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Provoking Effects of Exogenous Zn on Cadmium Accumulation in Rice

GU Jiao-feng' , YANG Wen-tao”, ZHOU Hang', ZHANG Ping', PENG Pei-qin', LIAO Bo-han'"
(1. College of Environment Science and Engineering, Central South University of Forestry and Technology, Changsha 410004, China;
2. College of Bioscience and Technology , Hunan Agricultural University , Changsha 410128, China)

Abstract : Pot experiments were carried out to study the influences of different concentrations of exogenous Zn on accumulation of Cd in
various rice organs of low Cd accumulation cultivar Xiang -Wanxian 12 (XWX12) and high Cd accumulation cultivar Wei-You 46 (WY
46) exposed to soil with medium and serious Cd pollution. The results showed that: In the soil with medium Cd pollution, Cd contents
in various rice organs of two rice varieties were increased by exogenous Zn, and the Cd contents in brown rice of XWX12 and WY46
were increased by 125. 0% - 275.0% and 6. 6% -91. 2% , respectively, but still lower than 0.2 mg-kg™'. In the soil with serious Cd
pollution, Cd accumulation in various rice organs were reduced by exogenous Zn. Cd contents in brown rice of XWX12 and WY46 were
reduced by 16. 6% -63.5% , and 15. 6% -74.4% , respectively, and Cd contents in brown rice of WY 46 were gradually decreased
with increasing exogenous Zn application, resulting in lower than 0.2 mg-kg ~'of Cd in brown rice. The correlations of Cd contents in
brown rice and exchangeable contents of Cd and Zn in soil were different depending on the Cd pollution levels and the rice varieties. In
the soil with medium Cd pollution, Cd content in brown rice of XWX12 was linearly positively related to exchangeable Zn content in
soil, and Cd content in brown rice of WY46 was linearly positively related to exchangeable Cd or Zn contents in soil. In the soil with
serious pollution, however, the correlation of Cd contents in brown rice of WY46 and the contents of exchangeable Cd or Zn in soil was
linear negative correlation. Therefore, for improvement of the rice quality, under the condition that total Zn content in soil was lower
than the pollution level, applying a certain amount of Zn to reduce Cd contents in brown rice was feasible in the soil with serious
pollution.

Key words : exogenous Zn; Cd pollution; accumulation; rice; soil
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K Cd F 23 HHEARCS od SRR, g
BUAS Zn i AT ARG R Cd AR B oo T e i
Zn BRI AE Cd 15 3 IR Zn IEA FEARTEY
Cd FEAEAS Y HAER AR, Cd 5 Zn &
EER Y BRI RGP &L R
Z IR B 24 A B SC R, Cd Al Zn 22 P IR
YER S BOVE T ARVE AR 2E | i, AR KA BT LA
KA Cd/Zn it | AFFEIE AR5 IR B AS [ .
MR RIRIFSE 3 B MK BE RO Zn®) | T
Zn JEIOMEARFIECHE Zn AR SRR Cd T5 e+
FERATE, X TN FEFEEE Cd y5 9 3 1 A TR
i Zn , AN Cd REUKFE SRR AN Zn (600 R 25
WIS AR /D Rl Bl = £ X SE PR Cd 5 4% - 383R PR
Jii AN Zn (9 BRI A SCEE R G Cd Al
VAREE NEAR: 5] VR va st BT BUR NI I el s g NP7

U8 Cd AL BE RN Cd 75 9 4% SR )5 Pt FH AN
7] & AR Zn WES0KAE R Cd R B AR AR Cd 2
FRAR AR 58 Cd A9 SRR, 73 SN Zn 3 7K A
AR 0L 2R Cd YR, LI Cd 55 LI B
FOKRER A e it 2%

1 RS

1.1 SEEH R

M o 20 I MR A T 2 BT
(28°27.716'N,113°16. 356'E ) , FEA BRAL 4 i WL 5%
1. SEEHAH R o Hr el s PG 2. e Al 12 Akl 2
HHURE , B I R AR A PR R B4 5 JERAK 46 Rl
RUNGEAR , oI EE WV T S Aol A wlER . — A
Sy, IR 12 R Cd Ik BAUR AT AL 46 A
Cd 5 BB

R1 i HEEARELER

Table 1  Basic properties of the tested soil

) - CEC oM 4w Cd 24 Cd A1 Zn 2 Zn Tl B A

-~ p /(‘,mol-kg'l /g-kg'l /mg-kg_] /mg-kg_] /mg-kg_] /mg-kg_] /mg-kg'] /mg-kg'l /mg-kg_l
ZI3E 5.6l 31.3 32.0 0.23 0. 06 78. 80 4.17 103.3 20. 4 77.4

1.2 LIk AHEHTOCHT R | 2B | 58 | BoKiX 4
1.2.1 A& Cd F Zn HIERGHI & Ar A S AR MR A 43 A 2% T A )

Cd 8 P AV B 2 A5 Y R B, 4 Bl as
0.5 mg-kg ' F15.0 mg-kg ' ANE Cd {# Z 3K B A WL
K Zn AR PG - 12 88 Zn IRE 0, 0.5,
1,2 R Ine: MK 0,40, 80, 160 mg-kg ™' iX
4 AR Cd FI Zn B EARBSIN 5 ¥5 - A6 T 55 R AT
RUSHAE (P12 30 em, 5 24 cm) P25 H AR AY
BRI 5 kg, Fi 8 352 709% fe R H ] 45K B A
H kK. Cd Al Zn 4350 2L CACl, | ZnCl, & A9 IE 2K
A, B2 RS I AR AR TR CACL, B TRA
AT d, FEIMAARATR R ZnCl, BRERA-FA 14
d, IS AN A S 50 Cd | Zn 150 3. B0 RE3
AFAT.
1.2.2  ZARSCE

S L HETE R RO B K A Rl 3 1k
FAAMRIAE L HHE AT, Rk S 1) R 2015 4FE 7 H & 10
A, 76 iR e m AJEE K,CO, 0.22 g-kg ™'
(#% K,0 iT%), (NH,),PO, 0.21 g-kg™' (% P,0,
A JRE 0.28 g-kg (NI 2 d AR K
PSRBT 1 51 X2 Bk R AR e Aok
IKHEWE , H R B K 8 B R AR 2 Wit , AR 4 /K R
ARAF AT IR .

TR LRGSR AR K FEA IR | H8 4l K Y, 105°C

Cd, Zn i, [FIFSREKFRER 0 ~2 em ZbARFR T
B, AR AT - S AR AL T e 3 rp Cd
Zn FHICHERR I 434
1.3 HEa o ArieE T ik

I IRA R SCER( 19 ] BTk A a2
H3E4E Cd, Zn FHERR-AHR- =5 SR FE SR B4
fi . R B IE Tessier ¥ 4L # BUVE 4 — 4 (1
mol - L~ MgCL)) %I L3 Cd, Zn By T
YL KRR AL Cd, Zn BRI T K R
(GB/T 5009. 15-2003) /. +3ERES P Cd, Zn &5
FOKFEFE di i Zn 75 5 R H ICP-AES (ICP 6300,
Thermo ) M , K FEAE S W Cd 7 R FH A 85 i
TSGR (iICE-3500, Thermo ) Ml 5E.  Fr A #
fin o M Ak AR R DL R AR HEY) B 4 E [ GBW (E)-
070009) ] ARG KK [ GBW 10045 (GSB-23) kAT
Fa 5 2 B, Cd Zn 19 BLBCR 53050 Ok 94.5% ~
98.6% M 97. 2% ~102. 3% , [FIHEES (525,
1.4 BdRgit 50

BTG 505 3 % F Microsoft Excel 2007 #1 SPSS
19. 0 FATGEH M, SC B R 3 N EE R EYY
{H, K B F 5 Duncan 2 8 O (P <
0.05 F1 P <0.01) /-4 b BE[R] 2 57 32 2 ~ 4 ThAs



3556 AN 5%

B % 37 %

Al 5 B K os 22 57 B gt X, BB R
OriginPro 8. 5 #E{TAbHL.

2 HRE5HM

2.1 3 Cd f Zn S SR

WA Cd | Zn IRAPA 2 S, R3Ed Cd
Zn ZCHAS B i 5 0 IR A L 2R B 3 K, AR
Cd 1Y 2 5 YL AR B 45 A B[R] JC 25 5, MR Zn 119 4
AT FE AR 25 b B[R] 25 57 18 25 (P < 0. 05) , ik 5] 5%
BEOR (£ 2).

IKAEFAE G, AR PR L b A8 2 Cd & i 34
FERMRE R IG K, 76 Cd WS Gk PR 12.2% ~
44. 4% FE T FE TG YLK 1K 31.4% ~47.6% , 5%
KRR BAE Znd0 Kb BEAYG 35 . 6] — 7K R
A AP TE] Cd 5 YRR BE L SR AN Zn Ab PR, 38
A CdERERARE(P>0.05). HIEALHE
Zn AR LERIAE BT A AR, 76 Cd B S Gk oF
FEAIK 2. 2% ~56. 7% , 76 55 5 15 Je 7K P B A 25. 8%
~63.8% . ACHAS Zn FEFHANE Zn AR
AR, A AbFRIR) 25 5+ B 3 (P < 0. 05) .

F®2 KEBMERMFMHRERELERLRS CAM Zn 8" /mg-kg ™!

Table 2 Contents of exchangeable Cd and Zn in the rhizosphere soil before and after rice planting/mg-kg~

1

T T FidE 5
Cd B Zn fb# . . R AL 12 it 46
Ex-Cd Ex-Zn
Ex-Cd Ex-Zn Ex-Cd Ex-Zn
Zn0 0.42a 4.02d 0.50a 3.93d 0.53a 4.46d
i i Zn40 0.36a 31.13¢ 0.51a 17.57¢ 0.52a 13.49¢
Zn80 0.30a 56.64b 0.57a 45.28b 0.46a 35.60b
7Zn160 0.35a 87.40a 0.46a 70.58a 0.44a 65.61a
Zn0 2.33a 5.03d 3.34a 1.82d 3.30a 2.05d
7Zn40 2.29a 30.38¢ 3.38a 14.61¢ 3.37a 19. 54¢
il s
7Zn80 2.36a 67.36b 3.10a 26.63b 3.39a 37.33b
7Zn160 2.30a 87.78a 3.35a 61.60a 3.46a 65. 16a

1) Ex-Cd, Ex-Zn 735378 LA Cd & MASHAS Zn &4k, Zn0, Znd0 | Zn80 . Zn160 435 f03K Zn RYUSINELS}5124 0 40, 80, 160
mg-kg ™', [FFIARIE TR RARR Cd 15 YRR BER [ Zn 4032 5 W (P <0.05) , BURLE SN 3 R PATHFHE, TIH

2.2 AN Cd F1 Zn XK RS A 5
M3 R LUE H L IE Cd B 2 FPis gL KE 4
FLANIE Zn0 Zb B Znd0 F1 Zn80 %) &b B A 45 2 K

A=A e, 4% b B E] 25 52 N B35 (P > 0.05) ;
B Zn & IR E] 160 mg-kg ™' J5 , WK S AE ) i
AR .

#=3 SMECAFNZn SKTBEWMENEN(TE) /g pot ™'

Table 3 Effects of exogenous Cd and Zn on rice biomass (dry weight)/g-pot ~

1

B o ibs \tﬁﬂﬂﬁe*ﬂj 12‘ ‘ _ B 46 ‘

EXy Aot Bk A EX0 B i N A

Zn0 25.23a 4.60ab 6.43b 36.27ab 17.40b 4.67a 16.80a 38.87a

- Zn40 24.93a 4.10b 9.23a 38.27a 19.50a 4.23a 17.93a 41.67a
Zn80 23.33a 5.20a 8.37ab 36.90ab 20.50a 4.70a 18.63a 43.83a

Zn160 24.90a 3.63c 3.63¢ 32.17b 13.23¢ 4.37a 16.10a 33.70a

Zn0 26.12a 4.05h 5.33a 35.50a 19.12a 5.22b 14.37ab 38.71ab

i Zn40 27.30a 3.97be 5.40a 36.67a 19.90a 5.30b 15.20a 40.40a
Zn80 27.43a 4.77a 5.43a 37.63a 19.83a 5.40b 15.67a 40.90a

Zn160 19.57b 3.53¢ 3.47b 26.57b 21.87a 5.83a 11.57b 39.27ab

2.3 HMNE Cd A1 Zn XPKFREERN, Cd F Zn B R 5200

K1 SR TR Cd 1 Zn 15 5% 30t K A
KR R Cd B2, 7E Cd TS Gk Bl AR
I8 Zn S EEAYHG R G 12 &FB0L Cd S EA R
B 1 (a) ], BEk Cd SRR T 125.0% ~
275.0% ,fH 2% 4b B RS K Cd & & ¥ /N F 0.2
mg-kg ' AbPRE] 2 RN (P >0.05). £ Cd &

BEIG YLK, M AMNE Zn N 40 mg-kg ™' AT 80
mg-kg "I AKAE A HBAL Cd & AR L Zn0 A W/,
{BAESN IR Zn160 ) ) 4 FRA7 Cd & fEAH L Znd0
Zn80 b fz T 3G K, G AR K 3, Ak B[]
ZWFE(P<0.05); SRR S, &AL B Cd & &
JEEJE0.07 ~0.19 mg-kg ™', #4/NT 0.2 mg-kg ™',
HNE Zn Ab B AT (ERE K Cd R FE AR 16.6% ~
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63.5%.
£ Cd WS YK BEAME Zn SRR, Jak
Pt 46 MRRFTROK Y Cd & 23 IOEH K 1(b) ],
AR 7. 0% ~63.5% F16.6% ~91.2% , 45 kb HikE
K Cd FrEH/NT 0.2 mg-kg ™", &AL E] 2% L E
(P<0.05); M, ZZrFIR7H Cd & =7E Znd0 B
K, TE Zn80 1 Zn160 I XAHXE/IN. 75 Cd HEET5 G
IR BEANIE Zn FR IR AL 46 FRER | 250 4%
SEHREK T Cd F /N T Zn0 AL B, 73 I FEAR T
0.3% ~51.8% . 48.3% ~71.9% . 67.2% ~87. 6% Fl
15.6% ~74.4% , HZE0 | A FEFfK i Cd & 2 bl
Zn FRRE R BT Zn & HAE 80 mg-kg ™' Al
160 mg-kg ™" B A K Cd 7 & ¥ FEALE 0.12
mg-kg ™' & F Zn0 £ 0.45 mg-kg™', H MK F 0.2
mg kg ™ KI5 Y R AR
RS EE R B OR  ANE Zn SN TR Cd 75
Y+ HEnHOR XOK RSN Cd 19 B, S kK T Cd
TR EEE CA G REOLT, AN Zn W REAIR
THREK Cd &it. 54, BE 438 Cd T5 R EE R N,

TKFEASHBAL Cd 7 5 AH W 3G I, SRS KT 5, Wl
12 RERAE VS YOROL T 1 Cd & = U2 0. 04 ~
0.15 mg-kg™', 76 & JE 15 J W >4 0.07 ~ 0.19
mg-kg ™" UL 46 BEAK Cd 5 LE R TS gtk
BRI 0.09 ~0.17 mg-kg ™', ZEE TG YURIL T 2
0.12 ~0.45 mg-kg ™", AT ULAH EC I R AL 12, B AR 46
AT BT HEZ R Cd.

T4 MR TARRFEEE CdF Zn I55% KRG
BB B Zn Fr R AN Zn i S 3R K
. BRI S 7E Cd RS YLK SRR 12
KA Zn EHAE Zn 160 mg-kg ™ AL PR 1k ) KM
42.66 mg-kg ' fEAEREZER (P <0.05), i@k
46 BEKAE Zn 40 mg-kg " AL FE T 1k B B K{H 29. 59
mg-kg ™' ; 7 Cd TS Y /KF B RN 12 BEK Zn
FHETE Zn 80 mg-kg ' AL PR 3K B f KAE 35. 09
mg-kg ™ AL PR IE] 22 RN E (P >0.05) , i E AL
46 FEKAE Zn 160 mg-kg ™' AbFR R ik E i K AH 26. 06
mg-kg . XFHL 2 FOKFERE K RN Zn R KN,
WA 12 7 B 2 1Y Zn.

F4 4ME Cd 0 Zn REIKBEEEAAP Zn FEMFN/ mg-kg ™'

Table 4  Effects of exogenous Cd and Zn on Zn contents in various rice organs/mg-kg~

1

Cd B o b _ WAL 12 i \ _ Bifl 46 \ \

M Ey A5t Bk Gics =y 5% Bk

Zn0 14. 86¢ 19.42¢ 24.61ab 25.59h 8.26¢ 28.54b 17.11b 19.30b

. Zn40 20.57be 29.55hc 20.27b 24.99h 39.23b 45.28b 23.83a 29.59a
Zn80 27.16b 37.14ab 24.55ab 28.82b 54.84b 67.11a 16.70b 21.85b

Zn160 48.67a 46.80a 27.67a 42.66a 94.55a 72.65a 21.35a 26.34a

Zn0 20.00b 19.48b 32.46a 25.28a 23.12b 21.15¢ 16.35a 21.90b

i Zn40 17.49b 20.05b 23.48a 30.17a 29.04b 41.91b 16.30a 22.01b
Zn80 28.30ab 25.95h 25.24a 35.09a 27.52b 39.42b 18.43a 25.90a

Zn160 39.49a 46.17a 25.50a 28.36a 74.09a 73.34a 17.89a 26.06a

AR S Cd, Zn A PE R KRS 4S
AR Cd | Zn S HRACR KA T ST
(5). G5F /R, 16 Cd HEETS YK IR 12 Al
K Cd il Zn i b 3 IELRPERI G (P <0.05) , HHE
ZBUCR N 0.641; JEiE 46 ZEMH Cd Fl Zn &8 W E
FFEEAAF(P <0.05) , MAFEHEB Cd Al Zn F g 3%
IEMEAHIE(P <0.05) ; 78 Cd HEETS YLK HIGH
12 557856 Cd A Zn F i F IR (P <0.01) ;
AR 46 ZERFRIREK S Cd AN Zn 550 ) LR G AR 4L
AR (P <0.05) , MERE R 705N
0. 580 Fi1 0. 693 , HAAH I R A i 3.

2.4 KRN Cd &5 H g A Cd
Zn FEMER

TEARTR S Cd M Zn 520 R, -4 Cd | Zn 38

B (£ 2) LIBOKRE#&A Cd SR (F 1) 3

%5 KEEIWL CAd I Zn FEZ BAMELRYD
Table 5  Correlation coefficients of contents of Cd and
Zn in various rice organs
Cd FHE KA M Ui el wot A
WAL 12 0.205  0.541 0.513 0.641"

s
Tk 46 0.063 -0.576*2 0.664* 0. 130
WAL 12 0.063  0.094 L7117 =0.190
i VFEB%#]JJ v 0.711
itk 46 0.303 -0.580*% 0.170  -0.693*

1) = Fll = 3R P <0.05 Hl P <0.01 BEKF,n=12,R, s =
0.576, Ry o =0.709, AR FHTRB AT A, TR

AL, Rt — ST EATZ B R, o AT
MMM (£ 6). Z5RFM, 78 Cd 5 ek
S WM 12 28R 07 LA REK T Cd &S R HERg
s Zn T E IELIEMHIE (P <0.05) 5 EAL 46
b Cd S SRS Cd Fra R EL N
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Fig. 1

FASE 15 TSRS Zn S BE UERMERISE (P <
0.05) ; JAUf 46 KEK Cd a5 IS Cd &&=
ERAEADC, 5 H IS Zn 8 B EIEL
PERHIC(P <0.05) , AHC R R AR 6 firs; Hoft
LAERARANDFE. 16 Cd HEETG YK gl 12 48
B Cd S5 S Cd Sa BEE RGP
<0.05),MiA5t Cd &t 5 HIECHAS Cd &
FLRMEAE (P <0.05) , HAfth R R AR 2 B 46 2%
M ASEARER T Cd Fr RS SR Cd &

Effects of exogenous Cd and Zn on Cd contents in various rice organs

KM Zn e B RER G (P <0.01) , M6
FECRHINFR 6 Fryn. WRBEKINF, MMR 12 S
B Cd FiE 5+ 3P s Cd S e, (UFE Cd
FEVG YK, RIS A Zn R RE K T BEL)
Cd #Z, Jith 46 2R Cd &85 b ss ad
M Zn ERAADC E Cd S YK R A
Cd 2, S Zn B0 KSR 2R Cd b, 7
Cd FREIGYIKF R -3 b 5c 43S Cd 1 Zn 22
Rk BRI Cd b,

R6 KEERIM Cd HESHELITERILZHE Cd T Zn SENEXRRY

Table 6  Correlation coefficients of Cd contents in various rice organs and contents of exchangeable Cd and Zn in soils

d B Cd/Zn IR 12 4547 Cd & & B 46 £ Cd F
T v s i EXus B ik i} B0 Bt B K

. Ex-Cd 0.566 0.374 0.477 0.010 0.281 0.591* 0.118 ~0.687*
)52

Ex-Zn 0.394 0.272 0.438 0.651* 0.134 -0.626* -0.358 0.710**

o Ex-Cd 0.587* 0.342 -0.621* 0.342 0.245 —0.787 * -0.960 ** -0.671*
)52

Ex-Zn 0.570 0.031 0.389 0.028 0.152 -0.736* -0.801 * -0.837*

3 e HNIE Zn BT, KAF AL Cd | Zn & 52 1AL DA

T 1

AR SR I AT Cd ¥5 Y FORTR] R

K5 R Ac S Cd A Zn SR SCR  BEITAME
Zn XRAEAFRAICHIERER R Cd BIMEH]. 905
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SERFIH, R AR B A Cd A AT HE AR AT B
DOBKAER RIS FA VLIRS H R e &Y
SR, 7 g e Cd, T Cd #9248 A bk 1
2 i AR SRS Zn B REA , DU R R K A
HAR TSR T KR 20

16 Cd 19 2 Fis JesKF SN Zn i FH & 7E 40
mg-kg ™' 1 80 mg-kg " A A 2 K FE A = Y A
PO HERZE R AR E (P >0.05) ,H2Y Zn & &
HERF) 160 mg-kg ™' J5 , XA AE M B AL, 40
PR 2ZF B E (P <0.05, £3), X RS &EIMNA
Zn WYX DKFEA WO EH. Y L 25 Zn 35
) 240 mg-kg ' ZE AT, I B K - HE T GbR i
200 mg-kg ', HED L HEH Zn ik BTG Y AR I,
ML TOKFEAES L 2 BE ™ B 8 Zn &
i (65 mg-kg ™' A2 AT ), BRFL A T KA E H AR
K. AHEFERI, i FHEEAE , X K R 2k A 8 e A
FHUROT AAR SRS X — R B AR A H IR
X G E AR B Zn R (417
mg-kg )M, IFARBE Zn HIEPY I ANIE Zn 1
PR RCRANA i

ZEA MK REAESNIR Zn 200 R 43801 Cd 7
B 4) i AR 3 Cd RS YR, A
Zn TR 2 FlOKRE A AT Cd 1WA, 3 AT B 2
1 Cd 5 Zn Z [AAFAEAR R A9A8 538 38 , Zn WO
Fohigf, i Cd WIS shig i >, M - e
SIS Zn KEBAFAE T/KFER RIS, K F e F 3
WU Zn (ORISR 3 T Cd B9 0, A 38 cd
5 7Zn Z 54 T UMREIME . Al 12 RSk Cd
5 7Zn S IR C, B 46 KFEA T Cd 5
Zn FROELAMEAC(FR5) , UK 2 FokFEkEk f Cd
Fr S e Zn ST RIESLEM L (FK ), IE
XM RIS R, SCRs Bow , IRl 12 6
WA Cd HRE TS e id 2 o B T e, K R 45 3B %t Cd
(1 SRR S AR A, AR 12 H B Cd (IR 2R
RS A AN Zn BB, 24 R T HOKRE 4%
AL Cd i X ENIE T /K RS 7E 3k Zn (52
FER PSR UE T Cd BRI, AL 2h S 5 il b
TR SE Y ZnCl, XF KRS B Cd 25 R AL, B
55 Cherif 25" BFFE ]38 19 Zn {2 2EF X Cd I
DL K Tkalee 25U HRE Y Zn JtiHINE T HH Cd 4
LA A4 F AR

fE+ 3 Cd &EE 5 J K, SN Zn 7E 40
mg-kg "' H1 80 mg-kg ' & Al LUK FEXT Cd 1Y
WA, AR KRB K X Cd g AR (IR 1) X R

Zn 5 Cd FEW RN iz Bk A b e I ] — N 12 1
M Zn J& Cd 7E %5538 F45 A 00 i E E e 4
0 X EOT KRG AR AN B 7 s Cd IR
(80, Cd 5 Zn Z R FEH0/E L. WA 12 7K F
FHBAL Cd B AR 1A 1 (a) ], WAL 46 KR 250
ok Cd 5 Zn ST EAAMAMHEC(ERS), A5 1
Herh g ds Zn SREURMEAMOC (R 6) BT B2
Cd 5 Zn FEHEHRIEE R, AL 46 J2: Cd = BEL
it 76 Cd V5 4 4 R ICE 2 1) Cd, SME Zn 1)
FEPUE A 3. (H S AMIR Zn & = 4k 23 in 2
160 mg-kg "B, WBGEARN 12 KRG 453007 DL K gl AT 46
FRFRANZEM 3 Cd % = AH L Zn 7E 80 mg-kg ™' Ab B
AR A B KREXT Cd IR, X =R A £
e 22 e Cd 5 Zn RIS KEAEALE I Cd 5 Zn A
FRTR] 4 25 RS AR [R] 1 5 1~ 4%, 76 R 40 400 it 5%
T 5 4 25 5 6 5, B Cd A I P B i, A2 Cd
PN M i > AR

S R, TR 3 Cd PTG Yok E A
46 H3 | ZEHHMIAFETE Zn 40 mg-kg ' AbFH Cd &
IRBNEARAE K 1(b) ], s th AMIE Zn 3T KA
HRZR Bl M Zn, AT %8 5 W 0T 4 38 o 1) 3%
Cd, Cd 5 Zn I R HRIEM; W& SME Zn & &
(LRLERE K 5SS Zn KEAFIERT, Zn XA 2 B9 1)
HRT Cd, KRR RN Zn, HOLAR | 2500
A5 Zn SRR RGN (F 4) , mxT Cd AL
A T, Cd 55 Zn 2Z2 8] 9 256 2 W AT BE 56 1k A 45
L.

ARSLEG T 3 Cd 15 YRR AR MR Zn 52
MK AL Cd AR B ARl RR R E 5
mg-kg ' Bl Cd ¥5 G 1 B IE AT K R o T e
0.2% BB A, ok Cd & B FEAK 15.4% , MM 2.5
mg-kg ' AOT5 Y T IEVEAT A R AL BRI REOK Cd &
HIHE T 41.9% . RELWEERE 22— 5L
Pr Cd V5414 (Cd i 7. 61 mg-kg ™) i 0. 2%
AEEAE Bk P Cd & BT R 22 R B %,
Cd RIS (Cd &8 0. 78 mg-kg ™" ) JifH 0. 2% 1Y
BERE , REK T Cd 5 8 PR KR S R R [ 32 B0 45
KREF RIS Z M. Wk, 24
SEEE AT AL, it I AN IR Zn 45 S K FERE K Cd
15 YL ROR KRG S Fl . Cd V5 Y AR B A ) i nl i
HAE—E 25, HALE Cd |5 KF T SMNE Zn
FA it FH A B AT SR AR K Th Y Cd & i

4 it

(1) 7 Cd PG, SN Zn HEOK 2 FfK
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FEAEBAOL Cd Bt WAL 12 AR 46 Rk Cd &
AN 125.0% ~275.0% 1 6.6% ~91.2% ,
B Cd HEHMET 0.2 mg-kg ™', JBEZ4ALE; 16 Cd
TG YK, AR Zn AT BEAR KRG 45 58460 Cd 7
L WIRERD 12 FEAL 46 REK Cd B AR FEAR T
16.6% ~63.5% M1 15.6% ~74.4% , HAMR Zn jiti
FHAS AL 46 BEKH Cd M 0. 45 mg-kg ™' FEAIX
F]0.12 mg-kg ™' KT 0.2 mg-kg ™', IKF| L A"
K.

(2)7E Cd HEET5 Gk el 12 A dl 46
BEok Cd &5 R AS s Zn & IE LA G
TE Cd BTG Qe KF g 46 KK Cd &t T4
HPRg A Zn BB R MEAEC.

(3) FEAE R LI Zn 15 AT EE T, AR & i
ANIR Zn B i FH X 7K R b B A R A i A G
f=E=

(4)FEARE N A3 Zn IS Y AT T, 76 Cd
BTG YL bt — 2 1) Zn ATREARREOK Cd &
IR ERE K S B AE Cd T EE TS YL g ) g
BORE it FHFENE.
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