
..... t.I ' .. 3.1 'Ufc;'IB ft'HlLLLa::if1"iLfl3J •• 
3.1.1 at.ln1m • 

..... t.I ........... ' 'lifc;'IB ft"inL/Lfl"iB'13JB'lLfl"i1t'M • • 
Gas chromatography (GC) 

pH meter 

Syringe for GC-17A 

Gas tight syringe for GC-2014 

Hot air oven 

Balance 

3.1.2 if1"iLAii 

0 ........ 
i1aif11 611~1.JYI 

1 Sodium hydroxide 

2 Hydrochloric acid 

3 Nitrogen gas 

4 Hydrogen gas (standard) 

5 Methane gas(standard) 

6 Carbon dioxide (standard) 

.:I 
1J't1't1 3 

'it.I LLU 1.J/'lf~c;'I ... 

GC-2014 

BP-20 

10 ul 

... ..... t.I 1.J"i1:tYI/ "itLYIA 

Shimadzu, Japan 

Satorius, Germany 

SGE, Australia 

1 ml ua:: 10 ml ITO, Japan 

LD0-100E Lab tech 

PB602-S Mettler Toledo, Switzerland 

.. 
\1fl"iLA3J ... ..... t.I 1.J"i1:tYI/ 'it LYI A 

Na OH .. ..I .. ... ' 'D'nmfl3Jfl aa'D'vivrn1 E.l, 'YI EJ 

HCI - ..I .. ... ' 'D'nmfl3Jf!Ela'D'vivia1EJ, 'YIEJ 

N2 i'1u'Yli'virf1.h::L~~~ aan~L'1'U., l'YIEJ .. 
H2 i'1u'Yli'virf1h::LITT~ ElEln~L'1'U., l'YIEJ .. 

CH4 TI'U.'Yli'virf1h::LITT~ aan~L'1'U., l'YIEJ .. 
C02 nu 'YI i'vi Ef 1h:: L ~~~ a an~ L '1 'U., lrw .. 
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...... ~ ...: ... ..; .... "' ... 
3.2 15TI1"i't1c;'tit el\I TI1"it'I TIM-1 an11:: L "iaJ Gl'Wt1 L 'MaJ1::&f aJ11 i)I) TI1"iNitGI LLTI ftaJ L n";n n 

ft1.J LGl"i't1-i1 &1"i::111-i111 a.lit LL 'W ::nuv41111i11 tc;i ti naaJ'il a"n~u1-ta1 n1 ATGI u TI1"i'M Ir TILL1.J1.J n:: .. . . 
(Batch fermentation) Tc;iu1*1fi RSM (Response Surface Methodology) 

3.2.1 TI1"iLGl~UaJft11J1i11 

'll1vh'1ii'11111'Yl1liii"llu1 ~ L~ n ~" ~1 r.i1inTnJ~ ~1r.JLfl~a..111~1 iii"11u1~ 
0.2-1.0 L'1Ju~L11~1 LLa1it1111i:Hrnn11ii'11h::1h lurr~11ft'1u1::V1i1..'.IW1..'.l"Ji11n11ii'11h::1h 
Lfi1n11 1:0.5 1Lfl1"1::~m111ni. COD t~r.i1im~1"!1U (APHA, 1997) tl'i111ni.lut~1L-;JU 

rY.:1V111~ t~rnl*li Colorimetric (Harwood LL~::flni.::, 1970) Lrn::fl1fl11JJLiJun1~-~1.:1L~JJ~U 
t~uli pH meter 

3.2.2 TI1"iLfl~UaJaJitLL'W:: .. . 

11~ LL 'Vi::~l iLiJUJJ~ LL 'Vi::~l~';l1n vhf11 Liu 'Yl1'1L~~~"LVI111::LLfinT'HUULL VI d..1 
'II 'II 

mf11m-1.LLa::lut~1L';mlum1~a~LLri«iiLnu uan-;J1n~u3J~LLV'l::[J'1LUULLV1Gi.:1"11a..'.lnd11-;Jaun1u 
'II • • 

l f a1n1~~1 il un11~a~ LLri«ii L 'YlU 'll111aLL 'Vi::JJ11J~ l i ~::L~ u~1Lfl1"1::~tl'i111ni. COD LL a:: 
'II 

ITT3J1tu.~1111at~rnn111~fl1"llel'1LLii'11"::LVlll~1ll (Volatile Suspended Solid; VSS) ~1r.J 

1i1l1~1"!1U (APHA, 1997) m111ni.lut~1L-;JUrY..1V1JJ~t~alif1i Colorimetric (Harwood tm:: 

fin!.::, 1970) LLa::fl1fl113JLUUn1"~-~1'1L~3J~U t~ r.ili pH meter 
f' 'I-... I .¥ ..; ... 

3.2.3 ililnLL1.JUTI1"i't1GlitOIJ LGIU L1j'HiTI1"ilJlil1.Jif"illJGlil'W"'t1N"J (RSM) LL1.J1.J 

Central Composite Design (CCD) 

'Yl1n11flmy1iJ-;JiEm~n~m~i1-;J::ii~~~anTm~~LLri«iiL'YIU t~r.inT~~~L~an 
iJ-;Ji u Lif a"~"~ ii~~~ anTma~ LLri «ii L nu-;J1n ill L~1n'i13J1::V1i1'13Ja LL 'V'l::n11W1'1"Ji11 LiluLL VI d.:i 

'II 

mf11aULLa::lut~1L-;JU -;!1u1u 2 U-;Jir.J l~LLTi rr~11ft'1umf1rnu~alut~1L-;JU (C/N ratio) (A) 

fl1fl113JLUUn1"~-~1'1 (fl1fl113JLUUn1"~-~1'1) (B) ~'1lULL~a::1hiuiifl113JLLtl1"«ULUU 5 1::~11 
~'1LL«~'1l1tu~111'1 5 LL~::tl1::na11~1r.i 13 'Yl1~L3JU~ LL«~.:il1lu~11"1'1 6 fi1Vlu~lifl1n11" 

~el11«Uel'1 (Response) ~a ITT3J1~"i"llel'1LLfi«iiL 'YlULL~::i:.rn l~"llel.:ILLfi«iiL 'YlU 
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·rhm111\ILLi:.JUnTl'Yl~aa\ILL1.J1J Central Composite Design (CCD) L~£Jihn11a1~£.1 

LL1Jmhae:J\IL~3J1ULL1J1J~\1~3Jn11 
'I.I 

..I 
LaJeJ Y = response 

~O = the model intercept 

~i = the linear coefficient 

xi = the level of the independent variable 

Composite Design 

.... 
u-;iir.J d~~ 

-a Low 

level level 

1::iu"lla\lu-;ii£J 

Medium High a 
level level level 

A El~11«1umfue:iu~alul~1L';JU 17.93 20.00 25.00 30.00 32.07 

B fi1'1113-i Lilun1~-~1\I 5.59 6.00 7.00 8.00 8.41 

~1TI\I 7 "15~n11'Yl~ae:i\l~e:Je:imL1J1Jn11'Yl~aa\l L~£J Central Composite Design , 

"15~n11'Yl~aa\I A(Actual) A(Code) B(Actual) B(Code) , 
1 20.000 -1.000 8.000 1.000 

2 32.071 1.414 7.000 0.000 

3 30.000 1.000 8.000 1.000 

4 17.929 -1.414 7.000 0.000 

5 25.000 0.000 7.000 0.000 

6 30.000 1.000 6.000 -1.000 

7 25.000 0.000 5.590 -1-.414 

8 25.000 0.000 7.000 0.000 

9 25.000 0.000 7.000 0.000 

10 25.000 0.000 8.410 1.414 

11 20.000 -1.000 6.000 -1.000 
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'n''il nTl'Yl 'il fHh1 A( Actual) A(Code) B(Actual) B(Code) • 
12 25.000 0.000 7.000 0.000 

13 25.000 0.000 7.000 0.000 

MIJ1mMGl -2 =-a, -1 =low level, o =mean level, 1 =high level, 2 =a • 

.... "' ... 3.2.4 n11M1JnLLfli'f1JLr11.umun:: (batch fermentation) 

nTl'Vl2Tmuia'iiL'YlULLuun::lc;i£Jmbr;iau'Yl~tfouuLi'tnmfl 'Yl1lu"lnc;itaf11"11u1c;i • • 
100 ih~aac;i1:A-11'1::ih.fimc;i1m1'Yl1-111u 10 iiaaac;i1 lc;im11V1uc;in11LL1h«u1::iu"11e:i-11i1'11'£J~ 
Li'11nn11e:ianm.mn11'Ylc;iae:i-11 ~-11c;i111-11~ 5 LLa:: 6 ilc;ii1£J~1'1nm-11 LLa::~1'1ne:i::aihi1£J11 

• • 'II 

lc;i £Jl i ~11iiui'c;i~1'1n (Supelco, USA) 1ae:ie:in;aL'1ul uii'1V1iimLa::1 Lfl11::~"lie:i-1111-11L 'VIUEJ • 
J'1V1iin lc;i£Jlimi«l ulc;i1L'1ULiJuna1 5 u1fiL rle:i'Y11 l,.;'Lnc;ia-1111::Li'tnn1ftl ii.1 Lt!L"llr.h luLfl~e:i-11 
il'u (shaker) lc;imhV1uc;il,.;'iln11V111u~ 150 1e:iu9ie:iu1fi~mu.V111ii,.;'e:i-11 lc;i£J'Yl1n11V12Tmilu 

• • 'II 

L1a1 301u 
.. tf 0 

3.2.5 n11Tt\1;nmumnftil'1 (Confirm test) 

'Yl1 n11Vi ff';J \.fo 1J rnh a El'1111 £JV\ a'1'11n ~Li «1111::~L'VI111::«119i El fi1'ilEl1J «UEJ'1 
'II 

..i.. ... • ~ .. ... '4 ... .. ... t 0 J' (Response) 'Ylfln1Y1fl EllJ1111'i11"llEJ'1LLn«11 L 'YlU LLa::~a L'il"llEJ-llLLn«aJL 'YlU c;i £J'Ynn11r1c;iae:i'1·JJ1 

Einflf-11-;i1u1u 4 n11r1c;iae:i.,i LiLLfi 1) 1::iu"lle:i'1i1'11'£J1::iu~1 2) 1::iu"11e:i'1i1'1i£J1::~ua-.,i 
'II 

c;i111c;i111.,i 5 n11nc;iae:i.,i~ 3) a-1111::~L V1aJ1::a-11~li'11nn11r1c;iae:i.,i LLa:: 4) a-1111::fl1Ufl11 • 
(fi11::iu"lle:i'1i1'11' £J~e:ir.il u"li1.,ifi1na1,1c;i111c;i111.,i 6) 

'II 

.. tf "' 3.3.1 fl11'JL~11::MLLfJi'f 

n111Lfl11::~LLn«n1lc;i'1:c;imfiu~1e:ir.i1.,immc;i1 3 iiaaac;i1 lc;i£Jli gas tight 

syringe lftlw111c;itaf11,,u1c;i 10 iiaaac;i1 ilc;ii1£J'1n~alfluLLa::~1e:i::aiiLi1£J11 ii.11111Lfl11::~ 
• 'II 

e:i.,i~tl1::ne:iu"lJEJ'1LLn« lc;i£Jli Gas chromatography 111£Jlia-1n1::c;i1ut°iLL«'il'1lu'ilTn-11 8 



Column type 

Injection temp 

Detector temp 

Detector type 

Current 

Equipment 

Total flow of carrier gas (He) 

Injection volume 

Stop time 

(Sreela-or LLa::mu.::, 2011) 
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GC·2014(Shimadzu) 

Shin carbon (size 3m x 3mm, activated 

charcoal 60/80 mesh) 

130°C 

140°C 

TCD 

140 mA 

25 ml/min 

1ml 

7 min 

... ..ft.... .. ... ... ..... ...... . 
3.3.2 nT'i1Lfl"i1::'VIJJ"i3J1nLA1"i1Jil'lUl'Mifl'HJc;i1u·u; Chemical Oxygen Demand 

(COD) 

n171Lfl,.1::~Ti1snla~ (Chemical Oxygen Demand) 'Yi1l~~rm1,-1hv1aa~ 

'Yl~aa.,,~a1'1«::a1~LLa1 ltlm.J~ am'Vlnii 105 t1'1fl1LsnaLsn£J«LlluL 1a1 1 -E'1 h.1.,, il1t1t1mnn 
• 'II 

iamLa1lf.,,t~L~utuamV111ii~t1'1~~iI1i1m.h'1 2.5 iia~~'in tftV1at1~'Yl~at1'1 L~111i'1nkuL-rJa 
'II • 'II 'II 

L~a-;i1.\lrl~,.1ft1u 1:2 ~m~11ii'1nku 5 iia~~~,. 'Yi1LL1Ja'1fl'1~u1lftii1nkua.\ILUV1at1~'Yl~aa.\I 
7.5 iia~~~,. L~11twLL~a"Lsnri11l~tf'11LaJ~ 1.5 iia~~~,. tuii1'ii1t1£i1'1LLa::LL1Ja.\lfl L~3J 
n1~siarJ11n 3.5 jja~~~,-1uJ1'il1t1ti1'1LLa::LL1Ja.\I~ il1V1at1~'Yl~at1'1Lffl1tu~::LLn'1'1 LLa:: 

il1Li1it1u~iit1nt'Vlflii 150 tl.\lfl1L'lfaLsnrJa"LU'l.LL 1a1 2 -E'1111'1V1a.\1';11nt11Jfl'11J 2 -E'1111'1LLa1il1 
'II • 'II 

t1t1n111i.,,l1t ~L~u ~a mV111ii~t1'1L 'Ylii1'il1 t1ti1'1a'1L w111~11.Jirm'i"llu1~ 250 iia~~~,. 'Vlrl~ 
• 'II 'II 'II 

L wa hau~ Lf'IL~ af 2-3 'VI ri~ -;i::LiJ~riuLtluiLii r.11 t111ii1L~u l~L~1'Yli1m w t1f7'~LLt111111L itri 
si;u W~f't11m "li11"liu 0.025 uaf11 t1a iia::'Vlri~-;iuil..1-;i~ri~ ~t1i"llt1'1ii1'il1mh'1-;i::L1.J~riuLtlu • • 
iLL~.\la;,- uwnmrn ~.\lm3J1nt"llt1'1l~1fl'l"L3J~~'V11rJl1.J~t1ITT,-aU'Yl~rJ~iit1£iLi.tii1'il1t1£i1'1 

... 'II 
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... .:t.I... ti' ... ... ti' " c: 
3.3.3 n111 LA11::M 11J1nLL'lf6HHHnn11t1(;'11 llfl11M111iN LL'!h11::L M ti (Volatile • 

Suspended Solid; VSS) 
A ' ~ A 

nT~1 LTl11::'Vl"l.IEJ.:I LL"l.1.:1 LL"l.11Ua El m::L 'VI ti 'Vl1EJ<il::n EIULL"l.11UaEJ m::L 'VI ti (Volatile 

Suspended Solids) 't11 L~minT~U1'vh.:i"li11 LLa:::iJ a LL w:::1J1 EJULL ~"~a rn V111n1.h::111 rn 
~ . ~ 

103-105 El.:! ff1 L'lfa L'fi ti« "ilULL ~" LLi1~.:I U1'LiJ+i'.:i1 ~L flu~ El rn 'Vlfl n~ tl.:I 1 u L {)<ii <ilfl11:iJ:ff u . ~ ~ 

(Desiccators) LLa::u1:1J1-k.:1 -;nnif u U1~1.:1°1i11rll.J:IJaLL w::~mJLL~.:ILLa1:iJ1 L~1~ tltll.'Vlfln 550 
~ . ~ 

a.:iff1L'lfaL'fit1« l.J1::mrn 3 ii'1 L:1J.:1 LLa::u1:1J1ii'.:iii'1Vl'un~V11t1'Ll.J"il1nn11ii'.:1flf.:1LL1n"il::Ltlu~h 
"ll a.:i"ll a.:i LL-ii.:i LL "1.l1uaa t11::L vi t1 LLa::it1ii'1viun~-k.:i'L~111aunuii'1Vl'i!mL ~.:i"ll a.:1~1.:i"li11nrnrn 

~ 

LL w::u 1 'LiJvi1 fi1"ll a.:i LL oii.:11:: L 'VI t1 (VSS) ~" fi1 ~l~n ai1 L tlufi1~1 "lf LL 'Ylul.J'i:1J1 ni."11 a.:i L'lfa ~ 
"il~u 'Yl~m u1::uul~ • 

..I 0 ...... 

3.4 ff011U'lfl1fl111'1ll 

't11 n11i,Jt1 LLa::i LT111::~"lia 11 a L<il t11"lfvf u~ u'iL 1 rn «1"1111"1f1 L mHl'lff1 LH1f 
~ 

Tl rn:: L 'YI fl LU Lan n1'lL n ]Yq)'l LL a:: tl1Vl1'l fl rn::i'Yl tl1 ff1 «qi·foa:: L 'YI fl L \I. Lan 3JV111 'YJ tl1 au 
'l1"1f n nwu a«.:! fl'l1 :IJ ,J.:ivi 1 <ii W Htll. Lan «1"111i'lf11ff1fi'l'l3JLU11"1 fl ni.::1 ff1fi'l'l3Jft1 ft'qif :.J ~ , 

3J Vl11 'Yl tl1 a ti UL 'lff 1 'l ft'1"1111"1f1 L 'YI Tl L U~11l1 w fl rn:: L 'YI fl LU Lan 3JV111 'Yl tl1 a tl"ll El ULLri u 


