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FE R IR AR AR I WA T MR 4300 1 x 10 cfu-kg ™' (T1) F12 x 10'° cfu-kg ™' (T2) BB 2 F0AFF B, ST ENBESF SR B 4 4
B Cd HIANES Cd &i S 4% pH Wi, 25 R DUREERBRIAE % I A0 38 T1 (T2 #b 3840 AR W0 s 4R R 800 3R 13,58 .16.83, 5
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Abstract: The effects of two inoculum concentrations of Bacillus mucilaginosus (1 x 10" cfu+kg™ (T1) and 2 x 10" cfu-kg™' (T2)) on Cd
accumulation in Brassica juncea, available Cd concentration and pH in soil were investigated using root bag pot culture experiments. The results showed
that the Cd bioconcentration factor of aboveground parts in treatment T1 and T2 were 13.58 and 16. 83, respectively. Compared with the control without
addition of Bacillus mucilaginosus, there were 42.95% and 77.16% increases, respectively. Likewise, the Cd bioconcentration factor of underground
parts of T1 and T2 were 4. 35 and 4. 83, corresponding to 24. 64% and 38. 40% increases compared with the control, respectively. Meanwhile, the
removal rate of T1 and T2 were 1.73 and 2. 20 times that of the control. The concentrations of soil available Cd in control showed a decrease pattern with
time, and the decrease rates of rhizosphere and non-rhizosphere concentrations of available Cd were 32.93% and 45.54% , respectively. However, there
were 15.15% , 31.73% and 36.54% , 45.28% increases in rhizosphere and non-rhizosphere concentrations of available Cd in treatment T1 and T2,
respectively. At harvest, the decrease rates of rhizosphere pH in T1 and T2 were 1.08 and 1. 10 times than that of the control. Under different inoculum
concentrations of Bacillus mucilaginosus, negative correlations were observed between concentrations of available Cd and pH in soil. In summary, the
results indicated that Bacillus mucilaginosus could enhance the remediation effect of hyperaccumulator by impacting the availability of Cd through reducing
pH in soil. Therefore, this study could provide theoretical and experimental guidance for microbial phytoremediation of heavy mental contaminated soils.
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1 5|5 (Introduction)

TG G AL ARANE Ty —Fiopr 2410 « 2 0 A= )
AR, BEIE A ) AR FR B HERE 5 Y o0 I, 18 5
T Y% 3 1Y) [ B R 23 R A R 45 4 R B 0 A S
. EARSR IZ RN Ry —Fh B | KI5 /NI
ERVERT A0 A AE B H R B B 31 5 18 5 40 Sl A
FEMH. FER I B YRR R AR
iE R AR PR A S TR vk R A
LTS JE s A DG, R, MR PR 5800 pH [
LRI A YA RO R R e A U ) R
B R 2, 38 AR Bs £ 4 vp i 4 B i AR A s
FITHe B 18 2808 (] £ 45 ,2006) .

WFoE & BN, & 4R A W) e 32 B 5 4 o e AR
R U2 BTN, AR 2R 0 W AR R R AT AL (R
BHLR) BEE & H 4 )8 SR AL AR B, DT A 2 + 52
T4 A MV i FAR 2R 0% W s (A TRUER AL 2006 ) L Al
AWFEERY, Cd B EEMY e £ IR RS
Cd Y J5 R AT BE R AE IRl T, AR Z 4000 Hh Rk 43
W] L) — P B A VA AR R BT A 1 Cd,
PR A YA R, TR, MR PR R 35 1 & i
B AW T AL R W S R 4 T A5 e DR B e R
MU R R AR ST, MR BRAFE B Ry,
MR A A Y L A B RS s R AL RE 0% 43 i 45
KA A VLER, i GE7E A A i sh v A i — 2t
AR IR AR W) I, (e R A K )

I3 B R I A A R A B TR AR B
SRR AR, H AT E AN S Y E E
TFBORIGH S g L3 p B b A IR BR A= 5
AR Z BN A AR HISCR WA 018 2. I, A
MR BRIAE G AT WS, A B T - He i P i
HERE G SRR 5 P

Jid o 2F # 4T B ( Bacillus mucilaginosus ) 185 F5
FRERZNE (Liu et al. ,2006) , J&—Fp 8 R Fr ik 19 1
BRI A DI EE NIRRT, © T LU
LA E K P Si ST R AL AIE PR S
BERE Y AR A L. DRI 3 DU 32 A A ) AT R Al £ 3
Tt OIS ) AR B Bl A 2 P B 4R v 4 R A A K
P, AT o T B 400 1) WSR2 b, A S
A AR B a0 T 5 S 24 6 A T RS B RE T S
A Cd AR HERCR, DL i R A A
PRI AL PR 7, LU oh Ak Wl B A 18 52 35 e
TIEAHLEPEDF SR IR R

2 #RI57FiE (Materials and methods)

2.1 BhRMEyp g

PR AE W) . EDEEIF 38R Brassica juncea 1) Wild
Garden Pangent Mix /i Flt, Fh -k B F 32 = 4 #0 XI M
“Wild Garden Seed” 4¢37;.

Hi 4 R BT IR A PE AL X AR AR B0 ~
40 cm B L, LBRAEDIRIE, T J51E 3 mm G
T, FEA TR BRI WL 1.

R Mk BB T

Table 1 ~ Physical and chemical properties in tested soil

cd FHUR 4N W N o P B K B
/(mg-kg™") /(gkg™") /(gke™) /(mg-kg™") /(mg-ke™") /(mg-kg™") P
0.32 9.67 0.46 46.20 22.21 133.33 8.03

TE:pH MR 7K : 42 =2.5:1(mL-g™").

2.2 HREHREIER

JIE I E A AT BT F T b AR A K 2 A ARl 2 2 B
PR B ZF AT TR R AR HE R T LB 35 35 3k (AR
FIFFE10 g- L7 BERE4REU S ¢+ L7 4L 10
g L") AR L s Ak 24 h, SR JG FHEEE T LB WA
?EF%J_‘,ZS °C 230 r-min "PEFHEFEE 90% DL I 7
%, A EEEETHE A =660 nm TR % R EY
BICE(T) VHE 50% , WG H WL N 1 x
10° cfu-mL ™" 1M R & H.
2.3 Rkt

- AR B 58 7 T U ARk K AR X H G iR

AT Cd 15 Y IR . Cd DL CdCL,3/2H,0
(H3HT4l) FE AR AR TE 20 A 1 p 48 Cd &
wHR S mg-kg ™', TR, TEIER T T 2
A JE#H.

I ARG R YR N R A 1 2.5
kg( IBET +31) BT AA 0.2 g IREFN 0.4 ¢
TR e VE A RN, 359 2R FH 43 A 4l 350, 5 44—
IR A %40, BRI R AR AL 43 B AR By - e
HEPR 48, AR MRAS P + 300 ¢ OB T A8k ]
MRASE T 00 2 om, PRAFFARLE A A1 256 0 B — B
T2 B F R K 5 A )RS K 5 1Y 60% , F45
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33 %

¥

1 JE 5 B BE TS FhF EAEREAD TARAS A 1 A
JE I HT, B RS 4 MR EENE ST SR A K 10 d A,
A3 MRHAR B A AR bR - S A T i A= b

RIS 4 A AL, DLAS H2 R TR VR S ) IR A
(CK) , i AN [ H2 RV B2 1 T1 T2 PSR 3. S
525 50 mL iGN 1 x 10° cfu~mL ™" A4 ISR 2
FORF B VR TC R KB B 2 100 mlL, Y5 B T 4%
RIS AL, T ASTE R 1 x 10" cfu-kg ™',
T2 AbFHIG B EHRE A 2 x 10" cfu-kg ™" 50K B
INERAE TS 3, BRI A B R AR 3 75 AR ST 32
A RAE L, E R B R R 58 KA ) AT A — IR
KRR FEANEBE 10 d RER 1 Uk, HEREE S IR
2.4 HERXEHNTE

- ERE S R AE N KRR A IO SR B
AR AR 08 4 mm 2247 A9 HHEVE AR BR . i
EARAR PR 3, X AR A4S 5 mm AP H 30 6 S EAT
RAE B FTIURE S R IR G IR EEE N AR,
AN RPRLR I AR A7 £ .

FEIRE R AR« BV I 320 T 5 HCHh, b 343
PR KA e K ik T, SRIE A8 T
KR 3, P FH W K AR T 2 TH K, DN A )
b BRI SRS KA P H R R Y A
105 CHMT  MFNRTE 0.5 h, IF7E 80 CH&MT
PALE VEI O 71 T O L 1 5 i BB [ g
TRAIREAFE S AS 5 .

P A 1 B AR B AR 1 5T 40 B SR A b H
LAy B vk (8 3 ,2000) ; + 3 pH fEWK L b N
2.5:1(mL-g™")F, %8 pHS-3C % pH il 5 ; B}
FEFFEEH Cd 2R iR (HNO,-HCLO, ) Wifit ; 13EAH
A R | DTPA ( DTPA-CaCL-TEA & %,
6 mol-L~" HCL ¥ pH & 7. 3) $2HL, £ 24 J5 1
WO TS s (ZEEnit600 , 7 [F HR 5228 7] ) I 5E (4 22
75.,1998) .

2.5 BABAE

FHOGIRIS 5 I 5E 78 2012 4F 1—6 H M 5E . %L
PEIIH SPSS 17. 0 B A% AT I 22 43 1t B AH 4 43
BT, /N 35 22 57 (LSD) i 22 5 LU 4%, Excel 2003
BATAERL.

3 ZRE545M (Results and analysis)

3.1 REFHAEAEN A L T H L Cd
SEWNYH

X AN TR s 39 7 R 4 114 B 2 I S RN R - S e

a AT A A3 AT, PR I R T I 2 R TR AL B
ENBEST M I T &84 Cd & s A A R FE B 1
Bagm. E 1 AT RUE AR R (0 d) Z )5, A T
SREERFR] R, T1 T2 AZb PR 5% 18 (CK) A He, HE 9 Hb
b MR E Cd S EHA BE (p <0.05) Bk N
ENBEST R 360 Cd &k E, T2 A FR Y 2 v
T CK, M T1 ZPRTESS 4 |5 YCRFERT (5 30,40 d)
HoCd oA BRI, T1 T2 Ab B8 2 ] #3543
Cd 7 122 52 IF A Ik 2B (E AR B Jd v 0 B

BCK 8TI] 8712

[N}
o

r a.

W
(=]

&
(=)

H1 E#ER4 Cd &8 /(mg-kg ™)
s 8

=)

S o

(=]

553
S
1
=2

W (=) W
4
Pt e e e R

HFHR S Cd A (mgrkg ™)

IRRNANANNNNNNT

2

PV

>

.IO . 20 . 3
FRAN G SRAR I 1] /d
1 AEFBENEITRS Cd &= (EIP S 3 IEE 1T

A + RIERE R R/NG 7 RER R X IR CK S5 AR T
T2 Z AR5 2 57 (p <0.05) , FIF)
Fig.1 Cd concentration in Brassica juncea at different sampling

times

BB ST 2R 134 (R38R w4 AR
JEFHENFEIT 2 b3 (MR 3843 ) X 5 4 A
W 5 b A R A 0 R RN, gk 2 fir
7 WO T1 T2 Ab $HED BE v 3 b 13 73 A= 0 s 4k
AZE05 13,58 .16. 83, 5%F 18 (9. 50) #H L4 1)
PE T 42.95% 77.16% ;T1 T2 A FEHL T 34044
EERBIN N 4.35 4,83, 5 HE (3. 49) AH L4y
SRR T 24.64% 38.40% . T H. T1 T2 &b i B
JETFEEM Cd B4 BT R Y 1. 60 1. 85 %,
UERT DA $R B V% BN RE T SRR N Cd & i B
BETRME R, 558, B EE4RTE
Yo+ MR AR PRR SR (B ER0CR) |, B4 b
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BRSO A R R S R R A R
BRI T4y L (R A 45 2002 ; BE 7 7 45,2007 ).
SHE— 3540 M7 BV JE SR 3% Cd 75 e - HE B v 4 R
LS HEERXT 3R AR 2. 57 % i 280 T

ALBRAG T1 T2 b R ATk 3 4. 45% 5. 64% , 47
RN HRAY 1.73 2. 20 £i5. EHLR AT DL B A
T EL AN R TR AR I AT LK B R s i e 2

R2 HEFREMEERMTHUE

Table 2 The bioconcentration factor and removal rate of Cd by Brassica juncea

Cd F 7/ (mg-kg ™! % b - 45 i A E SRR
A i{ﬂi%!ji = éﬂh%% Ei’gj is ' ﬁiijk? fi Hh F R Hi R AR e
CK 35.43 £0.18 13.01 £0.90 0.25+0.11 3.73 £0.42 9.50 3.49 2.57%
Tl 46.73 £1.54 14.96 +0.86 0.40 +0.09 3.44 +0.16 13.58 4.35 4.45%
T2 53.03 £0.39 15.23 £0.62 0.46 £0.12 3.15+0.09 16.83 4.83 5.64%
TE R EUE T 3 YR AP I (E = bz
3.2 BEFMAFWAES LRAHA C 4 F 25
- % 2ol ek
AR /O LA S E e e o I
A RS RN B . AR i I P £ T 22 1 @ L c
DTPA 4 HHEAT A4S Cd HEATHEI. P 2a AT L g S
7t B R A (K ] 22 K% B (CK) -8 T
AR Cd it BB B A T R JERPR(N) + T w w w
HE Cd & BT TARBR (R) LT e e ble. 3Bl _asp Rpe i d
AR AR B - S A Cd & 4R A D T R
1.461.38 mg-kg ™' FE ARSI SRS 0. 98 0. 75 sl ; : C
mg-kg " I HIFEAR 32.93% F1 45. 54% . X 7] RE S € oL a )
T B M PR A L AR Cd TR 'l e
A0 E B T LR S G v e "
AL P T 42 B Cd A W, PR i % B 24 T
U RS Cd B B L S ~ase b :
F A K T P 5 A0, ELAR PR 20 d 2047 BRAIE B8 2500 L
e AFUARBER 01T Ca AR BEI 2 75 Sl = ¢
AR PR 40, 32001 60 7 I SR B4 A 0 R 11 - 3 Sl L e
HAAME TR A& Cd, X 5 70 8 400 55 (2002 ) BF 52 &5 2R g o5t —a— TR
—Z. T 0 ! w ! L |
SRIAIL, B 2b 20 TR i, Zaid b B T e

J& T1.T2 i A AGS Cd & i3 R8T
FaFe, ELANTRL SR A i AR B 1 A1 280 Cd 5 i
Py TR S 3. T1 Ab PEAR PR AEAR R 3 &L
A Cd s M NFEFERTAY 1.82.1. 37 mg-kg ™' 1
JE] Wi BRI B9 2. 09 1. 81 mg - kg™, 4> 4
15.15% 31.73% ;T2 AbFRARER AERR BT+ A Ak s
Cd A3 LAY 1.67 .1.38 mg-kg ™' 3 F]
WCARITHY 2.27 201 me-kg ™, SIS 36. 54% |
45.28% . 3% AT REE M TOME R bR A L5 A
S AU S B sl e AL T RO P E R Cd, 42

B2 AFAERALERERS CdRE(AFR/NSFRRRZIM
LA RFER I L5 RGS Cd 227 B3 (p
<0.05))

Fig.2 The concentration of available Cd in soil during different

times

w5 1 Cd BYLE WA RO, T ELTEAR B b A B AR
FHEE AN R, B bk AR AR 28 A9 AH LA 3 20 Cd
ORI 2P € 3 ) [1E/E T e w5 S O e 57/ B S € 32 ) I
ORAT B T SR AL B W SOR R T e A v
k. IE 2b (e ik o] LA, 76 AR FE A AR AR R £



1652 7 A - T 3%
HERY 20 d Zeg, RIPARGE Cd S RETSEHE  pH ZEARFIRAEIHY S B 22 5 0 0 2 (HR ) v
PRI, X T REJE th T bkt A B IR &ead JEACEIAY T1 T2 212 8] pH 22 5 AN 235 R, it
— BN EIE N, 75 20 d Ze i [ SRS S UL IRZARARBR L pH M 7. 88 [EARE 7. 60, FEAR T

9, B T4 Cd 19I5 AR SCR F B s
F. AR BE IT AR FR 5 I 45 R IR AR B IX, 13X A~ 1
FAEARARIEIR | & A 30 d i Ay, ik JE i AR AR Y
Y AMEAS AR AR PR X 358 2 8 B BE T SR R4, 14
FRTE AL A SIS Cd A BBl ke 4 W A i 5
AR R - A SR O 1 T B [T
3.3 RFUFAATEAEN LI pH 8 %W

pH JE52 0 3% b i 4 @ AR A R R S A
2 — WA G pH s, Cd AWAa stk
XA, T AR pH X H A RS Cd i 52 e 5k
S RE. B 3 SR THEMEEE R 4 UCRFET,
ANTRI AL B AR By A0 AR AR Br 1 5 pH B B [E] 19 A8 b

&l 3a FTLUE Y 763 TR W 2 T 38 42 T
10 d 2245 ARBR H 3 T1 T2 b3 5 % 8 2 ] pH
H2E 590 A 35 HLALAR s A BRI, {5 BE & B A
A ZE KX P 22 5% (p <0.05) BT IA ., T1 T2 4b 3
Z A 25 EVEERERD 20 d A fc 3, 25 X Fl
b 2 ) A AN B . B SCIR I, X R4 pH A
7. 88 WHAKE] 6. 81, K#AIL T 13.58% ,T1 AbFHM 7. 74
FEAR S 6. 61, K% T 14.60% , T2 AbBEM 7. 76 FEAR
#6.60, KT 14.95% . 2 HRAC BRSO b 4 3%
pH AR 2 4 PR 1,08 1. 10 5. Hy st ml WL,
B RESTSRAR F M 55 AT LA 43 WP 5K 1 ) o iR Ak -
C AR (IR flEaisE 2002b) , ENEIT S R 2
Wt L - RS Cd, X AR 45 R —
AN, AR AT, BRI AR R A i
YITER K 20 d ZEA47 B, X REZH 44 pH ML 7. 88
A3 6,97, F&IK T 13.06% , M T1 T2 2b PR
pH {E4T B 7.74 7.76 P& 6.72 6. 67, F&AL T
15.81% ,16.34% . B BL ] UL, BO BE ST 324E I AN TA Y
R EEMYHRRLE Cd BRI e L
ST ISR TR A 18 pH, I H B IRASCRZEA ) A
20 d ZEAT AW . BT o A A g
P SR AR R o WA ML, T ELE 2 MU A
MLER 1 20 B A 7 £ fE F 35 4 I8 19 I M ( Fischer
et al. , 2002) , It A7 Be A 38 B A IR B PR G FAR B
R AL A 25 S i e

JEMRPR 15 pH AR W& 3b frs, X IR 4] pH
FEARACR I AN I B, 17 280 TR AL B 1Y T1 T2 41 H:

3.59% , T1 AL FE N 7. 85 FEAR %] 6. 92, FEAL T
11.85% ,T2 AL B\ 7. 85 FAAK %) 6. 82, &K T
13. 12% . WAL PG , AEAR PR 118 pH (A FE K%
A3 RN R0 3.30 3. 65 135, H T LI Y, &7
WAL PR + 18 pH 234 KR BEBEAR, B[R]k B 1A
TR PR AR R G A 22 5. A7 555 (2009 ) T 98 &
PR, S 0T 25 R AT 1Y) R I B A B AT R A
A F A WLURR , 768 MLER AOAE FE R AR PR 8 pH
55} BEAH L AEAN ] SR A B A 2404 B d B AR, AR AT
HX RSO AE B 1 10 d 224 TP IR B, AT fE 12
F AR R PR R A - 9 4 5 S I 1R B 3 N R
PRI S BH SR, JEAT A RO o A HLRR 1 BE
T, B RN URCR R A R LR A X A Y pH
IRV B W e A - M 2 W S5 R R P A 1 (R B
oA SN RIS AR AT B B WA A LR
[RETT, 54k 44 I R Ak - 3 A1 Eb, o HLA A X AR
SEVERN L 4Pk

a.  OCK(iRFR) ® TIGRER) — BT2(HFR)
80r- a . a, ,
751 j: ‘;‘:
¢
T 10| E’
: oA
65l E’
Dl v
A
6.0 L1 i " Ll
0 10 20 30 40
FAERS ] /d
b oCK(FMED) ®TIGERR) T2
rl2aa a a a
‘\:;'F': .
75k -:
WA
- -_ J 1p b
a 7.0 '.
W
N/
6.5, %'4
- A
- NA
6.0 - R 1 [ 1 1
' 0 20 30
SRAERS H] /d

B3 iRER(a) FIEARER (b) 1% pH REAER EIA /L
Fig.3 The pH changes in the rhizosphere (a) and non-rhizosphere
(b) soils

3.4 ABASCEES L% pH 9= A

FIHT SPSS B AFRIA R RAL YA T1 T2 b P
THEARES Cd F S 5 pH AT R A, AT AR
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P HHEARES Cd TR 5 pH Z ) [l )5 5 72
(#3) i 5 pH AR 1L, v] LAE KT - 568 38055
Cd 0 — B A AR . FEAS [ e B i ot 2 F T o
AEHLR  MRBR SRR PR - A RS Cd S bEE
HE pH (Y BRAR Y 2 80 b 3 i 4 FARBR + 384 8%
BCd &8RS 4 pH 16 T1 AL 2 53 A&
(p<0.05) £ T2 Ab¥R B FEHAHSC (p <0.01) , Bt
W pH AR b 2R + 5 S Cd ) — A2
PRI 25. 74 W 1 45 (2004 ) 1 Naidu 25 (1994 ) #fF 9%
W, 3erh Cd AR stk 2 Bl pH T 1 R
RN (2006 ) BESE R, TIEARGE Cd 5 %
pH 2 FUME 5 33X 5 A6 BT A 405 SR — 20 16 W e
ZEAUAT T R i ok AE 3 pH REE R 3 Cd 1
AR, % B AR AR B A 8 AR 4 8 pH A [R] s
W AT RE S EIEEITSRAR 2R & A T HoAth S N, (45 4R B
HHE Cd A=A AR AR AR B I L O T X R
ARETAIERATTE.

®3 BYESCEESLTE pHWEESH

Table 3 Regression annalysis between concentration of available Cd and

pH in soil
b F I 7 YU R AL R
T1 Ab AEMRPrE 3 =10.329 - 1. 704« 0.425*
il y=13.735 -3.45x 0.531"
T2 Ab JEMRPEE 5 =9.014 -1.033x 0.781*
il y=11.771 =2.390x 0.858 "

oo Ron T8 pH, y Fom A RGE Cd & &, * p <0.05,
% #p<0.01.

4 1318 ( Discussion)

FHEA Cd & R AT Cd M AEP A R
PERAE YRR 5 2 SO R, BAR B A D [ OB
+HEAFEICR MR KR O R B Rk H Ok
A T — B0 LS D DL R E LR AL
POk 5k £ A F T R A9 B (K & AR,
2005). F3 40, MR B2 Bl SE A P AR AR 1) Rk,
HOK T YR AR R S IR
JEAR R [ B ARG S AR R i E A A
SN B DI (B R 452008 ) . BIFSE R AR £
SRIIT E R A FR AL | W R LRI S E RE AT Y
UL T LIS G MV i 1 48, AR by £ 315
HA LR , I 45 A V8 R 3 4 R MBS
K AR iz 5 (BRICTEAE , 2000) . JEF ik, A
5T AR Bt 2 358 98 e S5 2 F AT PR A A 803 Cd &
R M pH .

FEYIAE AR B, AT DL R T IO AR R 0
Yy MR &R Y 3 i R ol A8 AR PR Y R B ( Darrah,
1991) . T A=Y AT LA ik e A8 pH (BRI 73 W40 i 20 43
SRR AR BR AR BE , DT 5% ) 2 4 T (1) B8 sh M A
WA, AR S5 R 3R, BN R IT SRR PR e T
ZF] Cd BFE M, AR R A W v AT B S A TR 2
FE R PR R (1A HLAL S, AR bR pH 23 Fifi 5 B+ [1]
FSER T AT T R, 31X 5 BN 9E 4538 — B0 (BRoe
JBAE,2000) , fHAERE 5T 2 FOAF B A9 VE FH R, AR BR pH
FEARSCR BN 2 2. o T Ui — i, MAER Br +
6 pH Ak n] LB A | AR B b o W R AR B
pH FEAEAT A5 Ak, H 42 B0 B Ak A 28 1) AR AR B 1 1
pH 23 Bl ) 18] (19 22 K 3720 7 A, T L 4= 38 380 S
Cd i S W, SOE T ae & i F— 7 il
AT LA I 5 AR R A3 W U IRV L 0o AR R o
W H DL A W 7 - ORL 2 1 1 4 R B T
S e 4 JE TG I S AR W AT 54k s S — i
A 53U A R AGE R | B TR | B 3 R 55 4 43 5 ) +-
B E RS YRDITE - W 1, 32F 17 52 e
S IR AT S5 B R T A TR YR A R B
FEFF SRR Cd 75 -5 060 FRAH Lb fk 2 45 v A i [

TEREF AR 20 d A4, 35 pH BH B RRAIK, Tt
FHARPR AEARFR H A GE Cd R B ER S, =&
AR AR ] A3 55— H e B4R e B TR R
AT 4 R 0 R E E AR T A X 4 JE
BV, S [R]6i F B BE ST SRt Cd s 4R IR, I
JB ZEFRLAT TR R A T RE P ok A 0 Al BA R 4 L B
JEIT SRR T 4 A V5 Y 3 ELA AR R N T .
TEAP T 38— 25 43 A MR B A AR B 4 39 v HLIR 11
FRANE it DABA 2 I 00 25 AT 0 4 b T Aol oA 1L
TR R S J5T 2 AT 8 AR R R R S A TR R 47
WA DL ORISR, BIF A b B — 2 HE X
— G AH S ML

5 #5i8(Conclusions)

1) B2 FLAT BT RE A8 1 25 4 vy B B O S b | |
R HER Y Cd &, T1 T2 A BEAYE S0 1) 2 )
MR 1.73 2. 20 1%, MEERCRATLIE & AN
FR AR B9 T AT UK i B B e A X Cd i
BOR.

2) ATEFRARIT T ARG Cd 5 i hE
W6 SN ] P S0E < T AR 5 L 28 BRI AR B, AR s
FIAEAR B L A RS Cd 5 2 B I ) A9 S
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33 %

AARNFRRE R, X & B ARG B THEY B E
3) t 5 pH 26 & A W 15 BB Ta] ) S K i
I, ARV Ba AR S JBE LUAS 2P  AR  m d 5
4) ANV B2 e T 2R AR AT AR AL BT, A AU
Cd &5 4 pH 58 2% oG
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