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Abstract 

This thesis was to study the biogas production of decantered cake from palm oil mill industry and 

the efficiencies of single-stage and two-stage anaerobic sequencing batch reactors (ASBR). Two 

temperatures were investigated with the total of 4 studied systems, i.e., single-stage (S30) and two­

stage (T30) units at mesophilic temperature (30°C) , and single-stage (S55) and two-stage (T55) 

units at thermophilic temperature (55°C). The single-stage system consisted of a 2-liter reactor with 

the hydraulic retention time of 10 days. The two-stage system consisted of a OA-liter acidogenic 

reactor and a 1.6-liter methanogenic reactor with the hydraulic retention times of 2 and 8 days, 

respectively. All 4 systems were initially operated at organic loading rate of 0.5 gCODIL-d and 

gradually increased to 4 gCODIL-d. It was found that the methane composition in the biogas were 

69, 65, 68 and 63 % with the average methane gas yield of 231, 207, 243 and 224 mL 

CH/gCOD.dded for S30, T30, S55, and T55, respectively. The result indicated that, at the same 

operating temperature, the single-stage reactor was more efficient than the two-stage reactor. In 

addition, for the same reactor configuration, the systems at 55°C were more efficient than the 

systems at 30°C. 
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, 
c:t 0 

U1Tt1 1 Ut1CWl 

, 
o v c:t ~Q.J' 

1.1 ft1UJfflftruUtl~'t1}Jl"lu-:J-:Jl'U1'i)£J., 
>I •• 

lh~lJU1:JJU ~f1I11 u rl'lflft'':i lJ~ n'illl Ufll1lJ ff1 rlqj IlJ O-:J'il1 nN~ Nill9lTI'llJ 1':i tlU 11111 ~1I ':i ~ 1u'lf11'miN 
>I >I 

n)1-:J'\J1H l1-:J~lUf)l':ilJnJlflll~~QjJ1J1fl 1~mm'l1~ 1ulI':i~IYlfl'1 YlU 1~1 ~U1:JJU1l1~lJ 1Un'ilf)l':il'il-:J'l 
>I • 

l'lf'U n1':lulm1~yhu1:JJUW'lf l11'ft~ 111fl~lJlllUlJ lW~f11':il~1'UQI9l'ft1'1imHJQ1I1J1flO'U'l l'lfU 

do'" ~I 91 d. 1 d '" '" 1-1 <> ~I 1 1 d d ,0 
91 

lfl':i0-:]'ft10H ll~~Ul-:]HltI'Ul9l luW'l'U l!~::;YlU1'ftU \)Yl'ft~nfH) fllHAl UN~l9llu'U lJ O~t"lf~ t'YiO 'If. 
>I 

Ill'U 'Yirl-:]-:] 1U Yl~tl Yl U 1U ~fl1 nq~ f11 ':i rul'lrl-:] -:] 1U ~-:] I'lfU ll'il ~uu UII~~ 1U lJ'iJ ~ UU -r~ u 1~ 1 ~u nn 
I ~, ~ v 

ff-:]ITI'~lJhmf)l':i Nill9l1lJ 1 O~l"lfm~mnn~u Irlou11111~NTI'lJ luu l:JJU~t"lf~'Ii~O1~Yl~llYluU1u'U 
• >I • 

~t"lf~ ~-:]U 1uuth~lJt llu 1I9ltl~UVlUfll1lJmm~'ftlJlu f11':i U1hINill9l IlJ 1 O~t"lf~ l111Miifll1lJ. 
',JJ , 'JJ 'J/ • 

~ 0-:]f11':i B'u 1uu1l1~lJl~lJmn~'U ff -:J N~ 1MQI9l'ftnm':i':ilJ nn 'ftfl~U 1UU1l1~:IJ~lJ~o-:]iin 1':1 tTIlJ 
• , 'JJ 'J/ 'J/ 

lI~mm f)l':i Nill9l lU'UW~I~Ulflull~:IJ1w f11':i Hill9l11tTIlJ~'UulO-:J n'il~ff -:JH~ lHulI~mm 'Uo-:]tffUtn~~u 
>I >I 

mm'liuI~(J1 fl'U 0 1Yl t 'lfU Yl~m(J1I1~ lJl ril n~ ~1111~lJ U1tffmw~ f)lnl9l~ nou 'il1nf)l':i 'ftfl~U 1U'U 

" 1 0' d <V d 11] 'd'" '1 91 <> I": 91 11] 91 d 9 • "I 0' 
u1~lJ 'li1nlJf)l':i'il~f11':iYl AlJ~n'il~n'D lHn~N~m~YllJI9l0'ft-:]It1~~OlJ !19l ''If-:] AU'ftl'U'UO-:]Yl~m(Ju-l~lJ 

>I >I >I 

1l~~n~m1l1~mr'U'ft1:1J1':itlU11111~tI':i~ 1U'lfl1'I1J'Ul~Oll"lil-:Jl~ [l] ffl'UU1tff(J l'Ull'il'ilD'U h-:J-:]l'U. 
>I >I 

'ftfll9lU 1U'U1I1~:lJlJ l-:]tt ri -:] l~un1':i UllYlfl1 'U 1 ~ Vn1':i u1D~U 11 ffUtllJ lJ 1 ~01 n1f11111 ~1 'U n 1':i ~~n 1':i 
>I >I " 

U1D~U 1tftlJ\)l nf)l':i 'ftflflU 1U'U 1I1~}Jll~ 1 UO n 'il111 'il~1111M U1tfflJUfll1lJ'ftnll ':i n~~~-:]ll ~1 v-:] l~n1"lf 

d ~I d 0 11]" 19 91 ~I <V 11] 91 ' • 1 "'d d
'lflfill"l (Biogas) tU'UH~19l0lJllYlU ''If-:]'ft1:1J1':itl'U1 AU A'lflu'Ul'I~-:]-:]lUYl~IlYlU !~ lll9l0lJH ':in~9HN1'ftU 

I 'jJ 'JJ 'JJ 

uu,h'U1 f1(Jtll l'I1~fll nl9l~no'UYiln~~'U\)lnm ~lJ1U f11':i 'ftfll9lU l:JJUth~lJ~jJ nV-:]tlnllriOlJYl-:] luu 
" 

f11':iU11111~1I'j~ 1u'lfutHil-:]l'yh~m':i l!~~V-:J 1:JJJ1 ':i-:]-:]1'U1rnh 1111~N~l9lfl1"lf~Jhfill'l [2} ~-:]Yl~mu 
., 'JI " 

1I1rl'lJ~'f1 1l1'1~'il1n~U 11 U-:] ~0 lJfflU 'Ii rl-:J'illflN1 U m ~lJl'U n 1':i 'ftflflU 1UU 'il~ uril'U 'UO -:] n 1n 19l~ no 'U U 
'" • d<91 d<d "" 11]_"191d 0 991<> d d 11]91~1 0

ll'I ~00(J'ft-:jtl-:]':if)[I~~ 14 [3} \)-:]lJfl11lJIlJ'U! u I9lYl'il~'ft1:1J1':i tlUl:lJ1 ! 'lfN~19l f)l"lf'lf'lfil'Yi !f1lu'U 'il1U lU 
'U" 

• >I • 

m mlJ0-:] 'ill nu 1I~ lJ 1m 'ft1':i B'U Yl'j uri O'U <ij' 1-:J 'ft -:] -:] 1'U1~(JU ~ -:j Ull 'U lfll9l11 'il~U 1nin rl~ no 'U 'ill n 1 ':i -:J-:j 1U 
'U
 

V 'J/ I I
 

'ftfl~U1iJ'W1I1~lJU m111f11':i Ylfl~0-:]Nilfln1"lf;1J1l'W rYioffm-nG-:]fll1lJtllu 1111 \'~1l'il~'ft1m':iflu l:1J1 
• >I 

N~l9lfl1"lf;1 fill'll ~tHh-:]ulI':i~ ilYl~JI1'Yi II~~IlJ 0-:] 'il 1n f)l nl9l~ no'U UUO-:Jrlll':i ~ no UrilU111l:ytllu f11 n 
• >I • 

l[ll'llf1l"lf~~ 1~'ft llUrlmlm~lllmJo-:]l!~-:] 1:J~~m(JU111~~VOUm\l(JYl1-:];lfil'Y'l'1~u1n [4, 5, 6}~-:] 

'il1nl1 ~ 1V-:] 1'U11lUl'IlJ i 1f11':i 1~'U ':i~lJlJ Nilfl nl'li;1J11'Yi~ ulI~:IJ 1m 'U 0 -:]11 ~-:jll'U lU ~ ou1U 1I~ m m lJ 10 
>I >I 

':i ~lJlJtllJlJ'ftO-:J'1J UI9l OU 'ft1lJ l':iflU llJ 11~Hill9ln1"lf;1J11'V1 '1 ~OV1-:JU 1I':i ~ii'Yl ~JI1'Yi [7) anl1-:J fllnl9l~ no U 
• >I >I 

1l00n'il1nm~lJl'Uf)1':infl~u1iJ'U1I1rl'lJUUOml1J1iJrio'W<ij'1-:Jn-:J (1h~mm 75 - 90 0-:Jfl'11'lHH~(JI;r) [4}
." " 

1I':i ~nOlJfllJf)l':i I~U':i ~lJlJ~mu 'Ii fliJn -:J (55 0-:Jff1t"lfm~vn) iJlI ':i ~iiYl~JI1l'1 f)1':i Hill9l;lJ11l"1 n -:Jni1~ 
q 'U 'U 'U 

>I >I 

Oml1J1iJ1I1'Un01-:j (30 O-:Jft1t"lf{U9$vn) [8, 11, 12, 20} \'l-:jlJU-:J1U11l(JU~-:JM111f)l':i'Yl~~O-:Jt~ll':i~lJlJ. . 



2 

"	 "
 
~i'~n19f9fJfl WIl111 VlJ III VlJ 'j ::;,f11.;j'j::; lJlJllUlJ'lJ'U ~tJ'Ut~rnnlJ'j::; lJU'fftJ.;j<U'U ~tJ'U 1l~::;1~'U 'j::; lJlJ 

nJ1 tJlJlllvm::;"r:il.;jtJOJ Yl fliJ~ 30 tJ.;jfl'119f~I;tJ'ff l~tJflmno.;jih:)'ijtJ~m:lJ1::;'fflJU~::; 55 l'Ufll'j Hi! ~ 
q 'U 

" nl9f:J11.lllYHJ1tlfllfl~::;tltJ'U 1 'j .;j.;jl'U'ffnl'll.hll'U1Jl~lJ 1tlmh.;jihJj::;ff'YITI.ilWI 

1.2 1V1tl'lh~tf~fhJe)'Hnl1~[J 
'" 

";d ~1Il]iI'I ""~""	 "':'" '" 1. IVltJrftlYlflll1JllJ 'U 11 tl'l !'U fll'j H~~fll9f'Ml.lllVl'iJltlfl1tl~::; tltJ'U h.;j .;jl'U 'fftll'l'U1lJ'Ulh~lJ 

2.	 l~tJfttl1l1r·m~JtI.;j'Mi1I'li).;jl1~morll~::;H~'UtJ.;j'QOJ Yl JJiJ~tJl1'j::; ff'YI~fl WI tlU ~i!~n19f9flJl1Vl'illtl 

" 
fl1tl~::; tltJ'U h .;j.;jl'U'fftll'lihiJlJ1.h;lJ 

"""V
1.3 ~()U!'\lVl~l'.·n'llU 

.;j 1 'U 1 ;ij tJ iJ
" 
1${fill i1 'U tl1 'j 'YI1'l ~ tJ.;j OJ 11'tJ .;j 11 ~ U~ fl1 'j 'U tJ.;j Jl1 fl1 ')$11 rf 1 tl'J 'j :lJ ff.;j 

. 
llll'l r;) tJ lJ mu::; 

. " 
1rflm'j lJrfl'ff~{ lJYll1'Y1tJl~tJmfllu1 ~VVl'j::; 'iJ tJlJlf)r;)11i 'U lJ1 9f.;jiJ'UtJlJt'U~'1 'U fll'j~lti1'U.;jl'U 1;ijV~.;jiJ 

q 

" 
1. 111fll'J fttl1l1fftltlf11V1 h-l fll'j ~~~ 019flJ t'YI 'U 'U tl.;j fll tl~::; tltJ'U 'illfl1 H.;j l'U 'ffnl'll'h il'U111;lJ 11'ltl1li 

"" d "" lJttJlJVI (Biochemical methane potential, BMP) 

" 
2.	 111 fl1'j 'YI1'l~tJ.;jftm-nl1'j::;ff'YITIf11'Y'1fl1'j Hil~ 019f:J11.lllVl'ill tlfl1tl~::; fltJ'U 1'j .;j.;jll.Hynl'llhil'U1..hci'lJ 

" 
1'1'1vi).;j11~morlllJlJtltJ'UUtJ hiiflttJ'ffUtJ1{ 2 'j::;lJlJ fttJ tllJlJ<U'U~tJ'Ul~rn (Single-stage) ll~::; 

y	 ~. y 

UlJlJ'fftJ.;j<U'U~tJ'U (Two-stage) hw'1'UUlJlJ<U'U~tJ'UI~Vl 'il::;H'i).;jl1~morl1.;jYllJl'l~l'Ul'U 2 'l!r1 

fl1'j'YII'l~tJ.;j ''Un~~::;'l!r1fl1'j'YlI'l(;ltJ.;jl1'j::;fltJlJ~lvi).;j1J~mor'U'Ull'l 2 i'~'j ~l'Ul'U 1 11.;j tl~::;'1'U 
" " 

lllJlJ 'fftJ.;j oU'U ~ tJ 'U 'il::; H'i).;j 11 ~m orTI.;j H lJ I'l ~ l'U l'U 2 'l!1'l fll 'j 'YI1'l(;l tJ.;j I 'U U~ (;l ::;'l.!1'l fl1 'j 'YI1'l (;l tJ.;j 

1J'j::;fltJlJ~lV t1.;jl1~mor'1lJ~mi.;j~.;j'il::;'1~t1.;jufimor'U'U11'l 0.4 ~~'j~l'UTU 1 i).;jtl(;l::;t1.;jl1~mru 

IlJ~'fftJ.;j~.;j'il::;'1~t1.;j1Jfimor'U'Ull'l 1.6 ~~'j~l'Ul'U 1 t1.;j 

o Q Q	 f::'}.ci .c! 
3. 'YI1 fl1 'j 'YI1'l(;l tJ.;j tl'l 'U 'j::; U lJr,1J;l ~ fl1 'll''Ml.lll VI 'YI 2 'lil.;jtJOJHfliJ fttJ 'lil.;jtJOJ'I1fliJ1Jl'Ufl~N 

'I 'U q 'U 

" (Mesophilic) 30 tJ.;jfl'1 19f(;l191Vft' ~ltJt1.;j 1J fi m rumJlJ UtJ 'UtlD1 'j ii'flttJ ft'U tJl{UlJ lJ'll'U ~tJ'Ul~ tJl 1 

" 
'l!1'lfl1Hll'l(;ltJ.;j tl(;l::;tllJlJft'tJ.;joUU~tJU 1 'l!1'lfl1'j'YII'l\;ltJ.;j ll~::;'lil.;j'QOJHiJiJ'i;!.;j (Thennophilic) 55 

" 
tJ.;jrfWll(;ll91rm ~l tJt1.;j l1fi m tUlllJlJtI tJ 'U II 0 h ii fll tJ ft'U tJl{oUU 1'1 tJ 'Ul~ tJl 1 'l!1'l fl1'j 'YI1'l (;ltJ.;j It\;!::; 

"	 " 
IIlJlJft'tJ.;j'lllJI'WU 1 ')$r1f11'j'YII'l~tJ.;j nlJl1.;jYllJl'l4 'M1'lf11'j'YII'l~tJ.;j 

q	 q 

4. 'UtJ .;jlihJ~ '1 tlU f11'j 'YI1'l~tl.;j1 ~ 'U fl1fl~::; fltJlHJ1 tl h.;j.;j lU ft'nl'l JlilwUl;lJ 
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Uri 'YI 2 'YI1l 'lj.tlHtl~~ 1'W '] 'll fJ ru fl ffJ \I fl~ 

2.1 f)1~U1'l-Hl111hU~uUU'1cnf)1f( [9, 10, 11, 12] 
" . 

m::;U1'W fll,)lhu~llllfftlUuuHmfllff (i:J.il~tltlfl'~1~'W) 111tlUUlJlltlWltlhilfl 1~'U,) ::;uu.yjl:J.i~o~ 
. ". 

l~ :lJOOfl;1~'W ~ ~llJ 'U ')::; U uYi l! tI:lJ 1 ~n'UlI'.'l111 mtl:lJlfl~'W 1'W ih)~ U'W l'i!o~ m ml'l:lJl Hli.h::; mJ~. . " 
'W~~~1'W 1'\..l fll') 1~1Jm fllff U~::; U~ I ~'W~~~ l'U Yi lil~~lflflU1J-I1:r~Ull ffttU1J1J ilil~oo fl;I~'UI ~ uri 

, Y Y I 

nl"1ilkVl 'U Yi ffl:lJl,) (IUl I ul~l ~'W 'W~,Nl'W Vl~U Vl 'U I r1 Vfl't1~ U~ ffllll,) tl1J1U~UllfftlYiiJfl111JffflU') fl 

(9}1o~) ff ~"l I~ ff1'W lmu')::;1J1Jd'~::;(Ifll~lrJ'Um::;1J1'Ufll')1Jlu~Jllfftli'U~whHf 1JJllfftl~iJfl11:lJ 
qJ u. 'U: 

, l ~ 'JJ 'jJ, 

ffflU')f)ff ~ Iy;jO~~U1 mwffl,) O'WVl1VYiUl,IlUfl'W fl~l'W Ullfftl rifl'W~::;(Imi~ i U1J1U~Ofl-UU~fl'U 11i1~ 
'" '" '" 

~1tJ'j::;1J1J1J lU~II1J1J 1 ~flfl fl;l~u 

q q "" 0....q IIJ~

2.1.1 '}$1~ fl~H tl:::'ll tl'}$1TtU.ll'Ufl~01:::'lJ1'W Ol'HJl1J~H'lJ'lJ !1fllOlfl 
q 

I <> Q,{ 9Si liJSi '''lSi ~ " ~Q " 
m::;1J1'Wfll')tlOtlffmtlffl')fl'UVl')tlflltll'flfffll1::; l')Olflli'lffl:lJUmlU~1'fl4 'lIU'fIfl'U 'fl~U 

2.1.1.1 .frUVlO'U~ 1 fl');::U1'Ufll')'eJl~')ltl9itT (Hydrolysis) 

" " . 
-u'U'fltl'UihrJ'U fll') 't11~1'U'lItl~leT1~'J h;ml1JflYiI1 tI (Hydrolysis bacteria) ffl,)O'WVl1 uYiiJ'lI'Wl~ lmy 

I : I d. Q.I ~ l.r) I 3Jd. cl
U~::;1:lJ~::;mtl'Wll'lfU1u'J'flU I'lI:lJ'W ll~::;m') 11J leH~,)'fI ~::;(Ifltltltlffmtlll1:lJ'lI'Wl'fll~fl~~Il~::;~::;mtl 

'U 

: l!J 3J l!J c/d I rI.c:1 d d 0 3J dQ.I 

'Ul1'fl1'flmtl'W 1"1i1JVl\Jfl'll1Jtltlflm11fll{/'\..ltlm"1i~~'lItl~ll1JflVll'){/(Extracellular emzyme) "1i~Vlll1'U1Vl 

llJ'U 191111 ~ U[)n1 {/1~'U I~ri'l'JO'UVl~ u~ iJtl~fllfl'll'Ul'fll~flll~::;l:J.iCJ11JeM'O'U ffl1Jl,) (I~mhW'Hr~1"1i~ri' 
" " " 

'\1 tl~ U1JflYil~ {/ 1~ 1 'U-UU 'fltllJ ii llJlJ Iii tI~ fll,)~'fl'll'Wl~'lIO~ffl 'J BU Vl~ VllhWlHJ~ l:J.i iJ fll') fh~~9}1tl~i U 

" 
Ullff{/ 

., , 
v Q <> 

2.1.1.2 'UUVltlUl1 2 m::;U1'Ufll')fftlVlmVl (Acidogenesis) 
v. ~ 'JJ 

ffl'JU,)::;fltl1JB'WVl~ Utl~1~~1{/~::;m{/U1Yiln~~'U 1 ~ttU~n1 ttl leT 1~') h;ff ~::; \lml1Jfl111~U't1~U,)::;l.flVl . . 
Q 0 "I Sil QQ liJ IQ <> <> 9 Si ~I ,{Q I 

Vl'fln~'lI~ l~ 'Wfffll~Vl1JU~::; 1:lJ1Jtltlfl'll'l~Utlff,)::;(Facultative bacteria) l'lfluUlm~~m,)1JtlUu~::; 

11l1t'i~'W~~~lU1 ~um ::;1J1U flU l1:Ilfl (Fem1entation) H~'lI o~u~n1rJl~::; I~ m ~ I 'lIlJu')::;m U~l{/ 

(Volatile fatty acid) ~iJm{1Jtl'U ililn'U 5 tl::;'flO1J 1'li'W m'fltl::;;~ fl (Acetic acid), fl'J'fl1 'W') 1'W1 Ol! fl 

Q dQ c:: 3J do d'do' do d Qd I 

(Propionic acid), u~::;m ~1J1Vl')f) (Butyric acid) lU'W'fl'U llUflVll') Ufl~:lJ'Ul') Ufl11 U1JflVll') tlH~'fIf)HI 

~ d Q.J rI dd • Q.I oCl. 

(Acid fOlmer l1'Jtl Non-methanogenic bacteria) "1i~fflU'W'U1i'lltl~ll1JflVll')U~::;ll'flfl'fll~f)'U'fll1J'lflJ~. 
~ c:J rI 9J d 

'lI0~i1'1'J tl'Um ml~~ i1' fll~ln'fl~tl1JVlIl11Jl~ ff1J 
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.. . 
~ d ~ ~~ 

2.1.1.3 'U'U~o'U't1 3 f)-:i~'Ul'Uf)1".HH1~f)-:iAo~C)fVlf) (Acetogenesis) 
," . 

m ~)~nHJ'Yidlflu1fl'l1't..!'fltJ'U01';j~i'l'flm ~ u~\!m,j~u'U 1~HJU1Jfll1~~ U~~'flm ~tJ~9f~fl (Acetogenic 

bacteria) lMl'u'U tJ~9f~'fll1 (Acetate), yjo{~lJl1 (Formate), leI1~)!u'U l!~~fll{1JtJ'Ul~tJtJfli9ff1 ~,:u1J'U 
" , 

ff1),j) ~fltJmhr'ltyl'U 01) ff~Nih11'U ,jBnjU1U iimlJ 'U ,jBn1U1thr'lty1 'U 01) 11 ~m~u-:J 01 ';jff~fflJ'mN 
." " 

m ~)~1l1 ut!~~ leI 1~';j!u'Ul1ii,j1lJ1W ff -:Ju'U ffllJ1) l:liJuV-:Jm~U1'UO1';jfff1-:Jiill'l'U i~ ItUflyh~UflrilJU.~ 

d I dd ~ lrJ i d dd .<:::) ~ 
mu~)Ufl11!l1Jfll1!)Uff';j1-:J lel ~)~U'U (Hydrogen forming bacteria) ~'UO-:J'il1fll!lJfll1t)U~~I'!019f 

" " 
1 eJ i~) ~ u'U ff1:1J1) I:l~i'l fl m ~O 'U 11~ ol~ !lUflYit~ Ul1-:JffO-:J 'lfU flU ';j1lJt~ Ufl11 It lJfll1~~ UlliHill'! nl9f 

ijll'l'U (Non-methanogenic bacteria) 

.. . 
Q.I.c:t. .at. r:'II .ct. 

2.1.1.4 'U'U~o'U't1 4 il-:i~'Ul'Ufll-:iHtWlfllC)f:W!'t1'U (Methanogenesis)
 

'I ~ " cO" ~cO' '" cOo' 0' If) If) 0' b] 1 If) ~ dt <:'I cO
 

1'U'\J'Ul9ltJ'U'UUlJflm)U'iI~UtJUffmumfltJ'Ul1)U fll)lJtJ'U l~tJtJfl l'lf~ !l~~ leI ~)~u'U IfltlJ'U019f:JJIl'l'U 

d' If) If) d'i '" cO d' • '" C)I cO 

1t~~fll)lJO'U l~tJtJfl 19f~ flU~~'Ul1)Uflt.l:JJ~~I'!019f:JJtl1'U (Methanogenic bacteria) u~ff1:1J1)1:l 

" . 
~ 1 ) -:J;1'fl tJ U1 ~ fi 1 U'1 eXff fi 11 ~ 1 ~ tJ 1 fl1 ff! l'i 1U'U ~ -:J 1'111l1ij f1111J 11 'U 111 'U \9i tJ fl1) t ,j ~ U'U It,j ~-:J 

~ 

fffi lYH!1~~tJlJ1~l!mJfl 11'i1il'U11~OflrilJ ~i'll'lm~. . 
. 

2.1.2 i1'U~uliii~Hl~fim)f1Hll!'Ufi~)~UUU1Ufl!!UU'{filmY1 
" , . 

01) 1'11-:Jl'U'tItJ-:J) ~ lJlJ'U TU~ I! lJ lJ11mO1ffU'U mrl(01)1'11-:J1'U'tI~N 'ililu 11~ ul1tJul'U) ~1J1J 'ili'l'U 11~ U'iI~. .
~ 

'j/. I' 

1'11-:J1'U 1~~hriu-:J 'lfliHi'U tJuillJffmwu1~~tJ:JJmul'U)~lJlJ 9f-:JiI'iI>uul1ijHtwitJfll) 1'11-:J1'U'\JtJ-:J 'ili'l'U11~ U 
~ . 

If) ~ , 
l~l!fl 

cO 

2.1.2.1 VUo'lf (pH) 

t!lJflnt~ uNi'll9ln1'lfijtl1'U (Methanogens) u~ijfl11lJ 11\9itJfl1';j t,j~ u'Ut!,j~-:J'tItJ-:JYittJ'lI:IJ1fl~t!~ 1 ~u 

t!lJfll1t~ u~i'l19l n l"trijll'l'U ff1:1J1) l)1'11-:J 1'U 1'~~ 'l 'U 'li1-:J~ttJ'lf 6,7 - 7.4 u\9ifh~ttJ'lf~ll1lJ1~ff:JJ~ffflijfil. 
iJ iJ . t I • 

t'vilOlJ 7.0 - 7.2 't1-:JU,j)~iYl1~mw'\JtJ-:J)~1JlJ'iI~~~~-:JtJUN';j1~t~ltiitJ~m'lfijriwhn116.o1'U'llW~11 

" 
UlJfl'Vil~u~i'l'flmfl (Acidogens) ff11Jl)mlN1'Ul~~'l'U'li1-:JYiW'lf 4.0 - 6.5 [8] 'UtJfl'illfliiri1YiIO'lfV-:J 

ti -:J ~~11 HrJtJ:JJ\9imllJfI'Vit~ UHi'l1'! nl9fijll'l U 1flU'iI~ ti-:JH~\9itJm1lJt.ij:JJ.u''U11 ~tJ OtJtJu '\JtJ-:Jffl) \9i N'1 t'li'U 

mfll'lJ1Jm~mo~lu (Volatile Fatty Acid) utJ:JJ11Jl'WU (NH
3

) t!~~leIl~)!'iI'Ui~1vI~ (HzS) ~-:J'iI~ij 

fl11lHlJu ~lJ\9imtUfI'Vit~uttl'! n\9i Nil'U 1u fll';jtJtJ flU lJlJ) ~lJlJii1Ufl!llJUlli'l~mfllf1 m-:Jflf-:J l~uuf) 
" , ,

QI ..<::::l .Q r;'J d Q.I d d 

'IJUl'ltJ'U fll) ~~I'I m flt! ~~fll';j N~I'I fll'lf:JJll1'UtJtJ fl'il1f1fl 'U (Two-Stage Anaerobic Reactor) 11"1 tJl1'i1~111 

" , , 
, Mffml) l) U0 OffIll u11 l! ft Vl1ijtJ-:Jr1,j) ~ fl tJlJ'lJ tJ -:Jt 9i~ ~ 1~ ff111 tJ til'U 11 ij tJ -:Jr1,j';j ~ fltJUt lJ 'U 1 rlllJ 0 { 

'U 

lJNthmio'U 1'li'U O1)l1:iJmJU~o'U'Yl~U IlJ'UI'1'U 

0 



J'mwQrtt-~I1,P{L¥ (ftl 09-00 rHHmtlbnI1111mV)llJrO~111~lfuf(!'19~lA,t\,~~~~~WQrtt-l1L~Ut\,p~ 
. ". 

(ftl OI -0 n~lL!1I1~1U1lLlKl~fl~1',~~(!' t-L~Ut~~~~211I1nt\,lflLlJrO~111~jfuf(!'19 ~lA,ft~i!,~~~WQrt 
"	 ' 

t-~ ,'tk.m WQrt t-~ ft1nL lJfl ~1 ~lm 11 t-olbrt~~OrU~rtl f,lU t\,tl1~ W ~~m 1',LrtLQ;::(!, ~OMtlL t\,L~tl~fl ~1', 

rtW~ ~(!, t-Jb rt 0 ~~t nML lJ Q~~ lWQ1L t\, t-OIb~/1rtQmrMWj)O ftfl, ft t\,rtQ~LrtH,1lA,nQ1Lt\,I1UlU UL ~t l~n;:: 1', 
~ t6 f" t6	 ~; ~t'D I'tl I ~:: f' p; ~ I'tl 

(nIH '<lWtl uOHual<lH ;)HnUpAH) rH:Hutl1U1UULt!tl:::rl:::t STn: i=>'0 P I'b
.. 

~~~Jbl~t-tf!'ftl 

L~Ut-QMLUt~JbLM~~H f,lu~~n9 ~lA,t\, 2f,lQflL~QOOr 1',LUL 1',~,g~~(!,n ~l~~l1n ~~~rt l ..!',OlA,jt-tf!'t\,l 

.b!LULO~tft111/1nfl~lL r;t~i\L!:uLm~ ~~~rtl}0lA,l~~l1 ~~M;Jbl ~t-t~fttro;::(!,n ~j ~~/1mOlbtlLt-L!;t 
" ' 

f,lU MLUtJl,JbLU~~H1',LUftt/1;::WI11',H,LQQnJl,mJb1L.b!t-o ~9 -~p t-LtH,~f,ff.Lmmart (::>!I!qdOWldql) po ~ T;',;;:t i"I) 0po	 I ~ po 

t-Q~umat-tf!';::ml Qn~mJl,1L.b!t-o ~p -Ol t-L~H,;::1',~Lmma~ (J~[~qdOSdW) t-L~UftLrtr:Lntma 

t-tf!' .l1n~mJblLut-o Ol -~ Hp{~1',~tmma~ (::>!I!qdonpASd) L~~iJmat-tf!' 0lt t-tf!' £:·ft~1,'t1 

t-[L11lHLllLQ.b! LULOk 1 /11111~i\L f:b1111~ 1',t\, t 9 ~lA,t\,~~t-orb~l/1~lfu f(!, j f,lUI11lrtQ~Lrt!-t1~~LH{ mat-tf!' 

(a.lnluadma.O I1lfl"UUB P'ZTZ 
'" 

~W~~H~9 ~lA, ft~i!,wlb~ll1~lfuf(!'l 1',LUt-~m£H,t\,lA,1~Jl,LMt-LkQ~9 ~1A,t\,~~t-Ofl,~ll1~lfuf(!'l 1',LUO~Jl, 

f,lU~~P~ t L!;t~I1~~n ft!!:~!:!It-LrOt-LI1~Urt~~rtLW~L~t-~Q n nL~n H,1;:: 1',t\,Itfl,1~w mLrtHLt-Ofl,~t\,~ 

" ~~l1t1',l~t 1', t-LnO ftfl,rtMl f,lU 1111;:: 1',t-OIb~~rtQflQl f,lU t-tlft WH,tt-~Ql1 mLfufuQ t\, r11~(!' t 1',1~t 1',t-Lfl 0 
~ I ~~	 pp ~~ I'tl IP ~ I 

t-~rtlmn~rtlf,lU~nL~fJH1~1',t1,ItIb 1 ~Wt-OIbt\,~rt~1rtLWmLrtfrtL)l [8] ~t\,10/1;LUrtfl~nmnrtrt\,t1',~~ 

O~rt£U~~~ 00£:-00 I t-tf!'t\,LrOL~~1',t~~WQrtt-,\,JULI1UOOL r;tt\,tnL~fJ H,1~1',ftItIb 1 ~ wmLrtfrt~urt
 
"
 

(V.1A 'PPV AJlE.1 aIHEloA) rlLtrlHl:::~ttl1",i I1W f'Z"I"Z • ,." In. 

~JbOl~ LHm[!!!rt~H1I1;:: f,l~t-~Q11 L~ ;0t-tltAllt-~L\f~I1I1;:: 1',t-~flL rtH, 8'0 L~Ut-L~MLUQ0J-!lfJ Hj~ 1', 

t\,ItI"bL~wt-Ofl,t\,tPL 1',~,gL»~n ~,'tl tlLt-L!;tt-~t-Q /1/1~ 1',L~O~t-~ 17'0 t\,!:!lftl t-O~~I1t-L~MLUQ0J-!lflHI;:: 1', 

ftltlbL ~ Wt-OIbt\,tPL 1',~,gL~fl~1 fl t,'tt-L~ M,LUQO~fJH1;:: 1',t\,ltfl,In ~ w t-Ofl,t\,tPL 1',~,gt-~L m1',Ll~~t-o~ 

t-Q!J'UL(!,UOt\, ~tl1011;L~rtfl~m~nrtrftt1',M~O~rt£u~~r: OOO'l -OO~'I mLrt~1',rtL~~1',t~ t-Q~Ol~ 
" t\,lbrtfl,1rtLt~rtlA,nQ1Lft~/1LI1f,lUfti Jl,i lA,.b!LUL01',ll1l1;::!',O~rtQ~Lrtl{jlA,MLlJQ lA,t-~H,ll1l1;::1',t-OIbS{"mM 
,,~ i=>' J:7 P' 0 I'tl 0 b(fi bp' (6 L1. I P' P' (fJ6 po 

l If> I II 

LRU£ 1',LUt\,t tlf,lrtLQrtLt~~;::(!'t-~ 11/1;:: 1',t-OIb (Al!::>ede::> ldJJng) }0tAlt-tllt-~L\ft-!Jt-~.l1n~(!,t-L~MLlJQ 

(AJ!UHE}fIV) tLl1lvUU'~ Z'ZTZ
• 

9 
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. " 
ll'OtIJ'lffli:hj"U1:l~fltIJl1fliJ'thufHn~ih~tI~l1mOtl!fhJthlfftltHjhnh"'J~'w;h" 25 111:'l~ 35 llJ U~ 

q 'U 'U " 'U <u 

j}<v 'c!lIJj}, " " 
'ff1'lJ1'Jtl1:l~1:l-:J 'If'fflJtl1TU!~ 

2.1.2.6 ilTHll'tn''HiI~)J (Nutrients) 
. " . 

O1'J IIU'U fill 11 tI'il~'t11" llJ i Ji'~hrlJ ~lt1h.j~'O"lJ 'ffl'J tlll1l'J lll'H:IJl~'ff:IJ U1:l ~l-Vl tI"'VW~flO1'J I~l1Jl~ 'U 1 fI 

'U'O"U'Ufl II11 tI ~"'ff1'J tlllf1'J ~ U'Ufl1l11 tI~fl"tl1'J'ffl'lJ1'J Oll-U"1 Ji'l ~ lJ 2 'lrW ~ ftfl 'ffl'Jtll111'J 1'ff1:lJmltl 
, " ,'" 1 '" lIJ.1 c! c! j} • c!

(Macronutrients) 111:l ~ 'ffl'J tlll1l'J I'ff'J :IJ 'J '0" (Micronutrients) ! ~ (Jl'l1 !1JlJ 
0 

11 'ff til'll 'U 1 'ff'J ~ 'U 'U f11'J:IJ 
'" , , " . 

t11'lJ1W1i1I91tlllY1'J1l1-VltlWlfluritll'Jl'il1UJl~'U 1191'Ufl"U'Ufl1l11t1 qf-:Ji1~Hl1lJ COD: N: P hnhlfftlll 
q " 

1l1'lJ1~'ff:IJO'UU'Ufl1l11(Jlftl101r1l'Yho'U 700: 5: 1 -ff1lJfl1111'Jl'ff1:IJ'J'O-:JlY1fl Trace metal ft'O'ffl'Jfl1lf1'J 

d c! c! ~ ,.I'" j) ,d lIJ'lIJ j} I d '" '" 1 "~v 
l'lU'UflYll'J(JI91'O"tll'J lJ1J'J'lJ1WlJflmll91tl'U1~ 1:IJ l~ l"lrU ll11:'ltllJtlltlil U1:'l~ Ifl'U'01:l1911UlJl91lJ 

2.1.2.7 iTTi)1l1 (Toxic substances) 

'ffl'J~llllJVIll~ 'Oil 'Ufl1l11 tI 1lJ 'J ~ 'U'U 1 f fl1 tllff 1 ~tI ml'l1~1l'U f11l11 (Jrlill91 nl91lJl l'llJ lJl1 m(J'lfW ~ f111:IJ 
')I " , • 

'JlJll'J "~lJ mjo'U'll'U~U1:'l~fI11:IJ1.ij':IJ.ij'lJ 'U'O-:J 'ffl'J maTt!lJ 'ffl'J 1l11JlJ TIll \hjl~llllJl-Vl tI"~l'J llih)'lJl91'J1t1. '" 

1~tll91'J -:Jl'YhJlJ U~'ff1'Jtlllf1'J'lJ1"mh"~'il~lJfl11:IJI1JlJvhI1Ji' 111tllJtI~:IJ1W ~:IJltllnlJ iiJ ~1mh-:J'\Jfl-:J 

'ff1'Jrill~lJH1:lm~l'l'U~tJ'j~'U'U'lhiJ~u'U'U Htlltllrrl"lilJ m~ l'IJ:JJlJ'J::;ll1t1~lt1llfl:IJ l:1Jl'utl 111:l~ i1:l hl~ 

llllJ~lJ 

<:I "" <V ""l "" 2.2 fl11lJtYlJ\jtl\ltl..'lfllCUlJ!'YI'WflUCU ~tl~ (COD Equivalent of Methane) [8] 

f111:IJ'ff:IJ:IJ'tl'Ufl-:J fll91lJll'llJ o'U;1 fl~ 11JlJ fl'n:IJi1m1lJ1i~1 i'llJ tllHlllJ 1W 111'ff:IJ~1:l:IJ11:l 'ffl'J (Mass 
'" q 

Balance) 1l'ff~"~-:J'ff:IJtll'J1l2.1 

CH4 + 2 02 ) CO2 + 2 H
2
0 (2.1) 

'il1tl'ff:IJtll'J~ 2.1 U'ff~",,rI'HlJ'hnl91iill'llJ1 l:IJ1:l~flmj'Otl'ffmtl (22.4 ill91'J ~fltlmfliJ 0 'O"rr1 
'" q '" 

, " 
19l1:l1;(J'ff) 'il~'ff:IJmHl'Ufll91'O'Otl911'illJlltltlli'lt1~llJ1lJ 2 1:IJ1:'l (64 tli':IJ) ~"l1lJ nl91iill'llJtl1:1J1191'J 

'" '" 
0.35 ill91'J (22.4 ill91'J / 64 tli':IJ) ~'OWl1fl:iJ 0 'O-:Jrr119l1:l1;tI'ff U1:'l~f111:IJ~lJ 760 :iJ1:lill:IJI91'J'thfll'l (STP)

q 'U 

'il::; 'ff:IJl,!1:l0'U 1 tli':IJ;1 'O~~i:Jtlcifltl'ffm til tI ff111 f'U~'Qw 11 JJ:iJtlJ '1 'ffl:IJl'Hlrl1lJ 1t1J"lIlPll'll'tlrl1'QtlJl1 JJ:iJ 

lJi'l~lJ 0.388 ill91'Jfll91iill'llJ ~flWl1fliJ 30 fl'lfl'119l1:l1;tI'ff U1:l~f111:IJ~lJ ] 'U'J'Jtl1tllrr 
q 'U 
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, 
~~ ~ <:JI .:::!

2.3 1~1JU't1!'lf fl·Ull'H-nWlf11CU),U't1'U (7,8, 13] 

Of
 
OJ cI
 

2.3.1 "j~1J1J'U'UVlf)'}.,U~t11 (Single-stage System) 

'J ~UU~U Vl't)l.Jl~[J111h.J 'J ~ uu~iJtl-l1J5tlJ wlyhJ-ltl'H~[J1 liu 'J~UUfl1UfflJ1,P W, 'J ~UUll'VUll'V h 1JfI 

yhHVl'V { Itn~'J~UU~1 'Vl'V ffU tlll!1'lu ~ UU 'VI~ 6'YJf1'l$U~'il~'V~'J1lJnU 1u tl-:ltlfimw f11Hl N1U'U'V~ 

'iI~Ul1~ 611~n~mi:u'iI~'fflJ~u£nu liu IrlV'il~Ul1~6m;lJH~VltlJ~l'llm'JvmJm~'J~l'H[J~l£H)Ul~tllu 
'" q q q 

m~'V~cli~ fl lli'V1,r'il~Ul1~ Ofl~lJHUVlnl9fiJll1U V'V[J~'V hI 'ilUUl1~ Ofl~:U~~Vlm~'iI~iJvVl'J 1f11) U'V[J
q q q 'I 

ffm[Jffl'JDUl1~Off ~ fl11'i1 ~U 'VI~ Ofl~:UN~Vl nl9fihl1u 111 111'In~f11'J {l'~{l':U'U'V-.3m m~!'H [J~ l£1'i1U lt1"'. .
" .

UUU~f11'J NilVlnl9fiJll1U l#111n~1u oflmru1111-.3 'ililUl1~ Ofl~lJ~UVlm~'il~iJvVl)1f11){l'fNI9fnrl'1mj. . 
{l' -:lfl11 'ilUU 11~ ofl~:J.milVlnl9fiJll1U l'l1 111'In~~Hl m ~l1U~ Vfll'Jl'll ~lU 1U 1Jl~'J~uu lil.J 'J ~uu [Jl'V

q" q q lU 

I • I " 

!'V{l'U 9f ~Vl~ fl'VU 'U'V ~ 'iI ~ U11~ Ofl~:U NilVi m ~yit ri:u mfl<Ul.J 'iI ~~l.J 1,r'iI ilu 11~ 6fl~:U NUVl nl9fiJ 111l.J 11 n ~ 
q q 'I q q

" . . 
'V'Vfll.J'VtlJ ~ UU (Wash out) l'l~'V:unUi!l'V'Vfl d~~m 111'5V1'J1 m'J~ilVlnl9fihl1l.Jn~~ 1n~ I'U 'V~'il1fl 

'J ~uuutI~mUlVl~ fl'V U 'iI ill.J 11~ 6fl~lJNilVi nl9fiJll1l.J 1:J..i1'~[J~l'l'V 'ill.Jm 'ill'll1,r)~UU~lJ1#11u) ~[J~ £J11. . 
... 
OJ 

2.3.2 "j~1J1Jgf)~'U'UVlf)'U (Two-stage System) 
" I <JI :)I I • 

1 l.J f11 ':i ri 'V[J ff1:l1 [JllUU {l' 'V ~ oUU VI 'V l.J Nil VI flill enlltn ~ 'ill floUU VI 'Vl.JU'J n 'iI ~~ 1l.J loU'l ri"U VI 'V UII{l'V-:I IVI 'V l'l1 
'" " . " 

fl l'J U'V [J {l'm [J1,rl~ n 19fU 1'VIl.J 0~ tl5 f)'j w1U oUl.J VI 'V l.J II {l''V~ JJfl 'il ~ 1~11 n1l.J 1l.J fl110Ul.J Vl 'V l.J II 'J fl ll~ 

~ ~ t '"" d<vtl . "'1 <v " 'J ~ [J:; 111:111~ [J'J 1 lJlln 1 'iI~ l.J 'V [Jfl11'J ~ U'lJ'UU VI 'V l!l~ [J11Vl 0 'J ~ (l'~ fI U f11 J 'V 'V flllU U'J ~U U{l''V~ 'U l.J VI'Vl.J 

~ 31.c1",I,Q,.c! " d d Q.I ..:::r..c! ~ . 'j) 'j) 

f1'V ':i ~U UU 'iI~ lJl{l'O[J 'J illl'l {l' ~ {l'lm'J m'V~ 'J U{l'l'J 'V l.J 'VI 'J [J 1~'VIu 'J mill f111lJ I'UlJ'U U{l'~ IIn~ {l'lm'J 0 
'" " 

HilVi nl'lfU 111U1 #11 U t1~ mill ff" ~ 1~111:11 1U fll'J V'V[Jff1:l1[J~1 {l'1l'H Vl.~ll[Jm ~ UU1f mf11f1''V 'Vfllllu {l''V~ 

.rrUI9I'VU f1t~f)~'il1fl 1l.J'j~uu 1 ~mf11f1''iI~U 'ilUU 11~ 6~'ihflUJ'VVfffHfl~lJ ~~l'lnnr1~llVi fl~Nnl.Jll udi 
q u 'U q 

ff fI11~1l1~ti'D:lJ~l'Hm~ ff:U~ 'V rn'j l'il~UJI~U 119111191 fl~ 1-:1 nu fll'jmufI:U{l'illl'l111~ti''V:lJ 1,r!'Hm~{l':U~ 'V u • 
• , r V I 

Q .c:S rI I I ~.c! .c!.c! Q.I 0 191' I 19J \rj 3J cS 

~n um [Jlll9ln~fl~:U lTI'Vl{l'O[J'j illl'll1~'U D~'J ~u Ul.J l.J ll~{l'lm'J om ~~1[Jfl11f11'J 'l$'J~uu 1'J m f11 rYl1 

" ". 
111' ~ ilu 'VI ~ 0'l1~ ff'V~ 'l$U ~ I'il ~ tyl~ U 1191 'VQ1 l.J tl~ I~ [J1 nl.J ('j ~ UU'lll.J VlVUl ~ [J1) 9f~ f11'j l~ l.J 'j ~ UU l'l1 i JI 
ri f) U '\i'1~ [J 1 fl 111 fll n Vlfl11lJ 1:J..i fflJ ~n 'U 'V -:ltI~ mill 11 Ul.J 11~ O'U Vnl.:J ff'V -:I fl~lJ m 'ill'll1,r'j ~ U U~ lit JI.. " . 

9J 'JJ "'jJ 
'j ~UUff'V~'1J U I9IDU{l'lll1'j 011 D-:I<UUI9IDU1Uf11'J l'll-:11U 1 JllllU 2 ,]UI9I f) U ~~~'V 1 t1iJ 

., ., 
V t:::L t:::L ~ If v v 

2.3.2.1 'U'UVlul!flnNUVlj)·WIU'j.rt1·HJ'ill'Hfl";jVl~V1'W 

" 1U"U 191 f) U II 'j flll'lJfllll~ [J fl ~:u lli~ill9l n 19fUll1U 'il~ l'l1 f11 'j Vf) [J ffm [J ffl'j 0U 11~ 61:uw fln 1mu Iiu
• • u 

cI li .c! Q.I cl 'j) <j} d Q d "dd ~ c:: : 
fI1'j hJl u!mVl 1 tI'J WlU I!n~ t 'U:U 'U IUUI9I'U 1l'llllU ffl'J'V'Ul1'j [Jl1lJ'U'Ul~ I:utnfl mnmnlln~n~m[J'Ul. 

.J '" 1 ' 91:' d '1 ~ oj Q~ 1 '" 111 ~ 9l~fIl'J 1u t1!ml9l'il~Ofl£JD[Jffmmu'Ul!1mn1t1'jI9lUll~t1fl[Jf)[J ~lth..lf1'J~D~lJlu ll~::; 'UJJU'iI~Ofl 
'" '" '" . " " 

(imJI~'U t'1lJJU liiJff1[J[Jll 'il1flU'Uffl':i m~liJll~omh 1 tlcif)[Jffm[J~D 1JllllUf1'J 11 D'U'I'1'16 m ~D'UYI'16 
'" 
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I 'J1. !V , 

yhn~~'UiJtJ~l1m{J~'l ll~lhn:JJl'j tlU 11lJf-1~l9Inl'lfiJl'vl'Ul#lfttJ m~tJ~ei~fI 'UtJfI~lf1t!V~iJ'ffno'U"1Ofl 

• '" ... "'lIJ <I <I <:'J <I 1 1 <I r:J 1 11'lf'U fll;lIGJiiJ'j"tJ-a, tJl;l19l HJ~, llo-antJ€JtJl;l, O1GJi'fll'j1Jf}'U ~tJtJfI GJiI9l11-a~fI1GJi u !19I'jl~'U 

.. 
QJ .I::l ~ .t::I. 

2.3.2.2 'U'W f1tJ'1.Hll'UnWI fll'1l ~ 1't1'W 
" .. 

n 11 f-1~l9In1GJi1Jl 'VI Uln ~~ 'U 1~{JfI 11 'l'1 N1 'U 'U tJ'lll 'Ufl yh'1 £JmhJH~19I n 1GJi1J I'VI 'U ~~ ~~ 1,*m ~fl'U 'VI'16111 #l. 
" 

~ 1n fl1 'j UtJ £J 'ff -a 1£J 'ff1'J fl 'U 'VI'161191 £J II 'U fllll'1 £J fI ci.lJ1Uf-I ~ 191 n 1GJi 1J I'VI 'U 11 ~ tJ fI ci.11 f-I ~ 191 fI 'j 1911 ~ 'U 'ff1'j ~~ ~ 'U 

Q QI ~ 'JI dllJ 'J/d Cl1.c:1 d 4' lJl 1 4' r:;-J Q d .c:1 d 'JI ~ r-m 191 fI Wen'1 ~ 'VI1 £J 'Vl !191 fl tJ fI1 GJilJ 1'VI 'U fI1 GJi 'fIl 'j 'U tJ 'U !191 DDfl GJi 191 lUl ~ fIl GJi 'If 'U ~ tJ 'U'1 DfIl l;l fI 'U D£J 'ff11 191 ~ 

'JJ .d 0 ... "" """" <:'J Ii) 1 <:'J <I lIJ Ii) <I
19I'Ul1ff1fltyfltJ ml9lD~GJil9lfl O1GJi lu !~'jl'il'WlW~019l'fll'jUtJ'Utl9ltJtJfll'lf~ 

'i" ~ "" <!
2.4 'i~1J1JU't)'l-UH:H'i1JflHHr1J't)l'i[14, 16] 

- ."" d <ld'" ~ I c:lt 
'j~'U'UlltJ'UlltJ i 'J'UflltJff'UD11 1I'IHHl9IlJ11 "Anaerobic Sequencing Batch Reactor (ASBR)" llJ'U'j~lJlJ 

" .
lhu~U11 ~{Jll'UU 1 ~ tJlf11ff 111J~~'U'VI'16tJul'U 'j~uu 1'Url'flllW ~ 'UtJ~l9I~fltJ'Ull'U'l'Ul;ltJUD U iJ~flmu ~ 

• 'II " 

fl11'l'1N 1'Ulluun~ (Batch) i ~£J~~ 'j111il~iJ5n1 £J111-adl~l9Ifll9I~ flD'U 1~1 'U 1'Ul~£J1n'U m ~11'l'U O1'j 

~N"l 1'U 'j ~ 1.1 1.1 ~~\l mi ll'ihJ fin l~ 'U ~ 'U I9ID 'U fl1£Jl 'U il~iJ 5 flHUl~£J1n 'U fin Vi H1'U 'UtJ~'j ~ 1.1 1.1 
!V I 'J/ v 

iJ'j~fltJlJ#l1£Ji'Ul9ltJ'Ull~hrlqj 4 i'Ul9ltJ'Ufl~t! 

.. .. 
QJ ~ 0 .t=:l 

2.4.1 'UUVI()U fll'HVllJUlm'tI (Fill ph ase) 
"" . 

I~ 'U.u'U 191 tJ'U fIl'j l~lJ U11 ~£J! .u1~il~ iJ5 m ill 'il ~ ~ D~l~ 111U om 1111l1lJ1 ~ ff1l It l;l ~ ~tJ~iJD 191 'j 11h'U 
!V I!V V , 

'j ~ whnh~l1l;l 11~lJ U11 ~£J~ tJ'lh~11-a 1fl1'j lnl9llJ5n1 £J11J111lJ1~fflJ#l1£J 11~ t! I{1 tJ'l ~ 1flDI9I 'j 1ff1'U 

~~ flcil1iJf-1l;l~tJiJ'j ~ ff'VIll .fl1vt01'j U1UI9I 

.. 
2.4.2 -UUVI()Ufll'HflYlUnil~£Jl(Reaction phase) 

. v I $I 

I~ 'U fl1 'j fl1 'U f-I ff 11 U11 ~ £J n 11 191 ~ fI tJ 'U ~ ~ 'U 'VI'161 'U 'j ~ 1.1 1.1 I-w tJ 1 l1'In 191 fl1 'j fl 'j ~ ~ 1 £J ~1 'U tJ 'lUll~ £J II 0 ~. 
• t Sol I $I $I 

It 'Ufllh'1 £J 1 l1'1l1J fllll1 £J1J i D01'ffff1lirffn11ff11 fl'U 'VI1611 Dul 'U U11~£J 1#lDUN 111(i~ 11'lt! 'j ~ £J~11m 1'U 
'II 

<jI .c:1 0191 .c:1.c:1. Q '.c:1~'JI .c:1'J1 dd d 
O1'Jfl1'U f-I1:l'1I191 tJ~'U 1U vttJl1 ~~'VI1 mllJfl'VIl'J £J£JtJ£J'ffmU1:l'utJ 'U 'Vl'j £J 1I9lm1l11I91tJ~fI1'J IIo~1l1Jfl111'j £J11 

. " 
l~jUJl~lJ 1191 ff1:1Jl 'j tl'J111~1n'Ul~'U flci1l19l~flD'U (Floc) 1l~~ff1:1JlH)l9Ifll9I~fWU l#llwuul9ltJ'U~DliJ" .
 

..
 
OJ 

2.4.3 'UUVI()Ufll~V1flVl~fl()U(Settle phase) 
j/ I v t I 

l~ 'UoU'U I9ItJ'U 111i'll£Jfll9I ~ flD'U 'il ~'U 11'16tJ tJ fI~ 1f1U11iY £J i ~£JfIl'j 11 £Jl9lfIl'J f)1'Uf-I'fflJ l-W Dl,rln~ff.fl1vtU~. . 
llo~ 1,r19l~flD'U I9Iflo~rifi''U il~ lJ'j ~ffl1ll fIl'Yl'UtJ~fI1'j191 fll9l~fltJ'U ~'W Dunu~flllw~ 'UD~milJl9I~flD'U~'U.
 

" . 
'II

"
 
lnl9l~U fl11lJU ~'UtJ~ull'Uil~l9Ifll9l~fltJ'Wllo~'j~£J~l1mh.j01'jI9l~fltJ'U 

J
 I 



~~rt1N~f1,nt~~lmUQ~fllt-Qn,nt~~1~(!,~nQl1>n!,bng 
.. .... 

(!, ~,UiO~l ~~rtjULl\;UGGuG~flmG~Gt;lJ n!tqtrt~LfllH1t-Gn,rJG~ !',LUn~l n!,tLttrt~LfltH:WQ~ 'f' 
I •'" " 

n~nYl rtbY~lrJ~l t-kYU~nLtLttrt~Lflnt,UnUlfl1 Q~U 
.. .. 

LH1fl1LttU& ~11 nLtL!trt~LflrJL~~u't-QfI,nt~~~n ~HrJQ~nQl1>nEot-Efl1Q~t-~U&~(!,nLtL!trt~Lfl~HN~fl, 
.. .... 

ntfJ-11,,VUL(!'UrJm~rWL~~lA,~mmLtL!trt~Lfl~I':l~V(!,~t!11,Ql1>11,!,b~rtUrJL~~u'UL(!,U(WnLtL!trt~Lfl 
(f. (( (f. (f. 

~1':lUf)nu'utULlA~(!,t-.<b~t11,t-Q W1Lf1,lL11,U&~1111, !',LU11,Ul~ W flL~~u'UUWQQrt~Lfl~l':lurJn T 
F~ 0 ~ ~~ 0 I' ,P 

11,~mw 

'" 

~mmakrtLtlMlt,!tI1Qfl1 L~mLtL ttrt~Lfl~'urJL~~u'L tt!;!!',LU 11,tl1~ W 11,~l 11,~rtLtUL!ta 111Q .z: .. • t< 

11,LtLtt~,V'u11,Lt-t-!', 1t-~L ttUij~flL~~U,t-~M,LtL ttrt~Lfll1>~H~I':l11,~l nLtL!trt:~Lfl~'urJl~~u' .I 
(f. • If, (f. (f; 

I1Lt't'l:.lULl1rt~Lf1I1~Ltt~~.IHITS·Z .. LUl1a~l1J!' 

'" '" 

t-~,Un,!t1 rt~LflnLtLtt~,V,U!',LUM, l L,t-L~nal1>M,!,bt-~ M,LtL!t~,V'u 11,Lt-t-!',1L~lt-~11,fl,~ l\;t-~ aflot-~Q~urJL~~u' 
(f."" " • (f. 

t-~ 11,LtL !trt~LflrJL~ ~u'n ~l M,LtL ttrtYLfl~'urJL~~u'Q~ ~U!', nt-g n,tt11,LtL!trt~Lfl 11,t,Uu L11,!t1~ l1>~H~H 
(f." " •(f." ' 

Ul!fl~ l1!t'rJLrJll.LQ-lt-~ .lJu'l ~ !',flt-QfI,11, u, n~u'11,Lt-t-~Mt;-~ulm~mLtLttrt~Lfl~ l ~ ltuqwLl1rJlnt-~rtt!', 
• " (f. ,,(f. 

rJ~It!~1 11,~ ~~ llfl~l ~ lLrt.IJu'l ~!', fl t-L~ au ~ 111~~!', M,l Ltt~~t-fl~ lrt~Lfl nLtL!tU Qat-~ ~ ~ 11l1>~1':l~ M,~l 
t< 

uUpt-~Q!t'l ur;z:-LPr;z: 'WM Iln!,tL!trt~Lflrt!',WUL'ul1>G}l1>'uL.IJ!lu'~~11,uLV,!t1 t-~ ~LI1Kk QM.t-rJ~l 
. .. 

f1lt-Yt-E.Yu'l~!',flM,lrJLlfrt~LflM,LtLttl1>~H !',LUt-~LVt-~ 1Y11,~1tL~ II mLrt~!',flrt~LflnLtLtt!',LUt-Q~rtLW 
". --" 

!!rJu'L.Yu'l~J:.fl nlrt!',WUL'ul1>Gn,Cl.~(!,[!l1>ULnQnl~~nt!11,~Ul11I1kUL¥11,/J1L~t-~l1.<bl~alI11l1>~tHLu 
.. ' 

M,l~lfl1LttQ)J~ ~h~(!,lM,'uLrt~~~n jmrJl!J:,(;LrJl1>~HUUrt,UH11,t~L~~l t-LaL¥t-a~Ylrt!',WUL'ul1>G 

M,lj(,l rtrJu,lrt!',ULu'j(,l tflUll1fl,t-afl,rtJ:.wuL,Ul1>GM,lj(,l i\,ULu'j(,l j(,M11,rtL11,11,~lj(,l nj(,l L,t-Ll1>!',LUl\;UaMl "p po otf, r (G I 0(6 i? I'b; p(6I • ~ ~Y" 

rt~LflM,LtL tt~ l,!tLrJ lA, L.lJlA1~!',fl nl~LMtlW~l uUUI1~~nULflflGUU11,L.!tt-~ 9flhrtt-afl,It~L~~!',fll1>t~ 
.. .. 

n l t-Ltn.t-L~Ut-L~l}J1.j(,rJl ~ !',fl~ lfl1Lttl! UrtL,Ul1>~H~H ~ !hUl~L11,n.n~11,~nLtLttj(,!*n~l nLtLttrt~Lfl 
. .. .. 

[.] H,Ltltttt~lfl S·Z 
'" 

.!t1'ul 11,tpL!tI1'vfl1UQQ~b"~mmL(\;~Wt-~11,aU~l1>~~ l L~ft1 ~(!,~~ 'c'1 t< ' 

~l !ltj(,l ~l1ltuQa,U l nt,ULnrJL 11~J:. J:.LU 1111~ WLI1Uaanau ~l1> 1'1.j(,l} nUl~Qu',U l nt,U LnflLI1~!', UUrtf1,l 
~1;;>'(6 r I: ;: JO:' IFI: P 

(ascqd M.UO) U@@lttlJlf1~ttLUtt@l:Htn.17·.', o ~ 

'" '" 

or 

mailto:U@@lttlJlf1~ttLUtt@l:Htn.17


rtl.G~ I!O pWJ){ ul{ed L~G~1 

ttL G~H'Gn.tttPULlHtLtL!1g1!.l!-ttLt-t-~ L t-PL!1t~l1 n.G.l!-~W~ ~~n.UO~(!'LrtUGG~tt LG~l UIWfJH.l~!: 
~~ ~ . 

LttH.1 GMlrLG~L UIWUUGGttlbrtLtl,J,LGnLU tttn.~w UGGttlbrtLtl,J,LGlt-Gl.!\~(!'l.!\n.[jflt-LLAttl t-ttHn.g~~ o (6 b ~ ir" P frO h7 I1i o;;;.l'tl 0;;;. I ... 6 P I'tl 
(fiI (fi (fi I 

~GttJ{,rtLWmLrt~flrt~(!, tt1mrtttt.l!-UfJl1~t11l ~LLA1~mLUUL(!,gILAttl Gttlt-Gn.ttt.l!-ttl GttlrLG °9 .I F?' <:;;>1'" i=>' If, I t6 mp b fr> • b f?' 
If; I (fi (fi 

rtl.G~ttGl.!\tt,!,lst-Qrt1.t-pUO~(!'ttL 
t< 

G~It-Gn,tttp ttLG~It-Gn,tttPUL(!'UGGLt1~Ut-Gn,tttpLG1UnmLUttGl.!\tt~tt~1s. Lt1~Ufl)J1UfJl1 
t< t< t< 

ttl Gttl~t1mt1~ut-Gn,ttt.l!-gl~(!,ttttGl.!\ttn,tt.l!-(!,~.l!-1LrtUGGUrmttl Gttl bf?' 1(6'" ~ I'tl ~p bf? (fi (fi If> (fi (Ii 

0 

g 1 H.LGMI Ul.!\l1UL~LLA l~UU O~~ ttttGl.!\ttn,i'nn.lt-.l!-UOLAgt1rtlt-LAttrtLttrtt1Lrtgt1rt:1 g t1rtl~L LA I~U 17 1 ttll\(fi f' ~ :" ZI t6 F~ ;:1'tl;J' P P 

rtl UGGUfmUO~(!'L ttt-Gfl,ttt.l!-ttLGttl~t1mt1~ut-Gn.ttJbfJtgn.GU ~ ~rtt-Jlo g~rtlt-G/l,ttt.l!-gl 
In. ;" Jr ;: (f, f" P Jt61A 

~(!,ttttGl.!\ttn.glm.l!-Grtl~~rtlt-Gfl,ltt.l!-UL(!'UGGLttt11GMlgUrtmGUUtttn.~Wttr.pgt1rt:lrLG Of 
:" ;: ~~ p •,: I In f' P ~ p 

~U~rt1. G~It~uutttn.~w 
t< 

t-QrtLt-pu0~(!, g ~rtl t-Gfb tttp~ ngL rt 1. G~ ttLt-t-~ L ttL t-~ MlG!!;1tt ~ lL ~~ 1, rt1.L!1UU G~H. Lt-L ~ 
• t< 

J1J{,fJ L~~rt~L ~mm!,tL !1rtYLrtltt.l!-ttLfJ~L~rt1.t-puo~(!'fJL ULUt-Gfl,tttp t-~H.t-LLArt1.g~rtl~t1l1t-~Ut'LIA t< ,. 

rt1 UGGflLULUt-Gfl,ttJbUfJl1~(!,t-Jlo UfJl1t-GWllJ.Lfl,ILttUO~(!,g~rtl~mmLULUt-Gn,ttt.l!-l.!\UrtlUfJll oz' IA ;:f' ~ I (6 O:=' IP 

I!O pWJ)[ Wled L~UfJ~)~tt!,tL!1~~(!,t!'ltLG~It-Gn,tt~ttL(pWJ)[) ItLG~I~t1l1 (IPllS) 
• If> (fi (fi (fi (Ii 

LU~U t-Gn, ttlbfJt gn.GU ~ ~rt t-Jlog~rt:lt'LAg~rtl~~ 11 dJeJOSJW ItJ{,UL(!, fJl ULUt-Gn.ttt.l!-Gl,J,U ttLt't-~ 1 t-Gn. 
;:(1i F P :: P ;; b I ir>P 1;. 

rt~LrtttrtL tt~UQ ~LU ttUL~WUL(!,lrt:UGGUfJl1UOLAgUrtl~mlfJL ULUt-Gn.ttt.l!-gurt:I~UllfJLULU °I 
~ ro: 1'1) F P l p 

11,Lt-t-ti t-OR.11,1 01t1 ~l:!ml:!~UUf.Jl1~ytLU11,Ol.m/l, z· rs'z 1b h7 4"b I"b 
t< t< 

rt1. G~rt ~ ~rtl1ltLt-t-~ Lt-Qrt1. G~t-pG~It-,\;lttL ~ ~Wrt1. L!1 ttG~LJGGtt!!;rtLtl,J, , t< 

gU.l!-t-G l.!\ t-(!, I) GItlbrtLtl,J,rt t-l,J, NJ ~ 11 t ~ l1fJ G~ n.fJ ~ I t-fJ t HI t-GW lL n.lLA fLg ttrtL tt ttlb rt: Ltl,J,g U.l!-'8 I'tl (6 fi::>'1 fr> t=> I'tl (6 (6 t=> t=> Jr>' (fi I='" ~ I"tI 0 f?' 1'1)
 
(Ii I • I (Ii(fi
 

rGltrtG~It-~~mlL tt~t-Q ~(!'t-GW ~LUUL(!,~1 ~1t!,tL !1t-~ n.~tt!,tLttLJ L(!,U GG ItrtG~1 t'~~l!m !1UfJll 
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, 
c:t 0 <::>. <::>.V' 

UlIlI 3 w~·n·Hn1Vlll'U'U~1'U1'llfJ 

o "" 3.1 UNlHl1'j~l~'U'U·n'U 

o ~ ~<:v.,;, ~ I d Q V d d 3J d c! ~Q 
flTJ rlll'W 'U-:JTtr.l 'III'H :nJI9I-:J 11l9ltll 'H'itl'l:Jl'YIt]1J ~ U~~ 11m1:JJ'U tlJ;.! ~'YIltl tl1'll tl-:J lVW ll9l1 [J:JJ1li tll1 'YIrl~tl-:J 

tll1tltl flll1J1JU~~ff~l-:JD-:JiJ Bmw lllrU 'U tll1 'YIfl~tl-:JU~~1 11J1 1:JJf-l~tll1 'YIfl~tl-:J U~ ~yhf)nllm l~ M 
U~~ff1.iJf-l~tll1 'l1rWtl-:J lfltltll11l1liJ'UnWI9I1:JJ~'Wl9ltl'W 1'U'lf1-:Jnml'il-:J'l rl-:JUbl'fl-:J l'U19I15N~ 3.1 

. 
<'t 0 "" 

V11".iH't1 3.1 Uf-l'Wtll5rlll'W'W-:Jl'U 

fllH1ltu'U-au 
ii.fl. I 1:JJ.O. I 'V'I.f1. "" :JJ .0. 

1'U'1'.2551 

fl.fl. I Jl.f1. fl.tJ. 191. fl. I 'V'I.O. lUl. 

rut. 2552 

I lUI. I fl. 'V'I. 

d >I 
1. lflU'J1U'JllJ'\IO:JJf\.. ~ 

~ '"' .1 .­
2. ll~Ufl'JtJ1JQ1Jfl'HU 

3. ~lliJ'Ufll'j'l'1Af\O-1 

"" .­
4.1Iml~mm::; 

Jl'J1Jylfj fll'J'YlAflO-1. ...... 

"" <:1 <! <:1 
3.2 ~~fl8'J..H)~'U'YI'jtlHtl~'\I8~~'tn'J 

q 

"" C! d3.2.1 f1~mllH)g'Ufl'HJ 
Q 

191~ flfl'U 'il~'U'YI1 v~':hlJ11~1 'U flU 'V1rl~tl-:Jlll'U 191::; fltl'U'IIi)'U'V11 V'll lm~u1Jutl'UUtl1 1 1JfHtl fflJ tl111 'U. . . 
5~rl1J'l1'tl-:JiJBu~ nu ~ 1~' 'Utll1'Y1rl~mf-li)l9Itil9f~lhm'V'l'lllfltllniJ'U~liJ::;'H~-:J~'Qru'H U~~55jJiJ 30 

d d ~Q <:v d 
tl-:Jftll9f~l"lftlbl' :JJftru ff:JJmUlbl'fl~fl-:JI9IU1-:J'YI 4.1. 

C! 

3.2.2 'Url·mnJ 
. ." 

'Utl-:Jl1:YrJ'vhh:JJl'l'11 tll1 'V1rl~tl-:Jlll'U fllfWl::; fltl'U (Decantered cake) Yl lf1''illnm::;U1'Wtll1 ffnm.hu'W 
~ ,}J 

iJl~}J~U 1'W 1 H-:J l'U fftlflU liJ'Ulh~:JJ l1 UI'l'11tll5 f-lbl':JJU 111ln11 Dnd'hJi'tllll 1 11'W 11'tl-:JlV'U qf-:J.. . " 
~= l] >I') '"' 1 0 '" '"' >I o. I • I 1 >I,",

flruff}JUI9I'\Itl~tllfll9l::;ntl'UUbl'fl-:J111'WI9IUN'YI 4.3 rltl'll~'YI1tll1l'lltl'llN'\Itl~lbl'tlrl1tJ'U11J5~1Jl'H:JJ. 
'j/ >I '"'1 c1 Q.J Q c1 .? c!Gl v .c::. 

fl11}Jl'U}J'U'W'lI tlrll9l1}JtlI9lHfllJ~1J55y!flm5tl'W'YI5tJ (Organic loading rate, OLR) '111'lHI9I'U5~1J1J 

ritl'Ui1fl'Ul~l~t1-:JiJ Bm ru~'I'11tll1'YI191~tl~ 

I 
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, 
<!! <!! _I d

3.3 !fI'H),:nJf)Utl~t)uf)'jW 
" 

'""'_I"" t! ~"" cI t! 
3.3.11Flu{)f)'jW!!6l!mH'jufU~HnJ6n 

~ ,I"" ",.d 'I 3/'1 ::1 <v _ I "" '" 1 "" d '" 
fJ-:Ju{jfl'HU'l'l !'If !hlfll':i'YImlU-:J tulHl-:JlJ{jfl':i'illllUUllUUIlU ':iUfHU('(UtJl':i (Anaerobic Sequencing 

~ ~ 
.d IV d c.v 

Batch Reactor, ASBR) 2 ':i~UU flU ':i~U1J'UU~Uhlt~Ul (Single-stage) ll~~':i~UUr:YU-:J'UU~UU(Two­

stage) hm~~~':i~1JUth~nu1Jlu~lUf!UmW~n'l
~ 

~-:J~U1t1iJ 

3.3.1.1 "j~1J1J.fr'UVlo'I.H~m ~lUTW 2 'lf~fll':i'l'l~HW-:J ~~~~~'lf~fll':i'l'l~~U-:JtI':i~nU1/~lV. .
 
1. 'Ul~Htf{l':i1J'lf:JJvi 'U'Wl~ 2 ~~':i ~l'Wl'W 1 11/" .. 

o QJo9J (;'JJ:::! 

2. 'ilfltl1-:Jt'iJl~':i ('(l'H':iU'Wlt'Ul-UUflll~~':i~mUfll9l''lflf11l''l. .. " 

, 0 (;'J 4 

3. 'l'lU'W lfll'lf'lflf11l"l 

Q.J~~ 0 Q.lclcYo::::t 

4. m'lf'W~flmn1Jfll9l'('(TH':iU~fl1Jfll'lf'lflf11l"l 

5. 'I,f~ magnetic stirrer l!~~ magnetic bar ffllf1'Ufll1nlUN('(:JJ 
~ , . 

6. fll-:JU III~~'I,f~fI 11/f!:JJf!'ill lHJil (ffllf1UO-:Jufi fl':i tlHl~~'W ':i~UUl1f!'illl'l JJ iJ 55°C) 

., 
<U' 0 I ... I 9J

3.3.1.2 "j~1JmnH'U'UVlfJ'U 'ill'Wl'W 2 'lf~fll':i'l'l~~U.:j ll~~~'lf~fll':i'l'l~~U-:Ju':i~flUUrtlU. . 
1. 'Ul~llf{l':i1J'lf:JJvi 'U'WWl ] ~~':i ~lhll'W 1 1u 

" '" 
2. 'Ul~llf{l!1J'lf:JJ~ 'U'Wl~ 2 ~~':i ~lUl'W ] lu 

o tV 0 'JJ (;'J d " 
3. 'iln{Jl-:J~'iJl~:'J ('(l11':iU'Wl~'Ul-uunWl~:'J~mUfll9l''lflf11l''l 

q '" 

, 0 c;I 4 

4. 'l'lU'Wlfll'lf'lflf11l"l 

Q.ldcY () Q.lclr::Yd 

5 . fI1 'If'W ~ n m flU fll'lf ff 111 ':i U lOU fll 'If'lf1 fI1 l"l 

6. 'I,f~ magnetic stirrer ll~~ magnetic bar ffl111Ufll:'JmUNff:JJ . . 
7. fll-:J U

~ 

1 II~~'I,f~fllUfJ}Jf!'ill 11 ~iJ (ril11 f Ut1-:Jtlfi fl':i Wl1I~U ':i ~ UUl1f!'ill l'l JJ iJ 55°C) 

., 
_I t! <V "" t! cI 01 q "I!lI _I"" "-""0 0

3.3.2 f.!Uf)'j Wtf111TlJmTJIfl'jl~11flWilWH-!1!tf£! !!~~f)lC)f'lflill'V'l tl!116~U{)'lJVlm'j 

"'1 "" '" 1. l'l'lm :JJ:JJ~~m 

2. Ifl~U-:J1~TIm'lf (pH meter) 

'" ~ "" 3. tfl':iU-:J'lf-:JIlUU~::;!tJU~ 

,,; 
4. tmU-:J~~ffUJUJlfllf1(Vacuum pump)

<qJ q 0 0 

" 
5. 1tlrt~ml:JJ9f'W (Desiccator).. 

'" .
6. tmu-:J Gas Chromatography 'UU-:J Shimadzu rW GC-8a 

,,; 
7. UU1 



I 

~LrQ~U~ (JiO n,1-t'QWUIbL~I1I1~Upt~1~Ult'EQ!J1J\HUgrU'9~L!lnwkl 
'.	 . 

\1n:llL ~t'Qfl,~QU~M,!lIb~lIbLWIb~lUUL!:t~I1~l:!l1 M,lQ~W~~l:!O: OOl !:'~Lrt§jbJtHUgrU9~L!llH .	, ~ 

rtn~~l!1fl:llLr;tM,Qrt!',LUL!:tt~l1 n: !1t'LU~t'~t'~~l1 W~ [ fl~jLr;tQ~nt;l:!~EM,l dJdddS t'Qfl,WQIbL~ 
I j'(; t	 (f) 

rt~~H.LULQIb~m,ttULI1[0 [] M,QQQ Lrtfl~l!bl t'Qfl,R,~M,~lIbLt~ULI1 t' QD1t' !:'~fl~ 1fl ~l\1~n,l1Q~flL!',~t\~ 
~ . 

M,~mHt';l:!l1LQQ ~u L~MLU ~IA,~~ !:'fb!!n,n,~!',M, 11 fbLM,!:!1t' QL~!!n,n,~ !',t'Qfl,JbQl~~ 1, L~(!,lQQ ~u !!~H.L~ 

t'Q~fbm~!',Lu M,~l~I1~L!',Ml fb LM,!:!mI1ULrtmLrt~fb M,brt~lftL t'Q~~&~l:!l1 £°0 L~UULlbftL L~!!~bJOwgfb 
~ 

t'9 11bt'L~M,r;p IbLU-!L~Q~flL:flU 1~!',M,£tfl,L ~ W M,t;l:!~ELR,U1-t'Q~~& t'L~M, ~lIbLWIb~l !',LU~t'~ rm~!', 
~~ 

n,y~b t'L~M,~lIbLtl-!L~Ib~H.LUI1~l~l:!ll L mLrt~!',fbL~!!~b L~lLr;tt'Qfl,Jl,Q1t1L~n,1-fbQ~l n,n,~ !',~L~ nWkl 
.	 '" 

M,G~fl~lLr;ttlb (£OJHBN) ~rt1Qn,JL~n,Lrtfl~l!blflt)tt'L~M,~mLt~lb~l!',LUL~UQ~t'~ (£ov ~t'L!',L~ 
"	. 

t'~t'~Q11) ~WM,~lMLU~!!n,n,~!',~L~mQrt~b~M,QU~~ULUULI1t'Q~l~l:!l1 M,l-!',~~Q~~Ql~rt,fu ~oo 

n,yL !!m~lb~l (JiO !!fl~l n,n,~!',M,~1~b!1 (JiO IbL~~Ql~It~Ib~1IbLtl-!)t~libIbYLfbtl£tL r;t~~~ tlLt't'!',1 
"" 

UL &M,QU~~U LU t'LI1 Q~ 1!',LUULl1lbfl ~~l!1fl~lL r;t M,Q kl!',LUL~ .ru WQfbt'9~L~1f]~ lL r;t M,Q kl!',LU °l 
.	" ~ 

JO WQ fbt'9 !',~LIb ~fbIbL~~ L~b IbYLfb M,l,tL r;t~~,L;! tlLt' t'!',1 :... 1"6 

UL& tlOU~~ULUt'LI1GI11!',LUUL&rtfl !',~lIAn,L;!lL tllb~l~l:!l1 !',~l:!Q~rtWl:!l:!1b OOO'L ri,uLIA,1fflil~!',flQl:!M,tfl,l1 ir" P PP0 l1;';;7 t:::7 • /'I:) t:::7 t:::7 . /'t) I 

." 
t'llsl1t'Q/l,lltM,l tl~rt!',mfl,lbfl,mLt~lblilfl!',IA,M,12l!,M,QU~~Ib~1fl~lmw(Jllt'lmfl!',~l!',LU or p I ~ b t6 ~ t6 t6 pit b;, p t:::7 t::7;' 0;:7 I ~ f"t) p 

~fbL Q~t'~uu!!,~!!ltQ~tl1"~l:!~lm 1, tlLt' tl!}lL !P !',LU~fl~l~l:!flL !',t'~ M,l 0 r ,,~ , 

n,yL!!W:l1Ltt n,~lU~Ll:!tl~fl~!',~bM,~!1M,~n,n,11L!it~11 n,n,~U~1fl~lL ttlb ~1 !',LU~l:!l1UQQfl~lL ttfl Ln,~!', 
~	 ,,~ 

!',LUltt;l:! n,~qi!lbL~ t'lblt~ l ~l:!11 u n,~L!AmQU~~u~UU~l:!11Lfl~!:!QfbL~UUn,1-liL~Ll:!U~fl~!', 

!!t'~ n,n,~!',L~ 1fl~ lLtt Ib ~1 !',LU ~l:! l1U Qon:ll Lrtfl Ln,~!',!',LU M,GU ~~ U~ U U Lfl ~!:!g fbL!it!',LU tlG~ M,1" 
j'(; (f)	 ({ 

nt~fbLn,QU~!',fbtlLt'L~!',LUn,Q!',~l:!~lmbt'rtl t~ vl ~l:!mt'L~uun,G!', (4J l BH) ~un,rl,1mLt'It!}lL!p 

uu~mR,u12!! zo£ ~fbh~t'~~ll t'9 r tltltL~.ruwQfbt',\;'lnt)tI1QL1~!',fb [Jl~mO~I1,~nn~~ ["["t'r 

~fbLQ~t'~ ~fl~l~l:!flL !',!!ltG~ 1t1" t'G,L;!n,~tfl ~mQ~M,1"n,n,~!', M, ~1!', LU~ ItHW12 
~	 ~" 

IOf \1fbh~t'~~l1 t'Gl:!~lHLU~ir, v ~lblit'~M,1;1Ibt!', !',LU~!',fbutAM,~tn~m!I'l~mR,U12!!~I1[Jlmmb 
.	" 

(;Otj{" t'Q~ t'1A,1A, n, n.l1(;OG~ t' 1A,n. n, ~!', It ~ 1!',LUt'fu ItQ~ M, fl, t' Q~ n,n, 11 ~ l:!l1t n~ m Q~ tl fl, n,n.11 (;0 IA, n. n, ~!', It ~ 1 •	 rtl P /'t) t:::7 P /'t) P f"t) rtl t:::7 
({ ~ 1"6 I j'(; j'(; (f) 

!',LU!! ~11[JLE Umbt't!I't'Q~t'~!1fl~ 1(Jo~~) l!~M;IbUQlAl[JLE UmOt't!I'~l:!l1 (JoO£) l!~M;!b 1!!O:LEIiroo 
". 

(;ot!'"'t'L~U ~ !',n,n\11n,fl ~fbl)tL t'~ flt)tfb L M,~ ~n,tl!O:LE U mot' Qfhl:!H LR,U~!', LUL~)t L t'!lt'~U ~ M,G~rt1" 
.	 ~~ 

(;OQ~n,111m~tfl ~mG~ rt,!,bn,n,11.ruwgfbt'L~U~ !',n,fl\1mn ~1fl~LLR,U~!',LUL!:t)tL ItlllbJLfb M,l,tL !t~Y~ 
"	 "" 

ItLt't'!',1UL 11It QU~ ~U LUUL I1ML Ut~fuL~ ~~H !',LUML U~ IA,g~ !',fbO ~.ru w Qfb~ !}Jbt'Q fl,l:!HLR,U~!',LU It1, 

f1f1:i:ttt,~itlU r.'£ '=' 

6I 
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Single-stage (S30) 

Thermophilic (55°C) 

1------., 
1 
I Temp 1 
I I 

• Control'
l I 

Two-stage (T30) 

! ~ 

jl ]" 
f 

~ Biogas 

Emum' 

Single-stage (S55) Two-stage (T55) 

, 

":ilH13.1 llH'UN~f11'j'l1fl&'l'O~ 
" 

3J v	 iJ. 

3. f)l'j 'j ~1J 1 t1'thYi ~ tJm 1f)l'j 'j ~1J 1t1'\.ll!fftl'VhhW f)l nJTUfl'O 'Of1 'il1f1il~1l5 m WL'Vh n 1J 200 

iJ&'l~i'lI'l'jI'i'01'u 
.. . 

4.	 V11f11'j~lfl'j1~l1fJWml"lU1IfftlYh.u111&'l~'j~ lJlt1'O'Om:J 1f1il~1l5 f1'j ru 
.	 . " 

5.	 1'fllljml'l'j nl91~lflll"lYif'li'l1'l1~ifltl~1iUYlUYiU11W)l'li'U~ nmn1Jtll91 

6.	 lflaflffl'Unl91iJll'l'Ulwnl919hm't'l~lt1lfl~'D~ Gas Chromatography '\HH Shimadzu 1'U GC­

8a 

Mesophilic (30°C) 
: ~ Biogas :	 , ~ Biogas 
:	 :: 

Influent IIIEffluent	 II iII	 ~ Effluent 

Influent " 

,""."" 

I • EffluentInfluent-------- ­

1- ---.I I 
I 

I 



~L~mM1L rt ItGIJ f,LUL f,klg Ul~1 ItGkllt!,bflf1;;: f,1t~1 f,LUfl,Vtrl~l It!l'Ht~Ql f,UiLG UQ~~lltL~It~1I1LW 
~~ 

rt~l ItYf,MgG~~al~rt}u ~·o fl,VL!Am)!rt~11I10 ~fl~l flfl;;:tlt~l~b~ eflO ftLg~al~lt~rt~lftLtY 

~11~1, rt~L(bltrtLrt~,VQ rtLtH1ULI1 Itou;;: klULU tLl!G~ 1UUULI1 rtfl ~Ml ~flM1Lrt~1,flgl M,£-G~f,Mgg~!J 
~~ . 

00z: Ltgglt1, ~ WklgH,roWQrtt,!;1~L,Qs1fl~1LtbItGhULUL\:t ,roWQrtt,\;'~L~1flM1LrtItOrJUU °l 
~~ 

~ WQrtt,!;1 f,MLrtfrtrtLM~~H.1, rt~Lrt ItrtLrt~l!QM,Lttf, 1ULl1ltGU;;:MULUtLI1G~1 
" 

UUULl1rtfl ~M1~fl~lLrtl1~1;;:~11 ,ro wQrtt,!;1tGQtl'l1t1, tMgG~rt}Ug~!J 000'L fll!LlA1fl H.1;;:WG~lttl\,11 
." ~ 

tl\,l1tOfl,rt1M,i ltfl,rtl\,lrtLtYI1Ui ItMrtf,1flf.lA,It~~ltOU~grtg1flgiI1HuQrrt0l1fHM1UU or ;:::. b (1:i (fj P/6 b ~ ;".P p ~ t>".h p I.... t>' /t) p 

~rtL G~t~f,LU ~~!JItQMIt!,b;;:lJ~lmb rtLtlt!}1L~f.LUgfl!!1~lJflL f, 

"" 
Nb [P] ~OOl 'U;:llD pue JdJ!W;:lG tOr\,fll1tItLtflUtflgmj(,1I1gL~rt:LM tlt or ;;:lJl1 8 'z: flULlA,l ItGMltl\, s::> I't) It:>' f't) P to (1) 0 (1) i'OI ft) 

," 
tGQ flfl ~ f.11} uqmtW~1Lrtl1 ~lUllL~tl ~fl;;: t;;:~ 1mlA,1!J$bL~Mgl':l,ro w Qrtt11 'gf. UMgt-:l,ro W Qrtt11 

" 
11} !iqHl~ 1L rtfl~ lUll L~t1~fl ~ f, t~ tn~mGM It,(!o 1111;;: f. t Gfl,,ro wQrtt11fllltfl ~m!l'mLt It!}1L!p 

" ." 
f.LU ~mR.U~!JtllA,l~$bLM Mgt-:l,rowQrtt11tltp g1, 1tl'l~M,l'll1l1m!fl~11 flfl;;: f,L~1fl~lLrtl1~lUU~lJl1UGG 

" 
fl~lLrtflLf1;;:f,~LUlttp trtlt~ vl flllL!A1L1lfltQrtL~ULUI1}UL¥L~t1~fl~f.[Jt~I1I1;;:U~1flM1Lrtl1~nLU ((, I I((, 

~~ lluoafl~1LtbflLfl;;:ULU LflfltQrtLl;l!:.LUItGMtl,(!oflt,ltrtL110U~f,rt tlLH!flUUI1Gt~~~lmt trtLt~ 
" ~ . 

vl ~lJ tlLH!flf.LU I1G!:. (,ro W Qrtt11ULl1U GGg!,lL!,ULUtlL~~fl~lLrtflLfl;;: f. tlG~ ItGU ~MUklG~1rt:Qt-:lIttU 
." ' 

f.LUgi1luLU~f'l,flgl tG~lO~fbQt-:ltltU) tG~lO~t~l1fllmLNt !}lL!PtLU;;: mR.u~~g WMgt-:l~ WQrtt11 

~flgl n: ~rth,\;ltgQl1 (lOpedJ :)lud~oueql;:lW) l1lA,l!J$bLMklgl':l~WQrtt11~~l1(JOpedJ J!U;:li3oP!JV) 

gWMgt-:l,rnwQrtt 11 ~l1,1tL t,!;1 l tlttlL~)'mwQrtt,!;1flt,ltr1QU;;:!:.rt rtGIMtJ!'NHHUUi ZT"'f 
.. 

ltaMIt!!'tGQ~lJl1tfl~mGMIt!,bflfl~t lt~nLU~mf.lU~ ,Of t:!'rt 
" ~ , 

skep 8 =DIH skep Z =DlH 

Jill oOP = ;)wn[oA 

K--------t¥-lK-------
ABPllill OOZ = P'=JSUelI

O 

SA-ep or = Dm 

ABPllill OOZ = "'0 

Il 
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"
. . 
ii',nJBmrurvhfi1J 200 ii~ilil~)~Bll-J UO~ '\J~'tlltll)1'Yi1lf111111-U'1I-U'l-J 9f1B~'UB,nlllihJ'Vii1m.H~l~ 

ii"nJBm wlrlm1-:jtf1\91llf'U i1)~1J1J0'111l)mB':l'r1J OLR ~l~B~'~ 
" v ~ I 

3. tll)) ~1JlrJlhn-:l Y11tlln ~1Jltl't'J1IffrJl1v.h'Utll)'lhu\9I'illtlii'nJBmwNil~m\911'U'i)\9I) 1 200 

" . 
iioilil\9l) ~Bl'U !to~) ~ 1JlrJ't'J1tfftll1H1'Utll) 1111J\9I'\J1tlii'-:luBn1l,uNil\91 tl1"lflJrYl'U1'We)\9\) 1 200 iioilil\9l) 

" .
~Bl'U U~1't'J 1'l11ti1t1Yi\!m~ lJltJBBtllll'\J1 ml-:junm WNil\9lm f1i1B'U l-U'l~ii'-:l'lJnm WNil\91 nl91lJ llll-J1 'U 

Q.I oCll ~~ 'Q.I I .o::::! cv 

B\9I)1200 lJooo\9l)\9IB1'U 1'll'UI~W1fl'U 

" . 
4. Y11tll)11m l~,.fflU!.flll'l't'J 1tfftll1l-U'111~~) ~1JlrJBB fl'\J 1tlt1-:luBmW 

,v "t 

5. lf1U111l\9l)tll9f;1.fllVlYiNil\91 '~'illnl1-:jO'B-:lii'-:jUnmw 1f1rJ1TIU 'VI'UYi't'J11'U.fll'll'U~ nmn1Jtll91 

cvcvl ~Q qr:'Jc1 3J ~ I 

6. 1f1fff1ff1'Utll9flJllll-J l'Ufl19f'll1flll'l\9l1mmB-:j Gas Chromatography 'UB-:l Shimadzu 1'U GC­

8a 

. 
~nl':l'n 3.2 ff1)B1111)lff~mhlrrm~1J1Jlh1Jf1!t1J1JIWWW hUf1\91111'i;!\9I)'UB-:l Speece [8) 

~ 

tlTHIl11 Tntl'UJ 
iI iI 

f11UIt'lllJ'IlU (mg/L) 
~ 

tlTHll'l1l1ttl1lJ 
iI iI 

f111lJl'IllJ'IlU (mg/L) 

NH4CI 400 NH4V03 0.5 

MgS04·7H2O 400 CuCI2'2Hp 0.5 

KCl 400 ZnCl 2 0.5 

Na2S.9Hp 300 AICI3·6Hp 0.5 

CaCI2'2Hp 50 NaMo04·2H2O 0.5 

(NH4)2HP04 80 H 3B03 0.5 

FeCI2 .4Hp 40 NiCI2'6HP 0.5 

CoCI2'6Hp 10 NaW04·2Hp 0.5 

Kl 10 Na2Se04 0.5 

(NaP03)6 10 NH4V03 0.5 

MnCI2'4Hp 0.5 CuCI2'2Hp 0.5 
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~ d ~~ A .! Q.I , "0 ~ 

3.4.2 'V1nllJ!VlB')Htt~1fi1'Uf)l11!fI') l~'tWI1BfJl~'Ul!tHJ 

'" 
lu f)l':l 'VI fHH>-:Jiif1n 11fnl~ l1fll,U ~f1'Yl,U ~'IJ tJ,nl11ffU II ~~\9I:::: nvu ~alJ'VIj 6\911:JJ~l':lliJl\9ltJ{l'il~"l II ~::::iJ 
~d~ ~ Clod V do 

1li11fnl::::11 \9Il1l11i'Um Standard Methods [21] II fff)-:JfN\9Il':lH'VI 3.3 

. '" 
~l'jHn 3.3 ~1':lliJl\9ltJ{luf1n11fl':l1~l1UlliYU 

"C\ 

l111nJ!~o1 """" "C\ 

l1Hl1 'nlfl11::::11 

pH test strips, pH meter 

f111]J~1:um'j 

"C\ 

1Ifl11::::11 

~ 

'VIf11U 
q 

~ 

'VIf11U 
q 

~Y1Jf)ll1~~ 2 f1f-:J 

1. ~m'lf (pH) 

2. ~l,U'YI.QiJ (Temperature) Thennometer 

3. ;ltJ~ (COD) Titrimetric method (Close reflux) 

4. f1111l1~llflN (Alkalinity) Titrimetric method [22] ffUf)ll1~:::: 2 f1f-:J 

S. VFA (Volatile fatty acid) Titrimetric method [22] ffllf)ll1~~ 2 f1f~ 
d 

6. 'UV~1l'U-:Jll'U1U~VU 

(Suspended Solids, SS) 
Gravimetric method 

Gravimetric method 

Micro - Kjeldahl method 

Colorimetric method 

(Vanadomolybdophosphoricacid) 

" 
ffllf)lM~~ 2 f11-:J 

" 
ffllf)ll1~:::: 2 fl1.:J 

l'lf1"l fff)~ffUf)ll1 

l'ln"l ffV.:Jffllf)ll1 

d 
7. 'UV-:Jll'U-:Jll'lJ1U~VU':l~Il1U 

(Volatile Suspended Solids, VSS) 

8. lUl\9l':llllU 

(Total KjeldahlNitrogen, TKN) 

9. l~VffyJV1ff 

(Total Phosphorus, TP) 

10. f1111lffllJ1':ltl~11'Y'l1::::'Um 

do do ~ do 

IIUfI'VII':l Uff':ll.:JlIl'VJU (Specific 

Methanogenic Activity, SMA) 

.fIlflHU1n n.l [16] 

.fIlflHU1n n.2 [8] 

.,,; .,,; !lI
llJfJl ':lll\9lUll~:::: 

'" 
iYlJfff)nnYif)~v-:J 

q 

.,,; .,,; !lI
11lfJl'i1lI'lUnl':l 

'VIf)~V.:J 

1I. ~nUil1~'Unl':lHa\9l019l'iil'V1U 

(Biochemical Methane Potential, 

BMP) 



4.1 

<::t
• 

U't1 't1 4 ~H\ f)1'j 't1 ~UI f) ~ 

• 
"'" 31 "'" 4.1 f)11~1:WVl'l-H~ln~1J1J 

A q f! 
4.1.1 ~::: mn·HHl lfYl'H'.l 

Q 

l~lJl91''U fln l~ hi 'J ~UlJ i 'f1(Jf11'J l~ ml~ fltlhl 'iJ~hrYl~o~ '1 ~'iJlm ~ lJlJlW'UlW1'J i1flltl~ihn{1 'U 'J ~'f1lJ
q 

,rtl~UillJ~fln ~1~1h1f11 'J'YI~rltl~f'l~\9ln1'l5;lm~'iJ1flf11fl:umhu~ l1~~~'QWlfjJiJ 30 llrl~55 tl~fl'l 
d 1 "'" "1 >ld >I ~ >I 1 _ d '"I "" >I I •

l'l5rll'l5t1ff rl~ hI()~u[}mru i1lJfll1lJl'UlJ'Uhll'JlJ~'U hI~U'lJtl~1l'IJ~II'Ulh1rltltl'J~mtll'YI1fllJ 7,000 
, ~ 

iJrl~flflJl9itl~\9l'J 1~tI\9l~ fltl'U 'iJil'U 'YI~fHh'hm 1~n~mjru ~ 1~'W\9l~ fltl'U oUhI *,)1 I'i1Brl~ lD tI\91 lJf11fl 1t1 
q 

t d 9J QI~ ~ do Id .<::::lo d c.... Q 

f'l~lJBtIlrlflhltlU flW~lJlJ\9l'Utl~\9l~fltlhl'iJrlmntl'YItlWfllJ 30 llrl~ 55 tl~ff11'l5rll'l5t1~ 11~\91~~~\9l1'J1~'Y1 
'tI q q q 'U 

. . 
c! QJo. .<:::lo d r? do ~ Q 

flT'nn14.1 flW(;llJlJ\9l'Utl~\9l~fltlhl'iJrlhl'Vl'JU'YItlWfllJ30 llrl~ 55 tl~ff11'l5m'l5t1ff 
q q q 'Y 

.
 
l"" l111UJlflO'J 

d d 

't1 30 O.:lYllI9HllC)1l'J(,'f 
d d 

't1 55 O.:lYlllC)1tll9fl'J(,'f 

SS (mg/L) 24,600 

18,900 

23,500 

19,500VSS (mg/L) 

ri {) hi ~ 'iJ ~ 111 \9l ~ f) B 'U ~ ~ 'U 'YI ~ OlJ 11~1 hi fl 1 'J 'YI \9l rl B~ i ~ '1'11 fl1 'J 11 fl ';j 1~ ,.f'H 1fll1lJ ~ llJ 1 'J 0 ~ 11W1~ 'U tl ~ . 

lllJfl.yh~tlfff1~iJl'YIhI~Bru'HfliJ 30 Url~ 55 tl~ff11'l5m9ftl~'1~l'yhnlJ0.050 llrl~ 0.037 f)flJ;iB~I9iB , '" 
Q.I d Q.I 0 QJ Q.J d 

mlJ'UB~U'U~II'lJlh1{\tl@~mtl - l'U \9l1lJm~U 11(;l~~~~\9l1';j1~'Y1 4.2 

. 
.c:S. 0 dod 9J d d.<:::lo 

fll1H'YI4.2 fll1lJmm'J\')'iJ1IW1~'UB~UlJfl'YII'JtI(;l'JNlJl'YIhI(SMA) 'YIBW'HfllJ 30 ll{\~ 55 {)~ff1 
q '" 

1'l5{\!;tlff 

"" d
f:lW't'l.fJ~ (O~Y1UC)1tll9fl'J(,'f) SMA (gCOD/gVSS-d) 

30 0.050 

55 0.037 
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~ 

4.1.2 'Uf)--U'~U 

. . 
'1n:ql~V~i1 ~1'U O1,)'YI~rlO~ltl'U 01 f)\9l~flo'UYil $\'illflm ~'lJ'J'U01') ffn~ni

~ 

1:U'U u1rl'lJ~lJ1 'U 1 ') ~~1'U C1'n~ 
~} , ~ ~ 

'WI iJ'l-J U1rl'lJ iJilflllw ~ ltlU 01 fl1 vYilJ f1'J1lJ [l~IU V~ ~fflJillJl.'! 1'il uiJ ilflllW~ltl'U\91~ flO 'U ofi''U "l ffU l\911rl 

l.ulJ f1W C1'lJ1:r~ 'U O-:J01 fl\91 ~ flO'Ull 'ff~~11 ~\9I1,) N~ 4.3 O1fl\9l~flOUiiffflVfIlVl1 'U fll') ~il \91 fl1G)j"lJ l'YIU ~ 
q 

OW'VifllJ 30 ll[l~ 55 O~fI'11G)j"[lI9fVfI' I'Vhilll 168 ll[l~ 198 ~[lilil\9l'jfl1G)j"lJl'YI'Ufiofl-rlJ9f10~~i1ou. '" 

\9I1lJihY>1lJ 111;1'~~Y>1-:J\9I1,)1~~ 4.4 'il1flrhffflVfll'Yl1 ufln~il\91 fl1G)j"lJl'YIU'UO-:J01fl\9l~flOU'il1fl 11 ~n'UC1'n~ 

J1JJUU1rl'lJ~lf-:JC1'O~QtlJ 'Vi ~lJ l'I1Ji1lJrh~lfl11U~lJ1W 01') ~i1\91 fl1G)j"lJl'YIU ~ftl'j~il\9l1~'YIl-:J'YIqll~~~ 

I'VhOlJ 388 lJ[lilil\9l') fl1G)j"lJl'YI'U ~O fli'lJ;1o~~i1ou [8] I~O-:J'il1flfllfl\9l~flO'UlJO~rhh~fliJ1HhU 1my 

ltl'UC1'1,)O'U'YI~6V11fllG)j"rl[llml[4, 5, 6] ~-:JtioVC1'm{)'YI1~~'JfIl'VI1~V1fl C1'1,)v'U'YI~6~~1,jt)f)tiovC1'mv 
'" . '" 

~ 

lU ltl 'U fl1G)j"lJl'YIU1~~\l~'VilJ~ ~~yh 1..rlJri1\9~ilfl11fil'YI1~'YIqll~ 

, ~ 

~l'n~fi 4.3 flW C1'lJ1J~'UO~01fl\9l~ flO'U'iI1fl h ~~1'U C1'n~lil:lJUlhrl'lJ 

"" ~ "" ~ 

'Yf111lJl~tl1 Nafll11Ift11~'t'i 

pH 4.7 - 5.7 

63,000 - 73,000COD (mg/L) 

TS (mg/L) 52,000 - 55,000 

TVS (mg/L) 38,000 - 40,000 

TKN (mg/L) 900 ­ 1300 

130- 230TP (mg/L) 

~11N~ 4.4 ffflVfIlVl'lU01')f-jil\9lfl1'lflJl'YIWUO~01fl\9l~flOU(BMP) ~OtlJ'VifllJ 30 ll[l~ 55 O~fI'l. '" 

lG)j"[lI9iVC1' 

"" "" ~um.fJlJ (fHfllI9HlIclHJI;l) BMP (mLCHigCOD) 

30 168 

55 198 

I V • • 

O1,)I~m~''UI~ln~lJlJ1ul'1~ 4 'JI~fll,)'YI~[lO~'l,* OLR l~m9'uYi 0.5 fli'lJ9i1o~~oil\9l,)-1'U Y1101')i10U 

-:.c! ~ I C'lo rli ~: d d j): ~ ~~IV d d ~ 
U 11ffm'U1~flnJgm ill ~w1'll"'U 111;1'{)mm VlJ'il1flfll ') l'il 0 'il1~ fl1 flr!:;:; flO'U f11V'U 1U'):;:; lh1'Vi 1f1f111lJ 

. . ~ 

l.ulJ.u'U9i1o~hyhOlJ 5,000 lJ[lilfli'lJl'loilm IW::::'U~Y1101,)I~lJ OLR 1~V01,)IVilJm1lJlofi':lJ'l!u'Uonil 

li1V~i10'Ul.uTd')::::'lJ'lJ (\911') 1~~ ft.1) IrlO if~l fl\9l1 11 'W i1,) ~ 'lJ 'lJ iit/') ::::iY'YI1ifllw~ ff11J1':i flJ o~f'lJ OLR ~ 
'" 
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1 ~!~'W';j~131J'OulJ{ flci11iimH:JJ1w fll';j~iil91fl19i~lhinw~~ilI9111J{~'01'Wt1'O'W'u\m~~ ll{l~ihJ~:JJ1w 
'U 

" . 
m ~ 1'tIiJ'W';j ~m u~lul m.J1l1 tl'Ofl'ill m ~1313'Oul 'W 'liT.:I 100-300 il{lilfli':JJ~'Oill91';j1'W ';llJUfl~I9fU:JJ 

'U 'U 

m113tJl'Wl91 [8] tlUl~l';jR~l'Wfll';iI~:JJOLR 'iI~¢i'tl~fhu~o~1l~:JJ1Wfl1l:JJI~'W~h~(Alkalinity) 'U'O~ 
I I 1:iF I 

';j ~ 1313 9f~ 'iI~~tl~iJd~ U~~tl fll';j';j tl~ i'13ll~:JJ1rn m ~ 11 'UiJ'U';j~ m U~l Ul1tJ1'i1 'il~l Vi mY~~'W I'Utl~:JJ1'i1lfl 
'U 

r I 'jJ I I • 

jjl';j il 'W'VI~ Vl1!.ij'l~';j~1313iJ1J~:JJ1W lVi:JJ~'W 9f~tJ1'i1yhfll';il~:JJ alkalinity !rl:JJ1l1'urh ~1313 ''W'li1~1~:JJ~ 'W 

'U'O~fll';jI~:JJ 111~~U~~~~U~:JJ1Wfll';il~:JJ{l~l1il~'illfli1~lfll91l..1 'Wll';j~1313iJt1l alkalinity !'¥iu~Wtl ':U~l 
. " 

flll 3,000 il~ilfli':JJ~'Oil~nl'W~1l1Ifl{l!9fu:JJm113'01'W1911~u ,!!~fll';jOLR 111~1'Wfll';jI~'W';j~1J1111~4 

'VI~~'O~ 191{ltl~fll';j'VI~~'O~l'yhtl13 0.5 - 4.0 fli':JJ9f1tl~~tlilll';j-1'Wft11:JJi1:JJ~'W1h~111l~rilOLR ~1~ 
" . 

"" I c! 0 'j) Q.I ... Ie!"'1
1~'W ';j ~1313ll~~m']j' tl~'U'O~'Wll 'tIl';j ~ 13l3llTI'll~~~ ';j lJ'VI 4.1 

'U 

45000 4.50 

40000 I I 4.00 r.I 
r -Ii 

';:I 35000 4_.__ ---- -- ---------.---­ 3.50 :o~r~ 
":;1 Ii JOOOO I I I 3.00 ;~'Ii ,I; :::l ;:l 

25000 -----------­
r.I r.I 

2.50 " >II"~ -6 l/" c: 
r ~ 

';:I~ 20000 I ---r'\.. F I 2.00 C; ':::I 
:;1 ;:l 

rlV"
;:l ,I; l/" :;;

';:I I; 15000 I I I 1.50 Ii :;1 
l/;I 'r.I 

l/"1.00 r 
"II 

0.505000 k:.J " W I 
o I ". • I 0.00 

o 20 40 60 80 100 120 140 160 180 

- ..I •1'n1"...n....."~"ihJ 

10000 

-a
;:l~ 
r 
r' 
It 

. " 
·.n.H14.1 OI91';jlfll';j ~m ';j'VIflffl';jil'U'VI~Vl!{l~i'h9f1 tl~'Utl~l111'Ul 
'U • 

!V 
4.2 {,Hn'V'lH1~tlf))J"f)~1~1J1J 

"" 4.2.1 fiWYif)lJ" ... 
. '"' 

1 'W ~1'W 1~ui11 J1111fll';jftmnI1l~ U13ll1 umh dr'VIll inW fll';j ~ill91 fll9i;1fll'Yi'illflfll fll91~ fltl'W 'ill fl1 ';j ~~1'W 
" .

fftl~l1liJ'WUlil:JJl1 2 'li1~tlwl1nil ii'O 'li1~tlwl1niliJl9iYl~i'Ill{l~'li1~'Owl1nill'VI'Ol1:JJYlilfl l~u 
q 'U q 'U q 'U 

1 'W'li1~tlWl1 niliJ 19iYlilfl lJ{l1 1fll';j !~'W';j ~ 1113 Hilllfll']j';1fll'Yi~tlWl1 f&H'tl~'Yi13 lliJ'OWmlilfllUl 'W 
'l 'U q 'U q 'U 

t1~1JfimtUtlQl'W'1h~25 - 33 'O~i'1'll9i{lI9fUTI' (~l';jl~~ ft.2) ~~iJrill'Q~UI91{ltlllfll';j'VIll{ltl~1J';j~:JJ1W30 

'" .
'O~ i'fl19iUl9fU ffll {l~ 1 'W 'li1~ tl W11 nill 'VI tl11:JJn it fl 1J{ '1'11 fll';j l~ 'W ';j ~ 11 11 1w:iN t'h f 'O'W l1iJ fll';j fl113fl:JJ 

q 'U • 

~Wl1!Jill~~ 55 tl~i'flI9iUl9fUff ~ ~'Y'l1311191 {l tlll fll ';j 'VI ~ {ltl ~~'li1~ tlW 11 nil I'VI '011:JJn itfliJtl W11 fI il 
q 'U '1 'U 

fllul'Wtl~1JfimtUritl'W'U'Nfl~~tlQ~55 u~ftl!']j'{lI9fUff 
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q 

4.2.2 'l'Uu'lf 

ril'WI tJ 'lH11 'U~'m 'lh ~ iJ fl1UJ 'thr'ltyl91tJ '.i ~11'lmil~ fl1 C}f~1fl1TIltl'U tJ VNlJ 1fl t~ tJ~'j)l flij ~Hl m~ll'IJl91tJ 

U'IJ fill I~ tI ~ 11 N 1 'U tJ V1 'U '.i ~ 'IJ 11 hltlm ~ ~~ II 'IJ fllll~ Ufl ci lJ rl il ~ fl1 'If ij III 'U 'j) ~ iJ fl11 lJ i 1 I"i tJ fl1 ';j
~ , 

t1J~£J'U II tl(j~'lJtJ~ri1~ttJ'15:JJ1 fl~ r£~ 1~tI~1 i tlri1~ltJ '151 'Ut:l~tl~ fl'.i\U'il~ iJri1tJ Ql 'U 'lh ~ 6.5 - 8.2 [8] 
'j/ ~ r :Y )I 

I CLI ~ a Q Q .::9 ltJ 9J.c1 .c1 d QI d tl "" "" 
f11'U'U'Ul9ltJ'Ufl1';jr-l(jI9lfl1'lf'151fl1'V1'il~tfl~'U'U t~~f1~ll'V1ttJ'15 7.0 - 7.2 m'U ';j~f1ll1ifl1'V1'UtJ~'.i~'IJ'IJ'j)~. 
(j19l(j~tJ{h~'.i 1~t11trltJVittJ'lfijri1~lfli1 6.0 [I 2] l'U'Uw~~lt1Jf1llt~tlmimtill9lfl'.i~f11:JJ1'.i\)111~1'U,~~. . " 
l'U'lh~~ltJ'lf 4.0 - 6.5 [8] ti1tJ~~1£Jfl1fl~~flD'U'IIlflh~~1'U(Hl~'l11lJ'U1Jl~lJijfil~ltJ'lftJvl'U'lf1~ 

" " , 
4.7 - 5.7 ~~~lltl 'U ~tJ~111fl1'.i tlf'IJrilViW'll'U tJ~'l11ti1£Jrim~ ll'il~ ittJ'Ut-llTii':l ~'IJ1J1Mttl'U ml1~ (wttJ'lf

" 
'" dliJ ~ • liJ ~1 '" ~ 1 "" "'l ~ '" ""I

tl '.i~:JJ1W 7) 19l~'VlI~flm1 n 'Ul'n'UtJ 3.4.1.1 'U';j~111Nfl1';jII9l'U'.i~'IJ'IJ'j)~l9ltJ~lJfl1'.il9ll9lflllJ~';j1'j)f1tJ'IJ 
)I :y , • 

ViI tJ'lf1 ml~tl~fl'.i cl'tJV1~ 1 flt1'~fl 1'U~ l'U1~tli1i~111fl1';j~';j1'j)1I9lri lVittJ'lf1'U 'l11Yl tJDfl'j)lflil~tl~ mcl'9$~ 

1~ttl'U~1ll'Vl'U'UtJ~filViltJ'151'Uil~tl~fl'.icl' (~l'.il~~ fI.3) 1lf1~~~~~tl~ 4.2 

-l!.- 530 - 8- T30-A -- 0- T30-M
-*- 555 ---+-- T55-A T55-M 

9.0 

8.0 

7.0 

:I: 
Co 

6.0 

5.0 

4.0 

0 20 40 60 80 100 120 140 160 

')\.1)\ ~1 n1".il1A ilih1 

. " 
11H1 4.2 rilViW'lf'UtJ~'l11tJtJfl'i11flttl"i(j~tl~tl~ fl'.i cl' 

. " , 
l1:JJ1t1l'l'l~:. S30 '.i~'IJ'IJ (tl~tl~fl'.i ru) 'll'U~tJ'Ut~£J11l30°C 

" .
'" '" no '.i~'IJ'lJf1tJ~'U'U~tJU'Vl 30°C 

" . 
nO-A il~tl ~m cl'r-lillPlfl'.i 19l1'U'.i ~'IJ'lJf1tJ~'ll'U~tJ'UYl 30°C 

" , 
nO-M il~tl~fl'.i\U rlil~ fll'lfijl'VlU1'U'.i.~'IJ11f1tJ~'l1'U~ tJ'UYl 30°C 

" . 
S55 '.i~'IJ'IJ (il~tl~fl'.iru) 'll'U~tJ'UI~£J1TI 55°C 

" . 
T55 '.i~'IJ'lJf1tJ~<tJ'U~tJ'UYl 55°C 

" . 
T55-A il~tl ~ fl'.i cl'r-lil~flHll'U'.i ~1J'lJf1tH'll'U r1D'Ull 5SOC 

" , 
T55-M il~tlilfl'.i\Ur-lillPlnl'ldil'Vl'U1'U '.i ~ 1J1Jf1tJ~'l1UI9l tJU Yl 55°C 
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'illntll~ 4.2 YlUlltl,nJgmrn S30, T30-M, S55 Un::; T55-M ~~liJUtl~llgmru~ih!Ufll1l~Un~lJr-1~19I 

nl'lllJrYlm!h~l'1HHjlJfhl1lO'])'()ri1l!'lh~7.0 - 8.0 ~~!iJl!'lh~~mm::;~lJ~()01'Jvh~llJ'U()~UlJfll1l~U 
'" '" " .. 

n~lJlJ riluil~llBmruT30-A U~::; T55-A 9f~&wil~1l5mrnl1lJUUfll1!~Un~m"~l9Im~lh~lUtJ~1J 

ti1l1lO'lI1U'lh~u'Jn'U()~01'J'Yl~n()~()rihHh~ 6.9 - 7.7 uI'i11~~'l1n1lJ~ 72 '\J()~01'j'Yl~n()~'illJi1~ 
'" " .

illJ~'flnn'Yl~~()~ 1~'YhnTHll'ftum'hul1'\.i~ 1lJfIl'J !~lJ alkalinity ~~'i:I::; l~nri1l1l!lrl~()I'i()'11 Vml1 
q . . " 

ti ll1lO'lI'i:I::;~'fln~mi1~'lh~ 4.8 - 5.8 9f ~l iJl!'lil~l1m m::;~lJ~ ()01'j'}11~llJ'lJ()~U Ufll1!~ unrilJlJ 
q 

4.2.3 gfll'Yf~h~Ut1~fl~f1''ll~l,!~~mtdl[J 
" . . 

~.fJ 1Yl~1~!iJlJ 19111J~~i1~fh~~'lJyhyJ(){'U()~'J::;U1J 9f~'lhu 1l1''j ::;UUlJfll1lJl'l'lU 'Yl1U1lJO1'j !ll'ftUlJUlln~ 

ti ll1lO'lI uI'i1lJ'\Jw::;~m ~, '\J:JJlJ 'j::;!l1U~1U11jlJilil~U'l1~n~ri~Nn 1l1''j::;UUlJ!'iT~lO,]),~'fln~ 111mn~fIl'j 

ff::;~lJ'U() ~ m ~ l'll:JJlJ'j::;m U~lU 'illJlJ 1l~lJ1Wmnfllln1~~'lJyJ!yJ(){ 'U()~'j ::;uu nm'iJll11 M~ItI'l!'Uij~ 
t d \J13Jd cl , • 0 d.c1' Q r:I .c1 0 ~ 

'j ::;UUn~n~()UN'j 1~! 'j 1 !~ 'lI~n'i:l::; ~~ Nnl9ltJ01'j 'Yl1~llJ 'U()~U UfI'Yl!'J Un~lJNnI9lO1'llW'YllJ 'ilU fIl'i:l'Yll111 
q 

11 ';j ::;ff'YlTIfllYlm'l::; l~~U';j fl1Yl'\Jij~';j::; 1JUn ~n~ l~ on1!f1'J 1::; M~fllYl~l~U~::; 1l~ mUl m ~ I 'tnJU ';j~!l1 U 

~lU 1lJ'J::;uu ii~irUl1!iJUYn'j1iJ!I9I(){~1oM1lJ nn ~~19I1lJl9I'jl'il~()Ulh ~iY'YlimYH!n~!ff~lJ'jmYl'IJtl~ 

';j :::UU~tY1 rltyt~ !it tl ~ 'ill n!'i ll1W ,]),U~::; 1l~ lJ1W f)'j 'fl I '\J:JJU ';j:::m U~ 1m l1lJ U'iI \llJ~'il::; ri ~Nn fl'j ::;'YlU 

. "" 1~lJfI'J ~l'itl UUfll1!~ UmllJ N~19I n 1'l11J!'YllJ fll'J ~~19I1lJl9I'J l'i:1 fftlU! ~ tl fltlUfl1UfllJiI'iI ~UI1~ 'tfD~lJ~~1'l'ij~ 
q q 

, I 'jI I :ilo'. 

~~!'IrlJ'lll1tl~lJBmufl1UUflYi!~Un~lJlJmffUtl~9f~Mltl1lJf;)~llBf)'jrn'Utl~'j~UU9JlJl9I()lJ!~U1tm~tl~ 
" " 11 g m rnH~}Ol fl1'l11J! 'YllJ 'U()~'J ~UUff()~ <UlJl9I tJlJ 1U~llJl~ UlJ'~111 fll 'j11fl'j l~M~m'Y'l~ NU~~ 1l~ lJ lUI 

" . . 
m ~ I 'lJ:JJlJ 'J ~ m U~ 1Ull!lJ IIffUl1 tltl n'i:l1 ntl~llilm ru9f~ 1oM'll1u 1911U 'YllJ'U()~ ff .flTI''1~ l~U ~~ ll~lJ1W m ~ 

\1'lJ:UlJ'j~mu~lu1uil~1l5mur (19I1'j1~~ f1A- fl.6) I~N~Uff~~~~lll~4.3 - 4.5 
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, ~ • " I 

'iJlf)'!llVi 4.3 'iJ~'W'lJ1l~.fIll'l~1'1h.n.1lIfflJViUUf)'iJ1f) T30-A lln~ T55-A iJ'fhn~n'llJ1f)~\ll!fil'UVi 78 
'I V J 

'lIU\I f)l'Hmn U'I IUU'I'iJ If)f)l'H1Hltl'U 'fIlll'l1ll \I 1'U f)l'j l~ 'lJ alkalinity 1mh fftlVill~iJU'UloU'n ~'IJ'IJ'lIU'I 
'j/ l I ~ , 

'j ~UU~U\I'1J'U\PW'U qi\l 1'U~U'UI~'lJI'l''Ul~'U'j~U'IJ i~\~'lJ alkalinity 1mhlff£]Yl'iJ~iJU'Ul~l~i)'Illfimw 
. . " 

f-l~\9lm~ (T30-A lln~ T55-A) UfilHl'l'Ulf)1'U1173 'lIfl'lmnl~nU'Il~ll1~£]'Uhh~'lJ alkalinity l'Ulh 

IfflJ~ 'iJ ~iJtJ1.J1 oU'l~i).:nJ fif) nuf-l~\9lfll GJiiJl'Yl'U (T30-M IIn~ T55-M) 1l'Vl 'U 1~lJ~ III l~lJf)l'H~'lJ 
~ I V I 

alkalinity1'U 'l1l1fflJYl 'U~ iJ U'U I~l ~i)'111 ilm w f-l~\9l m ~ Ufifl ul'11~ IIn~ l'l 'lJ1ll:1'.fIll'l ~l'l'll U'Il1l1i1t1Yl 
" ,. 

Uflf)'iJlf)t:l'll1fimru S30, T30-M, S55 lln~ T55-M 'iJ~ijrll:U'Un'lI1J'U'Jfl'l'll!ufltUU'I'lJ1'iJlf)l'U~l'l 

'lIU'If)nl~:lJ OLR 'iJ~l1lf)l'jI~'lJ alkalinity 1~'lJhrllri'j~'IJ'lJl'U~l'll~lJ~'U'lJtl'lm'jl~lJhfn~lln~n\Pl 

l1~ mw f)l 'j I~lJn'l'H~'I'iJ 1f)ff'I If)1'l llf 'U 1l'j ~'IJ UlJrll alkalinity IVllJ'Il'lU llfimiNh n?1 nV'Ifl'li'mil 

'j~~'IJ'lIU'II:1'.fIl'W~l'1I'Ui)'IllilmruS30, T30-M, S55 lln~ T55-M Hl,jI»~1f)1l 3,000 iJn~f)i'lJfifl 

~I'l'j I'U 1.ll11flnlqf£JlJm{'lJUt'U I'l 
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'iJlmll~ 4.4 'W'lJ1l1'U'lfl'll~lJ'~'UI~'U'j~U'IJ~ OLR l'yhflU 0.5 f)i'lJqflu?1riu~\9l'j-l'U ll~'lJ1wm~ 
'lJ 

~ , Y I r 

'1'lJiJ'U'j ~llW~llJ I 'U l1llfflJl1tJUf) 'iJlf)i).:]llilm ruVI'I 4 i)\I 'il ~lJrll'fitJ 'UoU'l.:]ihl'uu'I'Ulm ~'IJ'IJ ~1'lJ1'j OOU£] 

~mlJm~l'l1lJm~ll1lJ~llJhi1ull~'lJ1W'lJ1f) lln~lrltll~lJ OLR 1'U'lfl':] 1-2 f)i'lJqflu?1riu~I'l'j-l'U 
. . " 

'W'lJ1l1 U'lfl\1l~lJ~'Ulll~lJ'U OLR I'U S30 lln~ T30-M iJll~'lJ1Wm~1'UlJ'U 'j ~ll1lJ~llJ~~~lJ~
~ 

'I~'U . 

liitJ'I'iJlf)"lll ~llJ'nOUUlJ~mlJm~ 1'UlJ'U'j~l'H lJ~l£]i~l1'U l!n~ 'iJ~iJll~'lJ1Wn~n'llrlUI~u 'j~'IJ'IJ~ OLR 

~'Imill foil'U Il111Ju'j ~lJ~l1n1l1d 'I ~iiU'I'iJlm ~'IJ'IJ ~1lJ1'j 011i''IJ~ll MUfllJ~m[Jm~ 1'lIlJ'U'j~ll1£]~l£] 

~iJl1~mwl~lJ~'Ul~ !!~lmh'U'Uu.:] S55 lln~ T55-M l'l'IJ11iJl1~mrum~1'UlJ'U'j~llHJ~lU~~~lJ 
• 'JI I 'JJ • y 'JJ 

IYllJ:UU'illf111 OLR 0.5 f)~hJqflu~fiU~I'l'j-l'U IVlu':]l~ml'ulJl'Yhuu liJU'I'iJlni)'1lliimruYl'l~tJ\li)'1U 
, , " 

~ ..do Q d d dd t Q d d nI , 

1~'U 'j:;:: 'IJ'IJ'Vl-qW'H lJlJ't! \I (55 tJ\lf11191nl CJilJ~) 9l'll! 'lJfI'VllnmqlJNnA fllGJilJl'V1'W'W 'W ffl:IJn OUtJrHfmUm ~ 
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rtlJn'~ (N!WR,Ll!\~Wntr'fNHmLUrtL~l1t'L~Gt~UL&;t~U>Yl~l1 dl. ~111l N){l.) l!\rtl{t'ltqtnLI1~t:! 
• ,. ~ (f, 

Q£Gt-uwW~~l1m r\'(~LI1~l1rt 1!.Y f,Ml rtLL~ 'l!\rtut'lt~Gl~L~;t~U,ll,I~ f,LlIL!;t}fI. ~n~s rtLt'rtlnl!\l [z: [] 
t< t<t< 

r:~:OOL fl,1!L~1 (dl. ~111l N){l. 'aoJ L~lIL&U1HL&~)d:N :aoJ rtt~~prtlf,Ll{LGf,LQf,LUt'G~rtLtY 

g.IJLlI LGkLfl,fl,l1~LLL!:tfl,fl,~ f, tllf1b t~n~ 1n ~1l1Yfl, mGI\,M1fl,~lfu £&1 f,lU~l1GMt'n ~1~ f,L l{LO f,U!~ f,ty 

n~IL ttrttrt!,1t'~ MLVt.~lGLl1~~t1~l!lln~ILtt~LLL!:tf,lll rtbMLU~lAg~ qlO~t' f,~n~ll!t1 t'~t'!!;I1I1~ f,rt l 
~~ ~ I 

n ~1l1L!fl,mGI\,~l fl,~llh£ &1 f,lU~l! llrtLt'L!;l f,LUG~fu~L¥ftLtygfl,fl,~f,P-L~lrtGrtl1n~ILttl1bf,Ll{LG f,LQ 
• t< 

r'fbfl,fl,~ f,t'GI\,MLU W\!QlG~fl,lA~ wt'~~&(!,lGt'~ t'GlrtJ1 

11~t' llrt~I..ltHUQf1t'~rtlnL~n Ul~f, rt!tf1,bl!\ W Il1Lrt £f1 t'Gl\,rtQ~Q f,LUgUL&Lrtt'G~ l~ rt!,1 rt~t'llrt~IL~ 
t' ' II ~ I 
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t< • 

[[ II MLVt~lGLMM~Wl,fl,~f,I1~If,LUG~rtQ~LrtUlrtLtL!gt'!!;VO L~UULrtftLL~g t'~ t t'Xt;nWQrt',!;'lUL& 
.• t< 

UGOl1n~ILttt'Gf1,t'L~MLUQ~t:!l1nL~nUl~f,rt!tfl,b ~W Il1Lrt£f1t'L~l{~f,rttPLf,~1!L~l1ttl~& ~·t l1f11UL& 
•t< • 

t',!;'lULlWGGl1n~ILttt'GI\,t'L~M,LUQ~t:!l1nL~n l{1~ f,11,!:tfI,b ~WIl1Lrt£f1t'L~U~ f, I1t~Lf,l!l1! S·p ~f1l;, " 
•t< • 
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• I t1> ~ II 
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'iYl'HJ1'H n 1'W '.i U~UlJflllt1 Vffl:JJl'Hll11 , U11f'1i'~1t1 N~f)l'.i 'VI~~O..:Jtl ff~..:Jfl..:J~ n N~ 4.5 (f1Wff'lJ'lJW'" . 
>I • • 

'IJ'f)..:Jlhfftllli1mmj'l '.i~'lJ'lJUff~..:Jfl..:J~l'.il..:Jll f1.7) 

• >I • 

f11":iUn 4.5 U11JlWfflHlllfl'.i1'Wl11lfffJllil'f)'WloU'ltl'.i:::'lJ'lJ1'Wul9lm: OLR 
'" 

OLR (gCOD/L-d) 

, 
mmwmilu (mg/L) 

COD: N: P 
COD TKN TP 

0.5 * 5,086 128 12 700: 17.6: 1.7 

1.0 9,720 48 20 700: 3.5: 1.4 

2.0 19,462 126 24 700: 4.5: 0.9 

4.0 37,267 140 64 700: 2.6: 1.2 

, I 'JI • 

'H1JlVl'HW: * ril TKN U~::: TP 11 OLR 0.5 gCOD/L-d l~'Ufhllllml~'Hif1''illf)I9lJD[h.:Jl11tfftll1ili. 
f-ll'Wf)l'.if)'j'f).:J1i'Jtlf)'j:::~njf)'H)..:J ~..:Jhj'1i'1111Jlfl~'jJ'lJnmY~tlJ'W COD: N: P l'i1~V 

ci1l]3I 11]31 
I9HlD~f)l'.i'YI~~'f).:J'YI I~Uffm n 

• >I. 

f1l":iH1l4.6 U11Jltu i 'U lw'.i l'il'UU~~'rl'f)ff'rl'f)r ff1'Ull1'f)'f)f)'illf)i)~uBf)'jurtll~tl1 'Wm;~::: OLR 

o!""vtl":illJlfI{),:) 
OLR 

(gCOD/L-d) 

mlJ1Ul1uJl{)'f)fl'illOllfla:::O..:Jui)mw (mg/L) 

S30 T30-A T30-M S55 T55-A T55-M 

0.5 87 2]4 214 128 211 112 

1.0 124 132 144 97 130 112 
TKN 

2.0 167 280 193 190 249 174 

4.0 140 280 187 233 271 243 

0.5 27 30 28 14 31 10 

1.0 29 29 29 12 41 13 
TP 

2.0 37 48 34 10 48 9 

4.0 50 81 25 17 90 19 

t , v , 

Yl'lJlVlYlI9! : fll TKN Un::: TP il OLR 0.5 gCOD/L-d In'Uril111!fl'jl~'Hl~'illf)I9lJ'f)[h.:Jl11Ifftl111livh'U 

f)l'.if)'jo..:J~Jvm:::~lllmD.:J riJh!~ OLR 1.0-4.0 gCOD/L-d dlwril~l!f1';jl:::lflr1'illf) 
Q.I I 0" d d , I 'J/
W10lJl.:J'WllffV'YINl'W f)l ';j f)'j o.:J~Jvm :::~lll m 'f).:J 
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4.3.1.2 fI fifJ iIll'Hll'milflfl1'l( 'ti1 ill 'Yt 
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m~U~m)\9lfll':iVl\9liHNllilnu335, 311, 358 IW~ 347 iJn~~f1':i nl"lf;1fl1'Vifi'Dflf:JJ~1 'D~~i1fl'UI.u'Td 
'U 

)~lJlJ mm'hllu 
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'nJ~ 4.8 ffmJ.fl1l'l n TH'" ~ fl fll 'lf~1.fl1 'VI 
" 

<LI ~ ~ .c::t 
4.3.1.3 ftf)Uil1'l'if)THHWlm9J~m'W 

lrl '0 rl 'il1l ill 1i) -:j ffn Vfl1 'VI n1l N~ fl n 1'lf~1f11 'VI 'U 'O-:j l ~ 'lJ 'lJ 11lJ tl'lJ ff~ -ff1l-l n1 'lflJ I'VI 'W 1'W n 1'lf~1fl1l'l 

'ff11J1lm1(J~1l-l'~'lJ)t.J'lJ1NffnU.fl1l'HlllN~fl01'lflJ!'VI'W (Methane Gas Yield) 'U'O-:jl~'lJ'lJ (fl1l1.J~.. 
fl.l3) ll'ff~~~-:jlt.J~ 4.9 hw~ S30, T30, S55 U~~ T55lJffn(J.fl1'V1mlNilflfl1'lflJl'VIlJm~(Jfl~'O~ml.. 
1'l1l~'O~l'viln'lJ 231, 207, 243 ll~~ 224 iJ~~~fllfl1'lflJI1'llJl9i'On1lJqfl'O~~i1'OlJlfh-ffl~'lJ'lJ.. fl1lJih~'lJ 

~-:j'Vi'lJ':h fffW.fl1Vl f11l Nill"lfl1 'lflJ!'VIlJ m~(J' lJlll9i~~i)fll1.fl1l ~ 'lJlll'lfl'ff1l fll-l 'VI'16 'ffTI1 1'lJ S30, S55 

ll~::; T55 lJri1'ff.J'ff~~ OLR 4 fl1lJqf1'O~I9i'O~fll-1lJ ~.JlJri llli1tl'lJ 240, 276 ll~~ 251 1i~~~fllfl1'lf'" . 
lJl1'llJI9i'On1lJ qfl'O~~i1'OlJl~l-ffl::;'lJ'lJ 1"l1lJ~1~'lJ -ff1l-l DO lJri1'ff.J~'~~ OLR 1 n1lJqfl'O~fi'O~l"ll-'"	 '" , 

1l-l l'Vhtl'lJ 229 1i~~~l"llOl'lflJ!'VI'W\9iBn1lJqf1'O~~ 11'0 lJ l~1-ff) ::;iJ'lJ
'" 
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4.3.2 lh~il'fltiill'Vifll·Hh~~Hn1~h.!r1j[J'1l~iJ'UnlC)fiimu 
Y I Y I 

ffl1 ~hJ 'Vl~ 61 U llllffUl1t1f1fhi~ 1U 'J::; 'IJ'IJ~~h·tf)19f;1m 'I'll!U ff1U hnu'il::; t1fll11il uu 111'001U 'J11'U'O.:J 
'U u'U 'U'U 

o19f;1m'l'l~ f-l~191 III ~.:J ol9fiit'Vlu11'IJl1111U ~~191 nru Cl111 Eo~ I 1l'il1fl fll 'J ti'O UffmUff1 'Ji'iU'Vl1 uflltllU 
I I I )0' 

'J::;'IJ'IJ 1~tJ11019fiil'VlUl1~ilI911~111ml91'J 388 1J{l~i1I91'J l1'Ornl1i11J 30 'O.:Jf111G)i{lICMtJff l1U1\::;ff'JJl.Hlf)'IJ
• 'II 'U . ~ 

ffui'iU1'l1U (CM1'O~) l1t1flfh~191111111mw 1 oi':JJ [8] 'il1mYl91ff1UUff1:JJl'Jml1111fl1U1rn111 
'II 

11 'J::; ff'Vl ni1lVi Ol'J n 1~191 ffl'J i'iu 1'11 61 11 t11u nl"lfii t'YIU 1111191 tlOl 'J 1111 tI'Ut Yi tI 'IJ 'J::; 11 11.:J tl1:JJl W 

ffl'J i'iU'YI1 6~t1 otitlllffm t1ttl~ tlU i 11t11 U ol9fii I'YIU ~ '01U f)'U111:JJlrn ff1 'JOU 'Vl1 6 ~i1 tlU l.u'lff'J::;'IJ'IJ~ D 
'II 'II 

, r 'JJ , 

1U (i~ O1'J fl1U 1ru U(l'~ .:J~.:J fll fl ~U 1 0 'U.3) c)i.:J ~ 111 'J::; ff'YI ~ fllViYi i Ilu 11'IJ l1t11U '1'1111iJt ~ltl {l1t11 U 

~1~119111'J::;ff'YI~mVifll'J ih>ill91ffl1i'iU'YI1 U1J'O.:J'J::;'IJ'IJ i~ll1umjN~ ta'O.:J'\J10 1U.:J1U 1~tJifffni'iUl'l~ U 
I )0' I , 'JJ, • 

YiDviu l11tffvYiil'Ow.u'1ff'J::; 'IJ 'IJ ff1U 1mu'O olu 'J 11'lJ'O.:JU ~.:Jll 'lnU{lDOll hi,,::; mOl11 c)i.:Jff1Ul1 -u.:J'\J::;
'U 'U U CUI 'U 

tl fl V'O tJffm u111~tJu ttlu 01 '»~lhfl1'1'1 t II9i U1.:Jff1U ~ ilitl 0 vrWffmtJn'\J::; 191 0191::; OtlUff::; ff:JJ Dulu'J::; UU 
'U "'II 

llillltlflnl~~I11ul9i'OciNll91 Nmn'J1tfl'J1::;..r~i~(191111.:J~ fl.l4) llal91.:J~.:J'J11~ 4.10 'il1f1f-l"fll'J 
" " 

'Vl191{l'O.:JViu,:h'J::;1J1J S30, no, S55 1m::; T5511'J::;ff'YI1jml'lfll'Jn1~fla1'Ji'iu'YI1Ui11t1JUfl1"lfiil'VlU lfw 
.<::t t Q.J 31 0 Q.I 

m"VI91"tl~m'J'YII91"'O.:Jl'YI10U'JDtJ{l::;59,53,62 U"::; 58 1911'JJm191U 
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'HJ~ 4.1 0 11'J::;ff'YI~fllVH)n n1~~H'f1'Ji'iU'YI1 Ul11I11Ufll9fiil'YIU 
'U 

4.3.3 f111V1tW\~fle'U 

111:JJlill 'U tl.:J II ~.:Jll 'U 1U t)'OVll 
.
'H~ 191'Dtl fl'l11 f)U 111 

" 
'D tl 0'\J 1flt1.:J11B m Wa1'JJ1 'J tll91'J 1'iJ1fl I ~~1 tJ111mill 

,,~ " 
'U 'D.:J It ~.:Jll 'lI1U "tltJt! t)::;'U tl.:J U~.:Jll ,nu mw'J::; 1'H tJ l'l1'J 1iJ1191U{11.:J a'O .:J1911U ff1:JJ 1'J tl1tt11u 'f11;1191 G.:J 

~ cl .d ~ t:::l d ~ ~ d."d, : d do ~ Q.J ,d'cS 

11 'j mw 'U tl.:J! 1'lI.:J '1'1 IU l.! ff1'J 11 'J ::; fl'D U'D U U'YI'J mm::; (l'1 'J 11 'J::; fl'D 'IJ'DU m U'YI 'D Ui UU 11ffU"lf.:J IUl.!19111J.:J 'lltl'l 
'II 

'I cl 'I ~.IC> ""J" cl d
i'l11'JJff1'JJ1'J tll 'U 01'J191 0191::; O'DU 'lJ'D'I'U 'D'IU'lI.:Jll 'U1l.! "'D UllJtl.:J U!:}fl'J ill 1191 'lI'D.:JU'lI'1U 'U1U m) O'J::; Il1 V"lf.:J 

~ ~ d "'.;: cl , d 0 Q.J ~ 11 91 d .<:::). cJ ." 

tU 'U 'ffl'j 'Dum tlUl'UU ff1'U VI 'ffli'lq,j~ u'D'I1\lmh ~fl'DU UI911U fl1fll91~ fl'DU '11 'D.:J !fftll I~~\9I~ f)[m ~~U 1'l'J tJ 
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"	 ",
I'l~,r'U111m~1J1JihHmtu'UU.:jll~~U'U1'U	 1'Umfl ,r'UOmJ1Ufl111111'lUUl1'fl"UUflllh)'IJ111tiYU~1'U.
 

,	 " 
1~1J1JiJfl1111~111l1 tl 1'U O11"fl~~flU'U11':U~ vil I-H011nm01J~~flU'U 'llil'U'VI~ 6i1'I'U 1~1J1J,r 'Ul11 i~ 

q 

" 
fiu'U oU'l-:1U1fl 'll 'UDl'll 1111-HU1 ~i1'V11imYl'UU-:l1~1J1J'fl"'fl-:l l~ flflll-:1U-:l111 1l1'iJ~UD'U'VI~ U'l1~flUUfl i tI 

'jJ	 )I • v 

f1'1J'lJ1t iYuhnH1I1w 1I1fl ffHI'flll1'iJrllCM iU~I 'U1111ilmTIlI~ .:j:U'U ~Hl flU11m 1~111J~mW'UU-:lU~-:1 
" 

" 
H'U1mHlmm~-ff"ff1'U 1 ~ 'I111-:1U~mW 'UU -:I U~-:IU'U 1'U 'flUU1 ~!'11 U~ utI~ mw 'U U-:I U~ 'Ill 'U 1'U 'lUU1'U111 

UUfl'lllfltl-:lUfimuf (~111-:1~ f1.l5 - f1.l7) U~fl-:lI'l-:l!U~ 4.11 - 4.12 

-A--S30 --e-T30 ~S55 -e-T55 -OLR 

~ 
01 

.§. 

~ 

o 20 40 60 80 100 120 140 160 180 

':iuihhn''')1Q~il'' 

1tJ~ 4.11 f11111-ff1l~'U1h~111HDI'1';i 1m1~1J11 'VI fl~11 D'U 'Yl~ 6~ D'lJ~ lIlW'UU,lU ~-:jU'U1'U (lU tilmil 
"	 q 

f)'D fl'j)1m ~ 1J1J 

'il1m1J~ 4.11 'll~tli'U111J~lIlW'UU.:jH~-:jU'U1'U(lUU ImflUUfl'j)~iJfilt~1I~-:j~'Um1l5~11m1~1J1nl fl
"	 'U. 

I • 'jJ	 I ~ 

~11D'U'VIj6Yir~1I:U'U i"ul'U'lf1-:1U1fl'UU-:1011'Yl"mH Yi OLR 0.5 fl111q;iu~~uil~1-1'U 11'1 4 1~1J1J iJ 
v I • I , 

U~ 1I1W 'UU-:jU ~-:IU'U1'U 'lUU1'U1.lluuflfi U'U oU'1-:1 ~h 91'1 tl-:j1Jfim ufYil~'U 1 ~'IJ1JYi'Qum JJiJ 30 U-:lftl 

"	 " t'lfotq;U~ 'lldjU~1I1W'UU-:jU~-:IH'U1U'flUtllu111UUfl!TIU-:j 30 - 255 iJ(lilfl11J191ual9l1 lYll,rU ff1'Utl-:l 

ufimW~t~U1~1J1J~'QW'l1JJiJ 55 U-:jftlt95(1tq;U~ 'll~iJtI~lIlW'UU-:jU~-:jU'U1~'flUUlmflUUfl!TIU-:I 300­
, , 'jJ	 I 

830 iJ(lilfl111~Uam H~tiJU OLR lTIlI~-:j~'UO-:j 1 - 2 fl11191iu~~uil~1-1U O'll~Yl1J111~1J1J11 
'U 

V r 'jJ	 V , 

UW '11 nlJ 30 U-:jftl195-mq;U~iJtI~1I1W'UU-:lU~-:IH'U1U(lUtIIu111UU fl!.yhHl-:l:Uur~U-:jt~fl1r UUtyil,r'U 91'1 
q "	 'U 

i"mf1UlIlflOU-:I l:Ulfl'U 1,000 iJ~ilfl111~uilm u~il'il~iJtl1V-:j1Jl-:jfl#-:jtyhJU~iJtI~1I1W'UU-:jU~-:j 
'j/ • ,	 'j/ 

ll'U1'U(lUOIU 111UUfl'ff
'U

'10-:1 20,000 iJ'flilfl111~uill9l';i ,ru nn'1U-:jm'lllm ~1J1JU-:j l:um1l11tlUuu~mou1 

!ilulU1 ~1J1J l~ mil-:j 'ff1l1J 1ill 1111-M'tfl" ~~ flOU (lUU'illflf)195;1nlYl~ U-:jfl-:jiJ fl11 Hil~~ UflflUV1-:1 
" 

,	 " 
~ DtUU-:I 011 ~ fll9l~ flU'U ~-:j 1'111Ii'01 fl ri -:I H'fll-M'191 ~ flU'U'I1 ~"UU fl1 tI n1J111uufl 1'U tI~ 1I1W 111 fl ff1U 

I	 'jJ .)1 

1 ~1J1JYiUWl'i niJ 55 U-:jftlt95-mC\iU~ niJ 1J~1I1tu 'UU-:lH~-:IU'U1U'fltJulU111UUfl! V111~lH'lf'UtA01nu ll~iJ 
•	 'U
 

I 'J/ , •
 

1J~:lJ1WtVlll'ff-:j:U'UO-:j 1,000 - 4,000 iJ(lafl111~Uam !ttl~liJDtVllJ OLR lt1o-:l 4 fli'lJq;iu~l9iuilI9l1-.. 
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'" 'JI ,,, I 

lU 11~ 4 'j~lJlJ 'iJdhH:lJ1W'lJfl~!l~~It'UlmH)u1Ulhf)flmvhJ:UU:lJ1fl hwYilUlJl~lU'ildhJ'1lJ1W 
" .

'Ufl~Il~~Il'U lU~fltJIUU1flflflO~ 10,000 - 60,000 iJ~i!1fli''lJ~fli1\9l':imUVit~Ul l\9lm'in\l1~mh~u~'j~lJlJ 
" . . 

T30 l'llJr,hii1J1'lJ1UJ'Ufl~ll~~1l'IJ1U~'Ou1m11flflfl(1~il~tnfl1J 60,000 iJ~i1fli''lJl'ifl ~\9l':i tUfl~'iJ1mlifl 
'U 

l1' tJflfll'j fllWH"'lJll~l1Jci'Ou1 M'\9l fl\9l~ iHJlJ l'lUl111TIlJ'iJ~ ili tnfl fll'j\9l fl\9l~ flflU trlU ~ '1(111l1'\9l~n1 l,rili. . 
". 1 I ~ • 

tn\9lfll'j\9lfl\9l~fl'OU lutlnlijmuUU nn1 fl~m'iJ1fl OLR Yirri'lJ~'1:UU 'iJ~ii1J1'lJ1UJ(11'ji)UTI1uVit~1'j~lJlJ 
I 'JI I " 

tfi)J'lJ 1fl~l! 'iJU 'j ~lJlJ ili (11 'lJ 1'j flUflU'(1o 1tJff1'j i) U TI1 Ul1 t.u1~i)'11J Bfl'j orl U 1J5 'lJ1UJ 'lJ1flUi?lflU1~ 
. . " fI .al ... I t 9. 31 .<:::t. 'jI Q.I Q.I ~ d .d.<:::t..:::S 

(1'lJlJ'j tu t)JfllJofltJ 1l1'tflflfll'j\9l fl\9l~ flfllJ Ito 1\9l~ flfll! 'jl'lJ\9l1 fl'U fll9f']j"lflll'lTItfl\9l'UU 'iJ1flm ~'lJll!fll'j
'U 

I 'j/ I 'j/ 

UflUffilltJff1'j U'UTI~ Ul1U'lfl'ltn\9l~'Uflci1~~mafl'l n'iJ~ff~N~l,rtnflfll'j ~flmll'Ufl~\9l~flflUUflfl'iJ1flU 
. " . 

fll'j ff~ff'lJ'Ufl'lfllfl\9l~flfl'UYiiliflflUflUffmU lt~l\9lflff~ff'lJflUI 'U 'j~'lJ'lJI91~lll'it'1 'lJ~'Ut~ l! 'j ~'lJ'lJ 1flU iuii 
'U ~ 

fl1'jj~ lJlU\9l~flflU flflfl ~~ ri'1N~l,rl 'UtlnJBm oriJ1J'1:lJ1UJ 'Ufl'l fl1fl\9l~flflUff~ff'lJflQ t~'U ~1l! ll! 'lJ1 fl n 

cli ";";0,\31 011)31 1 31 
t'lJ l! ffltl1' \9l11'U ~TITI1 1M fl1 ':i \9l fl\9l ~ flv'Um l\9lflflU'lJ1'1U1fl . 

-~ 530 ~ no ~ 555 -e-- 155 
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0.3 
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_ .J • 
'lU\1'1nnTH1Gl iHN 

':nJ~ 4.12 ~\9lffl'U'j ~l1'11'11J5lJ1UJ'UV'lIt~-:Jll'U1U ~fltJ'j ~tl1' tJl'imH:lJ1w 'Ufl 'I It~ 'Ill 'Ull! r\flU I l! J1flflfl 
'lI 

'iJ1fltl~1JBmor 

U~~'iJ1fl11J~ 4.12 'iJ~t}f'Ul11W.lh~ 50 1l!U'jfl'Ut''1fll'jTI\9l~fl~ 'j~'lJ1J S30 U~~ T30 iJ~~Hhu'j~1111'1 
" . 

1J5:lJ1 W'Ufl'l U~~ll 'lJ TU~fl tJ'j ~ tl1' tJl'i mH:lJ1w 'U fl~U ~'1 II 'Ul'U ~flU I UU1flfl fl'iJ 1fltl'l1JBmorrifll! ~1'1 Iii1 

Uff\9l'l11'j ~'lJ'lJff1'lJ1'jfl\9lfl\9l~ fl'O'U i~~ '\J fl'lU~~U'U1U ~ flU~ flflfl'iJ1m ~'lJ'lJ ffl'U 1mYl~ u (11':i tl'W 'UTI~ U 

~'1i~I'lifllfl\9l~flfll!rilu~i~\lflUmmmtJuO~\9l~flfll!'iJi1'UTI~U fflm~'lJ'lJ S55 Uo~ T55 iJif\9lffl'U 
~ . 

• 3J d.. cl • d ci • q l::=t t:::!d'~ C::d.<:::l 

f1flU'U1~~'I 'Ul! fll1:lJ1Ufll1'lJl1 'Ufl~ U'IJ'I It 'lJll! ~fltJTI flflfl '111m ~1J'lJffl U !l1'tytlJ'U (11 'jfll! 'VI'j U 9f'l flflfl 

fllfl\9l~ flfl'U fflUl1'rt'l~ i~ flflUfltJff01tJ!t 0::; \9l~ fl'O'U 'iJi1ml~ U ul'iml'l '111 fl1'U~ 50 'lI'O'I fl1'j'fl\9l~'O'I llJ'U.
 
" 

~ . , 
~lJ~l1J l'l1Ji1Y1'1 4 ':i~'lJ'lJ 'iJ~lJ~\9lffl'UViri'OU'U'l'1ff'll'lil!!~Uln'U 9f~mJll!'lil'l 0.6 - 0.8 'U fl-:j U'II

oj 

~ 
'U ~ 
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It 'U llJ ~HW~Dt)f)'illf1':i ~ 1JlJrillJ1 rH1j~-:J lrlwrl) OlJ '1'116 ~-:J nfte)f)lfWl~ fH)lJ rillJ 11 d-:J~ lliu mhw 
u v 

. ." '" ,( 

~Hl1VIt~~\91~fH)lJ'il mn'lJ v 

_~ c:! _I "'" "'" 
4.4 f)l'i!U'itl1J~flU1JU'i~inlfjill'Y'lSUu-:,j'i~1J1J 

. ~ 

'illf)H~f11j'l'1~~eJ-:JllvhmJ11wlil-:J 160 1lJ 'YlU~l'n-:J 4 j~1JU l~ltfi j~U1J S30, no, S55 It~~ T55 

~-:Jt~lJ j ~1JlJ hHrflll~ ~1t\91f)~1-:J nlJ 'VllJl1111'i~~j ~ 1JlJih.h~ ir'l'1jjfllYl~It\91 fll'il-:JnlJ 1 ~V~j~U1J S55 

. Ufff)UfllYlf11j Hi)l'lfl1"lflJl'I'1lJ l~mQ ~ VI'l~eJ~ fllj 'I'1~~tl-:J~-:J~~t'Yilnu 243 iJ~i)i)l'lj nl'lfiJl'I'1lJ~eJf)i'lJ 
'lI • 

~leJ~~ileJlJ!~lrij~lJ1J jeJ-:J~-:JlJ1l~'Uj~lJ1J S30, T55 It~~ T30 \911lJiil~1J ~-:JiJfff)Ufll'Vlf11jHi)l'lfll'lf 
v 

Ut'l'1lJ l~mQ ~VI'l~eJ~f11j 'Yl1'l~eJ-.JI'Yiln1J 231, 224 It~~ 207 iJ~i)i)l'lj nl'lfUt'YllJ~eJf)i'lJGMleJ~~ileJlJ!~l 
. ~ 

rij~lJU 1'l1lJiil~lJ 1I'lUllYl-:J 4 j~U1J ~llJ1jmeJ-:Ji'u OLR 1~i1-:J 4 f)i'lJ;leJ~~eJi)m-1'U It~mh-:Jljn.. 
.::1 d. d d ~ 0 lI] 9J ~ Q.J cl lI] 3J d .,J • .d 
~ 'il~mlJl1'Yl OLR ff-:JlJ flljll'llJj~111J'Yl1 ~~Vlfl'UlJ 1'l-:J'il~mlJ ~~'illf)),J'Yl 4.11 'If-:J'Yl1111'Yl OLR.. ..
 

~ ~ 

ff-:J~~ f111lJffllJ1jullJ f11j\91f)\91~f)eJ'U'UeJ-:JYI-:J 4 j ~11lJ~~~-:J ill lM'iJ,J51J1'ill'UeJ-:J1t ~-.JLl'UllJ~eJV lmh.. . 
r jJ jJ 'jI 

eJeJf1tnlJ:UlJ ri-:JH~ 1M'\91~ f)eJlJ 'ili)'Yl16eJeJf)'illm~U1111~~iJ1l11J1W~l'JOlJ'Yl161ml1eJtlf)ff-:J:UlJ ll~~"lf). .. . ~ ~ 

j 1l'i1 4.4 ll~~ 4.13 "~Yl110fl11,J11J1'illf))1'l1'U1JlJ j~m V~ lVll~~U11J1ru ffljOlJ'I'116~~mv111 1 m41.. 
cl ~ J I c1 Q.1 d ;I
 

eJeJflf1t l'llJ~ -:J'U'UI'lflJ II'lVlfllJ 'Yl OLR 'U
.. 
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'nJ~ 4.13 fll1lJ'fflllhJ1h :;;11'lHD'm lfln~mj'l'1f)ffnOU'Yl16~eJfil~1o~~~mv'mfleJeJfl'illm :;;1111.. . 

"" 4.4.1 ~H\"lI~Fmw·tUUJ 
q 'II 

trltll,J1UUl'nVUH~'UeJ,:j~ru'l-fJJmUf11jt~m:;;lJ11'il:;;l'l1111 tl-:Ji'I'll'lf~I~V~ (S55 1m:;; T55)j:;;1111~ 55 
, , jJ. I. 

iJl h:;; ir'Yliflll'lo}$-:J 1UTI11 'il~li-:Jl UU 'l,J'i1 fffl£.Iflll'lf11j Hi)\91 tllqriJ t'I'1U 'i1 ff,:j fl1n:;; 1111'i1 30 tl-:Ji'I'1l'lf~I;Vff. ..
 
~ esc! I Q 0' c1 d ~ .:::l c1Q.J 

(S30 ll~~ T30) IUeJ-:J'illf1tl11fl'l'1lJlJmpm~\91f11qrlJl'YllJ'Yl~ru'l-flJlJ~-:J(55 O-:Ji'I'll'lfm'lfVff) lJO\91jifln 
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00 tlffmtlffl'.i Ol'Hl ';j 1~1 1':lf111UuflYil1 tlmhJ r-lil\91 fll9fih 'YlU~fJtU 11.flihJ1U m'lN (30 O\lffll"lf~ 19iVff). . .. 
- c!Q.J ~ r:i I d.c1" QJd

[8, 11, 12, 20] l~tI'YlffflfJm'Wnl';jr-l~\91f)l9f)JmU'lJO\l';j~UU S55 lJlflfl1l S30 9f\l)Jf)lIY1lflU 243 U~~ 

231 iJ~ilill'J';jfll9fii!'VI'UI9iOflf)J9ilo~~iJOUI-riT~';j~UU I'1l)Jih~u U~~';j~UU T55 lJlflfl1l T30 ;\lii.. . " 
l'iwvhnu 224 U~~ 207 iJ~ilill'1';jfll9fiil'YlUI9if)f)'r:u;lo~YiiJf)lJ!.u'T~';j~UUI'1l)J~l~U UOmJ10UUU\I.. . . " 
TIU~01lf)l';jI~U';j~UUYi OLR 4 of)J9ilil~I9iO~I91';j-1U ';j~uuYiOW.fliJ 30 O\lffll9f~I9itl'ft 1l~iiiu'ftn)J. .. 
!&1,,, • , 

Ii1 U ilJl1U lYi ~ 1m!l<tlO \ll-ll IffrJ 1u0'\lui] fl';j WUff~'1~\l1,U Yi 4.14 9f \I fJ1 'ilrl \I N~ '111 hl'U';j ~ i1'Yl ~ ill 'W 
, " " 

<tIO'l';j~UUtl~~'1 h~ rl1u';j~uuliQun1~iJ 55 O'lffll9f~I;rJff 'il~lnfliu. 'ftn)Jl-Wtl'll~m!atl!'Vhuu 

. " . 
~,jn 4.14 f)l';jln~iuffn)Jluil\luilmruli 30 O\lff1I"lf~I;tI'ft 

4.4.2 ~tl"llfl~'lfUVli1~uilfl''Hl1 
. " 

dJO~'ill';jWllu'1fJUllitllJ'lfi!~'lJo\lO'\luilmrun'j)~l'IU1l J~UU'llUI'10l!l~tl1 (S30 U~~ S55) ii 
" , . 

u';j~i1'Yl~fIl'Wff'lfdl'.i~uu'ftO\l'llUI'10U (T30 U~~ T55) lf1t1Yiu';j~i1'V1~illTI'lJO\lS30 lJlOfl-)l T30 91\1.. . 

iil'iwvilnu 23] Utl~ 207 iJtlilamfll"lfiil'VluI9iOflf)J9ilo~~iJOUI~lrl';j~UU 1911)J~lfiu IW~ S55.. 
lJl001l T55 ;\liil'iin'hnu 243 U~~ 224 iJ~aal'1';jfll9fii!Y1uI'iOflf)J9ilo~~iJOUI~lrl';j~UU.. 

. " 
I91l)Jih~UIl10\l'illfllu';j~UU'ftil\l'llUI910U'il~iiO'\luBmruNal'1mfl (T30-A U~~ T55-A) HrlTKfuvotl 

,v ." I 

ffmV'ftl';j flU 'VI'1 vli l:1.i ~~ mtll-ll h1'I1JUffl'.i BU'VI'1Vl1~~ mrJl-llU~~IUavu li1u m f11'IJ:JJu';j~m V~lV 

nou ~'il~rl\ll9ia luo\lt1\1ui]m ruNa <f1 fll9fiil'Vl'U ul'i l'Iu1ll1il\l'illfl1U.~ 72 'lJ'U\lnl';j'YlfltlO\l .fllvlu.O\l 

uilmruNal'1mfliiffillTIli1umfi l'il-WW'lfoQ1WMJ\I 4.8 - 5.8 l:1.il~iirl1WJhvluf)l';jvmmmVf)lfl 
. , " 

1'1~ flO U91\liiO\lrlu';j ~ flOUrl1U h'ltYl1Ju fl1fllvTIJm9f~tj 1tl ff [4, 5, 6] 91\ll:1.i tl~mVl-llU ~~ 'ftl';j flU 'VI'1v 
., 'JJ ;JJ I 

BU'l 11 ':I.i~~mrJu l11roQlu ~U'ftl';jBU'Yl'1V~~ (j ll'J~hu~~mfll'UlJU ';j ~ 111 V~lvnou l1'il~iJOUI~l~t1\1 

uilmruNal'1fll9fiimu (T30-M U~~ T55-M) l!ff~\I~\I~U~ 4.] 5 U~~ 4.] 6 



Jr,GI~l!,!l ~~ LI1l NJl r,~l!:!fJ~!';ttl t'fJUHl,rLl!t' W t'~ ,!t! wQflt',\;\~l~mQ[}~ltt tt bmUt ~flUlll, tt~rt~1 
• • I(f. If; • 

fJl~lll-tl ~ n1ltn.L~w~~mttfJlQ~Q9 ~lAtt~r,Ul mlrt~fl~,!t! WQflt',\;\Ul&UaG~Il:!ll !;1~b l~ 9 ~lAtt~ r,u~ 
" ."
 

Ill~.u.fJ G~ tlU rt 1,fJt!b tttp ~t'!?~ w ~~H.rn wQ flt',\;\ l~!1M pGt'lb!U n~ j lit lU.Il~t'Q ~ w M~Hl'H,U Q[1 

t',\;\tt1,fJlU t'GQ~IAr,lUNln. LL ~l1p~rLl1~r,n~m~rt~lt't!b~~mfl,n 1, tt,\;!tfJ~m!bm!1lJAlIlG ~U~l 
• •I rl> 

tfJ ~ 1,rn WQflt',\;\~l~mG [} ~fJ~ll tt 111, mLrt ~fl UL& tt~rt~ 1~~ W ~~H,rn r, UQ[1 t',!;lUL lI,UGG~fJ~lL tt 111, 
I tf; "I I II; 

rJq'fJ l-tl~ r,l1ltn.L ~w mLrt~[1tttp fJ~m~rt~lftL ~11 rw,l1Q£l-t11!1LJAlIlG,ttU~1trJ ~1,rn WQ[1t',\;\~L~mQ[} 
". " 

I1Q~ULI1 tt~rt~1L~~~ W ~~H,rn WQrU,\;\UL&fJ L~JJfJGp r,LU ttL~G~1fJ~ lL tt 11.1, (f.lL~~~~Gl!!') Ltt 
11 • I ((; ('Ii 

IlL~~~9~lAtt~u.u.mUt~r t'G~~IAr,LUt'Gn. lL ~l1lUL&t'l1l-tL~tt~t1~1,t~.Illl9D' ~~11 ~["t ~fl~ULl), 

~ W~~N,rnWQrt,!;lUL&UGGLttl11, fJL ~fJ l-t1~ r,ttrtn.L 
" 

~w mut ~r~~i1 (lu~nUUn ~WQ[1t',\;\~L~mGr;~rJ~lLtt ttlIlL~fJl-tl~r,l1rtn.L ~ w mLrt~r 9I't' l!f1t 
." . 
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!! V-~~1. ~Im Y-O£1. ;nwQI1t',!;1M,Lttt~ N~Q~LHLLJ~lmgt'~M,lHlfl~11t'~fJL~,LWG~LJIJ)tLftL~ 
,1) •If> I 

ttt~ ItlW ~~LJ LU ~1111V ~Lt tt ~~ ttGlJ ~~t'Gfl,rtk!~.I1l;LU~ldlt'~tt,ttt'lP jO wQfbt'~UL(!'UGGM,ldmqmGu ~10 
t< 

fJLI1~ f,UU!!ftl,G)&U!JU ItGU~WmLrtfj1rtl,;rbUgLU!!~kfttl!}r1L v t'1tjOWQj1t'~UL(!,t'G ~1 d1t'L11'ttG~ 
t<t< • 

V~\A,It~~ItGu~wmLrtfj1!! w-~~1. ~1111 ~~S 'W-O£1. 'O£S ,!UwQfbt',!;1tt1,L~I1M, Cv ~t'Lf,L10UL(!' 

~LO'O LvO'O 6£'£8 W-~U 

0 0 8C6 Y-~~.L 

~80'O 9~O'O ££'98 ~~ S 

990'0 9170'0 I £'1 ~ w-oa 

0 0 £1'6 Y-O£1. 

V~O'O ££0'0 £6'6~ O£ S 

;l}(EJ pa.taJUE;>;l<I PPV ;>n;l;>\, (SSA~) fltlttU'!Q, 
?1'> ~ 

H,GU~lM1JlIt~ 
~W~rU'~ 

(P-SSA~/<IOJ~)VWS 

L'v ~t'L f,L10t'lP t'I8JJlljO W Qfbt'~ ttlfJLU'fJU1~ WGl1lttfl,m~llt'Gfl,mLrtH" 

U ~L f, L!>ItUUI1N t'ib 0 f,1A, ttQ~ ItGU ~w mLrtf, f1.t'Gfl,ItIA,lit10ttfl.1j[,10 Ul ~ W GQIttfl, 11t'o,mGfl,mLrtf,IT ~~ pili=" ~ ~I'" ~ I,;lf,b p trl'" 

LQ\'...1 ~fJ ~ f, M,IJlLrtfUl ~ f, 1t~1 UU ttL~ UL(!, t'l'! U 1111~ f, t'Qfl, M,L U' ml!t'~~t'f1G ~ It' GQ~IA,UU I8Qltgt't~ It1, 
t<' t< 

U!JUt'~} G101~Lf,LM, Jl~LW 1~ f, LUL ~t)t 1, t'~!}fJ ~~ ItLt'It1, ~t'L~QItl;P)t 1, 11f(,~ f, t'G fl,M,LU'~lA,g~f,fl~Q 11 
t< 

M,LUml,;t'OUGrbOf,LrtL.L:!IA,rG101rtLf,LM,ttf1.1mru(jflt'OIti fJLU'fJf,1A, ttQ~ ItGU ~ 10 t'Gfl,M,LU' m l,; ~Q 11 mL rtf, f1. l? F~ Ip? trI" lJ Jl P tr t>'J'" tr f'tl 

w~ mQ10It!!,f(,I1~ f,L~UL!p~M,LU'~lA,g ~ f,fl!!ftGl0ltlbt'GQI1I1~f,Xt], QN t'~t'~ l'...fJ~ mG~ tt~I1I1~f,t'Gn. 
,.; I t It ~ 

.rn WQflt'QL~U It,¥V ~IA, It~ f,LQfJLQQfJG~f,LU ft1, Ll;!\'...1~fJ~f,!! ttlA,l!!lbLM W~N.rn w Qflt'QIt1,9~lA,tt~~Xt1,L~ 
t< 

(tt1-00 tfJ~mGwM,!!,I1f(,~f,t'Gfl,.rnWQflt'1'L~UllG~t'~ttl 8 t'fJ~m~ILttl1~IU,\;lLQtl~fJ~f,!!tt@10ttlb 
If, I If> If, 

t'G.L:!f(,f(,~f,t'@n,ftlA,mibLU~QNmw(jf1.t'OM,if(,Uf(,QU~f,ITtt~UlllU~ [9Z '~z 'vZ '£zl N~~l;!j{,G1M, p to tr? trl 
U 

(1) b 1'0 1.... }:::7 If, P 
t< 

L~Q~It'Q~LH1LQQfJG~ UUtt1,0 UrtLQrtLU!!!~l1 ~l;!11 17' L -8'9 t't~ ttl~ GL~!!f,tl,\J'\LULGH~tLUQ 

10 1,fJL U'.L:!l;!1i'2QSblUtM tt ~ HWU ~rflL!> t' Grt 1A,1l.L:!1LftOLQ,LWGfJ UU tt1, rt.L:! ~ LftUYlA,ft GQ~t l1MLUQt'G fl, 
If, ~ Jl PF P: I F If, 

Iv 



42 

, V:JJ l I 

U~:JJlW~~fltlU lli:JJlflufl lUtl-:J'illflU~Ufifl'HUl1~2 iuw I~U'j ~1J1JllU1Jfi-:J~tlli1tl~(1~11 ~~01'j f)1U 

" " " Y-IffllntlU'j~1JltJ111tltlfl) 1~ui:h~u~nmnflln1JlJ1lff£Jlyj1n1J 2lU ~~uu~-:Jl'Yhnuih~tJ~nmnfllnU 

~~fltlUlyj1n1J 2 l'Ul'lh..!l~tJlnU ~ -:J llilJ01 'jff~ffll'Utl-:J~~fltlU'ilaU'VI~611J;l~ O1fl~~fltlmhu~llil~ 
. . " 

q 

\!flVmmmV ~-:J01fl~~fltlUlltl~iU n~u5m wihhu i m1i~~ W1'il~lllU O1Il~~ fltl Wil1fl1 H~lUffn~ 
" .

1111Julh~1I11iltlul'li'l~tl-:Jufi m W 

"" "" .!4.5.2 fltltfllvtVl~flf)'U~i;1'U'Yl'nJ 
" " 

.e,. dcr'~ " 'jJ' 0 dd 3J d di. 
flW.fl1'Y'1'Utl-:J~~fltlU'ilJ;l'U 'V}';j VUUll 'VIU lIltJfI1f1l111ff1:JJl'j 0'il11l'l1~'Utl~1l1JfI'YIl'j tJff'j 1~1I1'VIU (SMA) 9f-:J 

q q 

£::). cr' j} t::i I Q.) ~ ~ ~~ 

llfl';j1~11l1lVff1'jtl1111'j'VI1l~fl~1~flU2 'lfh!lI fltl m1l0~9ff1fl (Acetic Acid) llJ;l~01flf1~fltlU'il1fl 

" .. 
1H-:J1Ufftlll1111JUU1~1I(Decantered Cake) Y-IJ;l1l1~llfffl~~-:Jf11'j1-:J1l4.7rlm-r1Ju-:Jufimw nO-A 

" " " 
llf,'\~ T55-A rll SMA ('il1flff1'jtlmnl1~ffO~'ll'i1~) 'Utl~f1~fltlu~au'VI~6iuo-:Jufimwl1~fftl-:Ji1JU 

I 'j/ v I 

l'l1J11lJri1111u iJU 6 lU tl-:J 'il1flO~ ufi m Wl1-:JffO-:J 11JU III 'U U~ u5m WHa f1 m ~ ~~ lJri1~ltl'll'l un~ 

ufimwillum 11 111Jfllll~ Vfl~lIY-1al'lnl9fiil'VIU~-:J lliff1:1Jl'jotl1ftVllf,'\~I'il~ tyl~1J 1I'ltl~1~ rilUrll SMA 

(m~tl~9f~fl) 'Utl~l'l~flOU~~U'VI~6Iuo-:ju5mwS30 llJ;l T30-M ~-:jl~l!';i~1J1J~~W11jJil 30 tl-:Jft1 

Q .c.t I cl 'jJ Ide: 'jJ d £::). d o'd 
19fJ;lICJltI ff 11 fIlJ;lflJ;l~W fl'U tl tJ'il1 flfllill tll 'j 1If1lHl1 'j 'VIflJ;l tl~ (~1'j N'VI 4.2) 'Utl~ f1 ~ fltlU 'i! J;lU 'VI 'j V 'VI 

tlw11jJil 30 tl~ff119fJ;lI9ftJ1;1 tiunrdtl~:IJl'il1flllllfllll~ tJfl~lIf-j~l'lnl9flJl'VIU I w:1-3u5m WJ~fftl~ iuii 

llil ~lJ01'jVlY:IlU 1ftfltJfll'I'HIlfll'l tl'U l~ 1I~UlJ;l tJ 1110 tll'illl1tl~:JJl 'il1IlU~:JJlW 'Utl-:J~ ~ IltlU ~hu111 tJi I 'U 

tl~U fim W lllu O1Ilf1 ~ Iltl'U riltl ~ llil ~\!IlritlU{l'J;llVI'l flff~ ffll tl Qill ~lllu ~ ~lltlU ~ ~ U 'VI ~ 61 ff tJ 

". " 
11-:J11111111~111fli1-:JlIll'lllfll SMA (01IlI'1~lltl'U1':i~~lUfftlll1111JUlh~'1I)'iI~l'l1J11:1Jlllfl11ri1 SMA 

(m ~ tl ~ c]f~ fl) tiun tll'illl1 tl ~:IJl 'ill fll I1J fllll~ tJfl ~lJ H~1'1 n l'lilJ I'VI'U ~ lllu tl ,H)U 'j ~ Il tl1J 'Utl-:J f1 ~ fltlU 

~ ~'U 'VI ~ 6rilu 111 tJi1 'U O~ u5 mill l1f1 flill 'U llll nll l~ tJ H~ f1 n 19f1Jl 'VIU 'll't! 11 ~ I ~m lItl ~ c]f~ lll11u 

i1J {l'11'1'j f1IU O1'j Ha f1 nl9flJl 'YIU lll'i tl11l! 11 U ll'lJ fill l~ u v.l a~ nl9flJ I'VIU'll'U lI~U ~~ I ~i1J fflf1 'j 1'1 ~u '1 
'" "'..', "". 0.1" <:'J " li] li]" ~ 

Utlfl!11Utl'illIlIl'j~tl~9f1'l1ltl1'V1I'lfU IlJ'VI1UtlJ;l, nO'jlll'VI, O19ffll'j1JOU 11ltltllll9f1l llJ;l~ O19f 

18111'j l'ilU lllu~u Ill'Ui1Jffll'l'jl'l iu O1'j v.l~V1nl9flJl 'YI'U [10, 11, 12] ~-:Jlln ritltJ~mV01Il~~flOU'il11l 
'j1 'j/ 'j/ 

1'j -:J-:J1U fftl~l'h1JU U1~lIU 'U 'iI ~ 1 flH~~ iltil 'llill 'Ul1-3m fltl~c]f~ fll!J;l~ i1Jm~ 'j l'l'll'U ~i)U"l ~~ yb Ill' 

111Jfllll~ t11l~lIH~~nl9flJl'YIuiii1J[ll~'j 'VI 111'1~:IJlflw:hm ~tl~c]f~fll~t1-:J'll'i1 ~1~Vl rll SMA (O11l
q 

" 
f1~fltl'U 1':i-:J-:J1U{l'tl~111iJ'Ul.h~lJ) ~~lJri1:1JlflIl11 SMA (f)';j~tl~c]f~fl) ~hufll SMA (m~tl~c]f~Il) 

'\Jtl~~~IlOU~~U'VI~61'Uu-:Ju5mwS55 llJ;l T55-M ~~I~U';j~1J1J~'QW11jJil 55 tl~ff119fJ;ll9ftJff lJri1 
I 'j/ I I • • 

.e.:t. d I <:S .Q 'jJ cl £::). .c.t d'd ~ .c.t 

ll'lll'\JU 'il1flfl111ltll'j1lf1U O1'j 'VI~J;l tl-:J (~n 1~'VI 4.2) '\Jtl-:J~~ fltlU 'iI J;l'U'VI'j U'YIOW11.fl1l 55 tl-:Jff119fJ;ll9f uff 
q q '" 

" " " 
11 :JJltJfIl1lJ11 111Jfllll~tJ I Utl-:Jufi m wl1-:j~tl~U~UlJ01'j-WY:llU 1fflltJilll'li 1i'ff1:1Jl'j 0'l11~ 1U 11 ~~~'U IIn~ 
. . " 

lijtli1-:jIll~ll SMA (01fll'l~fluU 1'j -:J~l'Uffrl~U 1iJUUTtl'1I) 'iI~Yi1J11:JJlflfll1ri1 SMA (m ~tl~eJ1~fl) 

ritl'U'Ii'l-:j:lJlfl J1..1 n~lt1ll1 ~Y-IJ;ll'liu 1~t1ln'U nm)-:j~flci1llrll ~l'li'l~~'U lW~I~tlYi 'il1'j W11U'1 U1JlllU1J 

I 
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1~l1':il'lllUflll!~[lh.Jtl'luiiflnU~!~h.J1~UU~~Wl1JJiJ 30 ll~~ 55 fl'lff11'lf~I~m,. 'il~'V'lUl1fh SMA 
" . 

(fl'j \Plfl~c)f~flll~ ~ fl1 fl\Pl~ flfl'W 1 'j 'I '11 'W ~tl \PlU 11J'W U1~:IJ) 'Ufl'l\Pl~ fl fl 'W ~~ 'W 'YI~ 61'W O'IU iitl1 Wll~W l1 JJ iJ 

55 fl~ff11'lfm~[I~ 'il~1ifh:lJlflfll10~uiimw~'Qwl1JJiJ 30 fl~rn!'lf~IClitlff !~fl~'il1mluflllt1t1fl~mj~\Pl 

f11'lf1iI'YI'W~ml!l1.tl:iJ~~ (55 fl'lff1!'lf~!~tlff) lJe)'\Pl'j 1tll1 Vfltl~m(/~11mm'j 1~&1fll1!!Uflll!~(/ml:IJ 
~ qJ 'U q 

f<I~\Plfl1'lfiJ!'YI'U~flWl1.tliJu1'Wflm~ (30 fl~ff1!'lf~!~(/~) [8, ]],12,20] 
q " 

G) V Q esc!
4.4.3 fll UHn)J l'Hl ru m'j 'H)..:j'HHfl'H)tft1 'j [J '\l {)..:j 'j~ uu 

!dm11U1:1JlW\Pl~flfl'W 'il~'W'YI~ 6U~~f1W.tl1'V'l 
q 

'Ufl~\Pl~ tlfl 'U 'iJill.J'YI~ 6.tl1Ul 'W1 ~UU:IJlfl
'U 

W O'W ~~l:1J1'j fI 
q q 

rl1'Wlwmm1:IJ~l:1Jl'jfll'Wtll'j 'jfl~fu~11B'W'YI~ 6'\Jfl~1~U'lJ (Loading Capacity) 1~ 1 \PlU'il~ 1,*fi1'\Jfl'l 

tl~uiimw nO-M ll~~ T55-M !~'W\91l!l'YI'W'Ufl~'j~uu no !l~~ T55 \Pl1:JJilw)u !~fl~'il1f)1'Wo~ 
~ rI Q , ~ rI dllt jJ Q.I d 

u{Jmw nO-A ll~~ T55-A :JJfI1 SMA IU'W~'W(/ f<I~'Y1 !(fH!~\Pl~1l~\Pl1'jN'YI 4.8 'il1tlfll1:IJ1:1'l:1J1'jfll'W 

. " 
tll'j 'j fl~fU~110'W'YI~ 6'\Jfl~1~U'lJllri1'WlW 'il1flfi1 SMA (tl1fl\Pl~tl€l'W11 ~~l'W~O\PlU11J'WU1~:JJ) 'V'l'Ul1 

fifl'W oU'NiJfn1:IJ~fl\Pl f1~fl~ oUlI 'j~ ff'YI ~ fl1'V'l'\J fl~1 ~U U mlll~fl 'il~!'11 'W 111~UU~ 'W\Plfl 'W!~ [llIW~ 1:1'fl~ 
" . 

t1'WI9Ifl'Wll 30 fl~ffl!'~[1~ ~l:1Jl'jmfl~f'lJU1:1JlW~110'W'l1~6i~1:1'~~\Pl!ri[l~3.21 ll~~ 3.37 f)f:JJ~lfl~ 
'" q 

I'ifl1'W \Pl1:JJil1~U ~n'jul1!dm~'W1~'lJ'lJ~ OLR 4 flf:JJ~lfl~l'ifli\\Pl1-1'W 'i)~iJuj:lJluHn'jO'W'l1~V!'lh 

1 ~U'lJil~ 8 flf:JJ9S 1 fl ~I'i fl1'W ~~:IJl fl fl11f1l1:JJ~l:1Jl1 fll 'W tll11 fl'l f U~l'j 0'W 'YI~ V'Ufl ~ 'j ~uu ~ ~ 
. " 

tl~!tl\Pl!{f 'W11'Yi OLR iJ fll'j!~'W 1 ~'lJ U~~lh t~fifl'W oU'l~(/ltll! ~~U1 ~ ff'YI ~ .tl1'l'l'U fl ~1~ UU ~V~~\Pl~~ 0tl 

" ". 
~l(/ ril'W 'j~uu'l1''W\Plfl'W!~UlU~~~fl~t1'W\9Ifl'Wll55 O~ff119Sml' ~l:1Jl1 m fl~fUU1:1JlW ~1'j O'W 'YI16i~ 

~~~1l 7,35 ll{j~ 6.25 tlf:JJCli1fl~l'ifl11.J \Pl1:JJil1~U Idm~'W'j~'lJU~ OLR 4 flf:JJ~lfl~l'ifli\\Pl1-1'W 'il~1i 
'U • 

U1:1J1UHY1'j O'W 'YI1v! oU'n ~ 'lJuii~ 8 tlf}J~ 1 fl~I'i01'W ~~ 1 mi'l ft [I~OUfll1:JJ~l:1Jl1 fll 'W fl111 fl ~ f U 
,jJ, • 

~110'W'YI~ 6'Um1~uu II OLR iJ1~'lJU~~U~'V'lflri'il~I~'W1~'lJmifl'1 ul~lll(/riu'j~ff'l1~m'l'l '1:1.i~\Pl~~ 

~111.:l~ 4.8 f1l1:JJ~1:JJl'Hl1'W tll'j'j fl~fU~110'W'YI~6'lm·n~uu 

1:::UU 
Loading Capacity (gCOD/d) 

SMA (Acetic Acid) SMA (Decantered Cake) 

S30 1.96 3.2] 

no 2.37 3.37 

S55 4.80 7.35 

T55 3.93 6.25 



VWS L~U: .lHl~mJblL.Yt'g ~~ ~~ll Of !JtEumQ~n,n,~mb9~lAltgi1ItGU~~L~n,M 1t1-OLI ~1rlLn,n,~!', 

1tl11!',lULlAULI1t'~I1~lHl n,l1L~rtLI.!\ ,IWJbmJblL.Yt'G ~~ ~tl-1l Of ItlmmQlArHlAltlJ~ItGU~~n,UlLt! 't>' 0 /tl I't:l O}:::7	 to P l;;:;7 I't:l 0 r'.." 

Itl -aI11~~aO~lttfl,llt'~Ilt'Ofl,ltfUG~~Ol~ltfU L£O'O ~Qll O~O'O n,,VL!A1L~[!t'OQl.!\lA!',lUIt}fIt~1 

0Pll1l1~.!',It1,~b~9~lAltg~ltOU~~t'Ofl, (VWS) ItLll~Hkt!a~1~Ul1mOfl,~LM1L~IHLltLt!ltLtU '~ 

L~U L!p ~ML V~lAg~.!',fb~ltOI.!\It!,lo t'Ot!n,n,~ !',,tt1, IHJt'pt'~ ta~mOI.!\It!,loI1n,~!',l~U It!! ~9 ~lA ItQ.!',Lt! 
~ l,r,	 ,r, (f; • 

aUmaOp!',lU It 1, ll:!tl~a~.!',~,tt1, L!:t ta~mOl.!\ltll'l1l1~.!',1t 1,,!'J Wgfbt'1'!L~UIt!!~a~lL ttn,~lU,VL~t1~fl~.!', 
,r,	 ,r, • ,r, 

[! It,tt It O~ It!,lo t' Ot! n, n, ~!', It1,It lA1~Jb LH I.!\gH,!'J W Qfb t'1'! 11.~ 110 U~.!',[l fl~ lL ttIt1,9 ~ lA It Q.!', Lt! aL~t!fl or 
~ "	" 

J;,LU It1,flt!" Ittp ~~ LftL ItO~ It!,lo t'Ot!I1n, ~!',It 1, I.!\ W ~gtj,!t! W Qfbt'1'!UL I1t'O ~1 ItO I.!\ It!,lotOt!n, n,~ !',l~m Q 
~	 ." 

ML ll'~Llg~.!',fb~tfl~mo~ltll'n,n,~!', L~ n,MIt,Vtfl~lr1n,~.!',It~1!',LU Itwil limQ[!~,!t!wgfbt'~n,fl1L!! .£ 
~ . 

19 '£~ '6~ ~~flOkn,~L!A.mLl1[!JbLHItIJ1fbW ~lAltQ !',Lt!l1~L~ !',lUMLV~lAg~ .!',f1[!~~1l n,lPL~rtL~ n,n,~.!',~ 

LkbmolJ~~ol~rtfUO~ltlAl[!JbLH.!',~gg~r5 vU ~~ll fvl 'LOl 'I£l n,,VL~mLll[!JbLHl!lgH.!',LUMLVflU~ 

It t!flJbmJblL.Yto ~5; It tE H, mOlAltol.!\ Itfl,t'ot!n,n,~ !',~~llt!aJbmJbtL.Yt'o ~~ rtil u roo lAtal1mo ~ltfl,n,l1~.!', }:::7 p to	 p rtl t;:::> 1:;7 pp 1'1) 
j ((; I (f, 

M,LV~lAg~.!',fb~tLPO~LItO~Itll't'ot!n,n,ll~~l1tfl~mOl.!\ltll'l1n, llt',\;t}LO ~.1Wl 

"	 "" 
U!J.!',1OlmOYlr1n,~ !',at~MLVt~lLLH ~gtj~ 1,LltLttIHLltL.l2rt}!LflItLtLttl1,Vt!I1Lt'H1 ULI1 It@U~I.!\ULU .I 

" 

t}flL o~t'lP !tL~NWl1lA.!',LUtl-tjfblt! 
"' 

t.HLrtlt! Itl-.!',~go~~oH;ltfu O'v -5;'0 n,~L!A19~lA"'Q.!',Lt!utU.!',n,~.!',LVL.!',~g~I1f1~.!',It!tltO~l1lA 

.!',LUL!:tfll11 tO~l1lAUUl11b v l1ltl{t'~It~1rt:t.!', t!fl~mJbtL.YtG ~~ ~~1l O£ !Jul1mgtt1b~I1I1~m~l 
"	' 

tlGI.!\"']ot'Ot!I1I111~\!.lltfl~mO~It!,lon,n, ll}LO~t!OYU!}.!', Lolmol1n,n,~Wt~ rt}!Lfb ItLt Lttl1,Vt!ltL t't'.!', L 
"" " 

tlOU ~I.!\U LU ULI1ML vt~lLL~ ~gl-;J !',LU ML ll' ~lAg ~ !',fbo~,!'J w Qfb t'l1l1r;J{,t'Ofl,tl-HLflU~ UU L~~Lt}a]>!::;I1Lt' 
" 

mailto:It@U~I.!\ULU
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(Acetic acid) 1't'1l0'll 0.033 - 0.046 ml~ 0.047 - 0.056 n~lJ;1f)~~"VnflJ'Uf)-.1u~.:JU'U1'lHHHJ~~!'HtI­

1lJ ~l1m\lI'lU !W~ SMA (Decantered Cake) l'vhnu 0.054 - 0.066 U~~ 0.075 - 0.085 njlJ;1f)~~D 

Q.I cl Q.I 0 Q..I 

n':m'Uf).:Jl!'U.:J!!'U1lJ~DtI~~!'HtI- 1'U mlJm~u 

~ . 
6. O1n~~tlDlJl:i.:J.:JllJfftl~l-hihah~lJi.i1Y~'[huCOD: N: P l'vhO'll 700: 3.5: 1.2 ~.:Jilf)illn~!fitl.:J . ~ 

nUff~ri1lJViUDlJUD1 'jUflUUflVi l1 t1~D.:J O1'j ~.:JUlJ 1 'U O1';j !~'U ';j~'ll'll~il~ nlClf1hmYHJln01n~~nD'U 
~ 

GJfU ~i!U-.1 1JJ~1!lllJt{D'H~lJm';j tlll11';j 1lJ 1~'j!'U'Ul!~~yJfHrrlDfmff~lJ1l10'll';j ~U'llilnu~"VoN1~ 

'j/

5.2 ~u!'tllWH'U~ 

~ I 'jJ I 

1. f11';j 'G~';j ~tI~! 1m1 'U f)1';j'VI~~D-.1!~'U ';j~U UlJ 1'U wili! !'Wf).:J'illtl'l11!iYtll1i1f)lJ!oU'lri'j~uuihHmru 
" 

cl I 'j) I : .c! d d cl dll1 r, cl , 
'Uf).:JU'U.:J U'U1'U~D tlflD 'U 'U 1.:J ff.:J 1Jl.:JiY1lJ 'UD.:JlJ l! iYUClf.:J!u'U 'UD.:JU 'U -.1 VI mo mm rJffmun 'il~ ~tl iY~ fflJDtI 

" "" 
~ 

llJo-.1uOmill U';j ~ nf)utlU01';j !~l-n~uu1'U ~ l'U1uui!1JJ1~i.innfl1urpJtI~lJlru~~nf)lJ tlcil1ftf)1JJ 

lJf)l'j ';j ~1JlrJ~::: nf)lJ Df) n 'illm ~ uu !dtl!~lJ ';j ~u U!lllJ 'j ~ tI~ nm'U llJ U~lJlru ~ ~tlDlJ~ iY::: fflJDollJ O.:J 
" 

U Qn';j illDQ!11 'U ~ l'U 1'U:U In i! "Vl'il ff.:J N~~ DU ';j ~ ff'Vl1l il 1'W'Uf).:J ';j ~u u L~ f) lYl! ')$'U fll1:U ffllJl ';j tl1 lJ nl ';j 
~ 

~ Q..f cl ~.<::1.," 0 jI ;: d r;J 

n1'U NiYlJ'UD.:J ';j ~ U U fJl'il~~~.:J l1 ';j 0 fll';j n tl!nu~::; nD'U 'il ~lJ 'Vl ';j u1 lJ'j ~ u u fJl'ilYIl1~tlln'UlJ !U lJ ~ lJ. 
~ ~ I I Y ~
 

Q./Q./td ct31 q ~ 1d..c::"J dl .c:t ~d1dr
 

~~'U lJ'U.:Jfl1';j !']1';i::: rJ~nm !'U f)l';j 'Vl~~D-.1!~'U 'j ~ uu'U llJf111lJ !YW~O~N~m ~'VlU'Vl 'il~!n~'U'UlJ11'il~ 
'U 

~ .. 
ri .:JN~~DU';j:::ff'Vl1lil1'W'U D.:J ';j::; uUl1~D1~ ilml.:J';j :::uuNil~ nlClf;lm'Wli!~lJ';j~ uuVif)ru lm:Uff.:J ~D-.1. .. .. 
'1~ 'I d( "'! '1~ 1 "".d
!']H1m !lJfll';j Start Up !1JlJ';j:::tI:::!1m'UllJl1~lm~DlJl11n !']1';i:::U:::!lm lJ01';j'Vl~~D.:J!~lJ';j~UU'Vl 

'iI , I 'JJ 

lJ l'U nili! U';j::: ff'Vl1lmYll1l! VI'il~ .:J'Uf).:J';j :::UUU.:J Dl'il iY.:J n111.h :::ffYl1lilWi'UtJ.:J';j:::U uVi 1 ~'ill n.:J l'U1Uui!..
 

'" • I 'JJ t 

2. fl1'jl'11fll';j 'Vl~~D.:J 1 ~u 1t'j:::u~nmnmnm.h!*ut)lJ"l !~:U!~lJllJ';j :::U1J'IJ'U~mU~U1!U"V.:J'illf)01n 
<V':Q.lU"d 'GJ cl df lrJV0' Id 

~::: nm.J 1 ';j .:J.:JllJiYn~lJ llJlJ l~:UlJD.:Jfl1.h~tlf)Uff1'U mty!1.1lJ'lJ'il.:JU'U.:JU'U1lJ'flDUClf.:JUf)VffmU !~Vln 
~ ~. 

l11nlt';j :::u:::nmofHomhiYuVi'Ul'U ni11 'U.:JllJ1Utli! tll'il ri.:J N~ 111'';j ~'ll'lllJtI';j::: ff'Vl1lm'Wff .:Jnil'illtlN~ 
. " 

~ ~ 

f)1 ';j 'Vl ~~D-.1111 ~ 111 tl.:J llJ 1 Uui! ri1'U ';j::: U U ffD.:J 'iT'\.! ~ DlJ 0f11';j l'11 f)l 'j VI ~ ~ D.:J 1 ~ til t ff~ ri1lJ 'UtN 
'JJ , I I 

'j::: u:::nmofHomhiYuffll11uO.:JuQmwHil~ m ~l!~:::O~t10 m illNil~f11ClflJ!'Vl'UtJ"lJ"l !'VilJ!~lJ ~.:Jf)l'il . 

1J{N'fl~!!~n~1-.1 1 t1'illtlN'flfll'j'Vl~~f).:J~1J{'illn.:JllJ 1Utlif!')$lJ!~ t110lJ l!~::: 'il~ 1~ff~ri1lJ'\HN';j::: tI:::nm 
'JJ I '" ~ 

OJdodd. 0 Q.I ~d.c:t Q.J .<::::r.d. 

tlmtlU 'U l!M'I1!lflJl~iYlJiYll1 ';j m :::UUN~~fllClf'l$lil ll"I!!U UiYD~'lJlJ~f)'\.! 'illnf)l tl~::: nD'U'l$lJ ~lJ 

, ~ 

3. I'UOHlflO1'jHil~nlClf;1mYl'illnmn~::: 1 ';jUfI!f)iY1J flm.,! 1':1 .:J.:JllJiYO~lhu'Utll~lJ~1UnUU!WU!lD 

Jl{ (ASBR) !rl'ill~'U ';j::: uu 1 u!11'U ';j:::U~l1ml1 it.:J 'iI:::!n~fll';jff~ iY'JJ'U"V.:J f)l nl'l:::nD'UillrJ1lJ'j::: UU!-tllJ 

~ l'U1'UlJlfl -ff~H~ 111'fll'j~n\P1::: nD'U!lim:::1JluJlff1'l.J1iYf)f)f)'iJlm~UU1111~riD'UoU'VWlf)l1lnt.:J!~'U 
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, 11] _ I ~ 0 9 3111] • ." 31 11] 31 ~ 
1 ~'lJ'lJ~H) m!'lJ'U'j~ tJ~n1;'l11HU tI1l1'Y11 ~ 11 ~:lJff11Jl'j fl!~ \.! 1 ~'lJ'lJ~1tJ'j ~'lJ 'lJ ASBR l~ 'l$~1 ~'lJ'lJn'lJ'lJ 

" '" ~ '1- 111] 31"; 0 9 31 ."fll'Uf'lfflJff:IJ'lJ1ijJ (Continuous Stirrered Tank Reactor, CSTR) :lJfll11HU'U lJ l~'YI~~'U1:IJ1 ~'lHfI'U... 
y 

1 ~U'lJ~~\9I fl1'l$9hm'Y'l i ~~ltJf)':i1 1 ~'lJU ASBR ll':I'U'U ~~f111 '\'11 011 'Yl~-nil~!U'j vmVi tJUU1 ~ ii'VI~m'Y'l 

"" " 
O1'j~~\91 n1'l$~1m'Yl1~11iN1 ~'lJU ASBR U~~ CSTR 'm1~1 ~'lJU-U'U\9Iil'U!~tJ1U-n~fftl~-U'U\9ItI'U 



~---j
 

!II	 "" Ifl f) ~1':H)VHH 

01	 ~ ~ Q.Jt::tc_If1:v ~ ~~.c1 }JQ

I.	 Vfj"'lllI mj~W~mmVFJff, 2549, fl:JJf)":iuTtUnnlJU, WlJ'l'lfl'HVI 1, lJ~']j'U, m~I'VI'V'I"1, ll'U1294-302. 
q 

2.	 ri1'Utlh!,jmr'V'l~~~llHW~'V'Iil~~1'Ul1lJlH1r)'U 'iYTUml'u'U 1t1UltlU~~llr-l'U'V'I~~'11'U, 2550, lnr~iftl 
q	 q 

rhr,cm J11~ vhuiultllli)[l, [Online], Available: http://www.thaibiogas.comlbook.php. 

[2009, February 13]. 

3.	 ltltloMtlYiqmfihl'V'1,2548, d}jmhthJJuJU, -WlJ~flf'l~ 1, 1~'VI-!l'l'lKU W1J~'If;~, tl~'1I'V1Yi"1, 
9J 

11'U1241-284. 

4.	 Department oflndustrial Works, 1997, Environmental Management Guideline for the Palm 

Oil Industry, Thailand. 

5.	 Gutierrez, L.F., Sanchez, OJ. and Cardona, CA., 2009, "Process Integration Possibilities for 

Biodiesel Production from Palm Oil Using Ethanol Obtained from Lignocellulosic Residues of 

Oil Palm Industry", Bioresource Technology, Vol. 100, pp. 1227-1228. 

6.	 Ma, A.N. and Ong, A.S.H., 1985, "Pollution Control in Palm Oil Mills in Malaysia", JAOeS, 

Vol. 62, No.2, p. 262. 

7.	 Demirer, G.N. and Chen, S., 2005. "Two-Phase Anaerobic Digestion of Unscreened Dairy 

Manure", Process Biochemistry, Vol. 40, pp. 3542-3549. 

8.	 Speece R.E., 1996. Anaerobic biotechnology for industrial wastewaters, USA: Archae Press, 

Nashville, Tennessee. 

".	 91 • V I 

9.	 1tl1t1'1fttl~ tl~lJiY'U l:i1Il.l, 2543, ~flJm'mfh~vnhliTu IdlJf14, YilJ~rl'j'll1 I, tl1~IYlYi"1, 645 
q	 q 

9J 
11'Ul. 

oC:l. lV o<::lo":::' iJ ,<!I "" 
10. tl1lJfI11Jl'!lJlJnYi II m ~'VIJ 1'1'YlJ Yitlltl':i liJ J lJ'lfl~IHl~ jHln~ntllJ, 2546, fllJtl1'1flfll":i ":i ~uu 

.. .	 " 
'l'iluvnhlilml1J1JilJictltllfllflltllJn 1, tlJ-.1I'VIl'l"1. 

q 



___J
 

48
 

~ cv ~ ~ 9J ,~ ~ 

11.	 mllfl1UfllJ1H\YllJ m:;;Yl':i1~Yl':iYltr1m'li'J':ilJ'lf1I')Ut'1:;;'ff,:unl'l~H)lJ, 2546, ~tlfl1'lf1m11~lJlJ 

lhii'Vl~1IjjfJIllJlJ'tl1.ufllmf1 latl~ 2, m 
q 
~!Yll'l"1. 

12. Bitton, G., 2005,	 Waste Water Microbiology, 3'd ed., John Wiley & Sons, Inc., New Jersey, 

pp.347-355. 

>I 

13. w!lii1 \91~TJ ttllllJ, 2546, fln, ...lVl1'[leUtf!!t\~m1InVlmVl'llfl·U-.j'i1V1.flWcrhh:;;Hl'n 1fl1~'rill[l~ 

m ~I'\fl'rimflh~~ll! 'lilU'tm~'ri, 1YltnUl'lt! tiU~UJUJ1lf11m ':i lJfl1'ffI'l'Jmn UU! eYl I') 'ff1'\r11'lf1 
... u u 

~ ~ 'JJ ~ rI ~ Q.I 11.c:!J 'JJ d 'j)

1f11m':ilJ'ff'lU1I'lrHllJ f1W~1ff1m':illfl1'ff1'l':i:JJ'l'i11YlV1~HJIYlfl t! ~trl'l':i:;;'ilUlllmll'lit!1J'J,'l'it!l 
q 

12-14. 

14. Clark, BJ. and Morriss. J.M. (Ed.), 1991, Wastewater Engineering Treatment, Disposal, and 

Reuse, McGraw-Hili, Inc., Singapore, pp. 400-402 

15. Najafpour, G.D., ZinatiZadeh, A.A.L., Mohamed, A.R., Hasnain lsa, M. and Nasrollahzadeh, 

H., 2006, "High-Rate Anaerobic Digestion of Palm Oil Mill Effluent in an Upflow Anaerobic 

Sludge-Fixed Film Bioreactor", Process Biochemistry, Vol. 41, pp. 370-379. 

16.	 1':i fl ':i rn !!'ff'l'tH1V, 2549, m11hii'VlJlliirHnflJ1'll~mflVl~flflUh~~ll!tfnVl~ll1l!1.h~tI11'\£.I1:;;lJlJ 

lhii'l'\lIlJlJq!fl!fltfU!!~~lIfll!l!fl 11UfI!fltfUfll{ 1Yl tr1Ul'lt!£U~ tyt))l1ff1m ':i lJff1'ffI'l':ilJ'l'iTUtUeYll'I 

'ffl'\J11'lf11ff1nn lJ1f..ul1l'1au:JJ f1W:;;1ff1m ':i :JJff1 'ffl'l { :JJ'l'i11Yl v1~Vll1f11 t! h UY'l':i:;; lltllllnal 

cO :v
'IimJ':i, 81 'H'Ul. 

17.	 Borja, R., Banks, CJ. and Sanchez, E., 1996, "Anaerobic Treatment of Palm Oil Mill Effluent 

in Two-Stage Up-Flow Anaerobic Blanket (UASB) System", Journal of Biotechnology, Vol. 

45, pp. 125-135. 

18. Blonskaja, V., Menert, A. and Vilu, R., 2003,	 "Use of Two-Stage Anaerobic Treatment for 

Distillery Waste", Advance in Environmental Research, Vol. 7, pp. 671-678. 



____J
 

49 

"
, 
19. 'j;nTu l'1--1jjOf1U, 2538, m'.i'l.huA'U(),:uiium:l~H~Vrt'ltl~~nHn\)lJi;Hm'.iiAl'Jil'.i~Ul'Uill'.illfllmflh 

... . 
Ul1llUlJ 2 ~'UVI()t!, 1'YHJliJl'Iu'lilHtyty11ff1fln:IJff1TIw:nJ1111JUlcYl~ jjl'U11'l11IYlflllJ l~u 
~ 9J QJ <v 1 1 d ~QJ	 9J 9J 
jj-:Jln~~'U:IJ flUl~l'I~-:J-:J1U!l~~Jjj~ jjtl1lJlH'Ylfl U mJl'I';j~'il'U:lJlflmlilJ1J1, 106 l1'lH 

q	 q 

20. l-!11fl1	 ~J11U1l'UUf), 2550, Hi;1'Ufl~'IfUAtl~t.lnmwvi()jn1d()mnnummrt!i;ht.l~'t'itl~UlJU'j' 

fllmfl, 1'YltIlUl'IU'liU1tyty11ft1f)';j1 :JJftljjf1 1:lJ1111JUlcYl~ ffl'\l11'l111ft1f)';j ':i lJ~ --1!l1~K'U:IJ flUl~ 
1 1 QQ ~.::::ll Q..I 9J.<:::I 'j/


Jft1f)';j1lJftljjf11 :lJm1'YltJ1'OU!'Ylfl lJ 'OUYI';j~'il'U:lJlf)mlilJ1J1, 101 l1lJl.
 
q 

21.	 APHA, AWWA & WEF, 1998. Standard Methods for the Examinatiom of Water and 

Wastewater, 20
th 

ed., Washington D.C. 

(V QJ d .Q ~Q..I d'.Q o<:::lo Q.J Qrf ,~ .e:.. ,[:- ~ Q ~ ~ d 
22.	 li-:J'lIU l'I11U1jj1jj~ ll'O~ Tl.j'OU'OOlllU 1~'Yl1iftO~, 2540. fJlJfl")lml~'t'i'Umm, l'I:lJl'Ifl1--1'Yl 3, 

jjlJlfllJ1ft1 m ~ -:J111~Ku:IJ1l t1-:J1J1 ~l Ylfti 'YlrJ. 

23.	 ]un'lchi, Y., 2001, [Abstract of "Effects of pH on Cellulose Degradation in Anaerobic 

Digestion", Journal of Japan Sewage Works Association, Vol. 38, No. 466, pp. 150-163], 

[Electronic], Available: Science Links Japan [2009, February 26]. 

24.	 Hu; Z.H., Wang, G. and Yu, H.Q., 2004, "Anaerobic Degradation of Cellulose by Rumen 

Microorganisms at Various pH Values", Biochemical Engineering Journal [Electronic], 2004, 

Vol. 21, pp. 59-62, Available: Elsevier/Science Direct [2009, February 26]. 

25.	 Hu, Z.H., Yu, H.Q. and Zheng, J.c., 2004, "Application of Response Surface Methodology for 

Optimization of Acidogenesis of Cattail by Rumen Cultures", Bioresource Technology 

[Electronic], 2006, Vol. 97, pp. 2103-2109, Available: Elsevier/Science Direct [2009, February 

26]. 

26.	 Vinzant, T.B., Adney, W.S., Grohmann, K. and Rivard C.J., 1990, [Abstract of "Aerobic and 

Anaerobic Digestion of Processed Municipal Solid Waste Effects of Retention Time on 

Cellulose Degradation Scientific Note ", Applied Biochemistry and Biotechnology, Vol. 24­

25, pp. 765], [Electronic], Available: Burnana Press Inc./SpringerLink [2009, February 26]. 



U::::U.L!1LUU!lL ,P ~ iJ'o 

U UU1,HYLU' 



____J
 
51 

o	 C\C\ !lI C\ 

fl.l	 fl11 't'lVi tH) \JfllUJ tn :JJ11 t)'l) It'" 1~1.I6-;JttlJfl't1 t1 [J iJ1 HlJ t't'lh! 

(Specific Methanogenic Activity, SMA) [16] 
~ ~ 

lif1l'Jllfll1~lf f111lJ'ff1lJl'JtI~lll'11~'UD'l lllJfll1l~ U'ff~ l'llJ IY1lJlJ -UlJ~DlJ ~'l~D 1 tl-u 

1. l~lJ~~f)DlJ'il~lJYI~U~~D'll11Hl~'ffDlJlll~lJ1W 20 iJ~~~~l ~'llu'Ul~CM1lJ'tJ'Ul~120. 
iJ~~~~l lJui1l1ll~lJ1W~~ 115'U ~~UYI~ U~I~lJ 
0. <I,.. 10. cl	 0. ..::::! rI" ~ 13/ 0 

2.	 1Im1~'H'H1ulJJ1W'UD'l1l'U'l1l'U1U~Dm~IlW(VSS) 'UD'l~~flD'U~~'UYllfJ ll'lO 'lffl1'U1W'H1 

tl~ lJ1W ~~ f)D'U ~~U'tl~ 61u 'U 1~911lJ luml1ul1flJ'U'tNII~ 'l1l'U1U ~Dm ~l'H fJ (gVSS) 
~	 ~ 

3. l~~ fJlJ 'ff1l Dl'H l'J (lu'l 1'Ui>iju-ul~m ~D~cli~ml~~ f)lf)~~ f)D'I-Hllf) h 'l'llU 'ffnfllhiJ'U1l1~lJ) 
.c1.c! 'jJ ~ '" 10. .Q1 d c1 I ... I	 'jJ j), 0. 0. <v 

Y1lJfll1lJl'UJJ'UU'UD'lullnW'lf OflYlll~f)I9INf)'UUl~lJ1W3 - 4 fI1l'iJI'\IJJ'\IU 1'lf'U mflD~"ll~f1 

~lJfll1iJ1sU'JJoU'UCM1D~ 500, 1500, 2500 ll~~ 3,500 iJl;l~f)1JJ~D~m I~UI'l''U 1~:JJDl'H1)l'ff~lJ 
3/ a ~ 1'" "" 13/"" I "I 3/ 1 "" lI] d'

19I1:JJ~~) Speece 1l~1Y11f)llUllJYHD'J:f 'H1JfI1Ul~lJ1W 7 fllfJ "lllflUlJ IlJfI1)lJDI'UI9IIl~::;m~ 

lI] 1 "" 3/ 3/ d'",
leI	 ~lfl~Dlf)fI1111!'\I:JJ'UU 6UmJJl;l 

o ci "" lI] 3i~ 'j/ "" ~ "" '" ci "" "" "" ~ 3/ 3/ ~ I""4.	 U1'ffl'J Dl'H1l Yll~) U:JJ n IlJ 'UD 3. 1I9lJJ~'l I'U'lJl~"lllJJYI!~JJI9I~ I1DlJ~ ~U 'I'll fJ t111l;l1 ullJ1~) 

60 iJl;l~~~l 

5.	 yb Blank Ivtm1111~JJ1l91ln1'lf~lf1ll'l~~~19I1¢il1I~UDDf)'ll1f)'Ul~~I~JJ'ffl'JDl'H1l1flU'l'i11911lJ 
~	 ~ 

.;rU~tJ'UI'liUI~UlnlJsU'D 1 - 4 1l~1~1.111ll~1l111'tlU'ff1'jDl'H1l 

lI] I	 ""'" 3/ r:'J lI] 1 "" d' Ii) lI] d'1 '" I6. I~D1f11ffDDf)'il1f)'\I1~'lflll~lUf119f IU \9\ll'ilUll~~f11'lffl1)lJDU I~DDf) 19f~ 'Uafl'ffl'U 

70:30 !'lJunmlh~JJ1w30 11J11111tl'l'fl1f)lliJ~rh'\l1~911JJ1'Ull'U11 
v	 v • • 

7. 1.1 1'\11~ 911:JJ 11l1'1'l Y1'l 11W lJ~ nw i1iJDW 'H f1Ul1l'H JJ1~ 'ffJJ II r;l'l'fl1f11l !'IHh'\ll ~CM1JJDUN 
• 'U 

~ d cit	 '" a lI] _11 'Ii) 3/~ d , clll] 3/
'ffJJ1I'ffJJD IYlDllJ'Ul11lf11Url'ff:JJ 'HlD"tI1'il'UllU 'ff n l'UlfllD'lI'UU1f) l~ 

. "	 . 
8.	 lflll~ JJ1W n1'lf~lf1ll'li1!nfl:UlJ lJ'U i1f)1l~ :JJll9Il n1'lf~lf1ll'l1l ~~ nml1'1'i1111l1fl 

0. d'Q,1 I t')) c! 1 ~ d d 0. lfJ 'jJ QQ..I 9J ,J
9. 1Ifl)1::;'H'ff~'ffl'U'UD'l111'lfJJl'tl'U lJf)l'lf'lflf11l'l'tlrll;l~ Ifl'il1f)'Ul~'lfl:JJ ~lUlfllD'l Gas 

• ,,; ~ 3/ a " I"" "" "" cl "" lI] 3/Chromatography 'lJD.:J Shimadzu ~'U GC-8a IYlD l'J:ffl1U1W'H1ul:JJlml11'lfJJI'tl'UYlN~I9II~ 

o dlrt 'jJ c! ... .1 I ~ 'jJ 1 cl I 0. 0.0. ~ 
10. U 1N~ f)l'j 'tl fl~D.:J'tl 1~:JJlI'U U'U m ll1'\1tJ.:Jll~ ~~ fI11JJl'\llJ'U'U ~Ul'l~tJ \9\ l ~'H 11.:JJJ ~~~~ ll11'lf . . 

c! 'do QJ d I Q,1 

:JJ1'tl'U a~ 'ffJJI9I Dnm'tl'tlll11nfl ll'ltJ'H 1f1lfl11:JJ'lf'U (Slope) 

11. I~ Df) ri 1f111JJiu 'UD .:Jfll1JJI sU'mi''U ~lJ ri 1 'ff.:J a~ 1.1 1111 rl1U 1 W'H 1f111JJ 'ff1:JJl HI ~ 1ll'l1::; 'U tl.:J 
'U • 

lllJfll1!~ uaf1.:JiJIYlU~.:J'ff~l~D 11I-u 
~ 

'U 

SMA = ri1f11111iu / (388 x gVSS) 

Jt	 0 dd 'j) d 

lJJtl SMA = fI11JJa1:JJl'j(1'il11l'l1~'Um!llJflYI!lU'ffl1'l:JJIYl'U (gCOD/gVSS-d) 

388 = 1l~JJ1mn1'lfiJI'tlU~~Y:IJJJ~nU911D~ I f)1JJ ~DW'HfliJ 30 D.:Jff11'lf~I9fU'ff 
'U	 q ~ 

gVSS = 1I~JJ1W'UD'l1l~.:JIl'IJllWDU (19I~f)D'U~~'UYI~6) ~1~JJlri'IJlfl9fflJ 
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0,2 fll111 ~ tl6Uflfl£.I.fll 'Y'I1l!or,m11 Vii)lCUj'jrt1l! 'lH)~J1tilr.l 

(Biochemical Methane Potential, BMP) lS} 
y y y 

lnnl'j1lm1~~ffflufllW h.!nl'j ~ill'ln1G)fiJlYl'U'UB,nl1lffuiJ'll'UI'IB'U~~~Bhlu 

1.	 l~lllPl:;;flB'U~i1'UYI~Ulh~mw 20 iJuili1IPl'j -o~1'U'lI1~~111'll'Ul~ 120 1Juili1I'1'j 
')I , Y	 Y 

2.	 ll'l~O:lJlhi1uYiJi'B~flWVl~(1'BlJ(1'U~1'U11luul~fllfllPl~fl6'U'il1flh~,n'Umi~lhiJ'Ulh~ll)1'11' 

"" <;) <;) ""1 ""~I 
y. • 

llfl1111l'll 1l'IJ'U G)f B~u'j ~:lJ1W 5,000 iJ u i1 fl111 ~B i119l 'j IIU~ 111l ff oYi llPl ~ 011 hi'ri1 'U '11 U"I 
y 

U'j ~ mUl 10 1Juilill9l'j l~lJ lilUY1119l111'li'B 7 Ih'U111lffOOflri1'UI M'Y11nl'jl~1l61m'jl-g'111 

<;) 0 ~ I '" "" I <;)"" . ~ I <;) 1 "" lJ] " 1Pl1lll:!IPl'j Speece llu1Y11fll'ju'jlJWW'lJ l1lJfIlu'j~mw 7 ~1U G)fl~Ull llJfIl'jlJm'UlPlllu:;;m~ 

lIJ 1 "" <;) <;) "'" lei l~'jfluB'jflfl1111l'll1l'lJ'U 6 'UtJ)llu 

3.	 lh(1l'jB1l11'j~ll9l~01l111u'li'B2. l~lJu~1'U'lJ1~9Hll~l~1l1'l~fl6'U~il'UYI~61111X1U1ml'l'j 

60 iJu i1illPl 'j 
, ,	 • '31 

4. Y11 Blank ll1Bll1 U1:lJ1m n1G)f~1nTYfnHillPllJi'1UUlJB'rHl'iJ 1fl'll1~Yil~1l111lffO 1~UY111'1111 
y	 y 

,"'UIPlB'Ul'li'Ul~U1nlJ.ijB 1 - 3 1l~1~111U'j:;;lhll'Yl'U(1'1'j61l11'j 

' d'" <;) d lJ] 1 d" lJ] 1 "I '" .
5. I uB1nlflBtJfl'iJlfl'll1~G)f'jlJ~1UnlG)f l'U ll9l'jl'iJ'Ullu:;;nlG)ffll'jlJtl'U l~tltlfl 9f~ 'U-g'~-g'1'U 

70:30 liJw1mlh:;;mw 30 l'UlYi llX1Y11nl'j1l~1~1~J1~~1111'U~'UYi 
'31	 y , • 

6. U1'll1~~111 1UI91~ i1~ 11' w lJ1 l1U1 Yi iJ tll,U lHliJYim:lJ1~ (1'11 II ~11'11 nl'j l'llV1'lJ 1~~1 lJtlfh~. .,
 

(1'~ll(1'llB l~tlllJ'U nl'jmmHYll l1~061'iJU1lulril11wfI~B~l'IJ{h~lJi'
 

o :	 c1.d '11)31 ~ 1 ~ rI '3J 9J.c1 dd. '3J Q.I .c:2 • 1<;)
7. 'Ul'Ulli1'UYllllJ~ 111'U'lItl 2 U1lm 1:;;r'l111f11111 l'lJ 11 'lI'U G)f ltl~Y111'U'Utl'U llt11lJ'UYlflfl1 1 

I 'JI,	 'j/ 

8.	 1~U11J1U1n1G)f1hmwYiln~~'U'i)'Um :;;~~ lliiJnl'lf~1mwln~~'Uofl (61'il1~'j :;;u~l1ml1mu 

l'U) 1J'UliflU1mlPl'jn1'lf~1mWlm:;;nul~1'11~1'jl~ 
.:::to rlQ.I I d c1 I C)} c1 .d ~ liJ 'jJ .c:1Q.1 rv A 

9.	 1lfl'j1~l1(1'~(1'1'U'lItl~nlG)f:lJl'Yl'U 'Ufll'lf')J1f1lWYlHulPl l~'il1fl'lJ1~G)f'jll ~10lfl'jtl~ Gas 

, ,,; I <;) • I"" "" d "" lJ] <;)0	 r:>J
Chromatography 'lJtl~ Shimadzu ~'U GC-8a lWtl 'lJfI1'U1Wl11u'j:lJ1mfllG)flllYl'UYlNul9ll~ 

• y	 y 

1O.	 U1U~ mlPl'j nl'lfiJI'V1'UYiHilI9l1Ji'~~1111~1 Url1'U1W111ffflOmWl'Ufll'j Hi1lPln1'lfiJlYl'U'lJO~111lffO 
y 

1Pl1ll~IPl'jfl~~tlluu 
" 

I 3J	 Y, 

BMP = U1:lJ1I9l'jn1'lfiJlYl'UYiHi119l1Ji'~~l1lJ~ / (U1lJll9l'jU1lffuYil~1l1ri'll1~~111 x COD) 

•	 y 

l{itl BMP = ffflumwl'Ufll'jHillPln1G)fiJlYl'U'lIB~111lffO (mL CH/gCOD) 
y.	 • 

COD = f11111l.ijlJ.ij'U~ltl~'lJtl~111liltlTI!~lJ'ri'lJ1~~111 YilJi''iJ1fl'li'tl 7 (mg/L) 



mLI1L~UU o 

It. lH.Jtt1lUIf 
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o v ~ r.:'I -=t. 
'\1.1 n1'j flll,!'J W'ti1ft n[J 51 TYHll';)f·-nl ~lf) 19f'lf ')51 TYt (Biogas yield) 

.c!~.c!	 0 Q.I .c! " 
:lJTlif1l':ifl1'W1Ul~H'W 

Biogas Yield = Biogas Production / gCODin 

~	 Q.I 0, r:J .c! 

1:IJ'V	 Biogas Yield = fl'mJillYlf1l':iH{llVlf1l'lf'lf1f1l'Yl (mL Biogas/gCOD;) 

_I~ 0, d .c! 

Biogas Production = unnUl fll':iH{llVlf1l'lf'll1f1lYl (mL Biogas/d) 

gCODin = tl1mUl9f1o~~i10'Wl~1':i~U1JIOi'V1U (gCOD/d) 

o v ~r:I-=t 

'\1.2 nl'jflll!')W'tilftf)[J51l'Ytnn~H\~nl9flJt't1h! (Methane Gas Yield) 

" 
lJ1TIf1lj ftl'W1Ul ~111 

Methane Gas Yield = (Biogas Production x % CH4) / gCOD
in 

d	 Q.I ~ ev .<::! 

IUD	 Methane Gas Yield = fl'fltlillYlf11'j"f'''{llVlf119fW'YI'W (mL CHi gCOD i) 

_ I.Q 0, d .d. 

Biogas Production = u'W1Ulfll':iH{lflf1l'lf'lf1.fll'Yl (mL Biogas/d)
 

% CH
4 

= if~~h'Wnl'lflJl'YI'W1'Wnl'lf;1.fll'Yl (%)
 

gCODin = U1mUl9f1'V~~i10'Wl~lj~1J1JlVio1'W (gCOD/d)
 

'\1.3 lhdfl1fiilWmnihuVlan~hfn~[J'lhiJh!nl9fi1t't1h! 
.::1,.QQ	 0 tv ci" 
:lJ11if1ljfll'U1Ul~1'W 

lhdf'YI~.fll't'lf1ljnl~~ffl':i5'W1'l1vhJlfl'Wnl9flh'YI'W(%) =	 (Biogas Production x % CH
4

) / 

(388 x gCOD i) 

d	 ~ 10, oC.\ d .c! 

1:IJ'V	 Biogas Production = lJ':i:lJlUlf1l':iH{llVlfll'lf'lf1f1lYl (mL Biogas/d) 

% CH
4 

= if~~hunl9flJ!l'l'Wl'Wnl'lf;1f1l'Vl (%) 

388 = U~mmnl'lfijl'YI'W~ff:IJ:IJ{ln1J9f1o~ I fl1lJ ~'VUl'l1.fljJ 30 tJ1f1'1!9f{l!~Vll 
"	 q " 

gCODin = u~mUl~1'V~~i1'V'Wl<U'1'j~1J1J1Vi'V1'W (gCOD/d) 



t'a12~1A f.LU12t1t'U,L10 

Y Utnt<fYLU' 
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. , 
J::i .... lCll ~.<:::j eI .<:::j'1 .cj .<::1 9J o.t ~ Q eI 

fll'n~'Y1 f1.11J':ilJlUH1'l':itJlfl'l'HJ ('If !DlI) 'Yl!'\Jl':i~UU 1l~~tJl'I':ilm':i~U':i':il1fHn':itJlJmU 
q 

, 
..... '" 0

1'U'YI'YI1 

111';) 'YI ~H'If)~ 

J::iY d " 'If f)m'lll,;)~UU 

(mg/L) 

dy 4 iJ
"If f)~U'lll,;)~UU 

(gCOD/d) 

OLR 

(gCOD/L-d) 

1 4630 0.9260 0.46 

3 4630 0.9260 0.46 

4 4630 0.9260 0.46 

5 4630 0.9260 0.46 

6 4234 0.8468 0.42 

8 4234 0.8468 0.42 

9 4234 0.8468 0.42 

10 4234 0.8468 0.42 

11 5386 1.0772 0.54 

12 : 5386 1.0772 0.54 

13 5386 1.0772 0.54 

14 5386 1.0772 0.54 

15 5386 1.0772 0.54 

16 5386 1.0772 0.54 

17 4903 0.9806 0.49 

18 4903 0.9806 0.49 

19 4903 0.9806 0.49 

20 4903 0.9806 0.49 

22 4986 0.9972 0.50 

23 4986 0.9972 0.50 

24 4986 0.9972 0.50 

25 4986 0.9972 0.50 

29 5228 1.0456 0.52 

30 5228 1.0456 0.52 

31 5228 1.0456 0.52 

32 5228 1.0456 0.52 

33 5228 1.0456 0.52 



57 

V1l'n!,)~ fI.t 1J~lJ1Wi1l';j~l.!'YI~6(Clflo?l) ~l'li'l':i~UU llj;1~tr~)lm)~1JJ)l1fJffn~1-lYl16 (~fl) 

.
 
v .ot 0 

1'U't1'Yl1 

fll~'t1fl~fl-!') 

<Oil .ot 111 
C}f u m 'UT'l ~ 'lJ'lJ 

(mg/L) 

<Oil q 111 
C}f uflA'UT'l~UU 

(gCOD/d) 

OLR 

(gCOD/L-d) 

34 5228 1.0456 0.52 

35 5228 1.0456 0.52 

36 7311 1.4622 0.73 

37 7311 1.4622 0.73 

38 7311 1.4622 0.73 

39 7311 1.4622 0.73 

40 7311 1.4622 0.73 

41 7311 1.4622 0.73 

42 4436 0.8872 0.44 

43 4436 0.8872 0.44 

44 4436 0.8872 0.44 

45 4436 0.8872 0.44 

46 4436 0.8872 0.44 

47 4436 0.8872 0.44 

48 4436 0.8872 0.44 

50 4436 0.8872 0.44 

51 4812 0.9624 0.48 

52 4812 0.9624 0.48 

53 4812 0.9624 0.48 

54 ~ 9400 1.8800 0.94 

55 9400 1.8800 0.94 

56 9400 1.8800 0.94 

57 9400 1.8800 0.94 

58 9920 1.9840 0.99 

59 9920 1.9840 0.99 

62 9920 1.9840 0.99 

63 9920 1.9840 0.99 
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flT'n-1~ Pl.I 1J~muHn)vu'Vl~6 (~lD~) ~1.u'1)~1J1J Im~VI'l)lm)~m)1!jmn)vu'Vl~6 (IO'iD). 
, 

OJ q 0 

'J1H1't1l 

m'jnfl~Hl~ 

ql q v 
C)f ijvH'lJn~UU 

(mglL) 

~l ~ v 
C)f ijvU'lln~UU 

(gCOD/d) 

OLR 

(gCOD/L-d) 

64 10520 2.1040 1.05 

65 10520 2.1040 1.05 

67 10520 2.1040 1.05 

68 10520 2.1040 1.05 

69 10520 2.1040 1.05 

70 10520 2.1040 1.05 

71 9526 1.9052 0.95 

72 9526 1.9052 0.95 

73 9526 1.9052 0.95 

74 9526 1.9052 0.95 

78 9526 1.9052 0.95 

79 9526 1.9052 0.95 

80 9526 1.9052 0.95 

81 9526 1.9052 0.95 

82 9526 1.9052 0.95 

83 10266 2.0532 1.03 

84 10266 2.0532 1.03 

85 10266 2.0532 1.03 

86 10266 2.0532 1.03 

87 10266 2.0532 1.03 

89 10266 2.0532 1.03 

90 10266 2.0532 1.03 

91 10266 2.0532 1.03 

92 10266 2.0532 1.03 

93 19140 3.8280 1.91 

98 19140 3.8280 1.91 

99 19140 3.8280 1.91 



59 

Yll~H~ f1.l 1J~mU!f1l'jihJ'\'l16 (9}1eJ~) ~!.u'l':i~UU !Irl~fl\9l':ilm':i~m':i'YlIlf1l':i£'W'I'l16(~eJ). 
,.., <t 0 

1l!'f1'f11 
<tl <t ~ cu t)~I'Ul~~1J1J 

<tl <t ~ 
CU t)A!'Ul~~1J1J OLR 

fl1~'f1~t\t).:j (mglL) (gCOD/d) (gCOD/L-d) 

100 20658 4.1316 2.07 

101 20658 4.1316 2.07 

105 20658 4.1316 2.07 

106 20658 4.1316 2.07 

107 18000 3.6000 1.80 

112 18000 3.6000 1.80 

113 19666 3.9332 1.97 

114 19666 3.9332 1.97 

115 19666 3.9332 1.97 

116 19666 3.9332 1.97 

117 19666 3.9332 1.97 

120 18632 3.7264 1.86 

I 121 18632 3.7264 1.86 

122 18632 3.7264 1.86 

123 18632 3.7264 1.86 

124 18632 3.7264 1.86 

125 18632 3.7264 1.86 

126 18632 3.7264 1.86 

128 20675 4.1350 2.07 

133 38375 7.6750 3.84 

134 38375 7.6750 3.84 

135 38375 7.6750 3.84 

138 35025 7.0050 3.50 

139 35025 7.0050 3.50 

140 35025 7.0050 3.50 

141 35025 7.0050 3.50 

142 35025 7.0050 3.50 
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~ ~ ~.<:::tcf'.<:::t.<:::t .J 9J Q.I' ~ .<:::tel" • 
f1l'H:J't1 i'I.l1hmWffTH)'UYl'HJ (G)j'iem) 'YH'lITj~1J1J 1l~~O\9l11flTj~1J11'V1f)ffTH)'U'VI<HJ ('flo). 

. 
v "" 0

'J'U't1't11 

m'j't1~t'lij-:J 

.::::s1 .::::s " C)f ij~!'lll'j::mu 

(mglL) 

""1 "" 'VC)f ij~!'lll'j~UU 

(gCOD/d) 

OLR 

(gCOD/L-d) 

147 35025 7.0050 3.50 

150 35025 7.0050 3.50 

151 35025 7.0050 3.50 

152 35025 7.0050 3.50 

153 35025 7.0050 3.50 

154 38400 7.6800 3.84 

159 38400 7.6800 3.84 

160 38400 7.6800 3.84 

164 38400 7.6800 3.84 

165 38400 7.6800 3.84 

166 38400 7.6800 3.84 

167 38400 7.6800 3.84 
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V1l"n'1~ fl.2 QW'Y1JJiJ'lJf.)'Hn':i!~h,l':i~uu~'lf1-:J~W'H~lhhwfnn:j U~~tlW'Y1f1ij'ff-:j(Mesophilic) . "" 

(Thermophilic) 

.
, 
OJ q 0 

llfYI111 f.)tl.!'t1fllJ (0C)
" .. 

OJ q 0 

TWl1l1l f.)W'tWlJ (0C)
" .. 

j)l'il1VUltI'l Mesophilic Thermophilic fll'il1VU1M Mesophilic Thermophilic 

1 31.0 55.0 35 30.0 55.0 

6 30.0 55.0 36 30.0 55.0 

9 31.0 55.0 37 31.5 55.0 

10 31.0 55.0 38 31.0 55.0 

11 30.0 55.0 39 31.0 55.0 

12 30.5 55.0 40 31.0 55.0 

13 30.0 55.0 41 31.5 55.0 

14 30.5 55.0 42 31.5 55.0 

15 30.5 55.0 43 30.0 55.0 

16 31.0 55.0 44 31.0 55.0 

17 30.5 55.0 45 30.5 55.0 

18 32.0 55.0 46 31.0 55.0 

19 31.0 55.0 47 30.5 55.0 

20 31.0 55.0 48 31.0 55.0 

21 30.5 55.0 49 31.0 55.0 

22 30.0 55.0 50 31.0 55.0 

23 31.0 55.0 51 31.0 55.0 

24 32.0 55.0 52 31.0 55.0 

25 31.5 55.0 53 31.0 55.0 

28 30.5 55.0 54 31.5 55.0 

29 30.0 55.0 55 29.5 55.0 

30 30.0 55.0 56 29.0 55.0 

31 31.5 55.0 57 31.5 55.0 

32 31.5 55.0 58 30.5 55.0 

33 31.5 55.0 61 30.5 55.0 

34 29.0 55.0 62 30.5 55.0 
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m'jH~ fl.2 qurl1.QiJ'lJe.:.!m'H~hn::;lIl1~'lil'H,!Wl1.QiJunHHll-:j(Mesophilic) AI ~~ eWl1 nih,..:.!. '" '" 
(Thennophilic) (\?ie) 

.
.
 
... <Ot 0 

'llHl't11 eWl1.nlJ (0C)
q 'IJ 

... <Ot 0 

1unfll eWl1.nlJ (OC)
q 'IJ 

fll'jnVltW~ Mesophilic Thermophilic flnnmw~ Mesophilic Thermophilic 

65 30.0 55,0 97 30.0 55.0 

66 30.5 55.0 98 31.0 55.0 

67 30.5 55.0 99 31.0 55.0 

68 30.5 55.0 103 29.0 55.0 

69 31.0 55.0 105 30.0 55.0 

70 31.0 55.0 107 29.0 55.0 

71 31.0 55.0 III 29.0 55.0 

72 32.5 55.0 113 31.0 55.0 

73 32.0 55.0 114 31.0 55.0 

74 32.0 55.0 117 27.5 55.0 

75 32.0 55.0 118 27.0 55.0 

76 31.5 55.0 119 25.5 55.0 

77 31.0 55.0 120 26.0 55.0 

78 31.0 55.0 125 29.5 55.0 

79 31.0 55.0 126 27.0 55.0 

80 31.0 55.0 131 28.0 55.0 

81 31.0 55.0 132 28.0 55.0 

82 31.0 55.0 133 29.0 55.0 

83 31.0 55.0 134 28.0 55.0 

84 31.5 55.0 135 28.0 55.0 

85 31.5 55.0 139 27.0 55.0 

86 31.5 55.0 140 27.0 55.0 

89 31.5 55.0 146 28.0 55.0 

90 31.5 55.0 149 28.0 55.0 

91 31.5 55.0 153 28.0 55.0 

93 31.5 55.0 154 28.5 55.. 0 
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VlnH~ f1.2 'QW 11 JJiJ'll O~ f11':il~'U 'J ~'lJ'lJ~'lf')~'Q W11 JJ ihhu mn:J (Mesophilic) lItl~ OW. 11i1ih1~.,,, 

(Thermophilic) (~O) 

. 
v ". D 

l'U'nlll t:lWl1i11J (0C) 
Q " 

i11111~tlt:l-:j MesophiJic Thermophilic 

156 28.5 55.0 

160 31.0 55.0 

162 31.0 55.0 

163 30.5 55.0 
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, ~
 

fll'n'ln fl.3 YiltJ'li'UV\l'lhVVf)'illm!~n~tl,:nJi}mur
 

, 
OJ '" 0

'J'U'Yl111 
" .c:l 0 I QJ 

1
JQ ,;

'Yf!a'»'lJtl~l! lVa I1mmlfltl~t1'1 {]111 W 

fll'i'Ylfltla'l 530 T30-A T30-M 555 T55-A T55-M 

6 7.2 7.1 7.3 7.7 7.4 7.8 

9 7.3 7.2 7.4 7.7 7.6 8.0 

10 7.3 7.3 7.3 7.9 7.7 8.0 

14 7.2 7.1 7.2 7.6 7.4 7.6 

16 7.2 7.1 7.2 7.5 7.4 7.6 

17 7.3 7.1 7.2 7.5 7.4 7.6 

18 7.3 7.1 7.3 7.6 7.4 7.6 

20 7.3 7.2 7.4 7.6 7.4 7.6 

21 7.4 7.2 7.4 7.7 7.6 7.7 

23 7.3 7.3 7.4 7.7 7.6 7.6 

24 7.2 7.2 7.3 7.6 7.4 7.6 

25 7.2 7.0 7.2 7.5 7.2 7.6 

28 7.2 7.0 7.3 7.6 7.1 7.5 

30 7.1 6.9 7.1 7.5 7.] 7.5 

31 7.2 7.0 7.2 7.6 7.2 7.6 

32 7.2 7.0 7.2 7.5 7.2 7.6 

34 7.1 7.0 7.2 7.5 7.3 7.6 

35 7.1 7.0 7.2 7.5 7.4 7.6 

36 7.3 7.1 7.4 7.9 7.6 7.9 

37 7.1 7.0 7.2 7.6 7.4 7.6 

38 7.1 6.9 7.2 7.5 7.3 7.6 

39 7.1 6.9 7.1 7.4 7.2 7.6 

40 7.3 7.2 7.4 7.7 7.4 7.8 

41 7.1 7.0 7.2 7.4 7.2 7.4 

42 7.2 7.1 7.2 7.6 7.3 7.6 

43 7.1 6.9 7.2 7.5 7.2 7.5 

44 7.4 7.1 7.5 7.9 7.6 7.9 
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65 

t1nH~ f1.3 ~!f.)'lf'Uf.).:n.flf.)f.)fl'illm!~~:;;5.nJilmw (~f.) 

-, , .. 
v ci 0 t::i 0 , v tJ~ r! 
1lHl'tll 'VUo'll'Uo<J't-mH)mnm!~[I~m {)mtU 

fn'J'tlA[lO<J S30 T30-A T30-M SSS TSS-A TSS-M 

7.3 7.1 7.3 7.7 7.5 7.7 

49 7.2 6.9 7.0 7.5 7.2 7.3 

50 7.2 7.1 7.1 7.4 7.5 7.4 

51 7.2 7.0 7.2 7.5 7.4 7.5 

53 7.1 6.9 7.1 7.5 7.2 7.6 

54 7.2 7.1 7.2 7.6 7.6 7.5 

55 7.3 7.2 7.3 7.7 7.7 7.5 

56 7.3 7.3 7.3 7.7 7.6 7.6 

58 7.4 7.3 7.4 7.7 7.5 7.8 

63 7.2 7.0 7.4 7.7 7.4 7.8 

65 7.4 7.1 7.5 7.7 7.7 7.7 

69 7.4 7.1 7.5 7.8 7.5 7.7 

70 7.4 7.2 7.5 7.7 7.4 7.9 

71 7.4 6.7 7.5 7.7 7.0 7.8 

72 7.4 6.1 7.6 7.7 7.5 7.8 

75 7.3 5.9 7.4 7.6 5.4 7.7 

77 7.4 6.2 7.5 7.7 5.4 7.7 

79 7.3 5.5 7.3 7.7 5.2 7.8 

83 7.4 5.6 7.4 7.7 5.4 7.7 

84 7.3 5.5 7.4 7.7 5.5 7.6 

85 7.3 5.5 7.3 7.7 5.4 7.6 

90 7.2 5.4 7.3 7.6 5.4 7.6 

91 7.5 5.6 7.6 7.8 5.6 7.7 

93 7.3 5.1 7.3 7.6 5.1 7.5 

98 7.2 5.0 7.2 7.6 5.0 7.5 

103 7.4 5.0 7.4 7.7 5.0 7.7 

105 7.3 5.0 7.3 7.5 5.0 7.4 

":~ 

."
,

,II 
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107 7.6 

. " 
V1rn~li f1.3 Y1tD')j''UeJ,nheJt1fl'iJlm!~O~o~tJiimw (~eJ) 

, 
.:::::S. " 0 , QJ tJ~ t!v "" 0 

't'Uel'll'Uel'l'Ulelelf)'Ulm!vHl~m {)f)':}WTUflfll 

fll1flYitlel'l T30-A T30-M T55-AS30 S55 T55-M 

5.1 7.37.3 7.7 5.1 

5.1 7.3III
 7.3 7.6 5.0 7.5 

5.1 7.37.3 7.6 7.6113
 5.0 

7.3 5.2 7.4114
 7.7 5.1 7.6 

5.2118
 7.4 7.4 7.7 5.2 7.7 

7.3 5.2 7.4119
 7.7 5.2 7.7 

5.3 7.7 7.9120
 7.4 5.2 7.8 

5.2125
 7.3 7.3 7.7 5.2 7.7 

7.2 5.2 7.3126
 7.7 5.2 7.6 

131
 7.3 5.3 7.4 7.7 5.2 7.7 

5.2 7.3132
 7.3 7.7 5.2 7.6 

7.5 5.1 7.3 7.8133
 5.1 7.6 

7.4 5.1 7.4135
 7.7 5.1 7.6 

7.5 5.1 7.4139
 7.8 5.0 7.7 

4.9140
 7.3 7.4 8.0 4.9 7.9 

146
 7.4 4.9 7.4 7.7 4.8 7.6 

5.6153
 7.3 7.4 7.9 5.6 7.7 

5.6154
 7.3 7.4 7.7 5.6 7.7 

156
 7.4 5.6 7.4 7.6 5.8 7.6 



67 

• y 

f1l'H,rn fl.4 ril'fJll:1Jltl'Ufll~ (Alkalinity) hn..hf)f)f)'iJlf)l!l'ift~il~'lli]mw 

, 
OJ ~ 0 

ll!'YIY1l 
" 

Alkalinity hnht)t)J1mm!~~~i1,n.lnJl·HU(mgCaCOiL) 

JIl':i't1A~f)-1 530 T30-A T30-M 555 T55-A T55-M 

5 2875 2938 2900 3JOO 3000 3100 

8 2838 3088 2988 3288 3225 3213 

12 3075 3050 3125 3188 3088 3113 

15 3188 3250 3213 3375 3275 3325 

19 3275 3313 3350 3325 3300 3388 

22 3188 3375 3438 3375 3338 3375 

29 3313 2763 3450 3225 2625 3363 

33 3188 2650 3250 3125 2713 3175 

36 3125 2700 3138 2925 2625 3013 

40 2928 2646 2903 2842 2585 2854 

44 2965 2634 2916 2622 2830 2377 

47 2867 2585 2903 2879 2560 2805 

54 3463 5475 3538 3438 5538 2813 

57 4838 7700 4513 4675 7563 4088 

62 5500 7125 5413 5300 6888 5225 

64 5775 6438 5863. 5575 6325 5600 

68 6000 6250 6238 5813 6200 5950 

78 6063 863 7325 5925 513 6325 

82 6300 425 6063 5563 413 5800 

85 5613 425 5713 5413 375 5650 

89 5438 450 5488 5188 388 5038 

92 4913 400 5138 4813 388 4813 

97 5225 575 5163 5150 538 5075 

JOO 5175 600 5263 5088 588 5025 

104 5125 588 5963 5000 575 4950 

106 5000 613 4813 4688 563 4563 

112 4675 675 4313 4475 625 4150 
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. " 
V1l'H,l'n flA rilf111lJl1J'U~il-l (Alkalinity) 1'U'll1tltlmJltlul<i~~o'nJfim w(l'itl) 

.
 
OJ '" 0

1U'fl'fll 

fll''i 't1Yl~()..:j 

Alkalinity 1uJl[H)fl'illflllvi~~ii',nJ!ifl'iW(mgCaCO/L) 

S30 T30-A T30-M S55 T55-A T55-M 

117 4225 725 4213 4050 663 4163 

121 4100 763 4063 4000 700 4225 

124 3838 713 3888 3838 675 4025 

127 3838 738 3850 3663 688 3988 

134 4788 1250 4325 5250 1188 4538 

138 6400 1125 6625 7125 1113 6625 

]41 6725 1075 7063 6975 1413 7513 

152 7188 1238 7125 10563 1200 8588 

ISS 5513 1150 7300 6675 1100 5775 

159 3900 1125 6138 4663 1175 4088 
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. ~ ~ 

VlT'H:in fl.51J1:IJ1Wm~1'UiJ\J)~!lHJ~1t1 (YFA) luuwlh!!o~Ulflflf)'j)lf)lil9io~o,nJBmw 

.
 
OJ '" 01'U't1't11 

"o v 
VFA 'Ul!'1J1 VFA JltHlf)'il1m!yj~~o~1lflf)':iW(mgCaCO/L) 

m':i't1Vl~ij~ (mgCaCO/L) S30 T30-A T30-M SS5 TS5-A T5S-M 

5 288 150 650 138 788 700 750 

8 288 113 638 113 200 638 563 

12 288 375 738 475 188 700 150 

15 638 125 788 488 163 750 63 

19 638 200 688 163 175 775 200 

22 388 113 600 137 350 750 163 

29 263 150 675 75 125 975 113 

33 263 75 638 113 100 750 88 

36 313 100 350 100 100 738 288 

40 313 85 780 100 185 530 84 

44 485 230 893 ]40 153 829 357 

47 485 140 740 166 191 740 166 

54 1150 138 1613 425 450 1375 175 

57 1150 188 1625 175 175 1463 163 

62 , -775 175 1700 238 213 1700 275 

64 700 188 1588 188 250 1450 238 

68 700 200 1375 225 313 1513 338 

78 613 200 613 1300 325 638 363 

82 613 713 525 400 213 638 238 

85 613 713 588 263 175 438 238 

89 563 213 538 213 225 388 163 

92 563 1038 525 150 350 325 400 

97 1063 188 1213 113 213 1113 200 

100 1075 163 1288 138 163 963 163 

104 1075 213 1425 1000 188 1275 200 

106 1075 150 1113 163 200 1125 313 

112 1050 200 1175 125 175 1263 250 
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, " " 
flTn~n fl.5 1J1lJ1ru m~ l'tllr,.,lJ~m U~lU (VFA) hn.'Jll'Ul11g~'\.hf)tlf1'i)lfll!\?ig~i)~1JBmw(\?if)) 

, 
"v '" 0

1'1-1'f1rn 
o !II 

VFA'I-I1I'll1 VFA Jlf)f)f)mm!~g~aJ,nlilmw(mgCaCO/L) 

j)1'j'tWI'tlf)~ I (mgCaCOiL) S30 I T30-A I T30-M I S55 I T55-A I T55-M 

117 888 213 I 1363 I 300 I 100 I 1125 I 200 

121 I 1175 325 11125 I 213 I 238 11100 I 325 

124 I 1175 175 I 1138 I 175 I 238 I 1288 I 425 

127 I 1175 188 I 888 I 188 I 150 I 1138 I 350 

134 I 2775 300 I 2725 I 225 I 363 I 2788 I 350 

138 I 2688 450 I 2813 I 350 I 738 I 2625 I 450 

141 I 2688 588 I 2900 I 275 I 1038 I 2900 I 1013 

152 I 2688 1725 I 1925 I 425 I 2013 I 1975 I 1413 

155 1350 363 I 1700 I 1700 I 1125 I 1513 I 688 

159 I 1488 600 I 1788 I 2000 I 763 I 1625 I 563 
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. "
 
vnn:.lfl f1.6 ffyrffTU'j~l1'hnJ~mUl nHll'UiJ'W'j~mtl~lt1fitl~lmlJJltrlJrl1~(VFAIAlkalinity) 1tnl1 

tltln'j)lmlfin~i)~1J 5mw 

. 
OJ ct 0 

'Jlffl't1l VFAiAlkalinity 

f)l''j't1HtHH 530 T30-A T30-M 555 T55-M T55-M 

5 0.05 0.22 0.05 0.25 0.23 0.24 

8 0.04 0.21 0.04 0.06 0.20 0.18 

12 0.12 0.24 0.15 0.06 0.23 0.05 

15 0.04 0.24 0.15 0.05 0.23 0.02 

19 0.06 0.21 0.05 0.05 0.23 0.06 

22 0.04 0.18 0.04 0.10 0.22 0.05 

29 0.05 0.24 0.02 0.04 0.37 0.03 

33 0.02 0.24 0.03 0.03 0.28 0.03 

36 0.03 0.13 0.03 0.03 0.28 0.10 

40 0.03 0.29 0.03 0.07 0.21 0.03 

44 0.08 0.34 0.05 0.06 0.29 0.15 

47 0.05 0.29 0.06 0.07 0.29 0.06 

54 0.04 0.29 0.12 0.13 0.25 0.06 

57 0.04 0.21 0.04 0.04 0.19 0.04 

62 0.03 0.24 0,04 0.04 '0.25 0.05 

64 0.03 0.25 0.03 0.04 0.23 0.04 

68 0.03 0.22 0.04 0.05 0.24 0.06 

78 0.03 0.71 0.18 0.05 1.24 0.06 

82 0.11 1.24 0.07 0.04 1.54 0.04 

85 0.13 1.38 0.05 0.03 1.17 0.04 

89 0.04 1.20 0.04 0.04 1.00 0.03 

92 0.21 1.31 0.03 0.07 0.84 0.08' 

97 0.04 2.11 0.02 0.04 2.07 0.04 

100 0.03 2.15 0.03 0.03 1.64 0.03 

104 0.04 2.42 0.17 0.04 2.22 0.04 

106 0.03 1.82 0.03 0.04 2.00 0.07 

':~ 
" 

" 
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~T'jH~ 1'1.6 a~Hhu'j::;lrhnJ1mwm~1'IJ1Jm~t'IHJ~lUI'iUrilf111lJt~U~h~ (VFAJAlkalinity) 1UJl 

UUf)'UlfHt~o::;tl~1JBmor (fiu) 

. 
QJ Cl 0 

1'l.ftlm VFAiAlkalinity 

fl11 'fIArH)<J 830 T30-A T30-M 855 T55-M T55-M 

112 0.04 1.74 0.03 0.04 2.02 0.06 

117 0.05 1.88 0.07 0.02 1.70 0.05 

121 0.08 1.47 0.05 0.06 1.57 0.08 

124 0.05 1.60 0.05 0.06 1.91 0.11 

127 0.05 1.20 0.05 0.04 1.65 0.09 

134 0.06 2.18 0.05 0.07 2.35 0.08 

138 0.07 2.50 0.05 0.10 2.36 0.07 

141 0.09 2.70 0.04 0.15 2.05 0.13 

152 0.24 1.55 0.06 0.19 1.65 0.16 

ISS 0.07 1.48 0.23 0.17 1.38 0.12 

159 0.15 1.59 0.33 0.16 1.38 0.14 

::~ 
., 

" 

~ 
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. " . 
VIl11·!rn fl.7 fI tlH\'lJ U~ 'Uv ..n'h!ifuyi1~ m.lL.ij'T~'j ~ lJlJ. ~ 

. 

! 
"I 

.... ct 0 

") 'W 'YI 'YIl COD (mg/L) SS 

(mg/L) 

VSS 

(mgIL) 

VFA 

(mglL) 

Alkalinity' 

(mglL) 

TP 

(mglL) 

TKN 

(mglL)fll1'Y1V1~f)'1 TCOD SCOD 

5 4181 - 3480 2920 - - - -

8 4234 - 3880 3100 288 2838 - -

12 5386 585 - - - - - -

15 5386 690 4920 3680 638 3150 - -

19 4903 600 - - - - - -

22 4986 630 5160 3580 388 3413 9.0 128.3 

29 5228 775 3380 2780 263 2475 14.5 -

36 7311 787 4660 4140 313 2475 13.5 -

44 4436 655 3440 2900 485 2377 - -

49 4812 711 3340 2700 - - - -

54 9400 1566 7300 6340 1150 7938 - -

57 9920 1468 9040 7560 775 7750 - -

64 10520 1865 8160 6940 700 6300 23.6
b 

50A
b 

68 8880 1323 7000 5860 - - - -

71 9526 1246 7340 6140 - - - -

78 9526 1246 8000 6620 613 213 17.2b 
46.l 

89 10266 1322 11030 9210 563 250 - -

92 19140 3828 15520 12200 1063 438 - -

100 20658 2599 15940 11840 1075 463 - -

106 18000 2160 15400 12400 1050 475 
53.1 

(24.5b 
) 

520.8 

(I 12.0b 
) 

112 19666 2545 14340 11940 888 388 - -

121 18632 2334 16860 12820 1175 500 - -

127 20675 2843 17100 12960 863 513 
40.2 

(23.6 ) 

560.0 

(l40.0b 
) 

134 38375 5233 29975 25575 2775 1163 - -

141 35025 3871 30275 25850 2688 1138 - -
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. " . 
Vll'HJn f1.7 flUH":IJ1J~'IH.l,:n111~£J'Yiihn-!l~lri'j~UU (~O). ~ 

.
 
v "" 0 

1'U't1't1l COD (mg/L) SS 

(mg/L) 

VSS 

(mg/L) 

VFA 

(mg/L) 

ALK 

(mg/L) 

TP 

(mg/L) 

TKN 

(mgIL)fll 'j 't1 ~Hl 0 ~ TCOD SCOD 

155 38400 3011 30440 25380 1350 1013 
108.5 

(64.1 ) 

896 

(140.0) 

~ , • !)J 

l1lJ1um~ : a r-h Alkalinity 1P1'l!!~l'U'Yi 8 - 64 '1H)'lfll'j'YIr1~O'llil'Ur-h'Yillfl'jl:::..rllP1"nfWhmj1'l'l.h 
d d Q jJ • IV d ~I I d~ (lrI 9J 

It1'U'YII~:IJ alkalinity 1l~1 l;1'l'Ul'U'YI 78 - 155 '1JO'lfll'j'YI~~O'llu'UfI1'Y11Ifl'j1:::11IWiJlf) 

" . 
1911001'l'W 11~U'Yillil~I~:IJ alkalinity 
aa tfQ/' d I 9J 

b 11fl'j 1~'H ~10Ul'l'YI Nl'U fIl'j f)'j O'lr11£/f)'j :::r1111f)'H.l'l 

lIJ 'lIJ ~ 0 '" ..
 

- !:IJ !~'V11fll'j1lfl'jl:::11
 

:::11 

I 
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. "" 
V1l'H,rn fl.8 U!lJlw'WtJi'n-ltJi'('(Y1~'HlJ~ (TP) 'h!'WltJtJfHllmll9li'l~5~uBmw 

. 
OJ '" 0

TI-ffIYll TP (mg/L) 

nl111Vltlfl-:j S30 T-A30 T-M30 555 T-A 55 T-M55 

22 26.9 29.3 27.3 13.8 31.6 9.6 

29 27.2 29.5 30.6 12.7 30.5 10.3 

36 25.9 31.1 26.7 14.9 32.0 11.1 

64 29.4 31.2 33.1 10.2 38.1 11.3 

78 27.9 27.3 25.4 12.9 43.6 14.8 

106 30.9 43.4 31.8 10.7 49.5 9.7 

127 43.2 52.7 36.2 9.1 47.4 8.4 

145 50.0 81.3 24.9 17.1 90.3 18.8 

" I I )I 

'HlJlm'H~ : tl!mw'WtJ('('Wvi'ffl9l·mI9l1'UVi 22 - 36 'UtJ~fln'l'l~i'lV~ 1~'UfhVi1Ifl'j 1~'H1Jl'iJlflI9l1tJUH'Wl 

IihJ~ 'l~r-hlJ fll'j m tJ~ i'hlJ1'U ~ 64 - 145 'UtJ~fln'Yl ~i'lV~ 11I'U fh~1Ifl'jl~'H1~"lfl 
Q,I' " , 9JOcScS1 

\91tJtll~'U 11('(tI'Ylr-ll'Ufll'j m tJ~~1t1m ~~llJm tJ~ 

. " 
V111Hll fl.9 U!lJlw'l'U1ml"'U (TKN) lmJltJVfl'illflUI9li'l~5~tlBmw 

. 
OJ '" 0

1'UllYll TKN (mg/L) 

nl111Vltlfl-:j S30 T-A30 T~M30 S55 T-A 55 T-M 55 

22 86.5 213.5 213.5 128.3 210.8 112.1 

64 120.4 106.4 149.8 95.2 99.4 107.8 

78 127.7 157.5 138.5 97.8 160.2 116.8 

106 134.0 297.0 157.0 162.0 246.0 157.0 

127 201.6 263.2 229.6 218.4 252.0 190.4 

145 140.0 280.0 186.7 233.3 270.7 242.7 

• , " I 

11111m'l1~: U!lJlW!'U1\9'jI'il'Ul'U1'U1122 'UtJ~fll'j'Yl~i'lV~ 11I'UfhYi1Iml~111t{"lflI9l1tJUHUll'fftl'¥i 
. . " 

'liHllJfll'jmu~ 1'11'U1lJ1164 - 145 'UtJ~fll'jll~i'ltJ~ lll'UfhViilml~'H""M"lflI9l1tJUHlh 
d d I ~ 

W tI'Ylr-ll'U fll'j m tJ ~~1t1m ::;\91lJm u ~ 

j
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V1TJH~ ft.tO U~:IJ1U1fl1'JNi'l~f)lG)f1}"Hnt'l (Biogas Production) 

.
 
.... d 0 

1'W't1m mmWfll'jNilflnleu;1.fll'Y'tll~tl:::tl~t.lnf)'JW (mLld) 

fll'J'tlVltltH S30 T30-A T30-M T30 S55 T55-A T55-M TSS 

I 440 93 375 468 130 15 120 135 

3 350 55 175 230 240 40 170 210 

4 265 30 135 165 250 30 165 195 

5 305 38 210 248 365 50 280 330 

6 305 28 205 233 480 40 430 470 

8 255 15 245 260 270 43 200 243 

9 265 20 340 360 390 50 350 400 

10 255 13 215 228 365 55 365 420 

II 235 10 240 250 265 55 210 265 

12 245 13 205 218 265 33 205 238 

13 255 18 220 238 260 50 205 255 

14 240 23 205 228 265 55 190 245 

15 260 23 225 248 310 45 220 265 

16 270 23 225 248 260 55 210 265 

17 270 20 230 250 290 78 290 368 

18 270 20 235 255 300 53 215 268 

19 250 18 215 233 255 48 230 278 

20 255 23 210 233 275 55 200 255 

22 275 35 250 285 320 0 220 220 

23 280 28 235 263 285 3 210 213 

24 270 23 235 258 315 50 250 300 

I 

25 330 25 235 260 400 50 265 315 

29 240 5 205 210 240 60 260 320 

30 265 30 240 270 290 55 250 305 

31 315 30 290 320 270 50 210 260 

32 320 38 250 288 545 53 200 253 

33 290 43 225 268 270 48 180 228 



77 

V1T'n:J~ A.tO 1J1:IJ1UHll'jHi'll9lillCli~1fll'W(Biogas Production) (l'iu) 

, 
.., cI 0 

1'U't1't1l tfhnwfll 'j f-Jii VI ill "lJ:lhmvtll~ ~~ii'-:Jt.I flm W(mL/d) 

fll'j'flVl~O-:J S30 T30-A T30-M T30 S55 T55-A T55-M T55 

34 350 33 265 298 290 55 250 305 

35 310 33 280 313 295 53 240 293 

36 260 30 275 305 270 53 255 308 

37 360 28 285 313 455 55 230 285 

38 345 38 265 303 275 55 235 290 

39 340 18 230 248 290 53 280 333 

40 325 10 265 275 280 48 265 313 

41 355 28 300 328 305 50 295 345 

42 295 20 210 230 285 53 210 263 

43 360 30 230 260 380 50 210 260 

44 350 25 230 255 360 53 245 298 

45 340 33 265 298 300 45 205 250 

46 280 3 275 278 280 48 305 353 

47 360 20 235 255 455 48 280 328 

48 380 20 230 250 375 45 290 335 

50 250 13 330 343 390 5 405 4lO 

5] 425 ·28 275 303 460 28 340 368 

52 375 30 280 3lO 345 55 345 400 

53 320 23 320 343 3]0 43 3]5 358 

54 700 73 325 398 llOO 33 320 353 

55 825 70 475 545 875 38 540 578 

56 665 75 540 6]5 650 90 675 765 

57 685 75 680 755 6lO 138 795 933 

58 720 90 660 750 lO45 130 645 775 

59 840 88 700 788 870 133 730 863 

62 520 15 570 585 630 50 660 710 

63 640 100 535 635 650 150 540 690 
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V1T'n~~ f1.10 1J1:JJlWm1~ill'lnl9f;1m'Y'l (Biogas Production) (lOifl) 

.
 
.... '" 0

1'W'fI'tll 

fll'j 'fIfl~fl~ 

mtilumnN~V1nlC)l'hm'Ymvi~:::tl·nJijmw (mL/d) 

830 T30-A T30-M T30 855 T55-A T55-M T55 

64 720 90 535 625 1000 158 485 643 

65 775 98 560 658 1010 123 615 738 

67 970 88 520 608 630 235 510 745 

68 650 93 490 583 630 210 520 730 

69 900 100 830 930 640 130 770 900 

70 675 70 825 895 630 260 600 860 

71 710 90 780 870 700 295 570 865 

72 680 80 860 940 680 128 550 678 

73 560 0 760 760 680 0 650 650 

74 . 750 0 800 800 700 0 650 650 

78 650 0 580 580 820 0 910 910 

79 730 0 680 680 670 0 530 530 

80 600 0 560 560 580 0 550 550 

81 600 0 600 600 630 0 640 640 

82 660 0 630 630 610 0 640 640 

83 610 0 660 660 590 0 660 660 

84 .630 0 680 680 580 0 700 700 

85 610 0 630 630 580 0 700 700 

86 600 0 610 6lO 550 0 620 620 

87 550 0 670 670 620 0 710 7lO 

89 650 0 5lO 510 580 0 680 680 

90 730 0 700 700 630 0 710 710 

91 620 . 0 660 660 580 0 620 620 

92 550 0 570 570 630 0 630 630 

93 1230 0 650 650 1380 0 650 650 

98 1500 0 1050 1050 1500 0 14lO 1410 

99 1340 0 1250 1250 1320 0 1250 1250 
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V11':iH~ f).lO U~:IJ1U1f11)~il\9lo1"lf~lm'Vl(Biogas Production) (~tl) 

.... ~ 0 

TIHlm mlJ1Wm':il'lilVltlleu1f1f11l'fU~i;l~tl'HJnfl':i~ (mL/d) 

mTnAi;ltl~ 830 T30-A T30-M T30 855 T55-A T55-M T55 

100 1290 0 1280 1280 1520 0 1320 1320 

101 1680 0 1530 1530 1770 0 1520 1520 

105 1490 0 1250 1250 1370 0 1370 1370 

106 1240 0 1090 1090 1390 0 1210 1210 

107 1270 0 1210 1210 1550 0 1310 1310 

112 1120 0 1150 1150 1570 0 1430 1430 

113 1300 0 1200 1200 1400 0 1500 1500 

114 1200 0 1150 1150 1300 0 1350 1350 

115 1350 0 1300 1300 1450 0 1410 1410 

116 1150 0 1060 1060 1450 0 1350 1350 

117 1350 0 1100 1100 1250 0 1300 1300 

120 1350 0 1050 1050 1310 0 1350 1350 

121 1300 0 900 900 1180 0 1150 1150 

122 1500 0 1200 1200 1420 0 1400 1400 

123 1480 0 1350 1350 1350 0 1250 1250 

124 1200 0 1190 1190 1320 0 1280 1280 

125. 1550 0 1450 1450 1500 0 1400 1400 

126 1300 0 1200 1200 1300 0 1200 1200 

128 1500 0 1300 1300 1400 0 1250 1250 

133 2650 0 1100 1100 3000 0 1100 1100 

134 2450 0 1650 1650 3000 0 1800 1800 

135 2900 0 2200 2200 2850 0 2200 2200 

138 2350 0 1800 1800 3250 0 2600 2600 

139 2700 0 2200 2200 3600 0 3400 3400 

140 3000 0 2400 2400 3350 0 3300 3300 

141 3150 0 2800 2800 3200 0 3200 3200 

142 3500 0 3400 3400 3500 0 3200 3200 
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V1l"JH~ ft.10 'JJ1:1Jlrum'.if-Jil\Oltll'li;1flll"l (Biogas Production) (~tJ) 

.
 
OJ "" 0

l'U'tTYll 'lrhJ10Hll"JNilVlnl'lf1bfllVfUvi'tl~~"1tJiJfl'HU (mLld) 

fll"J'YIA'tlrH 830 T30-A T30-M T30 855 T55-A T55-M T55 

147 2700 0 2800 2800 3000 0 3700 3700 

150 1900 0 2300 2300 2200 0 3200 3200 

151 2100 0 2200 2200 2100 0 2700 2700 

152 2250 0 2500 2500 2700 0 2700 2700 

]53 2400 0 2750 2750 2750 0 2450 2450 

]54 2600 0 2700 2700 2450 0 2700 2700 

159 2250 0 ]800 ]800 2250 0 2200 2200 

160 3100 0 2200 2200 3300 0 2200 2200 

164 2600 0 1700 1700 2850 0 2300 2300 

]65 2500 0 ]900 1900 3000 0 2500 2500 

166 2600 0 2100 2100 3000 0 2300 2300 

]67 2500 0 2300 2300 2700 0 2500 2500 

V11"JH~ ft.ll i1~ihutll'liih'Vl'U1Utll'li;1f11l"1 ''\.lU~g~5~'.ilfll'.i~1J'j '.i 'Vlfiff1'.i ~h-! 'Vl'1u. 

OLR v, t::/J:::! '~.d ~' tfAtfl'Ufll'lflJlfI'U 'Ui11"lf'lflfll" 'UUVl~~"J::l.Jl.J (%) 

(gCOD/L-d) 830 T30 855 T55 

0.5 71.6 - 68.5 -

1.0 70.0 65.9 67.0 63.0 

2.0 68.0 64.5 66.4 61.9 

4.0 67.2 65.0 69.3 65.4 
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, 
Q (V Qr;-;ct 

Vl11H'fl f1.12 rtmJfl1f1 fll'H-H'Ifi fll'lf'll"lfl1'Yl (Biogas Yield) 

.
 
OJ '" 0

1 h!'fl'fl1 
v "" "" '" 

, 
fHlUiIlf1il11 fmVlm9f'll1i1l'YI!!1'I1;l~1~1J1J(mL Biogas/gCOD) 

il11'flVll;ltl~ S30 T30 S55 T55 

1 475.16 504.86 140.39 145.79 

3 377.97 248.38 259.18 226.78 

4 286.18 178.19 269.98 210.58 

5 329.37 267.28 394.17 356.37 

6 360.18 274.56 566.84 555.03 

8 301.13 307.04 318.85 286.37 

9 312.94 425.13 460.56 472.37 

10 301.13 268.66 431.03 495.98 

11 218.16 232.08 246.01 246.01 

12 227.44 201.91 246.01 220.48 

13 236.72 220.48 241.37 236.72 

14 222.80 211.20 246.01 227.44 

15 241.37 229.76 287.78 246.01 

16 250.65 229.76 241.37 246.01 

17 275.34 254.95 295.74 374.77 

18 275.34 260.04 305.94 272.79 

19 254.95 237.10 260.04 282.99 

20 260.04 237.10 280.44 260.04 

22 275.77 285.80 320.90 220.62 

23 280.79 263.24 285.80 213.10 

24 270.76 258.22 315.88 300.84 

25 330.93 260.73 401.12 315.88 

29 229.53 200.84 229.53 306.04 

30 253.44 258.22 277.35 291.70 

31 301.26 306.04 258.22 248.66 

32 306.04 274.96 521.23 241.49 

33 277.35 255.83 258.22 217.58 
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~ cv .o::::r. r:J d I 

f1l'nUI f1.12 f1'f1Vml'lfl1'j~"I'If119i'll'1ml'l (Biogas Yield) (1'10) 

, 
.... q 0 

1'Wfll1l 
IV Clro r:I o:::::t , 

f1flfJml'lfll'i~H1f1f1lC)j'lf1mrmflij:;::'i:;::'l.J'l.J(mL Biogas/gCOD) 

fIl 'i11 Vlij~-3 S30 T30 S55 T55 

34 334.74 284.53 277.35 291.70 

35 296.48 298.87 282.13 279.74 

36 177.81 208.59 184.65 210.30 

37 246.20 213.72 311.17 194.91 

38 235.95 206.88 188.07 198.33 

39 232.53 169.27 198.33 227.40 

40 222.27 188.07 191.49 213.72 

41 242.78 223.98 208.59 235.95 

42 332.51 259.24 321.24 295.87 

43 405.77 293.06 428.31 293.06 

44 394.50 287.42 405.77 335.32 

45 383.23 335.32 338.J4 281.79 

46 315.60 312.78 315.60 397.32 

47 405.77 287.42 512.85 369.14 

".
48 428.31 281.79 422.68 377.59 

50 281.79 386.05 439.59 462.13 

51 441.60 314.32 477.97 381.86 

52 389.65 322.11 358.48 415.63 

53 332.50 355.88 322.11 371.47 

54 372.34 413.03 585.11 366.27 

55 438.83 289.89 465.43 307.18 

56 353.72 327.13 345.74 406.91 

57 364.36 401.60 324.47 496.01 

58 362.90 378.02 526.71 390.63 

59 423.39 396.93 438.51 434.73 

62 262.10 294.86 3l7.54 357.86 

63 322.58 320.06 327.62 347.78 
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. 
q ~ .<::::r. (;)I ..::::I • 

f1nN't1 fl.12 f1f1t1fllVHll'j f-j~'fl fll'li'lllfll'Yt (Biogas Yield) ('fl 0) 

, 
OJ '" 0

1\!'t1't11 
,v ~ a .t:::t 

flfl£lfll'Vti)l'H·H\f1ill9f'ti1fll'Vtum,:::":i:::uu (mL Biogas/gCOD) 

ill":i 't1 VI t1 f)~ S30 T30 S55 T55 

64 342.21 297.05 475.29 305.37 

65 368.35 312.50 480.04 350.52 

67 461.03 288.74 299.43 354.09 

68 308.94 276.85 299.43 346.96 

69 427.76 442.02 304.18 427.76 

70 320.82 425.38 299.43 408.75 

71 372.66 456.64 367.42 454.02 

72 356.92 493.39 356.92 355.61 

73 293.93 398.91 356.92 341.17 

74 393.66 419.90 367.42 341.17 

78 341.17 304.43 430.40 477.64 

79 383.16 356.92 351.67 278.19 

80 314.93 293.93 304.43 288.68 

81 314.93 314.93 330.67 335.92 

82 346.42 330.67 320.18 335.92 

83 297.10 321.45 287.36 321.45 

84 306.84 331.19 282.49 340.93 

85 297.10 306.84 282.49 340.93 

86 292.23 297.1 0 267.87 301.97 

87 267.87 326.32 301.97 345.80 

89 316.58 248.39 282.49 331.19 

90 355.54 340.93 306.84 345.80 

91 301.97 321.45 282.49 301.97 

92 267.87 277.62 306.84 306.84 

93 321.32 316.58 360.50 316.58 

98 391.85 274.29 391.85 368.34 

99 350.05 326.54 344.83 326.54 
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.ct <:V Q 01 .c:t , · 
V1nH'Yl fl.12 rrmJ.fI1Y'1m':i~·Hl\9lm"lf'1fl.f11Y'1(Biogas Yield) (\9l0) 

, 
<v '" 0

'J'U 'Yl'Yll 
,OJ ~ fN .ct 

Y10UfIl'Wfll':H-nlVlfll'lf'lnm'WIIV![l:::1:::lJlJ (mL Biogas/gCOD) 

fll'j'Yl~[lO~ S30 T30 S55 T55 

100 312.23 309.81 367.90 319.49 

101 406.62 370.32 428.41 367.90 

105 360.64 302.55 331.59 331.59 

106 300.13 263.82 336.43 292.86 

107 352.78 336.11 430.56 363.89 

112 311.11 319.44 436.11 397.22 

113 330.52 305.10 355.94 381.37 

114 305.10 292.38 330.52 343.23 

115 343.23 330.52 368.66 358.49 

116 292.38 269.50 368.66 343.23 

117 343.23 279.67 317.81 330.52 

120 362.28 281.77 351.55 362.28 

121 348.86 241.52 316.66 308.61 

122 402.53 322.03 381.06 375.70 

123 397.17 362.28 362.28 335.44 

124 322.03 319.34 354.23 343.50 

125 415.95 389.12 402.53 375.70 

126 348.86 322.03 348.86 322.03 

128 362.76 314.39 338.57 302.30 

133 345.28 266.02 390.88 266.02 

134 319.22 214.98 390.88 234.53 

135 377.85 286.64 371.34 286.64 

138 335.47 256.96 463.95 371.16 

139 385.44 314.06 513.92 485.37 

140 428.27 342.61 478.23 471.09 

141 449.68 399.71 456.82 456.82 

142 499.64 485.37 499.64 456.82 
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, 
.c::1 Q..I Q C')J d • 

V11'iH'fl fl.12 fff)tlm'Y'lf11'Hl~~f11'lf']f1ml'l (Biogas Yield) (~8) 

, 
QJ q r:'/.r:::t ,

QJ "" 0

'J'U'f1'fll f1fl[Jm'Wm';jfl(\V1m9f'lf'Jm'W!IVI(\~'i~U1J (mL Biogas/gCOD) 

m'ifl~(\0':) T30830 855 T55 

147 385.44 399.71 428.27 528.19 

328.34150 271.23 314.06 456.82 

299.79 314.06151 299.79 385.44 

152 321.20 356.89 385.44 385.44 

342.61 392.58153 392.58 349.75 

154 338.54 351.56 319.01 351.56 

292.97 234.38 292.97159 286.46 

286.46160 403.65 429.69 286.46 

221.35164 338.54 371.09 299.48 

325.52165 247.40 325.52390.63 

166 338.54 273.44 390.63 299.48 

167 325.52 299.48 351.56 325.52 
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. 
c:t Q.F ~ cY .o::i 

Vll":iH'fI fl.13 f1flUilll"lfll'H'HWlf1l9n,H'Yl'W (Methane Gas Yield) 

, 
.., '" 0 

1'1-l'flm 
cv ~tYc:t, 

f1flUiIl'Y'lfll1IWtlVlfll"lll!l'fI'I-lHVltt::;1::;'UU (mL CHigCOD) 

fll1'f1~tt()-:j S30 T30 855 T55 

] 340.22 36].48 96.17 99.87 

3 270.63 177.84 ]77.54 155.35 

4 204.90 127.58 ]84.94 ]44.25 

5 235.83 191.37 270.01 244.]] 

6 257.89 ] 96.59 388.29 380.20 

8 215.61 2]9.84 218.41 196.16 

9 224.07 304.39 315.48 323.57 

10 215.6 ] 192.36 295.26 339.75 

11 156.20 166.17 168.52 168.52 

12" 162.85 144.57 168.52 151.03 

13 169.49 157.86 165.34 162.16 

14 159.52 151.22 168.52 155.80 

15 172.82 164.51 197.13 168.52 

16 179.47 164.51 165.34 168.52 

17 197.14 182.54 202.58 256.72 

18 197.14 186.19 209.57 186.86 

19 182.54 169.76 178.13 193.85 

20 186.19 169.76 192.10 178.13 

22 197.45 204.63 219.82 151.12 

23 201.04 188.48 195.77 145.97 

24 193.86 184.89 216.38 206.08 

25 236.94 186.68 274.77 216.38 

29 164.35 143.80 157.23 209.64 

30 181.47 184.89 189.99 199.81 

31 215.70 219.13 176.88 170.33 

32 219.13 196.87 357.04 165.42 

33 198.58 183.18 176.88 149.04 
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. 
l::I Q,I ..::::. C')J .0:::1 , 

vll'H:.ll1 fl.13 f(nUml'lfll1~f1\9lfll'b'lJIYl'W(Methane Gas Yield) ('fiB) 

.
 
.., cO 0 

1'Wl1l11 
IV ..::::. r:'I.:::t , 

f1fl(JiJl'Ytfll'nmvlf)l9JJJI't1'WHVlt1::::~::::UU (mL CH/gCOD) 

fll~Y1V1t1{)-:,j S30 T30 S55 T55 

34 239.67 203.72 189.99 199.81 

35 212.28 213.99 193.26 191.62 

36 127.32 149.35 126.49 144.06 

37 176.28 153.02 213.15 133.51 

38 168.94 148.13 128.83 135.86 

39 166.49 121.19 135.86 155.77 

40 159.14 134.66 131.17 146.40 

41 173.83 160.37 142.88 161.62 

42 238.07 185.62 220.05 202.67 

43 290.53 209.83 293.39 200.74 

44 282.46 205.79 277.95 229.70 

45 274.39 240.09 231.63 193.02 

46 225.97 223.95 216.19 272.16 

47 290.53 205.79 351.30 252.86 

48 306.67 201.76 289.53 258.65 

50 201.76 276.41 301.12 316.56 

51 316.19 225.05 327.41 261.57 

52 278.99 230.63 245.56 284.70 

53 238.07 254.81 220.65 254.46 

54 260.64 295.73 392.02 250.90 

55 307.18 191.04 311.84 193.52 

56 247.61 215.58 231.65 256.36 

57 255.05 264.65 217.39 312.49 

58 254.03 249.12 352.90 246.09 

59 296.37 261.57 293.80 273.88 

62 183.47 194.31 212.75 225.45 

63 225.81 210.92 219.5.1 219.10 



88 

. 
q OJ 0 0' Q , 

~l'nn1 R.B fl'tlUfll'l"lfll'Hfi;WlfllGJflH'Yl'U (Methane Gas Yield) (\01'0) 

. 
~ q 0 Q.I ~ ~ q r 
1 'U'tl't11 f1f)[Jm'Ytf)l''jfHl~OlC)jlJ!'t1'J.m~~~'j:::uU (mL CHigCOD) 

Ol'j't1~~fi~ 530 T30 555 T55 

64 239.54 195.76 318.44 192.38 

65 257.84 205.94 321.63 220.83 

67 322.72 190.28 200.62 223.08 

68 216.25 182.45 200.62 218.58 

69 299.43 291.29 203.80 269.49 

70 224.57 280.33 200.62 257.51 

71 260.87 300.93 246.17 286.03 

72 249.84 325.14 239.13 224.03 

73 205.75 262.88 239.13 214.94 

74 275.56 276.72 246.17 214.94 

78 238.82 200.62 288.37 300.9] 

79 268.2J 235.2] 235.62 ]75.26 

80 220.45 193.70 203.97 ]81.87 

I 8] 220.45 207.54 221.55 211.63 

82 242.49 217.9] 2] 4.52 211.63 

83 207.97 211.84 192.53 202.5 ] 

84 2]4.79 2] 8.25 ]89.27 2]4.79 

85 207.97 202.2] 189.27 2]4.79 

86 204.56 195.79 179.48 190.24 

87 187.5] 215.04 202.32 217.86 

89 221.6] ] 63.69 189.27 208.65 

90 248.88 224.67 205.58 2] 7.86 

9] 2] 1.38 2] 1.84 189.27 190.24 

92 ]87.5] ] 82.95 205.58 ]93.31 

93 2J 8.50 208.63 239.37 ]99.44 

98 266.46 176.92 260.19 228.00 

99 238.04 2]0.62 228.97 202.13 
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, 
q Q.f ~ a d I 

~l'H.:lfl fl.13 l'1fltlflTYH1TH·ml'1fllCJilJl'Jlll.! (Methane Gas Yield) (l'1iJ) 

, 
v Q 0 

TW'YI'tll 
v ~ r:Y q , 
f1fltJmfffll'HH1~fll"1JlJl'YI'WlI~tl~"j~1J1J (mL CH/gCOD) 

fl n 'YI Vltlfl'i 830 T30 855 T55 

100 212.31 199.83 244.28 197.76 

101 276.50 238.85 284.46 227.73 

105 245.23 195.14 220.18 205.25 

106 204.09 170.16 223.39 181.28 

107 239.89 216.79 285.89 225.25 

112 211.56 206.04 289.58 245.88 

113 224.75 196.79 236.35 236.07 

114 207.46 188.59 219.47 212.46 

115 233.40 213.19 244.79 221.90 

116 198.82 173.83 244.79 212.46 

117 233.40 180.39 211.02 204.59 

120 246.35 181.74 233.43 224.25 

121 237.23 155.78 210.26 191.03 

122 273.72 207.71 253.03 232.56 

123 270.07 233.67 240.55 207.64 

124 218.98 205.98 235.21 212.62 

125 282.85 250.98 267.28 232.56 

126 237.23 207.71 231.64 199.33 

128 246.67 202.78 224.81 187.12 

133 232.03 171.58 270.88 164.67 

134 214.51 139.74 270.88 153.38 

135 253.92 186.32 257.34 187.47 

138 225.44 167.02 321.52 242.74 

139 259.01 204.14 356.15 317.43 

140 287.79 222.70 331.41 308.09 

141 302.18 259.81 316.57 298.76 

142 335.76 315.49 346.25 298.76 



------ -------- .
 
90 

. 
.:::::I QJ .<::::l r::J c! I 

Yll'H:J'fl fl.13 ftf)[Jfll'YHll'j~i:ll"1fl19flJl'Yl'U(Methane Gas Yield) (1"1'0) 

, 
<lJ ~ r:N q , 

.... '" 0

'JU'tl'fll fHltlil1't'lfll'H'HIYlfll"lf:JJl'fllHlYl(;}~'l~'tJ'tJ (mL CHigCOD) 

fll'l 'flVl ~H)-:) T30S30 S55 T55 

259.01 296.79259.81147 345.44 

150 182.27 213.42 217.64 298.76 

151 201.46 204.14 207.75 252.08 

215.85 231.98 267.11152 252.08 

153 230.24 255.17 272.06 228.74 

154 227.50 228.52 221.07 229.92 

152.34159 196.88 203.03 187.34 

160 271.25 186.20 297.77 187.34 

227.50 143.88164 257.17 195.86 

218.75 160.81165 270.70 212.89 

227.50 270.70177.73166 195.86 

194.66167 218.75 243.63 212.89 



91 

~1'jH~ fl.14 1J 'J ~ 1111]jill'fHll 'J ill;ij~ 'ffl 'J ~hrvi~ iJh.h11 'U fi19fiirvrw 

, 
v "" 01U'YI't'l1 l.h~ ilnfiJll'rHll'j ihilVltfl'j6un~rf1t111Juill9fijmuufitl~'j~1J1J (%) 

nn't'lVltlfl..:.J S30 T30 S55 T55 

1 87.46 92.93 24.72 25.67 

3 69.57 45.72 45.64 39.93 

4 52.67 32.80 47.54 37.08 

5 60.63 49.20 69.41 62.75 

6 66.30 50.54 99.82 97.74 

8 55.43 56.51 56.15 50.43 

9 57.60 78.25 81.10 83.18 

10 55.43 49.45 75.90 87.34 

11 40.15 42.72 43.32 43.32 

12 41.86 37.16 43.32 38.82 

13 43.57 40.58 42.50 41.69 

14 41.01 38.87 43.32 40.05 

15 44.43 42.29 50.68 43.32 

16 46.14 42.29 42.50 43.32 

17 50.68 46.93 52.08 65.99 

18 50.68 47.86 53.87 48.04 

]9 46.93 43.64 45.79 49.83 

20 47.86 43.64 49.38 45.79 

22 50.76 52.60 56.51 38.85 

23 51.68 48.45 50.33 37.52 

24 49.84 47.53 55.62 52.98 

25 60.91 47.99 70.63 55.62 

29 42.25 36.97 40.42 53.89 

30 46.65 47.53 48.84 51.37 

31 55.45 56.33 45.47 43.79 

32 56.33 50.61 91.79 42.52 

33 51.05 47.09 45.47 38.31 
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~11H~ fl.14 lh~ffYl~fI1l'lfn'jfhil~ffl'j~hH'11VhJI~Ufll'l1iiIYl\.l (I'lB) 

.
 
..... '" 0

1\.l'YI'tll 1.h ~ifl1i ill'YW11 fh.uA~11 ~h1l11fJ' lMhH)1C)Jijlfl').HlAtl~1~1J1J (%) 

m111At\f)~ S30 T30 S55 T55 

34 61.61 52.37 48.84 51.37 

35 54.57 55.01 49.68 49.26 

36 32.73 38.39 32.52 37.03 

37 45.32 39.34 54.80 34.32 

38 43.43 38.08 33.12 34.92 

39 42.80 31.16 34.92 40.04 

40 40.91 34.62 33.72 37.63 

41 44.69 41.23 36.73 41.55 

42 61.20 47.72 56.57 52.10 

43 74.69 53.94 75.42 51.61 

44 72.61 52.90 71.45 59.05 

45 70.54 61.72 59.54 49.62 

46 58.09 57.57 55.57 69.96 

47 74.69 52.90 90.31 65.00 

48 78.84 51.87 74.43 66.49 

50 51.87 71.06 77.41 81.38 

51 81.28 57.85 84.17 67.24 

52 71,72 59.29 63.13 73.19 

53 61.20 65.50 56.72 65.41 

54 67.00 76.02 99.00 64.50 

55 78.97 49.11 80.16 49.75 

56 63.65 55.42 59.55 65.90 

57 65.57 68.03 55.89 80.33 

58 65.30 64.04 90.72 63.26 

59 76.19 67.24 75.53 70.41 

62 47.16 49.95 54.69 57.96 

63 58.05 54.22 56.43 56.32 
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V1l'n:l~ f1.14 Ih~i1V11jml'l fll'j nl~YlffT:iihJV1~uhhll~nl9fiirYl'u (fiB) 

.
 
<v '" 0

1'1-l'tl'tll lh~il'tl~m'¥'lm1thU~Hn1~h-l'tl11'J'1.htl'Wnl91i1m'l-lU~t1~1:::'lJ'lJ (%) 

fll1 'tlmm-:l S30 T30 S55 T55 

64 61.58 50.32 81.86 49.46 

65 66.28 52.94 82.68 56.77 

67 82.96 48.91 51.57 57.35 

68 55.59 46.90 51.57 56.19 

69 76.97 74.88 52.39 69.28 

70 57.73 72.06 51.57 66.20 

71 67.06 77.36 63.28 73.53 

72 64.23 83.58 61.47 57.59 

73 52.89 67.58 61.47 55.25 

74 70.84 71.14 63.28 55.25 

78 61.39 51.57 74.13 77.36 

79 68.95 60.47 60.57 45.05 

80 56.67 49.79 52.43 46.75 

81 56.67 53.35 56.95 54.40 

82 62.34 56.02 55.15 54.40 

83 53.46 54.46 49.49 52.06 

84 55.22 56.11 48.65 55.22 

85 53.46 51.98 48.65 55.22 

86 52.59 50.33 46.14 48.90 

87 48.20 55.28 52.01 56.00 

89 56.97 42.08 48.65 53.64 

90 63.98 57.76 52.85 56.00 

91 54.34 54.46 48.65 48.90 

92 48.20 47.03 52.85 49.69 

93 56.17 53.63 61.54 51.27 

98 68.50 45.48 66.89 58.61 

99 61.19 54.14 58.86 51.96 



94 

V111H~ fl.14 'lh~i1Y1lif1Twfll';jfhijmn';jD'W1'11ChJ~lJ'Wfll95ljI'Yrw(I'iD) 

. 
OJ q 0 

'JlrrJ'l11 1.11 drl1fiill'Y'Hl11jhil~Hn1 ~hrn'1[I' 'l.htJ 'W 01"}f)jmJ.!Hvitt~ ';j ~UU (%) 

fll111VlttfH S30 T30 555 T55 

100 54.58 51.37 62.80 50.84 

101 71.08 61.40 73.13 58.54 

105 63.04 50.17 56.60 52.76 

106 52.46 43.74 57.43 46.60 

107 61.67 55.73 73.49 57.90 

112 54.38 52.97 74.44 63.21 

113 57.78 50.59 60.76 60.69 

114 53.33 48.48 56.42 54.62 

115 60.00 54.80 62.93 57.04 

116 51.11 44.69 62.93 54.62 

117 60.00 46.37 54.25 52.59 

120 63.33 46.72 60.01 57.65 

121 60.98 40.05 54.05 49.11 

122 70.37 53.40 65.05 59.78 

123 ... .... ~ 

69.43 60.07 61.84 53.38 

124 56.29 52.95 60.46 54.66 

125 72.71 64.52 68.71 59.78 

126 60.98 53.40 59.55 51.24 

128 63.41 52.13 57.79 48.10 

133 59.65 44.11 69.63 42.33 

134 55.15 35.92 69.63 39.43 

135 65.27 47.90 66.15 48.19 

138 57.95 42.94 82.65 62.40 

139 66.58 52.48 91.55 81.60 

140 73.98 57.25 85.20 79.20 

141 77.68 66.79 81.38 76.80 

142 86.31 8l.l0 89.01 76.80 



95 

flTH:j~ fl.14 111 :d1'Vlijfl1l'Hll':i nl~\?l'ffl':ifllJ'Vl~6'hhtluOl9fiit'VllJ (~tJ) 

.
 
.... '" 0

1'Ullll1 1.hdrllim'Yffl11Jhu~H;n1~h!11~t1'U!t1'UrilCUi1!11l,!!!~~~1::;lJlJ (%) 

fll111fl~(l-:j S30 T30 S55 T55 

147 66.58 66.79 76.30 88.80 

150 46.86 54.86 55.95 76.80 

151 51.79 52.48 53.41 64.80 

152 55.49 59.63 68.67 64.80 

153 59.19 65.60 69.94 58.80 

154 58.48 58.74 56.83 59.11 

159 50.61 39.16 52.19 48.16 

160 69.73 47.87 76.55 48.16 

164 58.48 36.99 66.11 50.35 

165 56.23 41.34 69.59 54.73 

166 58.48 45.69 69.59 50.35 

167 56.23 50.04 62.63 54.73 
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. " 
V1111~fi fl.15 U1lJlW'U'O'Ill~'111'UdlHl'Otl1lnhD'On'illmll'1~~5'nJ5mrn 

.
 
<v cl •

ll.!'YIm 111mW'\l'O~U.)j~H'\lJlHl'O[J 'l.!J1'0'0 fl1l1mlyj~~i\~t.lfl fl1 W(mgiL) 

m1mHm~ 530 T30-A T30-M 555 T55-M T55-M 

5 120 3970 50 590 3920 580 

8 140 3010 30 550 3160 360 

12 80 4240 110 820 3040 390 

15 100 3560 105 730 3340 520 

19 95 4660 255 360 3900 380 

22 85 4780 80 480 4660 300 

29 70 3640 100 510 3100 370 

33 60 3920 215 720 3060 350 

36 45 1680 45 500 2340 290 

40 95 3200 85 670 2480 380 

44 100 3180 40 830 2240 390 

49 95 3160 110 710 3360 770 

54 85 5220 70 1720 5200 660 

57 185 5560 210 1010 6620 1170 

62 195 6620 245 1970 6360 1360 

64 95 6520 185 2860 5140 1720 

68 85 5820 585 2230 6300 2460 

71 105 6540 1520 1680 6320 2110 

82 22840 7740 860 2380 8000 1920 

89 540 7460 570 2580 9430 2300 

97 310 14820 165 3020 14660 3000 

100 1070 15680 360 2580 15240 3010 

106 490 16640 630 2560 18940 3460 

112 530 15040 565 2430 15020 1890 

117 660 16980 5700 1250 15200 850 

121 890 15060 500 4260 15780 3740 

124 720 16600 560 1320 15580 3520 
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, " 
fll11,rn f).15 U1lJ1W'UtFHl~,m'UJlHmtJhnhotlmJlf)U~~:;;ti,:nJi)mw(~tl) 

, 
OJ do 

1'W'tTYIl mmw'U{)~II'l1~U'U1'Wtl{)l'Ji'WJltl{)flmml~tl~il~tJ~mw (mg/L) 

m1't1Vltl{)~ S30 T30-A T30-M S55 T55-M T5S-M 

127 1205 15340 165 1500 15700 2280 

134 1300 25500 810 2900 26075 5380 

138 7370 31475 840 12220 31525 6800 

14] 11990 30050 1050 8520 29625 9320 

]52 27040 31350 2060 38380 30675 19840 

155 1150 30640 45020 14900 31800 8140 

]59 1210 30340 58340 6660 30420 4040 
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, y 

V1l'H,rn f1.16 u~mru'U()'1U~'111'lI1'W(HJ[J':i~trHJhn'h()()f)mmll'io~O':l'lJfimur 

.
 
OJ '" 0llnnn 

fl1111~tlO'i 

mmw'Uo,m'ii'iU'UllHlO(J';i:::m(J"uJloOfl'illmt~tl~il'itJiifl';iW (mglL) 

S30 T30-A T30-lVI 855 T55-M T55-M 

5 60 3050 40 490 2860 490 

8 60 2290 20 500 2340 210 

12 70 3000 45 560 2220 250 

15 10 2520 55 370 2360 280 

19 40 3240 165 310 2720 260 

22 30 3560 50 350 3360 220 

29 10 2740 50 350 2400 230 

33 20 3080 130 510 2320 150 

36 10 1320 15 390 1900 240 

40 30 2660 50 580 1960 320 

44 65 2520 20 660 1640 330 

49 55 2440 50 530 2700 590 

54 55 4140 35 1370 4160 520 

57 125 4700 140 800 5320 910 

62 115 5600 160 1480 5280 1050 

64 65 5280 155 2170 4200 1290 

68 58 4700 420 1650 4960 1890 

71 65 4780 1040 1210 4960 1540 

82 17220 6100 550 1460 6200 1300 

89 340 5560 360 1870 8390 1400 

97 175 11660 110 2320 11740 2360 

100 705 12100 240 1780 11880 2300 

106 320 12900 385 1910 15380 2750 

112 330 11660 370 1750 11640 1390 

117 340 13320 3980 800 12100 610 

121 480 11820 220 1320 12280 2740 

124 280 12800 310 880 12360 2620 
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, ~
 

9l1'n~fi f1.161J5:JJltu'UtJ,m~--1H'lJllHHH'J'J~mfJhnlTtJUf)'il1mll'ig~5--11JBmw (I'itJ)
 

, 
<v '" 0

l'\.!flfll 
.. 

mmW'IJtl~U.y~U'Ul'\.Hltl[J'j:::m[J''\.!l!ltltlf)'illm!~~:::O~t.lnmtli (mg/L) 

011 'flfl~tl~ 830 T30-A T30-M 855 T55-M T55-M 

127 830 12400 90 1040 12200 1770 

134 910 21250 490 1960 21675 3840 

138 5160 26900 480 8500 27050 5000 

141 9060 25650 690 6420 24975 7000 

152 20180 25550 1360 27880 25450 14700 

155 700 25460 33020 11080 26400 5840 

159 820 24880 43720 4990 25260 2910 
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Vll'n:J~ fl.!? ~flff1'W):::;'Yrhn.rhJlw'lJ U.:lll~.:lIl'\JTU 'lU(J'i :::;l'H(JflenJ~lJ1W'lJeNlt~.:llt'U1'U'leHJ 
" (VSS/SS) 1'U UleHJf11l1fHlfl'l:::;t1.:l,j i)m W 

. 
.... q 0 

TIH1'fIl vss/ss 

f1l'nWlijt>~ S30 T30-A T30-M S55 T55-M T55-M 

5 0.50 0.77 0.80 0.83 0.73 0.84 

8 0.43 0.76 0.67 0.91 0.74 0.58 

12 0.88 0.71 0.41 0.68 0.73 0.64 

15 0.10 0.71 0.52 0.51 0.71 0.54 

19 0.42 0.70 0.65 0.86 0.70 0.68 

22 0.35 0.74 0.63 0.73 0.72 0.73 

29 0.14 0.75 0.50 0.69 0.77 0.62 

33 0.33 0.79 0.60 0.71 0.76 0.43 

36 0.22 0.79 0.33 0.78 0.81 0.83 

40 0.32 0.83 0.59 0.87 0.79 0.84 

44 0.65 0.79 0.50 0.80 0.73 0.85 

49 0.58 0.77 0.45 0.75 0.80 0.77 

54 0.65 0.79 0.50 0.80 0.80 0.79 

57 0.68 0.85 0.67 0.79 0.80 0.78 

62 0.59 0.85 0.65 0.75 0.83 0.77 

64 0.68 .0.81 0.84 0.76 0.82 0.75 

68 0.68 0.81 0.72 0.74 0.79 0.77 

71 0.62 0.73 . 0.68 0.72 0.78 0.73 

82 0.75 0.79 0.64 0.61 0.78 0.68 

89 0.63 0.75 0.63 0.72 0.89 0.61 

97 0.56 0.79 0.67 0.77 0.80 0.79 

100 0.66 0.77 0.67 0.69 0.78 0.76 

106 0.65 0.78 0.6] 0.75 0.8] 0.79 

]]2 0.62 0.78 0.65 0.72 0.77 0.74 

l17 0.52 0.78 0.70 0.64 0.80 0.72 

121 0.54 0.78 0.44 0.31 0.78 0.73 
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V1Tn~~ fl.17 -ffI'HfJU'J~l1'hnH'mw'U'il~U~~lt'U1'U~mJ'J~ll1tJl'imJ~:IJ1w'U'il~U~~u'U1'U~mJ 
" 

(VSS/SS) 1Ulh'il'ilfl'illfHtl'i~~tl~1Jfim W(I'i'il) 

. 
QJ q 0

'J'J.nnn VSS/SS 

f1l".ifl~tlM S30 T30-A T30-M S55 T55-M T55-M 

124 0.39 0.77 0.55 0.67 0.79 0.74 

127 0.69 0.8] 0.55 0.69 0.78 0.78 

134 0.70 0.83 0.60 0.68 0.83 0.7] 

138 0.70 0.85 0.57 0.70 0.86 0.74 

141 0.76 0.85 0.66 0.75 0.84 0.75 

152 0.75 0.81 0.66 0.73 0.83 0.74 

155 0.61 0.83 0.73 0.74 0.83 0.72 

159 0.68 0.82 0.75 0.75 0.83 0.72 



102 

. " 
f1TJ1.:Jn Pl.t8 t1~ llltlH1'11 BU 'YI16'l~n1t1 (;1e:J~'l~n1t1) iuumi'lU'l~e:Je:Jfllllf1lI\9i'l~tl'ltlfif)j W 

,"" el 0 

Ti!11'Y11 
ell el
91 t:l~nl::::illU 

.. 
ell el 1 0 

, ""tJ"" •91 t:lVlil~illti UUlfifiO'ilmllflil~tl.:J {)O'iW (mg/L) 

01'i 'YI VI il fi.:J 

.. 
o iI 

UWUl (mg/L) 830 T30-A T30-M 855 T55-A T55-M 

5 585 210 614 179 739 739 765 

8 585 141 776 134 706 753 517 

12 585 169 894 148 400 893 329 

15 585 166 1013 166 253 1105 368 

19 600 165 851 150 315 876 300 

22 630 173 918 150 220 971 252 

29 775 173 951 143 285 1476 330 

33 775 187 1210 156 297 1562 281 

36 787 175 1295 145 267 914 251 

40 787 222 1145 214 273 1698 251 

44 655 218 873 189 233 1054 218 

49 711 185 1102 142 242 1044 199 

54 1566 209 1044 174 209 1044 209 

57 1566 254 1865 222 333 2143 302 

62 1468 270 1351 210 315 1876 405 

64 . 1865 302 2857 310 429 3492 555 

68 1865 272 1966 318 438 2344 559 

71 1246 268 1768 312 402 1786 491 

78 1246 344 1319 264 476 1832 520 

82 1246 274 1155 325 476 1371 534 

89 1322 285 1253 285 432 1392 515 

97 3828 372 2298 338 507 2434 575 

100 2599 453 2399 426 680 2732 666 

104 2599 414 2209 331 594 2347 594 

106 2599 432 2320 448 624 2560 672 

112 2160 463 2545 424 663 2815 663 

117 2545 472 2589 426 731 2513 762 
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. " 
V1T'H~," fl.181l~1I1Wfl'l':iihJ'YI~6~~mtl (~ltl~~~mu) 1'Wl1WU1U~~tltlfl'illfllll'i~~i)-:JllBmrn (I9ltl) 

. 
OJ '" 0

llH'I'fll "'1 '"Clf ()Vlt1~t11£l 
""'1 q ~ 0 , ....Clf f)Vlt1~t11£l lnn()f)nmfl!!V1t1~tH t.I '" •{Jmw (mg/L) 

nT'H1Vlt1()-:) 
"o ~ 

UWUl (mg/L) S30 T30-A T30-M S55 T55-A T55-M 

]2] 2334 5]2 2258 504 678 2560 778 

]24 2334 543 2]95 498 78] 2344 769 

]27 2334 694 2843 546 775 3]0] 775 

134 5233 699 4876 499 987 4995 737 

138 387l 644 4718 62] 967 4488 967 

]4] 387] 843 4099 843 ]503 4327 ]600 

]52 387l 860 3697 803 ]453 4206 ]568 

]55 30]] 885 3764 753 ]581 3800 l750 

]59 30]] 803 3] 13 654 ]513 3238 ]663 
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