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OB PR RIEA H TWEE ZnO X558 T3 AR (CAYBEAR IR/ INZZ SR A Y (056 i AR B0, AR 1k R,
PEAS T 3980 B RA K . WHIRWEE ZnO, LA HE A I AR 3 A/NE APk Cd BURAREI, IR T L cd A
(TS 78 f B HLAE /INZE AR R [R] 1 532 I g R R o TS R B, SRS AR I & i ISt ZnO A5 RLRRAIK T 318 Cd A skt
HEMIRD T/NERPRLR Y Cd i, JUHAEXT Cd B RBEH 4R A/ NE MR U T B AR 5T AR, S AR BRE/NEATRL Cd &
IR T 20.81% ~ 31.67%., 2.48% ~ 11.39% F15.75% ~ 10.92%, IAb, JEA7EIAL K S ZnO Wi I5E-4 w F A 4-3erp
Cd AT S RIRINT 7.19% ~ 11.25%, HAIE pH 35T 0.4 ~ 0.9 AN, S5H5AEN], S ALBIJTH8/0 T Cd 78 L33/
FRFR P L MR, R E/NE BFR o Cd M52 AR S5~ T SRR . ASBIFST il i A 2048 Bt/ s
FXF Cd IR BRI T e ms
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Effect of in situ Immobilization Remediation Combined with Foliar Spraying of ZnO on

Transfer and Accumulation of Cd in Different Wheat Varieties in Weakly Alkaline Soil

WU Qiugang'?, LIU Qigi’, LIU Xiaosheng'?, ZHAO Heng'?, WANG Xinfu'?, QIN Yunhu'?, WANG Yanjun'? ZHANG Mei'?,
ZHOU Jun™

(1 Jiangsu Design Institute of Geology for Mineral Resources (Testing Center of China National Administration of Coal Geology),
Xuzhou, Jiangsu 221006, China; 2 Key Laboratory of Coal Resources and Mineral Resources, China National Administration of
Coal Geology, Xuzhou, Jiangsu 221006, China; 3 Key Laboratory of Soil and Sustainable Agriculture, Chinese Academy of
Sciences, Nanjing 211135, China)

Abstract: In order to explore the effect of in situ immobilization remediation combined with foliar spraying of ZnO on the
transport and accumulation of cadmium (Cd) in different wheat cultivars in a weakly alkaline soil. In this study, the effects of
applying iron tailings and lime into soil, foliar spraying of ZnO, and the combination of the two on the accumulation of Cd in the
kernels of three wheat varieties were evaluated through a field experiment, and the changes of different forms of Cd in the soil as
well as its transport and enrichment patterns among different parts of the wheat were analyzed. It was found that in situ
immobilization combined with foliar spraying of ZnO effectively reduced the bioavailability of soil Cd, which in turn reduced Cd
content in wheat kernels, especially in wheat varieties with high capacity for Cd accumulation. Compared to the control, the
treatments reduced Cd content in wheat grains by 20.81%-31.67%, 2.48%—11.39% and 5.75%—10.92%, respectively. In addition,

in situ immobilization and its combined application with foliar spraying of ZnO reduced the availability of Cd in soil by
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7.19%—11.25% and increased soil pH by 0.4-0.9 units. The results also showed that the combined treatment reduced the upward

translocation and accumulation of Cd in the soil-wheat system and had a variety-dependent effect on Cd translocation and

accumulation in different wheat varieties. This study provides a strategy to reduce the accumulation of Cd in wheat through

agronomic management practices.

Key words: Wheat; /n situ immobilization remediation; Foliar spraying; ZnO; Weakly alkaline soil; Cadmium pollution

T S m 5 YR TR R A A2 TR A [ R
Forfrfe H A HE4R (Cd) & B AR 2 24 11 iR T i DL +
BEm ey —, 4R Cd B mAe . MERESR
SR RAERE S XA BT G, I
Nl M, Ae B 38 Cd BiA AT s
EANGHDRBLEAA T E TR L Ak, RAEL
B S F AR PRI AR A8 52 5803 e R A 551 5 3R
AT, BWR T R HE Cd V5 Y —Fh By
P TR VA U 5 07 N o -5 11 B e w1 2K A = Sl
Cd BAESFMRE , BF3cH . DIVE . WAL A 4%
YA F RN, KIEE AL Cd AR & &,
T AR A WA 5, S 0 o L ) % 1 T2 % R
AR, BRTE T 48 od R B LE R T
FEEE R R e A, ORI KRS 1 pH, B
R4 cd MAREE & &, WmFEIRIEY X Cd 1
Wi, WA RN PR AR R Cd 5 Y P
it FRE A UK R A AR L
B SRR T LA [R) R AR 3 P oA s
Cd W, MRRHAYETE . mige R EIL )y, 14
pH EZRE PR as e, At e a0 T R
M LAREARARAVEDI X Cd MR AR 8, H R it FH
FIRE S pH RIEHE &, JFrTRES | K RS |
LA RS R, A TR FE A 5 e
HHE Cd 5 YR BR , PR R Al A A L Al it
BOE T Ay Dok - HE A 22 (0 52 [ FsF S8 T %ot 553 i e
T Cd 15 G G FASCR

BEA , AN O S T s i H 42 700 7T LA
SRS ARAR P %o 4 A WS RN e 32, PR DG T A
T it BEL 42 750 400 i) B 45 i R A ) A A R T A2 B T
KWFFEHE B ICTE o 1207k H N TR 2T,
X HABFAL A /N, AT B 1) Sy B b, 5
T HUEZ IR L, T s A T
IR, FEICHEIR A S RGN . sbak, mim
Wi ARBRAE R B, 5 TR, I B ik
AR BLAS X FAR , T FE— s R LRI B
G JE W AR o A B 2 B S A A I it
Zn JEAT A AR N A Zn ZKSF-, iR A P A
Zn JKSEAT LI RAESI X Cd B9, MMTREAR Cd 78

FPAFSET AR . Zn B/ AR A 65 1 R i
LR, ZH5MYIERNZFEEN AR, FENER R
Cd {2 8 1A — s s/ N2 1R I Cd 154
BRI R EA EEAERAP, FiL, M Zn B
BERTEE SR Cd {5 yaaHrh A —@ BN AT .
INESEBREIL T IX AR EE Z —,
A KRN, INEAPRXT Cd W& SERE T
sRUS R, AR I Cd A bR R E A 5 /N
FE ML T EE . BAT, ok EI )y
S9mrE 3 Cd MBER, JUHIRRAR RO LR A
M G ZnO XF 55 AkPE 38 h Cd 72 R Rl AN
TR P 3 AR BN A A s e A i . ST
W, AR S 5 R FH 30 5 4%+ it FH Ak R R A K
M ZnO K JE A BRI A TR ZnO XF 3
A/NZZ S RFERL Cd FRE RIS, Jf A - 4Erh
Cd A[ATE 25 1 28 Ab S FEAE /N2 AN RIS A7 18] 1Y) % i
FUE SRR W5 AR AT o 3% A 7 55 51 1 4% Cd
(4 17 3 LA B/ i A A 70 % 553 kb = IR 58 1)
Wi P HEHIE S 45, I R h 50 4 4 R B AR AR
MHE 2 RN /N S Rl B . el A g
ZWHET IR m AR TTE .

1 HREH®

1.1 R R e R R

I BT AR R A IS4 B 22804 H R
A BRTAEAF L BB pH>12,Cd F 54 80.0 pg/kg,
Si & (UL Si0, 1)K 41.0%; 4K pH>12, Cd &
J 230.0 pg/kg, Ca (Ll CaO )N 68.5%; LI E
PRSI R4 75 um, HETA LA W 1.
TSR ZnO W 1 FIERHE SV A FRA ], 4l
FF 99.9%, kit (30+5)nm; BLE ZnO A HNIE 80
W H VBRI AR A ], Abseal, B R
1.1 g/mL, pH } 5.0~7.0,

P/INAE 2 B U M X T2 FRE AR /N2 L
MG AT AT AR ST R, 4% 1 3 B Cd FLRRE 1 4%
AAHFE B /NZE S, 2Bl 19 R R) . i
36(H AR RIS 305N 3R), L ELIAR SRR R
W32,
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SEORWIAE : SAE 48 P A A A I A I TR ISt ZnO YoM 7E AN ] i B /INE 1A 9 e i IR R 1) 5 i 1313

F1 EEFEMFAEZUFEHD (%)

Table | Main chemical composition of soil additives

R Si0, AlLO; Fe,0; CaO MgO K,0 HA
B 41.0 11.7 5.6 14.9 12.0 3.4 11.4
AR 2.8 2.2 0.3 68.5 1.6 0.0 24.6
F2 WREHENERAEFS XA RERIZ (0 ~ 20 cm) 3, 2T, o
Table ;F Agronon;;z iharacteristicsT o; vgeat used il;E expej}ilmint 60 H ffﬁ% Ef % - ﬂ:‘ 5} *ﬁ )
i =} AL H(t RN
XRT;E 19 68:((:?; 41; l(gS) 1i( (;113) LI BAEIH pHARYE m : V=1 = 2.5 AL CO,
A 4+2. B+ 1. 0=x0.
B STy j 305 dg A5
Ji# 36 62.3£4.0 35.6+4.0 87+1.3 %Lmﬂ( ' ﬁiﬁ%gig pi 1+£PHS ;C;{ijiggi%ﬁi
141 305 63.6+2.5 36.7+2.8 93+08 5 KRR PR S LA Cd RS S IR

TR AL TR IR M T 3 X, 1% 356 F ok 55 05
P Cd V5, HIEHMRP gL, pH oA 7.2 +
0.4, ABFECNF & manHcst, HifEa . AR
B R 138.6, 91.4 F1116.2 mg/kg; ARHE
CrE A R ) B3, AT 3 3R 2 KT ik 5
—%, WRAGRE K, A GERNH . T
Cd S5k 750.0 pg/kg, iK%] GB 15618—2018 ( -4
PR 55 50 o A )t 9 5 e XU 8 s b ofE (R0 7)) Y
TR Y 2.5 7%, FAEBCR I BPREE UK
1.2 KBt 5iXFEE

RIS Cd Bifb )RR B FLA K 2 Fh 3808 n
R, BA/NE AP ES A (CK). —ER R kb
(T). H—fA KA (S). M EmE ZnO (PS). ¥R
W+ i ZnO (T-PS) Fl A7 K+ [HIBEit ZnO
(S-PS) 6 MbBR, FAAbI 3 kEE, HE 18 N/NX
BEMLIX1HER, B/ NX TR 1 m, £/NX B, 4 m?®
(2 mx2 m). R FIA K 558560 i (8] S 7Nz 7
FIETPERE , A R/ NX R Z(0 ~ 20 ecm) + 5T i
1 0.2%, FRHRM AU EIH R 545,
WSt T FH Y ZnO WO R 25.0 mg/L, 435 T /N4
P73 00 ) 45 W — UK, 4% /N X it i 34
250.0 mL.

ZnO HIRBCE : MERMFREL 25.0 mg ZnO %5 fi#
T 1 LA 1.0% Tween 80 1255 Tk, Jysmki
TR, B YR 30 min, FCHE 25.0 mg/L ()
ZnO W o
1.3 HHmEESNES W

INFE AR REAS N FE X 2 e e 5 N BURE
RUORER/NZERESD , B HURE RORSE 5 8k, /D IX 3R
8225 Hk, AR . ZE. MPRURERIE RS B T
(70 ~ 80 CHMET, ZMrmeidiiii(80 ~ 100 H)JE ik
G35 HERE S350 T /N2 AR A A/ INZZ AR ]

B A TINGE 3 3 Cd A RASARYE HI 804—2016
(L3 8 FrABEEITRAIE ) FREPOREL, R
P B B 25 B T OGS I iICAP-7400) 5 3 +3E Cd
TR HARIUS TR Tessier Z52HE Ay 5 0] e
L@ Cd TS RARI, R B G 5 B TR
TG (ICAP-7400)M5E o /N FERAE S HAY Cd & i
it HNO;-HCIOW(V = V=4 « 1)Hf#SE, fFH i s
G BT GCAP-7400) I & .
14 REESHSRKRIE

R P R R Cd A RIS LAY B HER
CR L) TR I A B2 ) A ] o ) 22 e b ok 47
P b R £ 27 B 2 0F 58 T 19 1 B AR UE 9 T (GBW(E)
ASA-9. GBWO7408) AT IR ZEMIE o /N FEARAE S rh
() Cd &5 0 R il F W b 5 P b ER AL 27 5
()53 M bR EH) SO ARG I (GBW 10020) LA & 55 P RE X 52
iR ZE A TRE .
1.5 HFELESSZITHH

/NERERE Cd WE R REUBCF)Rilf% iz 241 (TF)
I Rezapour ZP8H44 ) HATHE AN

BCFy = /N I Ml Cd i/t 4 Cd Bt

1
TFyn = /N NFHE Cd S E/INEZE M Cd /H\(ﬁ)
2

TR BAE 8 ] Excel 2019 #f4# 3 | Orign 20(1;

WUAERE, 225 &R SPSS #4:-43#r o

2 HERE4SWH

2.1 ARGEIN/NENH CAd SEHFM
INFERPRE Cd BRI 1, HiAR 19 S AP CK /NEE
FRirh Cd &8k 110.5 pg/kg, #H WHO BLE A
Y1 Cd “Z42{H(100 pg/kg), BRI 10.5%. HET
CK, i Ab B i 25 R AR AR AR 19 APRih Y Cd 4t
2 T. S, PS, T-PS K S-PS 4bHi5, M4 19 #rk:
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Cd FiE45 % 87.5, 75.5. 79.0, 79.5 Fll 79.0 ug/kg,
ST WHO HUE A% Cd L4 (8, Hr 5l CK
FAAK 20.8% . 31.7%. 28.5%. 28.1% H128.5%. Hilt
AU, AR 19 /N S AOFERLXS Cd IR R E R, T S
SEFEXFHHAR 19 FFRL Cd BIREIR A, PS. T-PS Al
S-PS AR IR 2, T AbBEASCR A%

140 -
C k19 736 #EH3305

120+

[
=
S

7B

x®
(=]

N
(=]

FrRiCd it (ug/ke)

40

20

bR

(1 /NG RN [R) e [ — /N 22 it e A [ A L )
725 {35 (P<0.05))
1 FREALIENEFFR Cd B8
Fig. 1 Concentrations of Cd in wheat grains under different
treatments

JilZ 36 fbf CK/INAZFPRL Cd 824 101.0 pg/kg,
5 WHO MUERIASY) Cd Z4a(EMiE, &ih 1.00%.
MR L, BT CK, A A BEE SR AT DAAS )RR BE AR
JAZ 36 MhARFERIFAY Cd S, (HARb BRI 2% R IF
ANBE, 4 T. S, PS. T-PS LUK S-PS 35, J&
7 36 fhFPFPRL Cd S AR 98.5.91.0, 93.0. 89.5
1 96.5 ng/kg, ¥IFEZE WHO HLERIAY Cd %41
IR, HAr5% CK &M 2.5%. 9.9%. 7.9%. 11.4%
M 4.5%. ATLAE N, BB BA M HBE Zno 4bH
(T-PS)X}JE 22 36 /N kP Cd R Fefi iy, HoAth b 28
X} JE 2z 36 ¥fhi Cd FEARHRPER R IR S>PS>S-PS>T,

A48 305 ARl CK /NZEFPRL Cd Frithy 87.0 pglkg,
B R AT WHO BLE A Cd 4 fE, MHEMK 19
MR 36 5hFh, B 305 ¥k Cd LR BRI, 2
b, BT CK, By kb B ESR AT LIS [ A5 B AR AR
5 305 ShFPFERLH Y Cd i, (HACARERE 25 7 IS
B, XSRS FZE 36 kAL Cd 152
EOAMRL, 24 T, S. PS, T-PS DI} S-PS kb5,
1645 305 FFPFPRL Cd S EAREN 77.5. 79.5. 81.8.
82.0 F1 81.5 pg/kg, % CK &K 10.9%.8.6%.6.0% .
57% M 6.3%. HIL, T AHXFIER 305 NFEAPRE

Cd MFEIRR A&, SR,
2.2 MEBERE ZnO Xf Cd FE/NEE KRR EBALR

EMEBR I

PS AbHE 3 Fh/NZEAEAR AN RIS Cd B &l e 45
B 2, BAWS, Cd fE/NERIA S EFEI N
FR>IF>ZE>Fpkr, 3T CK, MEBHiE ZnO o] 3%
FEARANA 19 SRRPZERRERIRYG Cd S, (HLIRI A3
THb Ccd Fa, MIHARE Cd S REA BEY
M 2A); Horp, CK WM. 25 fHFIFERL Cd &
050 855.6. 107.0. 149.6 Fl 110.5 pg/kg, PS
AbFJ HZEFFERL R Cd B #R CK BEREE 91.7
A1 79.0 pe/kg, FEIRHRN 14.3% F1 28.5%, il
Cd &H(170.0 pg/kg)®: CK ¥iNT 13.6%, HHE Cd
Tl 861.4 pg/kg. X T 36, H CKAR, 2%,
RIS Cd E 4 960.9 . 1323 156.7 i
101.0 pg/kg (K 2B); PS AMH/NER | 251 Cd
B CK B EFEAIR, 439124 930.9 .98.8 F11126.2 pg/ke,
AR A3 K 3.1% . 25.3% H1 19.5%, HFPRL Cd &
O 93.0 ng/kg, B CK 2R AW, HEBHE ZnO
XA 305 SRR ERAL Cd A BRI 5 E 2 36 A
LUE 2C).

J T iSRG IR ZnO X /NEEAE AR A
£ Cd A NI _EAFHE R S R/ AR 6+ 4% Cd 1Y
W WSCRE ST B2, TH Cd DA SR B AE AR A5 TR 1 i
8 ZBTF) AW & 4 ZEU(BCF), 258 W% 3, &
KL, CK * 3 ANaFp Cd #4527
TF(CE-M)>TFCE-#F)>TF(H—FF)>TF(H—2%), H Cd
BRI R M BCF(H)>BCF(M )>BCF(Z )>
BCF(¥f), Hode 19 ) TFCE-M). TFOT—4F).
TF(EHF)F BCFOF )ik, JilZ 36 B9 TF(HR—2%).
BCF(Z5)f1 BCF(M i s 4441 305 () TF(HR—=%).
TFCEE-)  TF(M—AF)FIl TRCEEHP) 4K, 1 BCF(IR)
o

HHELTF CK, PS AbHE E AR T4 19 FiFPi
TF(fR—25). TF(M—#f). TF(ZE-¥f). BCF(Z)A
BCF(KF), BRARZI3 51 14.8% . 37.0%. 17.2% . 14.3%
1 28.4%, T BCF(H)E T CK 257 AW, PS ik
PR 36 fFPAY TF(HR—25). BCF(Z£). BCF(')
il BCFOFH#E CK 43 EFER T 22.9% . 25.4%.
19.5% #117.9%, 1 H TF(EE-rt) . TF(H—47)Fl BCF(HR)
Y CK 25 ARE . T CK, PS ZbFRfifaf:
305 f A R0 B AR R A 0 AR, BRI S)
WA 20.3%. 30.2%. 26.7% il 6.0%, {HH TFCE:-
M F CK 2RI AR,
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%5 6 1 FORWIAE g9 mdE 5 R AR I A I TRIBEE ZnO X H 7 AN [] Sl A /N2 1A Y 32 FRR 34 11 5% 1) 1315
CICK PS
900 1 1000 1200
2, (A) j b (B) ool 1 ©
850 9501
ED E’” E’)l 000 F b
%5 800% b = 900 S 900
z ¢ s ¢ 2 5t . ¢
% 120 . d <8 120+ of of £ % 100 d dg
80 2 80t
40 b 40} % 50
O o $ie ). e ) 0 N i )
R = - FrRE R = - KL GiE e - g
AN AR RRER L AN R FRAL INFEARRERAL
(A: M4 19; B: JAZF 39; C: 18N 305, T /NG FHAREFRR 27 13 (P<0.05))
2 NEERLTERM CAEZE
Fig. 2 Concentrations of Cd in different parts of wheat
INEERERL Cd W EZB(TH R EE RZE(BCF)
Table 3 Transfer factors (TF) and bioconcentration factors (BCF) of Cd in different parts of wheat
X A 19 JiZ 36 At 305
CK PS CK PS CK PS
TF(HR-2£) 0.125+0.01 ab 0.106 = 0.00 cd 0.138 +£0.01 a 0.106 = 0.00 cd 0.115+0.00 be 0.101 £0.01d
TF(ZE-t) 1.418+0.24b 1.856 +0.10 a 1.183£0.03 cd 1.277 £ 0.08 be 1.016 £0.07 d 1.067 £ 0.02 cd
TF(M—¥7) 0.740 £ 0.04 b 0.466 £0.02 ¢ 0.649 £0.07 b 0.738£0.02b 0.657£0.07 b 0.842+0.08 a
TF(ZE-HT) 1.043£0.13 a 0.864 £ 0.02 be 0.766 £ 0.06 cd 0.942 +0.03 ab 0.664 £0.02 d 0.897£0.07b
BCF(#R) 1.141+£0.02d 1.148 £0.00 d 1.281+0.03 b 1.241 £ 0.04 be 1.515+0.01 a 1.207£0.03 ¢
BCF(Z£) 0.143+£0.02 b 0.122+£0.00 ¢ 0.176 £0.01 a 0.132 £ 0.00 be 0.175+0.00 a 0.122+0.01 ¢
BCF(It) 0.199 £0.01 be 0.227+0.01 a 0.209 £ 0.02 ab 0.168 £0.01 d 0.177 £0.01 cd 0.130+£0.01 e
BCF(¥f) 0.147 £0.00 a 0.106 = 0.00 e 0.135+0.00 b 0.124+£0.01 ¢ 0.116 £0.00 d 0.109 £0.00 e
TE: n=3; [A—478udi/NE FREA R FR 22 5 8.3 (P<0.05).

2.3

K Cd ST IN

3 I pH KRS Cd SEMESR, H
&l 3A AT, CK £33 pH oM 7.1, HI%ETF CK, T. S.
T-PS LA} S-PS AbPE¥y I 24 m T2 )2 10 pH,
I 7.5, 8.0, 7.5 7.9, H CK M 9IHRE T 0.4,

10

- (A)

RO EE U R HBX A M EBE ZnO X 1% pH

0.9. 0.4 Fl 0.8 PHAf7, AN, T-PS F1 S-PS 4bBH+

1 pH AT T A1 S AbFR2E AR E, Bt
M, +1% pH 7284k T 28R

i (ng/ke)

WA Cdy

A%

CK

ZnO X 14 pH J&
A KA B2 . B 3B AT, CK 3 Cd A
S F e, HEIk 266.0 pgkg, MK LA

QbR A —E R ERER LI Cd ARG &,

300
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0

>N

B)
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MR

5/
57

Hor

b

MR

Hrr

CK T

(B /NE F AR 32 7R b #118] 22 57 . 2 (P<0.05))
3 TEpHRBYES CIEE
Fig. 3 pH values and Cd availability in soil
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T-PS AL PR Fely , ARG Cd & it f % 236.1 pg/kg,
A5 CK [ 11.2%; T AbBSCRkz, HtHE cdf
AN 237.7 pglkg, 8 CK A 10.6%; S Fil S-PS
A3 -8 Cd A RES & 15 5 246.9 F1238.6 pg/kg,
B CK BT 7.2% #110.3%.

SRyt — AR IR A AL S A IR ZnO
ARBEXT H1E Cd £TE AW RZm , X H A ek k1T Cd
TEARHARI, FE5 B T MA(EXC) . ikiiath
ZEEA(CA) . Bekh A4S 6 25 (Fe-Mn) . A LSS &
S(OM)FIFL B A(RES) 5 B, 14 CdIBASH
PEHU 2 25 R UL 4,

[ EXC E= CA 7] Fe-Mn OM BZR RES

100 —= I } I :
- o 17.2% o 18.9%
R 90 26.6% 22.3% ; 22.8%
S 80r - == T =
i_] T
§ e B O E = 2=
= 60}
B 7 .
i A U2 TF i o
vy S0F BN N X
] NN _ 3
R 40t
¥
O 30F
®
 20F
10F
0
CK T S T-PS S-PS

b3

B4 I CAESIRRMER
Fig.4 Morphologically-graded extraction results of Cd in soil

mE 4T LES, Bk, M%F CK, T. S.
T-PS DL S-PS Kb =2 REAR TG M= 1) EXC 28
Cd &, B TR EETEPER CA ZS Cd &, Xt +
3¢ Cd 1 Fe-Mn £ .OM 2}z RES & 7% &2 HA
. A b, CK 3T EXC A& Cd i, M
199.7 pgrkg, 5 T4 Cd i 26.6%, CAZ Cd &t
e fik, J86.4 pg/kg, IS Cd & 11.5%; T 403
+3 Cd ) EXC £5(167.4 pg/kg)Fl CA 25(119.9 pg/kg)
&5 Cd B 22.3% F116.0%, HAAET CK G
HNT 32.3 pg/kg A1 33.5 png/kg. [RIAY, T-PS AbHH
S KbHFT S-PS AbBE 43 Cd i) EXC 5H1 CA B
TAGTE LA S T AL SRR

LA, T-PS 4b#F1 S-PS 4b# +3E EXC 75 Cd &
AT T S LB G T 3.4 F112.8 pg/kg;
[, T-PS 4bFE -4 CA & Cd Fr&48 T AbHE N T
21.0%, S-PS ZbHHIEAY CA 75 Cd AL S AbH
KT 12.3%.

3 ihie

ARG RLW, R LA T Bl ZnO
AT ARRAR -3 Cd BB S50, RIS/ A Py 1
TS BN S R B0 E AR R EE 52, DT
W Cd FE/NERIN B R s LR, IR
FRA/ N RPR P ) Cd B o ARSI A ek 2
AR, BRI H SRR = 3 pH, [AlA
—ERREE RN 1 Cd TEPER M) BXC S, 1
I EEEYER CA A E, HEERIESEE S
o ROR RIS g 2 M K pH
B (pH>12), MR T 3 pH, 27 T KRR
(o f LT i, BN T IR RN Cd®t IRBHRE ST, JF
PEHE Cd™ T8 i i h ok & A A S v M e ™
AT P ECLE Cd UBRIRER 45 A5 & e i,
X AR Cd SR A B i RN 22—, [
LG 2 0 T - 48 )5 4 0T — e R AR Cd A
Rt > Cd 78 3/ N R R TR FfG AL .
UEAh, T2 E, MEBHE ZnO AIXE Cd AL
19, JiZZ 36 MM 305 RN I o5 ia REHE 4
R R R (B AIRAACR , FE I PR A/ N2 F P b
Cd AL B R, Qin FEPFFTR L BUAHMBIE B, SR
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H, AR2EE AL, B, /2R R+l 4
JRE TR, WNEERNE z0® 5 cd” BRI
R, 7™ FE RN RE SN AR R B R
FIRISS & AL, DATIRS Cd> AR 1) FRL Y 32 7
A HIERPY; @M EBHE ZnO if i REXT /N 7%
B P A — s WA, SRR Cd AR /N AR Y Y
WA | 38 N R i e A — e s QN IR
P F4 40 J B TP ] BE AT [Si-2F 2T 4 2 -Zn SR B
SRS B NER N Cd* WTRESIZS AR R
0T KR, AT 4 [ 52 7 /N2 0 4 e R e 435
Zn JCER WM T RE S48 HE /N2 0 B v 9 [Si- 2 £F
HR-Zn B EWR A, WHIH T Cd /NN
()32 R B

[l , ASBIFE 2 B T B ZnO X Cd #E AN [R] 5
T/ INAZ 25 R AL ] B 5% 32 B BB A 52 e R /N 22 bR
MR —E 250, XrieY Cd fEARFR/NE
i P A% AN [ 3RS 8] 4 2 i A SR R PR — 1 22
SHAK. Zhou FEPM TR/ X E 4 R B T HAT
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