.01bc 1.00+0.06b

32 1.89+0.08¢  1.2320.05b 0.25:0.0la  1.56+0.14b 1.630.05¢ 0.56+0.02c  0.32%0.0lc 1.08=0.04b

KEESE 0 2.29+0.07a 1.37:0.24a  0.25:0.0la 1.350.05a 2.36+0.05a 0.7120.08a 0.26+0.03a 0.76:0.06a

4 2.23+0.05ab 1.56£0.07b  0.25+0.02a  1.37+0.06ab 2.25+0.16ab 0.81x0.07ab 0.28+0.01ab 1.05+0.07he

16 1.96+0.18bc 1.470.15ab 0.27+0.01a  1.64£0.07b  2.070.09b 1.07+0.12¢  0.32%0.02¢ 1.04%0.05h

32 1.8740.09¢  1.59:0.08b 0.26+0.0la  1.60£0.03b 1.630.04c  0.97+0.20bc 0.29+0.02bc 1.21+0. 16¢

Aci FeMnOX ,OM Res WL 2 £, [R—3AH R SR RIARRNG £ R 25 53 835 (P<0.05)

R4 FRAARLEBEHETLESR Zn HES

Table 4 Effects of lime rates on the fractions of soil Zn at different stages

o kb NEEMATFIES Zn 58 (mg/kg) WAIAARFIEA Zn F & (mg/ke)
(e/ke) Aci FeMnOX oM Res Aci FeMnOX oM Res
FE000 0 113.1$0.98a  129.4+3.19a  111.143.07a 2295.2+125.90a 120.0:2.45a  126.1+1.11a  112.5+2.08a 2 036.7+138.30a
4 109.242.08b  139.2+2.12b  116.7+1.89b 2 874.3+180.20b 115.8+1.70a  132.6+3.65b  114.0+1.27a 2 404.0+247.50ab
16 105.2+1.08h  139.6+6.18bc  118.0+2.28h 2 585.0+108.10c 108.7+5.37h  132.5+¢5.98b  113.140.89a 2 383.8+45.62b
32 102.0¢1.02¢  145.3:1.95¢  117.842.22b 2614.1£127.20c 103.8+1.73b  143.6+0.98¢  114.9+3.40a 2 438.3+105.30b
FEESE 0 115.1+1.65a  129.8+1.83a  116.9+3.58a 2 114.2+108.30a 120.7+1.00a  127.9+1.09a  116.9+8.74a 2 125.7:180.80a

4 107.4+4.15b  141.3+3.93bc  120.4+2.40a 2 777.1+70.25b 111.2+2.84b  130.2+0.83a  110.9+£2.09a 2 549.8+77.06b
16 104.8+3.57b  143.4+3.92¢  118.9+2.24a 2727.9+129.50b 108.8+5.37c  141.8+2.90b  119.2+4.0la 2 510.0+139.90b

k) 102.6+0.64b  145.6x1.78c  119.4+0.82a 2 818.0+269.00b 102.9+4.41c  136.9+3.64c  108.5+2.25a 2 601.7+76.47b
Aci FeMnOX ,OM Res L3¢ 2 {1, [E—FIAHE S FIRIRR/NG PR R 255 8.3 (P<0.05) .

2.2 ARXMKBRRKES Cd.Zn SEMN M Zn T E ST BEWH RN BB 23 I REAR T 41.09% ~

s Al RS Cd Zn RS HEBEA 70.57% F120. 62% ~51.62% , 7RIk 5 543 B B
R B T AR, AR A KK T R T 56.72% ~ 60.61% F1 5.88% ~ 54.02% , %
009 ZRAE h Cd (1) & FEAE 43 BE IR BL B 40 301 SR A KAt FH AT DA B AIRAR R KA Cd RN Zn 1)
FEf T 10.48% ~70.48% F14.01% ~ 53.21% , T R 009 AR RN Zn B FEAR Y LR
RIS BT Cd & & MFEART 59.60% ~ T Cd &8, KBS 5P Cd R AR KT
68.00% #127.36% ~60.69% . FEfL 009 #fErh  Zn &5,
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£S5 TRARLETRBRRGKES Cd.Zn HEE

Table 5 The contents of Cd and Zn in the iron plaques on rice root under different treatments of lime

R Cd  Zn 7 i (mg/kg)

o A RAL L e
(g'kg)
Cd Zn Cd Zn
H#4l; 009 0 1.05+0. 10a 308.44+14.29a 3.7410.12a 366.50+36.98a
4 0.94+0.31a 181.71+26.41b 3.59+1.03ab 290.94+59. 35ab
16 0.310.21b 90.76+33.35h 3.12+0.38h 235. 14+26.99b
32 0.65+0.36ab 108.0213. 43b 1.75+0. 40D 177.3036. 16b
kS 5 0 2.50+0.66a 500.03+75. 74a 5.19+0.70a 343.93+6.61ab
4 0.80+0. 60b 204.72£119.70b 3.77+0.68ab 323.70+47.02ab
16 1.010. 16b 196.98+81.57b 2.26+0.28be 299.09+60.93b
32 0.95+0.11b 216.42+20.78b 2.04+1.40c 158. 13£47. 20c

[F)— B [ A [l N 5 B3R 22 57 8.3 (P<0.05)

2.3 AKRXMKBRESF Cd.Zn EENFIN

H1 2% 6 AT, AN [A) A K AL PR AR T RR 4 009 Al
KRB S SRR Cd Zn & i, 7847 BEWIR B2 b 5
009 R FEH Cd & i wl AR T 51.75% ~
57.65% M 13.73% ~ 22.29% , Zn 5 & 43 5 [ A%

F6 AEARBETKBRES CAd.Zn WEE

4.77% ~29.26% F130.81% ~42.23% , 85 S5
2 Cd FE BT 25.85% ~ 35.38% A
32.52% ~ 36.86% , Zn 5 & 1E W AW R T
30.50% ~44.47% .

Table 6 The contents of Cd and Zn in rice root under different treatments of lime

WA Cd Zn & & (mg/kg)

L ﬁggﬁ 4VBEM
Cd Zn Cd 7n

5K 009 0 15.42+6.05a 606.28+123.50a 6.19+1.22a 589.82+249.20a
4 7.44+0.53b 577.36+98.98ab 5.34+1.04a 398.75+101.70ab
16 7.28+1.35b 576.84+14.81ab 4.81+1.24a 408.07+31.41ab
32 6.53+0.70b 428.89+149.90b 5.08+0.87a 340.73+98.36b

RKEEs 5 0 9.75+3.20a 500.94+174.00a 8.98+1.78a 576.70+14.38a
4 6.30+2.99a 696.74+0. 10a 6.06+2.82ab 400.79+114.40ab
16 6.79+2.08a 668.41+302.80a 5.95+1.10b 396.73+85. 88ab
32 7.23+3.31a 452.73+181.90a 5.67+1.80b 320.26+144.20b

[7i) — B [5) ft o ) AN ) /N5 b R 2 S (.35 (P<0..05)

2.4 AXRMEKD Cd.Zn SEHIEMIE

ANRATIAL BEXSRE K H Cd | Zn 75 15 B 52 0 10

FAmkIEEK R Cd A1 Zn B 2 F

ARSI

7 NN AR FH RS R FR B L B AR TR OK P
Cd . Zn W& F5HE 009 K&K Cd  Zn 5 43 5k
T 10.53% ~60.53% 1 14.99% ~31.17% , 7K Bk
5 SRR Cd, Zn % & 5 HIFEAR T 36.76% ~
69. 12% F1 17. 62% ~29.75% . 4 hnA47 WK i &4 F)

32 o/kghbBRFRAR 009 KEKH Cd 5 B AT AROK Cd
BR R (0. 2 mg/kg) , HATL LA RE K H Cd F5 i B
A AR B8R TRk Cd YRR, H Rl AP E T
AXTE ST Zn FEMUE R e (BB E
e Zn £ 50 mg/kg N 2 A FLE 0
I REK R Zn S BT B A,
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7 AEARKRLEZHETRXS Cd.Zn WEE
Table 7 The contents of Zn and Cd in brown rice treated with dif-

ferent rates of lime

Cd FEAIK

(meke) (L

AL Zn [{514[55
Zn ik S

5 AR Cd Fh
" (mg/kg) (%)

(g/'kg)

Hfooo 0
4 0.25+0.06ab 34.21

0.38+0.17a - 25.09+3.02a -
21.33+3.41ab 14.99
16 0.34+0.09a 10.53 18.87%2.17b 24.79
32 0.15+0.10b  60.53
KR5S 0

4 0.43+0.26ab 36.76

17.27+1.04b  31.17
0.68+0.21a - 38.93+1.62a -

32.07+3.78bc 17.62
16 0.28+0.06b 58.82 27.61x1.80e 29.08

32 0.2120.04b  69.12 27.35:2.17e 29.75
[l — B ARt Rl AR [N B R 22 57 3 (P<0..05) .

2.5 T#EpH 51 CAd.Zn KEMNXR

A RANEE R T R pH (A (1), SrEEI
4 pH 555 IR A Cd & i 2 18] 2 0 553 11 ke
FKe(r=-0.772" ,n=24) , 5L Cd FELEH

10 -

F#lE009

pH{H

0 0 4 16 32
AR (g/kg)

TEAER (r=0.430" ,n=24) ; fE B, 11 pH 5
SR P2 A Cd & &2 22 (B AR 3 UM 6 (r =
-0.807 " ,n=24) , 5[ EAA Cd F KBS Cd
TEZMYEWNE FEML(r=0.762" r=
0.701™ ,n=24), 5[0 JHEZ Cd & & LA B3
(Bl2), B3 A, 4 BE] 135 pH (5 13559 R
PEPCS Zn BB ERAAXL (r=-0.901" ,n=
24) 5 - IR RS FIGR A Zn EE 2N B EIE
A (r=0.857" r=0.653" ,n=24), 5+ 4K
A Zn ST EEBEFIEMICE(r=0.500" ,n=24) ; i
A58 pH H 5 HIESS R EEHUN Zn & B 2 W
FERAIR (r=-0.849" | n=24) 5 I E L5
Zn FH GBS Zn & 0 ) AR 0 N i 3 A
K(r=0.778" r=0.610" ,n=24), BIX, 13 pH
ER TS BEC T 3% Cd Zn BB RIZ IS & &,
PE TRRE ST, UL pH (BT 8, A R S Y
SGIREEIE Cd  Zn 3= BE5E AR S A R AR AR ) 5 i
B, X 5O0A SCHRAZE R —5,

KRS S

pHIH

0 0 4 16 32
AR (g/kg)

W TE; O Bt

1 AEAARKLEEETLEEN pH E

Fig.1 pH values of the soils treated with different rates of lime

2.6 T CA.Zn EESRERKERRAFRK P
Cd.Zn SEMNXZR

TEAM S, 155 PRPEHGE R Cd Zn F i E
2 AIKFE RS K Cd  Zn 51 2 (R AF AR i 35 1E
FHHE (R 8) , VLA 55 FRPEHGSAY Cd \Zn & i fiER
U B RE K Y Cd \Zn BB Ab B, 55 R 46 L
A CdZn FEGRBHUBEAMR AT Cd Zn T EZ
() AH e PR 22 . TEAEIAR R - 1 5 4 s i ik
T MR SRR AR RE A 2 AR 2R A, o BE FHASAR

AR 272 ] BE R S AR BE A Cd \ Zn SRS AN
AT Cd Zn Z A ARG IR, ki
BCdzZn HREWET Cd Zn FHE B ERMHL
(rpemea = — 0-464 " | 1, = = 0.323, ruymed =
~0.584 " rummsm=-0.585" ,n=24) T3l AL
BZn FRSEKKT In FEEREOMX(r=
-0.523,n=24) ,FRIEZ Cd. Zn S 5Kk T Cd,
In GHEBERBFETMMALE(r =-0.523" , r=-0.569 ",
n=24),
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Fig.2 Relationship between soil pH values and the content of different forms of Cd in the soil
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R8 TEBBEEGS Cd.Zn SESMRBKEMBEART Cd. Zn &
Bz EEHEXHE

Table 8 Correlation between the content of Aci-Cd and Zn in the

soil and the content of Cd, Zn in the iron plaques on rice

root and brown rice

SRR P S (Aci)

s m FH 009 ks 5
Cd Zn Cd Zn
5 BEH] BRI 0.750 " 0.219 0.409 0.725*
W& 0.462 0.543 0.201  0.244
A BRHE 0.202 0.932"  0.697* 0.831*
LS 0.601 0.172 0.243  0.602"
PN 0.963™  0.601*  0.672* 0.739*

¥ FORHARMETK 0.05 BFEAKF,  FORMARMEK 0. 01 R B F KT,
n=12,

3 17 .

T3 & Jm T A E AR S kAR AR, v )
BRI TRIR I G A S RS A
AR T AR AL, M0 B0,
pH Eh) A ARET, 3540 AT LRl ok 5l o A 8003 i
TR AR TAEY AR Al B AR A K A BRI £
RS EAMEN BRI A KRS T B
pH " ¢ U & 4 8 A ik B 2 L & A L W Uit
WP RS Cd Zn FERE 5 AE VLRSS
B9 Cd Fl Zn , A1 AL FERE ] DLBE hnA L5 A3 ] A2 £
HLAT , J 5 X Cd™  Zn™ PO BRFRE 7, AT R4 i
HE pH (R AE A ML A0 B2 A, DT B2 A1 = 8 #L
JREE A CA™  Zn® WIRE T, T LI AL BN AT AR AL 2
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B2 AT RS Bk it 25 Cd  Zn Hedk, BEAR T 14
H Cd Zn AR, NI/ IK FEAEAR XS Cd \Zn (1)
WL, BB K Y Cd Zn

AR i FH AT 8 2 B AIG Cd-Pb-Zn B A5 5+
e FKRERER T Cd Zn WO, EENLBEAE T A K
2R T 8 pH (H, FRAR T RIS R LR Cd
Zn {8, NI T KRGS £ Cd |\ Zn E@%ﬁ
W, A KIG, T HE Cd B 25 1 28 AL TR B 2R W
A RCPE R BT I FE B KT Zn, HILREK T Cd &
WRERAREE KT Zn S8, KBS 5% Cd. Zn 1Y
EAERE S THRAL 000, HopE K i Cd A& B BT %
I B4R T Cd B FREFRIfE

Jite A SRR HE Cd 5 4 3 A 80 ik (5
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