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Aphinya Bunluesup 2008: Decolorization of Dyes in Textile Wastewater by Ligninolytic Enzymes
Extracted from Mushroom Culture Waste. Master of Science (Environmental Technology and
Management), Major Field: Environmental Technology and Management, Department of

Environmental Science. Thesis Advisor: Miss.Prapaipid Chairattanamanokorn, Doc.Eng. 70

pages.

White rot fungi produce ligninolytic enzyme when nutrients starve. Utilization of mushroom spent
culture that is residue after harvest is the one alternative to extract the enzymes for decolorization of dye in
wastewater because this spent mushroom culture still contains the ligninolytic enzyme. This research studied
ligninolytic enzyme extraction from spent mushroom cultured 5 types of fungi, Pleurotus sajor-caju,
Pleurotus ostreatus, Agrocybe cylindracea, Pleurotus cystidiosus and Ganoderma lucidum. The extraction of
the spent culture with 0.1 M phosphate buffer pH 7 that 15: 30 ratio (g/ml) for 3 hours produced maximum
laccase (Lac) from the spent culture with P. ostreatus (367.04 + 1.26 mU/g) and from that with P. sajor-caju
(210.73 + 0.90 mU/g). Reactive Black 5 (50 ppm) in 100 ml synthetic wastewater was decolorized with 750
mU Lac enzyme solution from the P. ostreatus extraction and from P. sajor-caju extraction at 68.86 + 0.27 %
and 48.48 + 0.39 %, respectively, after 72 hours. Then decolorization of 50 ppm Reactive Red 198 and
Reactive Yellow 176 was 19.63 + 1.66 and 9.99 + 1.96 % , respectively. Addition of 10 mM violuric acid as
redox mediator with Lac enzyme solution promoted the decolorization efficiency of Reactive Black 5.

The decolorizing efficiency was increased to 74.61 + 0.93% compared with only Lac enzyme solution (6.05 +
0.35 %) for 6 hours. NaCl inhibited Lac enzyme activity. One hundred mM NaCl with 750 mU laccase
decreased decolrizing efficiency from 57.09 + 0.74% (only laccase) to 2.33 + 0.10% for 72 hours. Moreover,
decolorization of 50 ppm Reactive Black 5 with immobilized Lac enzyme on supporting the media
(pretreated coconut shell and cellulose bead) was conducted. The Reactive Black 5 was decolorized to
84.75% at 60 minutes and 89.98% at 90 minutes with immobilized laccase on the pretreated coconut shell and
cellulose bead, respectively. This results shown the immobilized Lac enzyme had advantages in the term of
shorter decolorizing time and consecutively repeated utilization for the decolorization. From the research ,

it is possible to apply the spent mushroom culture for the enzyme production and decolorization of
wastewater in textile industries. However, the application of the enzyme for decolorization in industries is
supposed to more studies involving characteristic of wastewater and immobilizing ligninolytic enzyme on the

appropriate medium for better decolorizing efficiency.
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Glyoxylic oxidase

Glyoxal | > Glyoxylic acid

(0)

2 22 Veratryl alcohol

LiP LiP

Lignin, Lignin

d’ o Ia A 4 a
MNN 1 ﬂallﬂmimqmmmmu"lcwaﬂumﬂaiaaﬂmﬂﬁ

#31: Breen and Singleton (1999)
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2.2 pulwmiuyamilanleseondiaa (manganese peroxidase; MnP; E.C. 1.11.1.13)
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iinalnmsthaumilounuuleseendgiaanily Tasaziilalasnunlesoon loaludinszdu
a Aaaa o { ad o 1 4 S a 3|
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compound I (MnP_) %Qﬂ@ﬂﬂ%"lﬂ@h’ﬁﬂqﬂlﬂu compound II (MnP) LAgFaANILIAUAD
4 4 4 a o a I
ou'lasl MnP  uazddilalasnuleseon leauinnunesziiliina)u compound I
1 4
Mn 11D 1380 Feawisodesaarearstseneuiluea (phenolic) 5aumddon lddreunu
Y
u'lyi MnP @11150000% 1A glutathione dithiothreitol 1taz NADPH uazwaniirldan
a d! a aan . a 4
pondau FunalulnTer Mn(il)-dependent  reaction taze1suIsonanlalasnules

s A Aaaa 4 a % o Y] 1 Aa A [ {
@@ﬂhlclfﬂlﬁf]ﬂQﬂiﬂWlﬂ@i@@ﬂ“ﬁlﬂ“ﬁuﬁTﬁiUﬂ158@8ﬁﬁ1ﬂﬁﬂuu aataaaluning 2

Mn(1II)---Malonate

Lignin % MnP
H202
Mn(I1I)

Malonate

Lignin
&illox Mn(II) H,O

MnP ox

d’ o ~ 4 a
NNN 2 ﬂallﬂﬂ1i1/]”l\11uellﬂﬂllll\1ﬂ1uﬁtﬂ@iﬂﬂﬂcb'l,ﬂﬁ
#31: Breen and Singleton (1999)
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extracellular glycoprotein 104 liuamaailueulyininesuas (Cu) Wuoad/senovves

o { a 4 . { 1 1
Twana it luniseend laga1sUsenoutluea (phenolic compounds) tagai1sh laile
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. . .y aa o a v o A ¢
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. % o { g o ) {
(mediator compound) FaiHiNNTuIa-Fuamsn aalnmsinunaaslunini 3 Hide

L@If)ia' 1&un ABTS (2, 2’-azinobis-(3)-ethylbenzeythiazoline-6-sulphonate)

-

(a) Lignin, Laccase (0]

~

(phenolic residual)

H,O

Lignin Laccase

N
/

(b)
Lignin Laccase (0)
Mediator

H,O
Mediator Laccase
Lignin

- /

H o P ’ P P
M 3 nalamsmnuveseulsiiuanae () TulsiRemes (b) 15uRemos

1301: Breen and Singleton (1999)
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IADNTY 1NN (redox potential) g3 BINAIWINNIT 900 Yaallan (Wensenberg et al., 2003)
s a o a a < o 1
Tagroulasingnoond lad lnseondauaz lisend ladarslidumes 1eglugil cation radical
% { ] : a 4 1 (% o
Fuduannei liadosdea lieond lad luanavesddouds ) TasdmasauSaond In

= . a A I o Y o o =AY
INULTBYA (redox potential) "‘IJ@Q?(”I??JMEJW]@??J?‘I"IQQ%%VIﬂ‘]{iﬂ’(]”lllﬁ”lll”Iii]‘luﬂ”li‘]J”liJﬂﬁflﬂiJ
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A 2 o a A /o A a . .

windu Taena l)asiifoaesinaiinaiuesnIuEssusa (native mediators) 1AZA1150
o (9’ @ ' Ia a a 1
duns1ziyue 1@ (synthetic mediators) Hazamnsnldlanunquiou lwianalulaanuaaz
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d‘ v ' A A 4 U Ia A a ] 1 a
M1319N 2 G]'Jﬂfﬂ\‘]ﬁ”lilllﬂﬂl@]ﬂieﬂﬂﬂﬂ@‘ﬂlﬂu"lcb’uﬂﬂuiuqﬂ@ﬂiulﬁﬂi1llﬁﬁ$%uﬂ

A A s a < 4
MTULAYLNDT FUAIAT (Lau"l,cm)

Native mediators

3+

Mn Phanerochaete chrysosporium (MnP)

Organic acids (malonate, oxalate) Fomes annosus, Armillaria mellea, Cenporiopsis
subvermispora, Nematoloma frowardii,
Phanerochaete chrysosporium,
Pleurotus ostreatus, Phlebia radiata, (LiP, MnP)

Veratryl alcohol Phanerochaete chrysosporium (LiP)

3-Hydroxyanthranilic acid (3-HAA)  Pycnoporus cinnabarinus (Lac)

Synthetic mediators

1- Hydroxybenzotriazole (1-HBT) Trametes versicolor, Trametes villosa, Pycnoporus
cinnabarinus, Pleurotus ostreatus, (Lac)

Violuric acid Trametes villosa, Pycnoporus cinnabarinus,
Pleurotus ostreatus (Lac)

2, 2’-azinobis-(3)- Trametes versicolor, Pleurotus ostreatus,

ethylbenzeythiazoline-6-sulphonate ~ Coriolopsis gallica (Lac)

(ABTS)

fa: Aatlag91n Wensenberg et al. (2003)

o A 9 U Y c?/‘ 1 <3 a 4 1 a = a
m‘wUlﬂﬂanummuuﬂ’qummwuﬂ%memmaz“lfumzummmmmalumiwa@
Jda a a 1 Y d a v (N o
L’au”lcvuaﬂuTu"laﬁﬂmqﬂuuameu”lcvmmawuﬂﬁlzﬁﬂmﬁumummﬂﬂuﬁmﬂﬂizmimu

9 A a Aaaa 1 ~
‘ﬁuW]&Lﬁgﬂﬁl’lﬂﬂWilﬂﬂﬂaﬂﬁﬁﬂ@IN‘] (M3 19N 3)
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ﬂmﬁllﬁ”: LiP (E.C. 1.11.1.14) MnP (E.C. 1.11.1.13)  Lac (E.C. 1.10.3.2)
“ﬁﬂﬁ 1 wig diarylpropan O,, Mn(ID): H,0, p-benzendial: O,-
H,0, oxidoreductases  oxidoreductases oxidoreductases
nyWIoanan Heme Heme 1 type-1-Cu, 1 type-2-Cu
2 coupled type-3-Cu
maimaqa (kDa)  38-47 32-62.5 59-110
Glycosylation N- N- N-
%24 pH 2.0-5.0 2.6-4.5 2.0-8.5
E’ (mV) 1450 1510 500-800
ANUIADYS &1 9 49
Native mediators Veratryl alcohol Mn” Mn"" 3-hydroxyanthranilic acid
2-chloro-1,4-
dimethoxybenzene

Secondary and

synthetic mediators

Thiols, unsaturated

fatty acids

2, 2’-azinobis-(3)-
ethylbenzeythiazoline-6-
sulphonate,

1-hydroxybenzotriazole

fa: Aaulag91n Wensenberg et al. (2003)
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Phanerochaete

chrysosporium

Pleurotus eryngii

Pleurotus ostreatus

Pleurotus
sajor-caju
Trametes (Coriolus)

versicolor

LiP t1ag MnP

Lac itealg MnP

LiP 11ag MnP

LiP t1ag MnP

MnP

Lac iteag MnP

Lac LiP uag

MnP

Reactive Orange 96, Reactive Violet 5, Reactive Black
5, Reactive Blue 15

Moreira Orange I, Reactive Blue 38, Poly R-478

Remazol Turquoise Blue, Azure Blue, Cresol Red,

Bromophenolblue, Acid Green27, Acidtetrasodiumsalt,

Indigo Carmine, Acid Red 106, Mordant Yellow10,

Brilliant Yellow, Chrysophenine, Cibacron Brilliant

Yellow 3G-P

Reactive Violet 5, Reactive Black 5,

Remazol Brilliant Blue R,

Copperphtalocyaninetetrasulphonic, Acid Green 27,

Indigo Carmine, Mordant Yellow 10, Brilliant Yellow ,

Cibacron Brilliant Yellow 3G-P,
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Amaranth, New Coccine , Orange G, Indigo

Everzol Turquoise Blue G, Everzol Yellow 4GL,
Everzol Red RBN, Orange K-GL, Everdirect Supra,
Yellow PG, Copperphtalocyaninetetrasulphonic,

Indigo Carmine, Acid Red 106, Mordant Yellow 10

fan: Aaulag91n Wensenberg et al. (2003)
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1) Carrier method 1987 carrier 1 lazaoinmziueu e Tase1alsludnyuzily
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Lli\‘]ﬂiﬂﬂﬁg‘ﬂ'ﬂxﬂulaf}aﬂﬂu‘]WiﬂﬂWﬁﬂWiﬁmﬂWu‘ﬁgiﬂ'ﬂlauﬂﬂﬁ carrier ﬂmau"lcvu

. IS aaa 1 L&Y . .
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P o w . e 09.: a 1 @ 3 1
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' A Ay oo a A2 . I ! v
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fn: eau1laann Bickerstaff (1997)
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Lau”lcvmgamﬂa WSeumeunumstiadden Reactive Black 5
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80
RB5

2 _————

3S 60 RR 198

e RY 176

2

=

40 -

=

s

=

o

~B

% ] /_,/f ____________ 1

//// I....-,-,-—-.-.,..-..._.:[
0 ‘(,f ,,,,,,,,,, - |
0 24 " )

szaIznal (FI1N9)

PMNN 15 Uszansninn31iniad Reactive Red 198 (RR 198) Reactive Yellow 176 (RR 176)
118% Reactive Black 5 (RB 5) 11 50 ppm #rgansazaneeu lsiuanmnaan
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A d?’ dy = o v /Y A o o’dg’ Y 4
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' o s3I A . ' o
esagraderannsoihiaddon'ld 99.2 nlesidud Waldas N-hydroxybenzotriazole 33U
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FaMnsganauLEIinILeIAAY 598 nm

~ ' A = o Y a A o v A9Y .

1NMNN 17 WU 1nde NaCl UnamIndseansmnmstiiaddon Reactive

A Y 9 A A d? = o Y Aa A
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o [ 9 a d‘ 9 9 4
hundsuanmnlasldasazarensalalasnasinnanududu 1 Tua1s uazarsazarsy

] Y
Tadeu laasen leananududu 1 Tuars luduasumsdsvannldnzar uzndlszanu

o

35 nsy ualuesazarensalalasaaosniszauna 200 Haaans W ldwerdszuna 30 w9

qu’ t:y Yy A A a ~ 4 Y g’ o A Y1 A A 1 ]
uazmm"hmmumﬂmm 50 DAL E araeinawne lvmiiey m‘wag“lwmq 6-8

Q U

'
v A

4
[ o ) o 1 J o
WaﬂﬂTﬂuuuTNTﬂiUﬁﬂ1Wﬁ@$]}’JElﬁ1§a3@181%Laﬂuqaﬂ§@ﬂqgﬁﬂ Iﬂﬂﬂ1ﬂ1iﬂﬂﬂﬂﬂlﬁﬁ@uﬂﬂﬂ

]
A A

Y 2
']J%JTJﬁﬂ1W$])’JEJfT”I§a$a”IEJﬂ§ﬂ]1éﬂﬂiﬂﬂﬂiﬂ i ldwenilszana 30 WA uaxﬁqm"l,”iﬁ'wmum

a = Y 9 3’ o A Y1 A A ]
UNHY 50 DAL ALK YT uazaNﬂwmﬂaumaiwmma%m%agiu%’m 6-8

Y
6.2 dunoumins e lsmiuudinai

091} dy Y v a A 9 A o o <
ﬂlu@]@uuchf@]']ﬂaAN 2 $UA AD NEANZNTINHIUMTUT VAN IN 35 NTNLLAZLIUA

]

4 v
wag laa(li'ldUsuanam) 16 n§u Tasihigadanaiens 2 yiadiuglu 3% (v/v) aminopropyl

'
a @

v v Y 1
triethoxy silane 1aza101u acetone N gaInNN 50 °C Uszuar 24 %1 Tusuazdwaroinau

U

4 v '
vasonuui luslu 2.5 % (viv) glutaric dialdehyde Nganiivios Uszunar 2 ¥ 1ug uan

U

'
Y A =

Yy v J & o q ¥ A & ) ° 1 ¢ a
ANAWYUINAU uaz‘nﬂmmwamwnu 60 °C Lﬂul')ﬁW 1 Glf’ﬂllxi LLﬁ$u13J1l!“]56luLfJuul‘ﬁf1J‘1Jiq°Vl‘ﬁ

Qq U

[~ ) A a9 Y o 1 Aa s @ . .
Wuszeza 5 Gﬁﬂmw’qmﬁauﬁm ummmﬂi}ﬂiim@uvlcvuﬂaﬂm@,@ﬁﬂmi immobilized

d4a &
enzyme NINAYY
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H 1A 4 { a 1 [ 1 g} o
MS19WHINT V1 mﬂfnﬂssmau“lmmmmﬂﬁﬁmﬂﬁuimmazemwmummumuﬂﬁ'au

dy dy < + Ay . o o A a
AR EIGENE RN S IRE R (Pleurotus cystidiosus ) NUH1TALANYTANA 50 UDA

Tuas ezdan afvivles 91 pH 5.6

Y 9
Fasrannihmindous1r1sae 3 9.9, 6 %.4.

welia/aTazangania (NFuAD Enzyme activity (mU/g)  Enzyme activity (mU/g)

Haaan9)

15: 30 62.28 + 1.47 4134 +0.27
15 : 45 56.49 +0.71 31.06 + 0.55
15:60 33,78 £ 1.59 29.12+0.84

d' ) 4 = o a A a d? 1 [ 1
MINWNUINN V2 fﬂﬂi]ﬂ’iiiJL’t]uulG]ﬂJLQOuﬁLﬂfJifJ’t]ﬂ‘ﬂﬂﬂﬁ’mﬂﬂﬂlualulmﬁg’e]ﬁﬁﬁi]usll@
L 4 3 g4 gk o N
u1ﬁuﬂﬂ@u@1‘ﬁ1imENL‘]S’E]LW@]L‘IM%I’t] (Pleurotus cystzdzosus) AUFITALANY

o Aa A 4 a o s A
dna 50 Jaa luars ezsantwios 91 pH 5.6

U Fi
dasannimiindous1visaes 3 %.3. 6 %.3.

Weia/aMTazangania GHTGE enzyme activity (mU/g)  enzyme activity (mU/g)

yaaansg)
15:30 13.97 + 1.56 1.75+0.28
15: 45 13.10 + 1.86 1.84 +0.50

15:60 12.30 + 3.60 2.33+0.64




64

4 1A 4 4 a 1
M519WHINT U3 mﬂﬁmﬁnmu"l,qmuamﬂﬁuazummummﬁmﬂaseaﬂ%maimmaz

¥UAFITATAYANA
a a 4
¥UAVD wiiaou la]
Msazangana Lanna wanamMtalesoondiaa
activity (mU/g) activity (mU/g)
4
0.2 Tuans
HAALTINARD 156 2.98 + 0.56 0.71 + 0.49
0.1 Twan§
oauativlivos
N pH 7 81.14 + 0.42 2129+ 1.59

A A 4
50 Yaa lyals
pzdan Ty

il pH 5.6 64.51 £ 1.54 12.55+2.54

4 1A 4 4 a 1 a
MIINHIND V4 ﬂ”lﬂfl]ﬂiillL’E)Ll"lc]flluaﬂmE‘TLL@$LL3JQﬂ1LL3JQﬂ1ﬁﬁL1J@S’E)@ﬂ%tﬂﬁiul!@]az%u&ﬂ

v A G
VNNDUBDTUTTLAYIUTDLYIA

¥iAUDIA0UDINIT wiiatou lay
Boudeiia
4 a
Lanna UaMLaNialossongiae
activity (mU/g) activity (mU/g)
< a
IHAYIUN 4.43+0.29 3.72+0.48

(Agrocybe cylindracea)
< + dy
wisuihae 71.63 +2.96 17.28 +0.48
(Pleurotus cystidiosus)
MAKauIo 15.88 +0.42 48.73 +3.07

(Ganoderma lucidum)
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¥HAVDINDUDINIT wiiatou Tl
Bousoiia P
Lanne uanuuamiatloseandiag
activity (mU/g) activity (mU/g)
wanethggu 210.73 +0.90 38.70 + 1.70
(Pleurotus sajor-caju)
WAUITUEING 367.04 + 1.26 Taina

(Pleurotus ostreatus)

319091 U5 Uszantanmsthiaddon Reactive Black 5 (50 ppm) NAININTINA

4 { [
vosesazagou lsiiannananaain Pleurotus sajor-caju

% msthiiaddoun 24 4T 48 1T 72 $9 T4
52E2AA9/ WesiFud) WesiFud) wlosiFud)
mnanssueu lad
250 mU 5.06 4 0.23 8.84 + 0.57 12.96 +0.18
500 mU 5.06 4 0.75 20.48 + 1.46 26.61 + 1.11
750 mU 37.69 + 0.43 46.24 + 0.66 48.48 +0.39

319N uINA v6 Uszansninmsthiadden Reactive Black 5 AMMANTY 50 ppm DA

a ' 4 { [
ﬂi]ﬂSﬁJWN@]"]J@Qﬁﬁaszlmullﬁ]muamﬂﬁﬁﬁﬂﬂmﬂ Pleurotus ostreatus

% msthiiaadend 24 4T 48 1T 72§97
F2ULLINNNGY/ osiFud) osiFud) o3 idud)
mnanssueu lad
250 mU 29.63 +0.94 42.83 +0.35 49.47 +0.29
500 mU 35.56 +0.30 49.91 +0.25 54.66 + 0.56
750 mU 42.83 +0.21 57.66 + 0.42 68.86 +0.27
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%

MIINUINN ¥7 Uszansmmnisiiniaddon Reactive Red 198 11ag Reactive Yellow 176

D.

ANMTUTY 50 ppm NMNINITHANITazaeew lydiuanma 750 mU

ANAVIN Pleurotus ostreatus

% n3Taadeun 24 921319 48 %2139 72 %2 114
5LHLNNN9/ GICEEAT) (1JesiFud) losiFud)
¥iladdou
Reactive Red 198 040 18.82 +2.00 19.63 + 1.66
Reactive Yellow 176 0+0 5.86 +1.27 9.99 +1.96

d’ S s . . . 1 a A o w a9 .
ATNUINN Y8 WAVDIT1TUAYLNDT (violuric acid) aolszansnInnsLtiaddon Reactive
{1 a 4
Black 5 AMUTUYY 50 ppm NANINTTUATaz AU lyduanna 750 mU

nanan Pleurotus ostreatus

% mythiaddeudi 39T 6 $1Tu
FLLIININE)/ YANS (1losidug) (1osiFud)
NABDY
asazanou lmiuanmae 040 6.05+0.35

pgRen lilaans
violuric acid
ﬁWﬁa%ﬁWﬂL@ullcﬁﬁllaﬂlﬂﬁ 61.31 +0.60 67.72 +0.29
+ 5 mM violuric acid
msazmmau%ﬁuamﬂﬁ 70.41 +0.28 74.61 +0.93

+ 10 mM violuric acid
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q‘ = J 1 a A o w a9
A1TNNUINN V9 Waﬂl@ﬂﬁ”liﬂ%ﬁ"lﬂi“ﬂﬂﬂllﬂﬂﬂuliﬂ (NaCl) aodszansmmmsitiaddon

{1 a 4
Reactive Black 5 AU YU 50 ppm NAN9RIsNANTazaeeu lsiuanne

750 mU nanan Pleurotus ostreatus

AANITNAADY % mathiiaddounszeza 72 2 Tus
msazaeou lxitannandiufen 57.09 +0.74
arsazaneou lmiuanas 750 mU + 15.07 + 1.30
30 mM NaCl

asazaroou liuannd 750 mU + 9.56 + 0.84
50 mM NaCl

asazaroou liuannd 750 mU + 2.33+0.10
100 mM NaCl

Y L4 { @ @
ﬂ]i]ﬂﬂu?ﬂﬁ Y10 Wa"’U’E—)\iﬂ'ﬁﬂ?%@uqcﬁullﬁﬂlﬂﬁﬁﬁﬂﬂﬂ'lﬂ Pleurotus ostreatus UUAINAN

2 ¥UA

4
BUAAINAN UINN Enzyme activity =~ Enzyme activity GIXERIINP]

(N5N) N0 w9 (mU) 95 %210a(mU)  immobilized

(mU/g)
nraznd i 35 239 104 3.86
AR T RESIEST
ANNAINTA
HazAN
Wiansaglas 16 606 188 26.13




v A

MINUINT V11 Wﬂ“‘l]ﬂﬂﬂ”li‘]j"mﬂﬁgﬂﬂ Reactive Black 5 ﬁ'amau"lcﬁﬁuamﬂﬁﬁ@?mu

fanannzamendnmumslsuann

% msthiiaddonsau % msthiiaddoudae
souft i) (Maygadu+ou ) rou lan]
1 0 0 0
30 88.45 ND
60 84.75 11.17
90 79.51 ND
120 83.32 11.69
150 83.78 13.94
2 0 0 0
30 28.45 ND
60 48.09 13.73
90 40.23 14.32
120 36.21 11.94
150 ND ND

wneme ND e lildinmsasivdou



v A

MIINUINT V12 wammmiﬂmﬂas’fau Reactive Black 5 é’amau"lcﬁﬁuamﬂﬁﬁ@?mu

dnanudiayag Tad
% m3tiniaddons % marhiiaddoudie
souft i) (Maygadu+ou ) rou lan]
1 0 0 0
30 73.77 20.96
60 80.32 23.48
90 89.98 20.14
120 89.28 21.71
2 0 0 0
30 44.39 23.61
60 48.71 22.35
90 64.46 20.48
120 62.52 19.14
3 0 0 0
30 29.63 9.21
60 45.76 9.80
90 50.24 5.70

120 55.81 14.49




sz Iamsany tazmMsnau

¥o —UINEAND WeedaaN UsTAeNIwg
o A o A a o A
Tupou 1 fna Tui 4 qaaw 2524
anuine NIUNNUNIUAT
N a sAa
Usziamsany M. (Anesnaas Funadon)

UVHINBUNEATANEAAT (WA, 2546)
= £3 %
e, (130U BLazANNlaonNy)
UMY TUTITITNITINY (W, 2548)
= d' Yo Yo @ aw (% % a =K
numMsanEn 145y lasunumivayuanuiIteszauliunadny

Y a Y]

a a Y J
UNAINYINY UV 1INYIUUNHATATAT (W.F. 2550)



