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ABSTRACT

In this study, the experiments were conducted using an aerobic reactor (Lab
Scale) for rubber factory waste composting. The result of studying the basic properties of the
rubber factory waste (STR20) showed that the waste contains high C/N ratio (approximately 260-
350) and low moisture content (24-58%). Therefore, the co-composting materials should help
increase the moisture and improve the C/N ratio to a suitable level. The parameters monitored in
the experiments include temperature, moisture content, pH, electrical conductivity, organic
matter, organic carbon, nitrogen, C/N ratio, P,O,, K,O, Fecal Coliforms, E. coli and Salmonella
sp. Once the composting period is ended, the Land Development Department of Thailand (2005)
recommended the C/N ratio to be no more than 20, the organic matter to be more than 30% dry
weight and the major nutrient (N-P,0,-K,0) at 1.0-0.5-0.5. The experimental results showed that
the suitable period for composting rubber factory waste with sewage sludge and water hyacinth is
60 days. The resulting composes passed the standard to be used as fertilizer.

Next, the decomposition of rubber factory waste was studied by adding
cellulolytic microbial activator (CMA) in the reactor that composes the rubber factory waste
alone. The results indicated that adding cellulolytic microbial activator does not affect the
finished product that is the product does not contain enough major nutrients. Furthermore, the
decomposition period is longer than 60 days. This result disagrees with the suggestion from the
Lab Development Department of Thailand such that the CMA does not help fasten the
decomposition process of the rubber factory waste composting when the waste is composed
alone. When the rubber factory waste was composed with dewatered sludge from seafood
industry and water hyacinth, however, adding the CMA improves the finished product such that

the soil-like texture is achieved and the major nutrient is at a fertilizer level standard.

)



To find suitable materials to co-compose with the rubber factory waste, many
materials were tested in the conducted experiments. The experimental results indicated that the
rubber factory waste is best suited to compose with sewage sludge and water hyacinth because the
finished product contains a high level of major nutrients (N-P,0,-K,0) and the C/N ratio passed
the standard to be used as fertilizer. In addition, the finished products from this method are freed
from pathogen microorganisms which are environmental friendly.

The results in this thesis are encouraging findings because the sewage sludge,
the water hyacinth and the rubber factory waste are all invaluable waste that are needed to be
disposed. The methods presented in this thesis, however, turn these invaluable wastes into useful

fertilizers/soil-conditioners. Thus, it is a roadmap of a sustainable way to manage these wastes.
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Uiaa1sazaie Vanadomolybdate 5 Haaans 1d i test tube YUIA 10 UadaNT

a A [ 1 a Aaa a L] 9
waztha T19ATAWPUIATIIUNTOAITASAIYAIVYN 1 UaaanT LG]?J?I\‘]UI,‘]J wen I

v A

v
UINUA

Y A Y o 1 A ) A A
191720 Wi 1driaainsgAnAuLAIRI8IATE Spectrophotometer 1A1HHT7)
A

AaY 420 U1 1ULAS
1 blank [FUAGA VYD 2-5

~ 1 = Y = 3
Lmﬂuﬂi”wimmﬁmszwan Lﬂlﬂuﬂﬁ”l%lll’]@ﬁiWLl TﬂElgl‘lfimmiﬂﬂﬂammuﬂmmu

9
%

N

Total P (%P,0,) = (X-b) x 250 / (10,000 x Sample wt.) x 2.291 x mcf.

Tagn X = anudutuves P lumsazaiedledis tfeuannsmnasgiu

(Haansu/ans)

b = AnududuYes P lu blank fsuninnsvlunasgiu (dadniu/ans)



7. madmnerlmadeuiaviun (K,0) (AOAC, 1998)
75 HNO,/HCIO, Digestion
7.1 qﬂnmﬁuazmémuﬁa
) fnes
2) Hot plate
3) wadsuilsuag 1 ans
4) Volumetric flask 100 yaaans
5) Erlenmetric flask 250 Uaaans
6) nIIBUAD
7) N3LANATEN whatman 103 42
8) tula
9) Lﬂ?i’N Flame Photometer
7.2 M5tall
1) nIANEN HNO,/HCIO, (03 0usuiaeniuni3ns e Total P,0,)
2) 20% HCIO, w3 Tagazais conc. HCIO, (70-72%) 563 Naaans 111 Deionized
2093
3)  @5araeNIATIIY K ANuIutY 1,000 Haansu/ans (193 ousuReInums
A1AT1H Soluble K,0)
4) @3aza1eNINTTIU K ANUTUTU 0, 20, 40, 60, 80 LAz 100 Haansu/ans v 4%
HC1O0, wioyTao Tilaasazatonasgiu K anudiudu 1,000 Jadniu/ans o,
2,4, 6,8 Az 10 Yaaans bd W Volumetric flask Y119 100 Jadans a1ua1ny Ay

Y Y
20% HCIO, 2111 20 Tadans 1niulTu51195@2911 Deionized

7.3 M3NAA0Y
1) %3d206191) 0.5-1 51 1d 11 Erlenmayer flask 4119 250 aaans

2) AunIaREy HNO/HCIO, 15 faaans wenue Tndnnu Uain flask aensae

a

A ' Y '
A9 NI UG08 VU hot plate Ngungiillszum 80°C auaiudihmanua ud

U
a

9y dg’ A a [= ) 1 1
Qﬂlﬁﬂﬂiﬁ@ﬁlmiﬂﬂﬂ IUNAAIUTUI ﬂ1ﬂ13868@61ﬂ%uﬁ1ia$a181ﬁ

QU

g ¥ ] ' s .
3) 31q'lﬂmsjum HAINTDINIUNTEATYNT DI whatman (UBT 42 aﬂu Volumetric

v A

Y
flask VU9 250 Haaans niulsudTuas 1914 250 Haaaas wer lddndua



4)

5)

MIAIUIN

ihliSammstaniassuasdiemiod Flame Photometer
=S 1 1 td‘ 1 Y o 1 9 9 Y 1 L:' 1
@Wounsmnassseninmne v ldnumanuduiuves K Taglderuaineu

Y
TaTunnuds

Total K (%K,0) = (X-b) x 250 /(10,000 x sample wt.) x 1.204 x mcf.

Taoh X = anududuves K luaisazaiediesns iiounnnsinuiasgiu

(Haansu/ans)

b = ANuYNIUYes K Tu blank euainnimlinasgiu (aansu/ans)

8. MIANTITHEINOIMI3I09 (UAarTien (Ca) uazuuniitFe (Mg)) (AOAC, 1998)

75 Atomic Absorption Spectrophotometric method

¢ A v
8.1 qﬂnsmuazsmmum

1)
2)
3)
4)
5)
6)
8.2 a31Al
1)
2)

3)

4)
5)

walsulTues 1 ans

Hot plate

NITAIYNTIDI whatman L“]J'E){ 1
Volumetric flask 100 Ua@ans
Erlenmetric flask 250 4aaans

A
703 AAS

conc. HC1
= A Yy 9 a Aaa oy . .
2N HCl 0Tou TR conc. HCI UUUIU 166.7 UADANT Tu3in Deionized
Aa aa [ a I a
152 800 Hadans udrsulsuasitlu 1 aag
@1582a18 Sr 5,000 Haaniw/ans wiewlase1sayaiy SrCL.6H,0 15.2146 N3
Y Y
° a A aa o a o <
114951 Deionized 101 2N HCI 200 daaans USuUsu1as@18111 Deionized 131U 1
ans
#139201011ATFIU Ca LA Mg ANUTUAY 1,000 Haansw/ans

@1592A1001A591U Ca 1Az Mg ANMTNTU 0, 2, 4, 6, 8 1Az 10 Naansu/ans

wsonTaethaasaza1on1nsgiu Ca tag Mg ANUITUTU 1,000 Jaaniu/ans



987982 0, 0.2, 0.4, 0.6, 0.8 uaz 1 Nadans 1a Iy Volumetric flask VU1 100
Hadans ualsulSuasdreansazaie sr
8.3 NINAADI
1) d19819i)o 1 n5u Talu Erlenmayer flask ¥11a 125 Haaans
2) @Y conc. HCI 10 Jadans AUUY hot plate IUATATANNDULN
A A Aaa 9 Y A ya3 Y ]
3) @ 2N HCl 20 dadans dulififea 19liiduas 1d1nI9aRIUATEAINNT B
whatman IJJE]{ 1 aﬂu Volumetric flask 4118 100 Uaaans
Y
o . . o a [ a aa ' o
4) 41902noUA11 deionized 1a15US 05U 100 Taaans e I U@
o [ [ A 9 d‘ o v W [} d' 9 a 4
5) hldiadimsganauudidieniod AAS (dm5UA10819NA0INTINTIZH Ca
nag Mg hlideas dremsazate s 1d Idanududueglugisnaisves
1522 AONIATTIU)

=1 1 1 A 1Y Y 9 QSJ} Y
6) LGU‘(’JHﬂ'ﬁ']1/‘]“1@3@]“33113'l\iﬂ']ﬂ']ﬁﬂﬂﬂaullﬁ\? AUAITUVNUVUVDITIAUUA Tae ¥

1 A [ 091’
ﬂ’]ﬂ’]ﬁ@lﬂﬂaullﬁ\uﬂl‘lllﬂu@ﬂ

MIATUIN

% Ca 1130 Mg = (X-b) x 100/ sample wt. x 10,000 x mcf.

{ Y v ' o
Tag X = ANNENIUUBUDITINA I Tua1Taza1edI9d19 eunnni v
MAITIU (Uaanin/ansg)
Y 9 ! =
b = ANNINTUYDIFINA1IY 11 blank MsVINATINWIATFIY

(Haansu/ans)

9. MIMVMA (15175, 2548)
¢ A v
9.1 gulnsninazinewn?
4 v ' A q 9 v o
) azunid 1 ga 39152neUA8azunIVLIAA1 o 1HMIMIvIANT 188Ny
d 4.4 A
WINNEA  VUIAYBIFALUNTINITUTENIUATINUIVOIVUIANOUNIT FAIDBS

AUATINNNZAUAEA 1 UA1T199 0.1



4 g
Gﬂ‘ﬂx‘lﬁ N.1 VUIAVDIATLUNTUUD TN

ﬂzamsema‘f YUIAIATUNII (mm)
4 4.76
10 2.00
20 0.840
40 0.420
100 0.149
200 0.074

2) IAT0I%4
9.2 MSNAABY
o'/ [ o 1 o‘/ Ly o 1
1) FIRLUNTAAALIUBT IasnNaUFIanInNuaLe1anzLNTINoY
~ o VoA ] Y 2y A ] o YA ~ o '
2) WFeuaIegaNouLRanalIudeuan 1Fuana1nnu Inel¥ie n3eua10819
sz 500 NTY

o w 1 1 9 zﬂ' 1 1 =1
3) aeg1anldazinse wutunTessou seulszua 10 WIN

]
@

a o ' Ay 1 g o A ' Y
4) ‘ViT]_IiﬂJ"Iﬂl@’Ji’)EJNVIﬂ”l\‘if’JQ‘Uu@]guﬂiQL‘]Jf’JﬁﬁN“] Iﬂﬂﬂ?i%\i@]xllﬂiﬂ‘ﬂﬂ ADYNAN
ll Y o [ 3’ v a3 ) g’ v W ' Ay 4
g LLa'J‘LHUhJﬂﬂﬁ]”lﬂuﬁ/iuﬂﬂﬂlﬂiﬂ ﬂﬁ]gleHTWuﬂ@]'J@EJNTIﬂN‘]Ju@]gllﬂﬁﬂlll@i
A9
] I 1 - <Y 1Y)
5) plot AFINLEAINITNTZIA D 2T UNS plot AmveaosiFuan Nz aNAUYUIA

VDIAI0819

10. MIATIVHUIUIU coliform Hag E. coli (U.S. FDA/BAM, 2001)

¢ A v
10.1 QTJ NIUUASINTIDILN

1) phosphate buffer  USua3 450  Uaaang 1 V29
15uas 90 Hanans 2 V9
2) Talolsrendening 10 Hanans 2 U
YU 1 Hanans 1 ou

3) lauryl sulfate tryptose broth (LST)
naoaaz 10 Naaaas (ldvasadnuia) 9 vaoa

Aa aa 1 [ (22
HaoAay 5 uanang (1awaammma) 9 GRE



4)
5)
6)
7
8)
9

1 I (%)
BGLB (laasaanuna) 9 Ya0n

EC medium (ldviaoadnune) 9 a0
Eosin methylene blue agar (EMB) 9 GRLE!
Plate count agar slant 9 raoa

ﬂ"l“l’iﬁ!l,agélﬂlﬁ]ltlﬁ’ FMTUNAGY IMVIC

stomacher LAz DaNAIAAN

10) AdounTY

11) Water bath 45.5°C

10.2 MINAas3

10.2.1 Presumtive test &1%51 coliform bacteria

D

2)

3)

H3610819 50 N51 ldgenara@nin Phosphate buffer 450 Haaans laasldwanld
[ UAI8 Stomacher 1-2 117 1@ Dilution 10" 91 Dilution 107 uag 10° e 11/
AWAINY

v
o l =

1dthavuia 1 Hadaas gadledniinudens 107, 107 wag 10" 1511a5 1

Haaans lalurasao1mis LST (151as 10 Hadans) AnwdevNas 3 vaoa
(] ] ) A o I <

(ed11Ha1mnN1 15 w1d 1uuAIS R Dilution vugaldvasa LST 1a39)

] 09.:’ A 0 I )
UUNADANINUAN 35 C Lﬂun’m 48+ 2 ‘]f')IiJ\“I

10.2.2 Confirmed test @1%5V coliforms

1))

2)

1 { a 2] J § { a ]
wyviaoa LST ‘ﬁlﬂﬂl!ﬂfffLUWﬂ Gl"laf} loop ﬂWﬂL%@ﬂWﬂﬁaﬂﬂ LST ‘ﬁlﬂﬂllﬂﬁnﬂﬁﬁ@ﬂ
84011115 BGLB viaaaaonaon

] A o [ o 1 A a 4 o
Uuviaea BGLB #35°C 1Wuna148+2 11w eunariaoaiinaund a1
Most Probable Number (MPN) NA5 1N 2.4 (ﬁ"lﬁ%l‘]_ll!‘ﬂﬂ 3 71a9A) J18UND

MPN coliform/n5u 1T uUNNHA

10.2.3 EC broth method @1%5% fecal coliform

D

2)

3)

1 4 a (7] 1 g 4 a [

wgmaea LST Mnaunaiutn uazld loop 1oi¥e1nviaoa LST Anaunann
vaoa 1811911115 EC broth iaoanaviaoa
1u1avA EC broth 11 water bath guHl 45.5+ 0.2°C WU 24+ 2 ¥ 114 daing

[ 1Y [ 9 " a (7] ] 1 o
unameluvasaanuna a1 lNauATUUADIUATY 48 + 2 2 TU4

PN [ [ 1 a) o [ o

l¥manaoaninaunasina1nlanisnes MPN (f95uuus 3 viaoa) AUl MPN

fecal coliform/n5 ﬁuﬁﬂwa



10.2.4 confirmed test 1451 E. coli
Y v
1) oo¥eriasa EC broth Minaufannyasa laums streak UUDIMIT EMB LU
A o & M
EMB 9 35°C iflua 18-24 %2114
[ $ I [
2)  dunalalaiinuiezilu £ coli Aonsanaralalaiididy 0190159111 methallic
1 dﬂl = - 1 = 1 1
sheen D181¥p N IATatinana1n 2 lalatlveanaza1ue1¥1s EMB laviaoa
] A 0 <3| o o dy
21113 PCA 1iumaon PCA #138°C 11unan 18-24 1 Tuq 1iu¥eannasa PCA i
Y
naaouas llil
2.1) foudunsy
. I A = =
2.2) IMVIiC test 1111351150590 UN B UAY
IMViC
I = Indole test
M = Methyl red test (MR test)
V = Voges-proskauer test (VP test)
C = Citrate test
- Indole test
| 1 1 I 1
Wumsnaaeu nuaiiseausonlasu Tryptophan 114 Indole 1aniolai
3 . Lo Aa A .
Tryptophan 1111 Amino acid magiu Peptone 1130 Casein
asn
B Naaeu
& Ay
1. Inoculate 1ondoamsnagovad i lu 1% Tryptone Broth
{ 3 )
2. Incubate 71 35°C 1T u11a1 24-28 ¥ 114
3. igd Kovac’ s reagent a\‘lhl‘ﬂ 0.2-0.3 Yaaans
Y
4, I ANAADIUIY 2-3 AT
[ 4 t:‘ dtd‘Q .
5. dunamsallaguaniwiIved medium
msulawa
s Aa . .
HWAUIN UTLUAINNIVDY medium (red ring)
=) = A A A
Waay @viueU Kovac’s reagent ADHIVADY
- Methyl red test
[~ 1 ==t 9 dy dy A 9
FumsnaaeuI HUANGIANINAS19NTANDINTIASIUFO N Glucose 161
A 9 dy dy ° 1 = = = .
WINY3I0108 1R8N pH V0I91M151A8U¥0AINTT 4.2 99 Q8UT Indicator Y99 Methyl Red

duduasla



ad
Asnaaou
L Ay
1. Inoculate FONADININATDVUAL U MR-VP broth
A PO )
2. Incubate 71 35°C Wluan 24-28 %2 134
3. oA Methyl Red 2411 5 ¥ioa/s Jadans Broth
@ ¢ (A = . v A v .
4. mmmmimgﬂaﬂumm Medium NUNY AN A Indicator
msulawa
. I A
Wa1In Medium 11 UaLA
. S o 0A
Waal Medium QUFIVADY
- Voges-proskauer test
I 1
Wumsnagoudn wuaRSeauT0a319a15 Acethyl Methyl Carbinol 910
Glucose hléf’*ri?@ulm'
ad
s Naaeu
A Ao
1. Inoculate (¥9NABINTNATOVAI U MR-VP broth
1 3 )
2. Incubate 71 35°C 1T u11a1 24-28 ¥ 114
3. M8A 5% Naphthol 8111/ 5 viem 1vE1 (0.6 aaans)
4. viea 40% KOH 8411 2 viea (0.2 Uadans)
Y
5. e lmtnsunald 10-15 wn
o ¢ (A .
6. dunansallasulasves Medium
msulawa
. I~ =\
NaVIN Medium auadniely 5 11n
A A A
WNaay Medium @LYiao3
- Citrate test
3| 1 A A 9 . = 1 = I [
WumInageug I LUANTEa N0 1Y Citrate W88 108N ULKAS
4 ] ] a
M5 VUOU (Carbon Source) lan3e li dwuafiSeamisalfiissesudon lavznsaguaz 1%
Y v ¥ v
. a I . . 1
Alkaline Product 1navu&uiunaly Indicator 11 Medium #q'ldun Bromthymol Blue SIGIEY
a A [ = 3' a
NnARINTUFT U
ad
Isnaaou
Y v
1. Inoculate 1oNADIMINATDVTAYAT Streak UUH?I Simmon s citrate agar
A o . & )
2. Incubate 71 35°C Wluan 24-28 %2 134

@ ¢ (A = . a A A
3. ﬁﬁlﬂ@]ﬂﬁmlﬂﬁﬁmﬁﬂlﬂﬂ Medium LLﬁ%ﬂ'li!G]‘]JIG]"UENLLUﬂVILifJ



msuilana
=1 A A dy . a a A I = 3/ a
NAUIN ULUANITEVU LAY Medium wWaguandenduainau

= Ao 4 X oA A oAaaA
paal  UNuUANG Y 1ay Medium 1unlasud (@ived)

Unsenmaesuninnaaey E. coli

MInaaay Indole test Methyl red test  Voges-proskauer test Citrate test
Biotype 1 + + - -
Biotype 2 - + - -

2.3) mela@e141s LST (U5uan 5 Hadans) Uy 35°C 48 %7 134

3) msuilawa
Sl £ coli Aadunsuan pilveuduhiademled na IMViC i + + -
_ (Biotype I) H30 - + - - (Biotype IT) az#1in lactose 11 LST 1¥nsauazuiai 35°C molu 48
#Tu9 1TAn1319 MPN (131971 2.5) (MAruINd 11350 3 vaeq) Tasgainnaea EC broth fi

#1379 confirmed 1A% E. coli JUNANA MPN E. coli/nS1



v Y ' 1
1.2 MPN %51 3 vaeananududuuoudan 0.1, 0.01, uag 0.001 A5Y Inocula NN

1¥0371 95%

Pos. tubes MPN/g [ Conf. lim. Pos. tubes MPN/g [ Conf. lim.
0.10 | 0.01 | 0.001 Low | High | 0.10 | 0.01 | 0.001 Low | High
0 0 0 <3.0 - 9.5 2 2 0 21 4.5 42
0 0 1 3.0 0.15 | 9.6 2 2 1 28 8.7 94
0 1 0 3.0 0.15 11 2 2 2 35 8.7 94
0 1 1 6.1 1.2 18 2 3 0 29 8.7 94
0 2 0 6.2 1.2 18 2 3 1 36 8.7 94
0 3 0 9.4 3.6 38 3 0 0 23 4.6 94
1 0 0 3.6 0.17 18 3 0 1 38 8.7 110
1 0 1 7.2 1.3 18 3 0 2 64 17 180
1 0 2 11 3.6 38 3 1 0 43 9 180
1 1 0 7.4 1.3 20 3 1 1 75 17 200
1 1 1 11 3.6 38 3 1 2 120 37 420
1 2 0 11 3.6 42 3 1 3 160 40 420
1 2 1 15 4.5 42 3 2 0 93 18 420
1 3 0 16 4.5 42 3 2 1 150 37 420
2 0 0 9.2 1.4 38 3 2 2 210 40 430
2 0 1 14 3.6 42 3 2 3 290 90 | 1000
2 0 2 20 4.5 42 3 3 0 240 42 | 1000
2 1 0 15 3.7 42 3 3 1 460 90 | 2000
2 1 1 20 4.5 42 3 3 2 1100 180 | 4100
2 1 2 27 8.7 94 3 3 3 >1100 | 420 -




11. MIAIIIN Salmonella sp. (U.S. FDA/BAM, 2001)

11.1 ginsal

D
2)
3)
4)
5)
6)
7
8)
9

Lactose broth 0.5% YTinas 225 daddes 1 vadunden
Tetrathionate (TT) broth 151195 10 Waaaas 1 viaoa
Rappaport-Vassiliadis (RV) medium 10 Haaaas 1 R
Bismuth sulfite agar (BS) 1 NU
Hektoen enteric (HE) agar (SS) agar 1 NU

Xylose lysine desaxycholate agar (XLD) 1 U

Triple sugar iron agar (TSI) 2 GRL!
Lysine iron agar (LIA) 2 GRL!
Talel51e1n13f0 YA 1 dagaas 1 ou

10) Loop, Needle

11) Water bath 42 118 43°C

11.2 MINAasl

D

2)

3)
4)

5)
6)
7)

111720819 25 05y laluvaaein@de) 13 Lactose Broth 0.5% 351195 225

Y v Y
Haaans 19N PANeannined 60 + 5 UM nasnntiuaaed Nl 1/4 501 U

L u

gl 35°C Wuna1 24+ 2 2T

=D

l¥ulavuia 1 1aaaas a9 culture 91090 1 USuws 1 Uaaans lalu RV

U

medium 4azdn 1 Waaans lalu TT broth wauldiddu RV medium Uuh

42+ 0.2°C 24+ 2 %2114 TT broth VNN 43 + 0.2°C 24+ 2 ¥ 114

= a

1111 streak U HE, BS 1z XLD agar Hunoanni 35°C ilunan 24+ 2 92 Tuq

a U
k4

= tﬂy & A o A = AaA o
75999 1A 1atlvou¥0 Salmonella sp. Bz UANTU V19TaTall 019 NAANTINAN
A 2} A o = aA o
VU HE agar Inlafimihmansofiuy BS uazIalall@suyasinaleniaaiuy
XLD

]
AAAA v % 1

onTInTaiinddnyuzaina1nly inoculate lu TSI 1oz LIA 061982 2 iaoa
] dy Wd‘ a o I M)
Uae Niguvgl 35°C 1Wuna 24 52 Tug
A329W Salmonella sp. 11 TSI 3z 1iwafe K/A + H,S daulu LIA awwilasudves
o suAN 1Az Salmonella sp. dmlvgazwan 1S Tu LIA Tufinwadidl

W30 Wil Salmonella sp.
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=).

il

a o o @ { o A . . { . a 1
U.13 waad N 1uIui 60 ¥eIaaMInN 2 Tuyan1Inaaedn 2 (ANaI5I Wa.1)

N

YANINAQDIN 3

o L

- - T . - .
3UR 0.14 waasmai luTud 60 vesdanaind 1 lugamsnaasan 3 (liAvasise wa.1)



4
N

il

a o L @ { . . @ . . .I 1 =
U.15 waad N 1uIui 60 ¥eIaanUn 2 Tuygan1Inaaedn 3 (AuaI5I Wa.1)

3
L]

d' Aa o o v A [ v A .
51N v.16 WaAAUN IUTUN 60 VBIDIHIAN 1

Y

(oudslssnunanesuna+Hlasnwa 'l



d’ a o o v A [ o A
31U .17 waadun 1uIumn 60 ¥eIaaUnT 2

9
(VoUTY 15 INUNAASIUNI+AZNO U UTUUBY)

d‘ a o rL v A [ o A
31U 118 waad N 1uIun 60 voIdanng 3

(VoUFYITINUNANIUNI+YATY)



. d‘ a o rL . ~ . [ v A .
51N ¥.19 waaN N I IUN 60 VBIDIHINN 4

_Y

(VouUFY T3 INUNAAIUN I+ TIHANA DY)

d' Aa o o v A [ v A
51N ¥.20 WaAAUN IUIUN 60 VBIDIHIAN 5

Y

Y
(Vo uT8 15 INUNAASWNI+AZNO U UTORUBU+ANAVYI)



d' a o rL v A [ o
51 ¥.21 waan N JuIUN 60 V9IDIHINN 6

_Y

Y
(Vo Fe 159 NUNANS NI+ AU TS TT I UDIMITNLA+ANAVYIT)



MARNUIN A

namamsin 1 fdseleved

) d o (Y]
1. mamamsin s lesidmsuls sy
= o =y a 1 9 o Y
nnMIAanyINIsveuds Issnunangaunan gl Teri Tasnsniinilo
1 A A g <3 dy [} 3 + o A o [ a 9
wunveudeiiuvesdetiaunsodesaasnaraiuileninnieiaalunsUsulgaula
TagnannMInaasin lano
=S a 1 1 9 19 9
1.1 voudenn159nupdne e awsodosaatsla Iag lidesnau i
HUNTINFUADY UATZEZIAN IUNTIOAANINNTTI 60 TU UHAZTWUINFIAOIHITHANAD
[ a [ [ a3 { Q'
Tulasau Weoadesa uaz Tduna@on JUsuades uasdrelsnawainsoizmiusig
[ 79 ¥ " A W Y A a ~ I 9 £ a ~
prnsduns g Inuaraadu 18 wu minsig Tulasnu Taemaaugise iudu Falsinan
a 09/1 9 = = Q' a
AN UADINMITANHUNUIAY
) o a 9 Aav A 9 % 9
12 dmsuganisneasdnlgluannuidene lsszuumsndnuunlseinie
o o $ I Y] [] o [ o A
Meludaniin Fudumsdnulusedu Lab Scale 010 limnzaudmsumsiinldIdauass
A = " A (a = o o . = a
199 nvB A sHaINNUT I 5-10 duaIU 3IAITHIMIUNALLY Windrow Uazlin1siaw

v v A 1

A v A ~ A T Aq ¥ I Yy <
9IMANNAIY 1INV UAY T3 s unane i Il uiaquiniivinaaeudiuan
U+ % =S a ] I (Y] U
m3vanuuunstiinile laglveudalssnuwaneamailyuTagwin
a 1 A 9 = ogj =\ =S a & ax
Tsaumangauna STR20 M lddnsniviveudelsuamn ¥93503
v AaA 9 . A I A [ =i a
winNaNgan15 195201 Windrow  tiosnimiluszuuidienas ligen veudelssnunan
gnaunatlszanam 5 duaedu Tagszeznainlslumsniinlszuna 60 Ju
% 1 Y] o w 3| A =
PRNUUUNBIHNN 1 Node 1 Ju Taeianyaznoullugldmideuniavylag
Y
ianmevesduguUUIueUsZI 3.0 WAT LAY 1.0 AT AIUAINFIVOINDIHTNIY
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