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ABSTRACT

Restoration of ecosystems degraded by heavy metal pollution can be accomplished by soil
amendment and selection and utilization of plants tolerant to heavy metals. Two former zinc mine
sites, Sambo Mine in Hwasung, Kyonggi-do and the Second Yonhwa Mine in Samchuk,
Kangwon-do, were selected for collection of plant samples and for determination of heavy metal
tolerant species. Dominant species on mine waste deposits in Hwasung site were Panicum
bisulcatum and Echinochloa crus-galli, while those in Samchuk site were Aster vomena, Setaria viridis,
Artemisia lavandulaefolia and Oenothera odorata. Mean contents of zinc, lead and cadmium in
Hwasung soil were 103, 117 and 1 ppm, respectively, while those in Samchuk soil were 23, 6 and 4
ppm, respectively, Zinc contents were higher in Echinochloa crus-galli from Hwasung and in
Artemisia lavandulaefolia from Samchuk, while lead contents were higher in Panicum bisulcatum and
Echinochioa crus-galli from Hwasung and Lactuca sonchifolia and Pinus densifolia from Samchuk,
Plant species with higher cadmium contents were Panicum bisulcatum and Lactuca sonchifolia. Com-
parison of metal contents between roots and shoots showed that Echinochloa crus-galli was a zinc
accumulator, while Panicum bisulcatum. Persicaria hydvopiper, Pinus densiflora and Lactuca sonchifolia
were zinc excluders. In addition, Panicum bisulcatum and Persicaria hydropiper were proved to be
lead excluders. When both heavy metal contents in plant tissues and biomass of individual plants
are considered, it can be concluded that Echinochloa crus-galli and Panicum bisuicatum from
Hwasung and Artemisia lavandulaefolia and Aster yomena are heavy metal absorbing plants, The ef-
fect of heavy metals on seed germination showed that Artemisia princeps var. orientalis had higher
germination rates, but no significant difference in concomitant decrease of germination rates
among the species investigated were found by increasing heavy metal contents,
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#4748 g FPIA FH EFlle =
of Aol Atz HAG=A K3t vk 1

A3 YAY FFE dd Aol fuE s gt} (Baker eof al. 1986, Outridge and
Hutchinson 1991).

FE4£L gurzo g 2B AEY A(stress) 9] 2002 28] A B0 &S Hojrey
AV AL AAsHA ot EFE0 th 9hS-& o) 91 A (sensitivity) 2 A 34 (resistance) o
2 s F e duge 2EY A7) A E A HsAY EAEE RFHE Ty v
off Agge AEo] FF& AE 2o wEate] el F AEs FAstertE #eith
(Larcher 1980).

R gFA) ol = E kx| 9] ek, = 3 5 (avoidance) 2} WAl (tolerance) o] St} ¥ e A &Eo] &
Eg s dor HE 9FHOoE HiHE o, whdd WS WFH L2EH L FPo
HE] A2 £ e FHolgtn & 4 Utk S UL 5 T B4R St A
AR AIEE S AT = Ue EF A 7)12g 7 AE et (Levitt 1980).

A& 3 o] 37FAZ = 4 AUrh: 1. metallophyte
%‘%“—T—Lﬂ*é’l]%)% ZE&d 299 AiolAvt e, 2. pseudometallophyte(FAHS &
YA E)E FFE5 298 A ofye 22 AU FEAY EdME A vE
vz, 3. accidental metallophyte($QAFFH WA E) = 25502 o499 Fid 71850
2 Y AY 880] HoixE= 1d A 27 ruderal (2 &8 2G| gt Al £)o] o 7)) slF
Hrt

gurR oz AN FFE WAL EZME W7 (Poaceae), 4157 (Caryophyllaceae), ¥

Z 3} (Lamiaceae), 23 (Fabaceae) 59| 21 8o} Ro] Adeid 1 FF49 F/7 A e
Zn {Pb (Cuy, Cd o] =M Z 54| Zairt.

wolE A @8 ExtE BEd F4dME F Add 4 AN dolr]3 Folle R B &
Eg) 2o v wziste] ol AL FF& 3 WA S FASH= AHE-E T (Wang 1991).

o] gt ZAE &3] oA o] FojFT) EE o]d {2 E(seedling) & Al7lelx oA 2} vl
ARz 2re] @7 g vigrely] Wl ) Ee] Hav £7]9] AGE WA A=
AM2E 4 Aot (Wilkins 1957, Turner ef al. 1991).

=34 2| 71 &3] Vel A8 gy ofdgld o] ¥ g42 A2 A B4 EAste
A%7F gtk 7lE 8BS w3t ofdd HlsjAM AN FEE EAW 22 srdMe B4 43
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248 Jepdth o] AZEA 3E F ol HEd] B4 ArolAW ¥ s Ee W Y
87 BE B4 FE00 TS e AT of 3744 Yol W ABl o AUk,
faw N

2ol Sl o AL 2] el what wo] AAHA=Y A E2 AL 3
g gepAQ Bglo] #4E sHAR vk AL Hole= ﬁ}ﬂ ¥ 35 (Covert
1988, Sabey ef al. 1990, Sheaker 1991) ¥+ ofjet WA A £ 2] 7t o] §& FHME o] F
o}A 4= glth(Farago 1981). ol&ig WA EL & 5% Fxdx= A4 #7 ofyz} ‘5%——
718 FFAE 7] Wi 53] FFE AVIEANY B o] & 5 Uk o] ATe

FEoz Q| Fad £3] el 28 HES des a8 e S _’:‘_/‘}3}04
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Fo 234 FEZ Aok ANt 2P FFS0GAGY 4R AT FIENYIE
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ZARK|2=2) 0¥

B AR E FANGe s F7E AT BEHe g gds 47 d9d Y A2
Aggat, aelm vjFaRgdo s Hre RAA AvF GFES 3k

AR FAL ol ARE |, ofd, EH NS A skl () 3 1983) AES HBHA
or AP, ABFstn B2 FAPAe JFHog e T F Qo] #oiglrh. H @A o] B
FllE ZEAEL AF 23l UA Fom B Fo| ZE AEwo] Fid watr A EHA
veht o lth, ARe 5 Ede vnA oy Fo 22| Yl st A3 5 Qke

H A ol @A F F A E0 ‘:"%:"‘@'% o] ¥ 1L gt}

11]2"45}’*’45 ofdgolg ot AF2 HFHUoH HFA o] HFRZo| A ANF F
712 g et 58 $3% ¢33 FEEFOE HEo] A9 b Eata ok ##H
A e F90 Adade] FEE o] 21 YA 2 A e g3 E A £3] vEery
= ’—‘]%%% B 5 39lo] 28 F571 vind gt v d 3 Jskd ] kv e W
FEIgFo g AEo] M3 A Fata Uk

34 ¢ ’35’.’6"’1‘}—4 HF3Y FHAR NN 7bg £33 veEhde L vZ N7 (Panicum
bisulcatum) (Z 82X 34%) B S5 (Echinochloa crus-galli)(F 832 33%)92o™ A (Persicaria
hydropiper) (582 13%) 9} vleh o] (Digitaria sanguinalis) (8% 9%) %= vla# @drh o] 3¢
& #HBA o] AL QAR Hol YL FR 5 ¢E AA = Eo] Qo] ke HAL
7} 7 o] FolH ), B HrE v $ W ol FHFFE A HES AYEEE 9
£3 glod shte] B FoA e AR 3 Fo] HFHLE AT Afot o F-Eolrt. &5
9 = QM A& F/7E o @ty viae], nZIh71E, S99 3Fo] HFEE A
i ek

2 o) A2dstFate] #48 YAx) o g ol e &7FgRtE e E3] el HEEE
2 5 Qled ol $HEFLE & ol(dster yomena) (TR 14%), 7ot E(Setaria virr-
dis) (83 12%), A% (Artemisia lavandulaefolia) (5 8.3 10%), B0 % (Oenothera odorata)
(F2X 8%) Tolvh ol Xl LU, A AW, A7), HEUF Fo| FEAER o] Uel
‘drh oS ME AURE B 9 fAEo] AEL oA AFA JEAY AR E A
U7k 22 7z E]jzﬂ 73 Fo] BRo] Ja HAYY AS=E o gdr) ol xe &2 34
o] AR kel vE| A atEo] & A Eo] Bol Yehded olE2AME A0, I, &,
ggte]l & 5 & & 7 Urh
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FAA A o) Ak AHR-H A

=% e 53
AR oA -3 e A 8-S 19933 8ol Al FHsled Zb ReE AxFHE 245}
AzxE A5 HEAH 29E F55% TFE ofd, |, 7l=F U3ty A A 7
A9 o] FholM EFS ANHAstH A EA e SFBAAE AR} ESL 244
gS Falo ddEet A3 Wi 25 mle] 1 N ammonium acetate 8948 H7}13F £ 30
Z18+A] 7] 12 Whatman No. 44 filter paper2 o #A]1AH F2&31Hth (Jackson 1967). 2] &)
RAEZ i oh3 80C 3270 2447 UAZAIFF 0.2 g€ 100 ml9] Kjeldahl flask
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HF FH e TE9A Fe Mal odd FHE EQOlE B8 o FF%0) i
Hol e o) el ¥ &g AEFo] A At olE ¢AHEA At 28 A E
& ez Fahdol NEY FFE5 o AT F24 & (seedlings) 9] A L 4R A%
Aol 3t e 2 JFo 2N FFHEWAANES AR 4 oy, Bold oM AP &
9] 2212 15704 Mo} filter paperE ZolE-S petri disho) ¥& 18 FEF&HLNL TmiH A
7b8 & 25 ~ 26°C 9] growth chamberolA] darkol A 57t oA AT} S FE£O02A] ofd,
2, tEES AstEen Z4 FF54 Wt 0, 0.1, 1, 10, 30, 100 ppme} 65 =] §A S &
vatAnh 4 482 47l wrE o8 o] FojH )

ZF&o A7 FAE AZAWLE ZAEY] 95t dFATE growth chambero 4wl st
2 5ol Zolg A3 oS petri dishell &711 37k419] 34L& 0, 0.1, 1, 10, 100, 1000
ppmY 6F 8 M2 st AFUAT AL thA) 2P F Fd WS v sty

do o o
s AlBHe 534 B
Eope] ojqd, i @ Fl=ge] §L Table 19} 2oh. old® W #5449 4o A

o] wi¢ 2A velgedl 53] ofd2 diF-&o] 40 ppm o] Fel U G4l @t 160 ppm

Table 1. Zinc, lead and cadmium concentrations in the soils of Puchon, Hwasung and Samchuk, Data
represent mean + a standard deviation in ppm

Soil Zinc Lead Cadmium
Puchon (n=5) 1.35 £ 0.34 ND* ND
Hwasung (n=8) 102.76 + 39.17 116.84 + 48.40 1.32 £ 0.22
Samchuk (n=5) 22.62 = 10.77 6.07 £ 3.32 4.11 £ 1.07

* ND; not detectable
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7R yetgtew gEEs BAE 200 ppm 7HA] WERT @9 o] A2d s gite] B
ofd ] #FF2 v FUAT ol el ARG Hste] 5o H= e HFelgirt ofd
H3te] Q279 A7 FAA 4559 HHEFINE @ 7t=FL HEHA Fken of
Auto] mgFo g FHislof AT

s e FEEF EGOA Ak 429 ofd L AR wA vebsted o
A 74 9] 50 ppmol| 4] F-E] WHolF 9] 1800 ppm7tA] W37} Bkt s A ofd e FHigol
B2 T EY0IRL AHAME F4E § F A (Table 2). 38 @e] §F2 T3 A EH
F-9Qoll mhet el wshyt At e dA R s vR 713 E37F A vebsith
oA go] AEA FFol £& T DEMIIS AT AT (Table 3). 7t=F9 & 3}
gl A Eo] AHo HERT FdA F AldM 1 o] 2 F2 NN E nIAANA,
Ao nEW 7]t (Table 4).

FuHe ot HEA FHe Aol » FHe FF
o EGEY S5 g HEY 8L AR UE
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o 59 A8z ey G

Z ey
et o|F F3F 2 & (accumulu-

4

Table 2. Zinc concentrations in some plant species in Hwasung and Samchuk. Data represent mean
concentrations in ppm

Root Shoot Stem Leaf Fruit
Hwasung
Panicum bisulcatum 423.48 234.45 - - -
Peysicaria hydropiper 649.78 - 237.64 548.16 113.03
Chenopodium album 345.73 - 306.24 1655.60 -
Echinochloa crus-galli 536.19 886.45 - - 297.37
Samchuk
Artemisia montana 207.14 287.30 - - -
Artemisia capillaris 186.97 336.81 - - -
Artemisia lavandulaefolia 663.18 307.40 - - -
Lactuca sonchifolia 503.92 238.72 - - —
Pinus denstflora 742.64 217.64 - - -

Table 3. Lead concentrations in some plant species in Hwasung and Samchuk. Data represent mean
concentrations in ppm

Root Shoot Stem Leaf Fruit
Hwasung
Panicum bisulcatum 126.03 51.27 - - -
Persicaria hydropiper 69.78 - 11.49 0.00 144.82
Chenopodinm album 0.11 - 5.81 0.00 -
Echinochloa crus-galli 33.89 40.79 - - 29.43
Samchuk
Artemisia montana 10.92 0.00 - - -
Artemisia capillaris 0.00 4.65 - - -
Artemisia lavandulacfolia 0.67 23.56 - - -
Lactuca sonchifolia 95.70 48.56 - - -

Pinus densiflora 50.49 68.16 - - -
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Table 4. Cadmium concentrations in some plant species in Hwasung and Samchuk. Data represent
mean concentrations in ppm

Root Shoot Stem Leaf Fruit
Hwasung
Panicum bisulcatum 24.22 15.80 - - -
Persicaria hydropiper 23.60 - 6.72 10.66 6.11
Chenopodium album 2.56 - 1.97 16.23 -
Echinochloa crus-galli 16.06 10.38 - - 6.99
Samchuk
Artemisia montana 2.45 9.26 - - -
Artemisia capillaris 1.52 3.77 - - -
Artemisia lavandulaefolia 2.01 0.00 - - —
Lactuca sonchifolia 8.87 9.36 - - -
Pinus densiflora 4.93 0.00 - - -

U flo

tors) & X AR} = S0 21A1 2 & (indicators) & |32 &
o]

ghafo] EdE 4 Zué?‘fé}%“’ﬂ vl ¥ st k2] B (excluders) & E%e FF&353
o] theksleEte RG] dEe dA '} A e Aot} (Baker 1981, Punz and Sieghardt
1993). o] ATolA A9 EdE oty A ER YeElgon Wi 3] wFH7A,
oy 2 AbE o] ARl nEw ), F2 5L olde A &2 Vet (Table 2). 39 3t
Aol wl@A7 AT g7 doll hME G2 B2 By = At (Table 3).

Chang and Mok (1977)-& 4+ A2 334 2l 2] oA 2] A X E-E Sedum sp. 9} o] ¥
(Dianthus sinensis) O 2 B33 gl o]5& A& A9 1300 ~ 14000 ppme} o}H & 433
dcti wustw ok 1y o] FE5L ZAME HAMAYOME BAHA] gkon Atk
sdats QY Ego] 27] o] o] N He) YA Edoe E&o] HA ¥& AoE AAAH,

7
o
E=N

r‘.&

A B9 x|5lR/R 45 HIE

AZe durd oz #7o] BYTLE Ao B MAE Bujdch webx A3 /A
33 o] vl (root /shoot ratio)-& i«] =4 v oplg @42 A0 wetd T g8kt sk
1 el 2EEX A B Fo AMNE NEA F9E A AFFG AR /AN HEL
Table 58} #th 8H49) dHe B EGFES Haz 3t0g X3Ade dA D& 23 9
o} A)8h42] 71 & F(dry mass)o] 22 Aho] $FE = B 0] F471Fl Wt v
A Zck,

S AHH o) A2dstdael Ao H B FAAANE HFA e YAyt 27) WE Tt
2 Yo} FERZo] HatA ®rh TER o|Re) ABL A A3tHe AEFo] wol

A5 /A EHR- B &o] T

N2AWY FEE FFol ¥ £F FFE Ui el Atk B F AT Fof wet
AN 2R wEz e Wart B7] gEd F345E 2ol F4dte HEL AR 42T
o] & ToZ B £ gl: o]Z& Table 5914 B vt} o] e &5, v=7i714, O
g3 AR E B, %, FRA o] Fo] oo sdd Aotk
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Table 5. Mean dry mass and root /shoot ratio in several species in Hwasung and Samchuk, Data are
mean + a standard deviation

Root Shoot Root /Shoot
(g /individual) (g /individual) Ratio
Hwasung
Persicaria hydropiper 1.626+0.602 7.676+3.354 0.240+0.118
Echinochioa crus-galli 1.364 +0.465 13.831+5.079 0.103+0.028
Panicum bisulcatum 0.610+0.454 6.021 +4.369 0.132+0.035
Samchuk
Artemisia lavandulaefolia 3.457+3.619 8.591+7.984 0.319+0.102
Aster yomena 2.106+1.966 8.809+7.639 0.237+0.039
Artemisia capillaris 0.9281:0.486 5.502+2.917 0.18040.035

Table 6. Effect of zinc on seed germination. Data represent mean =+ a standard deviation of the num-
ber of seeds germinated in a petri dish. Each petri dish contained 15 seeds. All the
populations were from Hwasung site except the evening primrose {(Oenothera odorata) popu-
lation from a normal soil of Kyongan-chon, Yongin-gun, Kyonggi-do

Zn concentration (ppm)
Control 0.1 1 10 30 100

Chenopodium album (0.50£0.87  0.50+0.50 0.75%£0.83 0.50+£0.87 0.25+0.43 ND*

Panicum bisulcatum 1.25+1.30 1.25+1.09 1.00£1.00 0.75+0.43 0.25+0.43 0.25+0.43

Artemisia princeps  8.75+£1.09  8.75+1.79  850%x1.50 9.75+1.43 8.50+1.80 8.00%2.12
var. orinetalis

Qenothera odorata 3.00£1.41 0.25+0.43 1.00£0.71 1.75£0.83 0.50+£0.50 1.00%1.22
(Hwasung)

Oenothera odorata 8.25+0.83 3.75x1.79 3.25%£1.09 3.25+1.09 4.25+1.09 3.75+1.48
(Yongin)

Species

* ND; not detectable

Table 7. Effect of lead on seed germination.Data represent mean + a standard deviation of the num-
ber of seeds germinated in a petri dish.Each petri dish contained 15 seeds. All the populations
were from Hwasung site except the evening primrose (Qenothera odorata) population from a
normal soil of Kyongan-chon, Yongin-gun, Kyonggi-do

Pb concentration (ppm)

Species

Control 0.1 1 10 30 100
Chenopodium album  0.50%£0.87  1.50+1.12 ND* 1.00+0.00 ND 1.50+0.87
Panicum bisulcatum 1.25+£1.30  0.75+0.83 ND 1.00+0.71  0.75+0.83 1.25+0.43

Artemisia princeps 8.75+1.09 7.50+£0.50 8.50+1.50 8.75+£0.83 10.00+1.58 9.00+1.58
var, orientalis

Oenothera odorata 3.00+1.41 0.50+0.50 0.251+0.43 0.25+0.43 0.50+0.50 0.75+0.43
(Hwasung)

Oenothera odorata 8.25+0.83 3.25+1.48 4.50+1.12 2.25+1.30 3.00x0.00 4.25+1.79
(Yongin)

* ND; not detectable



154 Korean J. Ecol. Vol. 18 No. 1

wotol| o|xl= E342] &

Table 6~8& o}d3 F 2 Fl=Fo| B F 4 B9 Hol WA= &L HAFS o} &2
ZAME 571R] F F ool QoA Fggol 93 A M A A Btk @delEe H A
FEFY MATL ol & X Pl A 5345 Bl zabd A 2ol vl A dol-go] o
E=9ktl (Table 6, Table 7). 18ly B4 /MAZFE & Fl= g5 Eo A Wolgo] AA Holx
t} (Table 8). & AT B o, &, =g F 54T F= M4 st=go] o} 7t
Z aA dAH T 1 ol %Ol‘iirﬂr. olAd L BE X oA Frol BAQLel Hls:g 3
9 BoyFa 9t (Table 6).

rlo

FAB YRl 0ixE FI5 I

Table 9% 314e) @utol 2 A2 Aol PRt obdd, W, AEFS G 24 Aol
o}, of Yool R AN ME oY A H4 8L Pelo) Yol Aol FRsA ekgich 1
P FFEe FH s BE A% A9 ol + YTk E7)E el wch ol Aol
Fasigd 53 dzre AsEA P4 Aol A,

Table 8. Effect of cadmium on the seed germination. Data represent mean * a standard deviation of
the number of seeds germinated in a petri dish. Each petri dish contained 15 seeds. All the
populations were from Hwasung site except the evening primrose (Oenothera odorata) popu-
lation from a normal soil of Kyongan-chon, Yongin-gun, Kyonggi-do

Cd concentration (ppm)

Species —_—

Control 0.1 1 10 30 100
Chenopodium album 50  +0.87 ND* 0.25%0.43 ND
Panicum bisulcatum  1.25+1.30 0.75+0.43 0.50+0.50 0.25+£0.53  0.75%0.83 ND

Arvtemisia princeps  8.75+£1.09 8.00%+2.35 9.00+2.45 10.25£0.83 9.25+2.87 5.25%1.48
var, orientalis

Oenothera odorata 3.00£1.41 1.00x0.71 0.75+0.83 1.00x£0.71 1.00£0.71 0.50%+0.50
(Hwasung)

Qenothera odovata 8.25+0.83 2.75x2.05 2.50%0.50 2.50+1.12 0.75+1.30 1.00t1.22
(Yongin)

* ND: not detectable

Table 9. Effects of zinc, lead and cadmium on the root and shoot growth of seedlings of evening prim-
rose (Oenothera odorata) population from the metal-contaminated soil of Hwasung. Data rep-
resent the ratio of mean length after treatment to that before treatment

Concentration (ppm)

Metal Parts
Control 0.1 1 10 100 1000
Zinc Root 1.05 1.00 1.06 1.04 1.06 1.04
Shoot 1.57 1.20 1.08 1.16 1.21 0.98
Lead Root 1.05 0.97 1.03 1.07 1.03 1.01
Shoot 1.57 1.40 1.32 1.22 1.15 1.04
Cadmium  Root 1.05 1.04 0.89 1.03 0.93 0.99

Shoot 1.57 1.20 1.03 1.34 1.13 1.00
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Table 10. Effects of zinc, lead and cadmium on the root and shoot growth of seedlings of evening prim-
rose (Oenvthera odorata) population from the normal soil of Puchon. Data represent the ratio
of mean length after treatment to that before treatment

Concentration (ppm)

Metal Parts

Control 0.1 1 10 100 1000

Zinc Root 1.01 0.92 1.07 1.02 0.96 0.92
Shoot 1.12 1.19 0.98 1.22 1.10 1.00

Lead Root 1.01 0.93 0.95 1.01 1.04 0.95
Shoot 112 1.02 1.59 1.48 111 0.94

Cadmium  Root 1.01 0.95 0.83 0.99 0.86 0.96
Shoot 1.12 1.59 1.22 1.00 1.13 0.81

Table 102 ¥4 o] ggto]lE MA 7o A v o, |, 7= FFE AN 31
o A7IME F218 el o Zdo] o] FE3A gt E719] NANALE M FFE F
Zrol Wolrt A3tR et LExe] 4 Fteg M Pl e #AhE o] 3o YEyt)

F2 B2 &3] ¥a] A2 (root elongation method) 59 ¥hH o2 Mutsic), #a) Al Ao
A= WA A (tolerance index: &2 B A7 Aol of g Mg o] e v g)E
AEshed B AN E e o] Aol nn|Egong £ NANAE FE AW E i)

g RHY F ggol i AATE vuAEd FFSWA thE xto)7} F8lo] YehtA]
Zerh o)A ojnlx guro]Zol MaH ¢=% (acclimation) $8o] =7] WRolg 2 £ 31
¥otole} o] 2 & FAXAE FHA B AFFHAME Mol £ gl How
AR,

H 2

TEE2 4y AuAY Sd2 d3d EYSY 5T FE& did WA B L
ol &5 FHA o]Fold £ 3tk FFE NN ES AEsly] St Bz T BEH Y
AR FNA e AT dYd ] A2dERdAA AEE AHASGFACLT st FRFA]
B4 FAGY $AFL 05713 EAA D A A2dsRre] HB3 QAT $HTL
SEAgel, FolAE, FE, BRoIRIUT. 49 EFL o4, o, Ft=F 9 o]l 47} 103,
117, 1 ppme 2 YEbsta ¥ o] EF2 242} 23, 6, 4 ppm o2 UEPSITE A EH o opd §HaF
= 339l SV 9 AH ol FHo] 1, FE 49 viEsh R B9 & A o] 1Ew )9
2zl tEEE A9 vz, A aew izl vk A EA AERe -
FE45 TFE Nug 23 A EFe orde] FAHANEE, vER A wFANE, o
#, Ao e 1wy, e ofde A9 ER AWHAY T FH 9 uFA G
7 AFE gl dEME AN ERE desth HEAY FE54 FFS YEFS LR
ol e 299 PSA7E, AHAME FE, AR, SRt FEL FFEE A4E
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