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Summary

The objective of this study was to test the in vitro tolerance of
ectomycorrhizal fungi against heavy metals commonly found in mine area. Mycelia
of Pisolithus tinctorius (Pt), Laccaria laccata (L), Suillus bovinus (Sb), and Suillus
luteus (S) were cultured on MMN medium with 0, 50, 200 ppm of CuSOs * 5H20,
ZnS04 *+ TH20, and PbCle. Each fungus was grown for 52 days (in case of Pt for
26 days) in a Petri dish with either Cu, Zn, or Pb. Among the three fungi, Pt
showed the fastest growth without any heavy metals. The three fungi showed
considerable variations in metal tolerance. In Pb treatment, Sb and Sl showed
tolerance at 50 ppm, while Sl and LI showed tolerance at 200 ppm. Sl accumalated
high concentration of Pb at 200 ppm. In Cu treatment, SI showed tolerance and
accumulated high amount of Cu at 50 ppm. However, 200 ppm Cu completely
inhibited the growth of Sl Sb, and LI, but allowed Pt to grow slowly after
several days of lag period. In Zn treatment, SI and Pt showed tolerance at 50
ppm, while all four fungi showed low tolerance at 200 ppm. Sb accumulated high
amount of Zn at 50 ppm, while Sb and S| contained high Zn at 200 ppm. In
conclusion, among the four fungi SI showed the highest tolerance against ‘three
metals tested in this study, and also accumulated high amount of metals in
mycelia.. Pt showed considerable growth at 200 ppm Cu. The Sl may be used er
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revegetation and decontamination of soil polluted by heavy metals. Further
inoculation study is needed to verify adaptability of Sl to polluted soil through
interaction with ectomycorrhizal host trees.

A€

FE&L AAAd 98 ExaAw dRE AE0] o4 F YA, *& T

2 EZA%h gy B Aask 3 AER, 594 AEA 2490 594 22

AYAHQ & dd EXW FF5 w57 FUHEH A Ho2 A7 Ha
o},

ZFEFEL g B4 o)29 A3 £ UA), 549 T3 HEe WA, EEA

8, Axe 7|9 2 239 I3 T3 e 54 835 YeRIH(Ochiai, 1987). o}

g B4 AL 79 Fo WM vE2e, FE4 FF wet us- gSFEA Jebd

tH(Gadd and White, 1989). 3% 549 2ZFEAQ 7132 free radical? &7 o)

o oA AETAHY 71‘11-‘?’—1}%-4 gt AEE A Wl BASA A E
EA4E dogy, 374 tAEEL Superoxide dismutases} 2 H3E FAV EA
39, Mn, Fe, Cu, ZnE& ?‘6}.1_ A Emetalloenzyme A4 chALF A 9 &)
radical & A AT (Greco et al., 1990; Galiazzo et al., 1991).

FREe B FUAG) 23, §3% ol AR we 1A Yo
§71 e ) EANE Fad BrEEel oocHMarkert, 1999), £ T2
Gol OF Wgol Eot HBY FIE 2EALE P2AA NFAEBE RIUY

(Morselt et al. , 1986, Brown and Wilkins, 1985b). 18]y 34 o] & &
AdNE T2 Aol dAHe], T3 A8 FABAY A5 #A 5 AH(Jones
and Hutchinson, 1986). :

279 F25 AL A FU/HRE FEREY sve §714 extracellular
thiols 534 22 FI&HE A3 EZE YA FIF4E wyss ASolY,
% 3yE 22U metallothionein-like proteins 59 AAE 53 FEF45E AFER
%aﬁ}mﬁE WAE 7kA= A EoltH(Shaw, 1989)

TAEANA A% 54 FAAE i°]-‘= TEE TEANZA T
= "}E‘r"}xl ged, AL WAl AFE YehdH, S0 Yehds
€ 7540 J&E HAET oW ‘E‘Eﬁ F2FAake) E%o EAF
9] 638744 % & $}(Bargagli and Baldi, 1984).

HZ oY T2TY EAE o839 LEXY AL BYsty, #Hed A
3 53 FES 29A A YL FAANA JF ATEC AYH: Yo
(Haselwandter and Bowen, 1996). 3y IuloA & of2 7] o9 AdE A47)
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t EY ogAdMN 298 AA% BAE 29AY 44 B
& b5 AN Astd, Fasd dE TSI WA, 53
oe FEd A7 4 s, $F B3 o9l H8Y &
P olgE AW Jx ARE AFHRA Hch

1. #HHE

B AT A& AT TS BTN (Pisolithus  tinctorius), EZHHA
(Laccaria laccata), 348 S2EWAN (Suillus bovinus), B)SIEWA (Suillus luteus)
© 2 A American Type Culture Collection®l]A] 1997d 8¥ E=d€ TFE AU
X AHPA AR FEAAYE AFAGaA Adegste 2@E oW AL AHEEAY.

2. B KR J EER ER

Z+ #2d9 FaE& UG 3 F¥Ee HUEr Y939, MMN(Modified
Melin-Norkrans) A (Marx, 1969)9 CuSOjs - 5Hz0, ZnSOs -+ 7TH20, PbCl; £9& 0
ppm, 50 ppm, 200 ppm FEZ H7IeAY. 4 AHeles 5 HE o2 At MMN
219} 712 pHE 5.801A =, &9 F2& £9L I/ $9 pHE WA &8k
=3

MMN ®ixe A Aldiejets) FRAE FFoH Ao AT 7pAAeY FETLE
=8 g 3X3 mmIAVIZ AD3n, A 9 cm9 Petri dishWl <) ¢] Fg5d X
A3t e o XA Fo 24Tl A 5247 AN,

3. A REE HED Wt BN R

TAHY AZEEE FAOAM HEH 49doz Zo|g &AdAY. TAE A4E
o TAE 2L wiAe] A& AR ARI}E £TF nE o, 2P Ad
L 494 2H, FA0daENATE 94ARH, 4TI vgaEATEe 11
AARE A 54 BF02 AT, F FHXE 0] 439 colony aread A4
skt A4 colony areaE ©) 83t Z #Fd dd AFHS Ao, X
T 7 TEE AT AAF HE o839 WAAFE ALst A tHColpaert and
Van Assche, 1987).

olr
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3 2] = e e AFEE
X . _
WA ]9 (Tolerance Index :TI) ZTe A X 100

2}7}¢ 74]*1}%_1' #He o) #Fd, FES A AF 54 2 WAEEAHE ¥
¥ M

4. B4 RE M

ARG 23d 334 FTE A7 95td, Wigd TAE WAz FE 2
gt Z2F42 AHIF T AZANZHYG AZH FAF 01 g9l ternary solution(HNOs
"HCIOs : HoSO04 7} 10 0 4 12 EFd B39 10 mlE H/Ms 5 200Ce 7hEs
doA 7t] B&stn, B o] A T W £/t TRE ReE UG B
7t 59 ANBE HER A g d#AE AxAz F FHF 50 mlE st
o 4R gaA7)a, 24 AR 2 GFe T YAFFH(AAG40IF SHIMADZU)
£ o839 FFE FEE SAHFANBRKEEGREEBRH, 1972)

23 3 w2

1. 48 HRE2 E48 BB 4 Kka

Fig. 1& ZigANT 9 %‘*%—3 Aeld AFAEEE UEd Ao, o] & AR
S27t wEr] & 169 £ 26¢ Fo 4L Faddd dEzTe T
Bl Aol Fgron, 1697 Y £ FF AFTL 6472 mmolYth FE F
4L ZHDATY AAL AHMAZAT 53] Cu 200 ppmolAE HZ2 AFo
HYFH Azse 43 Adddo] vetged, 647149 F AFZFL 2050 mm’
2 gxT9 329 15F oAUh

EAHARATLE F 52979 wFE 539 AFFE vz (Fig. 2). A
T2 Pholl 93 AAAAE Bolx Fgrow AAFo] hxFe FAlst@e. iz
¢t Pb 50 ppm, Pb 200 ppmol A 9) AAFL 2z} 2082 mm’, 1847 mm’, 2332 mm?¢]
ATk 2 Y Znst Cudl 8 B2 Asle Atk Zne A $ 50 ppm, 200 ppmol A
Ztzt AgaFo] 808 mm® 994 mm’oZ JEh tRFgE & xolE HoaFgoew,
53 CudlA& 50 ppmell M 972 mm*) AZFS RAFAR, 200 ppmolHE AF o)
YERYR] ok,
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Figure 1. Initial delay and subsequent growth of Pisolithus tinctorius at different
concentrations of Pb, Cu, and Zn.

2500
2000
£
£ 1500
o
[
@
z
S 1000
[o]
o
500
0
1 16 21 26 31 36 45 52
Time(days)
—4— Control — -&- — Pb 50ppm ~ -0 - Pb 200ppm
== Cu 50ppm —8——Zn 50ppm = =0~ = Zn 2000pm

Figure 2. Initial delay and subsequent growth of Laccaria laccata at different
concentrations of Pb, Cu, and Zn. Growth of Laccaria laccata was
completely inhibited at 200ppm Cu.
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Fgavga2uNTe A3Fe £F4 AW dFaA debsthFig. 3). ol
279 AAFL 4945 mm’e 2 7 1ew, Pbe 50 ppm, 200 ppmel A ZHzh 4392
mm’, 3272 mm’e] AAFL HAFo] 2T & Ho|E RolRA &Fstrh 28y} Zn
= Aol Adgo] 314Eeg Aol ARAFALr 50 ppm, 200 ppmol A9 B
Ztz} 4665 mm®, 3263 mmieE ©r|Ztel PbA A A AR AL B
t} Cu 50 ppmol A 214 RE AFe] AZRHE JAAAde] Yelgon, 529 & F
ARFL 477 mm°e 2 viS- $%3, Cu 200 ppmol A& Aol JERER] sttt

v g2 ENATY FEFE5AY BE WFFLE Fig 49 JebRATh 279 A
AZe 2278 mm’2 7} Ron Pb 50 ppm, 200 ppmelA ZZt 2070 mm® 2027
mm’e 2 27 AY FAEPEen, Pb HxEd wE Aoje Ueyx #stth Zn
¢) 3% 50 ppm, 200 ppmolA ZZ 1440 mm% 1460 mm’e 2 WE TS} & Ao|E
2oy Fxo W zole AX @tk AL Zn 50 ppmolA S BFo] Zn 200
ppmol Al Btk Aol Wy FAHY] HEelck Cud A$E 1420 mm’E Zndt H
A Ax o) AL Bdoy, Cu 200 ppmiA = ABAo] YelUXR sk}

g 8
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Figure 3. Initial delay and subsequent growth of Suillus bouvinus at different
concentrations of Pb, Cu, and Zn. Growth of Suillus bovinus was
completely inhibited at 200ppm Cu.
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Figure 4. Initial delay and subsequent growth of Suillus luteus at different
concentrations of Pb, Cu, and Zn. Growth of Suillus Iuteus was
completely inhibited at 200ppm Cu.

2 AT 23 Zo] dAY AR GH3A Asiste 44y F5& sEE T
7 d24 Yeldd, Pbe 100 ppmeoldtells miuwAde] 4GS Ao,
Lacaaria laccata, Suillus luteus= 1000 ppmolA = A&o] AaE A @t 7~21Y
AT FA AFeo] HAHAYE B 7t ek (McCreight and Schroeder, 1982).

FHWAE o] &3 AFEL 4 B9 vE WE g JAT2Y UgxEE
2R3 A8 FRH gom, T Aolrt ki A(FEATHBrown and Wilkins,
1985a; Colpaert and Van Assche, 1987, 1992; Egerton-Warburton® Griffin, 1995;
Jones and Hutchinson, 1988). dI&E W, Scleroderma flavidum< Lactarius rufus B
ok Cu¢t Nidl dis] 9 zsitte AL E9FU2(Jones and Hutchinson, 1988),
Amanita muscarias Y& ATZEY Cdd ¥ wEsogn B33 cHColpaert
and Van Assche, 1992).

2. E4M BB OE HER —B £RXE

E 1o AlZIA FF4e2 AHEd 4F 7279 4dY FAAAFE eyt
FAEFY A, B Aol 7B wES, vdaEwAe Ao s A
Z3Ad. 53 B A L ndaswA LT of 9w AX we o

Pb XgAle] 79 dd AF S ZHesATe] M wE FgE Byoen,
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AA&EEE 50 ppm 200 ppmel A 22 238 mm”/day, 216 mm’/dayolRe™, HG
IEWATFY Aol 7 =7 38 mmYdayel itk EZAWATES Pb 200 ppmelA
Pb 50 ppmE T Aol £ AL B4t ®3 Cu 50 ppmell e EHLHAT)
A4 weE e 29on, FauaaEadel b =d A%Q mmY/day)E B
Atk Cu 200 ppmolM el AFL ZwmAdAwt vhetkon, Cu 50 ppme) 252
mm¥daye] AFEERT w9 = 78 mm“dayS YERRAT  ZnolA e AR&EE
T e Fe] A wEA Jelkkon 50 ppm, 200 ppmol MY AFEEE Z+
7 295 mm%day, 264 mm”/dayS B3, AT AFEEE 50 ppmI 200
ppmol A 7F8 e z+zt 20 mm¥Yday 9 21 mm%/daye] £E& e A

ZE49 W ZE otsly] 93 Agel i, wAYg 2L #ws T3 29
o] En}. o]RAL XY FAo) FFEQ FAQY oREE WMHAZ F UV WE)
}(Shaw, 1989).

E3 FF49 EAL wix 9 pHel wel W=, Penicillium nigricanst 4H3
WA A Cu, Co, Crsdl w3t iAol =A veElU (Brown and Hall, 1989), ©&
7L Cdoll gk Aol 2A vebdoh 28y B2 F3 actinomyceteste &7 )
Aol A Nizt Pbell thah WAde] 2 A vrebdth(Brown and Hall, 1989).

AA x| e} AR A F& NE A7) EAHE wiGAAHAN AjF £
= FAYE o)) &A= Ac|tl Phosphates EY WlolA] ®xtolr]e} Q13 ul
A WolME & ZAH 5EA F£EH 444 JAES YA, 7 wiAANY =
Ee dutd oz EA vebdul. Rhizobium spp.2l Cd %73l thdt phosphate®] %
F2 2.1 mM phosphate °©]4¢9 FXolA Cd 540 Fa3A 48 AE AU
, 71 i ZANA AT g AT A WA E AMgEedHE O
A7y 2AY F Yded, 25 ZIAWAA FFo] doju, o] AL ol o] &
&9l FEE WA & 7] WEolth(Hartley et al. , 1997).

Anet 2ol Y s ME Fo wel BFEEE A th=2A e
Qe Alell Zhzhe) wiz] z7el wel FESd did 549 zast 9
AETH B AT AbgE RAHEHAT S MMN #A M & F
AZE Bed FIF& WA a4 o3 wixe ZHE FA
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Table 1. In vitro radial growth rate (mm?day '*=SE) of four ectomycorrhizal fungi
treated with Pb, Cu, and Zn.

eavy metal“c trol Pb ‘ Cu Zn
Species on | 50 ppm |200 ppm | 50 ppm {200 ppm| 50 ppm | 200 ppm

Pisolithus tinctorius | 404+ 7% |238£58%216+ 53252+ 197 79+ 11 | 295+ 327 | 264+ 16

Laccaria laccata 57+6° | 38+5° | 66+9° | 1842° | N.G. | 201 | 21+4°

Suillus bovinus 137£35°(141+11° 66+4° | 9+1° | N.G. | 93*=13" | 60+ 18"

Suillus luteus 44F4° | 44t4° | 41£2° | 3L | NG, | 40+2° | 29+3°

* Means within the same metal with different letters indicate significant difference at
p=0.05; N.G. indicates non-growth due to growth inhibition at 200 ppm Cu.

3. & HHEN Wt

AAES 54 A4S WA EAojv 549 HAFA WM E Fot
AollA Aoldr] 3 s o® AHoHu(Gadd, 1992), ¥ES A= WF
EFAY AEd AEy O3FH, dAEEY 7&, 53 2Fold I g%
& = v89 £F8 B 7 %C}(Gadd, 1993).

TES Agd 0w Z #3E JY3AFe TS w oddsA vewd
(Table 2). Pb 50 ppmolA, F2¥GIEHAT LS WAAS7E 10322 7 A
Eiron nigdaEWAE 999 HwF & YWAASTE JYEAY. 2ev 2w A
T2 582 92 YARSFLE B4y, Pb 200 ppmillAdE EZM¥ Aol & A A<
1058 vetdlen, RdiAdd FAugdaEHAT] 717 53, 4602 iy 2
WAATFE YHeErRATE Cu 50 ppmollAMe ¥ 2ENWANTY WAPRAF7F 788 7H3
Zon, FANGIEHNATS 622 AY YAS YErRA AT ZndAE v@
WMol 889 WARrR M E BEE Eow, EAwH AL S FA8Pdas
HAT S 27 73, 670191, E4UATL 3622 vl ¥ YL BAY Zn
200 ppmell M= ZHAHARATH vGaIEHR ] HF F WA 65 640]%eH,
H g2 BN AT SZAHAY WAXTE 44 43, 3622 @2 AT EAH

Rithling et al. (1984)2 EZ}HV""] Fa&d g% /“130“6‘0] A T RS

B3, F5% 57 22 AGdA dlmrt Frstes A4S BHAdn F33
Aoy, £ AFdAE Pb 50 ppme AL BE FFE& ATFAA wl$ WAoo &
< Aoz Yyt

AZEA Fa&d ot JA e HaEXE 78 AS, HgdaEsAY Y

-3}

f

17

-

ox
5
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Table 2. Tolerance indeces of four ectomycorrhizal fungi against Pb, Cu and Zn

Heavy metal Pb Cu - ZIn
. Average
Species 50 ppm {200 ppm| 50 ppm {200 ppm| 50 ppm {200 ppm
Pisolithus tinctorius 58> 53° 62° 19 73° 65° 55
Laccaria laccata 67° 105* 32° N.G. 36° 36" 55
Suillus bovinus 103* 46° 6° N.G. 67° 43° 53
Suillus luteus 99* 912 78 N.G. 88 647 &4

* Means within the same metal with different letters indicate significant difference at
p<0.05. N.G. indicates non-growth due to gorwth inhibition at 200 ppm Cu.

4. BE) E<8 W AK

Fe 5B 2IE AN o BE 29 FFEL FAVL ojAe uF
F59 Eold Ayety, 4ty 54, F FTAY 2 FHAY gEoln. o FAhe
¥e 494 A4 gev, Edae g% WAE F7HAA0HGadd, 1993).

2 ATN 3% 574 FEE 4 759 2 Ao|F BT ATHTable 3). 2

AT EZ48ATL Pb 50 ppmell A 7HE ¥ 1139 ppmd 1227 ppme FEE
B vk H7 Pb §HE TolA vty oz @A Jerun, A AN Pb
FL F EojHo] Hol F FdIFA EEXFHO Yt Re= ¥HFH 2 (Markert,
1993), £ AFdA vehd FAM Y Pb £HL F Aolrt € RALE YEsY 5
3 RYEuATYg E4WAL & F FEY 28 F3E 29t 2y Pb
200 ppmAlA e EHALHATIH EARATL FHo] Zad v FANDGIEHA
T3 v g IENRTL 2318 FHQ F7hEY F3 2ot &S JYEHAE.

Cudl A%, F2vGaENRTH G2 ENAT L 1355 ppm#* 2546 ppmo] 2zt
7zt FAHo] ¥EA. L FERZ CuE FH3E AR Yeyoy, ZqunidH
EHANTL § E2 FH S 21490

Zne TAA EFAQ Y52 Pbe L H[HS 849F Y Zn ¥E9 WOl
= P29 FdA FHA Jehdd 80F9 TelA Zn FE7F 50-300 mg/kgA v
Bagon #9 Zn TEE EY ¥E9 FHAH2E Yeued, AL Znd FF
o st =4 71Z o] A= Aoz ¥ (Markert, 1993).

ganda AT vgaEWATE Zn 200 ppmolA 2070 ppm¥ 2118 ppm
g S3%3 e AR JEton, mHdyAdrst E4AT L g ¥ 3

i
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o2 39t} Zn 50 ppmolAE FAR|G2EWATFe] 1316 ppml 2 45 T F 1A
2 55 YU ey, AT M 2E FEE 24T

B AT AlEE 4% U2 T FandaSwAdd vigd a1 ENATL Zng Cu
o diad] 2 A& Holw, REHAT I EZHAL E& Ph x4 W &
45 B & a5 we T4 4 AR A dE9XH, FFEY ¥E

Table 3. Pb, Cu, and Zn concentrations(Average®SE) in fungal mycelium of four

ectomycorrhizal fungi
(249 :ppm)

eavy metal Pb Cu Zn
Species 50 200 50 200 50 200

Pisolithus tinctorius 1139.3+19.1%| 72.3£12.6% | 177.0+£12.0° |[N.M. [615.3+175.5"| 396.3+45"

Laccaria laccata| 12273+7.4* | 721.7+19.4° | 303.3+9.7° INM.| 1100+ 1.7 | 595.3+25°

Suillus bovinus | 532.0£10.1¢ | 615.3+20.8° |1355.0+12.2°| N.M. |1316.6 = 14.6*|2070.3 +21.2°

Suillus luteus 888.7£32.6° |1014.6+29.8%(2546.0=11.5* N.M. | 503.3%25" |2118.0+21.7°

* Means within the same metal with different letters indicate significant difference at
p=0.05. N.M. indicates no mesurement due to grwoth inhibition of the fungi.

i
r

o F2TL FE& i B AME de Aoz Uggon, dF=
T8t gl

Ao B gI2E8WAELS Pb 50 ppmelA WAL YeEiNeH,

Pb 200 ppmAlM & EAWATH vGIENAT ] WS BA. Pboll didl WS
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o

TEE FH3sta e, Pb
AT EF4ATEe] PbE

B9 v daE8 AT Pb 200 ppmolA PbE ¥
50 ppmol A= Pbell thdk Ao vd AYH =
2 52 433 A

Cu 200 ppmoA M= ZHLEHAT S A &e 3F F2o] A K3, Cudll o
F EAo] & Aoz Ve en, 50 ppmiHE HGIEB AT WA
A Ed g A% 2y

Sy 0

Zn 50 ppmoilAM = RHRHATTL N GaEAT] & WAL BJow Zn
200 ppmoll N WAL 4F BEF £X &uv Zne 50 ppmolA A 6T EBA
7o) L AL Bgon Zn 200 ppmAAE FAuGIEBNTFH v gGIEHA

HGIENANTS & AT AMEE 37HA FaE&o dd Aol 7t
¥49 4 FYx F4h 28U ARl A FUA BdwAd
& A Yol 22 Fkow, FF& FAE 2R P wEA vga
RAEE F8EY 29X Oz AAEAR 2 QAQF o o] &o] ssdivtn wt

d o] gl GAM FTol MAstE B 5ol A 7
et 7 AYHA S A Fr A7 AEHeR o) F
o

& o

B AFE I27Y FEFEA U AFEAH WA B, 23 EXS vn BA
g AT 2 FHo] $53 F& AdEe, 0dAY AYEATR 2dX AF
o2& ol §3r] 98 7|zx8E #EsnA AAFAY. 2R (Pisolithus

tinctorius), £Z4W R (Lacaaria laccata), B0 S 2EW A (Suillus bovinus), VG 1E
WA (Suillus luteus)®] TAHAE Petri dish WollA CuSOs - 5H:0, ZnSOs - TH20,
PbClz & 0 ppm, 50 ppm, 200 ppmo] #7}¥ MMN(Modified Melin-Norkrans)®)
Aol A 5293t wjkdt F 7 F27TY AFEA, WASEHN € FTEL 2HEANS 4
I ZHRAY FEES AYFA 4 FAYTANE RPLAHATY Ao AF
FAE E, N GaBATY G| M AxaPen, Mo Aol TAM}
9w wsich WG EWAFI F2UDGIENATS Pb 50 ppmoilA WAL YERY
1om], Pb 200 ppmel A& Blg a8 ARATFH ATl WAL 2ok Pbel o
3 WAS EYE ngdaEW AT Pb 200 ppmolA PhE EL 552 X331 g
2™, Pb 50 ppmol A& Pbel thdt WAdo] vlmd AYY R NFH WA
o] PbE & FEZ FHs3 YAt Cu 200 ppmAME ZHLHATFS 293
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3% 2ol AFstA R3te, Cudl td EAe] & Aoz yebgew, 50 ppml X<
B

[e]
HGZEWATY WAdol %3, 28 w3 & AL 249 Zn 50 ppmolME
B gIaENA TS B Te] 2 WS 23ew, Zn 200 ppmol tE WAL
4% 2F ¥A &3tk ZnE 50 ppmolA G ENANTO] 2L FHE 20
o, Zn 200 ppmol A= BlGIEWATY Fou|gdaERATe] ¥ £3& 244
AEACZ YREe d2TL FEH 9N AF AHE B AR YEeEhgo
o YRE= Aol (AHD ¥ FIFLS FFH U F¢ L Py Re 9
o] Be] FEHE AAlo]l vEytth o] FAM vGaEWATL FFE diE U
ol N $Fagoen, T4 FA FEE w2y AZEA FE4 6
% FEE B WA 5%

oA Aol hd Fokd R AT
A gxd. wekd Hga =3 3

o o]&o] rhgstvt wokEn 2y Fo A R ol&d A, JIFAEA HF
< T 24 TS WE T WA A4 opH S Ad S AAE 87 o
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