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 E: NTHY KMnO, BRI KRR RBE A5 e R (He) . #(CA)RBHIEECR, it A i s A IR [
HIER B RE SR (MZO)XIK R Hg Cd RFRMRHE, MRPR DIEARES Hg, Cd & &AM IRIEIE B2 m , JHRT T MZC B
KRR R He . Cd B REALE] o 45K . 52 AXTIEAHEL , B9 0.5% 1) MZC (H/KFFFFRL Y SR (THE) . HH 35k (MeHg)
AUSER(TCA) S AT BIRFIR T 50.4%.58.4% F179.3%, [RIRTFEAR T 31.1% A1 39.9% MR HHEARES He Cd W&, (BN T 70.3%
MRPREHESAR & i BLAIN 0.5% MYRIGIEEE R KREFFRIH THg. MeHg Al TCd & MR B2/ MZC, RHZL KMnO,
DO T LB RS A A 13 He . Cd AYBEMLEE )y o AKARFPRIRIZE Py He, Cd S RAMRPR LA S He, Cd SRARMEE
MZC I 3 0 S 0 S A AR . AHSE AT W, KARBATRLANZER Hh ) THg, MeHg. TCd & SRR HEH A RS He, Cd
SREDEIENE, mAEPAENE He, Cd &8 513 pH, CEC R HM3E, @I MZC ffi+3 pH, CEC Fli, ML TARPR 1%
W Hg. Cd Ry, D TKREH B3R %t He, Cd MMl 2R, DI, SRlohhsg 2 2 —Fh Eog BT i RE R B
Hg. Cd & A75 5 MK e 7= B R .
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Effect of Mn Modified Pig Manure Biochar on Uptake and Accumulation of Hg and Cd in
Rice

WANG Yuemei'?, WANG Zuopeng', LI Chengjun'?, ZHAO Ling"?*", TENG Ying"?, LUO Yongming'*?

(1 CAS Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences,
Nanjing 210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to determine the inhibitory effect of the application of KMnO,-modified pig manure biochar (MZC) on the
uptake and accumulation of Hg and Cd in rice from a combined pollution soil, pot experiments were carried out to investigate the
effects of different dosages of MZC on the accumulation and distribution characteristics of Hg and Cd in rice, the concentrations
of available Hg and Cd in soil and soil physiochemical properties, and the possible inhibitory mechanism of MZC on the heavy
metals in rice grains was also discussed. Results show that compared to the blank control, the addition of 0.5% MZC reduces the
concentrations of total Hg, methyl Hg and total Cd in rice grains by 50.4%, 58.4% and 79.3%, respectively, and the
concentrations of available Hg and Cd in rhizosphere soil also are decreased by 31.1% and 39.9%, respectively; however, the
concentration of total Mn in rhizosphere soil is increased by 70.3%. Furthermore, the addition of 0.5% pristine pig manure
biochar decreases total Hg, methyl Hg and total Cd in rice grains significantly less than the addition of 0.5% MZC, indicating that
the modification of KMnO, can significantly enhance the ability of pristine pig manure biochar to passivate Hg and Cd in soil.
The concentrations of Hg and Cd in rice grains, stems and leaves and the concentrations of available Hg and Cd in rhizosphere
soil are decreased significantly with increasing the addition dosage of MZC. Correlation analysis shows that the concentrations of
THg, MeHg and TCd in rice grains, stems and leaves are significantly positively correlated with the concentrations of available
Hg and Cd in soil, but the concentrations of available Hg and Cd in soil show negative correlation with soil pH and CEC. The

addition of MZC increases soil pH and CEC, which decreases the bioavailability of Hg and Cd in rhizosphere soil, and thereby
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reduces the uptake or accumulation of Hg and Cd by the aboveground parts of rice from polluted soil. Therefore, MZC is a

promising remediation agent to ensure the safe production of rice in the Hg and Cd contaminated paddy.

Key words: Mn-modified pig manure biochar; Rice; Hg; Cd; Combined pollution soil

T, T FERR b IX A A7 T ER A 4
J@inYy, HE NEEGREGT5% . W5t A W1
TR N R TR BB BR TG ol , 3 R ik H £
HORHe)f(CAE AT 44 k™ & , Hg FI Cd HF-H
FrIRF] 14.15 F10.87 mg/kg!"!, YL GB 15618—
2018 ( HIEARBT U EE A FH M - 49875 Y KU A5 4 b
GRAT) ) PIAGRURS: O e e . AR -39 7 42 J V5 Y AN
SIREARA = Sl A P R I 2538 AR 7 AT AR A A
HEE, (FHIEA B YEE, JEmx A s ™ &
fa i, WFERM, He. Cd & A75 Y R 1Y K
FPRLH He . Cd B & e fie i T 5 0.027 . 1.48 mg/kgl!,
B T GB 2762—2017 ( &M% & EZRIE &
Ty e R ) MER) He, Cd SRR, Wik,
WRATT AT ES B E ST AR B E ik, )
BEAR P S A L B

YT AA R BUR | fLBRE | MR e 4
R, WU T RGE H R B S R S S R 1k
WA R . BFGE R, AR B e st T e
A ARG P, i Bk R Cd AT RF
47.3% s UK RERS FE e AT LAtk R AR K Rk
(A F LR A ) (R SR T 3% ~ 5% R
Jo i s 0 A BI85 AR Sz R
T 5 000 JT/HE (1 H =667 m?®), fRXMESZERN T4 H
HERIGYMER . L, B AT T — R 50t
AW BRIBIETE . AN MR O 7 A 0 IO o 1 5 1 %
Cd MW BHRE ST, SR RME BRI N T3 3 505 fifiek
PR A Py 5 ¢ T LA ) 38 B 3R OR 194 7 A Rk 2D 7K
FPRL s R W IoR , H AR W) B 2H s M ) i AR Ak
S Y 22 S RO et A W o Hg! A ed!)
TR M M AR SR, H AT K 2 85T ie 2
ETHR—feEEmrtENBE, 3T He, Cd RS

YN E R

WAEY TR B B 3 A R R R S
FE e LU LA JORE ) B A= 9 TS e 3 A1 B 2 5 W R AT
UL . e R Mo R, fe i E e m L i
P TEME, JE—Fh R TS IZ AR A LI
T X 2 HEA T Bl PR AL B, AT DL i 4 R A i
SR BRI 5 E 4B I ke s A,
Pt v FOO E 4 SR B BE ) o O T P SRR R 3
XA E AR Y B W ), A G i AR
5, B KMnO, BPEREZE X Hg. Cd B AT5 5k
FH K R 4 A 7= B S By FHASCR | 00 25 R 53 i el v
TG FE RN KRR R PR i B2 A 4 i B ML, S i
R MRS 3 AT He . Cd H AT R HKAE 22
7= LN AT AR SR AR A AR

1 #REFE

1.1 SEMHEERIE&E

IR FE A M B (ZOE N, “URAE R 550°C
Pt 6 h HilfS. K 500 g FERIEFEHAE 1 000 ml
0.1 mol/L Y KMnOy i 8 75 1= 2 h J5 g, 1%
AR 4 FH 25 B ok by ok, &R 80°C T
8 24 h, FEE TP A N,, 550CE B 0.5 h il
PR U 3SR (MZC) o

WA 3SR B BRI B 26 1 R, Z60d KMinO,
M2 IR, MZC B R ERUR ZC 19 10 f5. R,
MZC H EFLEL S ZC 1) 5 4%, FHFLAEI 9.03 nm
J/NE] 3.84 nm, MZC ) C, N FEFE(K, O & EhE
hn, i 36.2% HENE] 38.9%, pH HIBCIERTHY 7.97 %
9 7.55, FEFH T EGR(THE) . MER(TCd) & B Hm i
T NY884—2012 (AW AHLAL ) WERA THe<
2 mg/kg Fll TCA<<3 mg/kg FIFRIE .

R 1 JRIGFIGHR RS 2E R B4R AN R

Table 1 Compositions and properties of pristine and Mn-modified pig manure biochars

B THg  TCd Mn  WERmER  SAE Ffe pH C%)  N®)  O%)  P(w)  K(%)
(ngrkg)  (ng/kg)  (gk®)  m¥g)  (cmlg) (nm)

zC 10.3 324 011 4.35 0.01 9.03 797 6043 333 3624 048 2.09

MZC 10.2 377 243 48.25 0.05 3.84 7.55 5279 106 3892  0.56 431

1.2 HitEESE
IRG AT A S AR T, R HER) He A
Cd B34 8.30 mg/kg Al 1.23 mg/kg, HARDE

A4 0.084 mg/kg Al 0.63 mg/kg, pH M 6.92,
AHLREEN 21.48 g/lkg, AT N 1.46 gkg, &
BEE BN 0.58 g/kg, SHEEN 18.27 gkg, TFEA
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T 142.11 mg/kg, ARUMES N 8.18 mg/kg, #
BB 257.41 mg/kg, BHE T35 (CEC) N
8.51 cmolkg. KINHT, REFMAKHEZ L0 ~
20 cm) AR TS PRBR A . IRAEZY), o 10 H
iR 51 £
1.3 #iile

TR A TR = P T AR . MZC
WE 3 AR, 550k H TR 0.125%.
0.25% HI 0.5%(Cxh HEJHE R 2 812.5. 5 625 Al
11 250 kg/hm?, 43 5iEAE 0.125%MZC .0.25%MZC Fl
0.5%MZC), Rl ZC Fhnfe b 3T 0.5%
AEERGESE 0.5%ZC), LhRZS X IBALBEGEME CK),
5 AR, FAbEE 3 AR TR Ak e IR E T
BEMLIE L, AR 2s . g i A dli Pve
MBSR L, R — e e M, K 4.0 kg 15 T
BNV ARSI FHEAM T, IFE 0.14 g/kg
CO(NH,), Fl 0.44 g/kg Ko;HPO, 1F Jg A W1 RLAE

SRR A KRG A AR « AR 7 VR
55 KR AR . KREF T 30.0% H,0, {48 15 min
i, RAERWEN 25 d EKBAHEEEL 10 ~
15 em JE MR ASL, B4 3 bR TR # )G
15 d W)PRFREACIRA , FEA A K ORAr ] B ACIR
A, WK KT S T Y 1 em.

FERFRCR I, B s AR B B, Bl
R SR BRI 30, R R A TR AR 2R 1w 1Y
T, ERARBR b RIEREGCREFRHRTE, &
ZWHE S 100 HORAFE T o RFE iR B K A
FIARER . 25k FPRL 3 F3, KoRAERIALYRE & 5
FHECRIK e LB R KL, PR B FK i 3
W, WURTEE . WS . o 60 HIf, MFE 4°C A1
TRAEE
14 MEMHESAHZX

+3E THg M . 218 HI 923—2017 ( H3EH
DU BRI AL B2 TR I 4 e
) U8 398 TCd Al TMn(iEh)I5E . 208 HI 803—
2016 LEMPLRY) 12 Fh &R TR E FKHE
B B A S B AL ) T REERAGE Hg
W5z S (R ERESRmmE k) ', +
B RS Cd. Mn a2 : 216 HI 804—2016 ( 115 8
FASSICREIE = 20 =M LRI e —HL %
A B PRS0, MRS THg M
ZM. GB 5009.17—2021 (& fhZeERmE 2
HROR A LR e ) PO REARE S TCd AE
Z 8 GB 5009.15—2014 ( & ihZ 2 FERRME it

BRI E ) B IR (MeH) R AE . S8 (BN
B AR SR ¥ Y X R K OR 3 A R AIE S A 2L R
) B EFRBOFFRIRE S 0.2 g T 50 ml B0,
HIA 250 g/L KOH-CH;0H I, 80°C /4 T /KTl
fift 3 h, VMW CHLCL #EHL., W45 RA L5
R B, FH Tenax & AN & /5 &A%
JE -5 ARG I ASLIBR FH I 5 8

A T I R - S R g (BRI
g4y HT ) B, SR HA YA A2 418 pH; SR
IKA I B TR A - L B I e H A ML SR
T PRI 28 R0 5 439842 0 SR I BRTR A 45 R 2 ) o 1
e aml s SR A A ARG AR I 2 AR R FH B
i HIOER I 52 - SFEBRLA 2R 5 >R F ik R S A kil o - 3¢
AR SR TR PRI I i 1 49
1.5 HESH

SCHREER A SPSS 28 T4 T4, Pearson
FHOE R BOR VAT /08T, LSD Eik AT £ 8 A
XS B FEVER K ; R OriginPro 2019 HE74A .

2 GRS

2.1 RINFEZERITKFEERML Hg, Cd 2R

WE 1R, WIS A3, KRR RL A
K (THg). W HK(MeHg) FLUEHA(TCA) Y & BT
CK 4b3, H MZC Ab3ECR B BAL T ZC 43 [FIET,
BEE MZC S 0.125% HmE| 0.5%, Fkir
THg.MeHg . TCd 1Y 7 543 5IFEAK T 28.9% ~ 50.4% .
40.9% ~ 58.4% J% 53.4% ~ 79.3%. 442t
5% 1975 U A I e LA K R PR R i EAL Heg A
MeHg &5 B TFRE T 81.9% F1 73.4%; T i i 2 25
IR, KRERER A Cd A Bl A= ) TR - 3
I SERARE TR . AR LRI, MZC X
K THg. MeHg 1 TCd W& FREMCRE %, H
i FH 2 3 fin R AR OR AR E o

KFEZEM ) THg, TCA /&L (& 2) 5 %FkL
HLE AL, 5 CR ALEEA EL , TR 28 0% b BT
5B FEFRAR T 220 THe . TCd & 4F; H 0.5%MZC 5
0.5%ZC AbHEfyZEnth THg & o & 22 5, T TCd
THRATEREES . FHE MZC dS i n,
JKFEZEM T THe & 2RI T 15.1% ~35.7%, TCd %
WK T 47.6% ~ 83.6%. 5 CK ZbHH L, 0.5% ZC
F10.125%MZC AR A T THe & &=tA B in, {2
B MZC a3, KRR THe & 201 8%
i T 0.5%ZC AbFEFT 3 S MZC ZbBE#HRYE
TOKFEMRA TCd Fi. X 5X0 PO e Kot
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Fig. 1 Concentrations of heavy metals in rice grains under different treatments
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Fig.2 Concentrations of heavy metals in rice stems and leaves under different treatments

T it o 5 ol S AR e R AR 4 R Cd &
TR AE R — 2R LR, N 0.5%9 MZC
AEA AR K R 3% He . Cd AUE SERE T, BRI
JKFEKFRI T Hg, Cd &,
22 ARMBERINVELTFEEUSK. RIEM

TIEBEA MR

FFE CK ALBE, ZC Fl MZC AbFREFFEAR T 135
Hg. Cd MR mMARE SR, HEEHE MZC B
AN, FEARSCRE M R ( 3). Hrb, MZC ALY
+3erh THg &t W35 TR, 1 TCA & REBE G F %
0.5% MZC AbFEXT +HEA RS Hg, Cd & it i RRAIREL
R EIET 0.5%ZC 43, {H)E, 0.125%MZC 43
HHEA AL He S UE N, ARG B 2
B AW e 1T R Heg AOA Rk, MZC Ab#E
A S Cd BIARR N 31.1% ~ 39.9%, AT
R 2 A 0 R K A% T AR W o it FH AR T
20.0%*F1 37.5% >+ HEA RS Cd, AER BT Y

MZC Xt -3 Cd AR AR T 4T

[, 5 CK M ZC ZbBAHH, MZC AbF i 2
BT ARBE £ T™Mn, A& Mn &, Hp
0.5%MZC AbFi%E CK ALEE TMn & #4255 T 70.3%;
Mk T8 T™Mn B98N, 720 Mn /) il 5 25
FiEs o

AW FOR BERAE 36 pH. CEC. A HLIRAEHE
FEPERT, 1 02 o 4 7E B3R A R . AR TR AR
B RTINS 2 s, 5 CK B L,
MZC Fl ZC Zb3fn 7 1-3% pH. CEC. A%
SO i, HLFEAE MZC WS i3 hin iy 2 20 17t
HHG 0.5%ZC Fl 0.125%MZC AbFEXF +EE HLF &
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Fig. 3 Concentrations of total and available heavy metals in soils under different treatments
*2 ARLETHIEMEAHERTK
Table 2 Changes of soil properties under different treatments
AL B CK 0.5%ZC 0.125%MZC 0.25%MZC 0.5%MZC
pH 6.96+£0.12b 7.16+0.12a 7.12+£0.13 ab 7.17+0.10 a 7.24+0.10a
CEC(cmol/kg) 8.90£0.39 ¢ 9.85+0.44 ab 9.43+041b 9.77+£0.31 ab 1037+0.39a
L (g/kg) 21.39+2.53b 20.59+1.73b 21.48+2.51b 27.03+3.44a 2533+1.97a
% A (mg/kg) 15248 £ 11.24 a 110.62+11.46¢ 121.53 £11.75b 120.09+11.67b 123.34+11.53b
A 3 (mg/kg) 12.11 £1.43d 45.93 £2.98 be 56.12+3.75b 57.19+3.21b 68.56 + 4.03 a
BRI (mg/kg) 240.12+14.09b 263.98+11.32b 261.76 £12.13 b 270.14+11.63 b 31098+ 13.27a

T AT [N 5 B3R AN ] b B8] 22 53 ik 25 (P<0.05).

5 &R R AL A RN FETNE RO, BRI 148
v Hg. Cd (ILEYARE, /KRN Hg, Cd 0%
W, T RRARK RG4S 0  Hg, Cd & sl &
& B AR KRG A5 HRAL Y 23 A1 5 A= 0y o e 1 1 ok %8 U0 A
XK, IBZ BN AW R AR - A BT MoK R A=
KIREEAE Z A R 52, FLRZ 0 i DG P R I T iE—
Az S

2.3 FIABEEA Hg, Cd HHHXEEE
2.3.1 JKFE&ERA; He, Cd SRMM M KREK
B Hg Cd & & AT 45 RNk 3 s, K
TPk THg. MeHg I TCd & 5/KfE2EM THg Al
TCd & A7 i E W IEAH DG, UK RE2Emrh i He
Cd HHRFPR A 2 . ARFRIAIE, KFEZEFF

K THg. TCd & 5 AR KRR R & A ik
S50 GRS | P RESE K REARFRAE A —Fh KSR 1 o i
FHIE T Hg. Cd Wym FiEf . AFREM, RPN
A BHASAR B 42 a8 1) LR A i A AR

i THRIE He . Cd LA ALK FE AT 50 A3 1)
SO, AR SCHEAT T 38 SUMICHE 2B, R IR ARG 25
Hg. Cd /r#iS5kekih Cd. Hg /A fi et w3 1 1
O, —HE BB BR P AEYMRIVER .
2.3.2 JKFESERA He, Cd S5 HER SR SR
MSEME Ik 4 PR, KAERPRL, ZErTH THg.
MeHg & it 5 138 THg & b AF AR 10 3 E AR G,
Wi KRE R B A I Y He; KRR RIZE
mrf ) TCd & i 5 T A RES Cd & B AATE &
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F 3 KFEEEBI Hg. Cd & EHHEXME(=15)
Table 3 Correlations between Hg and Cd contents in various parts of rice
FFRi THg FRi MeHg 250t THg 3 THg PR TCd 250 TCd H TCd
AR THg - 0.980™ 0.907" —0.045 0.891" 0.940™ —0.745
R MeHg 0.980" - 0.858" 0.073 0.879" 0.922" -0.692
250t THg 0.907" 0.858" - -0.153 09117 0.975" -0.867"
MR THe —0.045 0.073 —0.153 - -0.116 —0.084 0.108
FARL TCd 0.8917 0.879" 0.911" -0.116 - 0.970" —0.649
2 TCd 0.940™ 0.922" 0.975™ —0.084 0.970" - -0.799"
R TCd -0.745 -0.692 -0.867" 0.108 —0.649 -0.799" -
s *FRIRTE P<0.05 ACFAHOCHE 2 (BUR); **1E P<0.01 7K-FARCHE R ZFGUR); FAl,
KIBEEAL Hg. Cd BES5TEESESEHHEXMEW=15)
Table 4 Correlation between Hg and Cd contents in various parts of rice and heavy metals in soil
FkE THe FBL MeHg 2t THg H#E THg FhL TCd 251 TCd M TCd
13 THg 0.961" 0.903" 0.969" -0.158 0.866" 0.944™ -0.841"
RS He 0.704 0.636 0.897" 0.019 0.694 0.812" -0.918"
+ 3 TCd 0.622 0.57 0.812" -0.012 0.554 0.717 -0.972"
AR Cd 0.945™ 0.987" 0.794" 0.123 0.845" 0.883" —0.66
+ 1€ T™Mn -0.819" -0.822" -0.606 -0.353 -0.537 ~0.64 0.62
TIEH RS Mn -0.805" -0.818" ~0.583 -0.363 -0.519 -0.625 0.617

BIEAR DS, IR REY cd M ERZ 1 cd A
APER SRS . DAHOCHE S Hr ik vl LA, L Erh
THg &a5/KAEkRL, 250 TCd &, IR
Cd & S5/KREFPRL . 250t THe & & 2 [BfF7E 851
FHOCHME, (HIX R DG 75 2k — 2 5E .

X A3k Mn 4rHT 2B, AKAEFFRLRIZENT THg
MeHg. TCd &5 TMn. A5 Mn & =2 B W
SRS, DRI Mn 0] T KRG B X
Hg. Cd M2, XAIGEEH T MZC Ay
X Hg Cd W BAEHBEAR T /KREXS Hg Cd A9
AR M CA MR, 3 m 58 rh Mn 58,
REREINHIKREXT He, Cd Ay SARE34
2.3.3 JKFESEBAL He Cd &5 3 3 B () 4
Kotk e 5 Fron K RSFFRL 250 THg \MeHg

TCd 434 5 138 pH AR & AR o SR
R, HHEPAR He & R ATE pH 4.82 ~ 7.11 3
FIPIREZE pH AT nts; KR8l d & i
B pH (24 SRR, pH ly 6.5 B}, Cd WUkhE
Jitm o, A, HIERES pH>6.5, KFET Cd
FR A 3% pH L. & 5 ZRiA R, K
kPRI A7 THg. MeHg., TCd &5 148 CEC
IR ePE S pH 4 A —3

TEXTIAFE R . A RO | R e KRR A5 L
Hg. Cd ST M0 G BRI, KAREFFRLAIZE
M- THg. MeHg. TCd & 547800 . SRR it
AR OO, AU FFRL TCA % 2 50 A
ErR AR A e, XS B AT G A9 S
Cd e J5 I 25 it 22 Fe 1 M v S 2 B i ) 235 SR — 3BT

x5 LTRMREKEEEA Hg. Cd 2 E2RHEXME(=15)

Table 5 Correlation between soil properties and Hg and Cd contents in various parts of rice

e A FEHL 2t HRFR FPHL X R

THg MeHg THg THg TCd TCd TCd

pH -0.951" -0.917 —0.947" 0.2 -0.972" -0.977" 0.736
CEC —0.944" -0.897" -0.98" 0.059 -0.892" -0.967" 0.889™
AHLET -0.703 0.681 —0.462 -0.303 -0.374 —0.463 0.366
Rk 4 0.582 0.598 0.667 -0.188 0.871" 0.754 -0.293
EEp -0.932" -0.968™ -0.804" -0.087 -0.914™ -0.909" 0.612
AL -0.862" —0.846" -0.815" —0.211 -0.766" -0.844" 0.836"
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2.4 I1TiE Hg, Cd BEMNXERE

mE 6 i, HHEAR He S5+ CEC &
WEAAE, mEHEARL Cd &5 13 pH, CEC,
TMn & 5 A 30 Mn & i 2 0 & UG, R MZC
Wi T 5 pH, CEC. ARHE. #5 , TMn
FIAZL Mn Fa, SRS T 2P ARGS He, Cd
ok, NPT KR FFRL 4% Hg . Cd IR IR
o BT LA X 58 OKFEFFRLRIZER: Hg ., Cd 434
S K 2 B A ST, MZC BHEEXT K R kAR He |
Cd EBrTaeMLEHI 4G DOntihn zC, JHIE MZC
HahnT £33 pH. CEC FIA RS . Sy &, i
MFAR T £33 A RGS He, Cd i aE, sk
FEFFRLNT Hg, Cd MMM, @MZC Wt fH, s
TIEFARL Mn &5, BT Mn Rl Cd 7EKFE A%

B AMERY, i Mn 5 Cd #9384 4 AR KRS
Y/ T X Cd BRI,

F6 TIEHg. Cd BYHMES HIEMRBEXE(=5)
Table 6 Correlation between availability of soil Hg and Cd and soil
properties

pH CEC AL TMn A%E Mn
A& Hg -074  -0.893" -0374  -0.545  -0.519
ARAS Cd —0.864"  —0.847°  -0.636  —0.823" —0.830"

3 ZEig

DI MR 2 e, AE W E R 1€ pH.
ca:ﬁﬁ%ﬂLﬁ%Aﬁ HEMREAR T 3 A 3L
A Hg #1 Cd W&, MNmosisb 1K A - #8%F Hg
(M%%WEAO

2 AP A 3 ke 14t FH A B3 i 338 rf TMin Al
AR Mn &, i Mn 5 Cd 7EKREW IO 12 R
HsE A EH , 2088 TR el P 2 K A i
FR A Cd BRSO . ANFTRAERE , Hhik
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