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FrErEEEHR

HFE,RER, K R, AR
(AR FRTF B, TR SER SRS T 000 TEK 400715)

WE  RAZRRRE, PR RN LR FENERER SBENH. SRER  AERBIKERE (0 ~322mg-ks ™' ) 7,
WY -HEY RGNS FERNERSRAR . FENE S 60d J5,3E B R ER 51K 77.58% ~96.3% .65.25% ~83.25% ;F
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BATEMHM ERTIE. BELES, FFEYRF HYRR AYRENIE B 2ERELF] R 6.61% 0. 157% 6. 54% 1
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Abstract; Pot experiments were carried out to investigate the mechanisms of the removal and accumulation of phenanthrene
and pyrene by dwarf lilyturf ( Ophiopogon japanicus Ker Gawl). The results showed that plantation of dwarf lilyturf
significantly removed phenanthrene and pyrene from soils at their initial concentrations of 0 to 322 mg-kg™'. After 60 days
plantation of dwarf lilyturf, the extractable phenanthrene and pyrene were lower in planted soils than in non-planted soils.
About 77.58% — 96. 3% of phenanthrene and 65.25% — 83.25% of pyrene was removed from the soils, respectively.
Dwarf lilyturf removed averagely 82.27% of phenanthrene and 72.73% of pyrene from the soils as compared to CK, ( with
addition of 0.1% NaN,) ,and 43.26% of phenanthrene and 46.27% of pyrene as compared to CK, ( without NaN, ). Dwarf

lilyturf did show ability to accumulate phenanthrene and pyrene from the soils, the contents of polycyclic aromatic
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hydrocarbons ( PAHs ) in its root and shoot increased with the increase of PAHs concentrations in the soils. The
bioconcentration factors ( BCFs) for phenanthrene and pyrene tended to decrease with increasing concentrations of these
contaminants in soil , the BCFs for pyrene were higher than those for phenanthrene, and the BCFs for phenanthrene(1.1 —
6.36) and pyrene (4.3 —9.43) in shoots were much lower than those in roots (1.41 —9.35 and 8.13 —17.88) at same
treatment. Despite the plantation of dwarf lilyturf evidently enhanced the remediation of phenanthrene and pyrene in soils,
contributions of biotic and abiotic factors to phytoremediation process displayed distinct diversity. Abiotic loss, plant
accumulation and phytodegredation accounted for 6.61% , 0.157% and 6.54% of the total removal of phenanthrene, and
3.18% , 1.21% and 5.72% of pyrene from soils, respectively. In contrast, 39.01% of the total removal of phenanthrene
and 26.47% of pyrene were attributed to the contributions of microbial degradation, and 36. 57% of phenanthrene and
39.34% of pyrene to plant-microbial interactions. Thus plant-microbial interactions and microbial degradation are the main

mechanisms for the remediation of soil PAHs pollution.
Key Words: phytoremediation; polycyclic aromatic hydrocarbons ; Ophiopogon japanicus; soil

£33 7513 (polycyclic aromatic hydrocarbons, PAHs) 2— 28 - THEFHIFAME I 1Y, 5
SRIRT KM B K RS AR R AL T RS A KE s & B3 4E B, PAHs XTA
BRMEEEYEAEERNEUE R, FEEMARBRNAESTELS, WERERIES
PAHs, —HR2IEHR SR FEZ—,

SHEBEFEML, HYEE PAHs [5RIIERE D KRG, TG 5, AR MELIF R
e, RBHENEADPY . T HBENGIESEAEER, BB b &4 364 Y T 5k TR 4
HIHS s BETRBIRA B 2 LURE BB 2 0 T, INE K (Zea may L. )1 \BBFEE (Lolium multiforum
L )BT I ERE (Medicago sativa L. )% B N B, AR THFF BRI D, AR BEE,
B PAHs fRFW), LAAMET P P8 i 3 B AR 715 B 25 ( Ophiopogon japanicus Ker Gawl) ¥ Jykioph, {8
Y- Y RGN FE BB R IE R R R, i PAHs 755 4380 A MEE 124508 R B AKEE .

1 #EERE
1.1 JBAE
1.1.1 +&

At NP E A+, RAAEKERB RS, BUAWR AR 22.3g kg™, HETSHE
27.43cmol -kg ™" ,pH 7. 19, 3% N.P.K 4354 114.6 .24.7.94. 8mg-kg ™",
1.1.2 Y

PL1 SRR B o S X 4 BHEARIE VR TR, BT A MRV B 2 10 ~ 12em; YIBREUR , FIR B K 2em £
F TR BRSNS T /MR, B/MEEE 1 NFER8 ~10 it KriMRIRERA 111 M R -Empk
(#7900 ~ 1000 %) 234 30min /55
1.1.3 {b%5

MW BEEE Fluka AR, 4E >97% ; — & F e W, IE C%e . JoK SRER 4. Z 4 F Ak B (200 ~ 300
B) Rt ; BB ARz,

1.2 JBH%
1.2.1 R

#FZFRI T 2007 4£9 ~ 11 AZAETEREERBRENH#T, REAS 60d, 1HRER, T 3 3mm ff,
HEENIE B(HRERFIKE ALELE) 2R RMERE, WOBEALERE FRWELRR, 2K
PR RS, B8 6 MEYUKE(F D), RERIT4 MEHE,BEE 5 K, O43 1(CK,) : TTHEY, N 0. 1% NaN,
(RS ' QB 2(CK,) : FofH, A0 NaN, ; @4bEE 3( TR, ) - #4711 0. 1% NaN, ; @4LbFH 4
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(TR,) :FpAEYI, A0 NaN; . BU& 4 1. 5kg TREEH,50% MAFKE T EAEE 4d J5REH. B CK,.CK,
b BEREEHELSE S vk, KRB BN, HEFFEKEERE 0% (REMHKE), 82 AEIHE
(N:P,05:K,0 =1:0.35:0.8)1 k"""’ , @4 2¢; H 6B 1w BARIFLE 50% =74 (355 pmol -m s ™) 127

F1 HETROIEENRRE
Table 1 Initial concentrations of PAHs in treated soils ( mg/kg)

PAHs To (CKy) T, T, T, T, Ts
JE phenanthrene ND 20.05 40.88 81.05 161.44 322.06
T pyrene ND 20.24 39.58 79.86 160. 64 321.42

1.2.2 T3 MYHMSERE ST &

YR 60d JEBEMRRAE , AR\ ZEM 0BT , RIZRIEAKFE M TE, RIRKEE T RE K0, &0 G TG, TE
it 1.0mm i, F - 20C FRIBREE R0 66k p LHIR S S, AR E AT L33 20 B, -20C T GR
RERHT.

1.2.3 FEEHRRSHL

I ERRRUS LS IR Gao' BT UL , WAL

(1) BAES B 2.0g THETEOEWN, A 2g TOKBRERY, B A 10ml — & F 5 ,40°C T %
B 1h;40001/min B.0>, B 3ml k5% Fisher Pasteur ISR, 111 S W IEMIE CEE B e,
OCTHRERT, APEEERT] 2ml, 53 0. 22um FLEZIRIEE HPLC 247,

)W BU1g BT 25ml FIWELOE S, INAF HLERBGH (PIHER: IE T e =1:1) ZEBOK 10ml 75
B 30min JFEL(40C L) K RIEBRFEBR IR, BE 3 R, BUAEMUEBRMSRERSWT
P HRZEK S0ml Tl kG R E SR, FE T EKHE, BEERK. FAEYVHEEEE 250ml V)R
HIA 2. 5% EEALH- ZEEVE W 50ml, 70°C /K 2h, FERAE , INA 2% BRERSI/K VWL S0ml 3k % /5 7
BB, FETRKHE, BEENRPEREIKENTHE, ECREBERBIRA BB ERANITKRBRHAREH
TR AT, BT R AP ERES R s AL k48 € 25 HPLC 24T,

1.3 FEENESESREEG

HPLC ( Waters600 ) i & , DAD #3058 , K RIE Y 42. 6pg-L™", B4 54. 2pg- L™, i shAA N H AN K
(83:17) , MK IE 246nm, B 235nm, +HEFFE BB FILER D H] 8 95.87% (n =7 ,RSD <5.54% ) .94.36%
(n=7,RSD <6.58% ) , Yt 43314 94.12% (n =7 ,RSD <4.66% ) \92.88% (n =7 ,RSD <5.47% ) ,

1.4 HdEab

BHE 2 Excel 8- ZERALELS , F SPSS12. 0 Geit4047 . PAHs BERFE(R) HBEAXN:R=((, -C,) x
100/C,,CofR3R 138 PAHs IR , C R BURE I 1338 v i) W] R USSR BE
2 BRE5Hm
2.1 HHEMBEEEA
2.1.1 FE RN EA KN

A 60d J5 , ARIFE BT K F P E R AR RICIE 1 i, SRR, BHMIERN - E D (E
1A) I EW BR D BER . BEYE ZEHTE AR TEUIBE L EWRYA (T,4) HERABF
(n=25,P>0.05) [BRFHE/NTRAE, 53 RERMRIGHREHM L, BRI (T,) RS, Bk
BOEAYE ZENTEFERTEULIRELHERZMHES, BEZRABE(n=25,P>0.05), R
IEE R 3 (B 1B) KB R B Bk BE R BAE B AN T E E R TR U LRE W BB L 53T
&M REMRE . HIFE EREZF IO EEKNEMEB/N, E—EBRRETEN, TN ERIER
K,
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oT, oT, oT,
BT, ®@T; aTs

= T A 3E Phenanthrene = 35 B & Pyrene
g T § 30LF
a Sy a I
2 04 Z 251
% Q44 @ R
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- ﬁj* 72 1.0 H iy
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B 1 ARFE.EERKEEBREEKEN
Fig. 1 Growth difference of Ophiopogon japanicus plants in the soils treated with different concentrations of PHAs
(NT, BT, WS, WNR and R/S represent number of tiller, total biomass (g), dry weight of shoot (g), dry weight of new root (g) and Root/shoot

ratio, respectively

2.1.2 HBENTEPIE R ERER
60d J5 , Y- Y R4 (TR, ) Fl CK, \CK, \TR, fir7E T3 v PAHs B AT REBGKIK B S #0 46 W B B9 < & 40

Bl 2 B . BEEIE BRI B3 K, 3 il SR BUSIR - LW . ZEA RSV T, 2P aE B8
A RBGSHR R R R T . CK, > TR, > CK, >TR,. ZEF—550KF L, Bk CK, TR, 4h, 1R+ B4R
BSWEE L EAHENZRBE (n=5,p<0.05),

—— CK, —o— CK, —a— TR —a— TR,

350 400 —

= 300 aé’ 350 -

X 22 500 |
% 2250 ?E

22 200 mE 20T

5 B 200 |-
g% 150 | xa

=S 882 150 |-

ﬁ g 100 - R 100 |
= 23

|50 - #ﬂ%’ 50 |-

0 o | | I I ] 0 4 | ! I ! I |
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
FERYHIUEIR S (me/ke) EERRIARIR B (me/kg)
Initial concentrations of phenanthrene in soils Initial concentrations of pyrene in soils

B2 FiESRMEGHE R FEENRER

Fig.2 Residual concentrations of phenanthrene and pyrene in unplanted and planted soils

FEEBRICR L HY-MEY RGE (TR,) Fre 2 EP N EBRERN 77.58% ~96.3% ,F34 N 88.88% ;
CK,.CK, TR, IERIEBR > H KA 5.76% ~7.69% 37.16% ~53.12% 9.71% ~17.01% , FEHFHERRER
539 A W)l 9 3R G5 e 411K 82.27% \43.26% \75. 58% , BERIIE L 5IERA,60d Ja , M P-IE &R
RITETRFEREIRE N 65.25% ~83.25% ,F ¥ 75. 91% ; CK, , CK, Al TR, P eE iy & Bx & 73 7
2.51% ~3.81% ,21.76% ~36.77% .6.65% ~ 13.48% ,F-3 x4 H| b Y- 4 W) & &8 e + 3B K
72.73% \46.27% \65.81% . FFAAMFT , TIEFEHN TTRBGSR B E R TIE, WS EN 2 T8 KX R
i e LI PR B XY 4 A AEE R Y- MR G T IR 3R B R R R, DAY
MrEBESE B R DR B ERTTH.

2.1.3 HBrENIEER RPUER

Bty PAHs BRER35% B 7E 138 P A, A A L — 3R s Rl AR, PAHs MR R B S5 380

BB LA Y B SRR BARME SRR A R, 60d 5, 1B 3E SR TR BUS TR E S YR A BRI E
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) e R e R 2R AN 3 BT, 454 T8 PAHs T RBGRR BV 5 MRER LR (B 2) TR S
WEE PEA N PAHs ¥k FERY3E N, 138 b PAHs 2R BIREZ W K, AR ERE WA AR, B RBERE
SR EBIEAE R,

YRR FERRAL, 3 2 BBV E A —H, HE LB A T2 P EIE N FR(WE3) ., 7
AT EIP, EErh IER TTR B R BYRE N 0.74 ~72.22 mg-kg ™' YT B BRI ZE M R IR A9 R
ARH 6.93 ~101.57.4.71 ~79.42 mg-kg ™' s PER TR BSR4 3.39 ~ 111. 69 mg-kg ", VS B4R 280
BB RBUR B K 60. 6 ~907.79.,31.98 ~480.24 mg-kg™', I EETEAEPIRPIA FER A RBUKFHYZE R
RESHY B BB & BRWAY WA X BB MR & &451 08 4.28% .1.37% ) , TEHRIG
TRET EMERT EHPEFERTE, BN EENRKHREZEAGHERTIE, XTREEEN
logKow 5 KA 2% (FEFIEERY logKow 435K 4.46 F14.88) 1

—eo— i} Leaf —a— #f Root

=3 78 1000 -
EX 23
o = 2= 800
= @/ E
[=9
g = R 60
B g ®g
X3 K5 400
g =y
B 5 £
#g £ 200
=5 £2
S I I ! | =3 0 |
0 20 40 60 80 0 20 40 60 80 100 120
s A R S i (me ke ) FIEAP MR KE (mgkg™)
Residual concentrations of phe in soil Residual concentrations of pyr in soil

B3 HERTPEMESES TR ERX RN

Fig. 3 Concentrations of phenanthrene and pyrene in the root and shoot of Ophiopogon japanicus

2.1.4 WHHEXFEEREYHRE R

A= WUk 45 %81 ( Bioconcentration factors, BCFs) 2484 Mk 15 48 RRNEE SHA KRN BRI
REBWREN A, BTN SE B YR E— S LY BE RS £ FE" . BCFs Bk, R ZY
MERRBEERBIER . X AT ERR . ZEMHA BCFs 5 1389 3 28 7] 2 BUES R B XY R R &R
(E4) 2558 F0, 1B EXT PAHs ) BCFs [ 1338 PAHs W HEBGRAR B8 Vi BF B 38 R PRI 5 [ B, BCFs K/h
#15 PAHs f: A %, BB/ BCFs KF3E, B 4 8 B/ YRR A RE A% PAHs [ BCFs tA—#F, i0¥E
RS MRERSE B 1 BCFs 4352 1. 41 ~9.35.8.13 ~17. 88, 25 -2 3E 2519 BCFs 43 8% 1.1 ~6.36.4.3 ~
9. 43, ZEF—FRHE T , REH BCFs KF 2058, 7 AR F RGP 2 B £ 3E i EER L,

2.2 EYEBEENHIBR

ARIEH BN 0. 1% NaN,J7 , CK, i PE shgai il , SE B RTH R R B R B IR e Ybefg (R MOk
B JERE) ;CKPIE EHERETBE FEAEYREAS HIRMAE SR RN FEER TR, P IE BN ER
N 2B FEEYREESHYER(SEEYR B MYRE) WER M- MEMRETE ENEAES
U8 AR YRR R S Y IR FEE R . BN AAE P ERBER AP SRR R
BIXF T, B RS R AEY FEEYR FAEBREIE ERR T EPNRIRE(F2) . AYHREERATES
7 TR, YR PAHs B R1E YR ZBRAE AN T8 CK, TR, 1358+ v 2 B PAHs 1422 {5 F 08,
EHEYUREERE,

ARIEH, A AR B IR P AR BRI HH FE B AR, B LA B IR 1R B A CK AR BB R R R 40 A
5.75% ~7.69% (FHIE m=6.61%).2.51% ~3.81% (m=3.18% ), ABdEA iR A R IE IEERE
TERR, MYREEBRENREIEELEN0.137% ~0.173% (m =0.157%) 1. 08% ~1.32% (m =
1.21% ) s HE MR E R B IE AL 3.82% ~9.15% (m =6.54%) 3.06% ~8.35% (m=5.72%) ., W W,
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—o— W Leaf —a— i Root —=— Hiff Ramet

Q 3
£ 10 2 18
52 8 5
£2 ¢ &2
22 =
§ 'g 4 5 % 0
ey 5 H £ o
ﬁ s 2 ¥ ‘§ £ 6
g g —¢ 154
L 0 | L | | 2 4 | L | —e |
4 0 20 40 60 80 M 0 20 40 60 80 100 120
T IR B B (me/kg) T B PR B B (me/kg)
Residual concentrations of Phe in soils Residual concentrations of Pyr in soils

B4 EBrEARZEN IR AR R

Fig.4 Bioconcentration factors phenanthrene or pyrene in the root and shoot of Ophiopogon japanicus

HYRE (SFEEYHREADRE) AR L BEPE EERNEERRE, MEZT, LEMEYREREL R
TR -0 VIR B 3 B A FE X 38 o 3E | BB B PR A SRR AR K S IR AR SE BB B 19 31.41% ~45.43% (m
=39.01% ) .19.25% ~32.96% (m =26.47% ) ; Y-V EAEHERRIE. BB R 21 33.86% ~39.42%
(m=36.57%).36.81% ~41.78% (m =39.34%),

#2 &Y FEWETFEMSSE PAHs ST BIER P WERE
Tahle 2 Contributions of biotic & abiotic factors to remediation of PAHs in soils

£ 3542 PAHs

I H Item

3E Phenanthrene T Pyrene
mﬁﬁmg . 20.05 40. 88 81.05 161.44  322.06 20.24 39.58 79. 86 160. 64 321.42
Initial concentrations ( mg/kg)
B kIR R Leaching loss (% ) 0 0 0 0 0 0 0 0 0 0
FEH: Y4 & Abiotic loss (% ) 7.69 7.03 6.51 6.06 5.75 3.81 3.63 3.26 2.67 2.51
AR
Microbial degradation ( % ) 45.43 44.09 38.52 35.60 31.41 32.96 30. 80 26.30 23.03 19.25
HHRR . 0.173 0.168 0.161 0.145 0.137 1. 32 1.27 1.22 1.15 1.08
Plant accumulation (% )
AE #7415 Plant metabolisms (% ) 9.15 8.64 6.12 4.96 3.82 8.35 7.28 5.96 3.94 3.06
ﬁ%ﬁét% ; ,ﬂzﬁﬁ 33.86 35.46 37.64 39.42 36.46 36.81 38.10 40. 65 41.78 39.35
Plant-microbial interactions (% )
EERE

Degradation of PAHs (% ) 96.30 95.39 88.95 86.19 77.58 83.25 81.08 77.39 72.57 65.25

3 i

FIFEYMER PAHs {55 HIB—HREIMRTAEE S N5, MYI% PAHs Bk RIREARFR 24
KA ERI T RE R - Y R PAHs ZBRHBRZ —, ARV, HY T RIS FRLESHH
PAHs , W2 ISt 28 5 50 1 At BB AR SE ™ s PAHSs R AR-SHE40) 11 59 53- 008 ) 45 b SEL A DR K A7 255 w4
WA %, ZE S NBRAE FE T , PAHs kb4 m Y E S A R /M TR o ZEBEIE K3 2] 2 (BaP)
R TP AR R, W R L TR BUSTE  BaP ¥k BB T e, H 438 BaP f VT SR IO B BEE B ]
HYRE T ZRBTI A" . Chen FEHUSHAERI A2 3R B B 05 S B SS L AR B e I 44 R 3R, 78 190d )5, 4
HNE 37.7% .30. 4% W8 15 £ 3 ( Festuca arundinacea S. ) W ( Panicum virgatum L. ) R R FTH- 4L, 4L F
Bt R4 43 B i 33.3% .26% %

BN, MY-AE Y RE R B ERTFE HEPIE B, 7E 60d I, 4975 88. 88% HYIERT 75.
91% W AR, BHEYERERE AW EM S TIEDIE ERENR 6.69% .6.93% . 7] W, MY H EHHE R
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YERFHFAREY-MEYREBEE R R TENEERR,

TR Wb S 58 PAHs R —& 4R, MY P A 3 A Y 3R 1R R U W TE P BB
He YR RE S HIR IR LIS B My iR 2% | Jennifer ZERFST R TR, BE L S ETENR RE N
B3R SR BRI 58 FP U MR B RO b 2 BB (R BE A R U P AR ™ 5 Corgie 7EBFST B 2 B ARYAR R T8 SH0HL
A YRR R RBR IR A MR AR E T R IR, =K A B R R S ] 303 /0 R R« BEAR R Bl , ik
IR EESK B, SRR A YR AR R, L2 IRR ™ 5 Chen Y N I3RS PAHs MR A
J R AL R R PAHs FEARBI AR PAHs 90— o ABSEaH, 7 60d i3, CK, .CK, B3,
R EEE R (AR YIRERER) 73529 39. 01% \26. 47% , 3] 138 ( 1 FHUEY) ) X PAHs 55 RA —E
B HEE o

Y- Y R G, F YRR B 40 10 40 F0 B B BB HEAR B ik IR S A AE 3k LB . Y
ZUE 3L, FEFESE (Apium graveliens L. ) \ % | (Raphanus sativus L. ) 8% b ( Daucus carota L. ) \Z5483 % ( Solanum
tuberosum L. ) SAEYHE A 8 BaP B , YIAR R AP T 1 BRAE AR HE PAHs R PR EEMAA™ . Rugh
SEBEIE R B, M S S R S T M TR AR Y X R TS SIS BB R SER £ B . Chaudhry %
YA Y5 HAR BRI Yy B P o IR Y SR B e W S e B IR R R B E e s e R B
FREFEMEER SRR 9 PAHs 155291 . Maila S57EX HLBTST B VEZE 16 R AUS A9 R R B M S A P S B A A
M SRR 5 ZRE YIS R Xt PAHs 75 45 A0SR 00 BB s — 4y, B SR Ak ™
A ,60d Ja Y- A RE T HFE B TRIGSR B & WA UG L E AR EYEER
W 2 BRAE I AR 36. 57% \39.34% , F] I, MM 7E WA AR BE T 3B SEFI e BEARVE T . I 4 A
AbFE D RS M B Y- RE P 2B AALEE IREE . I S BT U B S T R SR T HA 3 A
Ab3, 2B TR, > CK, > TR, > CK, FyAE k%, 0 60d J&, ¥ 44 HK B % 81. 05 mg-kg ' EV5 R +HEH, TR, |
CK, . TR, .CK, H £ By AL B 15 14 43 3 4 0. 171.,0. 124 0. 107.,0. 084 mg/g.2h (n=5,P >0.05) ; ®FIHHEE N
79.86 mg-kg ' tEIE Y A IR BRIR S 0. 169.0. 122.,0.101.,0. 075 mg/(g.2h) (n=5,P >0.05), #iBA
YRR T IR BRI A YIRS , - W R 32 B R 32 8 PAHs ZBRIRARE

PAHs 78 H3E S Y] 5 BLE R X R W R4 Y1vk 48 R % (BCFs) #E177%44 , BCFs BRI Y x5 49
BB AR AR ABRSTIE SCHY MY BEMR L 25 -B9 BCF's B % 3 7h PAHSs & BAG38 TR, (EAE 4 ik Py
PAHs ) 2 E 5 13 PAHs & 8 BUEM; A RHEYAHR N, PAHs 1 ZREN SHA W RS E B IEH
X FEF— Y- MR G, IR BCFs BT, %4505 Gao™ 5 Tao ™ WBISTMIE . TRERIREE
HEYXHE B RN EZ B (SREIME) FRE, vk B PAHs 3R Y RN E w5 B{H, 5 BCFs B &, Wi s
¥R E PAHs +3Erpi Y RIRBHBEEIE B{E , i BCFs 8K, 5 —75 T, BT PAHs i) BCFs 5 H.I f# & fl Kow
ZIAFTEE B R , ELRE LI AR B A3 K T3 KA Kow (EAGHE R TI/N™T , M4H b s vk B AR
VYR AL BB N PAHSs IOV AR I, AT RB{E #E PAHs TERIARIA N AR R
4 Hig

B R, B AR 7E O ~ 320mg kg ™' SE EVE R LR IE R A K, I B RAE BB EE A 60d
G Y- RGeS 3E BB R BRI B8 77.58% ~96.3% \65.25% ~83.25% , KRB L,
W ERRSE—EAE RS R Eh s e IEMNE, HERHRE S5 HEIE R IVE B IEAX, Vs
ERF5HEFE NS BIHR, ERYRERERNRE TR PSRN LR E 2R E Y- YR 3L
HAER . E WA YRR RAY-MEYRRBEEE EE R RN EERE,
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