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Effects of combined amendment on forms of cadmium/lead in paddy soil and
accumulation of cadmium/lead in brown rice
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Abstract: This paper studied the effects of combined amendment on pH changes and transformation of cadmium (Cd) / lead (Pb) species in paddy soil
and changes of Cd/Pb contents in brown rice. Combined amendment of LS (limestone+sepiolite) was applied on two types of rices ( Huanghuazhan and
Fengyou 9) in an in-situ experiment. Results showed that applying LS could significantly increase soil pH values, which changed effectively the species of
Cd/Pb in paddy soil and transferred Cd/Pbh from acid extractable fractions to Fe-Mn oxide and organic fractions in different extents. When application
ratios of LS ranged 2.0~8.0 g-kg™", the acid extractable fractions of Cd and Pb decreased 19.6% ~23.8% and 7.7% ~14.3% in the paddy soil planting
Huanghuazhan and 7.6% ~31.1% and 11.7% ~24.8% in the paddy soil planting Fengyou 9, respectively. Reduction of soil acid extractable fraction for Cd
was apparently greater than that for Pb. In addition, applying LS could reduce significantly Cd/Pb contents in brown rice. When applying LS from 2.0
g-kg™! 10 8.0 g-kg™!, 56.5% ~67.2% of Cd in Huanghuazhan brown rice and 29.0% ~38.7% of Cd in Fengyou 9 brown rice decreased, respectively.
Meanwhile, 9.8% ~34.2% of Pb in Huanghuazhan brown rice and 6.8% ~45.4% of Pb in Fengyou 9 brown rice decreased, respectively. For the same
type of rice, the order of reduction in brown rice was Cd > Pb. The experimental results also indicated that concentrations of acid extractable fractions of

soil Cd/Pb could reflect the bioavailability and mobility of Cd/Pb in soil.
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1 5|5 (Introduction)

AR, R E A H T & R 5 YR H ke
U22.2014 4 4 F SREE ORI A A i 5 k4 [ - il
AR R IR Z 15 e p Al FH b 7 19.4% , H
TR Y RS g R TS g S QLT
W50 13.7% 2.8% 1.8% 1.1% ; [a) i, & 4 &
BT VB R S Yol L A R EA IS
ALK RAEY = A 35 FEAE L, BRARAAE D 1 7= it
AL BT I HLA AT DL GE o B B R R R AR, XA
I fde Rl = A fa . R I, TR SR EE 4 JE s Y 3B S X
FAORBREA 7™ fil 28 4 TN A i B 5L AT J B 3 S (P
H1 4% 2005) .

IR E SRS RSB E AR 1k
BB B HOR LR 3 20 2 0 S8 S0 A
FEAB S KA 42 8 15 Yok R B hr vk 4, 2
F| Ok Bk £ 79 F A ( Kumpiene et al., 2008 ; T 57 #
85,2009) 5 FH BRI Foh 2 G0 5 B0 A R | % Wl b
BB DY R A A DL R PR A o
B0 2 30T A SR B 5 RN N FH A 22 1) IR B A G AR
Bifk s A0k B NAMIF SR A L E R
Lb e I BURTRR 5k 1 2 AR 254, X H b iy ¢d B
2 Y [ AR 3% R (Keller et al. 2005 ; AR5 2010,
RAT 4, 2010) A KA H BRSO K BB S i 14
GG 0 A M P AR B 8 SR A AR R T X
HA R B A POE ] (RS 20015 R 2% 4
2003) A7 K A7 N A7 F e v 1 pH E, {2 fif
HAEJEIY BT , A SR E 4 8 19 2 ] 1 P
(5PfE =4 2012;Zhou et al.,2015).

AR E A T A R Y A R B
MRECER TERZHGE B EZE D TENLR
FEARSLIS LI I S 56 1 F 5 0L FH A X A
A AR Y ETE X Cd B —T5 Y HIRIE E BT
2 A3 AR 1 o 4 R 2 A 15 Y i 8 2 F o
A HRIE (CE O EAE,2011) AR S VUM R A AR
DX BT T % DX T J R FH S 56, AR & B 42 o T
FAE 9 SAEMBEAED) , BFFEAS [R) it fin 2 19 43 K A1
FIVERIE A 2 O R 2 Aok R b - 30 h & 4 )8
Cd P A[EITEA B DL KK Rkt Kk B A (152
DUWZh Cd # Pb 52475 Je fg H 018 &2 52 fit 2 %
HoR.

2 ## 57 % (Materials and methods)

2.1 B

PR ot B oy AR 7 R LR, 0 R AR S A
WA BRA D) FFEAL 9 5 (=R ASSHIFS , # Fe WA
Pk BLABFFEBE ) MR A KA R T £ BB
WA AR T R A 20 M Al K A TR A B R
A BH T 7R R 6 T B AR A T e R ) A O
SEIR (W FREE,2012) KA A R4 201 B B
PR A B ZH A R R LS. At 4 1% 1 70 I e S
FERT DX BT (26°34.265'N, 112°36.144'E) | + i1 F
FHZE R FE L iz X 3 i T 20 tH42 80 4R R
WHEEFERE N Z R ESEE G5, BORIVE
SRR R IZ M0 MG e 1 (DAE H A 4
JE 15 YLK SR ™ H (Liu et al.,2005; Lei et al.,2010).
e FHAAEAEVE 2 (0~20 em) 1343 K fitiatbA o A 1
PR L 1.

®1 K TERARERER
Table 1  Basic properties of the tested soil and materials

CEC/ F4m SR/ (mg-kg™")

Ptk pH  OM (omol-kg1) o oL

e 3 5.39 3.66% 19.93 3.03 256.68
A KA 9.13 — — 0.002 0.023
TR 554 — — 0.004 1.781
HHEER LR~ — — 0.3 250

2.2 RKE kit

2ANKFE SR (EAE S EAE 9 5) ik E 0
(CK: ANk B 5)) .2.0.4.0.8.0 g-kg ' iX 4 it
)1 S O 42 @ A E T = S B o R el
F 38 2 R R L S EHE R IR RS R
MEPRE 3 ANEE, B LA T AR 9 m’
(3 mx 3 m), Bt 24 HUNX JrA 5 BEAIL X 20 HE
G ERANRE TS DU R 3 8 3 AR RS AT, A
B EE S BRI AR 77 1Y SEBR A . 2 Fh oK R i BV A
PR 5 4 ROE B FEE AR 7 R4 — B K FE T 2012
4 ApA)ERL,S H LA B, 2 2012 45 8 HE
BLAOIR.
2.3 KAEF LIEAE AT

WCER IR 7K ARG R 4538067 43 SR B R K ik J5
P EE 7K, T 105 C F 27 30 min, ZJ5 1E
70 °C T Bt 2 fE EE [l H /N B FE ML KRS A kT
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5, R REK REK Y 8 5 R T K A3 (GB/T 5009
-2003) , HHUEHE & 55 25+ K SO (ICP 6300,
Thermo ) I & B 45 J& % &t

FE K FEE MR WS A i SR S AR X 7 1) - HE A
+HEg AR IR BRIEA)JE L 2 mm JE e T, 98
Bl BHASARAE R, + 3% pH (8 FHER JE 3+ ( PHS-3C,
TG M5E , FIR A m () V(IR = 1:2.5; 13
Cd \Pb iR FH T K- SRR I A (8- 3, 2000)
+EH S R IE SR A BCR EL LR, 3
SRR AT RIS R A G A LEE & AR5 i
B 4 NS (Quevauviller et al., 1993) . F Hi B
BT R S AN (ICP 6300, Thermo ) ] 5 +- 3
HERRIEASE 48 & & A A i oA 72 L
FE R bR EY) BT - HE (GBW (E) -070009 ) F# g oK
GBW 10045 ( GSB-23) 47 T 45 il 734 , [m] if 42
[ESEE
2.4 FHELAE

R OriginPro 8.5 F1 Excel 2010 43 #7144, H.
B 45 1 A S Y+ v i 2 5 3 FH SPSS 19.0 #F
TFRA Ry 22081 F 1LSD 2 Hed (p < 0.05) , K
DUAS ) b o [ 25 S A B, R AT AH SCER I R 1 T4

3 ZRE59H (Results and analysis)

3.1 4T R LS X+ pH A0 ¥

LS S [R) i 25 BE S [] 2 B s 45 v&p 2 oK A b
=380 pH (E, FL I 25 5t i 2 1 3 n 22 5 25 T =
FEAF(E 1) A5 xFIRAR G, LS it 2.0~8.0 g-kg ™,
REMRAE S F 0 9 S MR OK R L 58 pH (8551 7+
£50.15~0.82.0.17 ~ 1.67 A Ef, Hjiti fin & = 4.0
g kg™l B, - HEpHAH 5 X B8 2 (0] 5 77 16 W 3 0%

*2

(p < 0.05).Jifi/m LS AeA7 24 = 3 pH {A, X2 Hh
TAORAERGEAE (R 1), H pH Y] & 98+
B LS i =4.0 g- kg B, 48 9 Bk L
pH B 5 R B I 2 8 T AR KRS 48 X T RS2
5 R R K R 5 A A K & B RUK RS AR R 43
VIR (T2 A /NE,2000)

751

[ Jwses .
I ETE
7.0
b
o651 be
E c
®
'H 6.0 d
de
30 0 2 4 8

SRR R LS Mg /(g-kg ™)

1 ARBKREF LS X1 pH 89

Fig.1

(VE R E BRI RE R A B ] 25 5 1 3 (p<0.05) , A R
FERARARE, FRL)

Effects of combined amendment on soil pH

32 HABEKEF LS EME CdFfePhb HEAWE R
H1¢ 2 AT UL, 2 Bk RE xS B 3 Cd A &
TELUAE WA S0 B v B TR T R IS A A (B
50% ) , A= 00 RCPHEAR A ML, G A RN ok i 2 ot ot
AYECHXHIG, VLB RE H 4 Cd A4 Y0 sobE i
N LS 5,2 FOKRE LR Cd AR AT R EUES &
5000 REURH LU 34 B 3 AR (p < 0.05) , HLF A it fin
ST (R BI85 R 2.0~ 8.0 g - kg™
B, CAR R AT H2 UGS S &= 3 5 PR 1719.6% ~

HAREMRFAEHEME T /K L5 BCR 2R Cd.Pb B E

Table 2 Concentrations of soil Cd and Ph extracted by BCR method treated with different amounts of combined amendment

i B Rt n i/ Aci/(mg-kg™") FeMnOX/ (mg-kg™") OM/(mg-kg™") Res/ (mg-kg™")
(gkg™") cd Ph Cd Ph Cd Ph Cd Ph
et 0.0 1.89£0.15°  16.09£0.20°  0.07£0.06"  36.57£3.97"  0.0320.02"  32.90£2.49"  1.29:0.07"  156.45%5.56"
2.0 1.52+0.14>  14.85£0.05"  0.09+0.03"  42.12+3.94"  0.04:0.02"  33.57+0.60">  1.52+0.14*  151.59+1.35%
4.0 1.48+0.15>  14.64£0.12>  0.17:0.02>  46.15¢4.84>  0.07+0.00°  39.10£1.89*  1.44x0.27*  139.27+4.35™
8.0 1.4420.02"  13.79£0.25°  0.28£0.13%  59.08%9.35%  0.0720.02°  43.53z4.74°  1.35:0.12°  123.45%15.68°
Ftho5 0.0 1.3240.02°  14.43:0.50°  0.060.03"  25.24x4.04">  0.03x0.00°  35.31£3.99°  1.18+0.12*  135.06+12.30°
2.0 1.2220.08%  12.62+1.07°  0.07:0.03"  43.68+11.78*  0.03+0.02*  3591+1.53*  1.29+0.29*  126.45+25.59°
4.0 1.00£0.13%  10.73+0.65°  0.12:0.06"  46.90+3.85*  0.04x0.02°  32.00£2.40°  1.35:0.20*  165.19%5.67°
8.0 0.91£0.22¢  10.74£1.37°  0.25:0.09*  50.47:6.23"  0.07£0.04°  34.46x1.67°  1.25:0.36"  141.24231.04"

T R B N E AR (n=3) ; ARG PR ARFRERFEA G2 L (p < 0.05) . Aci FeMnOX ,OM Res 23 A #6451 42 J AR FT $E B0 |

PR AN A A S SRS, TR,
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23.8% .7.6% ~31.1% ; FIN 1 Cd 1 384 E AL
B AL G ARG A S A Prign, 5 x5 |
AL, 2 FhKAS L 3Ep Cd MBRER LS & il 42
T 28.6%~300.7% .16.7% ~317.7% , 4 WL&5 & 4
SRR T 33.3% ~ 133.3% .33.3% ~ 133.3%,
PRIES FES NS T 4.6% ~17.8%.,2.5% ~
10.6% s A it it (8.0 g-kg™ ) I, 2 Ak A Al +
Herh Cd M RS S BEA SR IATE B & 25 R
(p < 0.05).

Pb 5 Cd A[F], 2 FpokAg -4 Ph R A 1%
DA G5 i SR FE 04 3R s A AE (392 64% )
BRER EALS A HLES & 725 B b7 He B34 AT, R 7T 42
S FT 5 LEBI B8R (IR T 10% ) Jitifin LS J5,2 #
JKAE A3 b Ph AR W] 2 G 5  5 0 HRAH L 34
EREAR (p < 0.05) , FLF 5 it s 1% 38 fin 1 328 37 %
. SXF A EL, St A 2.0~8.0 g-keg ' i, g 1T
PEBUS P BRI TR T 7.7% ~14.3% 11.7% ~
24.8% ; FIR I 3 Ph (405 AL AS &80 3
T 15.2%~61.6% .83.1% ~ 111.6%. #5431 h
AHGEGBEEIEINT 2.0%~32.3% ,5%E75 Ph
ERRIET 3.1%~21.1%, 48 9 S AL,
A7 Ph FIFRIE A Ph AR LI LA

SEER LR R, LS (0, 4 e i 3 H B AR K
FEBAE AL 9 SRl -3 Cd Ph AR FT R

A

OSSR P A AL S S B RN, BB i
1.8
a [ Juten
L5 B #1905

—_
o
T

Hikeh Cd i (mgke )
—

et
w
T

b b b
a
b b b
0 2 4 8

SREE R LS i /(g-kg™)

(=}

T B 3G LS e R b 2 AR HE 1 Cd R P JES
ASALHY T 2 FE AT 0 LS X 2 Ahok R 30 d Ph 1Y
iz AT BEGS A E AR B2 Cd > Pb.
33 AWKEFLS KT CdAPh & EWNH N
B2 25 T 2 FOKFEFEASTE] LS it fin & T Rk
H Cd 1 Ph iy NE 2 hRT LB Y e R K
Hed S ES T P i, I o SRk Cd
SEILVT Pb ARk Cd S EEE ST
FAL 9 TRk Cd i, 1M 2 FOKFEREK H Ph &
HAHZEARE XU EE L E T Cd & 2R m R,
FM9 SIET Cd Ik RELFR, 2 FOKFEXT Ph AL
ToREER X5 Zhou %5 (2015) W53 45 R — 2.
Jit LS ¥he i R e 5 AL 9 S Ak Cd
HPb i, HLFA LS it (34 i &2 T Rk .
XA, M 2.0~8.0 g-kg ' I, BAE L
AFEPL9 5 2 FoKREREK T Cd & =50 B FEAR T
56.5% ~67.2% F1 29.0% ~38.7% , Pb 5 & /3 I P& A%
T 9.8%~34.2%F1 6.8% ~45.4%.>4 LS Jiti il =4.0
g kg BT, 2 FOKFEREK 1 Cd A Ph i 5T
B R EZES (p < 0.05) 1M HF 9 ShEk
H Cd SR T EZE M5 YR iR (Cd<0.2
mg-kg™) i LS XF 2 FlKAE Cd Fl Ph 25 A %
TR 5 8 v g w] 4 O B i AR AL (R
2),¥J& Cd i F Pb.

54
<

[ Jaaeny
D EE=

i a
D a a
4 H a
b
] Wr_'J
0
0 2 4 8

SRR R LS HnE (g-kg™)

Feok Pb £t (mg-kg ™)
o o o o o
(38 (98] ESN W ()Y

=4
—

2 HABKEREF LS 3tfEKs Cd . Pb =K

Fig.2  Effects of combined amendment on concentrations of Cd and Pb in brown rice

34 +EPpHELSELEF CA. PO ERESEEN

ZHC R R LS a2 FhoK R Ah AR 1+ 381
pH B3R Z82w (& 1), HXF 38 Cd Pb % JE
Ao AW W RS LS MG, -3 pH {ExT
4 Cd Ph HIEE SR, X 3 pH (H5

T8 Cd P KBS AT AR T (#
3).WME 3 LA, -4 pH {H5 Cd . Pb AR AT 2
WSS & Z M B AE R W B i ARG R (g, =
0.566,r,, =0.626;p<0.01, n=24) ,5 Cd .Pb %45
FALST Cd AP B A F i Z BAETEN W 25 1
IEAHSCOC R, oM OC R % r 35112 0.643 ,0.636 Fl
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0.551(p<0.01, n=24),5 Pb AN EESHFEZ
A B K C R (ry, =0.126,p<0.05, n=
24) Bl pH ERIE N, 3% Cd ., Pb FR#E A5 &
B PREAL B pH {5 5B & & & Z MBI A 1E

BEAOCOCR X UL, i F LS My, 13 pH (&
B ETF, SECEEE Cd Ph R REUS ST
B R AL S A HLES A AT 'R, L3
Cd .Pb B NIGVERIE B Ei A i e B,

A Aci e FeMnOX
o OM A Res

~ 4} N a a
Yo Ca a5
) | ABA A TResV. oy
BEREI - 1 %
— = FavAY =
Qo A, A A =
im 2 é s A N 1.2 -
= 4 B A A 4 &1
3s ¥ Fag=0.566 A 4 5
5 o L ° —10.8
®E 03 =
H % - T 3
Q 021 . ©
S [ 104 &
201k o ] =
L 5 > +H

0 L O 0 9 5 ! 0
5.0 55 6.0 6.5 7.0

AR FLAR LS Hin & -3 pH {5

4 Aci ® FeMnOX
100 o OM A Res 7180

Lo | A b

iy B M0 : His0 7%,

2 80 A 2
£ E A 1 &
<g [ %2 ¢ 120 &
=4 60 {4
£2s | oo &
0 1l &

=T

St ) 4 £

= ’ +

L 1 1 L L lA 1 n Il 0

5.0 5.5 6.0 6.5 7.0
AL R LS e 3% pH {E

3 TEpHESLER CA.PERSSEZENXER

Fig.3 Correlations between soil pH and various forms of Cd and Pb in the tested soil

3.5 ABFBRIRBAELESCESH AT ES

BAHEHER

JitE INZHPE e K5 LS @ 3 PR AR T L4 b Cd Pb
AR T SIS i (3R 2) |, IRl It R A 1 2 A
KRR Cd Pb & 4 (] 2) R L HERR ol 4
BEESESESHAPRESESEN LR, 25
Xif 148 Cd \Pb A R AT 45 BRES B 2 FURS K ot iz )
Cd .Pb AT THICHE 0T (B 4) - 4 20, B
I Cd MR AT SRS B AR, 2 FPRE K Cd

o B
216 Ao G
0 =}
=y -
g
® 12f
4o
o -
O
EE 08}
&
L] -
i 0.542
04+ Fgifro= 5
2
La  asaxa KA
1 1 1 1 1 | 1 1 1 1
0.6 0.9 12 1.5 1.8 21

TR RS Cd &/ (mgg ™)

& 4

FRZEHGEAL, e b 1 Cd iR AT S IS
T GROK Cd i 2 (B AR 35 I IE AR DG OE R
(ryes =0.795;p<0.01, n=12) ,WH 9 514 Cd
TR PTG & B SRk Cd 2 i Z (BN 7E
FIIEM LR (rppon =0.542;p>0.05,n=12).2
Pk Fe -3 v Ph (R AT $2 U & 1 S K P Pb
ik 2 ) A AR W Y IE R OE OE R (rype =
0.864,r 4005 =0.762;p<0.01, n=12).

06—
05

04

Bkt E LR Pb A (mg-g )

o112 13 14 15 16
SR ERFTHREUE Pb S (mgg )

TEPBRAURRSECRESESRATESRAEZANXE

Fig.4 Correlations between acid extractable contents of soil Cd and Pb and contents of Cd and Pb in brown rice

4 118 ( Discussion)

4 N BRI A W 4 B RN LB R Y
S i Has PR T g Jm AR P AR S A

W], L E SR R S5 AP IR IZIE S
4 A A B R S (R A AR
2001) BB 2 i v, B4R a5
Ja R HEDIRE M 2% 5 LA B SR A a8 S 55 ) AL o
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SN, B FLAE A HE b i A2 SRR AR RS, A
T AR 4 s 1 A 0 R0 (40 196 5 55, 2008 ; .0
i 20115 T A% 2012) . KR 2 4K 47 ot 9 5 )
( European Community Bureau of Reference) [} BCR
Tl T HARAE R 247, R e M, 2 hn e
(B ZEHAE,2009) , HFTC 8 7F 2058 5 3% i
FATAH L e i 2 8 B 8 007 (S 1
452006 ; J5 HE R4S 2007)  AHFSY B HFH BCR %
SEPEPGE XTI LS AL B + T 4 R TR AR
=0 RS

Jitifin LS A8 & 2 KA 2 FhK ARG L3 Cd . Pb 1Y
iR PTHREUS fr i, B0 Cd \Ph kAL A AL S AR HL
SERER(FER2), LEN pHES Cd.Pb IR AT
RIS ERZ MM FER R ENRAAHELKER, 5
Cd .Pb A AL S A ML A B Z I A %
FIIEAHDCOC R (B 3) AT U it FH ik 2H B ek R 57D 1S
fifi 3% pH SRS [ 13 Cd P IEAARfL R
R R AR, 3 pH (A BT, — 7 ] LAGE
- S A T 7 R fr 38 o, 2 T4 5 X 4R
W B BE T3 5 o5 — 5 T - SRS A OH 3
Shy 4 TR FR AT 22 (R W RREAS A (SR AT A, 2009 ; S
WA ,2014) , TTARE 1= 8 rh ) Cd  Pb HH 36 P38
P4 T 4 IS 1) 0 P A LA R A e Ak, A 0%
i Cd.Pb A WA &5 B B (2007 ) Fi g g BH
(2010) ZERBFFT R BH | i T4 I A FIVARE I A B
5, B Cd ., Pb B F AL AR 2L pH (H
Th e 5 200 R T TUIE RNk AL LS X 2 Pk R £
4B IR TR BUE S A FEARFE R . Cd > P, I
+4¢ pH {5 Cd . Pb AR AT HEIUS 7 i =2 (A1 AH G
RBKER cre < 1y, , WTRESE P4 55 138 pH (B2 LS
Bifk 2 Pb (1 FZAE PG X T Cd, 428w 11
pH {EIHASZME—HILH] V6 A B W S E R R 4 T
HEAEH (EMAEE,2012).

B LS At hn, K A RE K Cd \Ph & 5 i
FAR, HAE ISR Cd > Pb, 3% 5 LS % + b &
4 TR TR T 3 BUS B AL R — B LS Xk Cd
TR IEOR AR IR TR 9 S (K 2) x5
FLXF 4 Cd Y R T O Bl A RSO A
ATRESE N AL 9 58 T X Cd Ik B & F, F
9 5 I ) Cd 32 5 2 4By F RS
MFERE K R 9 5 13 Cd YR AT HR B &
H SRR Cd & &8 2Z RIRAFTE B R (
4).1S XK H Ph Fm REARACR , FIL 9 ST

wAE G X 5 HXT e P AR W] $E B Bl
FHRCRARTE , o] WL, LS X} 2 FhoK AghE K 2EL Pb (U5
i 5% 2 Aok R M HEIZ I Ph (952 — 2L LS 19
it i, X6 [ PR R - 398 v B 4 J R T SR IS B
BRI SRR T B4R & R A8, X 5K
1245 (2010) FEARS (2012) BF 58 45 AR, 261
JKAE M - 48 i SO a2 i BDRE K Y Cd L P 7E
B RS EEUE R T HE UGS, 3 Cd . Pb 1Y
iR T B IS 5 BEAR G Sz i+ 3 v Cd L Pb 4
YA R E RIS

5 45 ( Conclusions)

1) LS Ayt fin 8 35 32 5 T 848 5 R4 9 % 2
FhKFE AN AL 1 B8/ pH B, {38 Cd . Pb HXf7K
FEA 850 A R ) TR T 4 RS 1) A A5 e /N ) R
AL FA LA AL AR 2.0~8.0 g- kg™
i, B4 KRR T3 Cd Pb (R AT PR B
IR T 19.6% ~23.8% 7.7% ~14.3% ; 41 9
SoKFERIRL L3 Cd Pb AR AT 4R B & 82
WA T 7.6% ~31.1% 11.7% ~24.8%.1S %} 2 FhkF
4 2 Pl 4 T 1R AT OGS B AR SSCR R A 9
> X2 oK PR TR IS E 4R
RSN Cd > Pb.

2) LS Fyit Jin gtk 2 REAR A 5 R E A 9 % 2
FlK A K Cd Pb & &, LS Jiti H & 2.0 ~8.0
g-kg BT, 2 FOKARERE K T Cd &R BIREAR T
56.5% ~67.2% F1 29.0% ~38.7% , Pb 5 1 43 W &A%
T 9.8%~34.2%F1 6.8% ~45.4%. [FFP /K FG LS FEAK
BN Cd > Ph, X 5HXT 8 Cd F1 Pb (1R A[
PRSI RUCR — 3L

3) [l Fp KRG 4 Cd P AYR AT R EES &
(AR LA S RE K b Cd Ph &S B L — 2, £
erp Cd P BRI $2 S & i AR AR 4 b S Bt Cd
Pb B A=A SR RS

EEEERN . AN E(1957—), B B+ %, T ENE
HIE ¥, I FHE ¥ F WA K. E-mail; Liaobh1020 @
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