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Effects of the inhabitation by Hippochaete ramosissimum on heavy metal

speciations and enzyme activities in copper mine tailing soil
LI Ying* ,CHEN Minglin
College of Life Sciences, Anhui Normal University, Key Laboratory of Biotic Environment and Ecological Safety in Anhui Province, Wuhu 241000, China

Abstract; Hippochaete ramosissimum is a perennially herbaceous Pteridophyta with a fast growing speed and a strong
adaptability to environment. It is widely distributed in the middle and lower reaches of Yangtze River, and is often found in
roadside, sand soil, wasteland and mining abandoned soil. H. ramosissimum is also a species of Cu-resistant plant due to
its high capacity of absorption and accumulation of Cu. However, whether H. ramosissimum can be used as a
phytoremediation to restore abandoned copper mine tailings remains unknown.

The activity of soil enzyme is an important index of soil fertility, and can often be used to indicate remediation effect on
polluted soils. Although the effects of inhabitation by H. ramosissimum on heavy metal speciations were reported
occasionally, little is known about the effect of its inhabitation on soil enzyme activity. Determining the relationship between
heavy metal speciations and soil enzyme activity is the first step towards large scale application of H. ramosissimum to the
revegetation of copper mine tailings. In this study, the plant H. ramosissimum and the soils were both collected from
Tongling copper mine tailings, and pot experiments were conducted in a greenhouse to assess the effects of H. ramosissimum
growth on heavy metal speciation and enzyme activity in the collected soils. The main results showed that the growth of H.
ramosissimum reduced insignificantly the total content of heavy metal in the soils (P >0.05) and the ratio of exchangeable
and residual heavy metals (P <0.05), but increased significantly the ratio of the content of heavy metals bound to organic

matter to the total content of corresponding heavy metals (P <0.01). With H. ramosissimum growing, the activities of
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Catalase, Urease, Polyphenoloxidase and Invertase increased. The activities of both Catalase and Urease were significantly
positive correlated with the growth time (rg,,,.. =0.911, P<0.05; ry. .. =0.957, P<0.01), and the activities of both
Polyphenoloxidase and Invertase reached the peak during the vigorous growth periods of the plant, which were approximately
2.40 and 2. 02 times higher than those in the controls, respectively, and then decreased rapidly. In contrast, the

Phosphatase activity notably decreased (ry, = -0.923, P <0.05) during the study period, which indicated the

sphatase
inhabitation of H. ramosissimum had the weaker promoting effect on the transformation of organophosphate matters to
inorganophosphate ones in the soils. Compared with the dry weight of the aboveground parts of the plant, that of the
underground parts showed a stronger correlation with the enzyme activities in copper mine tailing soil. The enzyme activities
in the copper mine tailing soils were positively related to the content of heavy metals bound to organic matter, but were
negatively related to that of exchangeable and residual heavy metals. In summary, the inhabitation of H. ramosissimum not
only promoted transformation of heavy metals in copper mine tailing soils to chelated speciation and decreased heavy metal

bioavailability, but also improved the fertility of soils, indicating revegetation in mining waste land is possible. H.

ramosissimum exhibits application potential for the restoration of abandoned copper-mining lands.

Key Words: Hippochaete ramosissimum ; copper mine tailings soil ;heavy metal speciations ;soil enzyme

T+ IEETE LI SRAMEA LR E R ITR RS A S R EE B A G, BEERSR{UEH
T HIRHFRSRDL, BAE— @R bR RE AW TG SR, DA R X A AR R AL 35 40 v
FE LT BRATRIE 5071 . TR PR A A X R e I, B R R R iR . A,
AR, E NANEE B TR 1z b B 3 SR 15 Y B IT sk, 78 1 F - RS AT 3R 1
Yy H IS YL S B R R B FRUR PRI 2 TS T AR RIS R

B WRY AZER MEEHSRFT NI ARBRAY , FEBS YRR D 2, HEFR AR E, &
EREER SRR M 55 R, S8 B X RS 5 & 5 3 8, 5 2 B I I 3
IS, HRMARAEDEENZERASY . HAl, KSR LA T LA A SAEXHE M A, — 3t
FEYIE A H A MR B AR R B AR T, HHESR 0 RO AR T FR kM R M B I AR T e A
VR RS E— KRR, B, Y8048 B FE 56 B e T AR S M AR e i B 5 i
BRM R, I NE 5, LD B X R B R NG E

55719 5 ( Hippochaete ramosissimum ) 3 )& TR BRI AR ME 248 A EARRIHY , HofiT iz, A KEHE, 3t
WS, B A KA P TR A R LR Fe st 1O AR E A, W A Cu B R B R R R
BRSBTS o SR, A T T R A K AR R R T 4 B T S AL - S kR R
EARER ; BAEARE W HFR T EA KM B EE LRSI MEN, Bl TRV XA
SR8 B T T B 10 25 MR ( Cynodon dactylon) \FA5F (Imperata cylindraca var. major) SEAEYIY A, TTAEY) Z
[6] B AR EL A T AT B S R e 3 R R 3o AR Y 45 R AR 40 BT R e Pk & o B/ T AT RER R
LM FTF U, A SGE S ZAREIRAL, R T W W E N AR BT B E LS BB M HIEERE
), BETHRITEEATHBAAH T I T EARE BN ES BB A L IEEE IR A, I
KA R F T R B0 5E0 L R 37 M gk 2 48 (L3R IR 4
1 #R5F*
1.1 HHEREY R

Wi L4 B FE AL LR R B T AR AR A LA (30°567427N, 117°43'28"E) , T B4R K RIEF B
WA RILAZ P ER T =L —mRINER, Z R EEE T/, AR BERER
WA TR
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1.2 HIRAEDIIRE

ST RIMEAL , B R R IR 13 (0—20 cm) 75 ARMRL N 3£, AFRE , tR HLIAR 22 B B fi B (9 962
B 5 1T = R B0 B, BARE , I TR I LB TRZ L. BT EERE
THIRS FERREEX 0—20 em FR/Z LI, FEMRS, NT,id 2 mm Fif o RAEH L IB—F 0 A THEY KRS, 7
— AT EAFNEA RN E SR SEBRE (R D) . RELENFER, THEF X REBRERY
P B R HARES S sh U T)E , TIEW B P BT A SR AT R R, IR S — Bk 2 Tl

®1 THEXAUFUERNESESE
Table 1 Contents of heavy metals and chemical property in mine tailing soils

BG RI RII RIII RIV

4> Cu Total Cu/(mg/kg) 1496. 81a 1203.49b 1380a 1317b 1341.5a

4 Cd Total Cd/(mg/ke) 3.28a 3.17a 3.01b 2.87¢ 2.52b
4> Pb Total Pb( mg/kg) 35.47a 38.22b 33.36a 36.12a 34.32a
4> 7n Total Zn/(mg/kg) 207.05a 182.13a 186.91a 175.63b 185.17a
pH 6.63a 7.94b 7.06b 7.12b 7.56b
4> N Total N/ (g/kg) 0.27a 0.23a 0.29a 0.37b 0.34b
4> P Total P/ (g/kg) 0.16a 0.15a 0.14a 0.18a 0.15a
4 K Total K/(g/kg) 2.61a 1.48b 2.66a 1.73b 2.56a
A PR Organic matter/ ( g/kg) 2.01a 1.93b 1.99a 2.62c¢ 2.91c

LSD Ky : A )5 3RR 7] —47 B A B M 25 R (P <0.05) 5 BG: X AL, R 1 ¥4 K 50d, R 1T : i A= K 100d, R1I : A A 4
£ 150d,RIV : Hi# 4= K 200d

1.3 RA®BT

¥R RNRA YIS G TR A, AR 25 cm , 2K 30 em, A%+ 3 kg( AT H31) , INAZE FIK,
S /KRN HERKERR 70% 224, P4 1 A5, BRI 5 vk, ORI A (R FR158) ; AR FHEY)
HIFR bR A EAE AT X R (BG) s B4 3 NEE . BRIGAT HOLBRE PSR, AW A K R+ 5%
EKE N HEIRKER 70% 24 . 5373 FHAEYAEKF 50,100,150.200 d B % FFHHERER PR 158, IR
ek RI .RI.RI.RIV,
1.4 Stk
1.4.1 3 fb=ApERmE

SRFH 1:2.5 By oK Bl 138 pH {H ; DA K, CrO,-BP8 ik, FeSO, i € W& HIEA VL & & 5 5k
EHENPKEE,
1.4.2 BHLRBESHT

TEE SR S BN ER A HCI0,-¥& H,SO, 35k, JEF IR /e BT 2 ; 3 Cu.Cd BWIE A #r
R FAB R SR B, e R 1001, B3 SR A% 9778, 40 B1LA 1 mol/L MgCl, . 1mol/L
NaAc( i 1 mol/L HAc J%5 % pH5.0) 0. 1 mol/L NH,OH + HCl + 25% HAc.0.02 mol/L HNO, + 30% H,0,
+0.8 mol/L HAc $2£HX Cu.Cd L FRIRE X REEMDE S TMENLEED . BESREPITH
A28 2% HNO, 21 24 h 5 [, I KL EE LSBT,
1.4.3  HIEEFE MR E

SR ANTE N R AL & i 5 1 BT o 3 4RI IS P A I E SR 0. 1 mol/L KMnO, i 5 1, LA
1.0 g >3 3555 20 min J5IHFERT 0. 1 mol/L KMnO, Y ZF- BRI ; 2 By EALBEHE M I 2 R LR 2 v, DA
1.0 g + 33557 20 min J5, % EHFER 0. 01 mol/L I I ZEF- BRI ; MR B 14 1 I 2 SR FH 2R Wy 4k LL €23, DA
24 h§ 1.0 g -4+ NH,-N W25 5RN ; FEMEEE I 2 R AW ek, UL 1.0g 1337 C TR 24 h )5,
FIIEFER 0. 1 mol/L Na,S,0, I ZFHEFR R s BRER BHE ME I e R A b vk, LU 1.0 g 13837 C 3R 12 h
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J& , BT FER B ) Z 58 (TN 100 g -7 P, 05 2 TR0 3R o

L5 HdRitH
KA SPSS1L. 5 GEit T F AT BRI A= R B A
2 ZR55H

2.1 B KA R R BEA AL 2 B B S

b E BT R R E R E K IR A L, TS SR AR bR A SR AR X IR 2 9, 4 R R
Pb.Zn H BB BEBRN THOTEYE SHE, FI7EE R 8 FARMER N (98.30.283. 0 mg/kg) , p1HE m A +
WELBITYRR. H Cu.Cd H BB I — FARMERE (47.4.0.28 mg/kg) , J5YL ™ F ; B B HAHL
Ji & NEFASEBTEEZ(E]1),

5XF AL, T EARPRE R M F AR AL T BE R, AR —E s, e
PR L 2 i RS T s S0 s B LR A e N S 88 3R = T 1. 18 5/ 1. 14 £5 M &
TR KA IMAYURG S ERE T (r= 0.885,P <0.05) ;14 P M4 K W& BIHTCH B, b
EHPHERWREIE BE NP >0.05), RMEYEFHES B Cu,Cd.Pb.Zn £ BXLLTFE
2,5 Cu . Cd S ERTFHFERN 12.5% F 11.8% (K 1) ;MRESTRA, 11 Cu . Cd 2B S5EWEK
s 610, 6 S A SE (P > 0. 05) 5 Tt B 15 41 B0 8 oy A KU R ™ 384 A B T IS B T LB
2.2 PR KR T Cu,Cd TSR

HE2 WA R, ES AR ERKRLIE Cu.Cd ELBSESEEEL2BEN I A ZREK
Ko H Cu TEERISHAS FBREREL S A A K & B ARAK , Bi Z RIBT & BS540 0. 28% ; M 4k4G AL
GABHANNE ST BAXEE , i 2 TS LHIESEE91.7% . SRERKEBEHARL, EE T
HEEMET B ERERK, Cu KBSHBRBESIT S LAY B E T (ryxe = -0.904,P <0.05;r, =
-0.962,P <0.01) ,TiAPLEE A AT G HLBIN B &I (roy = 0.988,P <0.01) ;7EM YK M RIVIET, H
RN BAR 1.34 f%, PSS RIRES S SMEEEMYESD) B 5 B2 U2 RN
Peh

ELR Cd WENS GRS BRI BERR (roy = 0.994,P <0.01) ;76 RIVAAHT, HA B2 %R
3. 16 1%, Hih4 FIBA G BE BB A KR BE (P >0.05) ;{0 5K 2 E M EHA L, 75
YK EES (RITA RIVE) ,Cd (B S MRBS S BN S AR LAY BEERTHRAP <
0.05) , P34 BIEXF FRLL [ 0. 66 £5F1 0. 87 £,

R2 TTERBRIRESELEATHESE

Table 2 The content of heavy metal speciations in rhizosphere soils of H. ramosissimum

Cu/ (mg/kg) Cd/ (mg/kg)

EXCP CA® Fe-Mn® oM® Res® EXCP CcA® Fe-Mn® oM® Res®
BC 3.44 2.39 527.03 665.03 298.91 0.31 0.54 0.61 0.21 1.61

(0.23) (0.16) (35.21)  (44.43)  (19.97) (9.45) (16.46)  (18.60) (6.40) (49.09)
R1 1.81 2.05 514.73 559.14 125.76 0.37 0.52 0.54 0.27 1.47

(0.15) (0.17) (42.77)  (46.46)  (10.45)  (11.67)  (16.40)  (17.03) (8.52) (46.37)
RI 2.21 0.41 559.73 727.12 90.53 0.25 0.38 0.42 0.37 1.59

(0.16) (0.03) (40.56)  (52.69) (6.56) (8.31) (12.62)  (13.95)  (12.29) (52.82)
RII 0.13 4.48 530.09 748.71 33.58 0.22 0.34 0.57 0.46 1.28

(0.01) (0.34) (40.25)  (56.85) (2.55) (7.67) (11.84)  (19.86)  (16.03) (44.60)
R 0.54 1.48 536.20 796. 85 6.44 0.12 0.37 0.49 0.51 1.03

(0.04) (0.11) (39.97) (59.40) (0.48) (4.76) (14.68) (19.44) (20.24) (40.87)
DA 75 Exchangeable form; @ AR Eh 454 % Carbonate combined form; @) #k4f% B ALY 4554 Fe-Mn oxides combined form; @ £ HL456 4

Organic combined form;® 524 Residual form; %5 NEUE N B LR (% )

2.3 WATERARKIH AT T REEE L R
BEE TR AR, HARPRI B 13 5 M LIRS I S AR EHENZER (B 1) . HPdEHR

hitp : //www. ecologica. cn
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TR O T U5 5 310 B A A K B ] 2 1B 3 TE MR 56 (7 s = O0- 911, P <0.05 ;75 = 0.957,P <0.01) ;&4
F A5 95 AR bR L IR A A S S EE T 2 AR B L1 A 112 %, BEE IR AR,
TR bR 3 1 2 B SR AL R R B M R IR STt R JE BRI i 34, 7256 100 R (R ITH0) i wih - 3% iy
TEPERIR B EAE , B2 X BRIK 2. 40 £5F0 2. 02 4%, Bl J5 W9 15 PE & WA T B 7655 200 X (RIVHA) B, e G
T AT = T R, L 1. 15 % ; T 25 B S8 s R 20 2 B AR 7 JE0 X R, OIS O X BB 67. 2% o it
Hb, SHE 4 F L5 ] B[R] AR PR S BRI 0 5 MR B AR T X IR 7258 150 R (RITHA) if, Hy&
PEARXS B AR, A X B 60. 36 % 5 MR I - ST BRI ) 175 7 573 39 S 0 A A P[] 2 I 832 ) B R R (s =
-0.923,P <0.05),

[

33

20 -

Uk ide=1
Activity of catalase
/(0.1mol/L-KMnO, mL/(g-20min))
Activity of urease/(NHs-N-mg/(g-d))
o
T

(A

0 50 100 150

]
(=3
(=}

0 50 100 150

N3
(=3
(=}

K Growth time/d H: KBt Growth time/d
1.5 _ =
32 ~ 8 § 180 -
o he) =
TEi2p o2 S 150 e
ﬁ—o (:0 £ ,é 6 9;
ngog_ #2E 3 120 |
S m.g ’ H1= Q) g
BT Ecgar B2 o =
=SS 06 g2z =2 =
S 3 #zd &= | =
RNz E 2o & 60 £
22 05) “Eor : =
538 s Z 30+ =
<< N S = £
0 R N 0 i <¢-:> 0 R =
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200

A KIS Growth time/d A KIS Growth time/d A K I Growth time/d

E1 FEEKFETTERRTEETE
Fig. 1 The soil enzymatic activities of H. ramosissimum growing in different time

P e A A “ O AR AR o R 2

2.4 HEEEEESTVEAYERXR

KA AR S 5 b BT AT B R T R B3R 3) IR AL SRR A1 3 5 935 Bt b
B0 BT ER B T E AR B E B, BEREE 5 2 2 B3 TR, T2 B SRR B A 15 P 5 1 5
EYRBBARBRE R 75 B Y bR A T ER 5 SR EHE R IR A S R BT IAR B (3R 3)
i AAL S IR AR RR A 3 A M P59 R 30 TEAM IR B R T i, W +
SRBHE TESZ YR R TS S R BN Y o
2.5 TEEENSESRGSSERNRR

MR 4 A, HEEEE RS HRP ES RN B BN SEEENNRR EARE SRR S KK
AEZ S . Cu JLRAM Cd LR WRLHE FAHGE GBS 2S5 DRSS BE HERES
S TR ERE PR A SR 22 s Cu B (VS BRI — € AR, T Cd B85 1 M P A AR S A
X HEN T Cu JGR, Cd B ANS TR S HIRIHE IR BEMC TR ES S 558 5 DRI
FRRIARRA R BT S FLEIAI (K 4) , S ADIEMIREE 12 +IRE B SRR
B s DRIREHE PRI S Cu MIRIR LSS & BB DA —E MR R ; T 2 8 AL AR RS 1% Cd 1
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®3 TFHELEYWESTEEBEFRENEIFEST
Table 3 The regressive analysis on the relationship between soil enzyme activities and biomass of H. ramosissimum
s B 1 RGN RHRAMAG R
Dependent Standard regression model . -,V alue and Parua.l cf)rrelatlon coefficient
significance test and significance test
S E AL S Catalase y =12.228 +0. 329x, +0. 437x, 24.779 ** %, =0.802* , x, =1. 666 **
JIR G Urease y =20. 521 +0. 097, +0. 194x, 52.479 %, =0.239, x, =0.749*
BRI Phosphatase y=143.983 =0.751 x, -4. 842 x, 544.390 ** % = —0.197** , &, = —0.812**
FEWEE Invertase y =4.337 +4.00x; -0.313x, 0.259 -
Z W E AL Polyphenol-oxidase y=1.363 -0. 120x, - 0. 015x, 5. 498 —
* P <0.05;*" P <0.00 ;0 : W5 W HEHY P TH 30, WH ML TR TH
F4 IEBEFESIHESRE FERSSEHAXXEA
Table 4 Relationship between various fraction of Cu, Cd and soil enzyme activity
BREAES T AR JIRAt BRIRHE L AL FEBIT
Metal combined from Catalase Urease Phosphatase Polyphenol-oxidase Invertase
EXC Cu -0.849** -0.988 ** -0.404 0.577 0.023
Cd -0.830** -0.696 * 0.044 0.424 -0.116
CA Cu 0.284 0.359 -0.175 -0.774** -0.445
Cd -0.266 -0.622 -0.319 0.082 -0.690*
Fe-Mn Cu 0.121 0.478 0.977** 0.316 0.242
Cd 0.689 * 0.424 -0.427 -0.978 ** -0.775**
OM Cu 0.842** 0.940 ** 0.367 -0.369 0.250
Cd 0.905 ** 0.939 ** 0.354 -0.406 0.125
Res Cu -0.743* -0.953** -0.651" 0.200 -0.290
Cd -0.897** -0.706 * -0.087 0.745** 0.645*
S 1T Total Cu -0.168 -0.439 -0.846 ** -0.097 0.092
Cd -0.920"" -0.889 ** -0.335 0.376 -0.053

* P<0.05; % * P<0.01

3 itig

HYAERKEZF SRS ARRENEY N LIEGEZRE, AOUR RIS E , 1B 5345
Ho SHEYEEEHRR B TR AR MR F AR SRR W 2 1) & R B AL & D S x5 B
TR IR 4R TR M AL S5 A B R R > o ASHIR ST o BT - S A LA A (b2 v R B R
EPWENAERMN T DERERFWRRER(R D) , RERAELEEIRMEASTENAS, UK
TIEMRARE MR, X T HEEWE R BRXME L IZ TSR BLR I KBS m W Fh vt B 2L R
BE, FIEE SRR R g E S R A EE M E.

F RSN TS R B E RS T W EARPR L B Cu Cd MBS A — B, RN E NS &
BHACHASFT 5 A48 BB H LB B, TR G DR E D EELBEAEDT L
BN B PR . AR Bs , ARG T, W ERR P ESE Cu Cd MBS HELSRE L
B E ) B AR X B, O Cu SIS & B 5 E 48 B 1 ) e 191 B A 1 B [a] A 38 o i 5
ERG X 5 ERREARERABAR, HFEE—J7 A 8 5756 R AR 3E2s B35 15F X Cu Cd HRIK
A3, FAEATFRHT I HA Cu il Cd BB KRIKHESZ R s 55— T o] AR REE 15 1 B R
K, HR R EEYRES T DHEAEIENEE(R D RETAEIY SESRNESRE, N5
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X B KRR RE DT =, ALY SE T RE Rl AR RIS SRR b LI BRI SHITER NS S M
e, S8R B 7 AT S — RO AR 2 4SS & e, DU AR WA 2o, R R B B P T E
B, HXMESBESHEAWLAERSBRESESE WO TREMIEEFE, B8 A EAEE,
HEDRPPTNEMERER TEMEESRITIBIE. HREK, X TR, R Cu.Cd
WA ESHEERYRERMEZET R, X5 ERREFRERES - Wi, 5ERBRERTER
AREE, AT H, Cu . Cd B A S G S TR G A AR . A5 Fe-Mn Z L) M 1 3%
VWP AR E R BRI WA TR S B, I BB — E BER Fe-Mn A ALYy 2R 1o {2 45 59 5 A i
R, T FA YRR Fe-Mn AP SE SRS GEA TR, HIEREE] Fe-Mn H LY EWES/E L
1 — AR TR AR AL

TIRA PSR R R LR Y) RS IR R AE A S S R R R SR, ST e YR
LR AR S BZ AR EMRRR, UHRIEM Y A K Y EE R AR AR Wb g
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TEGEHA TRt o S TR ) 20 25 Mt 7 A PR B I ] , T P A A i S A A A B AR 2 T 3R IR ) 2 25 P A
FE LIRS (A RIREE TS ER R B TR . 524 R AR — B2, FEAR B AT o BT A
5 L IRAGPRORERBEIG V2 T MBSt i A A IREE 2 B A B AN B B 13 L IR A R R R
T, JEHRAEA Y A K EURE B , 3 4 b PRI PRI AR R A TR K, R R A R AT UK
R R LR R P SR P RO, AR TR R R, U R AR IR N B Y AR T 24
EHRAREFRHRIR, FRUEEY B IER Ao FUHRR AT RE R A A K RE A , AR R T s L BRI R, —J7
T A 73 WA R ) R e — S M S RS, 73— 7 Tt ) R AR RSB T - S A W B 75 1, DA T S S5OAR P £ 358
REREE RO A2 % BRRREETE A AR KT T, U BRI T R R R T R
kR AR B2 , HoIR R T RE SRR AR AR BN ES M A 5C o AR 635 TR 1 e R 0 A P 0 PR , L9 785
HREERNSRE TR BEROEES . W ERERME L% pH AR ULERE TS REMN
AR ABAR X WP T BB R BT P A RRAIR, 208 2t TR BR IR 10 &8 B8 7 Hi 2R Y B2k T 5 B
TEHEAN BBIE B 3% ; Tu 0 Ma"™ (OB SE % B, + 398 Pl & B (0 T T80 7 B T 4R 85 W A S5 b 0 IR M L 2
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{3, Lo REIAR 2™ A TS PR R0 , H B B TS #ESE N, T ELRE 4 5 i AR ) (AR SIS RE D LB R R,
BEit 25 B AT SR BRI R X YIR R R, 2 — PR TAR R M6 M, AT A BE A 2+ 3 1, B
e T4 R VR BE T < B N T SR M Rl R B W IR , B P2 s>

SRR T IREE R R R RS M, WRIAER AR . ATTFHRME TR, LIREHE AR S E
SRS EIMR, SANSEESRIEMR XFHRIFAR—FR K BN EE R, TR 1%
AW ROU AR T 2 SR B A Y RO AT Gl AR W T AR A5, ) He A T A Wi P 454 5 T BE R IE 1l
R N BRSO . BT RS P S B SR SR S B AU E, T AR T IR RS Cu.Cd
ELBIAY T [ B B0A) SCHAS HU BB TR, RO R, (B LA 545 Cu Cd Hul B35 BT, BB
SRR A RRE LN DRI =5 , TR A/ —FEONRE WL E R . SRE R
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