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FEE lad HRSLE, BT 174 (Cd) RIS (Ph) 524 15 44 Rs H e it I A0 e 8 [ 500 (LS, A SR A+ A0 ) X AR ORI AR 9 5 2 Rk FR Rt
+ 4 pH Cd F1 Ph JEAHE4L LU MOKRERE K o Cd Al Ph BFR AR 0. 45 R W], it 0 1S, 3 1 45 55 2 Rk g - B8y pH (&, n] LA S0t 3 +
Herpr Cd 1 Ph AR 5 Cd R Ph Hy R AT 48 AR T 2 2t 5 Tk Ay e S A AR AT LS 5 5. LS BN ALKy 2.0~ 8.0 g-kg ™' I, ffi 24
diKRE 50 Cd A Ph BIRR TSR IS & 7 BIKEAIR 19.6% ~23.8% 7.7% ~ 14.3% , 41 9 Sk R L4 H Cd F1 Ph (9 T $2 HUCS A 723 Bl KA
7.6% ~31.1% 11.7% ~24.8% , HFFAERSCER A Cd > Ph.LS B BB 18 FFRAK 2 RhKREREAK T Cd F Ph 55k, LS S hidE Ky 2.0~8.0 g- kg™ B, 3548 5
MFAL 9 5 2 FlUKFEREK T Cd &= BIEAR T 56.5% ~67.2% .29.0% ~38.7% , Pb & MIEAR T 9.8% ~34.2% .6.8% ~45.4% , [F]Fi /K F Cd
HIPh E Ry Cd > Ph.AFFER M, H3Erp Cd Rl Ph R w] RIS & AR TR AT Hb S B+ 5h Cd 71 Ph (A= W0 AL R RS 1.
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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/Pb 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, REA H - E S B T5 Y B #H ™
1222014 47 4 H EREE LR P30 A A 055 Rk 4 [ 4
PR 25 SRR R 2205 Y il R b 19.49% , 3L
RS Y eI g P TS g RS T
Bl5350 R 13.7% .2.8% . 1.8% . 1.1%; [A] i}, 5 4 8
B EY R AR B o L E AR A LR
AL R AN e 7 5 AR BRARAE Y 1 7 &
b BT, T HL AT DL o S W B A R R AR XA
PRfE R = A 5 L PR, T 8 o 4 T s e - 4B At
TORBRARC 7= il 2 4 RN AR (gt e ELAT H B R S (PvVER
H14%,2005) .

IR IR SR IS S e R AR b, 1k
PSS ORI S Rk, 2805 58 A LA,
SNBSS KR E 4 15 Yok H S B e 88, 2
F| ok 1 £ 1) T AL ( Kumpiene er al., 2008 ; F 57 #F
85,2009) .5 R EEAL ARG Gt A4 R 5 B bt
B BT B A E A DL A LR AR
B A J2 30 A SR AR 5T N R B £ 9 A BE Al R
Btk e MR [ NSNS R A R E R
Lo AR RR IR (9 2R &5 48, XF e iy ¢d B
2 [E L RCR (Keller er al., 2005 ; EAMREE 2010,
KA FE,2010) A KA RS0 R BEAS 0 115
SE G BT 898 R A 1 B SR 4 i A AR R T X
Hap R B R UE M GBS 20015 PR R 5%,
2003) A1 KA R A I RE B = 4 pH (E, {2l
HAJBIE NUITE , A RN E 4 i 2E 9 vl R
(o =4 2012 Zhou et al.,2015).

AR E Y A X E 4 e TS g R B kB B
MROLH THRZHRGE , A REE P FE N LR
FEAR S, EAE FH T K T S 58 A AF 5 RN L FH A G 55
A BEAN Y RTEN X Cd B —5 Y B B 5T 4%
2 %S A7 A 1Y) 4 R A T e & 2 5T
A RIE (CED RS, 2011) ARSI BON e R A
DX BRI 75 G DX JR R S 56, K R i o B 4 8 T
FA 9 SAENBAEY , WF 55 A 6] 2 19 A K
FIEEI A7 2 B ok R AR 2 Bl R AR L3 4R
Cd \Pb NI & 8 LU KoK RERE K REULE R,
DIAH Cd F1 Ph & AT e Ag W B 2 RS %
HAR.

2  ##L5FiE(Materials and methods)

2.1 AR

B A Rl B AR R R 1 R R R AR
WA BRAF]) MR 9 5 (=R ASSHIFE , 51w T4
Tl BT BE ) A KA IR T 2 BB A
WA G SRS BT S KA, T A B RS
T PH T AR A ) B At AR I i 300 e R 791 1% 7 2o
SEIL (W FFAE,2012) KA KA R A 2:1 B L
(TR A B ZH T e R 7] LS. At 1 1 1k 7 7 9 e
B X BT (26°34.265'N, 112°36.144'E) |, + Hi1 ]
FHZT R R i i X 338 il T 20 22 80 4R /U8
SIS b B 2 B BB R B A 15 Gy, BORIUE
SHEERSBR B2 A Y 1 RAS Y B 4
JEB V5 YL SR ™ 8 ( Liu et al.,2005; Lei et al.,2010).
e FH A AHE IR (0~20 em) 139 K stk b A 3t
AP o L 1.

F1 S tERFRERER
Table 1 Basic properties of the tested soil and materials

CEC/ HEJR B/ (mg-kg™")

(ST pH  OM

(cemol-kg™") d Ph
M +3% 539 3.66% 19.93 3.03 256.68
A RAT 9.13 — - 0.002 0.023
a3l ikl 554 — - 0.004 1.781
THEZ DY - — - 0.3 250

2.2 W

2AKFE SRR (B AR R AL 9 5 ) B O
(CK: Atk K 7)) .2.0.4.0.8.0 g-kg ' iX 4 N ifi
TN A R 7K e i 2 B R B A9 45 50 40t T 4
F S 2B SRS IR R RS
AP E 3 AER, AL AN 9 m?
(3 mx 3 m), it 24 HUNX, A A7 AL X 20 HE
G AFAREDT PO R E R 3 AT KRR E AR AT, Rk
WS RO A R I L BRI . 2 Fh oK R B BEAE
PR 5 A R OE B BRVE 2R 7 O R — B KRS T 2012
EaJPRFER,S A EAARRL, 2 2012 4F 8 H UK
2.3 KAGA LI G AT

WCER B 7K A i 253 A7 43 B R 1 kK b ok I
TR EB kB, T 105 °C F 4% 30 min, Z 5 7E
70 CF Mk 2z 1E =L A /N AU B 7S MUK K RS R
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¢, W R K RS AR 75 >R FH T KAk (GB/T 5009
-2003) , H]HL A & 55 85 1 & OGS (ICP 6300,
Thermo ) I X 4 J& 5 &,

FETKFEAF R WS AR S 2R 2 LA T 17 1) 3 A
+HEZ ARNT IS BEE A1 A 2 mm JE e, ¥
L B AR RN, 5 pH (R B+ ( PHS-3C,
THE) MRE , EIR LA m (&) : V(IR = 1:2.5; -4
Cd \Pb Sat R F F K- S BRI 2 (B a0, 2000) 5
+HEE SR AR A BCR 23R Bk IR 4, 3L
G MR AT RIS BRELZS B A A LA A A Rk A
A 4 M (Quevauviller er al.,1993) . F H A
BEFE T RAHDEIEAL(ICP 6300, Thermo ) % 1 4
PN SESE & & ARl 2 5 2L
FE R AR EY IR+ (GBW (E) -070009) il B Ak
GBW 10045 ( GSB-23) #E47 i s 451l 43y, [m] i 4= 2
A L5
2.4 HARAIE

I OriginPro 8.5 il Excel 2010 43 A %di , H.
B 45 4 Ry - A (B e hm D 22 5 1% FH SPSS 19.0 1F
FrEA R R )T 240 Al LSD £ & LA (p < 0.05) , %%
DUAS ) A B ) 2 SRR, EA T AH OB 9 e 143 #T

3 ZR 55 (Results and analysis)

3.1 MWK E A LS & L3E pH 0%

LS AN [ i in 2 e AN [ R b 5 2 oK e b
450 pH AE, LB 2 7t i &8 10 14 hn 2% 28 T =
B ) SRIRA L, LS it 2.0~8.0 g-kg ™',
Reflidese sy A0 9 S FKAS 1 pH (E 5 517+
7 0.15~0.82.0.17 ~ 1.67 A8, Hoji inft = 4.0
g-kg™ W, LIEpHIE 5 X R Z M) Y 47 7 3 2 %

(p < 0.05).Jiifin LS REA AL = -4 pH {H, iX & H
TR R (% 1), H pH Y] W IS +
B LS i =4.0 g-kg B, SFAR 9 5K FE 135
pH {E T 55 B 2 2 T e 4e KA I X T B2
TR AN [ K R i b A & K R AR 2R 43
YIERZ A (L2 M/ N g, 2000) .

751

Ll .
R
70
b
o5 be
T ¢
"
'H 60 d
de
5.0
0 2 4 8

R LS HiMNE /(g-ke™)

1 ARMRF LS 3+ 1% pH MY

Fig.1

(U R EARTR ERER R AL B ] 22 57t . 3 (p<0.05) , A W) 5
BERRA R, T

Effects of combined amendment on soil pH

3.2 AWK EF LS AL+ CdF Ph AN E
A 2 A UL, 2 FlOKAEXT IR - cd IES ) &
FLPLAE WA SO R R R ] R BUS AR AE (B
50% ) , AP RCEAR A A HLES & SRR A E
SRR, Ui B RG H E3Erp Cd i 2B A sohE iR
BN LS S5, 2 FoKFE T Cd R T HR S B
5% REAH LE S B B BRI (p < 0.05) , LBl 35 it fin
RGN 22 i RIS, N ik 2.0~ 8.0 g kg™
B, CAR PR TR LR S & 3 5 TP 719.6% ~

*x2 HAEMRERFFARMEME T/KFELE BCR SRR Cd.Pb 5=

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

- BAES ) 1554 Aci/(mg-kg™!) FeMnOX/(mg-kg™") OM/(mg-kg™") Res/(mg-kg™")
(gkg™) cd Ph cd Ph Cd Ph o Pb
RN 0.0 1.89£0.15°  16.09£0.20*  0.07£0.06"  36.57+¢3.97"  0.03:0.02"  32.90+2.49"  129£0.07*  156.45£5.56"
2.0 1.52+0.14"  14.85:0.05"  0.09:0.03"  42.12+3.94"  0.0420.02*  33.57£0.60"  1.52+0.14*  151.59+1.35%
4.0 1.48+0.15"  14.6420.12"  0.17£0.02"  46.15¢4.84"  0.07:0.00"  39.101.89*  1.44x0.27*  139.27+4.35"
8.0 1.44£0.02"  13.79£0.25°  0.28£0.13*  59.0849.35*  0.07£0.02°  43.53x4.74°  135£0.12%  123.45£15.68°
Fho 5 0.0 1.32£0.02°  14.43:0.50°  0.06£0.03"  25.24x4.04"  0.03:0.00°  35.31%3.99*  1.18+0.12*  135.06=12.30°
2.0 1.22£0.08°°  12.62+1.07"  0.07£0.03"  43.68+11.78"  0.03:0.02°  35.91x1.53*  1.29£0.29*  126.45+25.59"
4.0 1.00£0.13"™  10.73£0.65°  0.1220.06"  46.90+3.85"  0.04£0.02"°  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°  34.46:1.67°  1.25:0.36°  141.24+31.04°

L BPEAR A B E b (n=3) ; FFVBHR G T H AR FR 22 5 A G2 X (p < 0.05) . Aci,FeMnOX ,0M ,Res 43l 03645 8 43 J A9 12 ] 2 US|

PERAS A A S

SR, T



11

ARAEST < ZH ORI RS0 A FH R AR AT 25 R K rh it BRI R

3691

23.8% .7.6% ~31.1% ; #H N [ Cd 1) £ e k4 S 1k
A AYEESFERE S S EEA TR, 5 x5 IR
FHEE 2 FlokFE 3 Cd MBS B IR AS B 4 ) 4
T 28.6%~300.7% 16.7% ~317.7% , F VL4557
SRR T 33.3% ~133.3% 33.3% ~ 133.3%),
WESEE NG T 4.6% ~17.8%.2.5% ~
10.6% ; A it i (8.0 g-kg™ ) I, 2 Fhk R AhAE +
erp Cd MERE AL ST A SRR E LR
(p < 0.05).

Pb 5 Cd AR[F,2 Fokfg L3 P A 2%
DIAS G AT W R 1) 3 s A A7 7 (324 64%)
BT SAAL S TIE LS &SP EL X AT, R v] 2
ST  H B B (KT 10%) i LS J5,2 Ff
KRG Ph B R W] SR IR B & 5 % R E 3
EREMK (p < 0.05) , i 25 il Jin 8 (%) 38 i i 322 2
5. SXFBEAH L, 2SN 2.0~8.0 g- kg™ B, B AT
PEHCS P SRR T 7.7% ~ 14.3% 11.7% ~
24.8% ; AHNE ) H 3 Ph 2R EE S T0 2 B i 43 Sl 34
T 15.2%~61.6% 83.1% ~111.6%. #5465 + 1
FHLAE S S EINT 2.0%~32.3% 5% 25 Pb i
HREART 3.1% ~21.1%, FAL 9 5 o - e A ML LS
A7 Pb FIFRIEZS Pb AL AL,

SCHGEE R LS BN, 68 3 Hh AR K
FEEAE SR 9 SR E L Cd . Ph R TT 12
S B &, (FBRAT A A A B I, FLBE 45 it

1.8
a [ st
B N =ik 9 %

b b b
a
b b b
0 2 4 8

B R LS e (gke™)

—_
(v

=
S}
T

Bk Cd £ & /(mg-kg ™)
o S
T T

<
W
T

<

T (R B R e ) 2 AR L3 Cd R Ph B R
ASAEE S FERT A, LS X 2 FhokAE 3 Cd P 1)
iR T 2SR FE R Cd > Ph.
33 AWK RALS KT CdAPh & EWH W
B2 25 T 2 FlOKFEAEAE LS Jitifin &t B RE oK
i Cd 1 Ph By & NE 2 Tl IE B Rk
Hed HHEEEST Pb &, FI 9 ShEKH Cd
ST Ph S EAE KT Cd SR E ST
FAE 9 TREKR T Cd i, 2 FOKFREK T Ph &
AN W X UL R R T Cd s R
FA9 5B T Cd KRR Fh, 2 FhokFEXT Ph B
T EZES, %X 5 Zhou % (2015) BB 5T 45 - — %%,
JiH LS e i B A 5 AL 9 SRE Kk Cd
FUPh i, HBEZ LS Jl i iy 35 i &2 F B 4.
X ERA L, YNy 2.0~ 8.0 g-kg I, #AE
MEIL 9 5 2 FOKFERE K T Cd & & 50 0l FEAL T
56.5% ~67.2% F1 29.0% ~38.7% , Pb & 43 B AR
T 9.8%~34.2%1 6.8% ~45.4%.>4 LS Jiti fill & =4.0
g kg B2 FOKAFROK T Cd F1 P F RS X Z
) BIAETE B2 (p < 0.05) , 1 B 9 T hEk
i Cd SR TEZE M5 R RERE(Cd<0.2
mg-kg™") i FH LS XF 2 FfK A Cd Al Ph S OR%
AR 5 4 3 b R AT 2 U B f2 1 BSCR A AL (3
2) ,#2 Cd f T Pb.

071
[ Jupsegy

00 a I 19 %
05 a a
g
i 04[] a
<o b b b D
EE 031
i 0.2
&

0.1

0

0 2 4 8

ZHBL R R LS Hihng Agke ")

B2 ARKREF LS Xkt Cd. Pb SERZIN

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

34 F+HEpHMEE5LEF CA.PhEHAELEN

YHC R R LS ANt i 2 F oK R b i 3810
pHEXYBFEEE (K 1), BXf +3EH cd . Pb & E
B EA RS LS s, 45 pH {EXF
+HEP Cd Pb HIEAS SR, X+ pH (5

T8 Cd Pb S IE A & AT T A4 A (B
3). W& 3 A LA, 23 pH {H5 Cd . Pb MR W] $2
ST R Z B AEN SN LR (r, =
0.566,r,,=0.626;p<0.01, n=24) ,5 Cd . Pb ¥4
AR Cd A DLEE S A E i Z AAAAE 2 & 1Y
TEAHOCOC Z, HAHC R B r 7051 0.643 ,0.636 Fi
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0.551(p<0.01, n=24), 5 Pb AN EETEZ WEMHCKR XU, iF LS M, 15 pH 4

[RIAAEAE 58 96 36 3R (1, = 0.126,p<0.05, n =
24) B pH ELAGN, HHER Cd Ph 5 it 45 o it
YA BRRAEG  (FL pI {5 7% 25 3 i o2 I M R 7 7

g Bt e ECE T Cd P FRR AT SIS ST
B ERR AL S AR HLAE & 28 & R, L3y
Cd .Pb BN IERIE S Z # AL MR E B ZS.

A Aci o FeMnOX
o OM A Res
- A
T:D 4 i A A a | 16 =
< 3k a AAA A rRes<0-] _;D
2B e = i
g = A A 4 S
.:, w 22 é 5. A A 12 mle{
E==4 4”1 B A A
= 1k W 1 «
o S Z Faci=0.566 2
7 O | ° 0.8 ~¢
®E 03} =
T8 ol * g
g 0‘2: Tremox=0.643 @ ® o4 S
2 01l o ®
B ° H
0 L0 | o 9? 0
5.0 55 6.0 6.5 7.0

SHEL R LS Hni 3% pH {E

A Aci ® FeMnOX
100~ o OM A Res 180

=~ L A
] T M0l : 150 %,
5 8O- A 2
= & 1 &
2 B | di20 &€
4 60 . i
£s | oo €
O i &

T
% = ar deo &
% L i =
' +
S - ° 0626 10 &
3 r&*_gmﬂm‘ T H
1 | 1 | 1 1 1 1 0
5.0 55 6.0 6.5 70

B R LS FEinE 3 pH {H

E3 tTiEpHESTIED CA.PhEESIEZENXE

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

T EFRTERAELECESR KT ES
BaEWXF

it i e ek ) LS B AR T g Cd . Pb
MURR AT HR S S 5 (R 2) , I BB i AR T 2 Fh
IKFEREK T Cd \Ph % 6 (8] 2) O L3RR T 42
BEHEsREGESRAKPESESENXR, 55
Xif -4 Cd \Ph B4R T 45 B £ i VR oK o Xt B )
Cd .Pb B it AT TR 0T (&1 4) . 18] 4 B B
&4 Cd IR TR HUS & B K, 2 ki K h Cd

3.5

B o A
L6 AERIS
50 o
& L
g
12
41
i L
O
E o8}
4
[ L
+
§0»4— Fgo 5 —0-342
la  abaxa KA
1 | 1 | 1 | 1 | 1 1
0.6 0.9 1.2 1.5 1.8 2.1

LIPERTTIREG Cd & (mgg ")

FEYEWREAL, B b 0 Cd MR T 4R IS
Tt SRR Cd & i Z A AEAR 0 5 I IE AR DE O R
(P =0.795;p<0.01, n=12) ML 9 5+ Cd
(TR 4R IS &t RS K T Cd & B (AR A7 B
EIIEA K F R (rppon =0.542;p>0.05,n=12).2
FiK R 13 Ph R AT 4R IS & & 5 B K b Pb
i 2 (B A AE R W3 AR DG G R (rypeys =
0.864,7 4195 =0.762;p<0.01, n=12).

06 o A

B A EfR95 A

Bk ESL)E P AR (mgg )

o 1 12 13 14
LB ATHREA Pb S & /(mg-g ")

B4 TEFBRURRSESESESHERPESESEZEMNXR

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

4 3718 (Discussion)

4 Ja XoF R A ) 0 7 A 0 A2 LU R Y
S 7 ELIE BOR TR g R AR R R e S A

WEsERY, L E SR RS S AR 2L S
4 1) A B R S (R A R R
2001) AEFEAAE S i Fe v, G450 2 20E it 5 i 4
JE R AETITE BT 2% 5 L R S A3 T 45 ) LA 2
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I, e HAE A 8 rp i A2 S R AR S, A
T RAARC R 4 1) A= 0 A58 (4R I 0 55, 2008 5 B 0
B4 20115 FE AR AR, 2012) . WK 3k K b7 HE W) 5T R
( European Community Bureau of Reference) [) BCR
Tk T HARAVER 8 5 47, SR RS K 7, 2 i it
TR (SRS, 2009) , H A B #F 208 55 4 14 4 L
FHFA I 4 HERE & b & 48 R S0 0 (8 S5
& 2006 ; B HERZE 2007) A #F9E 2 F]H BCR %
SEPLIOE XTI LS AbBE () + 3 4w AT A R
A BT

Jit i LS HE 5 PRI 2 Aok FE e Cd P 1)
PR T RIS A i B9 Cd  Ph BBk ER AL S AT AL
ARG E(F2), LM pH HY5 Cd. Pb AR AT
RS G B2 MM ER B ENRAHELKER, 5
Cd \Pb MIERER A S FA VLS BB Z RIBAE AR %
A TEAR DG OE 28 (P 3) AT AL, it P i 4 i e B 591 1S
fifi +358 pH (A RS R 3T Cd Ph BB
HEJA A 5T R, 3% pH (BB T, —J i a] DU
W A 3 v 67 H ey 38 0, 1T S 6 R 4
(R R 0 5 55— 7 TG o = 3895 8 b i O 34 Jm
o EE AR R LT 2 Y W RS A (R ET 75 55, 20095 JE]
WL5F,2014) , AR E 3 Cd  Pb B PR &
(1A T T RS [ 36 P AU 1 LA T 25 54, A8 3k
fik Cd P % A= 90 2P 43 W B (2007 ) A4k I B
(2010) &F MRS R, BT A0 I A RN v A b
g, BT Cd Ph B F I aifb A 2 LA pH (A
T O F W UTIE RNy LS X 2 Rk R 43
T SR IR AT P IBUE S MR ARFE S . Cd > Pb, T
3 pH (H5 Cd . Pb AYFR AT HREUS 5 1 22 ] A HH 56
RBRE ro < 1y, W HESE R A 3 Ry 1358 pH {EJE LS
Bifk iz Pb 1Y EZAE LS X F Cd, 32 & 15
pH (B AN JEME—HL , 6 A 1YW AR R 45 T
HEAMEH (TS ,2012).

BE#& LS it 0, /K AERE K Cd  Ph & 1t 74 Wi
FEA, BAE R Cd > Pb, X 5 LS Xf +- b &
4@ MR PT $2 BOS AL AUR — B0 LS xRk Cd
Er Y RARICR e IR TR 0 B (K 2) , X 5
HxFHHE Cd YR AT 4 S Al AR A sk SR A I,
MEE RN A AL 9 58 T X Cd (% BEY S Fh, E
9 S M I Cd B HE R4y EEA Y
firehE kb BN 9 5 Cd AR T HE IS
HE5RCKTT Cd R ZBEIARAE B EH KR (B
4).LS Xk Ph & i i RRARECR , 40 9 Z LT

B X 5 H 4 e Ph AR T R BUS B E A
FHRCRARE], AT 0L, LS X 2 FhK Akt k 28 P 1952
M) 5 5% 2 PR R DA 3R 0K Ph A 52— 2L LS 11
it i, %o [ b ARG = 198 v 3 4 i TR T R OGS
BT SR K T 4 R A L — 8, XS R
A AAE(2010) FIEAREE (2012) HFFR S5 SRARL , R W
JKFE M I RO 2 i B K T Y Cd L P FE +
BRI S R EE R T R HGS , 13 Cd P 1)
iz AT PR EUS & B REAR A o s e - e cd  Ph YR
YA ek A R .

5 #5i2( Conclusions)

1) LS (it 2 48 & 7 3 i MER 9 5 2
PR ARG R AL 00 pH E, fF £ 38 Cd Pb B XK
TR 2550 A 1 T T IS 1) A 4550 8 /0N 1) A A
FALS AL A & 2.0~8.0 g- kg™
A, B A KRR RS 8D Cd Pb YRR T SR IS
B BIFAR T 19.6% ~23.8% 7.7% ~14.3% ; F-4L 9
SKAERAE 1 HE b Cd Pb AR AT SR B A B4 5
FEAR T 7.6% ~31.1% 11.7% ~24.8%.1.8 Xf 2 Bk i
-4 2 FhEE 4 JE R T HR OGS I AL ROR AR 9
>N X 2 FOKRE LR IR T IR EUS AR
FIRFEARZR A Cd > Pb.

2) LS [yt pe B & BEL s A i AL 9 5 2
K FIREK T Cd, Pb & &, LS i & 2.0~ 8.0
g-kg B, 2 FROK REAE K Cd i A B REAR T
56.5% ~67.2% F1 29.0% ~38.7% , Pb & 43 M FGEAK
T 9.8%~34.2%M1 6.8% ~45.4%. [ Fh /K FE LS P&
RN Cd > Ph, X 5HXF s Cd fl Pb (R AT
PRSI RSCR — 2

3) [l Fp KRS e Cd ., Ph (TR AT $R UGS &
FIAS LI SREK R Cd  Ph S AR LA —3k, +
Herp Cd P (AR AT $2 IS B i AR AR 4T Mo L e Cd |
Pb A R FE RS 1.

EEEERMN EHE(1957—), B+ B T ENE
T AL F I FE FE ¥ F WA K. E-mail: liaobh1020 @
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