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T Ak F ANl F AL R RIS g (1. 5, 10 AT 15 mg-kg ™) PARTE S RYSEIA. 4550 7R 4 [
1.5, 10 F115 mg-kg ' fFAAbEErf ST CA(EX-Cd) JEA&5010 Htil FDC by 66. 7% ~ 81. 8%, I +- 3R R EIR . L3R &
HR/PIFFE N EX-Cd > BRIRELESE S 25 Cd( CAB-Cd) > 5kt 4 Cd(RES-Cd) > Z4HE L7 Cd(FeMn-Cd) > A HL45E2S Cd(OM-
Cd). 553745 14d B, +4 EX-Cd FDC KB R ARME. 5535 0 ~28 d WAl , 75 1. 5. 10 F1 15 mg-kg ' FRALIRT 4k S AL BE MY
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Effects of Nano- magnesmm Hydr0x1de on the Forms of Cadmium in leferent

Types of Soil" | S  E LA T ' :
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DENG Ji- bao ZHANG Chun-lai, XU Wel hg.‘r[g e i b .. :
( College of Resources and Environment , South‘west Umversny, Chongqing 400715 Ch na) e &

Abstract: The éffects of nano-magnesium hydm)(lde and jeommon magne%lum hydr0x1df (100 200, "and 300 mg-kg™") on the forms Of
cadmiium i in different types of cadmium contantinated soils (1, , and 15 mgsKg ™' ). were studied under 28 days of conitinuous
cultuge experlment In the neutral soil, during the 28 days of culture soil exchange Cd (EX-Cd) «form distribution ratio ( FDC)
decredsed at!firspiand then/increased with the culture ithe m('rea}_smg under treatment of 1, 5, 10, and 15 mg-kg™"' Cd. The minima of
soil EX#Cd'FDC were found on the 14th day under 1 mg*g~" Cd and 5 mg-kg™' Cd treatments, whereas the minima of soil EX-Cd
FDC weré observed on the 4th day under 10 mg-kg ™" Cd and 15 mg-kg ™' Cd treatments. The FDC of soil carbonate bound Cd ( CAB-
Cd), iton manganese oxidized Cd (FeMn-Cd), and organic bound Cd (OM-Cd) increased at first, then decreased, and finally,
became stable, and the maxima of soil CAB-Cd, FeMn-Cd, and OM-Cd FDC were found on the 4th day, whereas the minima of soil
CAB-Cd, FeMn-Cd, and OM-Cd FDC were observed on the 14th day. Soil residual Cd (RES-Cd) FDC increased gradually and then
tended to becomes stable during the 28 days of culture. The soil EX-Cd FDC was 66.7%-81.8% at 1, 5, 10, and 15 mg-kg™' Cd
treatments , which was the main form of the soil. The FDC of soil Cd forms was in the order of EX-Cd > CAB-Cd > RES-Cd > FeMn-
Cd >OM-Cd. Soil EX-Cd FDC reached the lowest value on the 14th Day. Soil EX-Cd FDC was reduced by nano-magnesium hydroxide
and common magnesium hydroxide, and it decreased with the increase of the amount of magnesium hydroxide. During 0-28 days of
culture, the soil EX-Cd FDC decreased by 11.4%-67.7%, 7.8% -37.2%, 7.7%-36.4%, 5.0% -28.8% ( nano-magnesium
hydroxide) and 0.5% 49.5%, 0.6% -15.0%, 1.0% -18. 1%, 0. 7% -14. 6% (ordinary magnesium hydroxide) at 1, 5, 10, and 15
mg-kg ™' Cd treatments, respectively. The EX-Cd content of alkaline soil reached the lowest value on the 7th day of culture, and the
EX-Cd content of acidic soil reached the lowest value on the 21st day under 1, 5, and 10 mg-kg ™" Cd treatments. The content of EX-
Cd in neutral, acidic, and alkaline soils decreased with the increase of magnesium hydroxide content, and the content of EX-Cd in soil
decreased with the increase of magnesium hydroxide amount. At the same amount, the effect of passivating soil EX-Cd under nanometer
magnesium hydroxide treatment was superior to ordinary magnesium hydroxide treatment.

Key words: cadmium contaminated soil; nanometer magnesium hydroxide; cadmium form and distribution; EX-Cd; neutral, acidic

and alkaline soils
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Table 1  Experimental design
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100(L) Cdl + oMg-L Cd5 + oMg-L Cd10 + oMg-L Cd15 + oMg-L
Wil A AR 200( M) Cdl +oMg-M Cd5 + oMg-M Cd10 + oMg-M Cd15 + oMg-M
300(H) Cdl + oMg-H Cd5 + oMg-H Cd10 + oMg-H Cd15 + oMg-H
100(L) Cdl +nMg-L Cd5 +nMg-L Cd10 + nMg-L Cdl15 + nMg-L
gk S A 200( M) Cdl +nMg-M Cd5 +nMg-M Cd10 + nMg-M Cd15 +nMg-M
300( H) Cd1 +nMg-H Cd5 +nMg-H Cd10 +nMg-H Cd15 +nMg-H
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FDC 73 %1k 31.0% ~ 37.6%, 40.0% ~ 51 8%,
40.2% ~ 46. 8% F1 36.2% ~42. 1% . £ 5, 10 ﬂ%u 15
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Fig. 1 Variation of Cd form distribution ratio (FDC) with culture time under 1 mg-kg ™' Cd contaminated soil
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b Bl 4 2 BRI T 0.077 ~0. 113 mg-kg ™' Fl
0.065 ~0. 114 mg-kg™' (7€ 1 mg-kg ' FAALFLET) |
0.238 ~ 0.500 mg-kg™' F1 0.063 ~ 0.213 mg-kg™'
(7£5 mg-kg ' HAALHLET) | 0.012 ~0. 854 mg-kg ™
F10. 105 ~0. 387 mg-kg ' (oMg-L AbFEHE /I T 0. 106

mg-kg™', 7E 10 mg-kg ' HHALBRAT) | 0.563 ~1.238
mg-kg ' F1 0. 575 ~ 0. 863 mg-kg ' (7£ 15 mg-kg ™'
FAALBRET ) . BN SR ] BEE nMg T oMg WS
RGN, B = Ands e £ 0 48 EX-Cd & iR
TR AR A ( B % 2 R v A 0 B3k B 486 Tk
Fohy) , HKE oMg AbBH (oMg-L) AHEL,7E 1, 5, 10
F115 mg-kg ™' HAALBE T ) oMg-M Fll oMg-H Ab B
etk + i+ 1 EX-Cd & & BRI T 2.7% ~
27.3%. 4.8% ~ 9.6%., 8.4% ~ 12.2%., 2.7% ~
9.0% (oMg-M) Fl 1.1% ~ 27.6%. 9.8% ~ 16. 6%
2.7%~11.2%. 0.2% ~13.4% (oMg-H) , ffi i 1 +
1)1 3% EX-Cd & & 73  BEAR T 0.7% ~ 47. 6%,
5.3%~20.3%. 1.0% ~5. 6%, 3.0% ~16. 0% ( oMg-
M) F17.0% ~28. 1%, 4.9% ~5.2%. 1.5% ~12. 4%,
3.2% ~20.8% (oMg-H) ; 51kt nMg 4L # (nMg-L)
AL, 7E 1. 5., 10 F1 15 mg-kg " S@ALFE T () nMg-M
Fl nMg-H AbFRAE R 1 ) 138 EX-Cd 25 52 7 %
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B 41 %

T 1.5%~16.9%. 2.4% ~6.3%. 0.2% ~ 10. 5%,
1.3% ~8.1% (nMg-M) F1 2. 6% ~ 33.3%. 1.5% ~
18.5%. 5.3%~11.3%. 6.5% ~11.8% (nMg-H) , i
B £ 0 £ 1 EX-Cd & &= ol FEAR T 16.4% ~
33.1%. 0.3% ~ 15. 1%, 1.6% ~ 23.2%., 3.2% ~
18.5% (nMg-M) 1 0.3% ~ 61. 1% 3. 8% ~ 34. 8%,
1. 1% ~30.5%. 4. 1% ~23. 4% (nMg-H) . & A L5

AR AR R, nMg 30 % 1+ EX-Cd 7%
AT AR REARAOCR | 5 T AH X N Y oMg Ah 3
AHEE , BRYE + FOBshE 1+ A0 nMg 4540 BRFE 1, 5, 10 Al
15 mg-kg " FAALHL T 3 EX-Cd % &2 5 A FEAK T
0.4% ~ 20.4%., 0.5% ~ 24.9%. 0.8% ~ 11.2%,
0.1%~16. 1% (Pt +) M 2.0% ~43.8%. 0.4% ~
36.0%., 0.3%~27.8%. 1. 1% ~17. 1% (Bt +1).

#*2 FRE%EH CdFHRLIHEEX-Cd FEELY
Table 2 Changes in the content of EX-Cd in different types of Cd contaminated soil

I A EAS Cd i/ mg kg !

b B 9% 1d %4 d %7d

(e B iR - B - PR - et -
CK1 0.701 +0.024a  0.459 £0.006a 0.535£0.007a 0.380 +0.019a 0.6750.017a  0.149 +0.011a
Cdl +oMg-L 0.661 £0.017b  0.450 £0.018a 0.479 £0.019b  0.294 £0.009¢ 0.628 £0.012b 0. 124 +0.003b
Cdl +oMg-M 0.591 +0.02cd  0.447 £0.008a 0.348 £0.013d 0.244 £0.016d 0.560 £0.015¢ 0. 065 =0. 004f
Cdl +oMg-H 0.654 £0.001b  0.450 £0.016a 0.445 +0.015¢ 0.232+0.007d 0.459 £0.021e  0.096 +0-003d
Cdl +nMg-1, 0.613 +0.018¢ 0.398 +0.005b 0.531 £0.002a 0.347 £0.015b _ 0.599 +0.016h 0-.'10‘53."59. 005¢
Cdl +nMg-M 0.570 £0.019d  0.438 +0.015a 0.457 £0.005bc 0.232 £0.005d  0.498 +0.010d - 0,083 £0.001e
Cdl +nMg-H 0.550 £0.003d 0.397 +0.013b 0.354%0.019d 0.135&0:004e 0,457 £0.003¢  0.054 +0.002f
CK2 3.602£0.020a 2.461%0.022a 2.875£0.055a 2. [39/0.009a 8.137 £0.065a ;,,-véos_s:_;ﬁ. 07'f}a ]
Cd5 + oMg-L. 3.076 £0.096¢  2.312:40.088h  2.754 £0.077a 1/802+0.062¢ 2,933 £0.039b 1. 648 +0. 02847
Cd5 + oMg-M 3.105 £0. 0466 2.190 £0. 082be. 2.623 £0.027b . 847 £0002he 31031 £0.049ab 1. 3,13‘1'0'.'.011"1}
Cds + oMg-H 2.718 £0,030d ;2. 192.20,0265¢ 2. 402 £0. 025 |26075 £0.0634 2/645+0.034d  1.568 £0.037n
CdS 4 nMgiLL I 3.462 £0. 049ab 12,2035 02065bc 2,068 0.067d 2. 049 +0.087af 27517 £0.031e 1,540 +0. 0452 |
Cds FuMg-M ' 3.379 £070005" 2.110°£0/013¢ 2.470 £0.054c 1/988 +0. 020ah, 2.810£0.059¢  1.308 +0.05667
Cd5 +nMg-H 2.822 01042 /20099 +0.043¢ 2.036 +0.056d 1. $80 £ 01 1026602, 341 20,0351 1. 0040, 0166
K3 7.496 £0,0624 (5.579'40,062a | 6,199 +0. 144a | 4,687 +0.057a 7.008 £0.085a  3.479 £0.072a
G104 oMig, 6.972 £0/ 100b | 5. 107 £0. 070b /' 5.773 £0. 106b 4. 584 £0.099a 6.056 +0.084h  3.407 +0. 108a
Cd10 4 oMg-M 6.179 +0.078d 4. 819 +0.036c5. 071 £0.072d  4.634 +0.103a  5.498 +0.051d  3.243 +0.048b
Cd104 oMghH 6.571£0.079¢ 4603 #0°010 5.532£0.035c 4. 165 £0.045b 5.768 £0.074c  2.986 £0. 016
Cd10 + nMg-L S 6.663 £0.104c  5.090 £0.038b 5.567 +0.079bc 4.652 0.029a 5.855+0.109¢ 3. 103 +0. 036he
Cd10 + nMg-M 6.575+0.048c  4.115+0.062f 5.154+0.067d 3.853 +0.110c 5.238 £0.079  2.384 +0.040d
Cd10 + nMg-H 6.161 £0.015d  4.918 £0.020c 4.940 £0.090d 3.933 £0.023¢ 5.123 £0.045¢ 2. 157 +0. 088e
CK4 10.450 £0.037a 8.509 £0.065a 9.781 £0.049a 7.698 +0.117a 10.070 £0.071a  6.351 £0.031a
Cd15 +oMg-L. 10.406 +0.012a 8.193 +0.091h  8.680 0. 101h  7.486 +0.086b 9.015+0.097h 6. 101 £0.042b
CdI5 + oMg-M 9.792 +0.121b 7.294 £0.015d 7.897 +0.083c 6.289 +0.081d 8.7750.085c  5.236 +0. 108d
Cd15 + oMg-H 9.788 +0.084b 7.929 £0.055c 7.521 £0.095d 5.928 0. 115¢ 8.491 £0.066d  5.532 +0. 102¢
Cd15 + nMg-L 9.165+0.106c 8.103 +0.062b 7.523 £0.073d 6.587 +0.030c 8.484 +0.031d  5.984 +0.082b
Cd15 +nMg-M 8.895+0.075d  6.925+0.022¢ 7.873 £0.017c 6.013 £0.090e 8.010 £0.043¢  4.877 +0.025¢
Cd15 +nMg-H 8.216 £0.098¢ 7.071 +0.085¢ 7.575+0.002d 6.318 £0.061d 7.932 +0.0l4e  4.585 +0.019f
J5 2253 H7 LSDy, g5
e S 11231.641 4529.473 34 831.728 **
SN Cd K 101 312. 126 ** 60 483.290 *** 78 321.593 ***
SRR 11231. 641 ** 209. 065 *** 940. 302 "
SR Cd K x ey 1185.634 " 602. 722 *** 3719. 603 ™
TR x A AR 22.004 ** 19. 250 = 0. 250
HMIR Cd K > SRR BRI 314. 887 *** 29. 504 = 122.814
aiifké’iﬂ x EUAA BRI x SR 109, 315 *** 2136 ™ 19. 724 ***

)1, 4,7 d8dE; AR/NEGFRERRF—4 Cd 153K F AR S AR 1) 22 5 B (P <0.05) 5 + F£/R 0.01 <P <0.05, * * KR

0.001 <P <0.01, % * % /R P<0.001; F[d

2.3 8 pH (E5 TN SIS Cd ARG
WNIEN9 frzs , TEIR R I Lk S it -+ TR K

SETR 4% Ab B TR 4+ 58 EX-Cd S BEE 3 pH 1Y
M ARBOR B S RIS R A R,
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Table 3  Changes in the content of EX-Cd in different types of Cd contaminated soil
I A Cd F i/ mg kg !
b7 %14 d f21d 528 d
PRTE L itk TR+ ikt Rttt B+

CK1 0.489 +0.010a 0.240 £0.007a 0.484 +0.009a 0.238 £0.004a 0.644 £0.007a  0.211 £0. 006a
Cdl + oMg-L 0.434 +0.003b 0.210 £0.002b 0.421 +0.014b 0.215 £0.014b 0.587 £0.019b 0. 146 0. 008b
Cdl + oMg-M 0.348 +0.011d  0.183 £0.005¢ 0.330 +0.009d 0.191 +0.012¢ 0.571 £0.015b 0. 101 +0. 003cd
Cdl + oMg-H 0.314 £0.013e  0.151 £0.011d 0.359 £0.013¢c 0.200 £0.008bc 0.508 £0.017¢  0.097 +0. 006d
Cdl +nMg-L 0.399 +0.012¢  0.171 £0.008¢  0.382 +0.006c 0.187 £0.002¢ 0.514 £0.003¢ 0. 134 +0. 005b
Cdl +nMg-M 0.393 +0.014¢ 0.178 £0.010c 0.319 £0.015d 0. 138 £0.006d 0.472 +0.021d 0. 112 +0. 009¢
Cdl +nMg-H 0.317 £0.001e 0.123 £0.003e 0.372 £0.007c 0.122 £0.009d 0.414 £0.014e  0.098 +0. 004d
CK2 2.607 £0.085a 2.209 £0.056a 2.540 +0.065a 2.177 £0.039a 2.947 £0.023a  1.913 £0. 063a
Cd5 + oMg-L 2.430 £0.022b 1.972 £0.044bc 2.447 £0.013a 1.847 £0.060b 2.868 +0.052a 1. 850 +0. 042ab
Cd5 + oMg-M 2.513 £0.067ab 1.866 £0.067cd 2.213 +0.018b 2.115+0.039a 2.690 +0.007b 1.775 +0. 038abc
Cd5 + oMg-H 2.122 £0.076de 2.071 £0.085ab 2.042 +0.052¢ 1.855 +0.059b 2.548 +0.046¢  1.700 £0. 103bc
Cd5 +nMg-L 2.393 +0.061bc 1.858 £0.065cd 2.307 +0.080b 1.806 +0.088b 2.687 +0.008b  1.675 +0.061cd
Cd5 +nMg-M 2.243 +£0.059cd 1.914 £0.082bc 2.201 +0.016b 1.801 £0.051b 2.547 £0.071c  1.538 +0. 083de
Cd5 + nMg-H 2.003 £0.053e  1.715+0.089d 1.934 £0.091c 1.738 +0.019b 2.404 +0.034d  1.413 +0-026e
CK3 6.037 £0.102b  4.454 £0.016a 5.378 +0.012a 4.125+0.035ab_6.288 +0.087a '4,-066.%'0". 025ab
Cd10 + oMg-L 6.365 0. 111a  4.174 £0.105b  5.182 +0.014b 4.150 £0.048ab 6.116 +0.088ab _ 4.172°+0. 014a
Cd10 + oMg-M 5.800 £0.079¢ 4.1340.034b 4.746 £0.097d  4.200 2040542 5. 560 =0.077¢ 3. 9611 0. 065b

Cd10 + oMg-H
Cd10 + nMg-L
Cd10 + nMg-M

5.718 £0. 101¢
5.807 0. 062¢
5.683 0. 048ad

4. 06007 083bc
3.896,+0. 050cd
4.070'%0. 104be

5.042 £0. 027be
5.072 +0. 033bc
4.983 +0. 053¢

4.088 £0.026ab
3.1850'£0. 035¢
3.787 +0-103¢

5.433 0. 026¢
6. 068 +0. 109b
6. 055 0. 087h

3.679 £0.093c
4.054% 0. 033ab/
3. 466 +0:012d

Cd10 + nMg-H 5.501 +0.009d 3.852 £0.,086d.44. 636 £0.099d /4,038 £0. 054 5,890+0.070c  3.212 £05040e
CK4 8.855 £0.079a/ 7098 0.09Ta 8.911 £0.029a 6 879 £0.099a, 9,385 +0.048a  6.663 £0,069a -
Cd15 + oMg-L 8.225 0. 032ahe/ 6. 96§ £0.098a 8.671£0.061h 6,630 +0.084b" 8.941 £0.064h  6,088.+0-005h &
Cd15 HoMgM - 8.389 £0.018ab 6.277 +0/016h 8.270 £0.064d 6433 +0. ILlbe? 8.268 £0.056c 6,042 £0.046h

Cd15 +oMg-H
Cd5°% nMg-L.
CdI5g nMg M
CdI5 4 nMg-H

8.208 +0. 093ab¢’

8. 180 =0. 066abc
7.630 +0./830bc
7.213 +0. 788¢

5,947 jo. 026¢
6.326£0/017b

1'5.969 +0. 097¢,

8.439 £0. 087¢
8.064 0. 087ef
£ 7.958 +0. 060f

6. 028 + 004408 157 +0. 088de

" 6,040 +0. 104e
6:365 +0. 082cd
6. 160 +0. 072de

5.753 +0. 105f

8.100 £0. 095¢
8. 855 +0. 100b
8.139 +0.077¢
8.091 £0. 082¢

5. 800 £0. 034c
6. 100 +0.027h
5.812 £0. 086¢
5.425 +0.109d

Jr 224780 18D, 5

7

A Mg ALY 977. 833 6 080. 324 *** 17 768. 153 ™
HME Cd K 9 113.399 *** 72 340. 197 = 73 593. 571 ***
AR BERN 2 38. 812 ™ 197.232 106. 710 **
HMIR Cd 7K x R 163. 315 ™ 1323. 835 ** 1916. 705 ***
A F AR 2.207 2.433 40.713
AR Cd K x S AL BERP 7. 475 29.276 *** 7.056 ***
IS« FAEALERNE x MK 1303 6.391 ** 27876 ***

Cd K-

1)14, 21, 28 d #d

£ 1 mg kg FRALEER W PE L AT A 158 pH
5143 EX-Cd & & BIAFTENR B E AAHCCR (P <
0.01), A KRZE N -0.719 Al - 0.847; 7£ 5
mg ke ~ERACBR T (R M 10 1 3% pH 5 13 EX-
Cd 7 [AFFER R 2 A SC R (P <0.01) , A
KZRBCN -0. 868, (HB I 4 I AH M AR B . 3% K
(P >0.05), HHCREAL A - 0.502; 7E 10
mg-kg ' HAALEE T AR PE 1 09 3 pH 5 3 EX-
Cd a2 [A] (A SR 24 B 35 7K F (P <0.01) , H:
ISR ECH - 0. 834 Bk 1 A A SR 3 8 25K 7
(P<0.05) M HRHH - 0.648; 7F 15 mg-kg ™' 54
AFEF B AE e 5 5 me-ke AR AL BRAR L, BRME 1

() +3% pH 5 13 EX-Cd & B RIEE R 25 5k 56
KAEA(P<0.01) , HAHXRZE N -0.870, (HHLE T
(RAE A5, A B B K F- (P >0.05) , M C R
AN -0. 486.

ek e gt 3 R 2 e,
EX-Cd FDC Fifi %5 M 5 4% 7K S 04 34 i #8761,
5. 10 F1 15 mg-kg ' #a4b B~ 13 EX-Cd FDC 435
H66.7%. 73.7%. 17. 4% F 81. 8%, it & T H & 4
R4 FDC. X 5 REAE IR A AF I 45 S — 3 R

PRI RE R H AR S T 24 3SR /K-8 i, & B
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Fig. 9 Correlation coefficient (r) between soil pH and EX-Cd content in different types of Cd contaminated soils

PATBEE G o0 (W] 2240 8B 43 ) e A8 Sl s 45 5 3B 41
(TR S AL A1 A LT 45 G 3K 4 ) I R 3 2
TS FE 28 d W EE IR AR B B SR ] Y 4E
K, 158 EX-Cd FDC W EREAL, SA kA 155
B EX-Cd R AFAE, X S5 AR R A9 i 5% 45 SR
—3.

kAR 1.5, 10 A1 15 mg-kg ' HAALEL T,
HEX-Cd FDC £ T R¢#a#, £3% CAB-Cd ,FeMn-Cd ,
OM-Cd 1 RES-Cd FDC # T} 55. e 361050 4 ~ 14
d, 76 1 mg-kg ' F15 mg-keg " FRALFE T H 1 HE EX-
Cd F1 CAB-Cd FDC Z AL, 7ERE AN B SR R b ik
# e /M, 13 FeMn-Cd ,OM-Cd F1 RES-Cd FDC #J
BT 7 10 mg-kg ™' F 15 mg-kg ™ FRALFEL T ()
13 EX-Cd H- 46 W F, £ FeMn-Cd #1 OM-Cd FDC
M 4k2E 715, M CAB-Cd Al RES-Cd FDC U] & B

TR FER SRR 28 d, £ MBALFE T 13 Cd
TEAARAAI A IR B V-1, + 3 EX-Cd FDC 54 £t
##, 15 CAB-Cd FDC FEAIL, HE RS A K.
AR S XIME WA R R B
IR ZE RIS JRH T RE R Cd* Y 5 R R A& Fh )
Pk 20 T 2% 3 1) 96 PR B AR R Ak 2 T A5 % 1k, L
Bt TG M AS S HL I TR T MR R IR A fh 2
T TP E A SRR AL fE R 57
L5 3 EX-Cd FDC B&AT B2 R oy £ 58 iy
HELEE TR Cd AR LR, TR G g
A LT

nMg Fl oMg Y ¥ i AR T PE £ 58 EX-Cd
FDC, AR T 1 mg-kg ™' F15 mg-kg " F@AL B +
1 CAB-Cd FDC. Ui WIFEARR 510 T A S AL B Fn 3%
FR ) AR R e P SR A . TR
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X AN YAt A 30 8 B 0 5807 b A v s 2 B %"fﬁ‘iﬁ“
g 5 S R] XT3RS e AN QA AR i G
Herp i 2, FE RPN KR © 29k Cd 5
PP i A AL AT FR | DT B A 55 75 B[] 42
K EEARRUR AR AR K. AR LB & B, A J AL B
AN T &AL FE T FeMn-Cd ,OM-Cd £ RES-Cd
FDC, TEXEFR A5 T, 25 Fa /K- b 3 v i) + 38 EX-Cd
FDC Fifi A BE IS &2 A0 14 o 2 BRIk 25, LA
nMg B RFIRBERIE T oMg. ULHH nMg Fl oMg X 13
R T — AR, H Mg BUR BT
oMg,7E 1 mg-kg ' A1 5 mg-kg '"FALELT 2 R AR
FEEE A I 3 T + 4 EX-Cd #il CAB-Cd [f1] FeMn-
Cd ,OM-Cd F1 RES-Cd ¥4k, 7€ 10 mg-kg ™' #1 15
mg-kg " EE AL PR R R #E T £ 3 EX-Cd 7] CAB-Cd,
FeMn-Cd .OM-Cd 1 RES-Cd 554k, i3 15 5 g azl20]
FEF % BT 45 26 SRR AT RE &l T
Cd 5 Mg A AHIF %S HL 7 RN () 2 7242, 76
B0 B 3 4 s d A5 2 A N G Mg
WAL 4 2 T A7 A R B AR 3 &Tﬁﬁ%#“z
F5 nMg HI T S A BORIAE B P 45 ) Tixﬁiﬁﬁﬁxﬁz%
H nMg ifﬁxﬁ%%%? oMg. ,-" : f,- .f
AR B ?‘%ﬁi%ﬂﬂ 1 £ -4 EX €A
PR T Bt A JLE EX-Cd 3 4 1.75 BE ii%
FORLO YDA L AL #Iﬂﬂc@)ﬁf [ZEP NN

Tﬁ%’%lﬁﬁiﬁiﬁ%ﬁ’] pH H I 30 P gfli L3

VAW PR PE L JA 4 OH ™ Si03” M cor- W
Jm fiegle T2 AL E%@ai"mf’l?lﬁﬁzﬁi SR I ok
PERESESEN TR ii;%fi*?%éﬁ 28 d it
FEHp ,M&Fiﬁmﬁ@iéﬁiiﬁ% EX-Cd 7 ARl #a #
AR, i A K T 1) 158 EX-Cd & &
B4 75 BF [] () AR 35— 35, Y R I DI 55 1 565
0~7 d 148 EX-Cd & & B Wi FEAL, LA TR 7
d BN BN, 3855 0 d B#RAIK T 37. 8% ~90. 0%, 55 7
~14 d 23S NIEFRIE 14 ~21 d BAB T
R, BB FRAOAE 28 d B A TR, BRI - 7R 45
BT I 5 EX-Cd 7% 5 Bl KT 77 1 7] (9 42 fk
PORTES B 7E 1, 5 F1 10 mg-kg ™' RAabFE AT 158
EX-Cd &AL R NITF IR TR0 0 ~ 4 d &
WA, TE5E 7 d FEA N, TESE 7 ~ 21 d BREAR,
HAES 21 d BFRBEARME, 355 0 d BRI T 36.2%
~60. 4%, (A TE45 21 ~28 d I X FF 4G 1| F+; 78 15
mg-kg ™' FAALFE R AN [ A0 B TE] A4 1 58 EX-Cd &R AE
BRI A R — S A AR R, REBCR BN
FEREFRISE 0 ~4 d BWIREAR, 55 4 ~7 d FFER T,
ST ~ 14 d UOFIRRRAR, BEJS 5 R1055 14 ~28 d
TR UEBAAE SR 25 F T Y b S HE T s Y [

E A T AR B AR B A 4 b ) T S A AR
ori H 2 R IEAE R IR AY 28 d ORI F T
2L S AR BRI ST 4 RS A A BTN ]
IR O e ol ol S S Bl o (1
(3 mg-kg ™) M TFEFRIVEE 0 ~ 14 d PR, 7E
%14 ~28 d AR, SH (6 mg-kg ™) RMFT
TESEFRNEE 7 d BRI 3k 21 4 s FR P+ AR
e RAE 3 mg-kg T HRTE YL A A T SIS LB IE S
FEREFRINEE 0 ~ 7 d PREFEAR, 25 7 ~ 14 A B FH3
5,55 14 ~28 d BT R 10 RA 5 BE B A AE A 1
e e S 8 (A R I N A B B 21 A
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