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ABSTRACT 

The manufacturing process of biodiesel from palm and vegetable oil with the 

transesterification reaction usually generate an emulsion, high pH, COD, grease & oil process 

contaminated wastewater. Biodiesel wastewater is difficult to treat by conventional method 

especially the biological wastewater treatment caused by its characteristic which contains 

difficultly biodegradable contents. Therefore it needs the appropriate technique especially 

pretreatment prior to be decomposed in biological digestion process. The biodiesel processing 

wastewater used in this study was pretreated by the combination of acidification, coagulation and 

dissolved air flotation. The removal efficiency of COD and grease and oil of this pretreatment 

process were in the range of 80-90% and 95-99.5% respectively. However, the COD residue 

found was 15 g/L whereas total nitrogen residue found was rather low. The value of COD IN was 

less than recommended values for the anaerobic system (COD/N=150:1). It is necessary to find 

the nitrogen source for microorganisms biodegradation. The decanter cake (DC), the residue 

waste from palm oil mill is an attractive alternative nitrogen source due to it contains high 

nitrogen content. Therefore it was used as a co-substrate in this study. The methane gas 

production efficiency and a potential of an anaerobic co-digestion of pretreated biodiesel 

processing wastewater (PBW) and DC were investigated on laboratory-scale in batch digesters 

operated at 35°C. The digesters were fed by the PBW which was used as a main substrate and the 

co-substrate, DC at 0, 1, 2.5, 5 and 10 %w/v. The result showed that the DC could compensate 

the lack of nitrogen in PBW digestion without the need of other substances addition. The optimal 

total solid of decanter cake found in this study was 2.5 %w/v. Under the optimal condition, the 

co-digestion of these substrates gave the maximal methane yield and volatile solids (VS) removal 

efficiency by 0.27 L CH/g VS remavect and 43.35 %, respectively. 
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The semi-continuous experiment for co-digestion of PBW and DC had also done in 

completely stirred tank reactor (CSTR) (35oC). The HRT was varied in the range 6-36 days (OLR 

0.71-4.29 gVS/Liday) whereas the DC content was fixed at 2.5 %w/v for all experiments. The 

result was found that the maximum methane yield obtained was 0.39 L CH4 /gVS oddcct from the 

experiment operated with HRT 12 days (OLR 2.14 gVS/L/day). 

Finally, the quality of remaining sludge was determined. The concentrations of mineral 

element in the remaining sludge generated at the end of the co-digestion. Standard nitrogen and 

phosphorus were in the optimum range of organic fertilizer but it lacks potassium 

(N-P-K=1-1-0.25). The recommended (N-P-K) values in organic compost of Thai Industrial 

Standard Institute, Ministry oflndustry (1984) was 1-1-0.5. However the potassium source may 

be found from potassium phosphates, a by-product from glycerol purification or ash from palm oil 

incinerator. The remaining sludge was very rich in mineral element that could be valorized to be 

used as a compost or fertilizer. 

Keywords: biodiesel; decanter cake; palm oil mill; anaerobic co-digestion; biogas; methane 
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" " 
un::::'l11i1-;J'illm::::uum'J'l1lJf1 11i1 ~mmrr 

" 
!fll'l'ii'U'illf1f11'J'l1lJf1!!1J1J1'!fmmrr 

5 
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32 

33 

37 

37 

41 

42 

58 

60 

64 

67 

67 
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. . 

r 

3-1 

3-2 

3-3 

3-4 

3-5 

3-6 

3-7 

3-8 

3-9 

3-10 

3-11 

3-12 

I 

1ltJi111Yll1H (Ylel) 

~ ~ 

bl'lJD~YlNfllVfllVHfllJ 'Ue:J·nh ilmnnm ::;uTWfll'j f--1~~ !u 1 e:J~t'lHHtn::;'thiYv 
' ~ 

'illnm::;u1'Wf11'j f-.1~~ !u 1 e:J~l'linllNl'Wnwt'h1J~'l'Jw1(wm11 
~ 

bl'lJD~Yll"lf11Cif11VHfllJ 'Ue:J"lf1lf)~::;ne:J'W~!!fl'W!~e:J{ 'illf1 1 'j "l"ll'W bl'tl~UllJ'W 
~ ~ 

th~'lJ un::;M1l~e:J~::;ne:Ju 'il~'W Ylj ~'illnnu 1 H"ll'W bl'n~'l11iruu1~lJ 
q 

' ')) 

Al~W'lH~ lJI'l''W!! n::; i1u bl'~ lt'il::;U 'j::; i111n fl llll f11'j rh :ij ~'Ue:J"l!! ~"J'j ::;t 'YI Cl~lCI 
q 

rJ~Hci'J'U'j::;WJl"l COD:TKN 'Ue:J"llbi'~'YilJf) l'Wf11'jYJ~Cle:J"l 
q 

' ' ~ 

f)l'j l U~CI'W!! Ufl"l'Ue:J"llJ! Yl'W Vitfi~~'W 'Ue:J"l!!~[l::; '}1~ f)l'j Yl~Cl e:J"l 
q 

f--lnf--l~~iJtYJ'W (Methane yield in the literature) l'Wf1Ut~'U'j::;1JU!!UU Batch 
')) 

~nvfl llllt u f11'j f-.1~~ nl'li~1flllll'Ue:J"lUlt TIV!l~n::;u 'YI ri"l 

f--lnf--l~~iJmu (Methane yield in the literaturc)l?i'1t~O"luBmw CSTR 

f--ln'Ue:J"l 'j::; v::;t1mtl'mnu~ e:Jf11'j f--l~~nl'll~1mlllt u nu ~~'W'j ::;uuu uu~"ll'i m~ e:J"l 

'Ue:J"Jf11'j'YilJf1i1m::;wJN PBW+DC2.5%, DC2.5% un::; PBW 

Q Q d.,.' .<::::. ..:::::! c( I I d 
'lf'W ~ 'U e:J"l 'il nu YJ'j mtn::; 'iln'W m vnnlJt~u YllllU 

q q q 

' ')) ')) 

'l1U~'Ue:J"l Bacteria un::; Archaea lllll1Jt'UI91'1e:JVl"lUlll"l 

~niJru::;bl'lJD~~l"l'l 'Ue:J"lmn~::;ne:J'W~!'YI~e:J'illf1f11'j 'Yiirn !~H'mmfl' ufl::; 

m~ 'j 1nu ilvt1u 11 j ~ 
., q 

73 

74 

76 

77 

82 

84 

95 

96 

97 

100 

101 

104 
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t 

1-1 

1-2 

1-3 

1-4 

1-5 

1-6 

1-7 

2-1 

2-2 

2-3 

2-4 

2-5 

2-6 

2-7 

2-8 

2-9 

2-10 

2-11 

2-12 

3-1 

3-2 

3-3 

11 tJ m1 il Tvn.h ~ fHl u 

~ ~ 

fll'J ~~\911-llJJ'W th~:IJ~U 1 'Wfl'J~Ul'W f)l'J ~~\91U UU 1 ~'1-h'lltl 

"" lfl'Jtl.;JUUUfffl'J 
" 

" 
'lJ'u \91 tl'W m 1 vtl vr;rmvr;ru au Yl'1 61 u ffi1Tw hi1 ~mmrr 

' ' " 
'\) ~'W l'1'1 vvh11'YI t.J 1Yi1 'WU~n~'lJ'W \91 tl'W '\Jtl.;]fll'j Vtltlffnltli11tl hl' . 
ffi11l~ 1~1 ~tllfllfl' 

l\91tJ~umm~uuo.;Jm'Wff:Wmw 
"" 

I 3) c/o Q/ I 

mv-~tn tl'illf1f1ntJ.;J 'ilnYl 11 fl''W flln.;J'\Jtlltl 20 t Yll • 
~ " 

~n11 w~ 'IJ tJ.;j '111tilvt u 1 il~ tGJfn nilu m1 1hu\91t iJ tJ.;jl'i u 
" ~n11 w~mn\91~f1tl'W ~u flut\91 tJ{ 'ill f) 11 .;].;]l'W r;rn\91'111JJ'mJ1~:w 

~f11! tu~\91~f1tl'W 'il ~'W Yl'1 v~ 1 ~1 u .;J l'W 1<0v • 
u UU ~ln tJ.;J'J ~UU'YI JJf1 ~~1 'lfmmfl'u UUf1~ 1 'W t1' tJ.;JU GD~fll'J 

~f11ltu~'lf\91tlUfl'JWUn~l~fll'Jl~'W'J~UU fll'JfldUfi:!Jtltu'Yii1il 
'l 'l q q 'U 

' " 
un~fll'J 1\91111 :!Jl\91 1 tllGJflllfl\91~'W 1 u m1 Yl\91 ntJ.;J 

l\91tl~Ufl'J:IJUff\91-;Jfll'Jl~'W'J~UUUUU~.;J~EJtcitJ.;J 
Q.l c/ ~~ ~ .J I ~ 
nf11ltu~'lf\91tlUfl'J tuUn~ Tfi fll'J l\91 'W 'J ~UUU UUf1-;J\91 EH'W tJ.;J • • 
" " 

'lJ'u \91 tl'W fll'J t\911 v:w'l111 ilv'illnm ~Ul'Wfll'J ~~\91l u 1 tl~tGJfn 

OJ "' o:l 
fll'Jfff1\91\91ttl'Wttl (DNA Extraction) 

~f11ltu~tlUfl'JW'IJtl.;JtYlf111fl DGGE Un~tfl~tl.;J GEL-DOC • 
" ..::::::. Q.l ~Q.I 

m tlUU 'W lfl\91 U n~'IJ'W\91 tl'W fll'J l'il tl 

" ~nEJw~'l11tilv'illnm ~ulu m1 ~~\911 u 1 tJ~lGJfnritJuun~'YI ~.;] 

fll'Jlhll\91 

" ~f11ltu~'l11tilti'illf1m~Ul'W fll'J ~~\91l u 1 tl~lGJfn 

u1mw lll Yl'W r;r;:;[;l':IJ'\Jtl.;J fll'J 'YI JJ f) 

31 
'YI'Wl 
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3-4 

3-5 

3-6 

3-7 

3-8 

3-9 

3-10 

3-11 

3-12 

3-13 

3-14 

3-15 

3-16 

3-17 

3-18 

3-19 

"h11i'mmft'':i~tJ~nm 45 1u 

1h~iY'Vlilm'V'Im':ifhu~'1Ja~u~-:J':i~trW~1tJ 'lleJ~u~o~'lf~fln 
q 

'Vl~oa~ 

'!Jj'mru iJn1u b1' ~bY~ 1 um1 rnJ'nu 'lJ'lJ 'h.J1 'lfmmft'tl'Jm~'lJ'lJfl~ 
" q 

'Vl~oa~ 

Nn'll a~~ W'lf 1 u u~ o~ 1 ~ tJ~ 1 1mnm ~'lJ~1~'l 

Nn'lleJ~m~! '1111'W 1 ~!'VI tJ~1tJ1 uu~o~':i~ tJ~! 1mnm~u~1~'l 

No'lltl~ b1'fl1'Vlfld1:1J! ~'W ~1~ 1 uu~n~ 1 ~ tJ~t 1o 1nm~1J~1~'l 

N n '1J tl ~ fl 1 ~ l '1J 11 'W 1 ~ ! 11 tJ ~ 1 tJ ~ tl b1' fl1 'V'I fl 1 1 :IJ ! ~ 'W ~ H 

(VF A/Alk) 1uu~o~':i~tJ~nmnm~u~1~'l 

m 1~1 1 b1'~~m1 Ni'll'liit 'Vl'W m ~tJ'lleJ ~u~ n~':i ~ tJ~ 1 1mnm~u 

I I Q.l cl 
\911~'l 'lltl~!!\91 0~ 'j ~ tl~! 'Jfnflfl!fl'lJ 

fl':i1~!!b1'~~NnNi'll'liJI'Vl'Wl'Q~tl (Methane yield in term L 

I W cl 

CH4/g VS addc) '1Jtl~!!\9lo~':i~tJ~nmflfllfl'lJ 

m1~11b1'~~NnNi'll'liit'Vl'Wm~tJ 

(Methane yield in term L CH4/g VS remove) 

'iJ1~iY'Vlilm'V'Im1fhu~ vs u~o~':i~tJ~nmnm~u~1~'l 

'iJ1~iY'Ylilm'Ylm1rh~~ coD tl~o~':i~tJ~nmnm~'lJ~l~'l 
" " 1m ~b1'~1~'!J1 ~'lf1mu'lJfiVlt~ tJ! ul'l1mh~'lhn~ 

~flfJtu~f11fl\9l~fltl'W ~i'l'W'Vl~ V (sludge) ~!'VI~tl'illflf1111111fl ~~ 

1i'mmft' 

3) 

l1'W1 
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A 

Alp1 

Alk 

CaO 

C/N Ratio 

COD 

DC 

DGGE 

Eff 

Inf 

MgO 

mg/L 

mL 

mL CH/mg VS removed 

mL CH/mg VS added 

oc 

OLR 

Aluminium oxide 

" Alkalinity ~ o fi111H1'lm':i ti'U o-.ru 1lw m 1 fu 0'4 fllfl 

1 th1910'W ~,HYJ'W ll1tljtfli'HllflO-:JrlD':i::::fl01J'UO-:J(1'1Hl~nlfJ 
o' liJ o' 

fll':ilJOl'W\91H[l~ ~lJfll':ilJOl'W\91 

Calcium oxide 

" ' 
Chemical oxygen demand ~0 tJ1mruoonc1it'll'WVl-:J'l1lJI'I'Vi 

" 1 '111 u m1 o onc111 I'ICJf(1'11 ou 'Vl ~ v#l'1v115'Vll-:JtfllJVi'-:J 1 u 1 tJ 
"' 

"! "' o' 
Decanter cake flO fllfl\91~flO'WI'IHfiW\9101 

Denaturing Gradient Gel Electrophoresis 

" ' ~ 0 ~ ~ 

Effluent flO 'Wll(1'fJ'V100fl'\Jlfl':i~lJ1J 

Iron oxide 
" ' .di 0 .,:::! .::::! ;il 

Influent flO 'Wlt(1'EJ'Vll'Ul':i~1J1J 

Potassium oxide 

Magnesium oxide 

Sodium oxide 

at .Q c:J o' o' 
Organic carbon fl 0 ff1 1 0 'W 'Vl 1 V fl1 1 1J 0 'W 

~ ... I~ Q .::::! c1d_51 'j) 1 

Organic loading rate flO u':ilJltu(1'1':iO'W'Vl':ifJ'VllJOW'Ul~ 

':i~lJlJ 1 'WU~[l~-)'W 
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PBW 

PCR 

PBW 

Temp. 

TK 

TKN 

TN 

TP 

TS 

v 

VFA 

vs 

VSPP 

" "! 0 "' 

Pretreated Biodiesel Processing Wastewater liHlh!l!I:HJ'illfl 

' " 
m~u1um':i~i1~ !u lB~l9rrrn~1Ufll':i1hu~'11'ul'iuuK"J 

fll':i ~~:mJ~mru ~lgh!!B 1 1..!'11 flB~l'l\PH'lB~ 

Silicon dioxide 

Sulfur trioxide 

" ' 
"! 0 "' II] 1 "' "' Pretreated Biodiesel Wastewater fiB Ulli:H.J ~U B~!9ifll'l 

"! "" 
Temperature fiB f,JU!'I1fJ:IJ 

" Total potassium flB l'W!!l'ln!ClftJ:IJll~'I1:1J~ 

Total kjeldahl nitrogen flB U~mru lU l~':i!'\11..!~ 

U':i~nBuiPl'·:mvul'l1~1u l~':il'ilUUfl~lW:IJ 1mwv!u l~':il'ilu 
" 

Total nitrogen flB lU l~':i!'\1Ull~'11:1J~ 
" 

Total phosphorus flB ~mrrJBf'ffll~'I1:1J~ 
" ' " 

Total solids flB 'UB~!!~~ll~'I1:1J~YJB~lU'111 
"" 

" " ' 
1nu 61'11 'ffl:lJl':it1fl~mv'l11t#l''l11'11irn1:1Jmflflih mm1t1 . 

~ cl '~d.: 
Volatile solids fiB 'UB~!!'U~':i~!'I1C.J~lC.Jm'I1:1J~l'lBC.JlUU1 

"" 
"! "' ' '11':iBell'il!':iC.Jfl11 Total volatile solids 

Very Small Power Producer 

(16) 



. . 

' 
0 v "' 

1.1 1JfiUWlU!'Hl'i 

' L=! 

'U'YI'YI 1 

U'YI'Ih 

,; " ' 
1 u 1J 'il 'iltJ u 1h ~ t 'Vlfl't 'Vli'JJJ 1'1 11lll'l' e1 'lf111 m 11 ~u 111' u ~t"lnllJ~ mru ll 1n~ u ru eJ'l 'ill n . 

j) 

~lt~ul'l'eJ'll ~~ u m~1J1Uf111 Hft~un~'Uuri 'l~'ll uml'lf111 tf1EJI'l1 un~eJI'lrl'l'Vi m 1 ll i' 'ilmnl'l'rNti'YI'J . ~ 

" " ' t~u u wu1u 111'u 'illf1~ 1'!lJ1 ~ t 'Vlfl'! ~u t~u lln~'Vi mmt rru ~1u m'Vl ~'ltJ u 'Vi ft'l 'illn'¥11'1 ru~ i' ~ lJU ~'~j '1~iJ 
" lJ ~I'M U 'lfeJ1J UHU 1J 611~ f111 Yr ~ u 11! n~ ri 'It rl'~ ll f111 Hft\'1 u n~ f111 l ~l1J 1 eJ~ !"lfn u 'V1 u u lJJU ~ !"lfn 

~eJI'Jn~ 10 lull 2555 'Vi~eJ 8.5 ~1Uftl'l1!1U (Sailasuta, 2005) ri'lHn hilJ'il'iltJUJJNrl'Ul'ilUn~ . "' 
" ' m.i 11'J'l1U ~1'~'1 Hftl'l l1J 1 eJ~t"lfnmn~u qf'l'\JeJ'lti'Ymtn~Hn'jfjneJI'J '1~ 'illf1f111 Hftl'l l1J 1 eJ~t"lfn '1~w1 

3J I I 3) 

u 11 i'Ymm~ n~t"lfm eJn ~1J 'Vilf1'Ul~m1 <0'191 nn 'Vi~ 'il~'l'l1l M'tni911J~l1 Tff 'lu 1191 ~eJll '1~1191m u 'jfj 1~ u 11 i'YI'l 
' " ' 

'ViiJft'nEJru~t~u allni'u iJu111'uun~ '1 'UJJ'ulJu mh.Jlf1Un~I'Jlf1~eJf111 ut'Jf1eJtJf1 11911'JlTI~ 1 '11Jl1 ~eJf111 
"' 

' " " u 1 '11J1111119111911'J'Vll'l:Jh1'Vli'Jl 1~11~mr1i'lru'¥11 ~~ ummftl'l l1J 1 eJ~t"lfn ~eJ UlJJUYh~1J'Vi~eJU 111'u 
• u 

I I 'j} I !J} 3J :J} 'jJ 

vh1~u~1q1'l~'lf!f1'1El~fl'il'Vit~U~'lfU1JJU'Virlli'l~ ~eJ 1J1~1JUlJJU ~'ltJU 1 H'llU~'lrl'eJ'l1J1~!fl'VlU 

t ~u 11 'l'llU ~11' m~I'Jlt ~ eJ'lnu ~'~ ~lJ 1 lfl!Jl M't 11 u ~ 1 '11J1 u ml'lll'l''U tJ'l1J1 ~ t 'Vlfl'l 'Vli'J fllfll'l~ n BU 

.::::\ tl cl ~d Q:Q..J cl& '1"' 
191UI'lutl'lm (Decanter cake) !UU'UeJ'l!l1neJ'Vl'l'illflm~1J1Uf111Hni'!UllJU1Jlnll "lf'lU1~fleJ1J 1JI9111'J 

' ' " 
'1 u 1 ~ 1 t 'ilU mll 1i 11 ll'lfl~l u lJ~ mru rr '~ ~'1m m~ rl'lltJVl'l V'l'Vi 'il~ ~~u 11'lt1~1Jl1 JJ'n~ 1ll 1 u nn 'VI JJ'nu 1 "' . 

" ' " 
t i'YI'l'ill n l1J 1 eJ~ t"lfn 'VI ft'l m1 'l11u191 t u eJ'll'l' w i1 eJ '~'ill flU lt i'YI'l l1J 1 eJ~ t"lfn 'VI ft'lf111 11111191 V'l JJI'l 11ll 

' " 
rrnumrr'lu~v'l'Ull911ill'lmm1 trl'~ll'Vimm~rrll 1 u m1 'VIJJfl ('iln 11Till t~eJ'll'l'l, 2551) ~'ItT um1 "' . . 
u lf11fll'l~ fleJU ~u 1'1 uti'! eJ { llll ~1J1 ~ 1t~'lf11't~u m1 'Jhi'Jnl91 'UtJ'lt i'YI'l'illfl h 'l'llU u n~ V'l rl'lll11 t1U 1 

fll"lflJ!'VllJ ~!fll91 'illflf111 'VIJJflflft1J tlJl~l U 11 'l'llut~Uf111 nl91~ll ~~li'J!~eJ'l'jfjft'l'llU~#ltl'll ~~ U f111 

' " 
11911'J~ 1 tlJ ft flEI ru~ rl'lltJ~ 'U tl'IU 1! i'YI'l'illflf11 1 Hftl'l l1J 1 eJ ~! "lfn 'jfj 1J ll U~ mru l 'UJJ U Un~ 

" " " 
UlJJU (Grease & Oil) ~eJJJ~l~'lflll10,000 mg/L Hn'illflf1111JutlleJUl'UJJUUn;:;ull1'uu~mru 

~I """""'"'"""',I ~I '11 "' ~I lllflUn~!ulJrl'11eJU'V111'J'VllleJ'll'lu1~fleJ1J!ulJrl'11 eJ 19111'1111JeJU (Wade, 2003; Jones, 2005) !uU 

mmq1lf~Wl1UU1ftflEIU!~rl'lltJ~tu'l ~'ll'lllllU~li'J ~tl ~1CJi1eJ~ (COD) l!n~u1a~ (BOD) 

U'J~lllru 100,000 mg/L un~ 50,000 mg/L 'Vift'l'illfl~llJlTif111Ui'1J~1VlteJ'lf~11'Jf11191 



2 

v ~ 

(Acidification) VflJ'll'Ulti1tilJ~ll'UlJ't.Hlrl~UllJ'U llrl~q$1el~Mm:Jl~'U 2,000 mg/L llrl~ 36,000 
I 'j} I 'j) 

mg/L ~ l:JJ~l~ u cJ$;Ju 11 i1tiVi Nl'U m ~U1'U m1 ~;Jfl~lJV;JiJt]j mru "l 'UlJ't.Hl r~~u llJ'U 'Q ;J u ;J ~ 11 ~'U Jl el;J 
~ 

u lUll i1 ti ~ ;J fl~ 11m Nl 'U m ~ 1J 1'U m 1 1 fill el fl fJlrl i''W (Coagulation) ll rl ~ m ~ 1J 1 'U fl1 1 ~ ~ fl el 'U rl el ti 
~ ~ 

!!UU e)~ ellfllfl' (Dissolved air flotation) VlUllU ll i1ti~;Jfl~l1lJ~l l 'UlJhlll n ~ U llJ hl ll r~~q$1 el~ rll'l 'fl;J 

l~hl 100 mg/L lln~ 20.000 mg/L ~l:JJ~l~U (ellhlfl bl'11~Bh!'Vl{ 2552) 
~ . 

;j 1u1;ij tiu t ~ u m 1 ~ el tiel~ m1 1 ;ij till Vi til til:u n ~bY m'V'l i'lu n i'uu n ~ rh ;ij~ "l 'UlJ' uu n ~ 
'j) 'J) • 'J) 

u 11! uu nrh u 'U el;JU 11 i1ti 'il 1 fl m1 VJil~ "lu 1 el~ tCJfn t i1 el;J 'il 1 flU 11 i1ti~ ;j fl~ 11 "l :J b1'lm1 Gu 1 "l tl 1hu ~ 

1 ~ ti~ 1 ;J Jl 1 tim~ u 1 u m 1 'Vl H :j}1m'V'l "l Jl t Vi 11 ~ iJ tJj mru :u n b1'11 i'Ju 'Vl j v~ Vel tibYm ti "l Jl til fl '1 h! 
'J) 'J) I 'J) 'J) 

tJj mru i:J ;j :JJnb1'11 tlwlJel hl '1 hl u 1! i1tilll n~~hl thhl1l1 qjm 'illfl'll hl ~ elhl fll'j ~1;) t~1 el washing step 

t ~ m11 ;ij ~ fl~ t CJfm el n Uelnflel eJel ~ tt n~ 1 tlu~ mqlti:u "l eJ~ 1 elfl "l CJf~ ~~ flfl1;Jel v 1 u "lu 1 el~ t CJfn~;J Jl el ;J 
'" 'j) I 'J) 'j) 

1 eMU 1tlj m rum fl D;J 90% 'U el;J "lu 1 el ~ t CJfn Vi VJil ~ "l Jl'l u 'l'J u ~ el u ~ ;J fl~11 '1-11 hi u 11 i1 ti "lu 1 el ~ tCJfn iJ 
~ . 

tJjmru "l 'U uuu n~ u 11! u q$1 'B~ t:JJ'Vllhl 'Bn u n ~ fl~t9f'B1 'Bn 1 'U tJj mru bY ;J cJ$;J ell 'ill ~hl eJ'u ~ 1 1ti~'B 
'" 

~ " . 
'il ilu 'Vl j v'l u 1 ~ um'hu~u 11 i1ti "l Jl u ;J ~ 11 ~hl Ji' 'B;J'tllm1 u1u~ 'l'Ju Jl u (Pre-treatment) cJ1 ;J l1 :u1 ;ij ti "l Jl 

q 

t 1'1 ti~mn1 ~ ti1~ m1 tl f u~l'~ t mrJl 1tim 1'1 m 11 flt!Bflfll[li'hl u "~ m ~ U1hl fl11 ~ ~ fltlhl [I'B til!UUeJI'l 
" . ~ . 

ell mrr t Vi 'B r~~ ~1 1'111 :u bY flU 1 fl '1 uu 11 i1ti u~ iJ tJjmru bYU elll111 Vi~ 11 ~ u ~ 'B m1 cia tib1'ftlti'V11;J 
I I 'j) I 'j) j) 

:jf11'Vltilll~lmfl u~11u 1Vivhu flU u1u~1 U'B;JJlu iJ 'il~~ 1 mt~1~~l:JJ u bYI'l;J '1 t1'tll u11Jl'B;Jfl11 m1 
'" 

I 'j) j) I j) 

UlU~tVi'Brl~ tJjmru bl'11 Dhl 'Vl~ cJlli ~ltJ [l;j~flfl'Bh!Uci'Utill;Jtlff ;)l!1~~'B:JJ ~nT hl flU Vi Ufli 1:JJtlU 
'" " . . 

fllfl~ ~ fl f) hl ~ ll flhll~ f) { 'il1fl1 'j ;j ;j lhl bYtl~ u TiJhl U1~ :JJ c)$ ;j iJ b1'11 ell til 'j Vi~ ll ~ hl '1 hl fl1 'j U1U 1'1 'Vll ;j 
I I I 'j} 

:j}1fi1Vl Dell!~ 1 U ;Jl ~hl fl11 l Vl:JJ Uti ci ;Jfll{ 1J 'Bh!ll[l ~ ~m! tili if ;Jfl'B! ~ hl fl11 !Vl:JJ bl'11 elll111 l t1 tlU U lti1ti 
'" 

. . " 
!~:JJb1'11 tflii~ N"l ViiJ1 lflll!Vi;J c]$;J'Vll;J'Vlt)£J~u ~1m1 u1u~u 11 i1mtuu "l:J'l oMellfllfl'! ~hl ~fl'Vll;Jtft'Bfl 

I I 'j) I 'j) 

l1 if ;j Vi uti :u u 1m '1 '*'~ u m 1 -u 1u ~ u 11 i1tiVi iJ b1'11 i'l u 'Vl ~ vbY ;j 1~ m 1 .w iJ.u' f)~ fi a tl1 ~ l1 v~ Virl' ;j;j 1 u '1 u 
" I 'J) 'j) I 

m1 1~:u ellfllfl' '1 t1 n1CJfiJt 'Vlhl Vim:uu Gu 1 "l tlt ~hlt ;at Vlil ;J "lJl ~flr1 ;JlJf11l:JJJl D;Jfl11 b1'11 ellli u~ 1 
" . ~ 

u"~ 1n~ :u1" 'i)[t:j}VlU' f) ti u;Ju u llfln u1u1'1u 11 i1mtuu "l:J1 oMellmrr u amlfl'il~ rh ;ij ~ il ;)Uh! 111 'Bhl '1 u 
q 

J11i1ti !Ji' V;J bYl:JJ u t1 VJil~ fll9f:jf1fi1Vl ~;JU 1flrl'u m '1oM! ~hl Virl';J;Jlh! 'Vl~ u 'Vl hlli :u ut1tiu1 hl b ;J;Jlh! "l Jl 
q . . " 

d 3) .<::::::..-=:! Q.J ' 'lllrj ~ ..:::::. 'j) ..:::::! .<:::::. ~ Q.J 

'B fl ~ 1 ti Tfi fl11 1'1 ;J fl rl1 1b1'l:JJ1 1 tlll fl l 'lJ lJ tylil bY ;)!!1~ [I 'B:JJ 'Vl ell 'il 'il ~ lfl ~ 'IJ hl 'ill flfll 1 'U til ti~ 1'U D ;J fl1 1 

VJil~ "lu 1 'B~tCJf[l '1 u Dhl11'1~ "lJI 



1.2 Jll'iVI'i1'i'IWfltll'i 

1.2.1 1u 1t>~!Clft1 

3 

lU 1D~!CJH't (Biodiesel) !~'WUl1ci,:rvn:1:JHUl11"J!~tlfl'l1d:J'Utl"J!flfD"JCJ'WI9l'~!CJH't ~"J 
' " 

~~ 'W H~\91 fi w cy)fi 1tl 'illnu fin1 vTYll:Jtflih ;;;M -:hnl l~'W fJ'JfM~a1 'll~ 'W rl'V11nuu e:J[lf1D vt~~u [!;;; 

f1 a:Jm11'll!~ :Jufin1 vl~:J~n1 ~~unufi 1 ~>wufin1 vll'l:Jncilll1 vwi1 "ufin1 tll'Yl1 l'W~wm'Ylt~1Vltfl 

i''W (Transesterification)" (Gerpen, 2005) l'llmh:J t'lf'W rt'm'W1<0'mm;;;'W'Vll'Wl'VH1:J:Jl'W'Yl\91U'Yl'W'illf1 

" " t.h~'W ul~:JJum:VJ'lft.h~'Wflw;;;1rnm nJmn\91{ :JJm1'Ylvl~vn:J'Ilm'Wf11'W'Yl1 1'Ylvlt'U\9ll111'11my iJ 

" " ' 
<\J'W \91 tl'W f11'j H~\9ll u 1 El~!CJf[ltllvufin1 f.Jl'Yl1 l'W ~!Elrt'!'Yl a1Vltfli''W 1 l'lf.J!U'W f11'j 1 ~u l~'W fJ'JfYi~l'W 

" nn 1 ~u~lU[l;;;t.h~'W Ul~:JJ~U! ~'W1Vlo~u1 'W m1 H~Vll u 1 a~tCJf[l ('lflf11Vl 'Yl e:J:JEI h u[l;;;flw;;;, 
q q 

" 2544) 11'lvihlv[l;;;tevl'll'l:Jil (m'\AIU1;;;nau 1-1) 

" " 1) f111'1l<O'I'ICJ1:Jmuvlu[l;;;[l\9lml'l (muhll~'WUl~:JJ~u) t.ht.ll~'WUl~:JJ~u1ri 
' ' " 

1m):J[ll'lml'l l'U~'Wan1;;; 11i'flll:JJ!t~wVJmV!:JJawMili'lul~'WUl~:JJ~u111'mi1'W'Iil:J 80-85 oc 1ri 
q ~ ~ 

'j) 'j) 'j) 'j) 

2) f111'U<O'I'lult~e:Jn11'lv11i'ml:JJ!a'Wf)uul~'W (Ul~'WUl~:JJ~UU[l;;;Ul~'W1~u~l 

~ihJ1mwml'll'U~'Wart'1;;;~1n111 %) ~DWMiliJ 120 oc u1;;;mw 20 mYi 
q ~ 

" ' " 
3) ufin1 Vll111'WWrt'!VlD{1Vltfli''W Ul~'Wll1Jf1'U<O'I'lu le:JDnu~l 'il;;;tJnvh 11i'tv'W[l:J 

" " ' 
'il'W iJDw l1 J1iJu1 ;;;mw 80 oc 'illnuw~:JJt:JJ'Yll'W e:J[IU[l;;; 19fl'lll 't'l Y!:J Hu1 ;;;mw 3 - 4 i'l1:JJ:J 

q ~ 

" ' 
4) m 1 ci1vn~tCJft~'1 'W n~tCJfe:J'j e:J[l 'il;;; uvn\'11 'illnu l~'W 1 ~"~ V'il;;; D tiYinw:):J ci 1 v 

~ 

t 'j} 'j) !iJ I 'j) 

5) m1~1:Jff:JU'WtiiD'WDe:Jn ~l:JtllvulD'WMmvflf:J c1f:Jm1~1:Jflf:Jmnm;;;vh 11'lv 
q 

'j) I 'j) t 'J/ 

f111vi'W [l;;;tJti"JU l[l:Jtl l'W U'W 'Utl"JO:J!fJe:J111' l1 f.JI'IU l!~f1'1 '\Ailff "JU'W !UEI'W \9)f1[l:Jtll'W cil:J'IJ tl"JO"J 

" " 
6) f11 'j 'lJ <0 \91 u 1 El El f1 f1 f "J ('( \91 '1'1' 1 f.J 1\91 (J f11 'j 111' fill :JJ! tl 'W 'il 'W 0 "J El w l1 il iJ 12 0 oc 

q q ~ 

" ' " t~tiNu av 20 mYi ~~'Wf111'1J<0\9lu llll1[l"J!l1~D1 'Wi'w:JJY![lwm\91El1 
'j/ 'j) I 'j) 'j) 

7) f1l'j cilCJU l~'W UlU 1 'W ill'Jf'W;;; cilCJU l~'W Yi ~l'W f111 'lJ <0\91 u ll'J tlf1fl f "J rt'\91 'l'l'lCJ 
q 

I j) 'j) I 'j) 

l1~:J'illf1Yil'l:JY!:J H111' ~w l1 t;jlJ[ll'l[l:J u11 ~ 1 riil:J t:JJY!mam\9la{Yi 1tl '\l;;;iJrh~l:J'11f1~!~V:Jnuul~'W 
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I 

I I 
Reuse oil I Hot water 

~ Crude palm oil 
~ 

---+ Methylester I Remove water I ~ 
and 

NaOH/KOH Re-Fatty acid Biodiesel 

I Glycerol 

~ Biodiesel tank I • 
I Remove water Methanol - -r-

Glycerine 
l l 

Alcohol solution .... Wastewater Glycerine tank I Transesterification 

>I 

mvnJ':i~fHJU 1-1 HN'Wfll'Vl!ti1'1'l-.:Jfn~U1'Wfll':JNi'Jvl!:UYJCH'O{H\91f.l{ (lU 1eJ~!CJ5rl)1llflUl~'W1_h~:u 
.d ~ ~ 
Vl:!Jl: 'O!'Wfl i1'11~'0'W'Vl':i (2552) 
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' T " t'l11 i1 f.Hl 1 n m 1 N ~\91 !u 1 a~ 1 CJ5m~l1 vtl 5 f)~ vw1 11 u ff'w m ')11 a ~VI 1 fl '11u rh u 1 my 
'J) 'j} I I 'j) 'j) I 1 

!fl~ ~'W '\) 1flsU'W \91 e:J'W fll'j ~\:J lu 1 eJ ~!CJ5i:'l!~ mho~ iY -:JU wil e:l'W ! iu ft~ Ui:'l:;; t1'1'J 191-:JI'i' 'W awrYim ~ eJ '\) 1fl 

m1l11tlfiil~v1~hjm.J\]'Jul ('ll'1fl~\91 ')lle:J-:Jf.ll'J ui:'l:;;mu:;;, 2544: 1fl'~1'1 U'J:;;~'JI'l1 ui:'l:;;mu:;;, 2551) 
I 'j) j} 'j) 

clf-:J 1~vtln~1 ~t'l1~N 1 'WeJ\911 1ri1'W'J :;;lrJ1-:JU1tY:;;m~~atl~mru t'l1l1u 'lu 1 a~!CJ5f11 'W eJ\91'J1ril'W 1 : 1 
j) 'j) 'j) I 'j} 

1 ~vtl~m~n (u 1~1-:J :Ni:'l N~\91 'lu 1 a~ !CJ5f1 = 1:1) 191-:Ju u tl~mru u 11 i1vvhf1~ ~u '\l:;; rvhilutl~mru 
'j) 'j) 'j) 'j) 

fll'JNi'!\91U1lJ'W !u 1a~!CJ5n U1!i'1V'il1flfll'JN~\91 lu 1a~!CJ5i:'1U'Wtilau l'UlJ'Wl!n:;;t'l1irutl~mtulJ1fl !~'W 

Nnh1'tl~mrutY1'JV'W')Il~cJ1'W'JUA1 CJ11a~undi1a~ ft-:J (~1~'W')Il{ fi~-:J-:J1lJ un:;;flru:;;, 2551; 
~ ~ ~ 

" 'il1'Jl'JHU t1'a-:Jfl-:J un:;;flru:;;, 2551) Nn'il1flfll'JU'WlilautYnvu')ll~cJtY-:JU'J:;;nauiluiJm1ci-:J . ~ 

" 1 u 1\9111 'il'W ~ av 111 hi 'il~'W ')11~ c!!litY1:1Jl'J r:u '\)~ rut~u 11'1 I #It ~u mm\91 hiu 1ti1v'il1flfll'j N~\9llu 1 a 
• u • 

" ~!CJ5i:'1V1fl~e:Jfll'J'lhu ~ 1 ~v11l;lfl Tl"' (Biological treatment) !l"''J 1:;; eJ-:JrlU'J:;; fle:JU'IJ e:J-:JU 11 i1v 11-i ,. 
" !'11:1Jl:;;flUfll'Jl'il~ty!~U l\91'1JeJ-:J~~'W')Il~cJ (Suehara eta!., 2005) Dfl'll-:JNn'il1flfll'J1~~1-:J (NaOH l11'e:J 

" " 
KOH) l~'W l'llt1-:Jufin~ V1ll11M U 1ti1viJfiTViW'll'~ -:J £l1l1 f m1n£Jru:;;u 1!i'1V'il1flfll'J N~\91 lU 1 e:J~!CJ5n 

' " \9111 1-:J 'Vi 1-1 ~flll ru:;; ftlJU~'UeJ-:JU 11 i1v'il 1flfll'J N~\91 lu 1 e:J~!CJ5n 

Parameters Unit Value 

Color White (Emulsion) 

pH 8.5 ~ 10.5 

Oily Sludge (mg/L) 1,500 ~ 5,000 

Chemical Oxygen demand (COD) (mg/L) 60,000 ~ 150,000 

Biological Oxygen demand (BOD
5

) (mg/L) 30,000 ~ 60,000 

Grease & Oil (mg/L) (mg/L) 7,000 ~ 15,000 

Saponification Number (mg.KOH/g) 4.77 ~ 18.79 

Free Fatty Acid (FF A) % Palmitic acid 0.14 

~ ~ a' 
')lllJl: mun m1:;;aum (2552) 
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" ,_']1 I fru 'iJ 1tlf111 ~i:l\9111J l fJ~ ICJ1~lJ 'ffill'VH 1hl DiJ ~i'W (Emulsion) hwiJ 'ff1!'11 \91 'U fJ ~ f111 ltl~ 
' 

~ I I l 

'ff ill'WBir~ i'W ~f) mnJ 'W!lJfJ 'W 'ff~vh fl\91 '\) 1 mJ an1 CJ1 'ffU f)'U iJVl lfl i'W ~~I lJ'U ua f)j (J1 'li\~! ~ (J~ ll 
" lfl\91~'U';i;;;'l,'l':h~m;;;1Jl'Wf111~il\9111J 1fJ~ICJ1~ (Gerpen et a!., 2004) 'ff~llJ'Wt1'11~\91U1~~~~h 

" . 
(Surfactant) 'ff11Jl';i m l:JJI'lltl1J I 'Uir'Uu~;;;t-hir'W nmmlJ'U 1 f1';j ~'ff~ 1~Yll~ (Jfl'J11:JJICJ$~" (Micelle) 

" 
(Wade, 2003; Jones, 2005) 'ff11~~nci1l'fflm1ti!!'Ul'W~fJCJfJ~1m11 lfl~fl11\91tl'iJ:JJl11fJ~fJCJ!WtlfJfJtl 

'j} 'j} 'j} 'jl 

'iJ1mhiiPI'mntlJ'W~~vhlli\hi1uiJtrmvHlJ'Wilir~i'Wil1J1JU1ir'W1'W1-11 (Zaki, 1997: Ichikawa et 

a!., 2006; Calderon and Schmitt, 2008) 

" . " 
'\J1tlfl11 ftmnm1 1i1u\91l-111i1uYiiJtrmvu ~ 'W ilir~i'W 'W1J"l1m1 1i1u\91u11 i1u~Pl'lu11l 

'Yll~lfllJ ~tl lTif)l';i u11J~l'riltl'lf~Pl'lum \91!1~::; m;;; 1Jl'W f)l';j 1 fl!\tltltlmi'U IPI'lCJf)l';j I~:JJ 'ff11'lilCJ';i l:JJ 
"' . " . 

\91;;;nfJ'W tlJ'W :'Jllm1 YiiJ u:JJ 1 ~~~trm'V'Iilir~i'W l11m1fJ h1'tn\91m11 l:JJ\91;;;nfJ'W I '1JiJ'Wu~;;;l-11iJ'W tVit~ 
" " " ~1CJ~f)fl1';j twn I 'UiJ'Uu ~;;;u1iJ'W fJt~n'iJ1n1-11t fru#i' 1u11l m1 'Y11~mum'V'I 11 tr\91~1 1CJ~teu\91~~~ f) I uiJ 

1) 11lm1u11J~1~~t~'lf~P~'lum\91 
. " . 

m1 l~:JJ m \9111 ntr1mHHU~CJ'W 1m~ 'ff~ 1~'UfJ~ tru-.1 ~Y\ mJI 'W 1 u l:JJ!~tl~ 
'U <U 'U (\ . " 

l~CJlu~;;;mll 'W 1 U'UfJ~ lmCJ1~" 111' nmm lJ'W m \91m{ 1Jtltlclfi:lnu~~1 l:JJI'lln'W nmmlJ'WVi CJ\91U1ir'W 
"' "' . " " 

1li f) Vi u \91U1 i1 'W iJ u 1 :JJ 1 w :JJ 1 n11 ~;;; tl v ~ \91 ~ \91 n 'W '\) 'W 1 n \91 n1 1 1 1 :JJ 1'11 n 'W 1 ~ l111 ~Vi u \91U1 i1 'W 
"' 

cl : w dd 9 ,.,% 
(Coalescence) nmm1l'Ul1CJ\91'W1:JJ'W'Yl:JJ'lJ'Wl~ tl'ity'lJ'W (Chen et a!., 2000; Dukhin et al., 2001; 

" 
Ichikawa et al., 2004; Wengi et al., 2006; Ichikawa, 2007) !lJ'W~~1li'm~~tiCJI9l'l'lJtl~l1CJ\91U1lJ'W 

I 'j} 'j} I 'j} 'j} 
d & 1 oWQ.Jo.:!:l owd l'j) 'o 

mtl'V'IfJ'Yl '\1::; ltll'lf'W;;;u 1 ~\91~\91\91 1 ;;;l1l1~l1 CJ~'W 1:JJ'W tl1J'W 1 l'W tl~ 'iJ 1n'W 1:JJ'W:JJfll1:JJl1 'W 1!!'W 'W 'W fJCJtll1'W 1 
"' 

'j} 'j} I 'j} j/ 

~~U'Wl1CJ\91U1lJ'WYllJ'lJ'W1\911my~~~fJCJ~'U~th1.11 '\l1tl';i1CJ~1'Wf111l1l'CJ'1Jtl~ Fujiia et al. ( 2007) IIPI' 

fJ~ 1J1CJU1 1 no m1 w m1 lfl\91 ilir~i'W ~~1f11 fJ'lHJ' ~ 11 ~;;; m1 1 l:JJI9l'll1 ~~ 'iJ 1nm1 ui'1J~1f1w 'lf1li ~1~~ 

'ff11Jl1tl!U~CJ'Wtl~1Jium IIPI' (Reversible) ~P~'lCJf111Ui'1J~1f1W'lf (Emulsion-demulsification cycle) 

~tl ti'1~1f1W'lflJ~1'ff~ (mnn11 7.7) '\J;;;l~'Wilir~i'W~lJl'ff~CJ'Jil1'V'I'ff~ (Stable emulsion) !!~lrlfJ~1 
"' "' 

V1tfJ'lffJv1'W'lh~ 5.o - 6.1 'i);;;t~v1w!h~'1Jf)~m1tu~u'Uuu~~ l11m~'Wilir~i'W~I:UiJttr~mm'V'I 
"' "' I I I I 'j) 

(Unstable emulsion) ~~~~Yif11f1W'lfl'l1 (1'11n114.0) '\J;;;!0\91tl11lU~CJ'Wl'W'fftlmmlJ'Wl1CJ\91U1lJ'W'lJ'Wl~ 
" " 1myu~;;;~fJCJ~'W~tht-11 (Fujiia et al., 2007) 

" . 
f111 1 ~lTif111Ui'1J~1f1W'lfiPI' lCJm \91 (Acidification) lJfl11 1 ~~1'W lJ1U\91U1l ffCJYl 

'j) 'j) I 'j) 'j} 

u 'W tll f) 'W U1lJ 'W l11 f)lJ 'ff il1'V'I I 1J 'W il i1 ~ i'W I Vi fJ!WtlU1 i1 'W f) tl f)'\) 1 m11! i1 (J (Patterson, 1975; 
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. " . 
Eckenfelder, 2000; Wengi et al., 2006) cl$~m'il1~l~l.l1~f1l'J'l'hul'loUl.ll9i'l.l (Pretreatment) rwa~'\J1fl 

j/ I jJ 'J} 

ii Vlo'l'111 ~ u 11 ilvVi~1u n11 U1UI'I ~ 1 v1~ iJ lJfl11:U! ~u fl'J 1'1 11'1 CJ'il~l'i'a~'l'111 ~ l111 ilvii {1 fl1'W! ~u n o1~ 
jJ jJ I 'jl 

'11 ~ ~ 'il1fl! wn u 1:ir u a an 'il1fl u 1 11'1 vrhVl W'lfll 191' a~ m 1 rl1 '11 fum 1 1'11 m m {1~ rn m'W B :iJ oiu ~ u a c) 
'U 

'j) jJ jJ ' 

nu 1i 1 1 :u 'lf1~ 'IJ a ~l11 1 iY ml u "1 ii 1 1v~ 1u m 11 <0 vu 1 u 1'1\11 1 iY v~ 1vm1 1H u rhVl w 'lfol'lil1 o ~ 1 l'l1nu 

2 - 3 (Vaughn and Mccurdy, 1973) 11'1CJfll'J1~ml'lh·11'1'Jfloa1n (HCI) '11~Dml'lciovh1n 
'j) l 'j) 3) j) 

(H,so 4) {11:U 11 fll'111 ~ '11 CJ1'1l11:ir u Vi uu t1lau1u t'l 11 ilv1 1:uf'11nutt o~oavttvnaan 'il1flU1t ilv ~~ 
'J) I 'J) j} 

(Werner, 1972) 1~fll'J uf 'Ufl1Vl!B'lf'IJD~U 1tiYCJ~1CJfll'J l~:Um l'ltr11Dt!CJflU 1:irl.l DDfl'il1flU1l ilm ~l.l 
I I 'j} I 'j} 'j} I 3J 1 

1~ f)1'J Vi D1 fr(Jf) 11 l u~ CJl.lll u 0~ 1 fl 'J ~ {1~ 1~Yl1~l fllJ'IJ D~ u 1:irl.l Vi Ul.l !U au1u u 1! ilv c)f~t'] 1irl.l Vi I~ 'il1fl 

" " 
n1 ~'U1l.lfl1'J U1DI'IU1tiYCJ~1v1~iJ D1'\JU1fl~U:u11 ~1 '11llt~1u 'JU'IJD~fl'J I'll 'll:iru t'liu1 ~~~u 1'1llfi~'U 

'U • 

2) m~u1l.lfll'J 1flt!Bflfl!oiu 
'U 

" . 
fll'J l~:U{Y1'J U'J ~flD'Ulfl~D'IJ tl~ 1 0'11 ~'U1~'lfUI'Io~ 1u U11l.l u1mru Vi 

c! .q di .<:::I .J ' cl rl cl dl Q,l I A 0 

! 'WCJ~'W D 'il ~ :U fll'J \91 flVlofl! fl\91 'Ill.! aCJ1~'J 1<fH'J 1 Dl.l fllfl fl D ooDCJ\91 m 'il!Ul.l llfll.l1l.l Vlofl\91 ~fl011l'W DYll • 
' 3) j) 1 

1 ~ Vl~nii'IJ'W11'11 '11 qj'M ~ am'il <Ouf'111 1:unu Vl~n ~n'hlru~Vitfilll~ul'l~nri1Tw m 'ili'ia11t ~u m1 tfi:u 

" 
'Ill.! WI 'M~D U1m1 f) 1 ~ nu Dl.l fllflfl DooDCJ~ ! ~l.l Vlo 1 ~ fl Do 0 DCJ~{YT;Utilm {Y~CJ'J fll'W!! 0~ {11:JJl'J fl 

• 'U u 

cl ddc! '1 ""' "'l 
fiD:U!'WoflCJfYl:U'Ml,! eJI'I'JDflCJfo (Hydroxo metal complex) flD Al(OH)l' Fe(OH)l' Mg(OH)v !lo~ 

.93) ·~t dl 1' ", 
CaC03 9f~o1l.l!l\9l!ul.!Vlofl{Y1'J (Precipitate) :uo~mvt'l1 ofl'hltu~'IJD~fl'J~'U1l.lfll'Jtli1mCJ 

" Q de! I 1 <!j 

!{YfiCJ'Jfll'Wl!'U'Ul.ll'JCJfl11 flo fl!l'U'U Sweep floc coagulation 'M'JD Sweep coagulation 

" " . 
m ~u1u nu u1u1'1t'l 1u o~t'l 11 ilvr1'1! u 1 ~ fi11:U rl1rl'tynum ~ u 1u m1 

1 fll!DflfJ!oil.l ~ 1CJfll'J l~:U{Y1'J 'li1CJ'J 1:U\9l~flDl.l (Coagulant) U'J ~lflYl!fl~DDUl.l Ylj U (Inorganic 

I~ .<::::~--=! cl dt ~~3)1 
Coagulant) l'lfl.l lfloDD~I:J:U!l.ICJ:U!lo~mofl (Ahmad, 2006; Fenault, 2009) !l.ID~'il1fl'1119fD 1'1~1CJ 

uo~ 11m 111{1 ~:u 1fl!to~ iiu1 ~iYYl~fll'W{Y ~ rl1'11 f um1 '1'11mCJt{YOV'J fll'WBiroiu u~\9l~nau1 'll:iru 
'U 'U 

" . " 
Uo~t'l 1:iJu llU'J ~flD'U~1£J{Yl'J U'J~flD'U D~I:JlJ!U f.J:U'M~ Dl'M~fl (Hydroxide sludge) ti1<0'191U1aDfl ~~ 

" " 
v1n vnrl'~m'il{Y~ 1~ Ut1J'I11'il1flfll'J iiu1mru 'IJD~u ~~o~mvu1 mru mn 1ut'l 11 ilv'M ~~ ~1u m1 

U1UI'I ~~fll'J ~~an 1 ~m1 Bl.!Ylj ut~l.l m"J'li1CJ'J1:U\9l~ naut~D'I'11mm{Y~£J'J m'WB:iroiu t~uvn 
I I jJ I 

m~t~anm'f~ u~ii~11 '11'~1£J{Y ~ 91~iiVJo~am'JTI'il1'J ru 11 ~~1u ll'lvm'ilt~an 1~nul11tilvViiiu1mru 
'U 
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" " " 
Uf:HJ t1jaihnnh.Hihnnhiruuov (Patterson, 1975) \9);JU'Wf11'Jl~Bfl 1 tm'J'!1--w·:n:u~~flO'W ~;Jl~'W 

I I 'j} I 

i1 ;J~hrl'ruov1;JV;J rl1r1-f 1Jf11'J U1JJIP1U 11 ilvJl1vm ~1J1'W m'J 1 fill anmn oifu n1 B;J 'il1flil Nn~mi11 t~ 1v 
u ~ 

" " tYT\1-f 1J m 'J U1JJ\P1U 11 ilv 'J 1:u O;Jfll'J Vl 'il1'J ru 1m'J ~ 1'1 m'J u 11 ilvr1 r;;';J'il1fl~1'W m ~ 1J 1'W fll'J 1 fill anmn 
~ 

'.jJ I 'J) I 'j} I 'j) 

olf'U ll fl~~ ~ fltl'U 1 "llU 'U ll fl~ u 1U 'U vhnl'1 ~'U 'il1flf)l'J ftmnlntJ1n1Jf11'J U1JJ\P1U 11 ilvvhJ wiJ B'U 1 "ll U'U 

" " 
llfl ~u 1U 'U llfl ~ iJ{Y flTYH ~ 'U ~iT flolf'U 1 'U ()~ {1'1t1 m 'J :umnh ~ lfl'Vl V'l1J':ilu 'il 'ilJJ'U f)1 'J U1JJ\P1 u 11 ilvJl1tJ . . 

{1'1'J'!11tJ'J1lJ~~fltl'U (Rios eta!., 1998; Zhang et al., 2004; Zhang et al., 2005; Bratskaya et al., 

2006) ll fl ~ l!1J 1J ~ {1' B ;J A B f11 'J 1 t fl 'J ~ 1J 1 'U f11 'J 1 fill B fl fl l fl oJf 'U 'Vl H hJVh (Electrochemical 
~ 

' " 
coagulation) (Canizares et al., 2007; Yang, 2007; Bensadok et al., 2008) 9f;J 1'J;JU1JJ\P1U1liltJ 

~ 111.J u v:u 1 tm ~1J1'W m'J 1 fllltl nm nolf'W Jl1vm'J 1~:u {1'1'J '111v'J 1:u~~fl au 1 cla;J 'il1flfi11Jfi:JJIP1l!n 
~ . ~ 

~ Cl,Q.I & .t::::l. ' .t:::::::'). 

Canizares et a!., 2009) :JJ'J1tJ;J1'U fll'J 1'iltJNnf11'Jfl'fl1llf11'J l~:JJ{1'1'J''li1tl'J 1:JJ~~fla'Ut1 nlflt1nltl'l5'U\P1 

l~Bl~ :JJ'Vl1;J l~Bflff1t1 f 1Jf11'J u 111.J1 t;J1'W un~ Nnm'J ftmn {1' m1~~mm~ {1':JJ"1JB;Jm ~1J1'W m'J 

1 fill Bflf1! nolf'U t1 r;;' ;Jl~ :u {1'1'J '111m 1:JJ ~~ fltl 'U 'lfU 1P1 ~ 1;J"'] l ~'U f11'J fl TIJ fi:JJ!~O 1 'fi' fln1 flf11Hl N 1'U "llB;J 
~ . 

" ' 
m ~1J 1u fln 1 fi!W flmno!fu lfl\P1~'W 1 Jl~i1{1'1'1ll n~iJlJ 'J ~ iY'Vln ml"lm'J U1JJIP1 {1' ;J{1'\P1 

'U -: 'U 'I 

3) m'J u 1JJIP1 1 IP1v11i'Vl1;J mvml"lJl1tJ'J ~1J1J~~ flB'W nBtJll1J1J DIP1 mmfl' 

Dissolved Air Flotation (DAF) l~'U'J~1J1J~YJ1;J1'U 11'1tJD\P1Dlfllfl'l'll'111.J 
'j} I j) 'j) I 

1 'U U 1flltl 119i' fi11:JJI91' 'U {1' ;Jfll1fi11:JJI91''U 1J'J 'W1fllfl'lfi a 1 'fi' a1fllfl'fl~nltl 1 'U U 1:JJ1fl~ 'U 1i1 On\P1fi11:JJI91' 'U 
~ 

'J) I l I 

'\JO;JU 1fl;J 11.Jllfi11:JJI91''U 1J'J 'J tl1fllfl'acJ1;J'J 11'1!~ 1 Blfllfl'ri1'U lllfl'U 'il1fl'il\P1~:JJI'l1'il~ !Wfli'11B afllJll ~ 'U • 
WB;JfllGli'\J'Ul\P1l~fl (au-f mr tl~-f fl'fJflfl, 2538) l~'U 11lm'J'VlNf11tlfl1V'l~iJm'J 1 t;J1'U ff1t1-f 1Jf)l'J . . 

j} l 'j) 'J) I I 

U1JJIP1 u 11 ilvillJwiJ au 1 "ll iru ll n~ u 1iru iJavt1 mnr1 mv11l \9);Ji11 Jlflci1111.J llll1'11'1;JI'i' u ll~11l m'J l1 
~ 

" " u v:u 1 ~ll n~iJ 1.J 'J ~ iY'Vl 1l flll"l{Y ;J 1 u m'J !Wfl1 'UU'W ll n ~ u 1ir u BBfl'il1 flU 11 iYv fia m ~ 1J 1'W m'J ~ ~ flB u 
~ 

natJ!!1J1JD\P1a1f11fl' (lfl~tJ;J¥lfl~ fJIP1:UiY'W 1Hu, 2542; fl11i~'W11 ~'UO;J llfl~flru~ 2546; B1i-fmJ' 

" tl~-fmJ{YfJfl, 2538; Eckenfelder, 2000; Metcalf & Eddy, 2004) 'UBfl'il1flUV;JiJm'J1t;J1'U 

' " 
fl'J ~ u 1u fl1'J ~ ~ flB u nov~ 1:unu 11l fl1'J 'Vl1;Jlfl iJ1Yi an\P1 {1' fl1V'l ~iT noifu "ll a ;JU 11 ilv r1 j a rio 1 ti'!nl'1fl1 'J 

" . " 
'J 1:u ~~flo u 1 "ll JJ'u ll n ;:;u 1 iru 1¥1 a~ 1 vl'l om 'J lltlfl a o fl 'il1flu 11 ilvJl1vm::; u1u m'J \91::; n au n a v 1 '!1u 

I 'j} 'j) I 'j) 'j) 

m ~u 1u fll'J 1 flllanmno!fu ll;J iJ l'WO;J 'il1flt1 t11P1 u 1iru t1 j a~:;; flB'W 1 "llU'W u n ~ u 1iru ilfi11:JJ t1 u 1ml u 
~ 

I 'j) I 'j) 'j) 

~1~;J~1tJ~afl1'JYJ11 'fi' ntlti~'W 9f;J;J1'W1~viJ 1Jll~Ofl1 tm~1J1'W f11'J~~flB'UnatJ'Vl\P1{1'B1JU1JJ\P1U 11ilv 

'il1flfl1'J Nft~ 1u 1 a~!Clfn 'J 1:uo;J m'J 'Vl\P1{1'B1Jj 1:unu11lm'J 'Vll;Jlflil ria u m'J uTuiP1 1\91 t~11l 'Vll;J~hml"l 
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" ~fl 
11 urnl'nm1 'llfl~1 :;::1J1JA:;::nm.nwvu 1J1JB~P~mmrr ;]fl m1 1 ihmmfl''fl~ hlt.h i1vmvhl'm1:ul'lu 

'j) ' ' 

:u1nn11f111:ul'lu 1J'j 1 v1n1f'l 'U 1nu u ~~ucie:Jv 1 tr1 .lJ 1rifl'n11:;::'Ue:J~ f111:ul'lu 1J 11 v1n1f'l 91~1~ Yi iJ v:u 1 oJ1 
'U 

11lJ'Ul1vun51J m1:ul'lumv1uil~B'~P~Dlf11f'IU1:;::mru 3 - 5 bar gauge un:;::1:;::v:;::nmnn~n1uil~ 

f111:1JI'l'UU1:;:::1Jlru 1 - 4 'U1ll (Eckenfcldcr. 2000: Metcalf & Eddy, 2004) !~e:JUftfltl 1Bmfl'1tr 
" 'j) 'j) 

Dlf11f'('fl:;::mtJmJ1 'U '111 'U 1f)U 'U ~~Ufte:JCJU1e:Jflf)'U1f)G~m1:ul'lu I uc'J~il~ne:JtJ\91:;::f)e:J'U (Flotation tank) 
" 

' " ' 
11PltJlJ Pressure Reducing Valve (PRY) !YIDm1JfJ:IJf111:1JI'l'U'l11lll'\1n!.lJ1i1~ne:JtJ\91:;::f)e:J'U 1:;::1J1J!!1J1J 

" ' 
lli iJ m 111 :u u 11vu iJ v:u 1 oJin1J'l11Yi iJA:;:: n Bu '!fiJ ~P~tli1 u 1 1:;:: u\91 n~ 1v ri1u 1:;:: 1J1J u 1J1J iJ m1 11 :uu 11vu 

q q 

'j} I I I 'j} 

n51JiJ v:u 1 oJin 1J'l111 i'rvYiiJA:;:: n B'U '!fiJ ~P~ 11h 1:;:: u\91 n~ 1v 91~ !lim m:;:: Yi 'U:;:: 1 tr '1111 i'rv I 11 nl .fi1riil~ 
'U 

2000: Metcalf & Eddy, 2004) 

" ' ' 
B\91 ?1'111 m 1 :um1 fl'n~P~ '11111 u u1~:u iJm1 'll v1v~ 1mh~1 1\PI! i 191 ~ 11 ~~1u Yi 

q 

j) ' 'J} 'j} 

fl'n~P~ 'l11l1u 1~P~ vu ~ r-l'flU1~:ul'i' 1v I B'l11 un:;:: 1wm:u ~~P~1 u 1l1~:u B Bnu ri'1fl'n~P~ 'l111Ju 'U 1nri1u 
'j} 'j} I I 'j) I 

11l~Bn 'll~u ~1m ~tJ'llD~ih5~m1 N~A~Di'11:u~t.T u 'U:;::u u1 tu~vu I UA1:UtJ~ mn'lle:J~NnN~\91'U1n 
" ' fi'1'UU1~:U!!n:;::'U'U1\PI'UB~1H~1'U 1~P~v<ir'UAB'U~H"l'llfl~n1:;::1J1'Uf111N~\91 ll'i'uri m1u~ 

I 'j} 'j} 'J} 'j} 

m1 li 1J m1 !!tlf1 fi ~U'U!UD'U D Bn 'U 1n'l111Ju u n:;:: m 1 uvnmnll1~:u 1 u .Uu \91 D'U ff~P~li 1t11'i' e:J~ m ft'v'l11 • 
" " " ! .u'1 :IJllJlY1'U ~ 1:1J 'U'U ff'U i!IPI'UD~ f111 N~\91 ( 1i 'U f1t)\91 'W 1 '11 :IJ 'V1 e:J~, 2552) ll~U U~ :IJlU!!!'f!:;:: fJU! 5niJ ru:;:: 

'J} I 'J} 'J} I 'j} 

'U e:J ~ U1! i'rvYi lfl \PI~ 'U 'U 1 n'l111 o)jiJ f111:1J !!\91 f)~ 1~ n 'U \911 :IJ 5 f)IJ ru:;:: Yim 'W 1:;:: 'U B~ 1 'U .Uu \91 D 'U f11 'j N~\91 
'j} I 'j} 'j} I 'J} 

mh~ I 1 ~\911:1J ff1:1J1Hlncinll'i'11'l11!i'rtJYil n~P~~'U :1Jl'U1f1 2 ri1u ;1 e:J 'l11ti'rtJ'D1f1'11 JJDU~u'f!:;:: '1111 i'rv'D 1n 
'j} 'j} I j} 'J} 

m1 uvn 'l11l1u u~ mru '1111 i1vYi1n~P~ ~u 11~ 11 :u~P~ ~ 1P1 1 rlu f BtJ'fl:;:: 60 'll B~ u~ mru Y1:;:: mvu 1 ~:u 111' eJ iJ 
" " ' u~mru'l111i1v 2.50-3.50 l'vJ1'llD~u~mru'l1111uYiffn~P~II'i' cu~'!f1 :uwf'l~, 2539) • 

" " " '1111 i1tJ'D1nm:;:: 1J 1u nn ffn~P~ 'l111Ju u1~:u~ 1J iifl'n iJu 'Vl~ vff ~ u'f!:;::iJm1 1 oJi'l11 
'U 

" !lJ'U ~1'U 1'U :IJlf) 1 'U f)l'j N~\91 'j 1:1JG~!f'IIJlff\PI!'\1 ~D 'U1f1m :;::1J1'U f11'j N~\91 mvl!'lfu !'ff'U 1tJ'U 1f1! UDN'fl . 
" _I "' -1' cl _I "' "'~ "' o 'l • "' "'~ "" u1'fl:IJ 'Vl:;::mmum n:;::m'U1f1!:1J'fl\Piu1'fl:IJ 11:1Jtl~f11f1A:;::nDu flf1'U1'U1'U:IJlf1 1 'Uff1'U'llfl~1ff1'1!'11 ne:J'Vl~ 

q 

~ 1 rlu 1 ff'U 1vu r~:;:: n:;:: m J u ff1 :IJ1Hl'l111 U! rlw ~m 'W ~~ 1 tr n1J 11 JJ' eJ I eJJ11 u m :;::1J 1'U m1 r-.l~AII'i' 
'j) I 'J} I 'j} 'j) 

u~ 1 u ri1 u 'U B~ '1111 i'rvYi 1 fl\P1 'U 1n .U u \91 B u 'll D~ m1 if~ N'fl u 1~ :u u n:;:: 'U 1n.U u \91 D'U 'U e:J~ m 1 1wn'l11 e:J e:J n 
'j) 'j) 'j} I I 'j) 

'U1n'l111Ju tJ u 1 1J u '1111 i'rvYiiJ fi ~ ffnll 1 n 1 u 1 u 'll fl~ 
11 'lllJ u 'l11l1u mn\91:;:: f1fl'U un:;:: ff11 iJu 'Vl~ 6 

'U 
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3) 'j) 'J) I 

11'Wtll D'W D~:u1n 1 'j ~~l'W ~ lt~'W <J!D~iJnl'J u1'l1~11 j D~ ~ n1'J t'l1t ~tlt'l1 ~1iJ 111~nD'W Vi 'U:;::';i :;::1J1tlo~ r:i 
" "' " ' ' 

ll'l1~~tJl{Y11i1'JU!:;:: l'V-I'J 1:;::lJ111J1Jnu ~~f1l'JVi~ O'U:;::r;/ ~~ .. mm:;::'Vl1JI'iDi'f ~U1~tlD:U 

" 
m :;::1J 1'W m'J f1'n~t'l1l!'W 111~:uu 'll~t ~'W 3 

" ' 
m:;:: 1J1'W m'J f1'n~u 1J1J 1 ~t'l111 j DVit~ t1ni1u 1J1J:U WI 'J ~ 1'W m :;::1J1'W f1l'J f1'n~u 1J1J~1~ No111~:uuo:;:: 

m :;::1J1'Wf1l'J f1'fl~U1J1J'VID~No111~:u ul'i11im'J f1'n~~f1'1:lJ1Hl'J D~f1Jl\9lfi~1J 1<JI1 'W11~mrumn uo:;:: 
' 

" ' " 
1,1 NoNi)\911 'W'J11tJ1lJ'W111~:U~1JViJJf1U!ill'V-I flD m :;::1J1'Wf1U f1'fl~U1J1J 1 ~t'J1 

"' ' 
" ' " 

m :;::1J 1'W f1l'J f1'fl~U 1J1J 1 ~t'J1 U D~~D tll~'W 2 ~f1EJU!:;:: fl eJ lf1j eJ~f1'fl~Utlf1tJ1lJ'Wll1J1J 
I 'J) I 3) I 

f1'm (mv.~11'J:;::f1e:J1J 1-2) uo:;::tf1jeJ~f1'il~utJnt'lll!wt1J1J'I1:UW'I11tJ~ 'll'W\9le:J'W 1~t~Yi'1111'lle:J~f1l'Jf1'n~ 
"' ' 'JJ 'JJ I 3) I I 

t'l1l!'WU1J 1J 1 ~t'l1t~ :u 'il1f1f1l'J e:J1J'Vl:;:: mtJ111~:Uf1'~ Jl 1tJ 1 eJ t'l1Vi e:Jru 11 flih:;:: 11 i1~ 120-130 oc Vif111:ul?l 'W 
' "' 

" " 11'J:;::mru 40-50 11eJ'WI'll'ieJ\911'JHtht~'Wnm1h:;::mru 40-60 'W1Vi f1l'JeJ1JNo111~:U'il:;::'lhvtf1Jtf~ 

11fin~ tJ11o 1111 nclif1' (lipolysis) ~'iln111 11'tn~m~ 1 'UlJ'W ~f1''J:;:: 1 'W Nn111~:u~~r;/ ~Vlo 111'tn~n~'W H'W 

" " " 'W eJ n 'illf1U 1 eJ t'l1tfn111 11 No 111 ~ :u ~ eJ 'W t1 :u 'lJ 111 o ~ eJ eJ n 'il1f1 VI:;:: mtJ 1 Jl ~ 1 v tr:;:: ~ 1nl'i e:Jm 'J ~ eJ tJU n:;:: 
q q 

'3) ~ ,..I I ~ 9 ' 0 .:::i ')) 

'Vl'J ~m:;::1Je:Jf1f1m~ 11 :U'W~1tlf111:Ut'J 1u'J:;::mru 23 'J e:J1J\9le:J'W l'Vl 1 'Wf1'1'W 'UeJ~'Vl:;::mtJ'il:;::flnmtntJ~t'U1 
' "' 

' " ~tmtmt.We:J 1 ~t~w~mv.~i)~ un:;:: 1'WU'il~D'WtJ1111tv.~1:;::n1~uodh~tJ'I1lJf1 ( Chavalparit, 2006) ci1'W 

No111~:U ~UtJf11Jl 'il:;:: flf1tJ1111 ~e:J tJJl1tJ!f1 ~e:J :J~e:J t1Nn111~:U 1 ~ tJci1'W 1 '11 uJlJ~f1El U!:;:: l ~'W 'J 11iJ ~ 
"' " "' 

.J ~ (JJ e:::1 .e. :3) ~ 'j} 0 <V d 31 
'Vl'J ~ m :;::1Je:Jf19f~illtl 1 'W :u 11Jv.~~ u o:;:: 'U:;:: :um'J t\9l:U'W 1'J e:J'W n~ 111tof1'W e:Jtl f1'1'11 'J 1Jf1l'J f11'W No111n:U 111 

" " 
rff'W 1t~~ nut~mlm:u~~uo:;:: 1 Mt9fn~t'lll!wn~mml9lf11'11 m'J f11'W 'U:;::tn~:U'W11'J :;::mru 15-20 'W 1Vi 

'J} I 'j) 'j) 'j) I 

'il1f1 u 'W ~ ~ 11 eJ w.u'1t f1 j e:J~'}11J u 1J 1J 5~ m~tJ1 u n:;:: t'l1l1 'W 'il:;:: fl mwn eJ e:Jf1'il1f1tJ1 lff'Elt ~'WIt~ 'J 1:uY1~ if~ 
"' 

f1'f111'Jf1~'W"11~tlf1l'J1~tf1~e:J~ decanter '11jeHf1~eJ~ separator eJ~1~1'J0\9ll:UJ1lJ'W~1J~N1'Wlf1~eJ~ 
separator 1 ~ tJr:i1'W 1 m1) tf~m 1J ~ ~l ~e:J11 'W e:J~V f1:1Jlf1 1 ~tim V-~1:;:: eJ ~ illf1 'U eJ ~ u ~~ ~~<}I eJ ~ lJf1l'J t'l1m 

f)UJ:;::, 2533) 
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' . 

~ ~'1 :: 
D'UIWW D'Ul 

:: ,t ~ ' ,f <1110111--------~· 
'Ul'Vl'l'illtll'IJJD 'l.Jll'l!D 

wJnNn'ih~:uDDtl'illtl'Vl:;nL___[ Yl:;mvnJci1 

1 "'"'"~''"""'M"R•u! 

~ ~ ~ 

D'U 
> 

d 
> 

lll "" t.h:W''U tlltl\91:; tlD'U\91Uf1W\91D':i 

l 
> 

UD'JJ'U'JllJ'\.htffV __. 

~ ~ ' 

ill'\AI'lh~m:J1J 1-2 fll'J ~i'l191t.hil\nJl~lJ~1J hlm~1l1'W fll'H,Ji'l1911l1J1J 1 ~Ul~'ltl!fl~tl'l!l1J1l'i'Ym 
"' 
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' " " llJDr·H'l H~l'llh~m.11lJtH'Il'1ril 1 ~HU 1:1'tl\91U 1lJ'U 1h~:u 1dhr-hu m ~'IJ1'U fl11 1:1'tl\9l 
"' " ' " u 1l!m.h~:u~u neJ hilnl'l11:1'1'lm ~tJ 1 ~l11~'U'u eJ~u ~~ ~1u 1wJ1n hi11ri 'Yl~ mvnJci1u1~:uu 1l!u 

q 

31 9 .I "' .I "' "" (Empty fruit bunches) !ff'U !VlJ1rllJ (Pericarp fiber) fl~rl1HrllJ1rllJ (Palm shell) !!rl~fllfll'l~fltl'U\91 

r/ ~I dcl ~ :~ ~ if 
!! fl 'U !\91 m (decanter cake) 'U tlfl 'il1fl 'U 'U 1:1'1'U 'Yl! U 'U 'U tJ ~!11 rl 1 fl tJ 'U 1'Yl~ (~ 'U 'q'U U 1 ~! 1:1'1] ff1 1 VI, 

I ~ 'j} 'j) I 'JI 

2544) ~~~ fl 'U !\9ltJ{l1!fl\9l ~'U 'il1fl'll'U \91 tl'U fl11 !IV flU 1lJ'U U1~lJ ff1lJ11 fll1 'il~ u 1l UVJ~ '11 ~ tJ ~1'11 U1V 

'1"'"' 11]• ,; 931~1 .+1 "" ~I ' "'"' 1 t'VIfl'IJ'lf11 !1'lf11ff1'U !VItl t'lf!lJ'UlJV '111tl!lJ'Uff1'UHfflJtl1'11Uff\911 (fnlJ !1~~1'UfJI'l1:1'1'11fn1lJ, 

' " 
2552) Yl~mvu1~:U!Uci1'11!nl'l~'U 'il1fltn ~'IJ1'U fl11 !WflHr!U1~:uiJu1mru ff~~~ 2,000,000 l'i'u~t11J 

"' 'JJ I 'JJ I 

'il1flHr!U1~lJffl'lll~'Yl~rllV'i1i1fl'U!'Il'T~m ~'IJ1'Ufl11 ffnm1~'11lJ\9l 7,200,000 l'i'u ~t11J 1.ff'u 1vu1~:u'\1 
"' 

~ :J} .d. .<::::l. .dl W I .d. fl d Q ~ cl 
!fl\91 'il1flfl11 1wm 1:1''U 1v:u u1 mru ff ~fl~ 800,000 l'l'U \91 flU n~ mu1r~:u 'Yl!fl\91 'il1fl'\J'U \91 tJ'U m1 !Wfl!:Url\91 

"' I 'j) 'j} I 'JI 

1 uu1~:uiJu1mru 46o,ooo l'i'u~eJlJ fllfll'l~fltJ'U ~!!flt.H\91 eJ{l1!nl'l~'U 'il1n'llul'l tJ'U m1 m'1v~u1l!u 
')} .d. o".d. ... l.<::::l w I ~I .d. o" .d? 
\911V\9l!!fi'Wt\9ltJ1lJlJ1lJ1U! 1,800,000 l'l'UI'ltllJ (1i1~ !tlflfflJ'Yl11!lJEl] !!rl~fiU!~, 2551) "lf~ 

" " ' t1~fi'u1 ~nt1u'U t1~1ffl'lm ~t1V1~ 'il1nm ~u1u m1 ffn\91 u1~:uu 1l!uu ffl'l~l'i'~m1 1~V11-2 
q 

' " " \91111~'11 1-2 tJ~fi'u1~flt1lJ'Ut1~11:YI'lm~t1V1~'il1nm ~u1u m1ffnl'lu1~:uu1l!u 

1i1\9l 
q 

N 

p 

Ca 

c 

Mg 

K 

Br 

Zn 

' '11'U1V 

% 

% 

% 

% 

% 

% 

mglkg 

mg/kg 

q 

0.80-0.93 1.1 0.4 

0.10-0.27 9.12 0.07 

0.25-0.36 1.08 0.24 

42.8-49.6 45.2 49.7 

0.14-0.30 0.49 0.24 

1-3.42 1.48 2.20 

10-13 3.63 5.84 

23 

2.18 

1.40 

45.01 

2.55 

d 1 w dQ ; 3 Q 

'YllJl: fl1lJVII'JJ'U1'Yl\9l'U (2548): Saletes at el. (2004); -Azali at e/.(2005); · 11i\911 fi~'U~!!'UlJ (2552) 

fllfl\91 ~fltl'U ~~~ fi'Wtl'ltJ{!~'U 1ffl'l!11 ~tl 1 ~~~~'U 'Utl~!! ~~ 'il1flfl'j ~'IJTU fl11 fftl\9lJ1lJ'U U1~lJ 
q 

~~iJ~1l u l\911 1 'il'Uff~~tJ 2.18 !UeJ{!~'U ~tJJ111ll nuti' ~ l'i'nf umm1flU1fl1fll'l~fltJ'U ~!!fltHI'leJ{m 
"' 
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~ ~ ~ 

t.h'l1unm1~ \911:JJ~l~u (Jnrn fl;;;u;;;uu:JJ. 2552) uo;;;ur:Jnulnumnnnnf1nm~tli'l'illmh~:JJ 
: QJ .,d ~ lrl 9} ')} 9 cl ~ o' I .J ~ QJ .C:. 

'Ul:JJ'UYllf1~'illf1f111lN1 !'11:JJ'Ilr:J~l1:Y'U 1VUlo:JJ, n;;;mulo:JJ uo;;;Y1mvu1om1~ GJf~lU'U1\9lfl~u1u 
q 

f111 1M fnl:JJ~ f:l'U h-1 f111 N~l9ltvHh'illf1:Jf'J:JJ1o (Thermal power plants) Vl1Jllf:l~rlU1 ;;;naUYll~lflii 

(\91111~~ 1-3) iiu~mruli1\9lm'l1111:1'~ t'lfu cJl~flau!~aan!GJf~ 57.7-65.3% 1VluYlmcuv:JJaan!GJf~ 
q 'U 

"" lJ] lJ] a' ,::li ~ 
5. 7-8.3% !lflo!GJfV:JJ !~aan !GJf~ 6.4-7.6% !U'U\9l'U 

d Q d 'j) o' : Q..l 

a~ flu 1;;; n au Yll~ 1 fl:JJ'IJ a~ 'IJ 1 til 'ill nu 1 o:JJ u l:JJ u (%) 

Si02 Alp1 Fe20 1 CaO MgO Nap K,O sol 

63.6 1.6 1.4 7.6 3.9 0.1 6.9 0.2 Chindaprasirt et al., 2088 

57.7 4.5 3.3 6.5 4.2 0.5 8.2 0.2 Jaturapitakkul et al, 2007 

65.3 2.5 1.9 6.4 3.0 0.3 5.7 0.4 Tangchirapat., 2009 

57.8 4.6 3.3 6.6 4.2 0.5 8.3 0.3 Chindaprasirt et al., 2007 

65.3 2.6 2.0 6.4 3.1 0.3 5.7 0.5 Sata et al., 2007 

57.7 4.6 3.3 6.6 4.2 0.4 8.3 0.3 Tangchirapat et al., 2007 

' "' ~.! 'l y i !'I y 1.2.5 fll'W6£J~'tlltHJl"Hlll'flltlilU.I !VI~iln;;; ll !'M61fllf1 (Anaerobic digestion) 

1.2.5.1 fi~;;;'U1um~ue>£J~'tll£J~l~~hmj~ill£J1Pl'~il11~ill1~e>lmf1 

m 1 cJa v1:Ym v1:Yn ~'U Yl ~ vuu u hi1 ~a 1 mm ~ u m;;; u 1'U m 1 Yll~ :Jf11Y1 Vl'IJ a~ 

llU fl i1 1 ~ v 1 u 1:1' fll Vl u 1 1 fi 'ill n a an cJl 1 'il u ~ 1:1' 1 ;;; 1 Yl a 1 u ~ v u 1:1' 1 1 ~ u Yl ~ v! u 1 ~ u n1 GJf ii 1 Yl u n1 GJf 

m{ uau ~~a an tGJf~ uo;;;fllGJf~'U'l ~~~~ 1:1'~~ 1 u 1:Y:JJf111~ 1 1 ~V1:1'11 ~'U Yl~ V~iJncJamYmvu~1'il;;;ii 
~ ' ' 

:JJ1oo~o~u o;;; ii 1:1' fll'l"lfl~ il1:JJ 1n~u m;;; u 1'U m1 cJav1:Ymvu 'UU !JJ1 ~mmfiiiuufl Vi!j viltfiv1'1i'a ~ 
I I d 0 I IV ~ Qd d 'j) .:::it:::! d S) 

a~ 2 f1~:JJ YlYl1~1'U11:JJf1'U fla !l1JflYl!1VYl1:1'1Nm~ (Acidogenic bacteria) un;;;!!UflYll1VYl1:1'11~ 

lJ!Yl'U (Methanogenic bacteria) 

Organic matter 
Anaerobic Digestion 

(1) 



14 

~ ' 

l1~flf111'\Jt1-:J'J~uuil ~B uufiYil~tl'il~cJt1cH'1'mt1i111ihJ'Yl~vlu1ft'~l1irnYiiJ . 
t:JJlnfln'\Ju 1~ 111 w1l11 ~u iYl'J ~iJ t:JJmn-n'\Ju 1~ 1~nn-:Jlvitl ~ 'il ~ ~hu 1 -lhri1'11n ~ 1rlt~i11'J vu 'Yl~ vBti1 u 

'I u 'I 'U 'U 

o' 31 "'>li] o' ;; 'l ,d cl (;)/ o' li] li] o' (;)/ "' 
l'l1nn!ln1'il~tlfltJtJf1'11t~'l1l1mtlfiH'il'U t'U'YliY~nmmuum'l1m'J1JtJ'U ~~tltlflt'l1~ f11'11:1Jl'Yl'U u-n~ '" . 

' ~ 

nl'l1~'U"l c1Ju~t1um1 tiBt~ft'mt~iYl'J vu'Yl~ vmt~hl'i1m1~ 1:J1 tmmfl'~-:Ju ft'~-:J 1 umvnh ~nt1u 1-2 
~ ~ 

iYlm'Jt~uli-:JciJu~tJum'Jln~ufiiljm1~l~u 4 c1Ju~t1u ~a 

~ c! I ..::;::, ~ci' 
'IJ'U'Yl 1 fll'Jtltltli1'nltli1'l'Jtl'U'Yl'Jtl (Hydrolysis) 
~ ~ ' 

ciJu ~ tl'U il tl1 'ill~ tlflB f1 tJ tll-:Jl1 ii -:J ll m ~ 1J1'U f11 'J ll~ fliYnl tl 1 'V'I~l:IJ tJ{ (Polymer 
' ~ ' 

break-down) (1'1) V'U 'Yl~ vYiiJ 1m -::)(1'~ l-:Jiu'11'tJ'U!ln~iJ'IJ'U 1~ l:JJlnfJn 1111\i (Polymer) 'll-:JlliYl:IJl'Jtl 
~ ~ v 

-n~mtlwlun~1:J-n~mm1ll'liu 1u'J~um{1u1m~'J~ u-n~t'IJ:iru 1Jf1Yh1li'-n~mt1Wll~t~ufif1jtll 

1 EJ 1 ~ 'J 1 ncl1i1' ~-:J 1 tl tl'U 1 'l1JJ~ciJ1J tl tlfl:IJl~ m ti'U tl fll'l1n~ (Extracellular enzyme) 'IJ tJ -:J!l1Jfl Yi1'1 tl 

~l'V'I1fl Hydrolytic bacteria 
~ j) 

1 u ciJu ~au il m1 vu Y1'1 v1w -nn-n 111 w 1191u ri 1 u 1 ~ u m{1u 1 Ell~ 1 ~ u -n~ 1 'IJ :iru 
• u 

v ' 

'i1:JJ'Io1-:Jm{1u1EJl~'J~lltltltli1'nltltllf1 [~uri l'l1nn lniY (Cellulose) l!n~i1'1'JU'J~fltl1JU'J~lll'Yl 
'" 

l~l1JtJ{TI'l5 l'li'U i)ni:I'U (Lignin) lln~lEJlJl'l1n~ lnft' (Hemicellulose) 'il~\]f1Vtltlffnltll911tllO'Ul'l1iJ~ 
- I , o' 'l 31 -~ "" "' o') cl 1 
lJ ntltltltl f1:1Jli1lti'U tlfll'l1nn (Extracellular enzyme) tl1 flnltlft' ll TVH 1J'U iYl'J tl'U 'Yl'J t1 t:IJl nfJnlnfl t ~ tl 

" " ' nci:JJ '\Jt~-:J 'ili)u 'Yl1v1 u ciJu ~au il m 'ill! JJ -:J 1 ~ ~l:JJ'l5u ~ 'IJ t1-:J1ou 1 'l1il'Yi 1 t1 u m1 tiat~iYmt~m'J l9i 1-:J'lfi:l ~ . . 
1191~-:Jif ~a t'l1nn 1-n&ln 1n 1u1-n&ln u-n~ 1 U'JYi1a1-n&ln f111:1Jli1'1ltJ-:Jm~1'Uf11'JcJtJtlft'mt11u 

'" 
3) 3) 'j/ ' ' 

c1J u ~au il ~ u a tin u w u '1 '11 il 11 tl n u ci tJ tl a a f):IJ 1'i) 1 n 'i) i) u 'Yl'1v 1 g u 1 '11 il 11 u ci tJ tl a a f):IJ 1'i) ~ n " ., . 
f11l:JJ ~11 'V'Il~ t 'i) 1::; 'il-:Jmn1 u m1 1 cU'1'1'11u fiilj t11t ~ t1 'i) ~ t i'i t1 n'lfi:l ~ 'IJ t1-:J u fij t~l u n~'l51:1 ~'IJ B-:JiYn ~1cU' 1 

" '1'11 u fij t1 1 1 1:JJ ~ -:J m 1 '1'11-:J l'U 'IJ t1 -:J 1 o u 1 'l1il V-:J ~ u t1 ~ nu 1h <0 tll1 m t1U 1 ~ m 11 'liu f111:1Jl cU' :JJ cU' u 'IJ ti-:J 

lu1~u ___ __,. m~B::;iJ1u + tm:JJ !wilt~ 

t'IJ:iru m~ t'll:iru n~t'l1tl'Jtln 

l'l1nn lnft' ., 
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~ .::1 w .::::, c::! d" 

'Utl'Vl 2 fll'J'11:Uflfl'J~l'ltl'Vl'H.I1::::!'11ti (Acidogenesis) 
' ~ 

i'Yl':i 1h:::: fll'lJJ Btl 'Vl ~ 6l1iJ 1m~ i'Yj l~'U a~ 1:ut nfln 1~cM'JJ eli a tl1 tl'1Jtl \9ll'ltl!l 1 nu-n:::: 
q 

" ' " 
n:::: m m.h 1#1~ l1 i'Yj 1 ~~ tl1 ~ tiU a f11 m1 eJ 1 ~ 11 n Gi1i'Yu:::: iJ flllJJflllt~ til"'1fl i'Yj 1 ~ m ~ (Acidogenic 

' " ' 
bacteria) U':i ::::tfl'Vlll i'Yl:U 1':i 11~11 ~;Vl B~ 11Pl'Yi'~i'Y flll"' JJ!l n:::: 1~iJaan9h utl ~~91:u vlltll~m1'w9inrll <U'1d 

qJ qJ q 'U 

tCJinrlt ~a1 i't ~wm ri~m{ JJe)tllln::::Vl~~~ltl1 ~tim ::::JJ1hl fll':i 11 irn (Fenncntation) rln'Ua~uan1 til 

acid) 

"I "'""' ""' ""'""' 1 ""'1 ""' ~I 'JJ fl'J~l'~i'l'J:Ufl (Fonnic acid) m~JJTYl'Jfl (Butyric acid) m~ Vl'Jl"' l'lhlfl (Propionic acid) luhl\9lhl 

" "'"' li]'JJ "'"' l!J1 oV (Banerjee et a!., 1998) hll'lfl'Ulflhlti~u:::: !~lll'lnfll'leJtln fllCJi !el ~'Jluhl un::::fllCJi 

m{ 1J t~u1~t~t~n19i~f1n~1ti 1~ti'l5u ~'Ut~~!!JJflllt~ til"'1ni'Y~ 1~m ~ J u u:::: ll\9lfl~l~ntl1 u~um1nJJ 
<U 

" " ~ ~ .d.!'/ .d. Q.l & I Q.J 'J) 3) 'j) ~I ~.e...:::::. 'j) 

'lfhl ~'U a~i'Yl':i t1 u 'Vl 1 ti u Bfl ulfltl ti~'Uhl t1 ~fl1Jfl1llJl'U:U'Uhlll n::::i'Yflll"'!l1~ nti:U'U a~u [Jm ti1~1ti 

~ ,d d .e. .::i !'/ I d .:::::::,.:::::::, 
'Uhl 'Vl 3 m1 tun tihl m ~t1u 'Vl':i ti':i:::: m ti~l mllu m ~ t~:::: CJi\91 n (Acetogencsis) 

' " .:::::::, .d. d" I d Q di_ .:::::::,1 C. 

m ~l'lhl 'Vl'J ti'J:::: !'11 ti~ lti'Vllfl~'Uhl 'U lflfl'J ::::JJ 1hl fll'J B::::CJi ~~ 'Ul h!CJii'Y (Acidogenesis) 'U:::: 

tJfllU~tihl1 ~ti!l1Jfllll~ ti1 eJ 1:ut~::::9i1\9lt uUfl (Homoacetogenic bacteria) 1ti'nmm~um ~a::::9i~n1 hl 

~ 'J) W c! ~ .d. W I Q do" I ~ Q.l .Q r:') 

'Uhl\9ltlhli'Y~'Vllti~~i'Y:Ufll':i'Vl 2 ur~:::: 3 9i~t':ititn1:Uflhl11m~tlhl'Vl':iti':i::::l'l1ti~lti 'J1:U'Vl~ti~tfl~fl19i 
q 

1eJ1~'Jtuhl (H) ttn::::fllCJim{JJah!l~tll'lfllCJi~ (CO) 1um':i~tltii'Yn1ti~1ti ~~~~hli'Yl'JU'J::::flt:JJJ 
I 'j) 'j) 'j) I I 

fflrlUJ 1 hl fll'j i'Yj l~fllCJilJ l 'Vlhl 9$~ ~hl \9ll'lhl il ~ l'l'h ~hl ~hl \9ll'lhlllfflrl UJ 1 hl fll'j '11 ~fll~ti~ fll'j i'Y:::: i'YlJ'Utl~ 
u u 

I 'j) I 'j) 

m ~Bhl'Vl~ 61 ::::m ti~lti u~111n h 1 ~':it uul1tf1~~u iJu1mru lli'Y 'ltf1u1 uu::::c'Jm!'lm ::::JJ1u m1 i'Yj 1~ 
<U 

Acetogenic bacteria 
CH1COOH + 3Hp (2) 

CH1CH~CH2COOH (Butylic Acid)+ 2Hp Acctogenic bacteria CH
1
COOH + 2Hp (3) 

" 
ll1J fill!~ ti fl~ lJ U tll'U l~ tiflll ll1Jfllll~ tii'Yj 1~ 1 eJ 1 ~ 'J l 'U hl (Hydrogen forming 

bacteria) tci t~~ ulnuJJfll1t~ ti~i'Yj l'lt e~ 1 ~ 1 t u u iJ n i'Yj 1~ m ~Btl 'Vl~ 611Plu~'lf'l1~ ~i'Yj 1~ m ~ 11Pl m u 1~ 

i'Yl:IJl 1 1li'Yj l'lt e~ 1 ~ 1 t u u11Pi' ~ 'l~B lll!JJflllt~ ti~ i'Yj N 1 e~ 1 ~ 1 t utlt ~hl 'lfU ~ 11 d '~ 'Ul'l~l!JJflllt~ ti~ i'Yj l'l 

" ' .d. d w Q .d. li1 'J) I ~I .d. d dtf} I 'j) c:! 

m ~ ll1Jfl 'Vll ':i ti'Vl'l i'Ytl ~ 'lfhl ~til u ':i 1:U l ':i tifl 1 ~ 11! u hlll1Jfl 'Yll ':i ti'Yl 1 lJ i'Y'J l'llJl 'Ylhl (Non-methanogenic 

bacteria) 

' " .e, d d'd ~~ W 'j) dd W .:::::::, .:::::, 1 I 'j) l1] 'J) 

untl'Yl':i ti'Vlt uu mi'Y':il~m ~tl:Utl\9l':ilfll':i tu':itut\911J \9lttn::::'Vlhl \91Bi'Ym1::::!!1~na:u ~~ 
q u 

" ' ' 
~ Yl ~ lll ~ hl Nn aJJ l u tJ ~ lJ1 'U 1 fl fl1 'j <] 1lJ n hl 'U 1'l 'l 'U il hl 'Yl ~ 6'!1 m tii'YU ;ff' 'U iltl 'Vl ~ 6 i'Yj l'l m ~ 1'l1 'U 'U:::: i'Yj 1 ~ 

q q 

tltu'l11tt n1 ::::JJ 1J 1 ~ti'J 1:u 111niJn1'J i'Yj 1~n1 ~Btl 'Vl~ 61 u u1':u1ru :u1ntf1u n-J1~ uilu Yl~ 6i'Yj 1~iJt Ylhl u:::: 
u q 
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I Q ~ ctda.lf} 1 cl c( .J lJl 3) I ~ d! W c( h1 m 'HJ v m:frt 1 tJ 1;1' l'HJ u 'VI 'HJ vnJ 1 u IW:i 1 'il u !'U u v ~ rnh ~ fW u 'lf ~ 1 ~ u n 1 u v w v 1;1' ~ 1 

Vi'lf!! Cl~ ~ ~u nml 'illf1ff~1! 'lfu 1;1'1) ~'W 'VI~ v1 'W f1~:U 1 u) ~ 'W 'il ~ !fl~ fll'lf!! ():IJ 1 :U! u tJ! ~W·I~~Jl ru e-n' 
~~ . 

I V 1 'j) 

!!V:U 1mu tJYi 'il ~ !fl~ ~l-l mJl 'W ff'~ri1'W 'lJ()~ l 'W 1 ~ 1! 'il'W 'lJ()~ 11;1'~ yj 1 ~rllJ f1 l11 niJnl'lf!W:U 1 :U! U tJ!fl~~ 'W 
~ . 

~ ~ ' 

1 'W 1 ~ 1J1J :Ulf1 'il~! fl~f111 VUV~ ufi fl~ tll 1 ~ tJ) ~ <i1Ufl1l:U! ~ 'W Y!EJ 'UV~!!V :U 1 :U! U tJ'il ~ !fl~ ~'W !jj viJ fl1l:U . ~ ~ 
<J} 3) ) .<:::':!.<:::::...:::::::. 0 ..:::::::. cV 1 d 9 Q..l .QQ lr]<J} 

!'U:U'U'W U00-3,000 mg/m (Vi1i;l'VI1i !!i;l'Wfll, 2545) f111!f1~f11'lf!W:U :U!'Wtl !'W'Ul-l~V'W'W!f1~ !~ 
~ 

11 mtJ1~ ~u v~nll'lfu ~ 'Uv ~wu '1 'lfl11 u 1 ~ 1111 1;1'1) u1 ~ ti1'VIn ~ 1 t1 !;lu~ \Jf1 vel tJ!;lmtJfi' 1tJu fin~ tJl '1 nrt 

1 fl '1 rt9l!;l (Glycolysis) m ~ '1 'UlJ'W 'il ~ \]f1VeltJi;1'ClltJfi'1tJUfin~ tll! 1J~lelelf1c1it~i'u (Beta-oxidation) 

u rt~ 1;1'11 u1 ~!i1 'VIm~ eldJ1 u 'il~ \]f1VeltJ!;lrtltJfi' 1tJufin~ tJl~ el~:iJt ui'u (Deamination) 

Microorganism 

Organic Nitrogen (4) 

~ ~ ~ 

l'l~u 5~ 1 1m1 veltJ!;lmtJ 1:utrtfJ rt'Uel~u fin~ tJ11 u .Uu ~ el'W nn 1;1'~ 1~ n 1 ~u rt~ 'lfu ~ 
I 'j) 'j} I 

'lJ el ~ N~~ Jl U! ctl yj! fl~ ~ 'W 'il ~ ~ 'W D VO 11t1' f1El U! ~ i;l:IJ'lJ~ 'lJ el ~ 1;1'1 1 yj lj el 'W! <lfl ri1 ~ 1J 1J!! Cl ~ 1;1' i11 'VH! 1~ tlel :U 
~ ~ 

' ~ 

'Uel~)~1J1Jfi'1tJfl)~~'W'VI~ V1~1'11tJYi!n~~'Wri1'W 1 mu1 'Wtl~'11lJf1f1)~ '1fi'w1 fl)~el~c1i~n (Acetic acid) 
" 

iJm~ lvl1Yi1elufl (Propionic acid) m~1hn~fl (Butyric Acid) !!rt~m~ lel 1'lf1l!~el~fl (Isovaleric 
.c! cl 'J) 

acid) !'YW~!Clf1'W eltJ 
~ ' 
Q..ld. 9)r:'Yd 

'U'W'VI 4 f111i;1'1l~f11'lf:U!'VI'W (Methanogenesis) 
QQ.It/;; 9) ~ Q c( C')l 

Nrt~i1UJCV1'illf1'U'W~el'Wf111!;1'1l~m~ flel el~'lf!~'VI 'VJel1!:U'VI m'lflv 1~1t'il'W !!rt~ 
oY <I lrJ lrJ <I ']3-'.d 3) oY "' 1 "'"' 3) oY "' 
f11'lfflU1Jel'W !~elelf1 !'lf~ 'il~flf1 !'lf!'Yieli;1'1Hf1l'lf:IJ!'VI'W ~tJ!!1Jfl'VI!1tJ'YI1f1!;1'1Hf11'lf:IJ!'VI'W 

~ 

(Methanogenic bacteria) Vel tJi;lClltJ!! tl1!U~tJ'W 1 1-i't ~ 'W fll'lf~ 1~ 'l ~~ fll'lf~ ftlflt!J '1 fi'!!f) fll'lfiJ!'VI'W 

u r1 ~ fll'lfm { 11 el u '1 ~ el el n '1 'lf~ u 1 ~ mru !;lel~ 1 u 1;1'1 :u 'lJ el ~ fll'lfiJ !'VI u ~ 1 n ~ ~ mf ~ 11 :u ~ m 'illf1 m 11 ~ 
el~c1i!~'VI (Polprasert, 1983) 1~tJf111YlNl'W'Uel~ Acetoclastic bacteria <i\~!;1':Uf111~ 5 !!Cl~?h'W~ 
!'11 il 'U! fl ~ 'illf1 ufi fl~ tll :Ji1! fl iJ 1 ~WiN fll'lfm{ 1J el 'W l ~ el elfl l 'lf~!! Cl~ fll'lf lv 1 ~1! 'il 'W 1 ~ tlf111 Yl 1 ~ l'W 

' . 
I "'"' "" lrJ 1 ""liJ "" "' 1 "'oY 'Uel~f1~:U!!1Jfl'V1!1tJ'lf'W~ !v ~1!'\J'W~'VIt~'lf~:U!'VI'W (Hydrogen-utilizing methane bacteria) \PitJ'VIf11'lf 

I j/ 'j) 'j) 

m{ 1Jel'W l\PielDf1 l'lf~Yi!n~~'W 'illf1f1U Veltli;lClltJl 'W oU'W ~D'W f)l) 1;1'~ l~m \PI 'il~Cl~ClltJelVl 'W u 1!! Cl~Yll 
~ 

u fi f)~ tJ1 n 1J '1 v\PI) el f1 '1 'lf~l el el el'W ( OH) 1 'W) ~ 1J 1J ~~!f) \PI 'ill flU fi f)~ tll'U el ~!! el :u 1 :u l u tJ 'ill f1 f11) Vel tJ 
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I 'j) I I 

-o-mv i tl1~ut~m11tlBn1 v1tl'uthil~ hl"l e1~1 rJfllGJi~l rJrJrJl.l cJ$~ti!uu 11~~ leT~ 1 rJfllGJi~l rJrJrJl.l i1 

tYlflty ~~'ffl.Jfll'j~ 6 ~~fll'j ll1UU01 VU~WJl~fllGJifll{ UrJl.ll~rJrJfllGJi~tlU leJ~'j rJfllGJi~l rJrJrJl.l 

1u 1 ~uu'iJ~tn~m~m{u Bun ~~'il~l'l1tlBn1 vlnunlGJileJ i ~'j 1 'ilu i ~v~ilu 'YI1 v'lfu~ 1e1 i ~'j 1 'ilu ~ 

~1 -n~~iit 'Yil.ll ilu fl19ilJl'Yil.l~~'ffl.lfl11 ~ 7 

CH
4
COO- + Hp ----+ CH

4 
+ HC0

1
- + 'Vl~~~ll.l 

NH1 +Hp ~======:':: NH4 + + OH 

CH4 + 3Hp 

(5) 

(6) 

(7) 
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Biogas 

f 
Methane and carbon dioxide 

Step 4 Methanogenesis 

Acetate I Hydrogen I 

Step 3 Acetogenesis l 
Intermediates (higher organic 

acids, butyrate, lactate. etc) 

Step 2 Acidogenesis 
Large carboxylic 

acids and alcohols 

Amino acids and sugars 
Step 1 Hydrolysis 

Protein Carbohydrate lipid 

Complex organic material 



\ . 
I Biological polymers I 

Fermentative bacteria 

Pyruvate 

Lactate 

Succinate 

1------------------.1·~ Acetate I 
Homoacetogenic bacteria 

Formate 

H, 

CO, 

Homoacetoge ic 

Bacteria 

I Acetate I 

AMB HOMB 

Fennentative Bacteria 

Acetate 

AMB 

Propionate 

Butyrate 

Valerate 

Caproate 

HOMB 

Methane+ Carbondioxide 

HAB: Homoacetogenic bacteria 

HPAB: Hydrogen producing acetogenic bacteria 

AMB: Acetoclastic methanogenic bacteria 

HOMB: Hydrogen oxidizing methanogenic bacteria 

AMB AMB 

19 

I 

' ' " 
ilTvnh::;mnJ 1-4 11~h.J'Yl~ v~'I-11'Yilhnhm~~::;'l'l't.!I'IB'W'UB~fl11 cJmmmvmv119i'ilm1::; !:JI 'lfmmrr • 

d 
'YJ:I.Jl: Garcia (1982) 



20 

-~ v d ct ' ' ~ ct t! G) 'J) \11 ~ v 
1.2.5.2 u1Hlti'YI1-J~HWltllll~tHltliHIUHlTHl'U'YI'U.lilltl !VItl ill1~ !1-J !'ll'tlllllfl 

1 ~a H 1 n1 u J ~ u u n1 J v au {1' m u {1' 1 J au Yl j 6 f) 1 u 1 vi {1' f) 11 ~ hil ~a 1m fl' 

th~nau~lti'ilil'WYI'j 6 2 ncilJ ~~~ul.u'a~ilu !~uri u ufll'h'j ti'Wlfl~l~ff~ Nfll9flJIYI'Wl!~~l!'Uf1Yhj u 
q q 

I I I 'j} I 'j} 

'Vllfl Yi {1'~ N fl19flJ! Yl 'W 91 ~ '111 fl I f)~ fl1 J! u~ ti'W!! u ~ ~ 9iu 1 'W!! 'U fl Yi lj (Jfl ci lJ 1 ~ fl ci lJ '11 ii ~ 9iu Utl lJ iJ 
q q 

" " 
rm m ~YI'U~ au 1 ~ irYI n fl l'Vl nn lll~l'W 11~ J ~ 'U'U 191 ~11 u ~ ~ ~ 11 ~u vi a~ -r f1El lff fl 11~ 11 ll'll{ tJlJ 1 lXiJ 

ff m'Vl ~mm~ fflj ~ 11 ~ l111 11 'il il u Y1 j 6m ci 1if au~ 1 uilu 1 ~~ ~ u a v1~~ 1 u fllJ ~ 11 ~ fllu fl m ~ u 'U 111 
q "" q 

" ' l11~1u l~avl~iJuJ~nYinm'Vl1l~via~l111 11 'ililu Ylj 6iJau1 uffml~ fflJI'l~nu 91~mJ lfll'llff~tiJ m'Vl 
q "" q 

"" 
1 u mJ l11~1u '1J a~ 1 ~ u u m1 ua uffmu 1 u ffml~ 1~1 ~m mfl'u 9iu a uilu tJ 'il :ij u 2 u 1 ~ mJ ~a tJ 'il :ij u 

"' 
'j) ~ 3) ~~ w 'J) 0 

Yll~l'll'Wff~lll~~tllJ!l~~u'il'iltiYil~l'll'WflUYINl'W (Price and Cheremisinoff, 1981; Grady et al., 

1999) 
' -~ v 'V .Co\ v 

u1Hlti'YIHm'Utr-31!1VI~tl1-J (Environmental factor) 

(1) D~11tll'W C/N 

W 1 .d. 0 Q..l I I .d. ~ tJ' 
tl~ J 1 ffl'W C/N lJ fllllJ fflfl qj~ tJ fllJ tl tJ t1 ffm tiYil ~'lillY! tlllJlfl I 'Vl1 1 ~ fllJ 'U tl'W 

u~~ 1 u 1 ~1 l'il'W 'il~ tlflll 'Uflll!j uth 1 u ff~ HI ~'W 1 UJ 1~Vlmff91lJ'1J D~l9f~rl'1 '11 ~!! ~~ ff~ 1~ih~ ~ 
"' 

u~rvJa{11in'UJ~'U'U D~Jlffl'W'lltl~ C/N ~1'111Jl~fflJ1'Wf111UtJtlffmu1uffm'Vllfaanclil1l'W ~a 20-

30 tl'leJ~Jlffl'W C/N ff~!fl'WlU l'U 1~J!1l'W'il~tlf11~'11lJ~tJUl~Jl~l1l H~~tleJ~)lf11J!fl~!9f~rl' 
"' "' 

' ' " 
mllJ ~ 11 ~u '1J a~u 'UflYilj u 1:1~ 1 u~ uu mff~ fflJati1 u J u '1Ja~u alJ 1lJ!u u 1 u 1 ~ 111:1 u 91 ~ 1:1 ~~ ~m11vu v~ 

"" "" 
fl11lll ~ 1 'W '1J tJ ~) ~ 'U 'U 1 ~! ~ tJ ~'ill fl! f)~ fllllJ! ~ 'U ~ EJ ~ tJ!! 'U fl Yi !j (J 1 'U J ~ 'U 'U !! ~ fl1 J iJ!! tJ lJ 1lJ! iJ (J 

1 'W 1~J I 1) 'U 1 'U J ~l'l'U~I '111Jl~ {l'lJJl! ~'WE~ ~l!~'U !'VlJ 1~ ffllJlJ (l ~~ Uqj'VilfllJ !U~ti'WllU~~~lfllllJ 
' " 

!~'U m ~-~ N ~~ 1llflf11J YiualJ 1muu1J 1 tltltl'WlllU Bn~ tllfl'Ufll{'UtJ'W ~~tltlfll9f~U~~t'h!nl'l!~'W 

!! tJ lJ 1lJ! U tl lJ l 'U fll { 'U tl I 'W ~ fll 'U fllJ ff lJ ~ ~ fllllJ I~ 'W fl J ~ -~ 1 ~ 1 'W J ~ 'U 'U ~ ~ l 'WI~ 1 Yl 'il ~ {1' 11111 tl 
q q 

(2) fJU!'11IJ:iJ (Temperature) 

aru '11 fl:iJlJHn 1~u~J ~~tJD~J lfllJ tit~uffmuffuau Ylj 6mu1viffml~ 1~1 ~mmrr 
q "" 

' ' d"! .ci ~d I I ~ ~ I 

9f~ lJ fJ ru '11 iJ lJ Yl!'VilJl~ fflJ tl~ 2 'lil~ fl tJ fJU! '11 iJ lJ 1 ~ '1111~ 30-40 °C (Mesophilic temperature) 

' " 
~ ilu Yl j 6Yi lll ~ l'W 1 'W 'lil~ iJ lj un11 Mesophilic Bacteria 
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(Thennophilic temperature) ~~'W'Vl~6~vh-nwlw'th~if~~fJfl'll Thermophilic bacteria (Kim eta!., 

2002) u UflVh~ fJ~N~~fllCJf~l'Vl'W 'il~11fJ~f1l'jlh~l'WlrleHJW 11 fl:iJ~111jm'l' ~lfl'W l U 
q q '\.1 'tl 

1 ~ v iJ ~ 'j 1 n1 'j cJ a v ~ ff 1 v ~ 1 'j au 'Vl ~ 61 u 'lf 1 ~ t 'Vl a {1 :J.J VI~ n 'il ~ ~ ~ n-J1 iJ ~ 'j n1 'j cJ a v 
"' 

" ~mvV\'lf1~ l:J.J 19fVI~na~U'j~:JJltu 1.9 rvh (Bryant. 1979) l'l~'ll'W'ffl11fUUl~l'Vlf11'Wl'U~'I1'W11~~ 
. " 

~lt~uJla~t~:J.Jaw 11 fl:iJ! ti'nu'j~uu ul'i'ff111 fuu'j~t'Vlftl 'VltJU'W'j~uunn r--~~~nlCJf~hm'W'il~vh~l'W 
q "' 

~f1 'il~ Jl eJ fJf111tl\9i l U~ fJU l Vl fJU 1 'W ~~ eJ ~ 'U eJ ~~ 11 ~~ lfJ 1 'W f1l'j Vl lf111 l.J f el'W 'il~ ll 'W~ l.Jlf1 Vl 11 ti'tJJ U fJ:I.J ~ 

'il~aanttUU'j~uuulu~ 1 u'lf1~t'Vla{1:J.JVI~n 

tcia~ 'illf1'il~'W 'Vl~ 6'il~ ~f111:JJ !11'1 e:Jf11'j tu~vuu Uft~'Ue:J~ aw 11 fl:iJ f11'j ft~11 jm~:JJ 
q q "' . " 

a w 11 fl :iJrVl v~ 2-3 oc 'il ~ iJ Nffl'i a f11'j 1 u ~ CJ'W u Uft~ 'U a~ fllCJfiJ 1 'Vl 'W acl1~ mn 1'1~'11 'W m 'j f mn a w 11 fl :iJ 
q 'U q 'U 

10 oc l'ial'u (lu~lll~'lf w ~l'W'W, 2553) 
"' 

~I , 
(3) f111lllu'Wm~-~1~ (pH) 

~lml:J.Jt~u m ~-~l~t ~u iJ 'il <ijv~ 'fflrl't1J'U a~ 'j ~ uu m'j clav~mv~l'j au 'Vl ~ 6fl1v 1Jl 

. " 
m~-~1~~~1~~'!1j'a\illn11ilunil'Vl1lm'W'Ue:J~'j~1JU'il~ft~ft~ uft~Gl pH iJ~11il1n11 6.2 

.Q .Q ~ I cl _,d ;{ d Q.J I ..::!..<::! 

U'j~ ~'Vl1i fll'W'Ue:J~'j ~uu 'il~ft~ft~~ le:JVl~'j 1~l'j1 t'W'jl~'Vl~m1~'W 'il~11Ju e:J'W~'j 1v~au Ufl'Vll'j CJ'W1f1 
. . " 

V\ ~r 1~n1CJfiJm u 1 ila ~ 'illn u u f1 V\ ~~ v111 ri 1u1 ~m ~au 'Vl ~ 6'j ~ 111 v~ 1v !lil1u V\11 t1 tJjmw m ~ 

Q ,:::::! d I 

(4) f1Hlel'W'VJ'jfJ'j~I11V~lfJ (Volatile Fatty Acid, VFA) 
" . 

n 'j \91 au 'Vl ~ 6 'j ~ 111 v ~ 1 v 1 ~ u n 'j ~au 'Vl ~ 61:JJ 1ft n ft rl' u V1 ~ n \91 'ill n n1 'j cJ a v ~ ft 1 v 
q 

.:::::, ~a" ;; ~ 'j) c:! c:! 'j) I 

m'j au 'VJ'j v 1 u 'U'W ~au f11'j 1 e1 1 \9l'j lffCJf~u ft~ f1l'j ~'j 1~m l'l'U a~u u fl'Vll 'j CJ'W1f1~'j 1~m f! 1 'lf'W m 1'1 

"""" 1 ""1 "" "" "" d "'"' v <:~ "' o l!J.i9V~I el~9f~f1 f)'j\91 'Wl'W el'Wf1Uft~f)'j\911J1'Vll'jf1 9f~'il~tlf1liUfl'Vll'jfJ'W1f1~'jNf119fl.Jl'Vl'W'Wl !U !'lflu'W 
"' 

. "' 1 ~I .Q .<:::'.1 c:!o' I 9 ...::::! 3) J) 

m 'j m111'j u ft~ u 11ft ~'W ft ~ ~ l'W 1'1 vu n~ m 1'1 au 'Vl 'j CJ'j ~~ 11 v~1 v 1 u 'j ~ uu f11'j :JJf111:JJ 1 'U:JJ 'U u 'U a~ 

m f!e:J~c1i~n U'j ~mw 50-500 mg/L tJjmw m l'lB'W 'Vl~ 6'j ~111 CJ~lfJ'il~~ci1'W'fflrl't1JI'i e:J~lf11ll.Jl ~'W 
. " . 

m fl-~ l~'U a~ 'j ~ u u ~a 1iJ a~ujmw m f1 au 'Vl~ V'j ~111 v~1v~ ~~'W ~lf111:JJt~'W m 1'1-~1~ 'il~ lil1ft~ 
"' 
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~ 1m~:!J ('1' ~tnu 'hJ u ('1'1'1~ 1l'J ~1J1H irv('l'mHl 1 1'1 mJ n~hH mru m 1'11 ~m v~1t1 1 ml'~li ~mr'l1 !l.Jtnu 
~ . 

4,000 mg/L 1~'U'U~tJn~wniJfl1l:!JloU:lJoU'W'llt1~fl'JI'll "ll~'W tl.Jtn'W 2,000 mg/L U~Glfi'JllHoU:IJoU'W 
~~& d~cl.::::-.& (l..l 

t'VW"ll'Wm 8,000-10,000 mg/L f1lf11'ltU'WVftJ"ll'W ll'lt1191Hf1'U1~'U'U 

m l'l~'W 'Vl~ eh ~m t1~1tllJHn~e:J'ilil'W 'Vl~ u1 u 1~'U'Utcie:J~ '\l1mH mru "lle:J~m l'l~'W 'Vl~ v . 
I :;; ~ I I .ci I 3) .<:::! .<:::::::! .<::::! a' I I Q 

1 ~m tJ~ltJ'W'W :lJHCl\91-e:Jfllml:lJtU'W ml'l-1'11~ m:~Jm l'le:J'W 'Yl1 tJ1 ~m tJ~1tJ('l'~ ('l':!Je:JtJ 1 'W1~'1J'U 1 u tJnnru 
~ 

mm dh 1 r1 ~ lfl 11mll u m 1'1-~ 1~ 1 u 1 ~ 'U'U n\Pl ('j ~~n 1'1 fi'Jl:lJ tllu vhJ ~ e:J u ilu 'Vl ~ v u~ ll11 u 1 ~ 'U'U iJ . 
W ifd.c:! ')} rtdo lf1 I q ;f ')).::::::.-:. Q .-::! t:f I 0 lrf 'j} W 

'U~t~m 'Vll'lUn--:Jm \91f111 ru u f1'\l~ !:!Jlf11'l"ll'W mmf1'VllJ"lle:J~m l'le:J'W 'Vl1 m ~ m tJ~ltJ'Vl1 !I'll l'ltlnl'le:J\911 1 . 
m11le:Jum1 ~'W'Vl~ un~ m1 ~~:lJ('J'111J~'lJ('l'fll'Vl un~t~m~tJ~t--:Jm 1unntn'Unf1 

~I ' (5) f!Jl:!Jtu'W\Pl1~ (Alkalinity) 

('l'fll'Vlf!J1:!Jtll'W ~ N 1 'W 1 ~'U'Uf111 Ve:JtJ('l'(lltJ('1'11 ~'W 'Vl~ umtJ1Jlmll1~ !l.J1 ~mmf1' 

J u iifl11:lJ 1:htl'w~ e:J nnli ~n1 ('1'\P)ti ~ n~ iJ fl 11 :lJtlJ u n 1 1P1 ('1' ~ t'Vl 1 1~ l11li U' 1~ tllu u~t ~ e:J{ fl 1'Ufl:lJ~ 1 
u q <:u q 

'\) ~ e:J ~ 1 u ~ tJ "1.1 e:J ;j 1 'U fll 1 'U e:J ~ u \91 ~ ~ f1 1'1 :lJ 1 'ill n n1 1 l11 tJ B f11 v 1 n u 1 ~ li 11 ~ u e:J :lJ 1 :u ~ i1 v n 'U 

c/ if : ')) I .<::::! a' ci I _,Jcl 
m1 'U e:J'W tl'l e:Je:J f1l951'1U Cl~'W llli e:J v 1 u 1 lJ"lle:J ~u e:J:u 1 mu tJ:lJ 1 'U m1 'U m u \91 fl 1l:!Jt tJ u l'll~'W t tlu 

~ ~ 

U~~~ e:J{ ~~ l riu fl1 ~'U'U~ '\l ~ f!J'Ufi:IJ~1fl 11:lJtlJ'W fl'J 1'1-~ l ~ l r1 D Vl 'W 'lf1~~~li :IJl~('J':lJ fl'Uf111 l 'il1 UJ"lle:J~ 
• ~ u 

'\l ilu 'Vl~ v tria fl 1l:lJ toU' :lJoU'W "llD~ m 1'1 ~u 'Vl~ v1 ~ m tJ~ 1tlfll t1 1 u 1 ~ 'U w ~:lJ('l' ~ ~u fl 11mllu ~H . ~ 

" 1 Dm1Dmu \91n'il~f)f)lllmv 1 tJ m1 'tl1mtJfi11:1J('J'1m1 t~ 1 u nntlluu~~~a{utllu mt'H191l111 r1 ~1 
~ . 

" '11~li:lJI'llJ1~:lJlru 1,000-5,000 mg/L as CaC01 (Metcalf and Eddy, 1991) ('l'fll'VlfiJ1:lJtlJ'W~1~"llD~ 

1 ~ 'U 'U f11 1 v a t1 ('1' n 1 t1 ('1' 11 ~ u 'Vl ~ v t1 n fl 1 'U fl :u 1 1'1 t1 1 ~ 'U 'U n 1 1'1-~ 1 ~ 1 1'1 t1 fl 11 :lJ ('1' 1 :lJ 11 t1 1 u f11 1 tll u 
~ . 

' " <Vnol nol o' Q I GJ I GJ 'j) Q I I <V 

'UTill'~m '\l~ 1:! ~m 'Vl1~'Vlfllfi11:1Jt'U'W m 1'1-l'lN"llD ~ 1 ~'U'U 1 f1Cllfltl~fll pKa "1.1 0~1 ~'U'Ufl'J l'l-1'11~'W 'W 

~~J u 1 u'lf1~~1m1mllu m 1'1-~1~ 6.5-7.5 ~~lJf111:lJmm~('l':lJ~Df111ll1~1'W "lle:J~1~'1J'U 1 u ('J'fll'J~ 
!l.J1 ~mmf1'iit Yl v~1 ~'U'U 1 'Ufll { uat u \91 cin !vJrl'u Cl~ ~am ~\91 ~ ff1fltlJ un ~ 1 1'1 vtJn~ rr1 1 tJ 1 ~ 'U'U 

" ' ' 1 Dm{Dmu 191nhw u vhlluri1u i:Y1fl'w 1 u m1 mufl:u('l'm'Vl~1~"lle:J~1 ~'U'U Cif~m1 tJ~ u('l'm'Vlm1:u 
u • 

(6) ('l'l)e:Jlli11 (Nutrient) 

('1'11 e:Jlli11 u U~e:Jamllu 2 'ln11'1 ~D m1 mli 11 li~f1 (Macronutrient) !Jlufi 

m{uau (C) l'W l\911t'\l'W (N) ~e:J('l'~e:J~('l' (P) UCl~tl1:lJ~tl'W (S) UC1~('1'11e:Jlli111D~ (Micronutrient) 

[J{ufi Uflmc]}tl:lJ (Ca) U:lJf1Utc]$tJ:lJ (Mg) ff~f1~ir (Zn) U:lJ~f1lU('l' (Mn) 'VlD~U\Pl~ (Cu) lfi'IJDnrl (Co) 
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C:. c:! d 9 9) lfJ 19 9) I '3) ..d ')) Q Q...l I I Q.l 

il'1Hl'U'Vl'HJilltl tl'lffill'J~ !lJ 1 'lftllfllfl''UtiN'U 'Uti'Vlb!~l'l'U'llJ'UI'l'Jlff'J'U BOD:N :P t'Vllf1'lJ 100:1.1:0.2 

!lrl~ COD:N:P l'Vllfl'lJ 150:1:0.2 1~v1~m{u-uu1'Wfll'Jff.:Jt'fl'Jl~MVHl.:J.:Jl'U 1u 11'1'Jt'll'W1'Wfll'J 

ff' .:Jt m 1~11'1 11 'J ~u ur~~vl-uffvl-uf 1:1'1 u m'J ff' .:Jtm 1~11' m ~il 'Jfl~un 

(7) 1:1'1TVI11 (Toxic substance) 

I 9)Q 'j)'J) ~lr) ~IQ I Q e!o"tll'J)~ (1.1 

1:1'1 'J 'Ul.:J'U tiN 1\llJfl 'JllJ! 'IJ lJ 'IJ 'U 1:1' .:J! f1 'U ! U 'U ~! 1J'U 1"1111'1 'U 'U rl'U 'Vl'W ! ~ 9i .:J 'J ~ ~ 'Ufl 'JllJ 
~ q 

>I 

t~'W Yi11~u min'lJ'lriJ~ur~~tl1mrn 'IJB.:J1:1'1'JYl11 1'1'1mh.:Jffl'J Yi11 1~uri 1 -u-um.Jtl'J ~ 'll'lJ'1f1'\JB.:J 1 m1 ~ 
~ q 

t'Ul (Light metal cation) 1-u-uB'UU'J~~'lJ'Jf)'IJ'U.:J 1m1~t'lJ11~uri 19it~tllJ (Na+) 1l"'!l'V11:1'tqftllJ (K+) 

d ')~ ..:::! .<::::i "l-t & .C). ~ I .:::::::. .::::! r/ ~ Q 

!lflrlt9itllJ (Ca- ) llrl~!llJf1'W!9itllJ (Mg- ) 9i.:Jtf1~'\J'UlJl'lllf1fll'Jti'Ut11:1'rlltlffl'J'U'W'Vl'Jtll1'J'Ufll'Jtl'llJ 

d ,j -'"' ' .::lt ' '1 d .::lt "" ' "" d"' .J Gt "" "' ffl'J t fllJtl"' -u 1J'J u fllfl 'JllJt 1J'U m ~-~ 1-:J 1 u 'J ~ uu mwt 1J'W 1"1111'1 -u 'll r~u 'V1 'J t1 9i .:J fl 'JllJ t uu 1"111 'IJ B.:JlJ u 
q 

• >I 

! ~ 'U tl B n1 tllllcU'lJ~'U 'U !! [l~ ~'U 'U ~ilutl1lJ lUI 'IJ 'U.:J 1 'U 'U 'U 'U tl 'J ~ ~ 'lJ J f)'IJ 'U.:J 1 rlli ~! 'Ul~ 'Jtl-11 i:i tl1lJltu 

mm!-umvh1~ (l'll'Jl.:J~ 1-4) 

d 
'VllJl: McCarty (1964) 

100-200 

200-400 

100-200 

75-150 

'J) 'J) 

fiJllJt'\JlJ'U'U (mg/L) 

vuv.:Jtllunm.:J vuv.:Jmn 

3,500-5,500 >8,000 

2,500-4,500 > 12,000 

2,500-4,500 >8,000 

1,000-1,500 >3,000 

8.1) !l'UlJ 1lltUtl (Ammonia) t~'Wil'1'J~tn~'lllf1fll'JV'Ut11:1'rllti1:1'1'JD'W'Vljv~ 

U'J~f1B'lJ~'1tl1u11'1'Jt'll'Wmtlhi'am'1~1:J1~mmrY (\9ll'Jl.:J~ 1-5) t'!fu hh~u t~'WtWlJ1lJtUtl 

lw 11'1'J t 'll'W ~.:J 1 u 11'1'J t 'll'W'Ul'UB~1 u ~ U'IJB.:J!l'UlJ 1lltUtllJ 1-u-u-uu (NH4 ") l11mi19itWlJ 1lJtUtl (NH3) 

lll~lfl'11ll!1'1um~-~l.:J~ln11 7.2 'll~i:i NH
4

+ mnn--:l1 u~lll~lfi'JllJtrJum~-~l'll'J'ln-11 7.2 'll~i:i 
• >I • 

NH1 lllnn-11 ~.:J'll~V'lJV.:Jfll'JYll.:JllH!rl~iJfi'JllJtrJu'Vi11~'U~~'W'VljVmnn11 NH4"" !l'UlJ 1lltiim:i1-u-u~ 

1u~U'IJ'U.:J NH
3 
'll~t~'WYl11~~mri-uiJmllJ!oUlJ'IJ1'W1.h~mtu 100 mg/L u~1'W~U'IJ'U.:J NH4+ 'll~trJ'UYl11 
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..:!:~ ~ ')} ')) I Q.J d I Q.l 

l:IJU:!Jfl1l:IJ!'U:IJ'U'W\!~l'Vllf1U 7,000-9,000 mg/L Sterling l!n~f1ru~ (2001) fl'f1£Jlf1l'HJUCJ(fnltllqjnl1 
9 

9) 1 '9 
9) ' 1 "' 1 1 "' ' 9) ""' 1 1 ""' 'W:!Ji11tl ~~'ffi111~ :IJ ~'lfDlf11f1' 'Vl'IJ11l!D:IJ :IJ!'Wtl 'W ~':il1l'W:!Jf--ICI~Df11':i'ff':il~f11CJi €J ~':il'U'W f11CJi 

uu:u 1muv1u 1~11u'W (mg/L) 

50-200 

200-1,000 

1.500-3,000 

>3,000 

111m ru 'Vl Dll1 m ~ 

c1~ 1l.itn~r--l-n'lf~l1l'W 

"" 'Yl:!Jl: Pachauri and He (2006) 

" 
8.2) i-nhJ~ (Sulfide) lfl~~'Wl'U':i::;uu1l-i1oMmf11f1'1llf1ctlCI!'Vl~ (Sulfate) 

I 3J j} I I I 

Viii ml1 mhYi ~Yit'li' ll'h::; uu 111 mfi~ u1nm 1 tiuv'ffm ti'UD~ 'ffl':i 5u 'Yl~ vYiiictl'-nt Ylu{ t'liu 1111 ~'U 91 ~ 
~ ~ 

I 'j} 'j/ I 

i-n1 Yl~Yi-n::;mm'hl'vh11 uu-n::;iim1w<U':u'li'u 'ff~ni1 200 mg/L Yit~u VJEJI'iuu~'U 'Yl~vh11 ::;1111 nvh 
"' q 

I 'iJ 'j) jl I 

115fi1 vlnllin ll Yl~'fff l~H~nYi 1l.i-n::;-nlvul~'W f111:ut<U':u<U'u'Uu~i-n1 Yl~-n::;-n1vu11 ~vYi~~u 'Yl~ v 
" 'ffl:!JlHl'Yl'W 1~iJ~lD~':i ::;11i1~ 50-160 mg/L \?l~11'W f11':i l~:IJ hl1::;1Jl~'lfU ~ t'Jiu m~n 'ffl:!Jl':itlCI~ 

r111 :ut ~ u VJEJ 'U tl~ in 1 Yl ~ -n::; mv1 ~ ctl'-n1 Yl ~ u::; t1 mwn u unm uti1 u 1 11'll u~ tllCJi 1 B 1 ~ 1 lu'W i-n1 Yl~ 
~ ~ ~ 

" " Q.J Q.J ')) ')) w ,,...I tl & I w I ~~ I 

(R~S) ~ ~ u u f11l:IJ! 'U :!J'U u 'U u ~CJi-n "~ ~ -n::; mv'll u u ~n um f111:!Jtu u m ~-fl 1 ~'U u ~ 'U u~ 111 -n1ttn::; 

rhu 111::; nu ll'U u~nlCJi 

(9) 1-nM::;m!n (Heavy metal) 

1rm::;m!n1~uri m~n ~lln ~::;~1 -ff~n::;ir 'YlD~l!fl~ l!f1~tiiv:u 1f11lD-n 1mtiiv:u 
q 

ll Cl ~ Utfl'[l l~'W l'i'u ~~5tJU'W 'U f)~ 1nl1 ::;m! f1ll1 thu"t ~ 'WVJEJI'i f) 1l ~'W 'Yl~ vu-n::;VJEJ 'U f)~ 1n l1::; 1111 nn 
q 

" " " ~u utin11 i1tn~tJ'U u~ h11 ::;1111 n11 u u::; -n::;mvu 11 ~mm! um Vlv~ 1fl u-n::; VJEJ'U u~ h11 ~ 1111 n u::;mn 
~ 

" ' " 111m! t~mVlv~ 1 flfl~'W n11111 mru ml:ut.U:u<U'u'Uu~ 1 B 1 f1 11 uuctl'n 1 Yl~ Yiiit~ti1 u 'UD~tirv11 u 
~ 
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(10) fltui1n'hltu~ffl'Hll11U (Substrate characteristic) . 
v~fl'u 'J ~ f1tl'IJ'Utl~ffl'J tl1111'J 'il~ 1 ~u 1'11n111 u ~i1n'hltu~'U tl~'J ~'IJ'!Jilltll u i1~11ir n 

1 ~tl'il~'l'1111 u 1~1~'WI'11fl'~ttlvn~ilu'Ylj ~~'il~ 1 i'ffl'J U'J ~nvmh~'l ~~'Utl~tiYtl~'il~U ltmivvmnv 
" mv1~am1~t:U1i'mmrr irnu':i~nv'IJ~1tltl~flu'J~f1tl'IJ~l~'l mci1ut~u11i1n !~un t'Uiru m~ 

t'Uiru m{1 'IJ ten~'J~ 1 U'J ~u un~ncilJ'Utl~anu'J~f1tl'IJ 1 u 119l'J 1 'il'W 'illf1lCJin~'Utl~E~iJ~1191 • 

U11~tl'Y11~v\'n.lfll':il'hHU (Operational factor) 

(1) tl\9l'Jlf11'J11tl'Wffl'JB'W'Ylj~ (Organic loading rate, OLR) l~uih~v~iJ 

fl11lJ rl1fl' ty~ 1 i'1 u n1 'J n111 u ~ fl11lJ ffllJ 1 'J t~1 u nl'J civ van 1v a1 'J il u 'Yl j ~illvt ~a il11~ 1 f v1n1tr 

m"Jui''IJ519l'Jlnn11vual'JB'W 'Ylj ~1 M'iJ~llll9lf1~1~nu '1'11 1~1 ~mu~vu tJI9l'Jlf11'J 111 n'Utl~'Ut1~1iYv~ 

111 m·hu i1~11 irn 111' tll u~vu ~1fl11lJl oU' mi'u 'U tl~'U v~u ~~111' tlfl11lJl oU'JJ oU'u 'U v~ ffl'J il u 'Ylj ~~ 1 bit oU' 1 

, u ill'J~'IJ'J 'J 'Vlf1ffl'J B'W'Ylj ~iJmi 1tii~'W nhni'JJ9i1 tl~111'on1 nf1i'lJ1Wmtlff~tlnf1'1Jlft'tlllJ\9l'J~tl . ~ 

eJ\91 'J 1m'J 11vu ffl 'J ilu 'Ylj ~iJ ~n~ tl'J ~tl~l1mt~'!Jnn~ 1!'.1 

m 'J 11v u ffl'J ilu 'Yl j ~~ oU' 1ri'J ~ 'IJ 'IJ ffllJl'J t1 ~ 1u u f1\911lJ i1 n'hl ru ~ m'J 11 vu t1111u iJ o ci 
~ ~ 

" 
1) f11'J11tl'Wtlll11'JII'IJ'!Jfli'~m11 (Batch) 

" " 1 ~ u n1 'J 11 o u a, 'J il u 'Yl j ~~;;, ri 'J ~ 'IJ 'IJ 1 Vi v ~ fli' ~ 1 ~ v1 11 i1 ~'ill n u u 'il ~ u ci v v1 '11' 1 n ~ n1 'J v ova n, v 
~ 

m'J ilu'Ylj ~1~ vu 'IJflYilj v1u 'J ~'IJ'!Jun~ 1:UiJm'J11vu m'J ilu 'Ylj ~~~lJ1oU'1 1 ufln m'J ilu 'Ylj ~t~nuov 
~ 

" . " 
amv'ilu 11lJ~ 'J ~'IJ'!Ju mm~ n'!Jl\91 fl~ 'IJYiiJu~ mru mn1 ~~~1 i'nmmu mn m'J 11irm1 'IJ'IJ iJ 'J ~ u'IJ • 

I I j/ I 

'il~ t:Ufl~Yi lln~u~mru n1CJ!Yi1n~~u !:UmhatJo 

2) f11'J11tl'Wtl1111'Jil'IJU~~~OI~tl~ (Semi-continuous) 

1 ~ u i1 n'hl ru~ f11'J 11 o u ffl'J il u 'Yl j ~~ oU' 1 ri'J ~ 'IJ'IJ 1 ~ tl'il ~iJ f11'J 11 o u m111 'J 1 ~ mh~ 'l 1 '11' ao ~ m1' o ~ rl'IJ 
~ 

'j) 'j) I 'j) 'jJ I 

m'J '1'1 N l'W 'U v~ 'J ~ 'IJ'IJ 11 it~ 'illnu u ~~iJn n ri1vu 11 iYvvvnnv u Yi 'il ~ l~lJU 11 iYm oU'1 1 ut11 :Uflnfli' ~ cl$~ 
. . " 

111lJ ,~ n'IJ n'J ru Yi iJ l\9lfl~ 'IJI ~ u u'J ~ ~, cl$~u n~ 'il~ iJn1'J ~~lJffl'J ilu 'Yl j ~111 :U'Yln'll'W nl'J 11 ir n11 'IJ u u • • 
'il~ ci ~ ~n ~~ v m'J '1'11~1u 'U o~ 'ililu 'Yl1 ~ '111vn~ tlru 111 'illf1f11'J ~ iJ ffl'J ilu 'Yl j ~~ t1J lbl'J ~ 'IJ u ~1u 1u lJ 1n . ~ ~ 

I j} I I 

11 'IJ'!Jn~VIm1 u (Shock load) 11 n~u~ mru Yitn~~'W ~ ou oU'1~Yi 'il~fl~Yi 
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3) f11111r:J'Wtll'Ml':H!UU~f:ll~f:l-:l (Continuous) 

' " 
1 ~'W ~fnJ ru :;-; m1 11 r:J'W bl'U ~ 'W 'Vl1vt ·thri1 :;-;1111 mh-:l~ m i1 r:J -:l~H'If:lfll1m tlr:J ihh iYrwu1r:J r:Jfl '\l 1m:;-; 1111 

"' 
" ' 

~Hl r:Jfll1m ~-:l u 'W lbl'fl '11 irn 'll :;-; t1 m.lr:J rmmvm v 1 'W 1 :;-; 1111'1f1-:l11m '11 U-:lll Cl:i'S t~mhvr:Jr:Jfl '\!1m:;-; 1111 
' "' "' 

(2) 1:i'SCJ:i'Sl1ml~11flfl (Hydraulic retention time, HRT) l~'WU'\l1JCJ'I1~-:l~l~l'Wtl11 

fl111fi:JJ'lh :;-; il'Vl1lm'W'\Jr:J-:l1 :;-; 1111m1 clr:Jvbl'mvm1 ~'W 'Vl1vmv ll'l'Mn1:;-; 1JJ1 ~mmfl' o\911 11~ 1'\Jr:J-:j 
' 

I ~ & cl Q.l .::::-. cid' _& I I & I ;; cl 
nu vr:J Vbl'm m 'W :JJ'\J 'W mm :;-; V:i'Sl1mtn 11 nn bl'1 1 r:J'W 'Vl 1 V'\l 'W tl-:l fllbl' -:lbl'flfll'M 'W -:l \91 r:J 'll 1fl'W 'W n 'll :;-; C1 fl C1-:l 

"' ' 
'\l'W m :i'S~-:lG-:l~'W'M~-:l~~ft'W'Vl'1ViJfl~Nf:lf:lfl'\l1f11:i'S1111 (Wash out) 1 'W 0\9111~!~ 1fll1~ft'W'Vl1V'll:i'Sl~:JJ 
0 & & ,..!. d 0 G) ~ <j) ll] 'j) 31\f} 
'\l1'W1'W'U'W (Yilmazer and Yenigun, 1999) CJf-:ll1l'Wbr1l'MI'J'Vl'Vll !'l11:i'S1111Cl:J.Jl'MC11 If! bl'1:JJ11tlllfl !'U 

,;,. "'"' 91 lr]911 .,: 0:: wqv ,J 
f111'Vl~C1'W'Vl1CJ\)flm-:lf:lf:lfl'\l1f11:i'S1111 If! fi(Jf)Ul'Wm:;-;v:;-;nmtfl11flfl !'M'W1'W'U'W (Wen et al., 1999) 

" 
'W f) fl '\) 1nih :;-; CJ:i'S nml ~ 11 n f)'\):;-; l ~ 'W il '\) 11 CJ'M ~ n1 'W fl11 f) f) flll11 111 :;-; 1111 fl1 1 '11 iT fl nrir:~tl f) 1 :;-; CJ:i'S nm 

~~11nm ~'W 1 :;-; v:;-;nm~'U r:J-:ltiYvr:Jcl1 'W 5-:l'M i1nbr1m1 t~'l11tJl1 f!vm1 '1111 u~ m\911 5-:l'M iJnJl 1vu~ml'l 1 
"' 

'\Jf:l-:ll iYv~l~:JJCl-:l 1 'W tl-:l'M irn~f:lm.hm1m1 :;-;v:;-;nm~'\lft'W 'Vl1Vr:JVl 'Wn1111 (Solid retention time. 
' "' 

SR T) '11 :JJ 1CJG-:l:JJ1C1'\Jf:l-:l'\Jf:l-:lll ~-:lfllCJ 1 'W 1 :;-; 1111'1111 Jl1CJ:JJ1C1'\J f:l-:l'\J f:l-:lll ~-:l ~uri DCJtltlfl'\l 1m:;-; 1111~ tll'W 

1 'W 5-:l '11 irm111 11 1i 11 :J.Jfl1~ !JJ iim1 '11 :JJ'Wl1v'W \91:;-;nD 'W ii1 :;-; v:;-; 11m~ 'll a 'W 'Vl1vD elm v 1 'W 1 :;-; 1111 '\!:;-; 
' ' "' " ' ' 

tvhn111 :;-;v:;-;nml~11nmhirv (SRT=HRT) u~1 'W tl-:l'M iJnViiim1'11:JJ'Wl1V'WI'l:i'S flr:J'W ii1 :;-;v:;-;nmVi 
' 

" 
'llft 'W 'Vl1Vr:Jvmv 1 'W 1 :;-;1111:J.Jlflfll11:;-; v:;-;nm1~11nmh irv (SRT>HRT) 
' "' 

HRT = SRT =volume/flow rate= V/Q 

(3) m1 fl1'W (Mixing) m1 fl1'W 1 ~'W ~ -:l{YlAty 1 'W1 :;-; 1111m1 vr:Jvbl'mvbl'11 ~'W 'Vl1v 

mv 1Jlbrm1:;-; 1JJ1 ~mmfl' 1 flvii'M~nm1 tlD vh hi br11 fl'W 'Vl1vDv1 'W ftm'Wu '\J1'WC1Dv ~~ D1li'tnfl 
"' 

n l'H fi f) m 1 [1':;-; [j':JJ '\J tl-:l ftn ~ 'W 'Vl1vm :JJ ~f)~ 1-:l 'l '\J tl-:l 5-:l '11 iT n u [1:;-; vh tli '\J tl-:l m [1 1mv 1 'W 5-:l '11 iT n ii 

" ' 
ftm'W 1 ~ w i1 m~ rnn'W 1n 1 'W m1 m'W '\J D-:lm C111 'W 5-:l'M irnii'M m v1n t 'li'W 1 ~tfl1 D-:lfl1'W ft110fl n19f 

"' 
w " 

ll U'Vl1-:lJl1'W n'W 'Ur:J-:ltl-:l'M irn '11 :JJ'W t1V'W\9l :i'Sfltl'W Jl1vii:JJ UC1:;-; 1 ~m1 bl'11vll'W vi m.J1 l~'WI'l''W 
' "' 
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1.2.6 o,nJ fl m wffl'l1lu fl1 1thuVIJ l!ITt1H'IJ'IJ1 lJ i 'If ellfllft 
' ~ 

5~ ll5n 1 ru Yi 1 ~1 u n11 1J 11J ~ l111 ilv11 u u 1:ii1 ~ell fllrliif11llJ fflrltyelVl~lJ lfl~ el 

m ~'UlU fll'J Hil~ fllCJf;lill'Vl !'1"11 l~ iJ~el ~ lfl~ 'IH'IlVD 1 ~fll'J ! 'lfu fll'J! 'il~ UJ!~'U 1 ~'U el~ 'il ilu 'Ylj V 
u q 

'1 "',I"' <191 o q91 .d. ~I liLilrJ9191 91 ']91 q w cl w 

illV lUfi~U{)fl'JU!'lfllJlfl 'Vlll'Yifll'J!'JlJ'J~'U'U!uU lU l~'lfl ~el~ l'lf'J~V~!lm lUfll'JflfHfl'lJUlU fl~ 
' ~ 

ll5fl'j u!Yi1 ~~~iJ'UU l~ 1 'j!j t1)V111'11 ~ln~lJU tr~ anl1~ V~D'j ~ flel'U~lv~ilu 'Ylj V'Yi nlVfl~lJll n~ l!~n~ 

ncilJiJm1lJ~el~fll1 n'm1~~u~n~1~ilu 1 ~vvilu 'Ylj vncilln'f 1-:JiJ!'YlU ~~~u el~rlD'J ~ flel'Uff1rltu 
q q q u 

'Uel-:Jfl1CJf;lill'Vl ~~iJm1 1 v1ty!~u 1 ~un~ tll'ielfll'J 1 ll~vuu lln~'U el~n'll~u 1~~ellJelV1~mn l'i'el~ 

tllftVfll'J~UnelVN 1 fl~;~ 
" ~ 

1 U~1U 1<&'vu 'il~ 1 ~t)~1J5mruu 'U'Ul1~fl1Un'lJ\j'J ul (Completely stirred tank 

~I .d w d '9 w ~ e::1 'j) 'j) , w 

reactor) luU fll'J I 1 VflmlJnfl'hlU!~'Uel~n'n'11'Ylel~ l U mCJf~lJfl11lJ!'UlJ'UU!'VllflU'YJfl~~ (Completely 

w ~ rl J'~ d w ~ rl ~ & ~ 
mixed) fi~D{)m ruu 'U'UU flel!UU fi~D{)fl'JU! 1 U f;!~lJfl~ (Ideal reactor) U'U'U'YIU ~~~n~l'IJU 1 ~'U'U 

'j) 'j) 'J) ' 

U1lJ~ U1lffVU 'lJ 'lJ 1:J1 ~el1fllft 1 ~ vl1~fl1U n'lJ'lJ'j ur u flfl~I'JJU 1~1-l m 'il1fll1~VelVn'cl~ ~c)$~ I ~u 
" " 

conventional anaerobic digester 

~ >J ' 

1u111!ffvun~'il1fll1~velvn'cl'~~ (Septic tank) 1~viJm1~~191~1un1u rwel1'11~ilu'Yljvun~ 

m 1 el1'YI 111 u t1 ~ll i}m u!iJm 1 ~lJ N'n'ilu mn~u ~~ 'il~ V111'11 1J 1 ~ i1'Yl~ m'Vl1 u fl n Vel vn'mv 

QJ QJ <i 
1.2.6.1 'i~'IJ1Jti'I'YilJ flfl1'U tfll1J1 W 

t1~m:rn (Anaerobic digester) Vl1~1u1ucl'nEJru~~~~'Uflll!jvun~ 
~ 

n'l'Jtll'Yil'Jel~1 U n'fll'I"'U'UlUnelV (Suspended -growth ) ~~l'i'el~iJfll'JfllU Hn'lJU1!ffVfl'Un'11 tll'YI n 

rl Q.f rl ..:::':1 t:::! .-=:! rl .<::::::!. .d ;; 

el ~fl 1J 1 ~ n el'U 'U el~ 1 ~ u u 1 ~ uu fl~ u u u n1u n'lJ u 1 ru 'YI 1 el CJfW n''Yl m1 u VlJ lJ '1'1~1 1J 'Y1 1 ~ m ~ u el n 
" " 

d d w v ~ d dw rl rl 

n'l'YinVll'ili9J1n' 'YI'Jelflnel~lU!lVU lJnfl'hlU!~'Vll~'lfnft1n'~'J (Hydraulic pattern) U'U'UfllUn'lJ\j'JU! 
~ ' ~ 

1 ~ u !'U ell~ c.llfl U 11'111' ~ t) ~ !! n ~ l :J iJ fll 1 'YI lJ U !l VU I CJfn~U 'lJ fl ll!j Vflcl'U I ~n ~ 'lJ 'lJ fll 1 ~I'll U 1l1 ~ 
q 

Q.l .::::::. rl w ..:=::. rl ~ J'c:; 
1) mD{)fl'JU!'J~V~U'Jfl (First generation reactor) fi~D{)fl'JU!'lfU~U!UU 

1 'j) I I 

tr~Yi~l'llU 1~u 'il1flfln U1!tll~ mffV'Uel~ 1 ~uuu u U!U~m~l'llu 11~u 1 ~uuuuuu~ 1.W eliJel~ilu nilu 
' ~ 

u n~ n'1m1 fl! nuilnn1CJf;lm'I"'Yi Hil~~u m 1 ~ ~ 11-1 iJcl'nEJ ru~ fll'J V11~1u ~1V'llli~~V1fl 1 'lfu 5~ 
,I"' <I "' "',I"' <I ~I 91 
u{)fl'JU!U'U'UmfllU (stirred tank reactor) Un~fi~U{)fl'JU!U'U'U anaerobic contact !uU~U 

2) t1~1J5mru'J~V~~n'el~ (Second generation reactor) iJm11~lJD~mru 
>J 

n'11 BU 'Ylj 61 u tr~llBn'j ur U1lJ~U1!ffV 1 ~Vl~fl1'j~f)~~flelU !!n~lU~~flelU ~iluYij Vflcl'U l 1]1 ~t)~ 



,. 
28 

huj ~'li'im~111l.lf111~~erw.u'l'l~'lCJlfl u~iJ'Lh~iYYlnmVl!:J:'ll'li'W O'lU~mwu1111A1WJH'l~11'W~b 

1~~ (Anaerobic filter/Fixed film reactor) UC1~0'lU~fnWU1111 up flow anaerobic sludge blanket 

(UASB) l~'W\9l''W 

mYlU1~nfl11 1-5 t~P~fl~umm~1111o'lml-l~l-l111W 
"' 

d (V w Q.l r:l w 

Ylm: m lJVlll'lll.llVl~N'll'W Yli'IU Yll.l u r1~ m.p flflVlf1'l'lll.l (2549) 

" " ' 
1 ~ 1111 iJ iJ nm n m f\m.'h tvhf111 nmnmfl 11'\J fl'l u ~'l t'Vifl h1'iJ ~ ll.l 1l.ll9fC1 ~ 

U11fli1l~ (JlJlflVlfJ 1l-lf111 vhu~n~ CJ1~'ll'l'fl'lf111 nmnmR11~fJ'Uoti'l'Jf:J:'ll~fJ 1 MU11f1Yh~ Cll1l~tyl~11 t\91 

' " 
rwl-l ~l'W 1l.ll ~rl'l-l u 1111i11~ CJ1l~ I 11 r1 flflnt untl'w lflflfl 1l-l1 U'll fl'lU~'lll 'll1'WC1flCJ1 ~ m CJ ~l'W 'llfl'l o'li'i 

"' 

rhill'lt~m 11111lJnl9f;1mVlt111 u1 i''lll.l m1 n1'Wl~'W111l<U'mhrl'ty'llfl'l1 ~1111t~fl 1 M'tnl'lm1r~~lJ 

fll.l1 ~Wll'lll11fli1l~ CJfl11~11 fll'Y!11 ilfl'lfll.l fl11lfll'l~ll 'IJ (Scum) I!Cl~iJfl'lfll.l fl11\9lfl\9l~flfll.l f111 

' " ' 
0 II] "' """" ' 'l "' "" "' 'l "' "" ' flJ'WYllii'I'Y!C11CJ11il'lfl.l l'lflfl)fJ'Jfl1l.lU1111!VlC11U'W1\9l'l !'lHmfl'lfl'Jl.lU1111~lJ (Submersible mixer) 

' " G) 3) d:l 0 d ~ G) 'j) cY .::::! 'j) ... '1 
1 'lHm fl'l~11l.ll'Y!lJl.l!JCJl.l'Y!1fl 1 'lf Blower l'll'lf119f'lf1Jl1Vl1llfll'll'W11'Wlu1C1'lflJ'Wrl~lJ 

"' . "' 

' " o'lml.l~l-lmwi11i''lll.lllu'lt~l-l 2 ncil-l1mu~'JiJ 
"' • u 

" 
- O'l'Y!JJfl\9l~flfll.l (Sludge digester) 1~1111fl~lJU iJ1i''ll'W~l'W'Jl.llJlfl1i''YIJJflA~flfll.l1llfn~1111 

'LJTU~Il11111i'mmft ff1l.l1my1l~l~'Wll1111 low-rate digester !J.Ji'im1fl1'WH~lJ (fl11fl1'Wlfl~lfl'l 
I ~ 'j} 'j/ 

11 lflfl19f:j}1mVli1 f1flCJ~wvilirl-l) ffl'Y! i'11fl19f:j}1mVl ff1l.l1 m\]1 ~ 11 lCJYJ'l Yl N'Yifl1 ~11 1CJfllfl1fl' 

~ ll.l11l-l 'll fl'lonnJ'n o'l mJnA ~flfll-l1 '*t~flVflCJ~C11CJA ~nfll-l ff1l-l1 mui'im1 ~ u C1tl'l CJ~fl 111fll-l 
u r:u r:u q 

1 ~11 111'hu~om ~l-l ri1l-l u1 ~ nfl 1111.1 rl1rl'ty JJ'n! J.JiJ m 1 A 1111 1tm 1~ 11'1 ~'l 1 'lil-l Vlw'lf 'IJ fl'ltt ~ 'l 
" ' ' 

u 'IJ 1l-l r1 fl(J "1 C1"1 ~1'l1l 1m ~1111ihu~tl1tiYCJ'Yl ~ni1! ~i'11m1 ~~~r1~iht~l-lfln-:ho'lml-l ~l-l111 w ihu~P~ 
"' "' 
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~ j} j} 'j) ' 

'i11tnCHJ\91 {'(1'11 m 'HJ 1 ~ UUthU~f1citJi:J iJ1 ~-:J11-J lJr:lCJ 1 ~ihu~c\J1-JI9)'1-J 'i11tnCJB\91 {'(1'11 m 1 tllllJ ~1 B~ 
q q q 

lll-6 

1 ~ l rl~ flU '\11! n CJ ~ lJ f111 tJ l 'lJ' tJ 'lJ' 1-J '\J B -:J l1C11lflUflf1'\JB-:Jll~-:J l'YilflUl1C11lflUflf1'i11 ~-:JlJ 

m1~1-J'Vl1V llC1~'\JB-:Jll~-:Jll'\J11-Jf'ltJCJ{'(-:J ~lCJfiB tH'm\911 '\J1-J1~ 1 '11tUYl1 hi~ltltJ{'(%' N{'(-:Jl1C11lflU 
"' " 'U 

" f111\9111'il{'(tJUf111Yl1-:J11-J~1CJfiBf1U\9111'\J{'(tJU flf1'\JB-:Jll~-:J ll'llflUl1C11lflUflf1'i11 ~-:JiJu1m\91 1 

f11T\'l1-:J11-J '\)1-J Wl1muYI11 M~ltltJ{'(%'1-:J{'(-:j 
" 'U 

' " 
Btu'l1fliJ ue1~ ~lB'l51li'rvhnm1Tn-:Jil-:J"lr1~ m~twlvHh ~1'11BmJ1H 

q 'U q 

" 
f111 f11W·.JtYtJ 'il ~ C1~f11 1 l '11 C1 ~~ 1-:J 'il 1 1j B -:Jfl 1-J 'i11B Bf1lJ '\Jtl-:J ll ~-:J ll 'IJ11-J C1tl CJ{'( -:Jll"l 1 1~ hJiJ1 ~ U U 

'U 

" {'(~tYtJ1'11 'IJtJ-:J'!11tnCJ11-Ju~'1lu 
q 

l{ 1 lJ ff 11 Vlll 11-J J 1l 'lJ' 1 'il ~ lJ f1l ~ tl 'ill -:J l n ~ hJtll'ill~1-J1~UU~l1C11lflUflf1'\Jtl-:Jll~-:JtJ:-:J'llrll'11 
NC1m~'Vlufim~uuu BCJ 1 li'tffoCJ'j ml"l'IJtJ-:J'j~uuiJ~~ ~1n~ 

-Vlm: Metcalf and Eddy (2004) 

1.2.6.2 fll'HHlfli!UU 

f11'j tltlf1ll u uil-:Jf111-J f111-J fftJU'j ur 1'11"1 r1 2 lTI fiB 1 ~u uu~1e1 tJ;j 'Vll-:JflW \91 f11ff\911 
"' 

~~ J' 9 'j) ~ o~dl .:::! ~ d 
1li1-J'il~ !'15fftlf111f1tl!\9lf11{'(\9l)CJ1-:J:JJ 2 U1~lfl'Vlf1B fftlf111 Empirical !lC1~fftJf111'Vl 

'WroJmu1f1Uijn1CJ1 Monod 11-Jil-:J~lJ~f1£Jtu~'Vll-:J'l5C1fl'lff\9l{uuum1-JfftJ\j)W (fftJf111~ 8-9) 

X= 
J-lm(So-S) Y(So-S) 

K(1 +Kd8) 1 +Kd8 
(8) 
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Ks (1+8Kd) 
S=------

8(YK-Kd)-1 
(9) 

9) 9) "'1 ~ q 3) d ~ 3) I 

So= 'fl111J!'U1J'U'W'Utl~i'1'l'JBll11'J(CJi tl~) !'W'W1!tHJ'Yl!'U11:J:'i::::'lJ'lJ, mg/L 

" 9) 9) "'1 "' 'I w -1"' "' 'I 0 S = 1'1111J!'U1J'U'W'Utl~Clf D~mtl~ (SCOD) !'W0~1J{]f1'Jtw !!CI:::: !'W'W1tltlf1, mg/L 

m = D\91'J1f1l'J!'il~qj!~'lJ 1191~1!Vl1::::1:J:~il~- mg VSS/mgCOD/day 

Kd = ff1JU'J::::il'Yl:fm'JCI'mti\911'Utl~~il'W'Yl~6, mg VSS/mgVSS/day 

Y = ff:IJU'J::::il'Yl:fm'J !'il~qj!~'lJ 1191~~i!~'Utl~~il'W'Yl~ 6 '11~tl1J1CI~il'W'Yl~6~!tl~,mg 
VSS/mgCO D/ day 

Ks = m11JlsUlJsU'W 'UD~~ 1 D~ 'll~~D\911 1mwil~UJ!~'lJ 1191~1lvn::::rn1n'lJfl~ ~'11~~'UtJ~ 
q " 

k flm!Y 

mgCOD/gVSS/day 

" 8 = nmnmn'lJt11 ,lu 

" " w w "' "" <19 o "" 9 w _ 1 "' <1 9 o 
X= 'fl111J!'U1J'U'W'Utl~~CI'W'Yl'Jtl !'W'Wl!CI'tl !'WO~u{]f1'Jtw!!CI:::: !'W'Wltltlf1, mgVSS/L 

'] 9) "'! I d <f di olf 
1 'W f)l'J tltlf1!!'lJ'lJ 'il::::\91D~!Citlf11'11m'Yl'YlN'UCI'Wfl'1CI'\91'J (Kinetic coefficient) CJi~!'lJ'W 

" " di " 
fi111J ff1J~'W £ ) :::: wJ1~ '1111 irtJ'lfiJ ~ 11 u "1 n'lJu 'lJ'flll!~ tJCJi'l!!\91f1~ 1'1 nu 1 u '1111 trtJ!!~CI::::'lfiA ~ m1 r11 

~11'1'1 ~ 'Yl1'1 '\1 [I 'W fl'1 Cl'\911 '111 "l J{ 'il1m 1 tl~ 1 'W 1 u tJ !tl f) [1'1) 1'lf1f11) m uh11f1l'J 'Yl ~[I tl ~ 1 'W)::; ~ 1J 

9) - I ""' ""'""' "'! 1 9) di II] 9) 9) d 9) d I 9) 'l 9) "" I 'I 9) ' 
'11tl~1J{]1J\91f11'J '11'JtJ 'J'I'I1'W\91'W!!'lJ'lJCJf'l 'il:::: !~'Utllq!CI'Yl\)f1\91tl'I'Yli!~ !!\91\91tl~ !'lf!JCil!!CI::::!CI'tl'fll !'lf'il1tl 

'j,/ 'j,/ 'j/ 'j) I 'j) 

1J1 f) 1J N fl f ~ ~ tl tl f)!! 1J 1J iJ ti:IJ 191 ~ [1'1J 1J ~ '\j 1 'W ~ 1 !'11 ri l'W ~ 'W c)$~ 1 'W m ru [1'1J 1J~ ~11 'W fl1'W) 11J 'lJ N 1'1 f ~ n 
~ ~ 

"l:U "l Jl1 t1 r-m~iJ1'1111J onl'i' D~ mnun ~ 1fi~~'Yll'l 'ilCI u fl'1CI'\911! Jlu Cl'~~ 1 u m1 1~~ 1-7 
'U 
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y 

tJfin1'tJ1m1~:rf1~nH1 

tJ B f11 til tllYCY~ 1 ~ 

"" :lJ! 'Yl 'W 

Kd 

tJfin1mm1tY~l~m~ 

tJfin1mm11:1'~1~ 

Ks 

I 

flll:Uli'W lU 'W'W 

-rr~~:hu 1 'Wfll'lf~ihm'W 

bl~ffl'W 'Wtl~~ l'W 

I 

li'Wltl 

mgVSS/mgCOD/day 

mgVSS/mgCOD/day 

mgVSS/mgCOD/day 

mgVSS/mgCOD 

mgVSS/mgCOD 

mgVSS/mgCOD 

mgVSS/mgVSS/day 

mgVSS/mgVSS/day 

mg VS S/mg VS S/ day 

mgCOD/L 

mgCOD/L 

mgCOD/L 

Kg/m3 

% 

KJ/g 

l1m: Metca1fand Eddy (2004) 

I I 

'lfl~fll 

0.18-0.24 

0.22-0.28 

0.30-0.38 

0.06-0.12 

0.02-0.06 

0.05-0.10 

0.02 -0.06 

0.01 -0.04 

0.02-0.04 

800-1,100 

300-500 

60 -200 

60-70 

0.20 

0.25 

0.35 

0.10 

0.04 

0.08 

0.04 

0.02 

0.03 

900 

360 

160 

0.4 

0.6346 

65 

50.1 

31 



" 

QY(So-S) 
p = 

x 1+Kd8c 

YcH4 = 0.35 {Q(So-S)-1.42 Px} 

... 1~ ~ ~ ~ d 

V cH4 = U:ilJlUUJl'Vl'W'Vllfl~ ('Vltlfl11::::lJl~:i~1'W 0 °C, 1 atm) 
Q.l I 1!::! ~ ~ Q 

0.35 = eJ\91:i1t1'1'W'\'11~'Vl(j1Jt) fll)lfl~lJ!'Vl'W 'Vl 0 °C, L/gCODrcmovcd 

d ~c! d' ~ rl .,d .J 

32 

(I 0) 

(11) 

2) lflW 'Ylfll:i Bel fl!l 'U'U Tli 'W 1l:::: l1l eJ fl!flW 'Ylfll:i e:Jelfl!l 'U'U 'Vl!Vi m:::: t1'1J '11~ ell 1ll111l1fl 

:i 1t1~1'Wl~tlle:Jflftl:i l'li1fll:i vH'lfll:i'VlvHle:J~ l1 ~e:JflU ~l!'U'W~1'W 111 ~ lflWcnfll:i e:Je:Jfl!l uu~Ut11J 'l~;le:~ 
' " 

o\91 11m) ::::u:i 1 Y1nm1 Du 'Vl~ v (ql~fh1~ 111mh 9i 1 e:~~ u r~::::'IJ e:~-:Ju ~-:Ju 'IJ1'W r~e:~ v1 ::::m v) tm::::nmnn . 
~ : Q.l d 

lfl'U'Wl ~-:J\911)1-:J'Vl 1-8 

0 "' 'Wll tltl 30 

18 

24 

30 

40 

30-35 

1-5 kgCOD lm
3
1day 

1.6- 4.8 kgVSS I m
1
lday 

High-rate 2.4-6.4 kgVSS I m
3
1day 

Low-rate 2.4-6.4 kgVSS I m
1
1day 

SRT Uri:::: HRT 

(1u) 

14 (2) 

1 0(2) 

15- 20(3) 

10-20(4
) 

30-60(4
) 

vhn: (1) Metcalf and Eddy, 2004, (2) McCarty, 1968, (3) U.S. EPA, 1979 (4) Qasim, 1985; !l'U'U 

Low-rate !:JiJm:i fl1'W l 'WO-:J 
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1'Umrui1~l1lJf1\9l~mru WEF (1998) !i1''Uelfl111lfY1lW'UTI'J~11l1~ ldrlli~'Uflf) nu 
f11'Jfh~l'l'1Jel~II~~'J~!Yitl (volatile solids) 'lJU!~~ Liptak (1974) !i1''Uelfl111lfY1lW'UTI1'U~iJ~1Jf11'J 

~ ~J' 3)3) ~ JQ.I ~ ~.~Q.I 
Empirical (~1lf11Hl 12) 'IN'U fl11111'1J11'1J'U\9l~f1el'U1lHCl\9lelel\9l'J1fll'J~'U'JHJf1m'JeJ'U'I'l'Jtl \91~11~\91~ 

1 'U \91 1'J 1 ~ ~ 1 -9 ( tYl 11 f 'U f11 'J 11lJ f1 \91 ~ f1 eJ 'U 'U 1 ~ fl # ~ '\l ~ 1 ~ '1J eJ ~II~~ II '1J 1 'U Cl eJ tJ 'J ~ 111 tJ II '1'1 'U '1J eJ ~II~~ 
)~!Yitl ll'ltlel'U lel1J) 

q 

d 

Vct= 13.7ln(SRT)+18.9 

QJ cl Q.l Q.l 

SRT = HRT (l1rllf1f11f1'U 15-20 1'U), 1'U 

SRT I!Cl~ HRT, -'J'U 

15 

20 

30 

'1'1111: WEF (1998) 

0 w Q 

f11'J f11 '\l\91'1Jel~II'1J~'J ~111 tl,% 

56.0 

60.0 

65.5 

(12) 
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'UD-:JU~-:Jlw 
Q.l .c::. .d. d' ) 
'0~11ill':i:::m':i'I'Jf1fl'l-:i'OW'Vl'HJ (kgVS I m /day) 

'l) 

~:::f1'0Wl'U1(%) HRT 10 lW HRT 12lW HRT 15lW HRT 20 lW 

2 1.4 1.2 0.95 0.70 

3 2.1 1.8 1.4 1.1 

4 2.9 2.4 1.9 1.4 

5 3.6 3.0 2.4 1.8 

6 4.3 3.6 2.9 2.1 

7 5.0 4.2 3.3 2.5 

8 5.7 4.8 3.8 2.9 

..,; 
'Vl:IJl: Metcalf & Eddy (2004) 

1 W'l.h:::t'Vlfl'l 'VlCJ 0-:!11 irn~:::nDwil v:unl'VlH'Vl':i -:Jm :::1JDf1 hwriw o-:Ji:Jrr:n:ur1~iw 
"' " " . 

fj-:)f)ftl-:!0-:J O-:Jl!1J1JU u:::iJViw Yim!11'1~:1Jlf) vh h1'tn~m 11J~11 'U Ufl:::f1U~f1~::: f1'0W ff::: 'ff:U'U'O-:J grit 

n1l1 f 1J0-:J') 11m! 11'1 ~ ~ll'l ~v:u cO~ f 'ff ( ~-:) OD'fff 1-:J~ 1Vf111) fl'J') 1 ~nmf 11 i'Yv~iJ 'U'O -:!ll ~-:!!! 'U 1W rl'O V~1 "' . 
~ 1"1 1 w~nth:::t'Vlfl'il u ~uwil v:u 1 ~o-:Jllll ~ ur1:::o-:J'Vl-:i -:Jm :::1JDn~iJriw o-:Jllfl::: r·ho-:Jm!11'1~t~f1n-:J 

" " t1vn german design (f1tl'1vl1ll~ u~nD'fffl-:J~1Vf111) O-:Jf1~:uul111Mm':imw~~Wlm:::!titf1~~1l'U 
" . ')) w .d. Q.l ~I .<:::! d. G) ')) ')) c! I 

~1W1JW'UD-:Jm W'Of11llf1Wfl~':i1J'Vl':i-:!fln'0-:!1W!JCJW'Vl !'!ff11-:if11W~1CJ submersible mixer Un~:Ul!fiW 
"' 

cl r;V cl 3) j}Q d I I ;iJ I ')) 3}.d, cl : d 

PVC flfl1Jlf11Jf11'li n1 'If~~~ :Ufllf1'0'ff':i 1-:!flf1 ll~~'O-:!'O'Of1ll1J1J 1l'I:Uf1111ll 11m:::!! ffW 1'ff -:!l"Wl'V'IV-:J . "' "' 
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" JJ~ :IJ 1U! ft1 'J f) 1111 'J 1 hiU1! irviJ fl11:1J ir:u'W hi TIn 'lJ 'lfU ~ 'lJ f)~ nci :IJ 1l ilhl 'Vl1 61 hi 'J:;; 'lJ 'lJ !! j;'j:;; • • 

D'J:;; il'Vln m')Al 1 him 'J clu vnmv ~~')Al'lJl1ft1'J m111 'J ~ ~ 1~'lfi'J ~ nhl iJaA'J 1m'J cluvnmv~11 51~ 

~~~n~1~nhl 1 ~ Vft1'J mm'J ~ 1')Al1nm{1 'lJ 1 en~ 'J m:;; lM' VA 'J 1cluvnmv~1 51n111 D'J ~hi!! l;'l:;; 1 'lllJhl 

' " " 1 'lJ :U'hl fY1hl111 ru:Unu cJ 1 hi 'J JJVi 11J ihmv1 hiU1 hi u n 'll1nt'T hi 'llilhl 'Vl1 6v~l'l' u~m'J nl'J m111 'J ~1')Al1n 
u qJ 'U q 

JJ ~ :u 1 ru '1 hl1 A 'J 1 u hi 11 l;'l:;; ~ t1 n ~ t1 f n ~ 1 ~1 hi n 1 'J 1 ~hi 'J :;; 'lJ 'lJ n 1 'J cJ t1 v n l;'l 1 v 11 'lJ 'lJ 11J 1 ~ 
" u 1mfl' 1~Vfl11:ul'l' u~m'J 1 hi1~'J I'll hi u l;'l:;;~uft~uf nu:;;~hl t1 cln'lJD~mru 'lJ u~!'lfl;'lil' JJ~mru 

" 
" ' ' 

1 hl1 m 1 'il hi u l;'l:;; ~ t1 n~ uf n m v1 hl!'lfl;'lil'u l;'l:;; 1 hiU1! irv cl1 ~ 1 hl!'lfl;'l il' u ilhl 'Vl1 6Vi HilA iJ 1 'Vl hlu:;; iJ • 

!'Vllfl'lJ 300: 1.8:0.24) (Speece and McCarty, 1964) 

Speece 1~'W~mn:um'J ~1 ~1 hi f11'J ~1hi1U! JJ~mru 1 hi1~'J 1 1lhl ~~ilhi'Vl1 61 hi'J:;;'lJ'lJf11'J cluv 

nmvu'lJ'lJ11J1~mmfl'l'l'u~m'J 1flml'~n:um'J~ 13 

9sd ed de sd de sd 
C H ObN + ( 2n+c-b----)H,O 

n a c 20 4 -
----+ (-)CH

4
+(n-c----)CO, +(-)C,H

7
0,N 

8 5 8 - 20 - -

sd + sd 
+(C--)NH

4 
+(c--)HC0

3 20 20 
(13) 

...; 
!:Uti d=4n+a-2b-3c 

S = fraction of waste synthesized 

I I ~ d. (1' 

CnHaObNc = i'J:I9l'JfJt11~~1ti'UfJ~~i;'lhi'Vl'Jtl 
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'illfl~:JJf111 u~~~ 1li't lf 'U 111Hmru 1 'U 1~1 1 'il'U ~1 ~ uuclmmmvuuu hi1 ~enmfll'l'a~m1 1l 

~~ril'U~U e:JI'J:JJlfl!rlat lJ'j I'JU!'i11'JUtlU1 ~UUf111 vavmnvu uu 11J1 ~e:Jlfllfl 1~vu~mru vJa~vJa-r ~ 

' " 
~1 :JJ11 fll 'il ~ ru ~~ u 1 ~ "l ~~ ~ ~ri lfl~ 1 1ril'U iJ 'il ~ ~l:JJ 11 fl 1111 ~'ill fl ~~ 11 :JJ !ClflCl'U a~ 'il ilu 'Vl 1 V!! n ~ 

u 'U q q 

"! 

C5HP:N (Hoover and Porges. 1952) 111e:J C60H8702 ~N 12P (Lima et al., 2008) 

Annachhatrc at el. (1996) 'YlUl1 m{ua'U l'U 1~1!'\J'U !!Cl~'VJa~vJa-r~ lJfll1:JJ~l:JJ11fll'ia 

f111 !'il~qj!~U 1~'Ue:J~~il'U'Vl1 v 1~1'Jfl~11'Ue:J~~11eJ11111 (COD:N:P) 1 'U1~UUfl11Ve:JI'J~rlli'J!!1JU 11J 
' ' 

1
3) 3) 1 I ~ 9} I Q.l dl I Ql 1 0"' OV 

'lfe:Jlfllfl~e:J'lfl11 'U'lfl~!1:JJ~'U1~UU!'VllflU 300:5:lllCl~:JJ'fll!'VllflU 600:5:1 'U'lfl~'Vl1~1J1Jfl~m 

Stronach at el. (1986) 'YlUll~~ril'U'Ue:J'lm1en'\111 (COD:N)~1~U11Ve:JI'J~rlli'J!!UU11J 

1 ~e:Jlfllfll'l' e:J ~fl11 lJrll!'Yl1tlU 400:7 ~fl~1 1iJ e:J'U e:J11111 1'J: ~(0.8-1.2 gCOD/gVSS.day )!!n~lJrl1 

rvhnu 1,000:7 ~fl~11iJe:J'Ue:Jl'l111~1 (<0.5 gCOD/gVSS.day) 

"" "' 1.2.9 fll"ll'l11ill'Yt (Biogas) 

nlGJI~ih m'Yl 11 mvo'~ n191~ 1 ~ m 1l1fl fln ciav~mv~11 au 'Vl1 vl'iH'l mv 1191' ~ ml~ H 

e:Je:Jflclf! 'il'U 1 ~vii 'ilil'U 'Vl1 v11 mv'lfil ~l1111 u 1~ciav~mv 0191:jflfll'Yl!ll'U 0191vWm;:;1111~n191lJ!'Vl'U 
q 

C)l ~ r/ cl I I d'w ~C)I C)l 

( CH~) !!Cl~fl191'fl11Ue:J'U 1~aafl191~ (CO) !'U'U~l'U 1 11qj 'Ue:Jfl'illfl'UI'J~e:Jl'il'il~:JJfl1911 'U 1~1! 'il'U fl191 

1 e1 1 ~ 11 'il u un~ n1911eJ 1 ~ 11 '\) u ~(;11 vJ~ uu acith~t ~flu av ul'in191:j}1m'Yl~tn~ 'illflm ;:;ulu m1 
'U 

' " ' 
11 iJ fl 'il~ iiu~mru i1u~ fll'i Nn'U 'liu nu 1~o~u i11 ~un~ ~flll~ 'U a~ m ~Ul'U m1 11 irfl~ li'J 1~ v 

q 



d <~~I c;V c:! 

\91TJ1-:]'VI 1-11 eJ-:jfllJ1::;fHJ1J'UrNf11"lf'l51fll'VI 

e ~ rh.h::; rmtJ 
C1l "' 
f11"lf:W'VIU (CH4 ) 

C1l "' li] li] "' f11"lffl111JeJU ~\9lelelfl !"lf\91 (CO,) 

fl1"lflfl 1\911!'\JU (H2) 

fl1"lftv1\911l'ilU~nllvM (H
2
S) 

vhn Po1praseii (1996) 

_I '\ c r:Y "' 1.2.9.1 lJ'i::; !f.l'lf'U'llel~fll"lf'll1illl"t 

50-75 

36-39 

1-3 

1-3 

37 

fl1"lf:J11m'VI (1'UJ11 mhlJl 'l ~u 'VI u 'VI~-:]-:] 11-1 'l u 1 tJuu'UA1-:]"") 1 #! '\l1flfl11 
"' " ' " 

1 tJ~ v u 1 Yi v u n 'lJ 1 <tf t~ 1 'VI~-:] 'l5 i1 \91 o u "1 ~ ~ u u n1 "lf :J1 1 Jl1 'VI~-:] (1' 1 :w 11 t1 '111 :w 1'1 ~ tJ 1::; 1 v 'l5 u1 #! '11 n 1 v 

1J1::;fl11~-:]\9ll'JN~ 1-12 

99.1~· <'! "' dt '19) 9) 99.1• w 
!'l5llJU!'l5ell'VIn-:]l'VIeJ '11fl11lJ1eJU 'VI\9lll'VIUflTJ ~'l5U1lJU!\911 

'l~'lum1H~\9lm::;u(YtvJVh 

l ~~ U 1 lJ'UeJ-:]'VI ~-:]~11-l i 1ll 1\91 tl l ~l U fl11 H~\91 fl1 ::;!! (Yl vl~1ll n::; 'lli' fl 11ll~ eJU fl'U 
"' 

iJ ft'n tJfll'VI 'l u m1 H~\9l'VI~-:]-:]1U 'il1fl "'Uti::; !uvn" ~-:]hi !'11m::; (1'WJ1'11 f 1Jf111!H1l.yt eJ 

H~\9l'VI~-:]-:]1U iJftfltlfll'VI~ '\l::; t#i'f 1J Hn\91 el'Ull 'VIU 'VINfl11l~Ul!n::; lfl'':ilHi fl'1(1'\9l { (1'-:] 
"' "' 
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ct{ 1 u k~ u 1 ~ ll eJ:JJ !l r! ~ n1 1 mm"Jfl1 '*D1D~'UtJ~:tmHm.Jilm1~ 61 u ~~-:Jfll'J N-:Jflr!'IJ'UtJ~:JJor.Jm.J 
~ ~ 

,; ' ' 

<U ~ fl1) 'U D -:j l il tJ iJ hl 'Vl ~ 61 hl Vi hl Vi N -:j fl [l 'lJ l! 'lJ 'lJ fl fl'\1 ~ fl -a 'U 1 fl 'lJ 1 r!lli! 1J hl Vi tJ tl :Jj ~ 'lJ 
~ . 

mm1 t~1 '*!J11J~'U v~ :JJ r! r-Jt1 vil u 'Vl ~ 61 u ~~-:Jfll) N-:J nr!'IJ'U v~:JJ r! r-Jt1 v 
~ ~ 

" ' ' 
ilu 'Vl~ 61 uViu VlN-:J flr!'IJ u 'IJ'IJ flfl'\1 ~fl'ff'U1fl'!Jlr!tlilrlu VimJ:JJ~ 'lJ 

~ . 

r!~nn 191~ !~'f11mvih 

! rlhll'Vlfl1 hl h ~fll) JJ1lJ~ 'UtJ~:Jj [l HtltJ~!rlhl lJ~) ~ tl~ -:JU 1~lleJ:JJ 
~ 

-a1m1 t~un1ltyl11n~wm1u a~1l"'1l1 ~11 111 fl~tn~ 'i:J1flfll) n1<U'~ 

'U v~:JJ [l r-Jt1v~ !lit~ nt1 ~n1'l!1fl1) 
~ ~ 

" ' ' 
r!~ n n 1 '*Vi u Vi 1 u m 1 n1 <U ~ 'U v~ :JJ [l Ht1 v tli ot Vi v'IJ n'IJ 1 ~ 'lJ 'lJ N-:Jflr!'IJ 

~ 

" 191-:JI~:JJ (Conventional anaerobic composting) 

lrlW'Vlfl1 hl lrl~flUD1D~'UtJ~:JJr!HBtJ~!rlu iJm~eJ~-:JII1~flo:JJ 
~ 

' " 
-a1m1 t1 r! ~ 11~ :JJ 1ru 'U v~ :JJ r! r-JovVi 'i) ~ ct{ eJ-:J n1 <U ~ 1 u '1l u ~ t1 u -a~ ¥11 u 

~ . 
ft1 :JJ1 'J fl'\1 iJ fl i 1 :JJ tl'IJ 'U tl-:J I fftl iJ hl 'Vl ~ 611 'J::; !.fl 'Vl ~hl (Co-digestion) 

t'lfu lfl'll1-a~m~eJ1'*m-:Jfl1'Jiflllm l;Jr!rl'~1~N'l Ur!~'UeJ-:JifftJ'il1fl 

1 H-:J1hltl~ft1l1fl'J'J:JJ • 
" ' " 

'11 1Vir·hum1!J1lr~'il1m ~'IJ'!Ju 1t111'*trlu ilu'111 . 
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1.2.10 Denaturing Gradient Gel Electrophoresis (DGGE) 

Denaturing Gradient Gel Electrophoresis (DGGE) ~'W!'VlflUfl1~1'Wfll'Jm1'iHHJ'lJ 

fl~lJ ~i!'U '1'1'1 Uvfrl'lJ (Muyzer et a!., 1993) ~~fJlfttlli ~flf11'J W'Jflfl11WI\9lfl~l~'Ue:J~ hh ~'U 1'i'1t1 

m~u -rrlvHh hwmft'vl911flnNI~'W!'iln 1~w'il~lwn1lJinfln'Ue:J~~~~uw~i:lih~ul'lJ'rl'~1~nu ll'i'mJ''l1 . 
~ cl I Q.l 

'IJ 'U 1~ fl11lJ!'J11'1J e:J~~ I e:J'U le:J 'il~ I 'Vl1fl'U 

flU! 'rl'mJ~ltJ fll'J l!tlfl'rl'lti~I~'Uie:J (Denaturant) ~i:Jfl~t'YJ'Ufl11W.u'mJ'u 'Ue:J~'rl'l'J (Gradient) 'il1fl . 
tY1'U 'IJ'U 'IJ e:J~ I 'il n ~ ilfl11W <lllJ.u' 'U u e:J (J I tl tYtY1'U ril~ 'IJ e:J ~~ 'il n ~ ilfl11lJ I <lllJ .u 'U lJlfl ) 1lJ I tlo~ f11) 1 ~ 

"' 
e:Jru t1 fJiJ-rr ~ 1 u f11'JVl1nltJVl'U 1i~'J ~l111~~1'1J'rl' G-c ~~~~u fll'J ~unu 1~v1 ~Vl'U1i~~miJ v1miu ~~ 

q (\.1 '\J '\J 

m1lJI.u'lJ.u'u l1~e:JtJjmru 'IJD~~~u-rr G-c ~m u ~~~ule:Ju~n~~~~~l'ln~Nnurl'l'l11li'm'J lfl~e:Ju ~1 u 
"' "' 

191-:~nn 1~ ~~~ nri 11lJ 1.U 1~1'i' u Ul'lfll'i 1~n u ~~ -rr1m'J ~;m e:J~I 11 u ~ UU'IJ'IJ'\J e:J~u ti'IJ~IO'U 1 B~ U'J 1flfJ'lJ'U 
'j) I I I I 

l'iln~1~nu ~~tlu DGGE ~~~~'UI~'W!'Vlf1Ufll1U~li-rr1m"Jmwn'liU~'IJB~iY~i:l;11'lli-rru1'1111'i' 

Principle of PCR-DGGE 

Double stranded DNA fragment 

Domain 2 Domain 1 

=== 

Increase heat or 

denaturant 
concentration 

Electrophoresis 

fll'V'IU'J~flB'lJ 1-6 ~~B~Ufl'JlJ!!'rl'~~li~flfll'J'UiN DGGE 

~m: ~~!!Un~'illfl Muyzer eta!. (1993) 

Branched DNA fragment 

40% 

I 
~ 

70% 
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DGGE 
~ I I 1 

l'Vl1~l~CJ~u 'tl~l V1 t~\911 1'il'fft~um'J nJ~CJ'W u u 'tl~'llt~~nci11 U'J ~'lf1m n11 \91 e:J'IJ'ff'W t~~~ t~m'J 1 u~CJuu U'tl~ 
' 

~ .9) .9)~ de::!.:::::-. Q..l I .-:::! 0 Q...l I Q..l t:::! .J 0 I cl .fw 
'll e:J~ i1' ~ u 1\91 'tl e:J11 u11 i1' ~ 11 'lf1\9l \91~ fl m1 'il ~ 11m191 u 1 u 'ff\911~ nu 1 'Vl CJ~'\1 u ~mu 11 u ~ fl\91111 u t~fl'il1 fl'U CJ~ 

i1'11ll'Jt1vli91Ut1'lJ~!g'W!tl~iY'W 1'il1 ul'11m11lm1~M111ilw)u!'!Ji1' lv1t~1~f1mn 1 'U'J~~'IJ~~fl'tl~ 1111~ 

fltufll'Vl'llt~~~~~B~u mjfl'uflrufl1'Vl'llt~~Vl~m{~ 1~ 'il1flfll'J ~~11u5mru ~~guw 1 u ri1u ~1'1 t~~m1 
' " ' 

f1mn 1191 CJVl~m{ ~ 1~1 ~u ~~ gu wiJm111u 5 'ff'Yli iJ'Uu 1191 ~mm:;; i1'11 u 'tl:;;iJu5mru!Vl CJ~'Vl t~ 
' 

(Microbial 

community in anaerobic digestion) 

' liJ '9 91 "' "'"'"' 91 .d , 1.d • I m ~ 'lJ 1'U fll'J CJe:JCJ'ffm CJU 'lJ 'lJ 111 t 'lftll fllft 'il 'tl'U 'Y1 1 CJ11 11 u 1'Yl 1 u'tlV'U i1'11 u 1:;; fltl 'lJ 
' 

I :::1 I ~ I \f) 16") 9) dc:i d Q .9) 

U'IJ~!u'U 2 fl'tl11 fltl Bacteria U'tl~ Archaca fll'J(Je:J(J!!'IJ'IJ !11 t'lftllfllft'Y111fl1111l'fft1V'Jfll'Vl\Pl'il:;;\9le:J~ 
' 

, I "1, I 91 "' "' "' ' "" u'J:;;fle:J'IJ !u\911CJ~'tl'U'Yl'JCJ 4 fl~11 fltl Hydrolytic fermentative bacteria, Proton-reducing acetogenic 

bacteria, Hydrogenotrophic methaogens U'tl:;; aceticlastic methanogens (Zinder et al., 1994) 

9 "1 1 "1 "' 9} 9} .d"' ' .d9 9} ' .d 
!'Ufl'J~'IJ1'Ufll'J !el" \911 !'tl91{1''iJ:;;\]flfl'J:;;f'J'U\911CJ!!'lJfl'Yl!'J(Jfl~11'Yl t'lftllfllfl' (Aerobic) fl~11'Yl 

9 9} "" "1 '9 9} ' """~ '9 9} & 
t'lf'\1'Jtl !11 t'lftllfllfl' (Facultative anaerobic) !!(l:;;fl~11'Yl !11 t'lftllfllft (Stictly anaerobic) 91~ 

• • >I 

u ur1 Vi~~ eJnci11 ~ ~n ci111 nCJ1'1i' t~~ 1191 CJ\91 1 ~ num1 ~t~ CJiYmCJiY1'J au 'Yl~ 61 u 'IJ t~~ 1 iYCJ 1V1 m ~u iYn v1~1'iu 
' 

9 9}"' "'"' ' 9} "' 991' "1.1 "' cl "1 <l.d ' "' <I 
t'\1~'tl'U'YJ'J(Jfl~11i1''J1~11l'Yl'U t'lf\9ltl !U Clostridium sp. i1'1111'Jt1H'tl\9l!tl'U !9111'Yli1'11Jl'Jt1(Je:JCJH'U~!91'tl'tl 

'Ue:J~V1'lf 119lml!'Vl1~tl~1~t~i1'11Jl'Jt1 1v11911 1'tl~'ffflci11!fflJ!91'tl'tl hiY (Hemi-cellulose) 
' " 

I 'j) .<::::! d I ..:!!I 

fl ~ 11 i1' 'J H 11! 'Y1 'U 11 3 fl ~ 11 fl tl Methanobacteriales, Methanococcales U 'tl:;; . . 
d & I 9 I ,& 

Methanomicrobiales (\91111~111 1-13,1-14) 91~tl~fll(J !'Ufl~11 Archaca 'il1flfll'Jfl'fllll'Utl~ Liu et al., 

(2002) ~~ 1~l'11fl11~191\91111 rRNA probes 'llt~~~~'W'Y1~6'J:;;w;h~m'J!~'Wn'IJ'IJ'Ilt~~il~ufimw1:J1~ 
1 G ~ ddddo 

tllfllfl' (Acidogenic anaerobic reactors) 'Vl'IJ11 Mcthanomicrobiales !U'U~'tl'U'Y1'JCJ'Y111'il1'U1'U 

1Jl fl fl11 ~ ~ 'U Ill~ 6n~11 'ff~ 1~ iJ! Yl'U tu"11 'U \91:;; fl tl'U ~~ 'U 'Yl~ 6 (Seed sludge) rl111 ~ '!Jtl tl!\91 e:J{ (Order) 
.d ~ dd I I d 0 

Mcthanobacteriales U'tl:;; Methanococcales 91~ ~'tl'U 'Yl'J (Jfl~11!\Pl'U 'Y1'Vl'IJ'il1flfll'J 1111 Denaturing 

"" Gradient Gel Electrophoresis (DGGE) fltl Methanosaeta sp. U'tl:;; Methanobacterium sp. 



..-::::! Q.l I Q .-:::!a' I 'J} d. 

l'll':i N'Vl 1-13 f11) 'il~'MlJ1~'11~'Utl'l~rlt!'Vl) tlfHJlJ'ff'HUH'VlU (Classification of methanogenic 

bacteria) 

Class I. Methanobacteria (known to grow on H/C0
2 

and formate as C source) 

Order I. Methanobacteriales 

Family I. Methanobacteriaceae 

Genus I. Methanobacterium 

Genus II. Methanobrevibacter 

Genus Ill. Mcthanosphaera 

Genus IV. Methanothermobacter 

Family II. Methanothermaceae 

Genus I. Methanothermus 

Class II. Methanococci (known to grow on H/C0
2 

and formate as C source) 

Order I. Methanococcales 

Family I. Methanococcaceae 

Genus I. Methanococcus 

Genus II. Methanothermococcus 

Family II. Methanocaldococcaceae 

Genus I. Methanocaldococcus 

Genus II. Methanotorris 

Class III. Methanomicrobia (known to grow on H/C02 and formate as C source) 

Order I. Methanomicrobiales 

Family I. Methanomicrobiaceae 

Genus I. Methanomicrobium 

Genus II. Methanoculleus 

Genus Ill. Methanofollis 

Genus IV. Methanogenium 

Genus V. Methanolacinia 

Genus VI. Methanoplanus 

Family II. Methanocorpusculaceae 

Genus I. Methanocorpusculum 

Family III. Methanospirillaceae (known to be hydrogenotrophic) 

Genus I. Methanospirillum 

d 
'VllJl: Whitman et al. (2001) and Garrity et al. (2004) 
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\91111~ 1-13 f111'il\Pll1lJ1\Pll1lqj'UeN~CI'U'Y11tJf1~:J.H1'1Nlll'Yl'U (Classification ofmethanogenic bacteria) 

(~a) 

Class III. Methanomicrobia (known to grow on H/C02 and tormate as C source) 

Order II. Methanosarcinales (known to be acetato- and methylotrophic) 

Family I. Methansarcinaceae 

Genus I. Methanosarcina 

Genus II. Methanococcoidcs 

Genus III. Methanohalobium 

Genus IV. Methanohalophilus 

Genus V. Methanolobus 

Genus VI. Methanomethylovorans 

Genus VII. Methanimicrococcus 

Genus VIII. Methanosalsum 

Family II. Methanosaetaceae 

Genus I. Methanosaeta 

lllll: Whitman eta!. (2001) and Garrity et a/.(2004> 
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\9ll:i1~~ 1-14 il'nEJru::;tr1JD~l~ElrY1lU'Ue:J~~~h.J'V1'16n~1Jtf~l~lJ!'I'l'W (General characteristics of some methanogenic bacteria) 

Species 

Methanobacterium bryantii 

Methanobaeterium formicicum 

Mcthanobacterium thermoalcaliphilum 

Methanothermobacter thennoautotrophicum 

Methanothermobacter wolfeii 

Methanobrevibacter smithii 

Methanobrevibacter ruminantium 

Methanothermus fervidus 

Methanothermococcus thermolithotrophicus 

Methanococcus voltaei 

Methanococcus vannielii 

Methanomicrobium mobile 

Methanolacinia paynteri 

Methanospirillum hungatei 

Morphology 

Long rods totilaments 

Long rods totilaments 

Rods 

Long rods tofilaments 

Rods 

Short rods, short chains 

Short rods, shmi chains 

Short rods 

Regular to irregular cocci 

Regular to irregular cocci 

Regular to irregular cocci 

Short rods 

Short iiTegular rods 

Regular curved rods to long 

spiral ti laments 

'Vim : Vogels et al. (1988) and Boone et al. (1993a) 

Cell width/length (f.lm) 

0.5-1.0/1.5 

0.4-0.8/2-15 

0.3-0.4/3-4 

0.3-0.6/2-7 

0.4/2.4-2. 7 

0.6-0.7/1.0-1.5 

0.7/ 0.~-1.7 

0.3-0.4/1-3 

1.5 (diameter) 

1.3 (diameter) 

0.711.5-2.0 

0.6/1.5-2.5 

0.5/7.4 

Substrate 

H/COc 

H/COc, formate 

H/COc 

H/COc 

H/COc 

H/COc, formate 

H/COc, formate 

H/COc, formate 

H/COc, formate 

H/COc, formate 

H/COc, formate 

H/COc, formate 

H/COc 

H/COc, formate 

43 

Optimal Optimum pH 

temperature range 

37 

37-45 

58-62 

65-70 

55-65 

37-39 

37-39 

83 

65 

35-40 

65 

40 

40 

30-40 

6.9-7.2 

6.6-7.8 

R.0-8.5 

7.0-8.0 

7.0-7.5 

7.0 

6.0-7.0 

7-9 (pH range) 

6.1-6.9 

7.0 



'" 
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\91l':il-:J~ 1-14 ~f1EJU!~bY:wu~1V1tl~llD'UO-:J~i'l'W'Vl~Uf1~1JbY1'1-:JlJl'\'l'U General characteristics of some mcthanogenic bacteria (~0) 

Species Morphology Cell width/length (lm) Substrate Optimal Optimum pH 

temperature range 

Methanosarcina acetivorans Irregular cocci Methanol, acetate 35-40 6.5 

Methanosarcina barkeri Irregular cocci, forming irregular packets H/C02, methanol, 35-40 5-7 

methyamines, acetate 

Methanosarcina mazeii Irregular cocci, forming cysts and - Methanol, methyamines, 30-40 6-7 

packets acetate 

Methanosarcina therrnophila Irregular cocci, forming aggregates H/C02 methanol, 50 6-7 

methyamines, acetate 

Methanococcoides methylutens Irregular cocci 0.8-1.2 (diameter) Methanol 42 7.(}....7.5 

Methanosaeta concilii Rod 0.8 9 2.5-6.0 (dimensions) Acetate 35-40 7.0-7.5 

(soehngenii) 

Methanosaeta thermophila Rod 0.8-1.3 9 6.0 (dimensions) Acetate 55-60 7 

11m: Vogcls et al. (1988); Boone et al. (1993a) 
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' ' ..a:. Q..l ..c::t at 'V 
1.2.11 ~1l!1iltl't11J)[J1'1Jtl~ 

~ ~ 

f11'j r~i119ln191;1flll"' 'il1mhd'Yvm ~ 'UTU nu r~i1191! u 1 v~t91rt hw\91 Hir'W !1.1 
' ~ 

il11l 1 'j fl Y11! Jlt i1 v~ 'il 1 n ~nll ru ~ il:JJ u~ 'll v -:Jt11 t irv! u 1 v~ t 91rt! l.Jt 'Vi :JJ1~ il:JJ~ v f11'j t 'il j ru~ v 'il i1'U 'Yl ~ v 
u • 

t'li'W 'il1f1f11'j ftf1lll'lleJ-:Jm1'U'Yl{ il~~-:J1:JJ (2551) !Jll'11m'jftf1ll1~nvml"'1 'U f1l'j Ni119lfl191;1flll"''lleJ-:J 
"' 

~ ~ ' 

l11t irv! u 1 v~ t91rt hw 1 ~l11t ftV'il 1 ~ 'il 1nm ~ u 1'U nu r~i1191! u 1 v~ t91ol11 ~ft1'j ~ Ntil 'U 191 1t 1-:J 
:J} I 'j) I 

1.J5n1 v11 'U 1.J5flj V1-'Yl'j 1'WnteJil!'YleJ~~tf1i'W 'llD-:JU1U'UVl'lfll1 ~ttfl1 1~vt11t irvl11 ~1 'U f11'j'Yl~rtD-:J 
I 'j} I j) I 'j) 

u'li-:Jvvmil'W 3 'lf~ !Jluri 'lf~ll1 l11tirv~u 'lf~ll2 t11tffm~eJ'il1-:Jfvvr~~ 50 ur~~'lf~ll3 l11tilm~v 
q (\ q q 

'il1~fvvrt~ 10 lJ~19f1eJ~!~:JJI9i''Ut'Yllfl'U 63,200, 31,600 Uri~ 6,320 mg/L \9111lill~'U Yl1f1l'j'Yl~riD~ 

1'Wilfl11~t1.11~mmfl'~eJru'ViflilMv~ 1~v1~'ll1~9ff:JJ'll'U1~ 125 mL l.J~1Jll9l'j1~-:J1'U 50 mL ~~'il1f1 . "' 
' ' ~ 

f11'j 'Yl~rteJ-:Jl"''U':ildJ'vfl'ilUru 11.J~mru n191;1flll"'il~il:JJJ!~i!~ (mL) ~v911 v~t~:JJI'i'W (g)t11tfYm ~v 

'il1-:Jfvvr~~ 10 'il~Ni119ln191;1flll"'tJlU-:Ji!~ 1~viJ~wn1nu 396 mLICODadctcct trlvnJ~vut'Ylvunu 
~ ' ~ 

'j 1 v-:J 1'U f1l'j f1nm~nvml"'1 'U f1l'j r~i119lfl191;1flll"''ll v -:J l11t irv1 'U u 'Vi ci-:J~ 'U 'l l"' u -:ilt11t ilv! u 1 v~ t91rl 
~ 

lJ~f1Ciflll"'1 'Uf11'j Ni119lfl191;1f11l"'il-:J tt'l'U !Jl11D119i'eJ-:Jf11'j'j!i umhi'Yv! 'U 1 D~!91rll'ieJ-:JYl1f1l'j !~el'ill~ 
"' 'j} T I I 3) :J} 

u 1! ilv~ 1'U 1'U 1J 1f1~-:j 1 'U 'Yll~l.J5 u~! 1J 'U! 1 eJ~ Cl1f1ll 'il~ ~ l!'W 'U f1l'j 'U eJ f1'il 1f1U 'U u 1! ilv! 'U 1 D~! 91rl!e:J~ fi 
u-:J'lJ1~ ft1'j D1'Vi 1'j ~ ~1! il'Wt'li'U 'il1f1f1l'j f1nm'll v-:J 'iJ1'j 'J'j 'j ru t1' e:~-:J fl~ (2551) !J\ Yl1f11'j f1nll1fi111J • 
tiJ'U l l.JtJ\1 'Ut9f~!'YlfliJf1Url~!fl''jlJ~fl'lft191{1 'Uf11'j Ni119lfl191;1flll"''il1f1'li'1tftVm~'U1'Uf11'j Ni1191 l 'U 1 D 

~!91rt 1~ CI'Yll-:J! 'YlfliJ f1ftf1ll1ftfl 11~~! 'Vi :lJl~ft:JJ 1'U f11'j Ni1191 fl191;1fl ll"' 1 ~ Clftf1ll1Nrt 'lJeJ~~1f1111J! 1J 'U 

' t::::!. 9) I Q.l 9 "" 'j) - t Q Q.l~ 9 'j} Q,J ~ I Q ~ ~I 
m~-~1-:J!'j:JJ\9l'UU'U'Uf1~!'Yl1f1'U 6.0, 6.5, 7.0 Hrl~ 7.5 !'U'j~~'U'Viel-:JU{)'U\91f1l'j !'lffl-:jU{)mU!H'U'UU~ 

~ ~ 

'll'Ul~ 10 i119l'j 1~u1tffV5 i119l'j 1~v1~m~milwmci~t'U1\9l'jt'iJ'U 'il1f1U'Uftm-nNrt'lleJ~l.J~mru 
"' 

~ ' 

l'U 119l'j!'iJ'U (100:0.07) 'illf1U'U~-:Jftf1ll1Nrl'lJeJ-:JeJ\9l'j1fll'j~ft1'jB'U'Yl1Vll!'Vi1Jl~il:JJ !'Yllfl'U 2, 3, 4 Uri~ 
~ d l!fl I d Q.l Q.l <::::. d lf'd 

5 gCOD/L!day Hrl~ 'il1f1'U 'U 'il-:Jfl'f1ll1 Nrl'j 11J'll eJ~ 'j ~ V~! 1rtl!f1'Uf1f1Url~ e:J\91 'j 1fll'j ~ ft1'j eJ'U 'Yl 'j CI'Yl 

!'Vi1Jl~ft:JJ1'U'j~~'U 3, 2, 1.5 Hrl~ 1 1'W ~-:JlJ~1eJ\9l'j1flU~ftl'jfl'U'Yl1~'il~!'Yllfl'U 3, 4.5, 6 Uri~ 9 

COD:TKN !'YllO'U 100:1 

! ftCI!'Vllf1'U 1.5 1'U ! iJ'U ilfl11~~m :lJl~ il:JJ~e:Jf11'j Ni119lfl191;1flll"' 

! 'U 1m t'ilwil'Unu tvi:JJm'j~l'i'W'Yl'UHrt~~l H~1v1'U'j ~~'UeJ\9lftl'Vim'j:JJ . . 



pH= 7 (HCI) 

pH= 5 (HCI) 

pH =3 (HCI) 

pH= l(HCI) 

Raw wastewater (pH= 8.5 -10.5) 

Oil 
~-------..,..-

0 0 
0 0 ° 0 
oo 0 

0 0 
0 o 0 
0 0 0 

0 

·o 
® 

®~@0o 
0 

Oil 
Oil 

0 

Oil 

0 

jl j/ I 'J} 
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11 t1 ~ 'l-1111 u '1:t.n.h ~ mn n m 1 Hi1 \9lt u 1 tJ ~ 1 CJH'I 1 :U m.H' mhvh tJ 'll''ll t1 ~ th ~ mn n m 1 

Ni119ltu 1t~~!CJf~~~~~~vhnu 7, 5, 3 u~~ 1 (m~ teJ l~Hl~t~~n 1 N HCI; m~ 

i'~vh1n 1 N H2S04) 

.d ~ " 
'Yl:JJl: tll'Utl ff11~tl'U'Yl1 (2552) 
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" " " 
'W BfHJ lf1U 'W cJ,:j~f111 ftmJ lf111 1JTU\?1UllitCJ I 'lJ 1 eJ~l'lifllUeJ,:jJl'W nB'Wl'UTci1 :;;'lJ'lJ f111 

" 
' " " 

1hul?l'Vll,:j:]f1nTI"lt'l11Bill?lmTIJfl'mh nufl:;; fl'lm1 flt'l1l 'll:iruuil:;;t'lliru n~'lJ lhn '*1h:;; 1u'1iuvmrf ,:j 

" " 
1 'Jfu w u n m 1:;; il u 'Vl { (25 52) I ~\11 m1 ftf1EJlf11 1 1JTUI?l.U'W Jl u 'l u m1 n1 <U 1?11 'tl :iJ 'Wit 1"1:;; '111 :iru BB n 

" 'illnt'llt itu'il1nn·1 1 v.~~\911 1J 1 B~t '111"1 1 1?1 u 'l '*1~ m1 'Vll,:jf11CJm'l"l f1 B m:;; 1J 1u m1 \91:;; nB u 1l Buu 'lJ'lJ tJ'I?l 

mmrr l!fl:;;1~m1 'V1Ntf1~ flB 1~m11H 'lJ~TVlw'1il'i'1um l?ll!fl:;;m:;;'lJ1'W m1 1 f1l!Bf1f1lfl<i5'W 1'11um1 
"' 

' " " 
~~ :1J 1"1'11 'lf1un:JJ \91:;; nBu !'w eJ,:j 'ill nu 11 nu'il1nm1 v.~~\911 'lJ 1 B ~ t'liil~ I 'U:ir u ufl:;; u 1ir mJ1 :1J 1ru m nn-J1 

7,000 mg/L 

" 
f111 ftf)EJ l'Vl 'lJ llf11 1 'l.J TU \?IU 1! nu 1 \?1 (Jf) 1:;; 'lJ 1'W f111 \91:;; f)eJ 'W fiB CJ~ 1:1J n 'lJ 1~ f11 1 u 1 'lJ ~ li'llt B'lil'i' 1CJm \?1 

l!fl:;;m :;;'lJ 1'W f111 1 f1l!Bf1f1lfi<J5'W ! cl eJ,:j 'illf1f111 l '*1~ f111 uf 'lJ~li'IJteJ'1iJl 1CJm \?lfl eJ m 1?11 B 1 \?11 f11"1B1 f1 
"' 

" " " 
mJ:;; u 1 :iJ 'W!fl\?1 f11 11 1:1JI'11!!1l:;; [jeJCJ~'W -fftbu lll'i'm f1 (fll'Vl u 1:;; f)eJ 'lJ 1-6) 'lf1 CJfl\?1 u1 mrul 'U:ir'W!! [1:;; 

"' " " ' 
Ul:ir 'W 'l 'W u 1! nu 111 'l ,r u1 :IJl'ill f1 n 'l '*1"1'11 ~:IJfl \?)fl,:jl'llf1ll 250 mg/L ll~Vl'lJ ll~\91:;; f)eJ 'WI 'U :iJ 'W!! fj:;; 

" " ' 
u llJ'W 'l 'W u 1:1Jlf1f1ll 150 mg/L '11 ~,:j'iJlf1m :;;'lJ 1'W f111 1 f1!1 Bf1fJ!fli'W ~,:j hi fl'l:IJ11 fl fleJCJl'l ~ B\91 f1'il:JJ 11'1 

" ' " ~ ,:j 1'1 eJ,:j 'l '*n 1:;; 'lJ 1'W m1 \91:;; f1 B u r1 B uu 'lJ 'lJ tJI?l mmfl'nl <U 1?1 \91:;; n B 'WI 'tl :iru llfl:;; u 1ir u 'Vitnl?l ~ 'W 191 ~f1 ri 11 

I IQ 0 0-1 93/ dG)j./1 

!!fl:;;Vl 'lJ111:;; 'lJ'lJ Recycle-stream pressurization 'Y'l 'lJ11 :1Jf1 1l:IJ !'11m:;; fi':IJ 1"1'1'11 1 'lJf111 ! 'li~l'W!:IJB ! '1if11 

f11l:JJI9l'u'luil~t5'1?lf111:JJI91'ul'vhn'lJ 4 bar gauge 1:;;u:;;nmnnfrn 'luil~tJ'I?lf111:JJI9l'u!'vhn'lJ 4 tn'Viur1:;; 

' " " 'Vi~ltJ\9111-ff1'Wf111 Recycle (R) tvhn'lJ 20 ur1:;; 40% 'UB~Ul!'tll fl'l:IJ11fltll<UI?ll'llir'Wll1l:;;ulir'WBBf1 

" ' " 
'W B f1 'illf1U'W c'J~~ 1 'Vlf1i1 r1'i1 fl'lm 1 fltll <U 1?11 'tlir 'W ur1:;; t'l1ir'W 1 'Jfu m:;; 'lJ 1 u m 1 'Vl N 

I viVh-1 f1 ~ 'illf1 f111 ftf1Ell'Utl~ Siles (20 10) 11'1 111f111 '11 :irn~ 1:1Jll 'lJ 'lJ I:J'l '*m f11fl'1:;; l'lll~ f1~t'lieJ1 tlfl 
" ' " u1l:;;ultnu'Vill'i''illnm:;;'lJ1'Wm1v.~~\9ll'lJ 1t~~t'llf111?lun~t'llmt~f1 <9i1t~~ ni1n1J 1,054 gll)tm:;;t'll 

r r 'j) r 

tnu'illnm:;;'lJ1'Wf111v.l~\9ll'lJ 1B~l'll1l'Viii9!1t~~l1:wl9l'u tl'lln'lJ 428 g/1 11?luultnul'lJ 1t~~l'll1li1'l'*ii 

f111111 pre-treatment l'i'1CJflU111'lli't~'Wml?l~W!B'1i!l'lln'lJ 4 111flU~'W!l'I~CJ~~ 8,000 rpm l~'W 
'J) 1 I 'j) 

nm 5 tn'Vi 'illflU'Wuli'U:iru'Vitnl?lf111llCJflfY1'Wt1Bfl ~,:j 9!1t~~Yl,:jl'i:IJI?lll'lln'lJ 252 giL llf1:;;SCOD 

" 
tl'lln'lJ 213 g/L 'ill flU 'W 111 'l li't ~'W nm~ 1 l?lCJf1U l~:JJ 1 'lil~CJ:JJ IB\?11 t~fll'll\91' utl11 ~l~m:;;'lJ1'Wf111 

cl d : ~ Q.l Q ~ .::::! I e::::i Q 

electrocoagulation tlJ'W!Jfll 30 'Wl'Vl ( 12 V ,1.5 A) 'Wllfi'CJl'ifl,:jlfl'1'ilfi''Wm:;;'lJ1'Wf111:1Jf11'11 1BI?l 

" 
tvhn'lJ 185 nf:JJ~t~~\911 111m1 l'lirn11?1u'l'*t5'\911 1d1u 'l u m1 v.~fl'm:;;l'l11~n~t'llm t~mm:;;ultnul'l ~~ 

" ' 
m1'l.Jlul?ltut~~Jlwl'lln'lJ 1s: 85 ~~~~1 coo 11:JJ tl'lln'lJ 185 giL v.~fl'illf111l'lirnu'lJ'lJI:J'l'*mmrr 

Vl'lJll U1:;;~'Vl~fll'Vlf111lfl\?l~!'Vl'W ll'llO'lJ 310 mLCH/gCODrcmovcd 
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I 'J} 'J} I 

9$~rierw '11 tJTU iJ ~(l'W 1 m11th nCJ 'illflfll) Nil \91 "lu 1 eJ ~!'lin :JJl'\1 iJ f)~ -:ru fl1J -)(1'~'\1 irflB'W "l l'li'W 

" " 
Sulaiman (2009) "l#ll'llfll'J ftmllfll'J '11irflll1J1J '1111 '*eJeJflclil 'il'W'i1m ::;'\1ll~thn~'illfl h ~~l'W (l'fl~ 
" " ' 

Ulir 'W th~ :lJ ll [l::; Ul ~ 1 ~'ill f) fl1) f) ~'W f)~l'l!eJ) eJ n 1 ~ fJ 1 '*t1 ~ tJ B m ruu [)::; tl~\91 fl\91::; f)eJ'W lJf) 1) 

.c! W r/ ~ ~ d.if I Q..l 1 0 

'11l,j'Wl1CJ'W(ln~'il 6 m /day f11)::;1J'J'Jl':)fl(l'l'JeJ'WYl'JCJ'Q~~~ l'Vllfl1J 5.25 kgCOD/m /day Yllfll'J 

" Yl~neJ~Yl-:'1'11 :JJ~ 85 1'W 1::; CJ::;nmilm~mvililu 1 o 1'W ML vss l'vililu 8.14-8.83 g/L un::;ttJeJ{t9f'W 
'J) 'J) I I 

fll'JN(l':JJUltnCJ'illflU1~1-:J1'Wm'Jn~'Wn~t'llmeJntvililu 1, 2, 3, 4, 5 un::; 5.25 % \ill:JJ~llilu 9$-:J 

'l11 ::;~YJTI xnw1 'W fll'J fhD~(l'l'J a'W YJ5 v1 'W 1 'JJ'UeJ-:'1~ 1 eJ~:JJlflflll 90 % tJ1mw fll'l!::j}1flTVHn~mn 
"' 

I I 'J) I 

l1~~ll1 ml/day 'UeJ-:'!Ul~l-:J1'Wmm~'Wfl~l'l!eJ'JeJnlfl~lJlYl'Wlvllfl1J 505 m
3
/day un::;n~n-:Jl'YI~eJ 

307 m
3
/day ~ 5.25 % J1~1-:J 1 'Wfll'J fl~'W fl~l'l!eJ'J eJn l~eJ~'illflfll'J (l::;(l':JJ'UeJ-:'1 1'lll~fJ:JJflneJ h~~:JJlfl 

3) 9 3) 

'il'Wl'Ul !fln 4,000 mg/L 

1 'W fll'J 11 irnuuu '1111 '*mmf!'iJm'J 1 '*1(1'~'11 irn~ 1:JJl~eJl~:JJ'JJ'J::; ~YJ1lmvmn::;l~:JJ NnNil\91 
q 

' " ' ilt Yl'W 9$ -:J \ill:JJ 1i 11 :JJ'b'l~t11t nCJ "lu 1 eJ~ t'llnteJ-:J V-:J'Ul~ u fin 'W m 1 m1111 l1 ~ l!~'W ~ eJfll) l'11-:J l'W 'U eJ-:J 

' ' " 
"" "" "' ' 11 'i '"I -.I "' "'~ & 9 "" :V<=> "' "" 9 9 :JJ 'iln'WYl'JCJ !'b''W 'W 1\il'Jl'il'W Y'leJffl"leJ'Jft un::;eJ'W"l '11-:J !'Wfll'JYl~neJ-:J'WN1'ilCJ:JJfl1l:JJ(l''W 1'\l 1'b'fllfl 

q "' 

d c/ W : W d' ~ .::::::1 j}t!S 'j} I .::::::1 r/ 
\91::; fl eJ 'W ~ll fl 'W l\91 eJ 'J 'ill fl 1 'J-:'!-:'! 1 'W ftfl~ 'W l:JJ'W tJ 1 n :lJ l 'W eJ-:'! 'illfl:JJ Nfl'fllllll n111fll fl\91::; fl eJ 'W ~ ll fl 'Wl\91 eJ 'J 

"' 

Vllfll'J ftfllllNn'U eJ-:'1 eJU! '11 fl iJ ll n::; ftl'J ell'\11) l (1'1 :JJ~ eJ fll'J Nil\91 fll'l!::)}1f11'V'I 'U eJ-:'Jfllfl\91::; fleJ 'W 'JJ1~:JJ 'illfl 
q "' 

" ' 
1 H -:Jl'W (l'fl~ t11ir 'W 'l11~:JJ 'V'11JllftflCJf11'V'I1 'W fll'J !fl~fll'l!lJ! Yl'W 'illflfll'J Yl ~ n eJ-:Jll eJW 11 fllJ 30 un::; 55 

q "' 

I Q.l 0 Q.l ~ 0 ~ I oc !Yllfl1J 160 !ln::; 190 mLCH)gCOD added \9ll:JJn1~1J lln::;l:JJeJ~l!'W'Wfll'JYl~neJ-:'Ifll'JfJeJCJ(l'mtJfllfl 

\9l::;fleJ'W'l11~:JJ 1 ~CJ 1 '*t1-:JtJ Bm ruuu LJ!W'WlW 11 u flleJ (l'D m{ ~ f;!W 11 fJ iJiJ 1 'liYiilnun::;t Yl eJ{1 u:Wiln~ 

m1 ::;m'J a'W YJ5u 0.5-3 kgCOD/m
3
/day 'V'11Jlltl-:JtJBmruiJ 1'11Yiilnun::;l'vw{1uYiilniJ'JJ'J::;~YlTif11'V'I 

1 'W fll'J fll~~~ 1 eJ~:JJlflflll~ eJCJn::; 90 1 ~CJ~f11'J::; (l'l'Ja'W YJ5u 0.5 kgCOD/ml/day l11ftl:JJ1Hll~ 'W 

fi11:JJ ll\91 f)~ 1-:'1 1 'W fl1) Nil \91 fll'l!;1fll'V'I 'U eJ -:'Jtl -:J'JJ B m ruiJ 1 'liYI il flll [)::; l Yl eJ {1 :lJ VI il f) trl eJ l ~ :lJ fll)::; 

(l'l'J a'WYJ1u 1 kgCODIIn 
3
/day t1-:JtJBmruiJ 1'11Yiilnun::;!YJeJ{1 uYiilniJtJ1mw fll'JNil\9lfll'l!::)}1m'V'I 

lvllfl1J 0.50 Un::; 0.51 L/gCODrcmo\cd 
'J) 'J) I 'J) 

lil-:J 11 'W ~ -:JiJ fi11:JJ 1 ~ 'W '1 u '1 #1 11 m1 11 iJ n t11 1 nCJ "lu 1 eJ ~ 1 'lin l1 ~1 'W mnhu~ 111 eJ-:J #1 'W 

'j) d t:l ~ ~ .::::::1 ll1 3,/.::::::1 cl 0 QJ : .::::::1 lil c! li] 'J) 

umun~fllfl\9l~fleJ'W~llfi'Wl\9lm mm'JflNn\ilfll'l!:JJ!Yl'W ~~~ un::;tu'Wnnmu~'WllffCJ 11J 1eJ~!'l!n ~~ 

mh-:JiJtJ 1 ~ ~YlTI m'V'I 
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. ~ 

1.3.1 !'Wtlftf1£nr:lnEJru~ fl'lJ'!J~'UtJ-:ru 1lftf!'il1nm ~ U1U nTH,lft\91 1 u 1 tl~l9H'IOtJU m'l~'l1 r;l 'I 
~ 

I :> Q.l Q.J 3) 

N1Uf111iJ1iJ\9l'IJU\9lh! 

1.3 .2 l ~ vftnEJ 1'111bY\9l ri1u u o~ fl'fl 11~ ~ m m~ fi':JJ 1 u m1 vv vfl'mV'Vl1-:J :Jf1fl1'WU u u 1JJ1 1f 
~ ~ 

mmrr 'IJ D-:JU1l i1vm ~u 1u m1 Nft\91 1 u 1 D~l9Jo'l1 r:l -:Jf11HJTUI'HUtJ-:JJlu h:JJnumnA::;nvu ~u'flu 
~ ' ' 

lAv{ 'll1n1 1 -:J-:J1U J:Yn1'1'111iruu1~:JJ 1 u m1 l~u 1::;uuuuun::;uo::;n-:J~muv-:J 

1.3.3 !~tlftf1El1U1::; ~'Vlllfll'Yl1 u f111 Nft\9lfl19J:Jf1m'Yl u~mru fl19Jlh'Vlu 'il1f1f111 1hUI'1 
~ ~ ~ 

1:1'11 ilu 'Vl ~ 6'1J vn11l irvr-~fl'm ~ '1111-:J '!11l i1vm ~ u1u m1 Nft\91 1 u 1 v~ l9Jo'l1 r:l-:J m 1 ihul'1t iJ v-:JI?i' u 
~ 

i 1:JJnumnA~nvu~ll'flhll\9l v{ 'll1n h -:J-:J1U J:Yn\91 '111iru U1~:JJ 
I I :U I 

1.3.4 1 Yivftnmr:l nEJ ru~ fi':JJ u~'IJD-:Jm nA~ nvu litnl'1~u 'll1f1f111 '11 iT nll u u 1l-i1 1fmmrr tYiv 

~tJVtJI'1llluiJvilu 'Vl~ 6~v 1 u • 
' " 

1.3.5 lYivftnm1 m -:Jfi'11-:JU1 ~'l11m'\JtJ-:J'ilftU 'Vl~ 61 um1 Mirnlluu 1JJ11fmmrr '\JtJ-:JU1li1v • 
~ 

m~u1um1 Nft\91 1u 1 tJ~l9Jo'l1r:l-:JnWu1UI'1lUtJ-:JI?i'u i 1:JJnumnA~nvu~ll'flh!l\9ltJ{ 'il1n1 1 -:J-:J1U J:Yn\91 

" " 1.4.1 fl'1m Hl '111'111l i1v'll 1nm ~ u 1u m 1 r-~ii A 1 u 1 v~ t9Jo '11 r:l-:Jm 1 ihul'1 1 iJ v-:JI?i' u m'l1 iT n 
'j) I iJ I 

i 1:JJnumnA::;nvu ~ll 'flU l\91 v{ 'll1n1 1 -:J-:J1U J:Yn1'1'111iru U1~:JJ lYivo1'1Uty'l111h i1vl'l -:Jnci11liiJu~ mru 

m{ iJtlh! tlcJfl' 'Ill~ iJu~mru 1:1'11 tl1'1111 ~~ 1 u [l~lllhl f111 l~:JJU~mru f111 Nft\9lfl19J:Jf1fll'Yl1J1 1 u1 '* 
"' "' 

" u1::; 1v'lful'iv 1u1¢luo::;ol'1u~mru'lla-:Jli1v'll1n1 H-:J1ufl'n1'1'111iruu1~:JJ 

1.4.2 lllu ll u 1'Vl1-:Jl~tlo1'1f111 1 oJffl'11l'fllJ11'fllll'Yl-:Jl~mllum'l111 l fi'~:JJ 1 MllO'ilftU'Vl~ 61 u • 
m1 ihu\91 u uu 1JJ1 1fmmrr 

1.4.3 fi'1:JJ1Hl o \91 m1 u o\91 uci v vf11911~ v u m ~ 'IJ n cii'f '~ ll 1\91 l1 v:JJ 'IJ 1nm 1 ~\91 m1 ~ 1 1-l 
"' 

' " ' 
'IJD-:Jt i1vViuciavV1-:Jri~ 'Ill 11'1 llv:JJll o~ l '11 A1 D-:Jt~ vu 'll1nu 1 ~'l11'lfu "' . 

I I 'j} I 

1.4.5 tYimllu u u 1'Vl1-:J1 u m1 '111mnA~ nvu liln\91~U 'il1f1f111 '11 irnll uu 11-l1 1fv1 mrr lYivl'i tJ 
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I I ';j) j} 

1.4.6 t.Wmrl'Wu'W 1vn-:J hJ m1 u 1mm1:::ne:J'W ~mnH\9le:J{V\tn\9l:U'W u 1n1 H-:Jl'W 'ffn\9lu 1ir'W 

' ' " 
1.4. 7 1 .We:J\91 1 1'il 'ffe:J'lJ~ \9l\9lllJ 1m -:J'ff! Hl..h :::'111m 'il i'l'W 'Vl~ vn~m~'W V\tn\9l:U'W 'il lflf11'J 11ir fl . . 

" 
1.5.1 flfllll~flllill:::'fflJU~'Vll~fllfJfiTYI'Ue:l-:JUlliYfJ'illfl'illflfl'J :::1J1'W f11'J Ni'l\9lt 'lJ 1 e:J~!CJHHm::: 

" ' " u 11 iYfJ 'il lfl m::: 1J 1'W m 1 Ni'l\9lt1J 1 e:J~!CJH'lVl Nl'W m1 'iJ11JwuwX 'W!! ~1 fllfl\91::: fle:J'W ~!!fl 'W!\91 e:J{u ft::: 

" ' 
1.5 .2 '11 lJflU 1! iYfJ'il lflfl'J::: 1J 1'W fll'J Ni'l\9lt1J 1 e:J~!'l1ft!! ft:::fnfl\91::: fle:J'W ~!! fi'W!\91 e:J{ Vlel\911 lri1'W 

' " 
~1-:J'lVl 0, 1, 2.5, 5 !!ft::: 10%w/v U1'11Uflllli'-:J'Ue:J-:Jfllfl\9l:::fle:J'W~!!fl'W!\9le:J{ !!ft:::'Vhm'Jile:J'Wl'ffi>J'11lJfl 

!!1J1Jfl::: (Batch) trl'W'J:::fJ:::nm 45l'W e:Jill'l1filJ 35± 1 oc . "' 
" 

1.5 .3 '11 lJflU 1! iY(J'illflfl'J :::1J1'W f11'J Ni'l\9lt1J 1 e:J~l'l1ft!!ft::: f11fl\9l:::fle:J'W ~!! fi'W l\91 e:J{1 'W el\911lri1'W 

d <V 'j) d w d v 'j) .dJ ' ~ 
'Vl!'111Jl:::'fflJ'illfl'I11'Ue:l 1.5.2 'Vl1:::fJ:::Idftlflfllfl1J 36, 24, 12 !!ft::: 6 1'W \911fJ1:::1J1J!!1J1Jfl:J\9leH'We:J~ 

'j)cv ..::::::. t/ Q .<::::!. d. 
(semi-continuous) l'lftl-:J'l.Jt:jmru CSTR (Completely stirred tank reactor) l\9l'W1:::1J1J~ill'11lJlJfl~'Vl 

35± 1 oc 

1.5.4 1t m 1 :::11' 'ffmJ~ '11 e:J :J fllfl \91::: fl e:J 'W ~m ~e:J 'il lfl fl11 '11 irm ~ml1m 'l.Ji' 1J ll1 :J u ft::: . 

" 
1.5.5 flflll 11m -:J'ff! 1~1l 1::: 'lflfl'J'Ue:J~ ui'l 'W 'Vl~ 61 'W m1 '11lJfllt1J1J 1l.i1 i'mmf!' 'Ue:J-:JU ltiYfJ . 

" 
m :::'lJ 1'W m1 Ni'l\9lt1J 1 e:J~t'l1ft'11 ~-:Jm1'1Jlu\9ll'Ue:J-:J~'W 'i 1lJf11Jf11fl\9l::: fle:J'W ~u fl 'Wl\9le:J{ 'illfl11 ~~l'W 'fftl\91 



·-· ·. 

' "" U'tl'YI 2 

"' ' 
fl1 'J 1 ~ CJU! 1:1 'U fll'J 1 ~ CJl ~~'Vl ~(H)~ 'V1 N M tN 11 i] u~ fll'J !Vi tJftflEJ 1! 111 mJ l YimJ 11 'J ~ ff'Vl ii f) l'W 

"' ' 
fll'J N~\91 fllctf~'"W l'W 'illflfllH'IlJ fl-i1:JJ'J~'\1 ll~U ll~CJ'illfl fl'J~1J1'U fll'J J:-.1~191111 1 tJ~ !GJfC!Yi ~h'U fll'J 

"' "' UlU~'tl'U ~'U !!~1 (PBW) tl1J fllfl\91~fltJ'U ~llfi'Ul\91 tJ{ (DC) 'illfl h ~~l'U 'i'l'tl~ u llJ'U 11T~:JJ 1 ~CJ 
0 -=:. .C:,.Q.I 'j) d Q.l ~ l' ~ Q.l ~ rl 
~ 11 'U 'U m 1 1'il CJ!l C~~ n11 1 1:w 'IJ tJ :w C1 'V1 fl ru ~ m 1 'il~ fll'J 'i'l' ~ !!1~ C~tJ :w :w '11 11'Vl CJlCI CJ'ff ~ 'IJ mum 'U 'V1 1 

" 
' "' 

1'V1CJ1!'1J\91111~ 1 my ci1~ii11CJCI~l~CJ~fl111~CJ~~ii 

Q,J -· of 2.1 1il'~/fJUO"H.U 

"' ' 
2.1.1 Ull~CJ 1111 tJ~!GJfCI Yi1 i't ilu1191D~1Jl1 ~fl (Main substrate) 1 'U fll'J'Y!lJ n1~i'1Jfll'J . 

"' "' 
'ff u 11 'ff u u 'ill n 'ff Dl u 1 ~ CJ u r~ ~ ~ 1PJJ u 1 'W ~ ~ ~ 1 u 'V1 ~ u 'V1 u 'ill n u 11! u 111 ~ :w u C1 ~Vi 'll''ll 11! u A ru ~ • 

PBW ~1CJ11inni'lm~'Y! lNfll'J 11i'mh~ttJ'll'~1CJm~ m~1J1'U fll'J 1 flllt:Jflfllrli''U l!CI~'J~1J 11 
" "' ' A~fl tJ'U C1 tJCJ!l1J1J5~ t:Jlfllfl' 'ill nu w~11f nm1 ~CJfll'J!! 'lft~'U Yi 4 oc n tJ'U mnh 1111 i'1 'U fll'J uTu~ 

'VlN~1fil'W~tJ 111 

"' "' mTI111~fltJ11 2-1 ~n£Jru~'IJtJ~'lllt~CJ111 1tJ~tGJfC~ntJunnulu~'llu~u 
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d d' d9 ~::I Q.l ~ Q.l I lt] 'j)Q.J Q.J 

2.1.2 f11fil'l~fiti'U\Pl!!fl'LH\91tl1 'Vl !'lHu'U11'1tl\P11J'I1:JJm1:JJ (Co-substrate) !\Pl';i1Jfil'Hl'U1Jtl''U'U 
q q 

3) I I 3) 

'tlln h-NlutrniPlih~m.h~:JJul'i~'l1u~1u1l~wriPlm~u (mVl'l.h~nau 2-2) 'Ulm!w~ui'mn1ut~~ 
q 

~1'111't1Q~ i VlilleJYJ(l~'U (polyethylene bags ) iiPltJmm'lft~'U~ 4 oc 

" fll'Yllh~ntlu 2-2 ~n'l:lw~mn\91~nau~Ufl'U!\91ti{'Ulfi h ~~l'U tl'tl1P1Ul~'W1hrl':w 

' " 
2.1.3 l'l~nau 'U~'U'Vl16 (Inoculums) l11'*1 'U~l'U i1ltJu l~i'um';itl'UUtl''U 'U 'Ulfi h ~~l'Utl'tl\Pl 

q q 

3) I 3) t 3) 

u1~u u1~:wu l'i~11u ~ (m'YlU';i~nau 2-3) 'tllnuaN~191nlq$:Jhm'Yl'tllnultiYtJfitn1P1~u nauihm 1 "* 
~QJ 0 ~ do' 0 'J)'j) 'j} o QJ 'j) 'j) ~ : I ~ 

1 u ~1u 1'UtJ'U lfnfi\91 ~nau 'tl(l'U 'Vl';i tJ:JJl'Vll 1 '11'\J'U IP11tJ'U l:JJl'Yln !1 1 '11 \91fil'l~ntlu 'U 1nu u t 'Vl'U 1tr1u 1 trm 
q 

" ' 'UlfiU'U!~ui'n'hl11ut1~ i'Yl~!tiYJ(l~'U (polyethylene tank) iiPltJmm'lft~'Ull4 oc 
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2.1.4 f1-:~11omw'lum·n~hn~uu':i~~mi'tJ-:~11Bu~n,.i 
"'.1"" o' 

2.1.4.1 ti\IJJfJtl'iUHL1J1Jfl~ 

hn~umn1nhJ1-Nmmfl''l'11m'il1fl'IJ1~ut1'1 'IJ'U1~ 1 ~m 111m~':iflU'I1JJfl 

(working volume) 0.5 ~l'l':i il~111fl'IJ1~1'1'1CJ~flCJ1\I (septum) -wu~ul'i'1CJLH·l'Uvn':i1Vl'U 'l'11nl':i'I1JJfl 
" . 

.fl1CJ1~tJtU'I1fllJ 35 °C L~'U!1(11 45 -'J'u fl1'U~~:JJ l~CJfll':iL'IJ~1'\J1~-'J'Urt:;; 1 flf'l tl1"lf:]}1.fll'VIVi . "' 
)} 'jJ I I jJ 

Lfl ~ ~ 'U .fllCJ 1 'U 'IJ1~'11 JJ fl 'il:;; tl fl ri \1 ~,h'U ~1 CJCJ1\I ~~~ fi'U 111 cl\1 'IJ 1~ urhu ':i':i 111J1L ~ tl!L '1'1 'U Viu1 (fluid "' . 
'j} I I j} )/ I I 

displacement method) t11Vit1fl!L 'l'l'U Vi 'il:;; 1 '11 r~r~-:~rim'li"'U :;;':i tJ-:~i'ut11 111 :JJl\91 ':iU1Vitm 'U Vi~ \1 fl~11 
"' "' 

t~u111mwn1"lf:]}1m'VI~tn~~u1uul'ir~:;;1u (mV~11':i~ntJu 2-4 ur~:;; 2-s) t~un1"lftvltJt11i11 
"" o' .. _, "" I liJ .I 9) ,; "' 1 0 

1Lfl':i1~'11tl\lfiJJ':i~fltl1J'\Jtl\lnl"lf~tl LJJ~1CJ!fl':itl\l Gas chromatography (GC) 'VJflG"l 15 1'U ~CJ'Ul 
I I j/ I 

! 11 tl 1tiu ~ !'1'1 'U Vi 1 ~ 1 1'1'1 'U ul'i":;; '111 \1111 fl t:U tl1J ti 1 C}f:]}1.fll'VI Vi! n ~ ~ 'U! ~ m'hu 1t:U '111111 :JJ1 t:U ti 1 '11" 
"' 

0 
0 

0 

Silicon Tube 
Stand 

Digester--+ 
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" <\Tu vHl'U nn ~~\91 n1Gb';1fll'VlL 19HJm~1J 1'U mn1 TU\91'Vl N;1m'Vlu 1J1J 11.11 ~mmff 

1\91m.h~ntl1J'J[\91D\IuBmw (m'Vlu1~ntl1J 2-6 uC~~ 2-7) t'li'11~u1JuC~~t~lJm1'Vl\91Cttl\llu1~1J1J 

CSTR (completely stirred tank reactor) U1J1J semi-continuous L\91tlfn1JfJlJ'fffl11~f111'Vl\91Citl\l~ 

mm~'ffmhvi'f1Jf111'wi1mt1J1J 11.11 ~mmfft~'U1~1J1JtlW l1 fijj'fl\1~ 35± 1 oc L\91tJl ~~'fl~tl'l'fl11J'fllJ 
• 'U • 

" . . 
tJW M fijjttC~~aNu 1tfit1i' mn1 ~\9l1J'Utl'ltJW M t1Dl M' mYi 

Q qJ q qj 

Q.J .. I oCI tl , ~ d' .d 
f1U tltlf1ll1J1J 1 ~1J 1J()'I u t)f11 W 1 ~1J1J f1d'U 'ffll\J1 W 'il ~!Citlf1lf1W CV1f111 tltlf1ll1J 1J'Vll'HlJ 1~ 'fflJ 

~\I t11 'il'Hl 'ill m ltl\ll'U 1 ;ij'tJ ltl f1'ffU 1'1f1 f1U lf1W ~ f1U tltlf1ll1J 1J~ U tllJ L ~fltl fl \9111f1U ~ 1J11 'Vl f1 . 
9 'J) "' ""' "' .. '9 • 3 

tltlf1U1J1J ~l11~1J1JlJfl11~'lJ1HJf1'ff11tl'U'Vl1tltl~ ~'U'If1\l 0.71-4.29 kgVS/m /day 
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'11~ m1VJ~ m1 ~f1mnm1 Nil191n1CJ$;1flTVll 'U 1~ l'lu-H't~~u 5'1!~ nn uuu ~~vim~ t~~ u1 ~ nt~u 

1u~1uo~Mumui'1~'lf11U'V1Hm~ut~n'U'U1~ 4 ilm ~1l11191~l~o~Mun'll'U1~ 4 i11'11 t~t~~u1n 
~ . 

" l'i't~~m1l -H'm'UN~:W'Ut~~11'1t~~U11Unmh~~:wu'Jw~'U u1:wwt1 l~u1 ~ 3 ill'l'l u~~1~uuti'mnu nlCJ$ . ~ 

" " l 'U ~~ 19l~u~~ f)l'j ~1tiJ'U f11'j'Ut~~uvi~~ri1'U~~vit~ 1 uu 

. . 

EJ / 

.I If) "" ~ I <!! 
fll'Vlu'J~ f1fl1J 2-6 !~fl~ um:wu ~~~ f11'Jl~'U 'J~1J1Jll1J1J n~l'lfll 'U fl~ (semi-continuous) 

" ~ 
(1) o~u5mW'U'UWt 4 ill'l'l (reactor) (2) fll~lh (water bath) (3) tmfl~f11'U 

(stirrer) (4) lfl~fl~fi11JfllJf.lW11lJlJ (heater 35 o C) (5) Ufl~~'U (gas collection 

tA QJ~ ·-~ ld 
balloon) (6) lfi'Jfl~\9111u'U1Jf11CJ$ (gas counter) (7) 'VIflUfl'Ufll'I11'J (8) 'VIfllf11J 

QJ I I 0 r.t'J Q.J 

1'11flt'JH (9) 'VIfl'Ulf11CJ$ (gas port) (10) ~f1Ul~ll~~'11~fl~\911~ (septum and U-

"' " 
tube) (11) il:wil'i'th (submerge pump) 
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1. O'll1lJtll'dlJ (Digester) O'l'l111mh~mn/hM-:wvia~hwiu~~ru11'1Q~1J 

vimh'YI fut~1Jvl1a~1'l via ff1'11 fu~1l~t.l'lfl1C)f~ ~i11'11 UeJ'l'lf~Hltll~1Jfl1CJf ~'l ffTU umt.J'Ua'lviaii . . . " 
~n'hlw~ lfi''l'la tVia~a'ln'U hl1M'mmfl't~1 hJ'lu1~1J1JU'Vl'U~h11 

w d <::V ?t .d.t 1 or:N ~w 3) 

2. 'J;!I'ltltlltl1JtllCJf (Gas collector) lU'U'J;!I'l'Vll'la'il1tl'VlU'U1tl1CJf:JJ~tl'hlW~flmt.J 
. . " 

ua~ ~'U cii'J tl11 t~UU~~ ll'lU~:JJl\91 1 fl1CJf~1fll'VI ll1L¢111'l t.Jalftt.l'YI ~tltl11 u 'Vl'U llt.h il'l t.Ja1ftt.J Gas .. 
_.J I I o c;l ..:::! Q.l 3) G)!il d 

counter CJf'l1~'1111'l'Vla'U1tl1CJfU~~ Gas counter 'il~:JJ'Y!~al'l\911t.l'VI1a:JJ'iltlt.ll'l 't1'1:JJ1Hl ~'lfm~uamnu .. . 
C)l d C)l .d ~ J G) 19 cl C"Ji ~ 0 1.1] C'::l r/ rf ell I \f] 'j} ~ 
tl1CJftn1Jtl1CJf'Vlttll'l 'U'U ~ 't1' ~ u 'Y!~al'ltn1Jtl1CJft'VI au 1 1 u1tm 1~'11 a'l flu 1 ~ nuu'U a'ltl1CJfl'l a 1 Ul'l1t.Jtfl1a'l 

Gas chromatography ( GC) 

- . "-~~-· -~ ,.'~wl~·?'\C,: 
;¥.:;./,, '*'' 

.d .eg Q./.<::!1 t::! : ..:::! 

2.2.1 fl11'Vll'l ~a'l 'V1 1 tl11 fl'tl'hl1't1':JJ 1JI'l'Vl N lfl :JJ-tllt.lfll'VI 'U U 'l'U 1l't1't.ltl'i ~1J1 'U fl11 

~i11'll1J 1a~tCJf~U~~ PBW 

" itfl 11~l'f ri1B'lflU1~naum'ltfliiu~~t11e.Jfll'VI'Ua'lU1tfft.Jm~u1u t111~i11911u 1 a 

" " ~tCJf~ il'lt.J,J'u\91 au m1 tl'l'1 e.J:wu 1tffmiau mnhUI'l'VlN~hm'VI¢1 1t.1m~u 1'U m1 mnh1TI'lil'lt.J 

m ~1J 1'U tl1 1\91 ~ na 'U ~a t.JU 1J 1J Bl'l a 1tl1 fl'l1:JJ n 1J 11i tl11 uf 1J ri 1~l a'lf¢1 1t.ltl'i l'l u ~ ~ m ~ 1J 1'U tll'i 

1r~uanm~iuu~~m~U1'Utl111'l~nuu~at.JuuuB'I'lmmrY (DAF) (atun 't1'11~au'Y1{ 2552) .. 
" vl'l11t.l~~tflt.ll'lvl'l~U 1uiJ (fll'VIU1~nau 2-8, 2-12) 
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" " " 
1) YJ1tl11Ufmhvht~'lf'Utl~'l-Allffti!Yhnu 3 ~1EJtlHl 1 N tlHlleT 11011fH'It11fl l'l~YI~ 
" . " H 11'u Mr;l~'il1nuut11,JIOI!'U:11uVi'Elavau~1uuuY1~ 

"' 
0 : ~ 0 IJ)d I Q.J iJ 

2) 'Ul'U 1liW'il1tltl1~'U1'U tl1H11 'l l'llU'U tl1\0l ~l'U tl1~'U1'U tl111 fiUtltltll'El'lf'U \011EJ 
"' 

0 1 'l 'J) 'J) d c:J 1 "' c:lj "' 'J) 
tl1H11 Jar-test \OIEJ 'lfil'1HY1J 100-250 mg/ L 'Vltl1'U!11 100 1tl'U\9ltl'Ul'Vl lU'Ul1'Ell 1 'Ul'Vl tl1'U'lf1 

30 1au~amVi tlJunm 20 mVi fi1'Ufi1JVlw'lf rvhnu 6 1~v~nmnnfrn 1 i'111J~ . 
" . 

3) u n1 1lffEJViH1'U m~'U1'U m11 fiUtltltlU'Eli''W1J1H1'U m~u1u tl11\9l~tltl'U 'Elt!EJ 
"' 

Q.l 31 .d o' Q,/Q.I'l"""' 
U'U1Jtl\Oltlltllf'i (DAF) \011EJ1~1J'U Recycle-stream pressurization '1'14 'U111~EJ~l1'Elltltl'V'Itl 'Wmtl\01 

Q.J I Q.l .c! I IJ) 

fi111J\Ol'Ul'Vl1tl'U 4 'U1'Vlflltl11 Recycle 1tltl'El~ 20 

.-=:. o' .e.. t/ I I QJ lt) 3) I 

1lfl11~l1'V'I1111Jl\9ltl1\911~"']tltl'UU'El~l1'El~tl11'Vl\Ol'Eltl~ !IOIUtl pH, COD, BOD, TKN, 

:5c:J., 1 1c:ld 1 oll]'l'J)'l o<V 
NH3-N, Grease and Oil 'il1tl'U'U!tl'U1tlll1 \Oltltl11U'lfltl'U'Vl 4 oc tltl'Utl11'U1 !U 'lf 'UtlU'U11JIOI'VlN 

~1m'V'l~a1u 

" " 
m'V'11.h ~ n au 2-8 '11 u \91 au tl11l\91 ~ EJ:IJ u ll ffEJ'il 1n m ~ 1J1'U m1 ~ ~\91 1 u 1 a~ lCJf'El1 101 vm ~ u 1'U m1 

(A) tl1~'U1'Utl111f1Utltltll'Eli''U 
"' 

(B) Ui'l~ 
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~ ' 
0 W Q..l j} j) Q.l .<::::! ifci Q.l I I j} 

1J11Wl'U'U l'l'U u~ 1f1Ufllf11'1:;; ml'U ~m 'fl'U !1'1 e11 'Vl Bl'l 1 1'ff1'U 1'11-:l'l ~ 1tl1:;; uuu uu n:;; (Batch) 
~ ' 

f111'Vl~~B-:Jf111'Vlirn~ 1m:;;'Vl11-:~lhl~mnnm :;;u1unu N~l'll u 1 B~!CJt~Yivhunu 
~ ' ' 

1h11~'1Ju 1'1'u u~1 cU-:J!~'U 1~>H1~um1n u~:;; mnl'l:;;f1e:J'U ~u 'fl'U !1'1 e:J{ cJ$ -:J!~'U 11'1 fl~u 'Vi irn~ 1lJ Vi1m1 
q q 

J;!-:1~~ (Maximum methane yield) 

f111ftfnmi!~'Uf111'VilJf1 PBW u~:;; DC l~tiN'fflJl'Utll'l11ri1'U~ 0 ('lf~'fldU'fllJ), 
q q 

' ~ 

I, 2.5, 5 u~:;; IO%w/v (1'1111-:JYi 2-1) u~:;;VJlf1111JeJ'U-'Jtr~'VilJf1UUUf1:;;'Vl~elf111l~lJ-'Jtr~'VilJf1'flf-:J 
q q 

" !~tl1 'l 'U1 :;;uu'Vi irn 111'1 ~mmft l~CJ'l u m1 'Vl~~eJ-:~tJ~ml'l1 nlJrl-:J'VilJ~ 'lu f111'Vlirn 0.50 L 1m:;; 'l~ 

l'l:;;ne:J'U 'il~'U'Vl1 cJ!~lJ\9)''U 50 mL ih~mU'fllJ!~'U m1 'VilJf11'l:;;neJ'U 'il~'U 'Vl1 urVJCJ-:~'lfU~!~CJ1 l~CJtJfu 
'l q q q 

~ ' ' 

tJ~lJ11'1)11lJ~1CJt.hm1'U tJ~mW DC Yit~l'U!!~~:;;m1'Vl~~el-:JU'ff~-:Jf111rl1'U1Wl'U in'flN'U1f1 'U 

3) 

~1CJ1:;;uuuuun:;; (Batch) 

"' w "' tJ~lJli'J'j 'j 1lJrl-:J'Vi lJ~ tJ~lJli'J'j *tJ~mw f)l'j'jl]~~e:J-:1 'lf'U~'UeJ-:11\'lG~U 
q 

'l 'U f11 'j 'Vi i1 f) l'Ufl11'VilJf1 (mL) l']:;;f)e:J'U DC 

"' """' 'il~'U'Vl)tl (g) 
q 

(mL) 

PBW 500 50 

2 PBW+DC 1% 500 50 16 

3 PBW+DC 2.5% 500 50 40 

4 PBW+DC 5% 500 50 80 

5 PBW+DC 10% 500 50 160 

6 DC5% 500 50 80 

7 Control 500 50 

* ~ I tJ o w 1J c< hl'l3J "'! 1 um nmw'il1f1'Ul'Vi'Uf1! vn'llB-:Jmnl'l:;;neJ'U~U'fl'U!I'lm'Vl 'lf (f111lJ'lf'U~ 70%) 
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I 'J} .Jr~ 
\911~'11'1 1m~ uuuuum\91 mu u~ 

lJl1:1'il11~~l'YI :JJ1~1:1'1J'U1f1f111 !~'U 1 ~UU!! 1J1Jf1~~ihh· ~ilVITifll'l"'l 'U f111 I M NnN~\91 

i'i!'VI'U~~rr~'~ (Maximum methane yield) :JJ1Yl1f111VII'InD~1~vl'uM'u-n.J5u&lmmuu~~l'im~u~ 

(Semi-continuous) 11'1 t1Yl1f111 ~f)EJ 11 ~ tl~! 1nlflf1!fl1J~! '11 :lJ 1~ 1:1':U~iJ Nnl'i Df111 N~\9lfl1'11:j}--w WI 

" 1J'U \91 D'U flU N~\91 fl1'11:j}1ill'Yl11'1tJm ~1J1'W f111 lhUI'I VI N:j}1ill'Yl!IUU 'lui ~Dlfllfl' 11'1 tii.h ~f1DU'l51'1 . 
tl'~i.JBmru !<U'11~1JU!In~!~:Uf111VII'IoD~I'U1~1JU CSTR (completely stirred tank reactor) uuu 

semi-continuous 11'1 tlf111Jfl:U1:1' fl11~ f111 VII'! nD~~m :JJl~ 1:1'ml1'111'U f111 '11 il'nu uu lui ~Dlfllfl'!~ 'U . 
' f 'j) ' 

1~1JUDW '11 fliJfl~Vl 35± 1 °C 11'1tJ I ~!flj D~f111Jfl:IJDW '11 fliJ!In~ f:ll~lJl!'WDfml11~vl1J'UD~DW'I1 fliJ 
q 'U q q 'tl q 'U 

9"' ,;, "".1 (;)/ •11]_191 d. "' 
!tlfNVI 1!m1~'11D~flu1~f1DU'UD~f11'11\91D !UI'I1tl!mD~ Gas chromatography (GC) 'I'Jfl'l 12 "J'U 

I I 'j) I 

11'1 mh i.Ju {!c1}'U iJmu Vi 11'11 ~~ uul'i n~ 'lh~ 1 i.Jf!ru nun1'11:j}1ill'YIVJ!fli'I~'U!Viul'l1'U 1ru mi.J~ mru fl1'15 
"' 

iJ1 VI u I u ul'in~ 1u 

Yl1f111'11lJf1 PBW !In~ DC ~1~tl~!dnlflf1!fl1J1~vlUI'i1~'l ~1m~UU!!UU~~\9iu!~D~ 11'1tJ 

' " " ul'in~tl'~i.J5mruY11fll1VII'Inu~Vi1~tJ~nmnmnu 36, 24,12 un~ 61u \911:U~1vl'u Y11m1ri1m.hn~ 
'j) 'j) I I 'j) 'j) 

1un~flf~ flf~n~ 83, 125, 250 !In~ 500 mL \911:U~1vl1J (\9111NVl 2-2) 9f~i.J~:JJl\911I'Uf111ri1tJlJTVJ~ 
" ' ' 
~u nu1 ~ tJ~! 1mm1 nmnu'llu~m m I u 1 ~uu 9f~mm1 tiYJ1t~11'1mUI'I11t1'1uDnn'U fl1'11VJDVI u 

"' "' I 'j) I 'j) 'j) 

u un n u '\l~ 1 <U' 1 u VI u Vi t111 i'YtJ I u 1 ~ u u Vi t1 n ri 1 tiD u nm H1'U Yl1 ~vi u t11Vi~ 'U ~ tlf1 ri 1 t1 u u n11'1 tlf111 1'11'1 
'U 'U 'U 'U 

"' 
H1'U m~uuniluu Dltl u nD'W!&lmhi'YtJI 11 u (m'Yli.J1~nuu 2-9) 1~w:h~Y11m1 ri1t~i'im1f11'WN1:1':U 

'j) I 'j} j} 'j) 'j) 

~ 1mil~t1111m 1~tl ~nEJru ~Yil~!fliJ !:iJuY11m1 ri 1tJU1VJ~! 1:1'~ 'U!I ~1 U1'111t1'1viut11Vi~ un~ !U1'111t1'1 
'j) I I j} 'j) I 

'U u~ '111 1 <U' 19$ ~ u rlu ~ 1 1ru ~ 1 u uu 'll u ~ 1 ~ u u 1 VI u 1&1 :u 1 1:1'1'1 11 iT m <U' 1 ch ~ u U! vi 1n ui.J~ :JJl\91 1 '111Vi ~ Vit~ n 
'U q 'U 'U 

" " ' 
ri1t1DDf1:JJ1 U1'111t1'1viu'l11!<l11un~uunn'W 'U1f1'li'U!UI'I11t1'1uDnn'U 1Vim1m 1:Ufl1'11:j}1m'Yll'iu 1 i.J 

"' "' I I 'j} I 

~~ q w & ..:::::. 'j}r c! 1 
!:IJD!'Ylm~tl~!dnl !'Uf111'111Jf1'U1'U'U'U !I'I'U1~1JU'U'U!'U1~1:1'il11~'fNVI (Stable condition) l'ltl 

Q Q cV c! c' C)) c! .d ~ ,:% d d 
'VI 'U 11 ru 1 'U 1 ni.J 1 :u 1 ru f11'11'151fl1'Yl u n~ u ~ f!i.J 1 ~ nu U'll u~ m '11'151fll'YIVI 1 f11'1 'll'U :um ';l 1 i.Jn tJ'U u i.Jn~ 

I 'U'lfd~ ± 15% 11'1 tJiJ'l51'1 f11 1 Vll'ln D~ ~I~~ ~'U '151'1 fldUfl :lJ 11'1m&'J:ui.J~:JJ1\91 1 Dl'I11Wli'U !~ tl1fl1J'l51'1 
q q q 'l 

I I 'j) ~ 

Vll'lnD~!!I'i!i.J~tJ'U11'lti~UVli~!~'U PBW !!n~U1!i'Yti'U1f1 DC 2.5%w/v ('l51'1f111Jfl:U) !'Yltlff1:JJ11tl • • • 
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~ t:'Y ~ 3) & J ~ 
fll':i 'VlfHHl~ fn':i vH'I\9lfll'lf'M1fll'V'l\911cn ~ UU!l UUfN\91 tll 'W tl~ (Semi-continuous) 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

PBW+DC 2.5% 

PBW+DC 2.5% 

PBW+DC 2.5% 

PBW+DC 2.5% 

DC 2.5% 

DC 2.5% 

DC 2.5% 

DC 2.5% 

PBW 

PBW 

PBW 

PBW 

1H m m 'U a~ 'U a~ m m 

l'Wfl1111JJfl (ml) 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

(HRT) l'W 

36 

24 

12 

6 

36 

24 

12 

6 

36 

24 

12 

6 

c! <>'d'] 31 ' "' 1 _, "' 
*fllfl\9l~fltl'W\9lllfi'WI\9ltl1'Vl I'M 2.5% I'VllflU 40g/L \9ltlu1~lJ1W (fl11ll'M'W~ 70%) 

tJ~m\911'UtJ~ 

1 ihrvh ~ :u -a an 

lt.Jll~o~1u 

83 

125 

250 

500 

83 

125 

250 

500 

83 

125 

250 

500 
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'~ .. ··· .. ,,'""-;:#'---.' . • 
---

~ d C')J J!:::l 3) : d 

fll'WU1 ~flt!U 2-9 '\J'W 191 t!'W m1 !f11Jf11C)fUCI~ti91:JJt '\Jl-t!t!fl'W lt{YtJ 

., <:l "" <:l "" .,., 511 
(A) ClflfJW~'I1Cltl~Hf11Jf11C)f!!Cl~ f11~1J tlfl!f11Jf11C)f'Vl 'lf 'W f111'Vl~Cltl~ 

. " 
(B) 11i1~U~1Jl\911fllC)fVitn~~'W 1~tJtl1~tJfllC)f Gas counters 

<:l "" ., 
(C) f11 1 !flU f11C)f1Jl f1 '11 Cl tJ ~ \911 tJ .. 

" 
(D) 11im1iltJ'WUC1~t~ul'11mhn'J ltiYtJ 
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2.2.4 

DGGE 
'j) 'JI I I I 

fll'JiHl'~~~~hHa (DNA) t'hl'11mh~'lhn~m'lillm'JihHr·(:iv~Yifi11:JJl~1 Io,ooo 
~ ~ 

~~unm 10 u1Yi t'Yiihuhrn~tn1JI'l~nawCJfn~H (Cell pellet) 'illn'l1ut.h1'l.Jm1~~~suw rpm 

(Burrell eta!., 1998)(fll'VliJ'J~fltl1J 2-10) 

~ 

l~:JJ'\..Jl Ultrapure Distilled Water 1,000 ).lL 

"r'' Pelletcell 

TENS buffer 500 ).ll (mixed) 

• I 50 ).lllyzosame 3 7 oc 30 min I 
1 

I 100 ).ll 10% SDS (mixed) I 
+ 

I 40 ).ll Protease k (mixed) 60 °C 30min I 
• I Phenol: Chloroform: isoamyl 25:24:1 (mixed) I 
+ 

I Centrifuge 10,000 rpm 5 min I • 
Pipette 600 ).ll and added chlorofonn:isoamyl24:1 600 

centrifuge 

Pipette 1,000 ).ll add 50 ).ll NaCH1COOH + 800 ).lL absolute ethanol (100:1) 

"1 w "" G 
fll'Vl1J'J~fltl1J 2-10 fll'J[l'fl~~ltl'UW (DNA Extraction) 
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Centrifuge 12,000 rpm 5 min 

Add 70% ethanol 800 uL 

Centrifuge 12,000 rpm 5 min 

Add TE buffer 50 J.!L, Keep -20°C 

fll'V'I'lh::;mJu 2-10 fll':i~n~~~ihmJ (DNA Extraction)(l'lfl) 

1 31 "I "" ,..-.d& "'"' "" !fl':i,HY':il-:!'IJ'fl-:!u':i~'l11fn~fl'U'Vl':iti'Vlfl'flfl1 !'11!'Vlfl'Ufl PCR-DGGE (Prasertsan eta!,, 2009) 

(fll'V'IU':i::;fleJU 2-11) '11U~'Ilfl-:!l'V'I':i!:Ufl{~i~u'ff~-:~l'l-:~m':i1-:! fll':i!~:uu~mw 16S rONA l~v1n 

PCR (Polymerase chain reaction) l~tli'Wfll':ivll PCR i~l'V'I':i!lJeJ{ flfl Universal primer 1492r 

ur~::; 27£, Amplification mixtures ~i~flfl TopTaq_ Master Mix Kit (Qiagen) lummu PCR U':ifl 
' ' ~I iJ .::! o Q.l .d. 

u':i::;fleJUWW Pre-denaturation 'Vl 95 oc 5 min 'ffl'li':iiJ Denaturation 'Vl 95 oc 5 min 1 min 
I I 'J) I 

d .<::::! Q...' .<:::! 

Annealing 'Vl 54 oc 40 s Elongation 'Vl 72 oc 1 min ':i1lJ'Vl-:!'11lJ~ 30 cycle ur~::; Post-elongation 'Vl 

72 oc 10 min 
'jJ I 'J) I 

i'Wfll':ivll PCR flf-:~Vi 2i~l'V'I':i!lJ'fl{ flfl K517r ur~::; L340f-GC lU':iUfnlJ PCR flf-:~Yi 2 
' ' 

-' 'j) .d 0 w .:::! 
u':i::;fleJU~1tl Pre-denaturation 'Vl 95 oc 5 min 'ffl'li':iiJ Denaturation 'Vl 95 oc 5 min 1 min 

I I 'J) I 

.::! Q w .::! 

Annealing 'Vl 54 oc 40 s Elongation 'Vl 72 oc 1 min ':i1lJ'Vl-:!'11lJ~ 30 Cycle !!f!::; Post-elongation 'Vl 

72 oc 10 min ~i1\91JlU!cvl PCR ~l¢i!~Ufflfll~ 4 oc !!fl::;1!ml::;MU'U LO% Agarose gel 

electrophoresis tlfl'Ufll':ivll DGGE 
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Centrifuge 12,000 rpm 5 min 

Add 70% ethanol 800 uL 

Centrifuge 12,000 rpm 5 min 

Add TE buffer 50 f.lL, Keep -20°C 

1 91 .I "" "'"'.d~ 9"' "" 
fiHbfJN'UU~u1~'151m~('l'U'Vl'HJ'Vlfl'fl'hll !'15!'Vlfi'Ufl PCR-DGGE (Prasertsan et al., 2009) 

(fl1VIU1~flU1J 2-11) '15U~'UenlV11!lJU{~ii'ubY~~r)~\91111~ fl11!~lJU~llltu 16S rDNA 1~1'Jlll 

PCR (Polymerase chain reaction) 1~1'Ji'UflWYh PCR ii'1VI1!lJU{ ~U Universal primer 1492r 

!!('!~ 27f. Amplification mixtures ~~i'~u TopTaq_ Master Mix Kit (Qiagen) 1tlmm~ PCR mn 
' ' ... I 9) .:::! o Q.l .c! 

u1~flU1J~11'J Pre-denaturation 'Vl 95 oc 5 min b1'1'H11J Denaturation 'Vl 95 oc 5 min 1 min 
I I !iJ I 
~ .c! Q.l .c! 

Annealing 'Vl 54 oc 40 s Elongation 'Vl 72 oc 1 min 11lJ'Vl~'HlJ~ 30 cycle !!('!~Post-elongation 'Vl 

72 oc 10 min 
j) I 'J} I 

i'Ufl11ll1 PCR flf~ii 2ii'lV11!lJU{ ~U K517r !!('!~ L340f-GC 1tlmmll PCR flf~ii 2 
' ' ... 1 <JJ d o w .c! 

u1~flU1J~11'J Pre-denaturation 'Vl 95 oc 5 min b1'1'H11J Denaturation 'Vl 95 oc 5 min 1 min 
I J 'j) I 

.:::::! .c! w .c! 

Annealing 'Vl 54 oc 40 s Elongation 'Vl 72 oc 1 min 11lJ'Vl~'HlJ~ 30 Cycle!!('!~ Post-elongation 'Vl 

72 oc 10 min r~i)\9lfitucn PCR ~~~'t~1Jfmn~ 4 oc !!('l~l!ml~rl1J'U LO% Agarose gel 

electrophoresis tlU'Ufl11Yll DGGE 
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' ' " 
\91111~'Vi 2-3 

1

lW1lJJtJ{'ti1~hH'¥lflUfl PCR-DGGE l'W~1'Wl\1vu 

Group Primer name Sequence Target 

(50->30) 

Bacteria 1492r GAAAGGAGGTGATCCAGCC 16S rDNA 

27f GAGTTTGATCCTTGGCTCAG 16S rDNA 

K517r ATTACCGCGCTGCTGG V3 region 

L340f CCTACGGGAGGCAGCAG V3 region 

L340f-GC GC clamp- V3 region 

CCTACGGGAGGCAGCAG 

Archaea Arch958r YCCGGCGTTGAMTCCAATT 16S rDNA 

Arch21f TTCCGGTTGATCCYGCCGGA 16S rDNA 

PARCH519r TTACCGCGGCKGCTG V3 region 

PARCH340f-GC GC-clamp- V3 region 

CCTACGGGGYGCASCAG 

GC clamp CGCCCGCCGCGCGCGGCGGGCG 

GGGCGGGGGCACGGGGGG 

Amplification 'lJtl~ Archaea 16S rDNA sequences #11v Archaea-specific primers (\91111~ 

2-3) 1flvm:t.w{ fltl Arch958r and Arch21 f hJmnn.J PCR mmh~ne:Ju#llv Pre-denaturation 
1 I I I 

..:::::1 0 Q.l d ..:::::1 ..:::::1 

'¥1 95 oc 5 min ~1111 U denaturation '¥1 95 oc 5 min 1 min annealing '¥1 54 oc 40 s elongation '¥1 
3J I 'j/ I 

72 oc 1 min 1l:Ull~li:U~ 35 cycle !li:l~ post-elongation 'Vi 72 oc 10 min l'Wf111ll1 PCR flf~'Vj 2 

" ' 9 ~II] ~ "" 9 ° "' "' 9 ~II] ~ "" 
~'11 !'V'l1l:Utl1 fltl PARCH519r !li:l~ PARCH340f-GC ~'Wf111'¥11 PCR flH'¥1 2 ~'11 !'W1l1Jtl1 fltl 

'j/ I d 
K517r !li:l~ L340f-GC hhumJJ PCR flf~'Vi 2 th~ne:Ju#llv pre-denaturation '¥1 95 oc 5 min 

t11lifu denaturation~ 95 oc 5 min 1 min annealing~ 54 oc 40 s elongation~ 72 oc 1 min )l:IJ 
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~ d ~ Q.l rl dll] 3) d QJ d 
'Vl~'11lJfl 30 cycle u~~ post-elongation 'Vl 72 oc 10 min ~~\9lfiWCV1 PCR 'Vl !fl!fl'U'H1£Jl'Vl 4 oc u~~ 
0 r/ I 0 

1!1'1')1~'11'U'W 1.0% Agarose gel electrophoresis fltl'WflU'Vll DGGE 

l!ml~M DGGE ~1tl DGGE unit, V20-HCDC (Scie-Plas limited, UK) ~1tl 8% (v/v) 

polyacrylamide gels u~~ adenaturant gradient 40-70% DGGE gels ~eJlliM1t1 Sybr-Gold !~'W 
' " 

nm 16 i1llJ~ u~~ciltJfil'V'l~1tJ Gel DocXR system (Bio-Rad Laboratories) 'illflU'WI'lf!Uti'U~ 
3) I I I 'JI ;V 

t~uw 'lri'l m11fl~'Wt~uf f1£J1Yi 4 oc ~~unm 1 i11m 'illflU ml1m1'11 PCR Bnflf~~1tJ l'V'l'HlJeJ{ 

Q.l 'JJo93/o d' 
357f (without a GC clamp) U"~ reverse primer '11"~'\llfl re-amplification Um'Vll !'I1'U':itl''V11i 

l 9 'lil!] "' "" 1!] "'"''~ 'li sequence !f!tl !'lf !'V'l':i!lJtl':i 518r (bacteria) and PARCH519r (archaea) 'lf'Wfl'lltl~ !'V'l':i!lJtl':i'Vl !'lf 

1 \1] o do Q.l .-=::. d. \J] ~!d 
i:H !'lh!m1~'11mf!'U!'Ui:Y'W1f1~ 1a !'Vlfl 'Vl The Macrogen sequencing facility (Macrogen 

d 1.rJ :v o lJt ~ 1 ~ 1~ ..:! Q.l o Q.l e. ..:::! t1 'JJ e. 
Inc., Seoul, Korea) ~"'Vl !f!'Wl !U!U':itl'U!'Vltl'Ufl'Umfl'U!'Ui:Y'lltl~~"'W'Vl':itltll~tl~ (reference 

d d. '9 'j) i 9 'j) 

microorganisms) 'VllJtl~ !'W~l'W'lltllqj" GenBank !f!tl !'lf BLAST: ribosomal database project 

(http://rdp.cme.msu.edu) 

~ 
~-~._r·-_··-·---~ . .... -· 
T> ~ 

.... ' 

';'. ' ;."; 

.:!.~-.11~··-· ~ ·~·· . ·w:VZ':i 

.I "' . I "' "" ,j fil'V'lu':i~fltl'U 2-11 ~fl£JW~tlufl':iW'lltl~!'Vlfl'Wf1 DGGE U~~!f1':itl~ GelDoc XP 1708170 (Bio-Rad . 
Laboratories, Hertfordshire, UK) 
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'j) I I I 

flT) l'l ~ r;nJ,rw'l ~m nl'l~ nt~hl l'h 11 ~ t~ 'll1nm 111 :iJnYi 1 ~ v~1 1~ 1nmn11Yit 11m~ rr:u 'l hi m1 11 :iJ n 

'l hi m1 l'l~~tl-:1~ 3 mYi1m1 1tm 1~11'111U1mru 1i 11'ltll'Vi11Vi'lf t~m11mtl'f11tlHu~~tl1~ vnl91''l ~ 
' ' ' 

Q.J -~ r:JJ at ~ G d_l 1::'1 

2.3 n n 1Yiu ·nJ 1 w fl19f'lf1 ill'YH!il~ 11 fl'i 1~ 'Yi 6-:J flu 'i ~ n 6'1.1'\J 6-:J fll"lf 
I :J/ I j} 

tl1'lf~ih mTI Yi 1 n~~ hi '\l ~ t1 n1~ tl1 ml'l 11 ~ vm 1 lll'l hi Yi'\11 u ~~Vi 1n n lfl1J 1911 mh-:~ '1111 tl 
" 

0 &::::::. d Q.l 'J) ~ ' 'J) Q.l Q.J 

l'llf1111lfl11~'11l'Jf1G"l 12 1hl ~1tJlfl'jtl-:J Gas chromatography (GC) ~hi GC 7890A TI1tl:UI'l11~ 

Q.l Q.l a'dq 'J) ~ 
rfq]ty1ru Thermal conductivity detector (TCD) fltlr;'l:Uhll'l !'lf fltl Shin Carbon ST 100/120 

'J) I a' QQ d,C'J) d..:::!~ 

micropacked 'Uhl1~lrfh1Hlhi!J'hltlfl'fl1-:l 1 :U~~l:UI'\1 tl11 2 l:UI'\1 :Uf11'lfeJl~tllJl1Jhl carrier gas !lr;'l~ 

f,llli11iJil'lhll'l1i'i~ (Injector) 1'111'111'1l1~ (Detector) ll~~ ~t!11hi'fi11:Uftlhl (Oven temperatures) 

tvhn11 150,200 u~~120 oc ~nm'hrl'11 

2.4 fll'iVI'i 1'illlfl'i 1~'11' flWill'l"'J 11~£1 J 1~-:J !Ill~ fllflVI~ fl6'U 'illfl'i ~'IJ'IJ'YiiJfl ,'J.J1'lf 61fllfl 
q 

" " " 
m 1 llfl 1 1~ lf flru fl1TIU1l i'Yv~t ~~ 'l11i1-:~ 'll1fl 1 ~ 1111 11-i'l ~tl1f11ft''ll~ 'l ~1~ m1 fffl£J 11'11:U 

' 
Standard methods for the examination of water and wastewater 20'h edition (APHA, A WW A and 

WEF, 1998) rflJlfi:Ulft'1m1:uE-:~u1~ftmmlinh~ll'lft'1l'ltJ !lr;'l~ World Environmental Center 

" " 
(2535) 1~tJllm1~lfTI111iJ!I'!tl{rl-:J~tlllJiJ 'Utl-:!!l~-:!ll-:!'11:U~ (TS) 'Utl-:lll~-:!1~ll1tl~ltl (VS) ml'l 

1'll:iJhl1~ll1t1~1tl (VFA) ~ltl'lf (pH) rffl1TI~1-:! (Alkalinity) ll~~ Clf1t~~ (COD) (1'1111-:1~ 2-4) 

" " 1'11t~VN'll1mru 1 hi 11'11 1 'llhl ..1'-:~11 :u~(TN) tl1mru vJt~rrvJt~'frr-.1-:~'11 :u~ (TP) tl1mru 1 Tilll'lrf!ClftJ:U 

" 
(TK) Bl'l11ri1hl C/N (C!N Ratio) fi11:U~hl (Moisture) tl1mruBhll'ljvm111t~hl (OC) urr~-:~rl'-:~ 

1'1111-:!Yi 2-5 
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Parameters Method Frequency of monitoring 

" tH'mtu'lJD~U~~ll~'M:JJ~ mJlwt\911DU 103-105°C l-21'W 

C}}1D~ (COD) Close reflux,Titrimrtric method 

D ru l1 fl iJ Thermorneter 
q 'U 

w 

'\'lflJ'W 
q 

~lfl'Jl:JJ!~'Wfn~-~l~(pH) pH meter 
w 

'\'lflJ'W 
q 

Alkalinity Direct titration method 

VF A Direct titration method 

' " 
U~1JltufllC1fVitn~~'W Fluid displacement method 

w 

'\'lflJ'W 
q 

Parameters Method 

Moisture DUhHmDU 103-105 °C 

Total Nitrogen photometric method 

Total Carbon photometric method 

Total Phosphorus photometric method 

Total Potassium ICP-OES 

Organic Carbon Walkley & Black Method 

" 
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.. '" 2.5 fll'nltnl:::'H'Utl'Ji:l 

11NtJ'Utnvm.h:::iYn~mv.lum·n111'n PBW mt::: DC tt'U'U1lil~mmff lu'iU'Ufl~7tw .. 

. 
'j :::'1111~'1!~f11'j'fl~~fl~ 
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" v o .Q. ~cv 

!!NUill'VH!l;lVI~'UU VleJU fll'J VlliUU fll'J 1'llf.J 

" 
2. \91 n 'iHHl 1J f] ru i11 YfW 1 ~h.J 

.1~ 9) 

3. 1J11J pH = 3 WHJ 1 N HCl HRT= 1 -J''W 

I 4. Jar Test li'IVl~I1'11ftlJ 100-250 mg/1 ( 100 rpm 1 min,30 rpm 20 min) pH= 6 ~ 

' ~ 9) 

5. Vll'Ufl1~1J1'Wfl11\9l~flEl'WflElV!l1J1JEli'IEl1fllfi1'11V Recycle- -

""' 9) stream Pressurization YlfllflU Recycle 18Vfl~ 20 

r---- i 7.m~m'Wfl11'11l1'mt1J1JlJJl~El1fllfl 1-"" o' 6. 11m1~'11 pH, COD, BOD, TS, 

TKN, Grease and Oil 
I 

8. v'hmml1'mt1J1J Batch 1~w:l1~ PBW Ufl~ DC t'l'i1n1J 0, 1, 2.5, 5,10 o/ow/v 

Ufl~ DC 10% w/v Working volume I L 

9. l~'W1~1J1J CSTR lriV!~Elfli1'i111~~l'HlJ1~I1'lJ'il1flfl11Ylr!flEl~l!1J1J Batch 'il1fl Methane yield ~~~fir! 

EJU!l-liJJJ 35± I "C, Semi-continuous, tJ!m\911 3 L, HRT 36, 24, 12llfl~ 6l'W 

I 0. Yl lfl11 -Jr~lJ!JJ1U! '1.1El~fl19i9hm'l'l~lflri~'W'I'j fllml1Vlll fll'J U Yl'W~J1 Ufl~ El~rllh~ flEl1J'UEl~fll'li'l'jfl 12 

l'W 1tml~rf'l'l11l.iJ!191El{l'iwlllJ~v1JlllV1Jtl1Jfi1t~lJ~'W l~ufi pH, VFA, Alk, COD Ufl~ VS 

.:::::-,. rf Q.l.<:l, .<::S .::!:t Q.l 

llfl~ 1!1'1 'j 1~ l1I1'lJ1J\9l '1.1 El~fllfl\91~ flEl'W Yl! '11 fl El 'illfl fll'j '1-!lJ fl 

"' ci !r!El'W'Yl 12 

" fll'Y'l1h~f1D'U 2-12 f11D'U!lhll¥11Pl!!ft~'1Jh! fleJ'I...If11':il1JtJ 



I 

-"! 

U'YI'YI 3 

" 
0 "' 3.1 'W mn.1 m n 

fl'j::;trJ'W fll'H-l~VI ,1J lt~~!CJltt~~·.h'W fll'nhuV!.rr'Wcl'Wml1 (PBW) fllflVI::;flti'W~Hrl'W!VItl{ (DC) '\llfl 

1 'j-:J-:J 1mnl'V~J 11Jmh~l-l utt::;lh!~tl~~unjf1mn1 'j -:J-:Jl'W tnl'V~Jl1Jmh~l-l 
~ 

jl I jl I 

'lu fl1 1 'VI~ r~ fJ ~ ri 1u u ii 1 ~ t:nh::; [1' ~ rll ~ fJ frfllJ 1 ~ fllJ ru:;; m.nJ'~ 'lJ a nl11 iY cH'1111'1' u 
q 

~ ~ ~ 

'lJ 1:;; ir Yl il ill 'W n1 1 1l1 11 ~ 11 11 iY u l1J 1 D ~ 1 C1f nl u D ~ 1'1' u 1 111 () ~ ~ niJ ru:;; [1' 11 11~ 11 11 iY u 11 ~ ~ n1 1 1l1 11 ~ 

~ ~ 

3.1.1 ff1111~11lliYmnnm:;;u-:Jum':i r-~i'l~ l1J 1 D~lClfnuC~:;;11 11iYm:nnm:;;1J1Um':i r-~i'l~ l1J lo 
' ~ 

c5 d,J OW<V~ ':J) 

mClfCI'Vl HlU fll':i 1J11J~'lJU ~UU rl1 
j} I jl jl 

11 11 iY CJ l1J 1 a ~ 1 C1f r~ Vi 'l ~'lu ~ 1u1 oil u u 1 tJ u 11 11 iY CJ 'ill n n 1 :;; 1J 1u n1 1 r-~ i'l ~ l1J 1 fJ ~ 1 C1f r~ ~ 1 u 
~ ' ~ 

uBn1 CJl'Vl':i HI ~lfJftl'VlfJ'1Vl!fli'U 'l ~11 111U~'lfllNlU fll'j 'l ~U~1UC1:;;11111U 1Jl~11~1Jltlu1~Q~1J 'lu 
jJ jl I I 'j/ 1 

m1 r-~i'l~ l1J 1 D~ lClfCI 1 ~ u11 11 iYuri1u 'l ml]1n~~u 'ill m :;;1J1u m1 ~N 1 ~arh oil~il ~'lJwiJDu c)$~ 1 ~u 
~ ~ ~ 

'lJn~'l ~11 1~1~ 'luu~':i 1ri1u 1 :;;wi1~11 l[l':;;m~~au1mru11111u!1J 1 fJ~lClfCI 'lu D'~11ri1u 1 : 1 1~u 
~ " ' ~ " .J ~ 

'lJ1m~':i ~~'!! u u1mru 11 ll TICJlllfl~~u 'il::; l 'Vll01JU'1111U! fll'j r-~i'l~11 111Ul1J 1 D~lClfCI Clf~11 ll TICJ'illfl 
" ~ 

fll'j r-~i'l~ l1J 1 fJ~IClf[llJ ffill'Wl tlu a11C~i'u UUIU fJUl 'll11uur~:;;11 111U 'lJ1mru 1llfl ltlu HCI '111' u1mru 

[l'l':i au 'Vl'j 6!u 1'lJ~1 9f 1 D~UCI:;;u1 D~ [1' ~ 1'11 lM 'ili'JU 'Vl'j 6t:Jm111Hll 'il'1tui~1J 1 ~ ~~ lfJU [1'1!'11~ lM 
'U <:u q u q 

~ " 
1111 TICJ'illflfll':i r-~i'l~ l1J 1 fJ~ IClfCICJlfl~Dm':i 1l111~ 1 ~ u1~ ;1m'W I'W':i 1:;; D~rl'lh :;;na1J 'llD~11 11 TICJ !:J 

" ' mm:;; n1J m':i 1 'il'1 ru1~1J 1 ~'ll D~ 'ili'lu 'VI j 6 uC~:;; 1111 iYuii~l'~ 1 fJ'lf[l' ~~ i1 fJ ~ 'illfl HCI 'illflfll':i 'l ~~ 1~ 1 'lfu 
u q "' 

1 Clfl~ CJ11l eJ~ 1 fJ n! Clf~ 11 ~ fJ 1 'W 11 'VI ftl9f CJ11l eJ~ 1 fJ n! Clf~ 1 flu~ 11 'i ~ u BiW CJl 'lu fl':i:;; 1J 1u n11 r-~~~ 
~ ' " 

~~tTu ~~iifl1111~11tlumJ1~v~ 'lu m11l111~1111TICJ t1J 1 D~IC1fmiDwsU'lrim:;;tJ1um:i cim.Jm~;1m'W 
"' 

~ " 
~fJ 1 'lJ HCI'illnnn11ml:;;M~niJru:;;ff1111~'llD~1111TICJ'illflfll':iH~~ l1J 1 fJ~IClfmua~l'i'u (m'WU':i :;;nu1J 

" ' ~ 
3-1 ur~:;; 3-2) 'W1J'.h'lJ1mrut'lJ11UuC1:;;11111U (Grease & Oil) cJ1~1fJUHCI':i111'lJD~l'll11UUC1:;;11111U 

'j/ I jl jl 

ll~'I111~-Yl'lJwiJDUU~lbJ:~ ~fJU~lfJ~lu'lf1~ 11 ± 4 .05 g/L u1mrum':i'lJUIUfJU[l'l':iaU'Vlj6!u~'lJ 
~ 

~19f1a~ (COD) ur~:;;u1D~ (BOD5) a~'lu'lf1~ 105 ± 45 g/L ur~:;; 45±1.52 g/L 1111TICJ'illflm':ir-~i'l~ 
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I u 1 eJ~tG'Jf-olharle:ru ~~tcleJ·Hllnm·Hn~uuf1jCJl~~ueruullltfli'u (Saponification) ~·H~'U 
" u uf1j m'li' Nt~(J~ 1~ '11--ll~nn Yi lU uf1j CJ1'V111'U rl'teJ m 'VleJjVJ tfl i'u t ~'U H'O 'illfifll'j U'UtU eJ 'U n 'j ~ 

" . " I '\J l1 u a~ 1 ~ 1 u u 1l1' u Vi 1 ~ t ~ u ~ 11 vi'~ Jl u u -o ~ n 111 ~ ~ 1 ~ t ~ u vi' 1 t 'i ~ u u n j CJ 1 

" 'Vl':il'Url'teJfft'VleJjVJtfli''U (Gerpen et al., 2004) Yi11M'ultifCJl'!J 1eJ~tG'Jf'OlJ~fll'VH~'UalJ'-oi'u 

'illfifl11~l'U1WeJ\911lt'YJ'UU1eJ~~eJ~1eJ~ (BOD/COD) lJ~lU1~:WlW 0.43 ~~~eJ'W'Ii'N~l 
" . " 

1~CJeJ\9111tYJ'U BOD:COD '\JeJ~U ltffm~u ~1Viu~;~~ml:JJ~l:JJ1Hl1 'U fl11t~mleJCJ~mCJ'V11~;1fll'Vl 
'" . " 

~1CJ'ilil'W'Vl~V 111fieJ\9111tYJ'U BOD:COD iJ~w'hn-11 0.1 u~~~11~uuw~w]eJCJ~mCJl~tlln'Vll~ 
q 

" . " 
;1m 'Vl (Badawy and Ali, 2006) u lL ffrJ l 'lJ 1 eJ~ LG'Jf'O~~ u~ 11~11 Vi UutU eJ 'U '(YJ'U 111 t"\Jt ~'U 

. " 
~11au 'Vl~ e~ u~v-~'\Jl~1i l\91eJ1'111':i Vi 'ililu 'Vl~ vJieJ~fl11 m11.'hu~u 1LffCJ'illnfl11 Hil\911 u 1 eJ~LG'Jf-o 1~CJ 

q q 

11i;1fll'Vl (Biological treatment) ~~lJU':i~iY'Vl~fll'Vl~l'l1lm'hu~ l~mn L'Vl11~eJ~flU1~fieJ'IJ'\JeJ~Jl 
tifCJ!l.imm~n'!Jfl11L'iljttH~'IJ 1191'\JeJ~'ilil'W'Vl~V (Suehara et al., 2005) 'illfifl11~mnteJn~n~ 

" q 
I !J} )/ I 

tfi CJ1'1i' eJ~ nu n11 ii 111' ~ u ltiYCJ 'Vl u --l1n111 ~11i n11 'Vll~ nlCJfll'Vl tt -o~tfliJ ~1:w 11 t1 ii1u ~ u 1 tifvVi iJ 
" . 

~fll'WL~'U alJ'-oi'u l~u-o~lJU':i~iY'Vl~fll'Vl~~ 1 'U fll':i rh11~ l '\JlJ'UU'O~UllJ'U 9$~~1:Wlltlotl1CJ-o~ml:JJ 
'" 3) I 3J 3) 'J) 

~num'\JeJ~u ltiYCJ-o~ 1 u 1~~uwu ~ !~neJuYilm':i iilu~'llu191eJ'U~eJ I u ~~uu ~1u 111vii~~t~eJn 1 ~ 
" . 

11i n 11 'Vll~ n1 CJfll'Vl tt-o~ Lfl iJ 'Vl~ ~eJ u ii1u ~ u lL ffCJ 'ill n n11 Hil\91l u 1 eJ~ tG'Jf-o t YieJt ~ u LL u 1'Vll~ rl1 11f u 
r:l 'J) c'o QJ o Q.J : ..::! ~ ~ ~ 'J) 

nuU1~CJn\911 'lfU1~ 1CJ'If'U ~1'11':i'!Jfl11'1Jl'IJ~'U1L~CJ'illfifl15H'0\91l 'lJ 1 eJmG'Jf-o 1 'U'\J'U\91'U (Pretreatment) 
q 

" fll'VlU1~neJu 3-1 i:ln'hlW~UltffCJ'illnm~'IJ1'U fl11Hil191l u 1eJ~LG'Jf'OtleJ'Utt'0~11i:l~nuiilu~ 
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" fll'Vl1h::;fw1l 3-2 r:l'flllw::;'tllti'Ymnflm::;u1'Ufll'H·.J~\9111l 1a~l"1Hl (A) 1191t~m::;1l1'Um11nmnH'1l 

rhVlta'!f~ltlm\91 (B) m::;1J1'UflU 1fllltlflfllfli''U(C) l!f!::;m::;1J1'Ufl11\91::;fla'U 
"' 

" Gj .e:. Q.l ~ ~ 9 3/o~C:t.L:! 0 Q.J .c! 31 
l 'U fllH 1'U 1\lti'Ulflel fll 'lf11i flU 1J11J\91 'Yil\1 flltlfll'Vl-lfl :JJ(Physico-chemical) \911tl 

1nfln·idm ::;vdN 111mn.Jf 11~ 1Vlw'lf~ 1t1m \91 (Acidification) m ::;11 1'U fl111 fllltlflfllfli''U 
"' 

Q,l oC::I cl 'J) ~..::! 

(Coagulation) l!f!::;1::;1J1J\91::;fleJ'Ufleltlll1J1JeJ\91eJlfllfl' (DAF) (eJ!'Ufl {1'11::;eJ'U'V11, 2552) \911tl11ifl11 

" 1911m1'1'1i'a 2.1.2.1 'Vl1ll1{1'1:JJUtln1~\911 'lllJ'Utm::;tlliru 1~:1Jlflfll1 99 % tm::;ff1:JJ11tln1~\91'\Jtl\llfftl 
" 1 u ~U'\Jtl\IU 1 tl~lm::;9$ 1 tl~ 1~:1Jlflfll1 80-90% l!f!::; BOD5:COD 'lltl\IU1lff£Hllflm::;1l1'U fl11 

v.~~\91111 1 a~l"lffl~~1u m1u1u191~u ~uu~1n~m~:JJ~'U!vhn11 o.53 ~'~J1ti'Yti11l 1tJ~l"lffll~:lJn~1 
I )} j/ j/ 

BOD:COD l'Vlltlll 0.43 Clf\l'il1ml\9111~1'U BOD:COD '1Jtl\IU1lfft11'U'I1'Ul~tJ'U l!ff\91\lll1'l~'Ui1U1 
. " " ti'Yt~Yiu 1m1 oM'1 u \11'U 1~t~il nm1:JJ ff1:JJ11 tl 1 u m1 tlat~ffmti~ 1t1'il~'U 'VI16ff \l~u 11~ tJVN11 ~m:JJ 'il1fl . "' " . 

v.~~ m111m 1::;,! u1m w 1 u 1 \911! 'il u 1 u u 11 i'Ym-1 1:1 '~ m1 u 1u191 'Vlll 11 n ~ 1u t1 t~mflCJf\lt rJ u v.~~ h1' 
" . 

0\9111~1'U'\Jtl'l9f1tJ~~tJ1 u 11911l'il'Ul1'1'11:JJ\91 (COD:TKN) rvhn11 150:0.0001 Clf\1Utltifll1~1ll'U::;u 1 

1um'il~'U1::;1J1JU1U\91!!1lU1~1oM'mmfl' ~\1~1~!'11:JJl::;ff:JJtJV~ COD:TKN l'Yhnll 150:1 (Metcalf 
"' 

" " " 
and Eddy, 2004) \Pl\lu'U 1 um::;111'U flU Vtltlffflltlll1JU 1~1 oM'mmfl'U'U 'U tlfl'il1fl!~tl~~'U'VI'16'il~ 
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1h· ~ ff'Yl ~ mVI1 'W m 1 rh~ ll-Ht n ~ m1 t 'il1 w t~ u 1 ~ 'U e:~ ~ 'il i)'W 'Ylj 61 'W 1 ~ u u rl'lll 1 m1 flEJ ru ~ f1':JJ lr~'U e:~ ~ 
u ' 

" ' 
'\.hffCJ'illflfll)Ni)~ l1J 1e:~~tCJ1nUn~ PBW Uf1'~~\Pl~~Ul~ll 3-1 

' " 
~11Htl 3-1 f1':1JlJ~'Yll~fllCJi11VI-tfllJ 'Utl~thffCJ'illflm ~1J1'Wfl11 Ni)~ l1J 1 e:J~!CJfnUn~ PBW 

pH 

TSS (g/L) 

TCOD (giL) 

BOD (g/L) 

Grease & Oil (g/L) 

NH+
4
-N (g N/L) 

TKN(g TKN/L) 

" thffCJ'illfl 

m~1J1'Wfl11 Ni)~ '1u 

1 e:J~tCJfn 

10 ± 0.95 

3.25 ± 1.75 

105 ± 45 

45±1.52 

11 ± 4 .05 

1.12±0.50 

1.84±0.25 

PBW 

6 ± 0.53 

< 0.015 

15 ± 0.70 

8±2.50 

0.065±0.04 

<0.007 

<0.010 

1h~ff'Yl~fl1VI 

f)l'jfh,)'~ (%) 

99.55±0.50 

83.57±7.73 

81.84±0.80 

99.27±0.27 

99.27±3.56 

99.39±0.61 

" " ' 
1 'W ~l'W1,JCJil1 '*mn~~flt~'W ~ufl'Wt~ e:~{ 'illfl 11 ~~l'Wf1'n~t11:U'W 'l11~mtJ'W1f1'~11:Un'i1mwe:~ 

' 

" f1' :u lr~ 'll e:~ ~ n 1 n ~ ~ n e:~ 'W ~ t t f1 'W t ~ e:~ {'ill n 1 1 ~ ~ 1 'W f1' n ~ '111 :U 'W iJ 1 ~ :u t t n ~ ~ ~ n e:~ 'W 'il i) 'W 'Yl j 6 'ill n n 11 
' " ' 1H~l'Wf1'tl~UlU'W'!Jl~:lJ U{'(~~l'l~~UNll 3-2 
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' ~ 

~l'n~'Vl3-2 itlJlJ~')!ll~flltJillVHflii 'Utl~fllf1~~fHl'W~llmH~eJ{ulf1 l:i~~l'WiHll'lUliJm.h~:JJ lli"l~ 
~ ~ 

t1'11~eJ~~nt1'W uil'W'Vl5 6u1nm'J 1 'J ~~l'W il'nl'lulirm.h~:u 

pH 

TSS (g/L) 

TKN (g/L) 

NH.
4
-N (g/L) 

TS (g/L) 

VS (g/L) 

VSS (g/L) 

Alkalinity (g/L) 

Moisture (%) 

Carbon (%w/w)* 

Nitrogen (%w/w)* 

q 

Phosphorus (%w/w)* 

Potassium (%w/w)* 

DC 

4.85±0.22 

74.30±4.65 

11.56 

0.19 

0.03 

0.23 

6.84±0.33 

30.80±0.70 

3.08 

0.70 

40.76±1.23 

26.99±0.79 

22.09±1.98 

3.50±0.50 

*analyzed by the Laboratory of Central Equipment Unit, Prince of Songkla University; 

- : non measurement 

VI I iJ V\J1~:l.l 

3. 2 fll'H1'J.JO'J1'J.J'i~'Yi1N PBW !Ill~ DC Vl1f.J1~1J1Ji'll'i'Yi'J.Jfl !'J.J !'lHJlfllflU1J1Jfl~ (Batch) 
~ ' 

1 'W f)1 'J 'Vl\91 i"l tl ~ iYl'W U ij l\'1 Q 'iJ 'J ~ i1' Hl!'~ tl ~mn I il'~ tJ'J fll'W'U ()~ 'J ~ 1J 1J 1 'W tl~ 'iJ 5 m ul 
' ~ 

iJ'J ~'ffl1Tiill'Wfll'J 1h1JI'l iJ~:JJll'l'J iii'Vl'W il'~il':lJ!!~~vHH·lill'liii'Vl'W'Vl!fll'l~'W 'illf)fll'J l1 iJn PBW !ln~DC 

'UtJ~u~~~'l11'1fll'J 'Vll'lneJ~ n~eJmiJ~mru DC ~mm~il':JJ 1 'Wfll'J !~'W'J ~uuuuu~~~m~eJ~~eJ 1 iJ 
q 

" ~ 
fl1 'J ~f)EJ lfl-r ~i'J I ~'W f11'J l1 iJn PBW flU DC !! n~ Yll fll'J 1JeJ'W lil'\91'11 iJ nil 'U'Uf1~l1! eJfll'J !~:lJ 

q 

~ ' ~ 

l'il'~'Yi irnfl-r ~~~u1 ~~tl'~iJ5mru1 u m'J'Vll'lnmi'l Yi1mu1nml'lunl 'll'Wll'l 1 ill'l'J LJ~m~'Jf11'Jl1irn 

(working volume) !'Yllfl'U 0.5 ill'l'J lll'liJln'Ull'l#lltJ~f)tJl~ (septum) 'Wm1u#lltJ!I~'W'Wl'Jl~'W Yll 
~ 

fll'Jl1irnmu119l'eJrul1fl:iJ 35 oc !~'Wiln145l'W m'WNil':JJ ll'ltJfll'J!'UUl'Ull'll'W~~ 1 fl-r~ rhi!9bm'W 
q "' 



75 

1 ;J) 3) I I j} 'j) I 

l1 tn~ ~ 'W m til 'W '1!1~'11 1Jn 'll ~ t~mi 'I ~1 'W f'l'ltitiN9ii111'1 'W l JJ EJ'l'll 11'l!!fl11J1 1 '\l 't-1 l!'Vltl!! 'Vl 'W il'l-1 1 't-1 1lltlfl 
'U • 'U 

r 'j) j) I I I 'j) 

u 'Vl 'W l1 '\) ~ 1 'Vi r1 r1 '~ r1 m'li'W ~ 1 a'~ r lJ 'l-1 1 JJ~ :IJ 1\911 'l-1 1l1 u 'Vl 'W l1 ~ '~ n ri 111 ~ 'W JJ~ mru fl1CJ$~hml"'l1! n ~'~ ~'W 
'U 

~ ' 

l 'W !!~fl ~ -J''U!! fl ~ 't-J 1:1Jl1! m 1~ M 'Vi 1 ~\91 rl1'W 'lJ t1 'I fl1 CJ$JJ! 'Vl 'W l 'W fl1CJ$~hf11l"'ll'l 'Vi :IJ \91~ 1tl! 1'1 ~ e:J'l Gas 

Chromatography !!fl~ 1 'W 1 ~ WJ1'lf111 'Vl\91 fle:J'll~ 't11m1 1tm 1~M ~1 flw'll 'lltl'l!! ~'11~!'11 ti~1ti fl1CJ$ 

3.2.1 Nfl'Ue:J'lfiW'll~e:J)~lJlJl'Wtl'l!JBmru (pH of digester) 

1 'ffOti1 flll"''ll a'! 1 ~ lJ lJ mm 1 t1 JJ 1 ~ t:JJ'W 1 ~ 'll1 n~ 1 Vi 1 e:J'li, n flll"''fl 11:1J! ~ 'W ~ N (Alk), m ~ 

l '1J lJ'W 1 ~!'Viti~ 1 ti (VF A), !! fl~ iJ\91 11 rl1'W 1 ~ WJ1'l m I'll 'lJ lJ 'W 1 ~!'Viti~ 1ti~ tl'ff flll'\11'11 1:1J! ~'W ~ 1'1 

(VF AI Alk) 1 'W 1 ~WJ1'lf11~1J1'Wf111 Ve:Jti'fffllti!! lJlJ 1~1 ~mmfl' m~lJ1'W m1 vati'ffflltiU lJlJ 1~1 ~ 
'j) 'j) 'j) I I 

tllf11ft'!J 'j ~ fltllJ l JJ ~ 1ti.U 'W \91 tl'W ~ 1'1'1 'Vi fllti.U 'W \91 tl 'W f111 'ff~ 1'1JJ! 'Vl 'W! ~'W .U'W \91 tl'W 'Vi u 'lllrl1rl11J 
' 'J) ~ 

1 iJ e:J'l 'll1f1 'l 'W .Ut.J \9le:J'W i:l '\l~ 1 ~'W m1 't11'11'W':lJ:IJtl'W 'lle:J'l 'llil'W 'Vl1V'ffe:J'lflri:IJ ~a 'llil'W 'Vl1v'ff~ 1'1 m\91!1 r1~ . . . 
'llil'W 'Vl1v~'ff~ 1'llj! 'Vl'W tria 'l 'W 1 ~1JlJJJ!J~:IJ1tu m1 tJ'W 'Vl1v'ff 'l~'W '\l~ 't11! t1 'llil'W 'Vl1v~'ff~ 1'lml'lljf111 
• 'U • 

'j) 'j) I I 'j) 

! '\) ~ ru ~~ lJ 1 \ill~ :IJ1 fl ~'W ~'I ,:r 'W f11'j! '\) ~ UJ!~lJ 1\91 'lJ tl 'I'\) i1 'W 'Vl1vl1 Nil\91 fl1CJ$lj! ll 'W n!'W :IJ n 'I~ 'WI 'lfw)'W 
u u q 'U 

I I r 'j) I 

tVl'ail '\l~ f'l'l:IJ1Hl 'l 'lf'm 1'1 tJ'W 'Vl1 ch ~m ti~1tillNil1919i'W m11'1 ti'\l~'W 'Vl1 cfl1N~\9lm ~ l~ll'W ~~~ il\911 1m1 • 
" ' 

1 '\l ~ ru ~~ 1J 1 \91'1! e:J'l 'll i1 'W 'Vl1vl1 'I 'ffe:J 'l'liU 191lj'fl 11:1J 11\91 fl~ 1'1 tl'W 1191 till '\l i1 'W 'Vl1vNil191 fl1CJ$lll 'Vl'W lji) \9111 m1 
u • • 

' ' " 
1 '\)~ ru1~1J 1 191ih n-:!1 '\) il'W 'Vl1vl1'ff~ N m ~ 1 l"' 1 1~ 'Q ~ l!'U ilm 1m1 1 ~m ~'~ iJ'U 'Vl161 ~m ti~ 1ti'1Je:J'l 

u • 

'\l il'W 'Vl1cJ~Nil\9lfl1CJ$lJI 'Vl'W ~'lllrl11f tl tifl11iJ\911 1fl11 Nil\91 fl'i \91 tJ'W 'Vl1 cJ'Utl'l '\l~'W 'Vl1V'fff 1'1 fl1 \91 vlll M . . 
~ 

!fl\91 fl11 'ff~ 'ff:IJ'U tl tl 'I fl'j \91 tJ'W 'Vl1cJ1 ~I 'Vi ti~1ti:IJ 1fl9i 'W D1JJ fl11 fl11J fi:IJ 'j ~ lJ lJ uvJI vJ a11~ l Vi ti'll"' tl '\) ~vl1 . 
G) 'j} 'j} 'j} .<::!1. d r/ I ;: d I I .Q. .Q. .Q. d rid .Q. C") 

! 'Vi 1'l 11:1J I '1J :IJ 'U'W m \91 tl 'W '\111 ti1 ~ l 'Vi ti'l1ti:IJ 1fl'U'W '\l 'I 'ff 'I Nfl\91 tlf111 I '\l1 ru l\911J 1\91 'Utl 'I '\l fl 'W 'Vl 1 ti'Vl Nfl\91 f11"1$ 
u • 

I j) I I 1 'j) 

1 ~ m ti~1ti~ a~ 1 'ffm'W ~ fl 11:1JI ~'W ~ 1'lt V!:IJ~'W av1'11 11'111 11 'W 1 ~lJlJ c1f'~ri1m ~ti'U a'lflla'lliltnl'l~'W 

'Vi ~'lf111'Vll'lfltl'll~'W 4.59±0.18 ~'l\91111'1~ 3-3 ~'li~'W 'fffl11~~ l~!'Vi:IJl~'ff:1Jrl1'11i'lJf111vl1'11'W'1Jtl'l 

'\l ij 'W 'Vl1cJfl ri :IJ 'ff~ N ljl 'Vl 'W 1\91 ti,t 1 'l JJ fft111~ ~!'Vi :IJl~ 'ff:JJ l 'W f11 1 vl1'11'W '1J tl'l '\l ij 'W 'Vl1Vflri :1J 'fff 1'llj I 'Vl'W 
q Q q q 

f\11 e:J~l 'W'lf1'lfite:J'li 7-8 (Elhussein, 2003) ri '!Nfll 'f1 f111 Nil\9lljl'Vl'W~1fl11NfiN~\9lljl'Vl'W\911:1J'Ylt)fJQ 

~'lrl1fiW'll~fl~~1fl'li~'W ~UJUJ1U! ~~~ 'ffl'l'ID'lfld1:1J l~'ff:IJI'lfi'Utl'li:IJ'Yl\9111Je:Jilc1f:u 1 'W 1 ~lJlJ 't11l MI~'W 
u u q 
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' ~ 

f) l'il 'il~'\AI u11! ~'Win! 'Vii'IYiYh 1 '11' Bl'l) lfll) ~U)) Ylfl~l) a'W Ylj 6~ ~ 'il'W cJUcJ~fll) lll~l'W'U f)~ 'il~'W Ylj 6 
'} q 'U q 

nci:JJ~1'1~il1 Yl'W '1~ 1 ~uu~~wn iJ~lB~1 'W 'lh~~~~'W mn~;IBiJ~11 'W 'lh~ 7-8 ~~ll~l'l~ii~ih~~ 
q '" 

11~ !'WB { '\J B ~ 1 ~u u~ ~ 'il~ f n1111 ~ u u 1 'li'iJVlw'lf~ B 'W .u' 1~ f1 ~ ~u n~ Y1 'W ~ Bfll 1 ru~ ti'Ull un~ m ~'~ 1 'UiJ 'W 

I l lJj cl ,d1 I 

l!l'lfJtiN l)fll'll:JJ'illflfll)f1'fl111'\JfJ~ Jain lln~ Mattiasson (1998) '\AIU11 methanogen 'ffl:JJUtl 
I I :J) I 

1Hu ~fll'\AI m1 l11~1'W Vi~ 1Vlw'lfl'l1 ~~ f'l ~u~ Vlw 'l5 4.0-6.0 q$~ m1 'Vi irnlw 'lf1~ u 1 fl~ ~lfll'l!l1 'W m1 

fll'lfl~ 1 'WflU H~l'lfl1'11iJ!Yl'W !!~'Vi~~ 'illfl~mnHuf'l 11 'li'9f'WflU~fll'\Ail! 11'l~fJlJ 1mJ~~UJ11 tlH~I'l 
' ~ ' 

ill'Yl'Wt~rw:JJ~'W u~B~l~'h~l'll:JJ fl11H~I'lfl1'11~hm'IAIYiVlw'lf 5.0, 4.5, ua~ 4.0 t~n·hnu 67, 37 

!!n~ 34% ldfJ!UjtlulYivunUfll1'Viirn~fllfJ'l5l~'WflnN 

~~'ill n m1 Yll'l n B ~~ ni'J.u' B ~1 nl'l hi ~1m 1 mH u Vl1 B'l51 '11'1 ~ 'W nnl~~'~ n B\91 m1 Yll'l n B~ 1 ~ ~ ~ 
' " 

ri~rtn1 '11' HnH~I'IYi!Yl'WYilnl'l~'Wfll'lfl~ 

"" iJ v 
(g/L) u1 ~i1Ylilm'IAim1 Condition '\All f)'lf ml:JJ!'\J:JJ'U'W'\JB~ vs 

~ iJ 
iY'W~\91 

~ iJ "" flT0\91 vs (%) !):JJI'J'W !):JJI'J'W ~'W~\91 
q q 

PBW 7.47 4.48 6.48 3.79 41.51 

DC5% 7.51 4.88 26.55 15.30 42.37 

PBW+DC 1% 7.50 4.99 8.59 3.91 45.52 

PBW+DC 2.50% 7.46 4.58 15.18 8.60 43.35 

PBW+DC 5% 7.31 4.54 36.11 18.696 48.22 

PBW +DC 10% 7.46 4.46 68.71 47.45 30.94 

* ~1~u ~~'~~~~'W ~lm~v~lnl'l~'W 'illflfll)Yll'lflf)~ 
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(Biogas production and biochemical methane potential) 
~ . 

f111'Yl~H'le:l~ 1 'UI'le:lt..I'Ul~'U f111'\11D\911 1ri-:ru Vim m~~:JJ'UD~ PBW llfi~U~:IJlU!'UD~ DC . ~ 

Yimm~~:JJhwu~mW'Ue:J~'Ua~u~~ll'~11:JJI'l'Ua~ DC t~'U o (n~ml1'lJfl:JJ). 1, 2.5, 5 Ufl~ 10 %w/v 
q q 

: <:::::{ ..::! ~ I d:J OJ Q..l 

llfi~'U1Wtl'il1f1f11f1\91~f1tl'UI'lllfl'Ul\91D1 5 %w/v (f1~:1Jfl1'lJfJ:IJ) GJ$~ COD:TKN 11fl~'il1f1f111N~lJf1'U 
~ . 

1 ~1111~ l1 11 ~al'l~f1D'U 'ili'l 'U 'Yl~ vun~ 1'~10111 :iJ n~ NG11 'U ul'in~ 'lfl'lf111 'Yll'lna~u ~1'1 ~1'1~1'111 1~Yi 3-4 
q <t I q 

\91111~~ 3-4 COD:TKN 'Utl~l~l'l11:iJn1'Wf111'Yll'lnD~ 
q 

Conditions 

PBW 

DC 5% 

PBW+DC 1% 

PBW+DC 2.5% 

PBW+DC 5% 

PBW+DC 10% 

COD:TKN (g/L) 

(mean values) 

15.70:1x10-
5 

30.10:0.50 

21.72:0.11 

30.75:0.23 

45.81:0.44 

75.02:0.86 

. . " 

-4 
150:lxl0 

150:2.06 

150:0.77 

150:1.14 

150:1.45 

150:1.69 

~ ~~nl'l 'hi 'il 1f1fl11:JJiu (Slop) Vi~ ~il'ln11'lh~ou"'] ll'~u~mw n1Gl$:)f1mYl ~~ ~:JJl!fl~ fl1GJ$lJI'Yl'U 

~~~:JJ~Dm1ri1'U COD:TKN ~1~"']rl'U ihuuJJ'lJf1HW~mJ~oanl~l~'U 2 ri1'U riTUil1f1l~'W'lfJ~ 
'U 

~ 'ili'l'W 'Y1 ~ v~1m HHlov~11 011111 '1~ orh~ 111011 ~ 1 (fll'Y'IU1 ~ noJJ 3-3) t'lfu Nflf111 tnl'lfl1GJ$lJ!'Yl'W 
q . ~ 

'Ue:l~~fl11~f11111irf1'UD~ PBW, PBW+(DC 1, 5 llfl~ 10%) rwa~'il1f11'W'lf1~U1'W1~'lJ'lJ'il:dJu~mw 
~ 

~11 01'1111 u~ lJlU! mm Vl ti~'\AID~Dfl11:JJI'i' D~f111 'UD~ 'iJ i'lu 'Y1 ~ Vll~li:IJI'l 1111 H m wml! 'U 11 u lJ:IJlf) 
q 

jl I I I 

~'Uilfl~ri1u Yi~o~t ~'U 'lf1~Yi 0111 u 1 u 1 ~JJ'lJl~mlf1 'ili'l'W'Yl~ v~ov~mtl'il'U li:JJI'l ri ~Nn 1 H' Dl'111f111 
'U q 

Ni'll'l fl1GJ$;1fll'Yll~ lJnl'ln~ rl11 H 1 um 1vl '1J.JiJm1 I U~ti'U llU [!~ 1 'U'lfJ~ Yl1ti'UD~f111 '111'1 n a~ ~~ D~ 'iJ 1f1 
'U . " 

1 u'lf1~m n'U o~m1 11 :irm i'lu 'Yl~ v'il ~ l11m1 ~av~mv~11 au Y1'1vYi~uv~mv~1v '1 ~riou t'lfu u 11'11n 
q 

~ . 
ui1~ ml'la~il1u m:1~u1f1U'U~~~av~mti~11D'W'Yl1vYi~ov~mtltl1f1lGJf'W Cellulose Ufl~ Hemi-
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I .<:::::. ~ d, Q.J 

~1m::;u::;nmf1l':i'Vl~~Hl'l ffTWH'lf1l':i!fl~f1191l.JI'Vl'U'Utl'l'ffm1::;mn1:JJfl'\Jtl'l DC 5% un::; 

PBW+DC 2.5% 1l1rr1m1Gi1 'l!fl~tl:fm1mJru::;'lf1'1flnwfl'l~ tdtl'l111flV'IllJO'I'ffm1::;~ml11':i 1 u 

,d} I Qc"))d, ~d, 9) d, IQ...I 

111fl~nfll ':i ftfl£Jl'VI1J11fl1HH'l~ fllGJI:JJ! 'Vl 'U 'Utl'l PBW !fl~:JJ! 'Vl'U 'U tltl:JJlfll'Q n tll'Vll flU 19.28 
. . " 

mL 11 n::; 1::; u::;t1n 11 u fl11 tn~ 0191! ~tJ'Il1 u '11u ~ 'IU 11 iiuil'lnri11ii ~1CJit tl~~tlYitfl!g'Ut Yi1nu 

150: 1x1 o·
4

1'111 M'!l1ri 'ltff1:JJ~tlfll':i t111qJt~u 1~un::;m':il'11'11'U'\Jtl'I~~'U'Vl~ 6~1'1'11 'U':i :;;uu ri 'l~n 1'11' 
. " 

111 :JJ1ru n191ii1 'Vl'U Yitn~~ u tr {)(I 

'"";' 30ot! --, 
-<'-0('5%t -2 ,:P'J':, --- 2500 -o-t•BW+IlC 1% 

.9 ~ ... -.rPBW+DC2.5% ,:r:!'/ v = 2000 / "0 
0 -I'I!W+I>C5% 
I. 
c. 
~ 15!10 

-a-l'llW+[lC'IO% 
= Ill 
.:: --raw -<IJ 

E HHJO 
~ 

~:! .... = = ~00 

e 
= u 

0 .............. 
5 9 13 17 21 25 29 33 .l7 41 45 

Day 

lll'VIU':i::;fltlU 3-3 u1mruiJmurr::;ff:JJ'\Jtl'lfll':il1:U'fl DC ('l!'~fl11Jfl:JJ 5%w/v). PBW+DC 1 %w/v, • • 
PBW+DC 2.5 %w/v, PBW+DC 5 %w/v, PBW+DC 10 %w/v Un:;; PBW('!l~ 

fl11Jr:j:JJ) 

I 0. C).l .:::! : .<:::'! I : ~ d.::t I ~ 
ff1'U fl1 1 ~n~ fl1 GJI:JJ 1 'Vl u 111 fl'U 11 rru 111flfl1':i ~ ff:JJ 1 ::;l111'1'U 1 fln u 11 n::; DC 'Vl:JJ fl1'\J tl 'Ill 'U 'I 

'jl IO,C)}.,::! Q.l .d. IQ.I .J'td, 
ll'll1:JJ~ 5 %w/v 'V11J11!fl~fl191:JJ!'Vl'Uff:;;ff:JJ~ntl~ 45 1'U mntl !'Vllfl1J 1,429.29 mL GJI'I'U1!'fftl 

" " " il'lnri11ii~ 1CJ11 {)~~{)I u 1 ~ 1111 u '¥1 '~l1 :JJ ~ t Yi1nu 150:2.06 'll'lu u1 :JJ 1ru iit 'Vl'U 'U tl'lm':i t1 :Unil 'lnri11 

U'tltJfli1fll':il1:iJfl'Utl'l PBW+DC 5% (COD/TKN: 150:1.45) un:;; PBW flU DC ~U~1'\Jtl'IU~'I!fl'U 

1, 2.5, 5 un:;; 10 %w/v rrllJl':ifl~~~iit'Vl'Wt~Pi'~ntl~ 451unhnu 1,069.41, 2,604.86, 1,743.89 un:;; 

1,422.45 mL ~1:JJ~1ilu (fll'VIU':i::;fltlU 3-3 un::; 3-4) 1~u~mm~~U!'Vl'U~'I~~tl~~fl111i' DC 

2.5%w/v ~'lel~':i 1ri1u il'lnrinii~1CJ11 tl~~tlYi!fl!g'Utvi1nu 150:1.14 ~'l'lf1'1el~11ri1'U il'lnri11 
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" ' 
1 ~v~nmnmn1J1 'Wfl11'Vl~ne:J.:rw ~1f1~nHlli 45 1'W 'lllnm l~l~'Wun'~.:Ju 'W11 ulJ'lJe:J.:JnlCJf 

" j) 

~!hm'Wn'~n'll'lJe:J'l'fJn'l fl11'Vl~nD'l'l'mll'l[~fi11JfJ1l'lJ D.:Jlh~mnn DC 5 %w/v un~'l[~n11'Vl~nD'l 

'lJD.:J PBW+DC 2.5%w/v u~mru nl'li911m'Wu.:J 1111~nl'li:Jhm'Wn'~n'lln'.:Jn'~~.:Jff .:Jln\91 ll'i\nn 
'U q 

l~'Wll 'W11 u 1J~U'l 1llJfl'l~ (fll'WU1~ f)()'lJ 3-3) ll [l'~.:Jll1 ~1J'lJU'ln'llJ11 flHil\9101'1i911fll'W ~~~()I UDf) 

un~lrle:J1~Vlw'lf~ 45 1'W 'Vln'li~fl11'Vl~ne:J.:J~1Vlw'lfi1~11mi'l~V.:Jn'W ~D u1~mru 5 ~.:Jun'~'lll 
q q 

'llil'W 'V116n~ lJ n'! 1-:J ill 'V1 'W n'lll11 flu~ 1J n' fll'W 1 t1 tl' 'W ~'W n'lJ n' fl11~ ~ l ~'W m 1'1 I~ u~ D ch.:J I 1 fl\91lll 
q q q 

HnHil\91 lll 'Vl'W ~ 'l~ '\J~ u Dvn 111 ~ 'lJ'lJ~lln' m1~ ~Vlw'lfl ~'W nm.:J u~m1 11mn 1 'W flf.:Jif 'll ~11mn~.:J 
ftf)tJfll'W 1 'W nl'l Hi'J\91lJl'Vl'W 'lJD'l PBW rtJ1 tJ1JllltJ1Jfl'lJ'l[l'lnl1'Vll'lnD'l~'W "1 ~1~tJ~l1i:nflfHfl'lJ 45 1'W 

1~v 11Jfi11JflllVllD'Ii1 ~'11ll'l f)l) 'Vl~nl'l'l !ftDu lHnf)l'l l11'lnl'l'l~ ~~~ u1 ~1 'Wf)l'l l~'W 1 ~'lJ'lJll'lJ'lJ~'l 
q 

~mciD.:J~e:Jiu 

6000 

• Total biogas 

5000 
0 Total methane 

~ 

" 'E 4000 

=: 
0 .€ 

3000 
;:l 
-g .. c.. 

<.1 !000 

:b 
~ 

] 1000 
;:l 

:..; 

0 --DC 5% PBW+DC'l% PBW+DC!.5•'o PBW+DCS% PBW+DClO% PBW 

Total solid of decanter cake(%) 

m'WU'l~ne:J'lJ 3-4 u~mru Ol'li911m'Wn'~n'l.lun~ill'Vl'W n'~ n'll'lllnm111irnu 'lJ'lJ 1111 ~mmf!" 

1~v~nm 45 1'W 

3.2.3 U'l ~~'Vl~fll'Wnl1fhOI'l'lJD'lU ~'11 ~ l'l1 tJ~ltJ (VS removal efficiency) 

Hnnn 11mnu 1 ~ ~'Vl~ m'Wm1 fho~ 'lJe:J.:Ju ~'11 ~l 11 v~ltJ'lJe:J.:J1n'~ 11 irn'W'lJll'th ~~'Vl~ m'W . 
m1 rhill'l'lJe:J.:Ju ~.:J 1 ~l 11 v~1viJ~ 11 n~l~ V'ln'W ~ 40% ~'l 'll 1nu 1 ~~'Vl~ fll'Wnl'l rhill'lu e:JtJlllmrle:J 

llltJ'lJrl'lJ'll'Wl'iltJ~'W'l ~'lllih~fi'Vl~fll'W l 'W 011 fll'ill'l'lJD'lU~'l'l ~l'l1 tJ~ltJl 'W~1'l 60% (WEF, 1998) 
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hJf111l1lJflllUUllJ1~mmf!' tde:nH'mru DC l'l'llnU 10% 1h::;IY'VlTiflTV'lf111fhDI'l'UD;J!l~·n::;ll1tJ 
'j) 'j) I I 1 

~ltli"l\Pln;Jl~'U 30% '!1;JU!t1 D;J 'illfli)l'j ::;u':i ':i'Vlflbll':i ~'U 'Vl1 vvhnmnu l 'lh111 M 'ilil'U 'Vl1 cJtllfiVi 'i)::;UDtl 
q q 

fl'nltlbl11~'W'Vl1 v ~;J1h::;il'Vlilm~f111fhul'l'UD;Jll~;J1::;ll1 tl~ltlll fl'l'l;Jvl;J\9111l;J~ 3-4 m~'lh::;nDu 

3-5 

60 

A AB c B D 

~ 50 
~~ E .... 
"' 40 
~ ·c 

!.:: ... JO "" -; 
;.. 
<::> 

20 E 
"" .... 
z 
;;... HI 

0 

l'llW ()C :'% f'H\\ +llC I% PHW +()C 2.50% I'H\\ +I)C 5% l'llW +I)(' HI% 

Total solid of d('canter cake(%) 

... I a' cl Q cN .:::.! 

3.2.4 luDW11'U:IJl'Vl'U'UEJ;Jf11GJi'lf1i11~ (Methane percentage ofbiogas) 

m 1 Nil\91 n1GJ1;1m~u n::; m1 uDvfl'mm ~u Ni"l 'illflfl 'il m 1:1.1 'illflf111 lll;Jl'U'U D;J 'ililu l1'1 v 
q 

j) I I I j) 

fl11m.u':IJ.u'u 'UD;JlJl'Vl'U 1 u nlGJi;1m~~~ u 1'11u;J;Vi~Vi~l'l'UD;Jn 'ilm ):IJVitf11Pl9'iu 1 u il;J ll~m illu n::; 

' ' " 
1J 1::; IY'Vl TI' m~ 'Vll;Jlfl'':i lJ ~ fl'l f!'\91 { f111:1JloU :1.1 .U u 'U EJ;J iJ l'Vl u 'il::; n 1'1 ~ ln;J ljj Dlfll'l 1J B f11 v1 m1 vuv;J~ D 

"""'"'' 9J"' 1 ~'LI 9J9J "' ~n'U'Vl1tlf1~:1Jft'1l;J:IJ!'Vl'U (Chynoweth and Isaacson, 1987) \Plti'Vl1 Wfl11:1Jl'U:IJ'U'U'UEJ;J:IJ!'Vl'U'il::; 

D~~ 50-75% (Polprasert, 1996) ~'iJ::;ft'lm1t:nh!llt~'Ul4Dl~il;J1Mml:IJfDul11'm11lDNil191l~'U 
~ -~ W ;:; (;'J) .:::.! I <J} a' cl '3) :J} (;'} 

m::; ll fl' l vhn 1'1 ;J'U 'U f1Uli1l~'UD;Jf11GJi'lf1i11~ft'l:JJl1 tlU;JUEJfll\Pl 'illfi!DD':i lGJi'U fl11:1Jl 'U:IJ'U'U'UD;Jf11GJi 
q 

" " " 
lJl'Vl u 1 u fllGJi;1m~'I1;Jl1 :1.11'1 1 l'ltJ1 um1 ~nm1 u f1-f ;JU !UD{l~'U iJ1 'Vl'U ft' ;J ft'l'll ~'U 57.30% 'illflf111 

"' q 

l~'U)::;UU'UD;J PBW un::; DC 2.5%w/v (\91111;J~ 3-5 un::; m~U':i::;flDU 3-6) 
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100 
~ 
,o 
~i'-...... !jiJ 
"' c 
~ 
.c 00 ..... 
"' E 
E 40 
= 
.5 
~ 20 
~ 

::;; 
0 

PBW DC5% PBW+DCI% PBW +DC 2.50% PBW +DC 5% PBW +DC 10% 

Total solid of decanter cake(%) 

"" "" 3.2.5 VlrlvH'l\91:JJ!'Vl'W (Biogas production and methane yield) 

'ill n VI r1 m 1 ¥hnnvnr:h Vlfl VI~ \91 'U t1 ~ R 1 'lflJ 1 'Vl u!! r1~ ri 1 fl11 :JJ mm 1111 u m 1 ~ t1 CJ{l'm vm ~ 

:Jf1ml"' 'il~!!{l'\91~1upJ'Ut:J~VIrlVI~\91fll'lflJ!'Vl'W (Methane yield) (\9111N~ 3-5 !!rl~flll"'lh~fltllJ 3-6) 

~ ... 1-=! -=! Q ~ 
!:JJtl! u 1 CJlJ! 'Vl CJ1Jfl11 11m 1~ l1 Methane yield 

L CH/g VS remove) l"'lJll '!Jj:JJltl!fll'lflJ!'Vl'W \91fltJ\9)'j~(J~!1fllfll'j'VJ\9)fltJ~~{l'fl11~\9il~""] lJeJ\9111VI~\91 
I 3J :JI I I 

n1'1fiJt 'Vlu 19lln i1ri1u u ~ u 1mn ll'~ il {l'lm \91 u1 ~ m1 11 u ~m 'illfl{l'm1~ 1 u 1 ~u u 11 iJ n1ll1 ~mmffil • 

~ .d, d' 'J) e:2 0 G) 3/..:::! Q.l .<::::). q t::::l. ..::::! tf '3) .<::::! lJ} I ..:::::. 

'ilrl'W'Vl)CJ{l')l~m\91 'il~'Vll !l1:JJtl\9111fll1VIrl\91fl1\91{1'~ !'W1~1J1J 'il'W'ilrl'W'Vl1CJ{1'11~:JJ!'Vl'W !:JJ{l'l:JJlHlVIrl\91 . ~ . 
nl'lflJ m u 1 ~ l1 u ri ~ Vlr11 t1'iJri1 m \91l 'U iru 1 ~ m v~ lCJ{l'~ {l':JJ! ilu ~ 1 u 1u mn 11 ~ 1 fl\91 HI 'illfl ri 1Vlw'lf~ 
fl\91 r1~ '1'111 t1' tl\91 ri1u iJ 1 'Vl'W 1 u fll'lf:Jf1ml"'~ ~ iJri 1~1 u 1 ~ nt~unuujmru 'Uti ~u ~~ 1 ~!'11 CJ~lCJ~ on 

~ 

0 Q.l .d, I 0 

fll'il\91:JJfll\911 

1 ct tl ~ 'illfl 'il ~u 'Vl ~ v{l'~ 1~ n1 \91 u 11 u 1 ~1 u n11 Vl~\91 n1 \91 !!l'i Ill {l'l:JJl'j 01 u~ vu 1 u 1 ~u nl'lf . 
" lJ!'Vl'Wl~l1:JJ\91l\91CJeJ\9111f111VI~\91fll'lflJ!'Vl'W'Uti~Ul!ffCJVI{l'm~l1ll~ PBW tllJ DC trJu 1, 2.5, 5 !!rl~ 

10 %w/v !'YlltllJ 0.23, 0.27, 0.10 !!rl~ 0.067 L CH4 /g VS removed \91l:JJih\Pl1J 

" ' 
f111VI~\91lJ!'Vl'Wft~{l':JJ!!rl~VIrlVI~\91lJ!'Vl'Wft~{l'\91 (fl1l"'U1~flt11J 3-4 !!rl~ 3-7) !fl\91~'Wllftfl11~f111 

~ . 
l1lJflj1:Jj'j~l1ll~ PBW tllJ DC 2.5% w/v !VlltllJ 0.27 L CH/g VS removed 
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:Ulfl!flh! '1 uri~ N~ 1M' tlUJ! nvtr f111~ l!vlt vJ D{1 h!) ~1J1JYlllM) ~1J 1J'U l\9lfl1l:U! t)'~(J) ill '\!'I 
'U u 

~ ' 

'illfl\9111 1~!! tl\91~~1N~Ni1\9lll!'l'1h!ll~ 1 h! t-n.hv L CH)gVS removed !~D!!tl\91~ lM! ~ h!O~u1mru 
' " ' 

lJ!'Vlh!Vitnl'l9ih!'illflfll)~fl(J'ffmCJtll)Bh!'Vl~V1hl1tr~pn'Jn !!'tl~lithCJ L CH/gVS added !~D!!tll'l~1M' 
~ ~ .t::::l ~ dQ & Q.l o.J ~ dt cl I Q c!o" 

m u t1 ~u 1 mru :u1 'Vl u 'Vl 1 nl'l 'Uhl 'ill mtrl'll1 :u nm r1 :u 1'1 C)!~~ lJ u N 'tl :u 1 'ill n m 1 vDvtrm vtrn o u '\'1) v11 'tl ~ 
' 

ri1u~ \lbJm:unt1~Dvtrmv1~~1CJ'ili1hl 'Vl~ v c11lfhhl 'Jtu!!tl\91~ 1u fllflNh!1fl 'U) 
q 

I I I ~ 

\91111~'11 3-5 fll:i !U~CJh!!! u~~'UD~ll!'Vlh! Vitnl919ih!'UD~!!~~~'lf\9lf11:i'Vl\9l~D~ 
q 

Conditions u o' cl "" ! fl)!CJih!:U!'Vlh! u"' "" ):JJlt\!fllC)i "" "" N~N~\9l:U!'Vlh! (Methane yield) 

"" ~~~\91 (%) :Ul'Vlh! L CH)gVS L CH)gVS 

(mLIL) removed added 

PBW 9.18 19.28 0.0072 0.0030 

DC5% 30.54 1,429.29 0.24 0.056 

PBW+DC1% 55.41 1,069.41 0.23 0.12 

PBW+DC2.5% 57.30 2,604.86 0.27 0.17 

PBW+DC 5% 52.39 1,743.89 0.10 0.048 

PBW+DC 10% 49.38 1.422.45 0.067 0.021 

" ' ' 
D ~1 ~ l 1 n \911 :UN~ Nil \91 iJ! 'Vl h! t h! fll:i ~fllJ lUllJ !!\91 fl~ l~!lJ D! U~ t11J I Vi t11J tl1J fll:i ~fllJ 1 '1J D~ Nl.ij t1 flh! "1 

'U 

" 
tlDh!l1t!lilt'lfhl N'tlNi1\9llll'Vlh!'UD~fll)l1lJf1!!1J1JllJl~Dlfllft'UD~!!1J~trl~ (Wheat straw ) tl'iltl1J 

0.16 L CH/g VS added (Sharma et al., 1988) N~Ni1\9lll!'Vlh!'illflfll)l1JJfl'UD~l1J!!flNf~ (Gliricidia 

maculate) tl'iltl1J 0.18 L CH)g VS added (Gunaseclan, 1988) !~h!~h! (\91UN~ 3-6) 
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0.3 

-z 0.25 ;..... 
•~Iethaneyield (L CH4ig YS remoYed) 

eJ: 

---~ 0.2 0 \!ethane yield (L CH4ig YS added) 
:.J -'-
"0 0.15 
~ 
..... 
~ 0.1 c:: 
~ 

-= ...., 
~ 

0.05 :;; 

0 

PBW DC 5 "'• PBW+DCl% PBW+DC 2.5% PBW+DC 5% PBW+DClO% 

Totale solid of decanter cake(%) 
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·. 

\91111~~ 3-6 vH1Ni'l\91lJl'Vl'U (Methane yield in the literature) h-!m'J!~un:mmuu Batch 

Kinds of waste experiment HRT Temp. Methane yield Reference 

(day) (C) L CH/g VS auueu 

PBW+DC2.5% batch 45 35 0.17 This study 

wheat straw batch NA 37 0.16 (Sharma eta!., 1988) 

gliricidia maculate batch 29-35 29-35 0.18 ( Gunaseelan, 1988) 

leaves 

sargassum jluitans batch NA 54.6 0.18 (Ghosh eta!., 1981) 

(bladder) 

Macrocystis pyrifera batch NA 54.6 0.14 (Ghosh eta!., 1981) 

(raw kelp) 

utricularia reticurata batch NA 37 0.13 (Abbasi eta!, 1990) 

azolla pinnata batch NA 37 0.12 (Abbasi eta!., 1990) 

sargassum fluitans BMP assay NA 35 0.17 (Chynoweth eta!., 

(whole) 1993) 

Sargassum pteropleuron BMP assay NA 35 0.17 (Chynoweth eta!., 

bladder) 1993) 

Napier grass BMP assay NA 35 0.19 (Chynoweth et al., 

1993) 

*NA, not available 
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d ' ~ 
llllllfl~~Hli'Wtl~ (Semi-continuous) 

1 'W f111 Yl~ nil~ tr1'W if i'H~>Hl tJ 1 ~ {1' ~ fl't~ e:J!'1nld 11 ~ v~t 1mnntnu~m m~ {YlJ 1 'W nut~ 'W 1 ~ uu . 
' " 

t {1'~ v1 m'V'l 'lJ e:J~ 1 ~ u u 1 'W il~tJ Bmw 1h ~ iYYl ~ m'V'l m11hu~ NnNi11'1 iJt Yl'W Vitn~-li'W ~1nm1 'VI iJ n 

PBW Un~ DC 'Ue:l~U~n~'lf~fl11fl11Yl~-ne:J~ . 
" 

oU'W\91 e:J'Wfl11 Ni11'1 Ol''l1~hm'V'l1~vm ~u TU fll'J U1U~m~;1fll'V'lU uu 1~1 '*mmrr 1~v 
-' 'V ~ a' 'j) ~ 9 u1~flilli'Ji~ll~U{]fl'JU! !'lJl'J~UUUn~t1lJfl11Yl~[le:l~ !'W1~UU CSTR (Completely stirred tank 

reactor) UUU semi-continuous 1~C.Jfl1llfJlJ{Yfl11~'QU!'VIiJWfl~~ 35± I oc 1~v1'*tfl~e:l~fl1UfJlJ 
3J I I I 

ilU!'VIflllUn~D1~UltVie:Jfflldl1~~U'lJil~ilU!'VIfli11MmVi Yl1fl11'VIirfl PBW un~ DC Vi1~v~nmnn 
q qJ 'l cu 

tnu 1 ~ ~11~1~'1 #11CJ1 ~ uuu uu~~~e:l!~ e:l~ 1 ~CJU~ [1~ i)~tJ Bmw Yl1fl11 Yl~ nil~ ~1 ~ (J~! 1mnmnu 

36, 24, 12 un~ 61'W \9111lih~u 1~viJ'!f~fl11Yl~nil~~1'*t~'W'l1~fl1UfllJ 1~m~lJU~lJ1\911e:ll'VIl1 . . . 

%w/v ('If~ fl1UfllJ) !~ eJ{1'1lJ11 llt ll1 C.Jllt Vi vull1 ~ iYYl~ fl1'V'l1 'W fl11 'VI irn"i 1lJtlllfl11 'VI iJ fl~ 1 '*1191 tl~ u . . . 
' " 

mh~ 1~e:J~1~'VIif~ Nnfl11Yl~ne:J~t~'W ~~u 

"" '1 "' • I"" o' 3.3.1 fl1llJ!{Ytl(J)fll'V'l'lJe:l~1~UU !'Wll~u{]fl'JU! (The stability of digester) 

fl11lJt{Y~m fll'V'l'Ue:J~1~UU{1'1:JJ11 t11l1 ~tll'W l#l~lnri1Vlw'lf {1'fll'V'lfl1llJt~'W~l~ m~ I 'lJiJ'W 

1 ~ m v~ 1vun~ m ~I 'lJiJ'W 1~m C.J~1C.J~e:Jril{Yfll'V'lmlw~'U ~ N1 ~'1111~fl11 t~'W 1 ~uu ~~l'lllJYlt]ldQ 

m1'1ri 1Vlw'lf~mm~ {YlJ'lJ e:J~ fl11W {Y~C.J'J fll'V'l'Ue:J~ 1 ~uu e:J~~ 7.5±0.2 t ~'U {1'fl11~ ~ ~ i1'W Yl'1vn~lJ "' . . 
9) "" '1 9) lrJ "' ' lrJ "'"" d 1 ' "" {1'11~lJ!Yl'W{YllJ11ll !'!ffl'J~ !'UlJ'W1~!'11CJ~1CJ ~~~Yl~~ ( Fannin, 1987 and Wheatley, 1990) ~C.Jfll'V'l 

Q.l ~ c! I d. 'G) I ~I .J '9 I d 
W'lf'Ue:l~1~UU'Vlfl'J~CJ~!1[1lflfl!fllllJfll'V'l!e:l'!fe:lCJ !'W'!f1~ 6.53-7.42 (fll'V'lU1~fle:lll 3-8) CJ1~e:JCJ !'U'!f1~Yl . "' "' 

" ' " 
1lJ t n n n ~'W Vit n~ ~ 1 n n11 ve:1 C.J{l'n1CJ{1'11 D 'W Y1'1v1 'W .U 'W 191 il'W n11l fJ 1 ~ 1l n9f{Yttn~ n11 {1'~ 1~ n1 ~'lJ e:1~ . 
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· ·+· · PBW+DC2.5"/o 

-:r ·DC1.5% 

--PBW 

d. 9) 9) ~~ "'I "'10::::::, Q c:! tJ' I d. 

':i ::;'IJ'IJfld':i:JJ'fl11:JJt'U:JJ'IJ'W 'llt~-.1m~e:~::;9f\9lflu':i::;mw 50-500 mg/L u':i mwm~e:J'W 'Vl':i CJ':i::;m CJ-.11CJ'\l::;:JJ 
' ~ 

ri1mhf'lw~ t~~l'fl11:JJt lJu m ~-~1-.1'\Je:J-.1':i ::;'IJ'IJ fie:~ t:iJe:~iJtJ~ mw m ~B'W'Vl1V':i ::;m CJ~lCJff -.1~'W ~ 1 
u ~ 

'fl11:JJtlJum~-~N'\l::;~ln-.1 ':i::;l'l'IJ'Ile:J-.1fl':i~t~::;9i~n~ii~1tfl'W 800 mg/L '11je:J 5m1ff1'W'Ile:J-.1fl':i~ 

1 'VI':iVl1 e:~il 'fl~ e:~m ~ e:~::;9i~mn'W 1.4 '\l::;ll1l r1' ':i ::;'IJ'IJtfl~ f11':i ~:JJrvi n1l#i' (Marchaim and Krause, 

1993) un::;trle:~tJ~mw mm ::;m u~1m~:JJff -.1tfl'W I tJ u ff~--1i1':i ::;'IJ'IJtiruff:JJ~n 1~utJn~tJ~mw m~ 
~ . 

I ':J) ':J) 9) ~ J ~ cl Q ~ Q J QJ 

2,000 mg/L U\9ltllfld1:1Jt'IJ:JJ'IJ'Wt'VI:JJ'IJ'Wtl-.1 8,000-10.000 mg/L fltfl~H'IJ'W'VIfl'IJ'W 1~CJ\9l':i-.1fl'IJ':i::;'IJ'IJ 
~ 

ri1u ffm'VIm1:JJtlJu ~1-.1! u ':i ::;'IJ'IJfll':i uvuffmuff1':i ilu 'Vl1vmu 1 Jl ffm1::; lli! ~mmfl'u u iJ 

'fl11mhf'lw~ e:~nn Mlf n1ff~ '11Ufl~ U'fl11lH lJu m ~ n- --1l'VI ':i 1::; '\111'11 u 1~11J u lr'V'lt 'Y'l e:~ { 'fl1'1J'fl :JJ~1'fl11:JJ 
u q 'U q 

1 'W ~tJ'Ilt~--11 'IJm{'IJm'W\91 ~~n~m'il1flfll':ill1115i11 tnn'W':i::;Mi1--1Ue:J:JJ 1:JJtuun'IJm{ 'IJt~'W ~~Dt~fliCJf~ 

ttn::; J11 r1 e:~u! u ':i\J'Ue:~ -.1tte:J:JJ 1 :JJt i1 CJ:JJ I 'IJ'fl1{ 'IJ t~t'W \91 'fl11:JJt lJu ~1-:Jift lJu lr'V'lt'V'le:~{ ~~ 1 Mttn':i ::;'IJ'IJ~ '\l::; 
"' "' 

'fl1'1J 'fl:Jj~ 1fld1:JJtlJ'W fl':i ~-~ 1-.1l r1 DUl 'W 'lf1--1~rvi m::; ff:Jjfl'IJfll':i t '\)~ UJ'\Je:J-.1 'ili'l'W 'Vl1v trlB'fl11:1JtoU:JJoU'W 
q 'U u q 

Q d,c/ l ~ J d I I!} if cl 0 li) 
'IJ e:~-.1 m ~e:J'W 'Vl ':i CJ':i::; m CJ-.11CJmu 1 u ':i::; 'IJ'IJt'VI:JJff -:J'Il'W 'fl11:JJt llu m-:J 1 'IJ'fll':i'IJe:Jt'W \91 fl'\l::; tlflmmu 1 tJ 

"' "' >I 

n1 ':i '\111 n 1 CJ 'fl11 :JJ n- 1 :JJ 1 ':i til u n1 ':i 1 1J u 1J 'Y'l t 'Y'l e:~ { i1 1 1J u ff 1 t '11 \9lll1l r1 ~ 1 'fl11 :JJ t 1J u fl ':i ~ -~ 1-.1 n ~ n -.1 . 
' ~ 

1~CJ'l11l tJu~1':i::;'IJ'IJ'I1lfn1 u ffJ111::; lli! ~mmfl''fl1':iUfffll'VI'fl11:JJt 1Ju~1-.1ll-:J'I1 :JJ~tJ':i ::;mw 1 ,ooo-

5,000 mg/L l'W~11U'flnt91CJ:JJ'fll{'IJe:Jt'W\91 (Metcalf and Eddy, 1991) '\l1fll':i'Vl~ne:J-.1'VI'IJi1~1fffll'VI 

ml:JJtlJ'W~1-.1e:J~l 'W 'lf1--1 1,300-1,800 mg/L as CaC01 (fll'VI\J':i::;fle:J'IJ 3-1 0) 1~CJfffll'VIfld1:JJtlJ'W ~1-:J 
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" 
'U t~~'J ;:;uum'J c!avb1'mvm'J a'U Yl1Vt1flfll1JfnJ 1 ~v'J ;:;uum ~-~ 1~ ~~t!'U 1 wlh~rilml:JJ!lJ'U m ~-

" q 

~N 6.5-7.5 u~lJflll:JJnnn;:;b1':JJ~amn1l~l'U'UtJ~'J ;:;uu 1 'Ub1'ml;:; "hj1 ~mmfl' 

ri 1 e1 1'1 'j 1 ri l 'U 'j;:; '1111 ~ fl 'j ~ 1 'U i1 'U 'j;:;! l1 (J ~ 1 (J ~ tl b1' f) 1 'W flll :Jj! 1J 'U ~ 1 ~ fll 'j iJ ri 1 ~ 1 fl11 0.4 

' " " 
(Balaguer, 1992) lijtl 0.5 (Fanin, 1987) 9i~!lJ'UI'll'JJ~~1u;:;uum'JcJtiCJb1'i'llCJ!!1J1J1l11~mfllfi'U 

1h lrl"'llflfll 'J b1';:; b1':JJ'Utl ~m ~ 1 'llir'U 'J ;:;m v~1v ~~ ri1m ~ 11 'UiJ 'U 'J;:; m v~ 1v 1ll 'U ri1u b1'~~()~1Jj mru 
• 31 r 1 

m ~ 1 'UiJ 'U 'J;:; m v~ 1 v'Yllf1~ ~'U 1 ~ v'Ylb1'm'W flll w lJ 'U ~ 1~ u;:; Yi 1'11 U' 1'Ylf mn b1':JJ ~ f!'U a ~'J;:; u u 
q 

1111 vu 1 b1'iJ a 'U 1h~ 1 vJ t1 { 'U a~ 'J;:; uu iJ r--m Yi 11 t1 ri 1 flll :JJ 1 ll'U m ~ -~ N 'U a~ 'J;:; u u iJ ri 1 a c!1 'U 'lf1 ~ ~ 1 lJ 'U 
" 

fl m~ ~ aiJfi 11 'U 'lfl~ 7-8 !! f!;:;!! b1'~ ~()~ tll~ ~U'VJ! vJ tl { 'U tl ~'J;:; 1J1J ~ ~ 1l;:; f flfJl'J;:; 1J 1J 1 ti'iJfl !tl'lffi tl'U .u' N 

1'1 ~~~~ r1;:;Yl'U ~ anu 1 ll~v'U u 1lr1~m ~ 1 'UiJ'U 'j;:; m v~ 1v li' 1m~ 1 'UiJ 'U 'j;:; m v~1v 1 'U 'j;:; u uiJ mmn'U 111 
' " ' 

u;:;iJ Nflth 1 t1 ri1m ~ 1 'UiJ'U 'J ;:;m v~1mv:i:JJ~'U ri ~ Nf11 t1 rilflll:JJ! lJ'U m ~-~Nfl~fl~ cli~1ll'U D'U 1>1 'JlCJ 

" fll'J tl cJ 1 'U 'lfl~ 'j;:; l11N 0.3-0.4 Gl e)~ 'j lrrl'U i'l U' tl Vfl11 0.4 !! b1'~ ,dl'J;:; 1J1J lJflll:JJ! 1J 'U uvJ !'VJ a{ b1' ~ 
" " " ' 

ur1;:;mm'J tJfurilml:JJ!lJ wm ~ mn"l1 'U 'lfl~ff'U "11#1 1 ~v'J ;:;uub1'1:JJU tJfmnvha'lf1 t1 fl~Y11l1vh 
' " " 

1 t1'1n~ m 'J 1 v:i:JJ ~'U l1 j tlfl ~ fl~ 'U a~ ri 1Yl1 tl'lftlcJl~ n~ 1 :h (Balaguer, 1992) uf!;:;GlD\>1 'J 1rr1'U i'l iJriT~ ~ 
" ' ' 

n11 o.8 u bY~~ 11 'j;:; u un1 ~~a c!1 'U .Uw Y1Viw'lfb1'1m'J tlfl~ r1 ~ 1 #1 a v1~ 'j 1~1 ~ 1 1iJ am~ a'U 'Vl1v'J;:; m v 
" 

f ~e%~ cl'J) .,J IIQJ I I 

~1m 'W:JJ 'U'U 1 'W v~ 1r1 fl'U BCJ ('U 'J l'W'J u r1;:; flru;:;. 2546) "11~ 'illflfll'J 'VI~ fltJ~'WUllme:Jfl 'J lb1'l'U 'J;:; lill~ 

m~ 1'llirw'J;:;mv~lv~ab1'm'Wflll:JJ!ll'U~l~Bv1'Wil~ 0.6-0.8 (m'WD'J;:;nau 3-11) 1~vri1~~nci11 
" 

' ' " 
V~ tJcJ1 'U 'lfl~ Yl hi! lJ'U eJ W fl 'J lCJ 1 'U flU !~'U 'J ;:;uuu 1J1J 1l)1 ~tllfllfl'l'll:JJYlflcill:JJloU'U l9i' 'U!!ftl 

" 
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W W I ~ .d. C:l -=:\ 

3.3.2 r·Hl'IJ'0\11t'1'1',]'11:JJflfl'Ofll'HH'IfllJl'Yl'W!!n~NrHH'IfllJl'Yl'W (The role of substrate on methane 

productivity and yield) 

" . 
£1'l:JJl'HlN~fliJ!'Yl'Wttl 0.19±0.080 Llday !!n~fll'J'I1irfl'IJ'O\IU1!i'YCJ DC 0.92±0.067 Llday Yl 

Q.l cl Q.l d d C::. -=:! Q.l I I 

'J~CJ~!J[Ilflfl!fl'IJ 12 1'W (\91111\I'Yl 3-8) 'Utu~'YlNnNnfl:JJ!'Yl'W'IJ'O\Ifll'J'I1:JJfl'J1:JJ'J~'I111\I PBW !In~ DC 

!lJ'W 0.35±0.019 L CH/gVSaddcd (0.82±0.063 L CH/gVSRcmcl\cd) fll'J'I1iJfl'UD\I PBW llllNfiN~\91 
" 

iJ! 'Yl'W!lJ'W 0.19±0.0 16 L CH/gVSoctdcd (0.34±0.028 L CH/gVSRcmo\c) !!n~fll'J '11 iJfl'IJD\IU 1! i'YCJ DC 

!ll'W 0.37±0.027 L CH/gVS,ddcd (0.27±0.020 L CH/gVSRcmo\c) ~'J~CJ~nmnfl!~'IJ 12 l'Wl'lf'Wn'W 

(mYnh ~fl'O'IJ 3-14) ~\1£1'1!'11\91~~11'11'1£1'~1'11 irnul'in~'ll'U ~ 1'11' NnN~fllJ!'Yl'W~I'i1'1fl'W 
q q 

qf\fNnN~fllJ!'Yl'W'IJD\Ifll'J'I1iJfl~1:JJ'J~'I1'}1\I PBW !In~ DC !lJ'W 0.82±0.063 L 

CH/gVSRcmo,cd lJ~11m)'!~CJ\Ifl'IJfll'J'I1irflfllflfl~flD'W (Activated sludge) ~'J~CJ~nmnm~'IJ 13 l'W 

61 ' v 

"lf\1! 'Yllfl'IJ 0.93 L CH/gVSRcmo\cd (Lin eta!., 1997) 
~ w I I w c! 0 W 

!'WD\I'il1flfll'J'I1:JJfl'J~'I111\I PBW !In~ DC 'J1:JJfl'W:JJ£1'l'J'Ol'I11'J!'I1:JJ1~£1':JJ£1'1'11'J'IJfll'J 

~N1'W'IJ'O\I'il~'Wl1~cJl'W'J~'IJ'IJ~\!Yl'ill'Jtu1'il1flfh COD:TKN l'W'J~'IJ'IJ!'I'l1fl'IJ 150:1.14 ri1'WPBW 
q 

" r~CJ~BcJl~t~tJJiJ~l COD:TKN tl'ilti'U 150:1xl0-
4 Ur1~'t-JltiYtHJ1Tl DC iJfl1 COD:TKN t'tllfl1J 
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w "" ".1 ~I fl tlHl f1lJ ru ~ '1:1'1 'J e:J1 'Vi 1 'J (Substrate characteristic) 'Vi Hl El ~flu 'J ~ f1 El 'lJ "1J El ·H1'1 Hll 'Vi 1 HJ ~ l u 'U . 
1'11flTI1 'U ~ ~ f)lJtu~ "1J El~ ') ~ 'lJ 'l.Jf) 1til 'U i)~ 'Vi 11 f) 1 ~ti'\l ~ 'l'11'Vi u 1~1~'U 1'11f1~t~Elf1'\li1'U Yl~ 6~ '\)~I off • 

" El~rlU'J~f1El'lJ~W'li'Viri1ili~'U'Vi~f11¢i'uti t"ll11um~l"ll11'U m{1ule;t~'JI'l1U'J~'U 1!(1~f1ri11"1lEl~ . 

methane productivity and yields) 

') ~ ti ~ 11 (11t n u f1 n t ~ u 11 '\) ~ ti 'Vi ci ~~I off! u n1 ') fl1 u fl 11 tl ') ~ iY Y1 ~f) 1 'W "1J El ~ ') ~ u u n1 ')vEl tiff (11 ti . 
' " 

m ') B u Y1 ~ 6f) 1 til ¢1' ff f) 11~ ~~~ offE11mfl' il'l ') 11 ~ 1"1J El ~ m'J u Eltiffmm yj 11~u \9\111 ') ~ ti~ 11(11tnunn 

~ .:::!a" t::£ I I .J I ~ d ~ ~ ~ ~...::! .:::::, .:::::!cJ' 'j} 

ffl'J El'U Yl'J ti '\l u m m ff ~ ff~fl1'Vi 'U ~ \9\ El '\l1 f1'U u m~ (1~ (1~ '\l u m ~ Yl~ll~ "1J 'U 'Vi 'U ~ Yl '\l(l'U Yl'J till nm~El Elf1 
qj q q '\1 

' ' " 
'\l1f1'J~'lJ'lJ (Wash out) l'U-B'I'l'J1Vit~1f1':h~i1'UY1~6'\l~lyj11~1'U1'U~'U (Yilmazer and Yenigun, 1999) 

,J ~I ci o q 'j) 'j) 1iJ 'j) 'j)IIJ ,d "" "" <I 'j) liJ 'j)1 
"lmu'Uff11'Vi\9\YlY1ll'Vi'J~'lJ'lJ(111!'VI(11 ~~ ff11ll'Jllllf1 ~"1Jf11'JYl'\l(1'UYl'Jtillf1m~ElElf1'\l1f1'J~'lJ'lJ ~~ ~ti 

q • " 

f11'JI~m~ti~nmtnunnlli'u1'U~'U (Wen et at., 1999) 'WElm1nlfnti~llmtnunn'\l~t~'U11'\l~ti 
'Vi~ nl u m 'J El Elf111 'lJ'lJ'J ~ u u m 'J 'Vi 11n nri11~ El 'J ~ ti~11(11IO'lJ nm ~'U 'J ~ ti~nm~"llEl~t i'YtiElVl 'U i)~ 

" 
'Vi 11 n ff1 111 ') ll'Vi 1 "l ¢1'1 \9\ tif11 1 tl~ 111\9\1 i1 ~'Vi 11 n¢1' 1titl~ 111\9\1 "1J El~l i'Yti~t~ 11 (1~ I u i1 ~'Vi 11n~ El'Vi ti 1tit1(11 

d "" ""o' ''l dl 0: 'l 
'J~ti~llmYl~(l'UYl'JtiEl~ ~'U'J~'lJ'lJ (Solid retention time, SRT) l11lltili~111(1"1JEl~"1JEl~!l'lJ~fllti !'U 

'J ~ uu l11'J ¢1' 1ti111(1"1J El~ "1J El~u ~~ ~tl riEltiElElfl '\l1m ~ uu~ Ell'U I u i1 ~ H11nuuu1i'J 'J 11~ 1~ hi i:im'J 

" ' ' 
') ~ ti~ 11mm'J f1 mnu'lJ El~ '1111 i'Yti '\) ~ iJ vw~ EJ-5\9\ ') 1n1'J 11 El u ff1'J B'U Yl~ 6'111Elt ~ u 11 '\) ~til1 u ~ ViiJ 

fl1111 ~1f1'ty~ I off! u m'J n111 u ~ fl1111ff111 1'J lll u m'J vEltiffmtim'J B'U Yl~ 6mti hi ff m1~ ~~~ offmmfl' 

fll'J tl :i u-B'I'l 'J 1fll'J 11 El'U ffl'J B'U Yl~ 6! M'iJ~111\9l n~ 1~nu 'l'11! ¢1'1 ~ m tl~ti'U -Bm 1f11'J !11 (1"1JEJ~"ll El~t ftti~ 

!11 nr·h'U i)~ 1111 n 'Vi 1 Ell tl~ ti'U ~1fl11W <l! 11 <l! 'U 'lJ El~'lJ El~ u ~~'Vi 1 Elfl11W <ll11 <l!u 'lJ El~ ff1 'J B'U Yl~ 6~ I ri1 <ll1 

ltl ll1m'J~'lJ'J'JYlf1'lJEl~'J~uu~ff~tnultl'U~'l'111M'm~!'lJ11u'J~mmn~mntnultl 'l'11IM' . " 
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" Q C)) d ... 1 c{ cl ..::! di di w cl Q..l ... 1 
m 1 ~HWl f11CJf:IJl 'Ylhl u-n ~ 1 u erH CJfhl w '1'1 hi~~ 'lJ t-Hl him 1 ~ tJ~ nm nm nu 12 1hl ( n TY'l u 1 ~ nv u 

" ' 
3-12 u-n~ 3-13) 'illflUhlf111Yl~~nlCJf~hm'V'Iu-n~YJ-nYJ~~i'i!'Ylhl-nl'l-n~ 1hi'Y11~~1~nwthw:i'Jvnu~ 

m 1 'Ylfl'ffl'j Bhi'Y11 vn ~~w ~hi ~nm~ hilnl'lm1 n~i'l'lJ'UV~m I'll 'UlJhl 1~m tJ~ltJ~'j~tJ~nmnmnu 6 
' ~ ' 

0 ~ .c:tcl I 3) ..:::! 

'Yll~lhi'Utl~~flhi'Yl1t!fliJ'lJ'O)l~:IJl'Ylhl (Hazimah et al., 2003) 

'ill f) fll 'j 'Yll'lfl tJ ~ {)' tJ 1'1 fill tJ ~ i) 1J '1'1 t] ll ii!! [1 ~ ~ 1!! hi~ t-1 1 ~ 1 ~1 hi fll 'j tJ tJ f)!! 1J 1J 'j ~ 1J 1J i) ~ fl1 hi 

n1Ju1uf ~nhul'l'UV~!i'YtJ'll'j~!n'Yl~~nvhl ~vrurm:iJ 30-35 oc ~D'~1lm1~1J'j'j'\'lflnn8m,11v 
'U q 'U 'I 

1.6 -4.8 gVSS I Llday HRT rvhnu 15-20 lhl (Qasim, 1985) Yi~tl f111'lJTUI'l~~l'UD~!!~~1hl 

" 
gVS/Liday (Metcalf and Eddy, 2004) 1 hi f111 'Yll'lfltl~U t!Dfl!! 1J1J 1 t1' 1~1J1JlJfll1 ~un 'YJfl'OU Bhl '1'11 cJ 

v~1mh~ 0.71-4.29 gVS/Liday u-n~~'j~tJ~nmnmnu 121hl (OLR 2.14 gVS/Liday) lnl'lYJ-nYJ~~ 

:0 l :.> 
-o 
-::: 
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i11'V'I'U1~fle:J1J 3-14 m1vJU[ll'l~VIi'H·l~l'lU!'Vl'l-H'Q~tJ (Methane yield in term L CH4/g VS rcmo\c) 

VS and COD removal efficiency) 
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0 W cl I cii t::::!~ Q.l cl ~ ':J) d I Q.J 

Vln'lle:J~flu m '\ll'l'lle:J~u '11~1 ~m tJ~1tJU n~'l1 1 Dl'l'Vl'J ~ v~ tlmflmfl1JUn~m'J l'l~l'l u 'Vll'l1~flu 

U[ll'l~~~l'l111~~ 3-8 un~m'W1h~fle:J1J 3-16 un~ 3-17 '\l1flfl11'Vll'lne:J~'W1J',hfll1:1Jt-ti:IJ-tlu'Ue:J~ 

'lJ e:J ~!! ~ ~ 'j ~ rM ll~1ll th ~ il'Vlli fll'W fl1'j fll'ill'l 'Ue:J ~!! ~ ~ 'j ~ rM ll~1 t.J[l ~[1'\9)! 'Vll fl1J 69.1 0±4.16% ~ "' . 
'j~tJ~nmilmntJ 241'u un~mm1Gf11<ij'~'~C]}iD~11'1'[1'~[1'~'~tYhntJ 94.93±1.55% cm11~~ 3-8) un~iJ "' . 

" fll1:1JUI'lfll'iNmh~iJ11mhA'ty'V11~[1'i:)~ ( a=o.o5) 1um1mlluv1~1~v~nmnmnmJ1n:Uuvhh1' 
. " " 

fl1 1 ~e:J tJ [ln 1li'1J e:J ~9fl:IJ l i'l l~ :IJ :tlu 1 U onJfi m ru U e:J fl '\l 1fl11 U if~ [1'1 :IJl 'J m111 li' fl1 1 l~U 1 ~ 1J 1J 

"' ' ' 1 cl ':J) Q.l d ~ ~ dd 'jl 
t[l'flt.J'J m'W Ul'le:Jt.J1~ 1 nm:IJm1~tJ~nmnmfl1J[l'U '\lnU'Vl'J v1u1~1J1J[l'l:IJ11flflfl'lf~m~De:Jfl'\l1fl . "' 

I c! 9 3J Q d d'G) cl 0..1 1 ':J) : <J} 0 Q.l d 
1~1J1J fle:JU'Vl'\l~[l'l:lJl'jfl !'lf[l'lHJU'Vl'JtJ !U'J~1J1J '11~mlfll'l I'\Ull'U1'J~1J1J!!i'l~VInfl11fll'\ll'l'Ue:l~H'U~ 

' d 
1~ll1ll~1li'Vli'll'li'l~ (Hazimah et a.l. 2003) 

" ' 
mJN 11 nl'l1:1J Vli'l Vl~l'l i'it 'V1 u 1 u m1 ftmnu 11-iul'l nl'i 1~ t1J e:1 1 '!Jj t.11J tl1 t.J1J ntJ m 1 ftmJ 1'\J D~ 

. " . 
~l <ij tJ D u 'l ri e:J u 'Y! ,r 1 iJ l 'lf u VI" VI~ l'l iJ l 'V1 u 'lJ e:J ~ fl1 'j 'Y! ii fll! 1J 1J 11-!1.ff e:J 1 fl1 F( 'lJ e:J ~ 'lJ e:J ~ l ff tJ l1tll u 

..::::. d c( d I w .<:::::. c1. 

[l'Ue:JU'V11ll'\l1fl'Ue:J~l[l't.J'Jl:IJ'lfhll'V11fl1J 0.39 L CH/g VS oddcd (Pauss et al., 1984) VICIVIi'll'l:IJl'VlU'\l1fl 

fl11'YI1ifl'UD~mm~1ll (Uica +Cladophora +Chactomorpha) !'Vllfl1J 0.25-0.35 L CH
4
/g VS added 

d 
(Hansson, 1981) (l'l111~'Vl 3-8) 
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'J} I 'J} d 
lw f1l'j ~hnnihJ~ muul'1'11:Ji1m~Yiln'fl9iu 1 uul'lr~:;:; 1u 'U'D~f1l'J 11 iJn PBW+DC 2.5% 'Yl 

" ' ):;:;v:;:;nmnmfiu 12 1u ~uilii~11m1'1~v~nunur~fl~n1'1!:Ji1m~~1mhilv~ln h~'ll1iY~1'&u 
" ' ' 

l11m11lj vu1Yivunuthilv~1mm ci~D'W"'J (~l)NYi 3-7) 

' " m'j 1~Yi 3-7 fr'nvm~ 1 u f11'j Vlfl~fll'11:Ji1m~'U -o~t-111 ilvul'lr~:;:; 1111 ci~ 

Ul!ff(J (PBW+DC2.5%) 

" Ul!ff(J (DC2.5%) 

h~'llliY~1 

vh{ull'm 
q 

1) ~~l'WUlJ~.u'111~1 

h ~~l'UUlJ~iJ'U n11l:;:;ml~ 
" 1 'j ~~l'Wll'n'flulirmhtfu~u 

0.9 (CHr 0.7)* 

1.1(CHr0.7)* 

0.7 

3.5 

2.4 

7 

15 
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\91Tn~~ 3-8 r-rnN~\9liJn,1U (Methane yield in literature) ~1£JonJfimru CSTR 

Feed CSTR Fem1enter HRT OLR Temp. CH
4 

yield Reference 

(day) 
.1 

(kg VS/m /day) (oC) ) 

(m /kg/VS added) 

PBW+DC2.5% Semi-continuous 3.5 L 12 1.42 35 0.35 This study 

HS-OF MSW Cont.= 3-5.fi'V., TS laboratory plant 12-20 I 35 0.39 Pauss eta/., 1984 

Predigested SEW Semi-continuous 3.5 L 20 37 0.29 Rivard et ul., 1990 

Tomato processing waste Semi-continuous 5.5 L 24 4.3 35 0.42 Sarada and Joseph, 1994 

Vine shoots, untreated Semi-continuous 2 L 20 I 35 0.15 Jimenez, 1990 

Vine shoots, Sodium chlorite treated Semi- continuous 2 L 20 I 35 0.27 Jimenez, 1990 

Raw kelp No detail 18 1.6 35 0.20 Chynoweth and 

Srivastava, 1980 

Algae (Laminaria saccharina) semi- continuous 24 1.65 35 0.23 Hanssen, 1987 

Algae (Ulca +Cladophora +Chaetomorpha) Semi- continuous 2 L 12-25 2-2.5 35 0.25-0.35 Hansson, 1981 

Water hyacinth No detail 15 1.6 35 0.19 Chynoweth, 1982 

Napier grass tops Semi-continuous 4 L 20 1.23 35 0.11 Wilkie eta/., 1986 

Bermuda grass Without external nutrients Semi-continuous 7 L 12 1.6 35 0.11 Ghosh eta/., 1985 

* SEW= sewage sludge; HS-OF MSW =hand-sorted organic ti·action of municipal solid waste; 
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t:d wcll Qc:'Vd Gj Q .J,dt WI I 

\9ll'Jl~'Vl 3-9 !Alil'UD~'J:;;CJ:;;r:nnflfHfnJ\91Df111NC1\9lf11'1f'l51fll'VIl'Wf1l'J!\9l'W'J:;;'U'U!t'U'Ufl~\91Dl'WD~'UD~f1l)'Yi:JJm1m:;;'Yi11~ PBW+DC2.YYo, DC2.Y% !!Cl:;; PBW 

Operation parameters Kinds of waste 
I 

PBW+DC2.5% DC2.5% PBW : 

IIRT (days) 6 12 24 36 6 12 24 36 6 12 24 36 

VS in teed slun-y (g/L) 25.76 25.76 25.76 25.76 25.73 25.73 25.73 25.73 7.92 7.92 7.92 7.92 

VS loading (g/Liday) 4.29 2.14 1.07 0.71 4.29 2.14 1.07 0.71 1.32 0.66 0.33 0.22 

COD loading (g/L/day) 5.13 2.56 1.28 0.85 2.51 1.25 0.62 0.42 2.61 1.31 0.65 0.44 

COD:TKN 150:1.14 150:1.14 150:1.14 150:1.14 150:2.49 150:2.49 150:2.49 150:2.49 15.70: I X 10-5 15.70: I X I 0-5 15.70: IXI0-5 15.70:1XI0-5 

Gas production (all per L. of digester \Olume) 

% CH, in biogas (v/\) 64.89 86.n 60.49 48.29 62.64 69.08 26.61 13.24 37.44 26.61 19.21 5.84 

Biogas (Liday) 1.5310.115 0.8710.048 0.6210.040 0.5310.018 1.45 •0.11 1.1410.083 0.91 +0.066 0.77±0.035 0.50t0.0 18 0.48±0.039 0.40Hl.Ol8 0.37c0.030 

CH, (Liday) 0.99±0.074 0. 75l(l.042 0.381().024 0.26J0.009 0.92 !.0.067 0.78.l0.057 0.24±0.018 0.1 0±0.05 0.19±0.080 0.13±0.01 0 0.077 +-().()035 0.02110.0018 

Gas yield (L/g VS added) 0.36±0.027 0.45+0.022 0.5810.()3 7 0. 75±0.025 0.34~0.025 0.54±0.039 0.8)±0.062 l.Oh0.049 0.38 '0.0 14 0.72 0.059 0.13 '0.()064 Ui7-dl.l4 

Cll4 yield ( Llg VS added) 0.2310.017 0.35 cO.O 19 0.36;c0.023 0.37•0.012 0.22 '0.0 16 0.3710.027 0.23 dl.Ol6 0.14=0.0066 0.14±0.0052 O.l9c0.016 0.026 I 0.0012 0.098' 0.()079 

CH, yield (Lig VS removed) 0.40±0.038 0.82±0.063 0.51±0.046 0.6h0.023 0.36±0.026 0.27±0.020 0.44"0.032 0.2510.012 0.29•0.010 0.34±0.028 0.39·dl.018 0.13 (J.(lll 

Etlluent characteristics 

VFA (mg/L) 1.09±0.26 0.90±0.32 1.05±0.12 1.25±0.40 1.09r0.26 1.01+0.28 1.06±0.12 0.90.l0.31 0.9l.l0.32 1.08 ·0.26 1.0910.25 1.05~0.13 

Alk (mg/L) 1.42±0.10 13.54±0.27 1.55±0.26 1.6h0.38 1.42±0.19 1.28±0.24 1.55±0.26 1.35 I 0.30 13.54r0.28 1.42±0.19 1.43 10.20 1.5510.26 

VFA/Alk (mg/L) 0.76±0.11 0.65W.I2 0.68±0.07 0.65±0.17 0.76±0.10 0.71 ±0.19 0.68±0.07 0.6410.13 0.6810.06 0.65±0.13 0.65=0.14 0.65t0.17 

VS removed (g/L) 14.88±0.053 11.()1±4.12 17.80+4.92 14.88 Hl.053 15.32 L2.06 12.24±0.65 12.29±0.40 14.42±(U0 3.90±0.10 4.45 dl.22 4.75±0.23 5.85 I 0.31 

g VS used/day 2.48±0.083 0.92&34 0.74r0.21 0.41 :0.06 2.55r0.34 1.35±0.05 0.51±0.01 0.40=0.02 0.65J 0.017 0.3710.018 0.20±0.0096 0.161 0.0085 

VS removal erticiency (%) 57.78±11.66 42.74±9.07 69.10±4.16 57.77±0.21 40.46ct8.02 36.88±2.53 52.241.1.5 7 43.96cr3.12 50.75±1.26 43.77+2.78 40.03-'-2.90 26.09±3.HH 

COD removal efticiency (%) 86.73±0.56 97.12±0.82 93.27±0.99 96.20r I. 70 74.75 ~c2.51 91.92±1.08 94.93oc 1.55 89.33± 1.32 91.3hl.l2 95.0 It 1.03 92. 86± 1.()9 91.37 1.13 

pH output 6.53±0.10 7.15±0.05 6.98±0.06 6.97±0.1 7.01±0.10 7.33±0.38 7.07±0.18 7.0310.15 7.06Hl.21 7.29c&Jl 7.4210.05 7.24Hl.l 0 
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&:S ') v -· ~ ~ r! 'il ~ 3.4 fll'HHllll!fi'J,HY'iHu'J~'l$lfl'J'lJo,:j'i,}~'W't1'WVI1£J!'t1fi'Wfl PCR-DGGE 

m':i f1nm1 'W m ':i 'Vl ~HHl~ ~ l\91 o 'JJ ':i ~ {1' ~ rfrvi BftmJ 11m~ {1'~ 1~ 'JJ ':i ~'151m 'U eJ ~ 'il i'l 'W 'Vl ~ Ml1u 
q q 

" 
1 'Vlfl u fl PCR -DGGE 'il 1nn1':i VB tJ{1'n1 tJll uu 

1
1111 ~B 1f11fl'il1f1f11':i 11 ifn~ 1:JJ':i ~1111~ u 11 i1v'il1f1 

m ~ U1'W f11 ':i Ni'l\91 1 u 1 B~ l'11fl ~ 'lhU\91 ~'W 1'1' 'W ult-:Jun:;:; f11f1\91:;:; fle:J 'W ~ll fl 'W l\918 {~ ':i:;:; v:;:; nmnnlllU ~ 
!l1:JJ1:;:;{1':JJ'iJ1f1f11':il~'W';i:;:;UUl!UU~~~Bl~B~ ~~';i:;:;tJ:;:;nmnm~U~!l1:JJ1:;:;{1':JJ ~B 12 l'W ll'lti 

' " ' 
~ 'il 1':i ru 1'11 1f1Nfl Ni'l\91 ~ l 'Vl 'W Vitnl'l~'W {1' ~ {1'\91 ~~ 1 fl ':i ~ {1'~ 1~U ':i:;:; 'l51f1':i 'ili'l'W 'Vl~ v1#1-f U Nil fl':i:;:; 'VlU 'il 1f1 

"' q q 

j} I I I 

'JJ ':i:;:; lfl 'Vlll n:;:; fi11:JJt .U :u .U 'W 'U B~ {1'1':i :u n~EJ ':i 1:uVi' ~ il 'il ;ij u-ff ~ U11'lll B:JJ fl'W "1 m':i nJ~v'W u 'JJ n~ 1 'W 

" 1m ~{1'~ 1~U';i:;:;'l51f)';i 'ili'l'W 'Vl~ VV~!l {1'\9l~o~'!.l';j :;:;-ff'Vliifll'~'UB~m :;:;U1'W f)l';j ti1;ij\91{1'1';i D'W'Vl1 v ~~U'W ~~ 
q 

1#1vhm':iftmn1m~{1'~NU'J:;:;'l51f1Hi'l'W'Vl~vhw1~l'Vlf1Ufl PCR-DGGE flll"''J.l':i:;:;nBu 3-19!!{1'\91~ 
q 

" 
DGGE profile 'UB~~mh'Wu'Wu1nru 16S rDNA ll'ltillfiU~!B'W!Bll~n:;:;'lfe:J~ll'Yl'W'Jll'lfll':i'VlflnB~ 

"" fiB DGGE Maker 

Hydrolytic fennentative bacteria, Proton-reducing acctogenic bacteria, Hydrogenotrophic 

mcthaogens tm:;:; aceticlastic methanogens (Zinder eta!., 1984) 

fll':i l!m 1:;:;rf DGGE !~Bftf1£.J1f11':i! 'JJ~tJ'W!l 'J.ln~'UB~ 1m ~{1'~ N'JJ'J:;:;'l51m ll UfiVil~ til 'W 'Jlf'lfll':i 

" ' 
'Vll'lnB~m':i 11 ifnu u u 1111 ~mmrr':i :;:;1111~1-1 11 i'Yv 1 u 1 B~l'11nVi H1'W m':i 'lhU1'1oU1~1'l''Wull1u n:;:; mn 

" 
\9l:;:;f1B'W ~llfi'W!\918{ 'il1f1 l H ~1'W {1'fl\91U 1if'W 'JJ1~ :JJ (ml"''JJ'J:;:; flBU 3-19) 1 \9l tJl ~1m !~ti'Wltj''UB~fi11:JJ 

')) ')) ~ .& c-:. rio w ..-::::. .c!1 lf] d"dlf) 'j) ~ o ')) 
!'U:JJ'U'W denaturant fiB 40-70 % '11~Nflf11':i1!fl';i1:;:;l1fllf'IU'W1flfl B !'Vlfl'Yllfl !:JJB'W1:JJ1 Blast f11tl 

.J "" d':Jj w ' li] ,J' 
ribosomal database project (http://rdp.cmc.msu.edu) '11~Nflf11':i1!fl';i1:;:;mu'W\9l~\91B t'!.l'W 

nri:u 1m ~{1'~1~'!.l'J:;:;'l51m 'ili1'W'Vl~vt~:ul'l''W1'Wm':iftmn (M I) tll'Wnri:u'JJ'J:;:;'l51m'ili'ltm~ V'il1f1 
q q q q 

' " " 
\9l:;:;f1B'W 'ili'l'W Yl~ vVi 1#1 'il1f1'!JBNi'l\9ln1'11~1fl1l"''UB~u 11 i'Yti'il1f1 ll ~~1'W {1'fl\91U 1if'W'J.l1~:JJ ( \911':i 1~ 3-10 

q 

!In:;:; 3-11) ~~if 'W f) ri:u'!.l':i:;:; '151 f)';j'i) i'l'W 'Vl ~ V~l"'U~fi11:JJ! ll'W 1 '!.l1 #11 '!.l#l1tJ'il i'l'W 'Vl~ v~ 111 {1'~ 1~ ~~ 'Vl'W 
q q q 

t'lf'W Arcobacter sp. Actinobacterium sp., Clostridium Desulfomicrobium sp., 
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,- .J "' d" ' Actinobacillus sp., Bifidobacterium sp., Citrobacter sp. UCI~ Thiomargarita sp. GJf'I~CI'U'Vl'H.IfHJlJ 
j} I I jl 

ii ~ ~u \1 ~'U 'V1 ~ 6n~ lJ~~ 'i nYi~tJ tJffC~1tJff1'i fl'U 'V11vl M' tJ~l u 'i u tJ~1'1~1tJ ~~C~~ ff{ 1'1 n'i ~~Vi tJ~ ~u ff1'i ~ '~ 
q q cu qJ 

l'i'u l ..r~ui\1 ~'U 'Vl~ 6n~lJ ff{ 1'1~ ~ 'Vl'U ~ l '*m ~~onff{ N~'U ~ u~tJ'U ~~'Uti1'!f~hfll'l'l 1 ~tJ\lil'U 'Vl~ 6n~lJ 
q q <U q q 

' " ' 3) d d '1 <!! "" 3) l!J31 ' ~ 3) 
ff'iNlJ~'Vl'U'Vl'I'I'U t'UL'Iftll'ilJ\91'U t~Un Methanosaeta sp. UCI~ Methanobacterium sp. ~'U'U\91'U 

(%GC) (%GC) 

41.5-42.5 - • 

42.5-43.5 

42.5-43.5 • • 

47.5-49 • 

(A) (B) 

liJ " dd 1 3) -1 t'Vl~ (A) 'l.Jtl'IU'Ufi'Vl~'it.l UCI~ f1Hff'i1'111'i~'!f1m Archaea '11lJlt.ltCI'l.J 1-7 (B) 

• 
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M1 M16 M32 M48 Ref M1 M16 M32 M48 Ref 

Bacteria 

1 - * * * 14 15 * * - - -

2 * * * * 15 16 * - - - -

3 * * * * 16 17 * * - - 8 

4 * * - - 18 * * * * 4 

5 - - * * 17 19 - * * - -

6 - * * - 11 20 - - * * 19 

7 * * * * - 21 - - * - 13 

8 * * * * 1 22 - * * * 9 

9 * * * * 12 23 * * * * 5 

10 - - - * - 24 * * - - -

11 - * * * 18 25 - - - * -

12 * * * * 7 26 * * * * 6 

13 * - - - 2 27 - - * * 20 

14 * * * * 3 * * * * 10 

Archae a 

1 * - - - 1 5 * * * * 5 

2 * * * * 2 6 * * * * 6 

3 * * * * 3 7 * * * * 7 

4 * * * * 4 

.C\ .d rf ll} I ~ .<::! c( 

* l"l'U'iH'lh!'Vl'HJ , - = !:IJY'l'Ulll:lh!'Vl'HJ 
q q 
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' " " 
\9\111~ 3-11 'lJ'U\9\'lJe:J~ Bacteria He!~ Archaea Viv-rt/h..!l'l'Je:JcJWlhVl~ 

' 0 v <01 

i,llVI'U'YI Accession no. Similality score S ab score Unique common oligomers and sequence full name 

Bacteria 

GQ502465 not calculated 0.224 1316 uncultured actinobacterium; Cfl-14 

2 L23477 not calculated 0.277 1618 Clostridium sp.; AZ3 B. I 

3 GU179677 not calculated 0.240 1283 uncultured delta proteobacterium; D055111 E I 0 (genus Desulfomicrobium) 

4 FJ405311 not calculated 0.322 1417 Actinobacillus sp. 4069 

5 HQ842704 not calculated 0.350 1276 Bitidobacterium sp. DPVI-TET3 

6 EF649780 not calculated 0.269 1394 Citrobacter sp. DBM; 

7 EU735723 not calculated 0.339 140 I uncultured bacterium; C ~ A3 ( genus Thiobacillus) 

8 

9 AB052966 not calculated 0.218 1381 Bacillus sp. BEl 

10 FR690879 not calculated 0.245 2229 Thiomargarita namibiensis; NAMOOl 

11 AY259924 not calculated 0.220 1899 Pseudomonas filiscindens; A TCC BAA -697 

12 DQ234151 not calculated 0.398 1481 uncultured Arcobacter sp.; DS067 

13 GU553019 not calculated 0.224 1423 uncultured bacterium; M-5 (genus Oxalobacter) 

14 FR828751 not calculated 0.340 1279 uncultured bacterium; SBW-53 
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' " " 
\91TH~ 3-11 'lfU\9l'lJeJ-:J Bacteria UCJ~ Archaea 'Vi~1JloWI'l':leJcJl-:!1hVJ-:J (~el) 

' 0 .... cl 

~nmrn Accession no. Similality score S ab score Unique common oligomers and sequence full name 

15 FJ234421 not calculated 0.244 1324 Actinomyces sp. BL-79 

16 

17 HM567110 not calculated 0.277 1247 Bacillus sp. DU54(2010); 

18 EU589299 not calculated 0.224 -1409 uncultured soil bacterium; 2 D4 

19 EU381435 not calculated 0.331 1398 uncultured rumen bacterium; L3A E05 

20 HM061797 not calculated 0.206 1371 uncultured Acidobacteria bacterium; KBS T8 R4_149252_c6 

Archae a 

EU857632 not calculated 0.331 1356 uncultured Methanosaeta sp. 

2 AY692056 not calculated 0.258 1365 uncultured Methanosacta sp.; M6 

3 AY692057 not calculated 0.385 1360 uncultured Methanosaeta sp.; M30 

4 X16932 not calculated 0.307 1388 Methanosaeta concilii 

5 EU580027 not calculated 0.266 1165 uncultured Methanosacta sp.; Samali3 

6 AB447829 not calculated 0.432 1252 uncultured archaeon; D242_ARC_0302_1_078;( genus Methanobactcrium) 

7 
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ri1u 1 f1 H 1:1f H tl 1 ~'ll'1fl':i ~ ilu 'Vl~ cfu 'lJ f1 Vi l~ I'J 1l1fl 1 u 'lh'l ~ 1 ~ 'lJ'lJ cJ'l hill:Y~ I'J':i (M16) iJ 

~il'W'Vl1Vfl~:Ul~'U~l],ji:Yf1'li'il'Vl'Whluri Arcobacter sp .. Actinobacterium sp. Bacillus 

"" "'"' sp., Oxalobacter sp., Thiobacillus sp., Thiomargarita sp. lW~ Actinobacillus sp. U~~ ~~'U 'Vl':i I'J 

I 91 "' .d lr]91 I ~I 91 
flq:Ui:Y11'l:!Jl'Vl'U'Vl'V'I'U !~Ufl Methanosaeta sp. U~~ Methanobacterium sp lu'U\9l'U 

1 91 ,I "" "'"' .d"' "'"' 91 & "' 1 91 ,I 
f1H1:Y':i1'lu1~'b'1fl11l~'U'Vl':ii'JU'Ufl'Vll':ii'J1l1fl M32 :JJ~flEJW~flmi'Jfl~'lfl'lJ f11'l1:Y':i1'lu1~'b'1fl1 . 

d \rj$1 ' 
:!Jl'Vl'U !~Ufl Actinomyces sp., Pseudomonas sp., Oxalobacter sp., Bifidobacterium sp., 

Citrobacter sp., Arcobacter sp., Synergistaceae sp., Bacillus sp., Actinobacterium sp., u~~ 

~I 'j) Q c:io' I 'j) d d lf)9J I 

Acidobacteria sp. lu'W\9l'U U~~~~'U'Vl':ii'Jflq:Ui:Y11'l:!Jl'Vl'U'Vl'V'I'U !~Ufl Methanosaeta sp. U~~ 

Methanobacterium sp. l~'Urfl'U 

fl1) l tl~ I'J'U ll tl ~'l 'U D'lll ilu 'Vl1 Vflri :JJ~ [],j i:Yf 1'! iil 'Vl 'U iifl1 'j l tl~ I'J'U ll tl ~'l, tllrl Dl tl11'J'Ul Vi I'J'U n'W . . 
'j ~'Yl iNflri :JJ U':i ~ 'b'1fl1 uil'U 'Vl'1cll~:Urfl'U n'Uflri :JJ tl 'j ~ 'b'1fl) 1l ilu 'Vl1v1 'U 1:Yfl11~ ~'j ~'U 'UiJ fl 11:JJ li:Y~I'J'j 

Q q q q 

I d Q cia' I I ~ ;% ~ 'j) .c! ~ do' I I I 'j} .Q. 

l'b''U :Uf111:JJ'Ylmfl'Y!mfl'UD'l1lft'U'Vl11'Jfl~:Ul~'Ul'V'I:JJ'U'U l1:JJ\9l'U:JJ1l~'U'Vl11'Jfl~:!Jl~'UDI'J1'l'UDI'J 9 'b''U~ 
q q q q . . " 

t0m11fl11 l~'W 1 ~'lJ'lJ u'Wiif111Wi:Y~ I'J':i uilu'Vl1 vflri:JJl~wVI:u~u l~'WDVNUDI'J 11 'll'tJ ~ 'Y!~D flU . . 
I 3/ T I 3/ 

U':i 1fl {)'U D'lfl~:JJ tl 'j ~ 'b'1fl) ~ ilu 'Vl161 'Y1 ],j lVl:JJ~'U lii Dl tl11'J'Ul Vi I'J'U n'Wl'1:Urfl'U 1 'U fl1) 'Vl~ ~D'lU '1"1 'lJ 

.Q .c! r/ I ~ cl I o<:::.'l. .::::\ O"d.d. Q cl 11] rid 
~~'U 'Vl 1 I'Jflq:JJ Clostridium sp. 9f'ld'Ju flq :JJ ~ ~ 'U 'Vl':i I'J'Vl :Ufl 11:Ui:Y1:JJ1Hli:Yl:JJ1Hl ~~ \91W'U !9f:JJ 'Vl 

1:Yl:JJ11t1VDI'J~U'll9f~~'UD'l~'ll' 1~mll'V'I1~DV1'lt'lmm1tl 1eJ 1~1 t~Clfl:YflriwEJill9f~~ ifl1:1 
• 'U 

':i~'Yl iNfl ri:utl1 ~'b'1fl 1 1l ilu 'Vl'1cll~:Urfl'U n'U flri :utJ 1 ~ 'b'1fl1 1l iJ 'U 'Vl1u1 'U 1:Yfl11~~1 ~ 'lJ 'UiJ f1 11:JJ li:Y~ I'J':i 
q Q q Q . " . 

t~uri fll':i lVl:JJ~'U'UD'l ~il'W 'Vl1 Vfl~:JJ Methanosaeta sp. ('Yl :JJli'Jl~'U 4 u~~ 5) \911:JJUtl'lJVitl1 1fl{) 
" . . 

u Dflu1flU'WcJ-:J-ffm~'u nn'Utl1 mru m ~ 1 'Uiru 1 ~ m I'J~ 11'J (VF A) 1 u 1 ~'lJ'Ucl1-:J'Jh'l1~'lJ'lJVi cJ'l [],jli:Y~ I'J':i 

~1 VFA D~1'WGJf1'l 2,000-3,000 mg/L U~~~1fl':i~l'UlJ'U1~l'Y!I'J~11'J~Di:Yfl1'V'If111:Ul~'U~1'l 

(VF AI Alk) ii~11:Y'lfli1 o.s ~'li:Y'lfli11:Yfl11~~mm~l:Y:u 1um1lfl'W1~'lJ'lJ u~~ri 'l~~ 1li'Ylw'll'ii~1~1 
'U 'U 

l111li'1f11 'li:Yf1'lU1~'ll'1m uilu'Vl1 Vflri:ul:Yf1'liil'Vl'W ~~~'lfli11:Yfl11~!1:Y~I'J1 1~1'J~ 1 VF A 1 'WGJf1'l~ • • 
1~U1HJ~tu1:Ym1~m~mii~1tl'1mru 1 ,ooo mg/L ~'ltl11fl{)fl11W~'lflri11ri 'l~~ 1li'n19fiil'Vl'W ~ 

'J) j/ I I 

lfl~~u 1 u 1:Yfl11~li:Y~ I'J':i 1:1 'l~UliJDlU11'J'Ulfi I'J'Un'lJGJf1'l 1 ~ 'lJ'IJVi cJ'l [],jli:Y~I'J':i u~~-ff:u'Wu £ n'Utl1 :u 1W 
'U 

u~~m1:u'Y! mfl'Yl mi'J'UD'l ~ il u 'Vl1 Vfl~ :u1:1f 1-:J iJ l 'Vl u ~tl1 1fl u 1 u 1 ~'U'Ul d D'lu1fl~1YlW'll'l~'W flm'l~'l 
l~ u '111-:J ~l 'Y1 :u 1~ 1:1:u n u m 1 ll1'l1'W 'UD'lu il u 'Vl 1 flri:u 1:1f 1'! ii l 'Vl u . . 
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' ~ d VA ..::1 ~ V l.fi!S)V f 

3. 5 fll'j1!fl'jl~'Yitl'JJ'U~'UeHfllfl~~fltl'U'YI!lHieHllflfll'j'YilHH!'U'U !'JJ!'lltllfll1U~'Yi1H PBW 

Htl~ DOnn h~.num)YI~llYm.h~'JJ 
' ' " o Q.J .ci ~ o.J d.<::::::!. & I 

1;'(1'11 'J'l.Jfllflfl~fltl'W 'VHlH'ltl111flfll'J'YIJJfl (Dried digested sludge) 'Vl!fll'l'U'W 111flfll'J CJtJCJiH'll CJ 

" ' 
'Vll-:J;":llll'VI'J~'Vrh'l PBW Ui'l~ DC 111fl !'J-:J-:J1'Wb1tll'lU1iJmJ1~JJ'th~v~nmnnul'lJ 121'u (ill'J~ 

'lJ':i':i'VJfl!;'t'l'J~'W'Vl16 2.14 gVS/day/L) !rlt:Junn1lm1~M1iWJtl1'111'J'YI~fl !u 1fl1!1l'W ~mrvlt1~b1 

Uil~1'VIU'Vl£HaJfCJlJ (N-P-K) 'VI'lJ":hJJ~1 1:1:0.25 !!i'l~ fJWbrJJlJ~~'W"l !!b11'l-:J~-:Jfll'J1-:J~ 3-11 Ju 
u brl'l-:J 11mflfl~ n tJ'W '11 ~ -:Jfll'J '11 iJ n!lii '*m mfl'mm1 11 u 1m1 ~u 1b11'1JJ1'J -:J ~ u '111 t:JiJ CJ~'W 'Vl16 1 ~ tJ 

q q q 

1'\111-:J~ 3-12 ~flEJW~b1JJ'll~~1-:J"l 'UtJ-:Jfllflfl~fltJ'W~!'YI~tJ111flfl11'11irnlli1'*mmfl' Ui'l~JJ1fl':i)l1'W 

~ CJ~'W 'Vl16 (bhir fl-:J1'W JJ1fi'J)l1W·..Ji'lfli1w ~'Qflm'Y! m 1 JJ m~'Vln-:J'Qflb11'11 fl'J'JJJ, 
" " 2527; mfl 1)11'W fJWfll'VIU 11 wmci-:Ju 1 r:h~'W'UtJ-:Jfl'JJJfl1'lJfJJJJJi'!VlEI, 2551) 

parameter unit Standard of Dried digested sludge 

organic fertilizer HRT 12 days 

Moisture % <35.0 <3o 

Total nitrogen %dry wt 1.0 1.08 

Total phosphorus % drywt 1.0 1.09 

Total potassium % drywt 0.5 0.25 

Organic carbon % drywt 20-50 2.24 

C/N ratio <20:1 2.07:1 

Electro conductivity mS/cm <3.5 NO 

Fecal coliforms MPN/100 ml 1,000 NO 

'YIJJlCJ!'YI\9,] MPN= Most probable number, NO= Not determined 
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' " 
ff1'Vi ~ uw'lf~nnn~ 'ffl.J 1 u ~~ ri1u 1 ~ vlhm! n \911l.J tnw 9'1' m\91 'J \11 u iJ vou '1'11v'U a .:J 

.. q 

oQJ .e:.cv t1 JQJ 

'ff1'Wfl'l1'Wl.Jl\9l';ijl1'WYH'l\9lfiWC)IlQ\9l'ffl'Jllfl';i';il.J fl';i~'Yl'J1'JQ\9lffl'Jllfl';i';il.J (2527) l'Y11flU 1:1:0.5 

I 1Jj c:j d/ d 0 .?1 .,g I 1 d 

t1 1:)1-:J ! 'j fl\911l.J ~ 'll.J fl11l.J ~ 1llJ 'W 'Vi 11i 1\91 tll'Jll u 91 'l 'ff1l.Jl 'j fl 'Vi 1 u 'Vi (I 'l 'U t1 'l1i 1\91 'W u '1'1 ffl911:J lJ 
q q 

I </ I 'j} 

rVIJJt~JJ ~~~1flfll'j'ffn~n~t91ma'fl 111'u~'ff'Yln rwa.:J~1n 1 um~u1'Wfll';iY.J~mJ 1ll'u I u 1a~t91'fl~~~n~ 
q 

!Jfin~ v1 1 u 11fif1jv1m'J'Yl'J1'WteJm'Yla~Vltfli'u ml'um 1off1 mJ 1~vm~u1um'Ju 119l'1ti .:J!Jfin~ v1 

ml'um 1 <ff1mJ'ff1l.Jl'Jtl't111~1~m~JJm~vJam-Ja~fl (Hl04) t~a 111'tn~m'J't1111fin~v1n'W'J~'Vii1.:J 

m~vlvffvla~flu'fl~ 1 'Wtt'YlmC11vJJ ~~~'Janl91~ CKOH) ~.:JtiJu1'11d .:J!Jfin~v11~v1 um'J't1111fin~ v1 

ifYl~\91JlW 9'1'~ ~~~1flfl1JUI:lfll~1 ~v1 <ffilifll'J'Vill'Wl'Vi~tl'l (centrifuge) ~tl 1 'WH'YlmCJ1vJJvlamvll'l 

.,g 0 9 <;J ~ .:'1 .!\ 9 'JJ9 <!! 9 <;J:f <;J .d "' .J "' 
(KH

2
P04) 91'lff1l.Jl'Jfi'W1l.Jl !'lfllJ'Wl,jtll'Wtl !'lf !'Wfll'Jlfl'hl\9l'J 'Jli'Jtl !'lf'Ulfll'Yllfl~'U'W~1flfll'JlY.J11J1'f!l.J 

'j} I I 'j} 

U 1ll'WtiJ'Uu 'Vi ri.:J'Utl'l1i 1\9ltll'Jll 1 ';i l'Vll.J l~ l.Jl'W tl'l ~1fll';i ~fl'hl1'WU i1~lt)' 1n 1 'WU 'YlfftCJ1tJl.Jtltlfll 91~tltJff 'l 
q "' "' 

I 'j} I 'j} 

!J'J~l.Jltu 5.7-8.3% (1911'J1'l~ 1-3) ~.:JU'W ffll.ll'JtlU 1fllfl\9l~flt1'W ~m ftt1Yl'l ~1flflU'Villfl'ff1l.Jl'Jtl 

u 1ml1~ul1~ 'lfJW 'ffJJu~rviJJt~l.Jt~au 11111 off!J'J~ 1v'lfut1Ju~v'Vi~a1'ff~11~u11~ .:J~u ~~ 

"I "" "' "' "' .d "'~ "" "' I'J <JJ fil'WlJ'J~fltlU 3-19 'flfl'hlW~fllfl\9l~fltl'W~'fi'W'Yl';itJ (sludge) 'Yll'Vi'fltl~lflfll';i'Jlll.Jfl !l.l !'lftllfllft 



. .. 

. 
"" UYI'YI 4 

" " . 
·HW 1 ~ tltJ! lJ1-J f11 ':i ftf1£J 1 ~f1 tlflll"'11-A f11 ':iN~ \91 tll'l1~1flll"''lHl~Ul! -ffv 1u 1 ~~ !"lH'lll ~ 11-J f11':i 

" " 1h1J~Pt.U1-A1'1'1-Au~1 (PBW) un~fllf1\9l~f1~1-J~!!flU!\9l~{ (DC) 'illf1 h~~11-Affn~P~t'lll11-A1h~:IJ ':i1:1JO~ 

" . . 
~1 f11rn1 ~ n 1 ~ u 11-A n1 1 1l ~ 1-A ~ l'Vi 11 !! u u n~ !! n~ f11':i 1l ~1-A ~ l'Vi 11 !! u ufi~~ ~! i1 ~ ~!! n ~ fftl \PI~ 'ill nn1 n 

3J I 'j) I I 

t'l1!-ffv 1u 1 ~~!'15nl11 ~11-A ~11-A i~viJ fiffmYl!ll1-A ol1ni'1-A 91~firhrh~'lfff ~ 9$1 ~~!1:1JI91'1-A 105 
'U 

" giL li'f111'lll11-Jun~t'lll1wvhnu 11 giL 'illnt1'n£Jru~\Ol~nri11Uff~P~~lH'n11-Ailliu1mruffl':iD1-A'Yl1v 
" ff ~ '1'11 hi 'il~1-J 'Yl1 vhi ffl:!Jl':i tH'il1 W!~1J 1\911\91' !lJ1-J ffl!'Vi\911 li't'Jl!ifll'illf1fll':i N~l'l11J 1 ~~!'15ntllf1~~ 

qJ q u q 

" mn'h1r~P~1~P~v1~~1ml"' !Yl':i l~~~rl'u':i~f1~1J'IJ~~t'll!ilv11-imm~num':i !'il1W!~u 11'l'IJ~~ 'il~1-A'Yl1 v 
u • 

" u~nmni'1-A un~':i~1J1J\9l~f1~1-J n~ti!!1J1JeliPIDlfllff Yl1J11mm':i ofil~IPI1 'IJlJ1-JUr!~t'lll11-J 1~mnni1 
'U 

95-99.5% Url~ffl:IJl':itltll~IPI'IJfN!iltJ11-A ':iU'IJ~~1i1 ~~!!rl~qf 1 ~~ 1~:1Jlf1f1il 80-90% el\9l':ilri11-AU1 ~ 
'U 

" . " 
~~~9}1 ~~ (BOD:COD) 'IJ~~Ul!ifll'illf1fl':i~1J11-J fll':i N~l'l1u 1 ~~!'15rlll~11-Jfll':i thJJIPioU1-J 191'w!~ 1lJ 

" 'f11rvhnu 0.53 UffiPI~11lifl11:1Jffl:IJl':i o11-A fll':i v~vffmvm~~1flll"'ff ~~1-A u~~vN 11 nl'll:IJ PBW 
'U 

" 'illf1fll':i'Yl\Pirl~~u1mru 11-A 1\911! 'il1-A 11-At'll!iltJ'Vi tl'~m':i1h1r~P~fi'f11U~t1:1Jlf1 el\9l':ilri11-A'IJ~~ COD:TKN 
. " 

rvil n u 150: 1xl0-
4 91 ~ u ~ vn11 'f11 u 1-A ~ 11111-A f11':i !~1-J 1 ~ u u1h1J \PI u u u 11-i 1 ~m f11ff ~ nT 1-A ~ ~ 

~l!ll1-A \91'~~!~:1J!!'Vi ri~ 11-A 11'l':i !'il1-A !~~U':i~ff'Yl~ flll"' i 1-Afll':i'l'll~lU!lrl~fll':i !'il1W!~1J 11'l'IJ~~'il~1-A'Yl1 v 
u • 

106 
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4.1.2 ftll£Jilllii1'Uill"JNtl~tll'li~--;!Jll'W'llo.:Jill"J'Yi~l1~-uJ PBW !W~ DC ~1l'J"J~'U'Uill"J'Yi~l1 

1li1'1Yolillfi!!'U'UI1~ (Batch) 

fl11 'Vl~H'ltl 'I YlleJ\91 1 Trf1'W Vll11 :IJl~ bl:IJ 'Utl 'I PBW l! fl~ DC ~ 111 :IJl~ bl:IJ 1 ~ ti'!Hmru 'Utl'i 

" cl W t::::! rl ~~ I 

'Utl'i!t'U'i'Vl'iti:IJ~'Utl'ifllfl\91~fltl'Wf!Ufl'Wl\9ltl1!u'W 0 (flfi:IJf111Jfl:IJ), 1, 2_5, 5, 10 %w/v l!fl~ DC 5 
q q 

%w/v (fl~:IJfl11JfJ:IJ) ~'ieJ\9111ri1'W1~WJ1'i COD:TKN !~'W 150:1x10-
4

, 150:0.77, 150:1.14, 

150:1.45. 150:1.69 ufl~150:2.06 Vl1fl11!~'W1~1J1Jl!1J1Jfl~ BWtif1il 35 oc !~'Wnm 451'W 'il1flfl11 
q "' 

'llrJ J) ' ,J ~ ' ' 91 ""' 
'Vlflfltl'ib1'1u !\9l11 PBW Ufl~ DC 2.5 %w/v CJl''itl\9111b1'1'W1~ti11'i COD:TKN !u'W 150:1.14 !flfl 

q 

""' "' "" Nf!Nfl\9l:IJ!'I'l'WiJ'if!\9l (maximum methane yield) 0.27 L CHjgVS remo,cd 111tl 0.17 L CH_/gVS added 

"'·I ""' ""' o ~ cl ' 91 , I "' cl "' 91 91 JJ 
:1Ju1 ~ bl'Vlli f1TWfll 'ilfl'Utl'IU 'U 'I 1 ~111 tl'i1tl! lJ'W 43.3 5% l!fl~l lJ m !CJl''W :IJ!'Vl'W bY '!bY~! lJ'W 57.30% llJ'W \9l'W 

"' q 

I V V\JI~V d I~ 
~N9VI1l'J"J~1J'Uill"J'Yilll1 Ill !'llolillffU'U'Uil.:JVJo!'Uo.:J (semi-continuous) 

91 dl }j ,J ' ,; 1 99) ~ <:J 
m1 'Vlfl o B'i 1 u'W m1 fl'flEJ 1m~ 1J1'W m1 utJ'W mmm 1111 fl.:J\91 m 'W B'i f! t1 1 'lf-:i ~ tl~ nmn mn11 

36, 24, 12 rl1J 61'W (OLR 0.71-4.29 gVS/L/day) Vl1fl11!~'W1~1J1J 1~til'*tl.:JUUfl1W CSTR 1flt1 

f111Jfl:IJBWtif1iJ 35 oc 1flt1l'*D\9111ri1'W'Utl'i PBW Ufi~U~:IJlW'Utl'i DC 2.5 %w/v 'il1flfl11'Vl~fltl'i 
q q " 

V'l1Jl11~tl~!1fllrlfl!tl1J~I11:1Jl~b1':1Jl'Wfl11ti:iJfl!'Vllfl1J 121'W (OLR 2.14 gVS/day/L) N~\9lfl1'lflJ!'Vl'W 

ll'i'iJ'if!\9l 0.99±0.074 L/day !flf!NfiN~\9llJ!'Vl'WiJ'if!\9l !'Vllfl1J 0.39 L CH/gVS added Uo~iJ 

tJ 1 ~ ff'Vl ~f) 1V'll 'W n11 n1 ~ \9l b1'11 fl'W '1'1~ cr1 'W 1 tJ 'U tl'i 'U tl'i 11 ~ '11 ~ ~ ti tl~ 1tl!!fl~ 911 tl~ 1vi 1011 42.14% !If!~ 
" 

97.12% \911:1Jih~1J 

~ <i' V .... I q e::! G V q 

4.1.4 ill"Jffillll! fi"J.:i~"JNu"J~'lllil"J'llo.:J'lli:l'U'YI"Jl'JVI1l'.I!'Yifi'Ui'l PCR-DGGE • 
fl11ll f111~tf DGGE ~~ BftflEJ 1fl11! tl~ ti'W 11 tl o 'I 'U B 'I 1 f11 'I bY! 1-:JU1 ~ 'lf1fl1 !! 11 f1 Vl!~ t1 l 'W 'Iff! fl11 

q 

" ' 
'Vlfl o B'i nu t1 iJ nu 11111111 '*B 1mfl'1 ~11 11'1'111! i1't~l11 1 B~!CJl'oVJ ~1'W nn1h1J f!stl'1'11'1' 'WU ll1uo~ mn 

" "' <I 1 ~ o ~,I <I 1 9JJ "' "' JJ JJ 
\91~ fltl'W flU fl'W!\9ltl1 'il1fl 1 'I 'I 1'W blflfi'W 1:1J'W u 1fi:IJ \9l tl 1 'lf!m !fl ti'W 'Vl'U tl'if111:1Jl 'U :IJ'U'W 'Utl'i Denaturant 

fiB 40-70 % ~'I Nnfl11 l!fl11~ri V'l1Jl1 fl11 !U~ ti'W l! Un'i'Utl'i 'il~'W '1'1~ unci:JJ~ llJ bY! 1'ilJ!'Vl'W lJfl11 
q q 

1 tl ~ t1 'W 11 tl n '~I tl 1 rl B 1 tl~ t~1J 1 V1 t~1J n 'W 1 ~ 11 11 '~ n ci :1J tl1 ~'If 1 n 1 'il ~ 'W '1'1 ~ u 1 ~ :1J 191' 'W n 11 n ci :1J tl 1 ~'If 1 n1 
q q q 

' ' " 
'il~'W'Vl~ u1'W iYm1dh ~1J1JlJf111:1J!b1'Gm 1'1f'W iJm1:1Jt1 mntimfl'lltl'i'il~'W'Vl~ unci:JJ!~'WtV'i:IJ~'W un~ 
q q q 

fl11 !tl~ti'W!! tln 'i'U tl'i 'il~'W '1'1~ unci:JJbl! 1'ilJ! 'Vl'W iJ fl11! tl~ti'W l! tlo'i I tltrlm tl~ ti1Jl Vl ti1Jfl'W 1 ~ ti lNfl ci :IJ 
q q q 



' 
4.1.5 tll.l'lJ~'UMfllflVJ:;::no'Wll!'t'i~eHllflfll'a't'iiJtli!'JJ'l.J1ll1'1folfllfl'a:;::'t'ilH PBW !!~: DC 

mn 1 -a~~l'WtTrlfiJlii'mh&ll 
' ' 'J) 

0 Q.) .c! ~ Q..l ~Q,d1 ' 

'ff111'j'lJfllf)\9l:;::fl'O'U'VlllHHl'il1flfllTVilJfl (Dried digested sludge) 'Vllfl\Pl'U'U'il1flfll'HJD :> -~ · _ 
'J) ' 

'Vl1~;1f11fl'j:;::11l1~ PBW llo:;:: DC 'il1fl h~~1'U'fffliPIU1lJ'W'lh:hJ llJ'OU1lJlllfnl:;::t1'1i1\911'lllil'P· _;:_-• 
d wd w 1.::!1 ow~ d _ 

(N-P-K) 'VJ'j:;::(J:;::l1[llflfl!fl'lJ 12 1'U Vl'lJ1llJfll 1:1:0.25 \911lJ[ll\Pl'lJ l'U'OHlfllJ1i1~1'l111Tn· :"--

. " 
rl1 11-r 'lJ Vi 'lfVl l'YilJl~ 'fflJ l 'U ff\P) bY1'U 1 \PI m.h m.! f) \911lJ l f) U! ~ lJ1\911'U 1 'U iJ tl B 'U 'Vl ~ U'U f)~ rlTu f1 ; - ._ 

"" q 

lJ1\9lH1W·-li'J\9lflU!~'0\9l'ff111m'jlJ m:;::'Vl'j1~'0\9l'ff111m'jlJ (2527) l'Yhfl'lJ 1:1:0.5 'O~Ht'jnfl-~. 
"" q q 

I j} I 'j} iJ 

'ffllJl'j t1111ll 11 ri ~'U D~ 1i 1\911 V-~ll 'Vl m Cl$ vmw llt~ lJ 1 ~'ill fl ~ttl' 1 Yi tn~P~ ~ u 'ill flfll 'j lNTU 1ft' lJ '111ir u 1 u '--. 
I ~ Q ~ .t:!iJ I d 'J} d.1 d lfJ if I ~ 

ll 11 o ~ 'lJ '0 ~1i 1\91 '01 111'j l VllJll'llJ l 'U '0~ 'il1fl1Hl'flEI1Vl'lJ 11'Ul tlllJ Vlll 'Vl 'fflctftllJ eJ 'Ofl lctf\Pl '0 tl 'ff ~ li F 
q "' "' 

1 V'lll 'Vl mCl$vm-JD'fflvll'l (KH2PO 4 ) ~~l ~'U NoV-~ o'Otlt~ 'il1flfll'j 'fffl\Plfl~lctitl1'0o hi''lJ1 ~'Vlf ~~ tJ \J 
I ':lJ I I 

mll 1'j o'l11mfll'l~flD'U Vim ilDVi~ 'il1nflu 11iJflmm'j o'l11m1H mh ~'flru 'ffllu~rwllt~lltViD'I111 u 1 ~ 
q q 

2. 1 u fll'j ftfl't11m ~ 'lJ 1'W m 'j il D'W m111 'j u 'lJ'lJ ~~ ~'Ol ~ '0~ 'fl1'j o\Pl'j ~ v:;;; nm! u fll'j nm fl'lJ 

111' mv:ilJm'j~'lJ'j'j 'Vlfl'ffl'jil'W 'Vl~ u!li'un'j~ 'lJ'lJ l~'Oftfl'tllNom ~ 'Vl 'lJ~ mh ~ ~'Vl il mV-~1 u fll'j Nill'lfll'li 
q 

;1mV-~ l~'O~'il1fll u ~l'W 1~vd'! ~tl'~tl fim Wll 'lJ 'lJ t1 ~ fl1'U 'ffll'\Jl u! ~~'j ~ v~ nmnmn'lJ'lJ '0~1'11 [11 'il dj 
" ' 

No '0 ~ 1 ~lJlfl ~ '0 U1lJ 1 U! l ~'0 'il i'J 'U 'Vl ~ uYi 11 [l \PI '0 'Ofl'ill m ~ 'lJ 'lJ 
q q 

I j} '3) I 3) 

3. 'fl 1'j lTilJ m1 'Vl\Pl [l D~ 1 1P1 t1 m1 [l 1P1 m ~ 'lJ 1'W fl1Tthu~P~'I11tfft1'll'W l'i'u t 'liu tiJD'I11'111t irvml' ~ 

vhu m ~1J1u m1 vh !li't ~u m ~P~m'Vl~P~o '0~11 irfln'lJmfll'l~nDu ~ u 'flu t\91 D{ t~ Do ~P~m1 ~ 1 u n 1'j 1hu~P~ 
'J) ' " 

l11t ~vuo~ffflEI1~flvmV-~1 u m1 Ni'll'lnl'l5;1fl1V-~Yitfi~P~~u 

I 

'U'O~ll\91[1~'}5\P)fll'j 'Vl\Pl [If)~ 
q 

" ' 
5. m1 tlu~'UN[l'lJf)~ DGGE 1~P~vm'il'l11ml'l~P~lltlfll~f) !uli'D~tlfiu~m1 111' f) 1 ~l'Vl'fiU'fiB'U'l 

" 
1 u fll'j'j ~ 'lJ'liU\Plllo~ tl1mrut~'O 

q 
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" liJ " w dl llJ w.d 
fl':ilJ'fl1'U'fllJ:mrYi1l, fl':ilJ. 2554. llWI'Jj?Uf'}fiJi11'WU1 (DD'W !n'W). l'Ultl~ !IPl'Yl : http:// pcd.or.th. 

(20 i'W1l'fllJ 2554). 
j) 

mlJ h~~l'WD\9lb1'1'11m'JlJ. 2552. riiJvnnrhn11rwa h·N?UB191i'l'mmJll'll?iJulhifll. nHtVI'YI"l 
q qJ QJ " q 

~Q.J d cl ~..;. 0 w <j) 

'U'J1JVI ~ WlJ 'YI'J'W\91~ 'illfl~. 164 'H'Wl. 
j) 

riiJvnu3mJ?g;tf)9)-;mth-Jiiu '111 ile W'lf ?i'l'rnl:imh-Jiiu uag;nu 
qJ " q q 

j) ' 
Q.l Q.l Q.Jc/Q.J OQ.IOd~ ~ 

m lJ'YII'll'W l'YI n~ ~l'W VI~ u VI'W un::; D'4 'J fl'hl'Yin~ ~l'W. 2549. n n vvnu 1111 Jg; 111111111r1 u 11 i'l'm 'WBNi'/191 

n?IIJf~'Ji17'W '11 ih -ffe:J, 'W 1m ~fll'j .WI'll'W 1'11 ~flbl'\91 'j NflD'U'JlJUn::;th ::;'}fTfflJ.W'W ,j'fl1llJ~~l'W 
~ ~ 

~ j) ' 

lfl~tl~fffl~ ~~lJ-ff'W hm1. 2535. 3rr-mnm]nJr~'ll?Jire (Wastewater Engineering). trilJll2. Vim~ 
~d 0 (1.1 ~ cle::::. ~ cl 

'flHVI 2. bl'l'Wfl'YilJ'YI '!J\9l'J'W'Jlfll'J'YilJ'YI: flHlVI'YI"l. 
q 

lfl~ (J~fffl~ D~lJ-ff'W 1 'J'ilU. 2542. mnhumlldYCJ (Wastewater Treatment) . • 
0 Q.l .<:::::). cl ~ d Q.l cl 

bl'l'W fl'YilJ'YI bl'tlllJ bl'l\9l'lf'Wl 'W D 'J GJf'YI'YI [lltl b1': fl H l VI VI "1. 
q 

" ~<U'WVI{ <UtJVI{VID~tlD'W. 2549. fl1'JH~\9lllJVlnlBbl'lVID{'illflUllJ'Wlfftl'illfl h~~l'WUT~·lJ.lVICJTU'YI'W,j 
~ 

Q Q.J e::::. cl 
lJ'I111VI tlln tlbl' ~ 'U [ll'W 'fl 'J 'W VI 'J. 

'ill'J1'J'JW tj'D~'fl~ -fftuli'oirv n~'WVlnn 'lfl'fl1191 VID~Dl'J un::;llv::;fl'lu 'Uruub1'1~. 2551. fll'JH~I'lnlGJf 
Q q q q u 
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"" d 1. fll11!i'l1l~MM1 COD I!'U'U Close Reflux, Titrimetric Method 
" . . 

~1 COD 'VIlll tJlJ 'l 11~ llltlHHJfl9f!1J'W 't1-:J 'VI:IJ\Pl yj 19)' tl'lf111 I~ tJ l tl 'W f111 oxidize 

m1 a'W'Vl~ 61 mf11 i'ltJ 1 1-1' mnm ~mn1 'IJ tl'W I \PI t1t1n! CJf~!![l~J1 1 \PltJ~rr11 a'W 'Vl ~ v1ne1 mf'l 'VI:u \PI C9s-
Q..l~ Q I G)9J .dcl 

100 %) '\l~\]fl oxidize l\PltJ\WJ!\91:1JtltlflCJfl1l'WtltJl'l!IH (Strong oxidizing agent) flltJ ~\9lrl'fl11~'Vl!U'W 

1. 

2. 

3. 

4. 

5. 

6. 

'VIfltl\Pl'Vl\PlfltJ'l'lfW\Pl borosilicate 'U'Wl\Pl 25 x 150 mm 'V'l~tl:IJ'\lfl TFE 

t=:! Q l) 

!\9lltl'IJ (oven) 'VlfJW'VIlJll 150 ± 2 C. 

1h11191'U'Wl\Pl 1 !lfl~ 10 mL 

th!1\9l'U'Wl\Pl 50 mL 

'U11Pl111'lf:uvi'U'W11Pl 250 mL 
'\J '\J 

q 

1. rl'11fl~mtJ digestion reagent 
I I 'j) I 

fl~mtJ K
2
Crp7 4.913 g c1f-:JtJ'IJI!M'lYi 103 °C !~'W!1m 2 'lfll.l'Wl1lni:l'W 500 llfl. ~tltJ "1 

lrJ 9) ~~11]3Ji~cld 
1iil:u cone. H

2
S04 167 mL 1\il:u HgS04 fl'l ~11 33.3 g fl'Wl'VIfl~mtJ \91-:J'Vl'l !Jl'VI!tJ'W'Vl 

" . 
tJW'VIfllJMtl'l !!~111'f'IJ11~m\911lM!~'W 1 L Jl1tJtJlfli:l'W 

q '\J 

2. fl1\Pl Sulfuric !'1i':uo\J''W~Nrl':IJ AgS04 (Sulfuric Acid reagent) 
I 'J} 'J) 'J) 

fl~mtJ AgS04 22 g l'W Cone. H2S04 c1f-:JiJtJ1m!n 4.1 kg (2.5 L) !!~11'1-:JY!-:JH 1-2 1'W 

dt 9 91 
!'V'ltJ ~'VIfl~mtJ 

" " . 'J) Q.J d .et Q 0 Q.l 

\Pl1tJ!;l'11fl~mtJ digestion reagent \Pl'l'W fltl l\9l:IJ'Wlflfl'W 10 mL rl'l1fl~mtJ digestion reagent 14 

mL 1llmi'Wlt1h11191~tltJ "1 1\il:u Sulfuric Acid reagent fl'll11 14 mL vf-:JHlM!~'W !I~Tihm 
l'Vl!'Vl1\9ltl'IJ!;l'11fl~mtJ Ferrous ammonium sulfate (FAS) liPltJlt ferroin ~l'W1'W 2-3 'VItJ\Pl !~'W 

. " . 
a'W ~!fll\9ltJ{ rr11 [l~[lltJ1l~~11~tJ'W '\llfli'l! 'VI ~tl'l!~'W i'lvhtJ:u!~tJ1!1fl~!~'W i'lu 1\9llfl!!\Pl'lYi '\liPltJiil 

q q 
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Normality ofF AS solution X 0.10 

"" "" "' 4. ffl'H'l~mu ferroin 'U'WI'I!fll\91m 
" ' 9 0 w ~ ~ 

l;'l~nlCJ 1-10 phenantrolinc monohydrat 1.485 g !!l;'l~ FeS04.7Hp 695 mg ~'W'W1fln'W !!nl!\9l:lJ 
" ' 

U1fl~'W'u'WihJjm\9J'jfl'j'lJ 100 mL 

" 
2. tlnJ\9119llmh~'l11m 10 mL 1 rin~ 1 'W'I1n'UI'I'Vll'li;'l'U~ !!ftl!~:lJ digestion reagent n~ 111 6 mL 

' ' " ' "" :11 :11 "' IIJ, I 9 :1/lfJ :11 :11 "' 9 :11"" 
3. fl'UCJ "l !\9l:JJ ml'l sulfuric !'U:JJ'U'W'VlNff:JJ AgS04 n~ !lJ 14 mL ~'11 mnn~fl'W'I1n'UI'I!!fll !'VW ~'11'lf'W 

" " 'Ut~~m 1'1 t~~11'1'i''W 'U'U~U11'1lt~ V1~!!n~ digestion reagent 

" n:mom)91 mu'l1~~fll'j!~:JJml'linvJjn 1trff'~tn\9li'r'llt~~l'llmh~l'l~~t~ 1 llu . . 
" 01 1~i'h~ul !!ff\91~-:hlljmw K~Crp7 m ~t~t~~:JJlfl 1 ~1ljmw'l111'1lt~V1~Ut~mn'W 1 1l 

' " 
191't~~!Vi:JJ1.lj mw 'l111'llt~V1~~fl 

" 01 1~i'r!~CJlt~:JJm ~t~~ u ffl'l~ -:hlljmw 'l111'1lt~V1~m m~ ff:JJ ffl:JJl'j o'l111'llt~V1~ 1 ll~vJ 

~flC]$1~ 
" " 01 1~irt~CJlt~:JJvh u ffl'l~i11ljmw 'l111'1lt~V1~mmn'W 1 1l1'1't~n11m'j ~~ mn~'l111'1lt~V1~ 

" 9 :1/d :11 :11 :11 ' "' 
~ '11 :lJfll1:lJ!'U:lJ'U'W 'W 'UCJfll1'W. 

'jl j} I 'jl 

11'1u'il~ 1 ~eJ\9l'j1ril'W 'j~'l1i1~'l111'1lt~VN : 'l11n~'W rvil 1 '11~ n1~ u~Nml:JJ'llt~~1ljm\9l'j 'l111'1lt~V1~ 
:11 ' "" 
\9l'U~!'Vl1fl'U 10 mL 

. " . 
4. UI'I1Jfl'l1 nt~l'l!!fll1 trm.i 'W uti' lfll1'11 nt~l'l!!fll 1 1lm'l1 mu "l flf ~t~V1~rl'lo~nt~'W 'il~'l111'1lt~Vl~ 1 1l 

~vJ~ni' ~~t~l1t~~n'W 1:J1 trtnl'lm1:JJr t~'Wff~ff:JJt~v~n'W'I1nt~~'~ ~~t~1'il!!\9lfl 1~1 'W'llwdhm'j~vJ 
"' 

'jl I 'j) 'jl 

5. 1 tr 'Vh blank 11'1u 1 ~'l11n~'Wu 'Vl'W 'l111'1lt~VN~lu1~ fll'j 'Vll'lnt~~t'!f'Wt~ Ultl'W num'j ~l! m 1~'11 'l11 

l'llt~VN ll'j~:JJlW 1-2 '11nt!l'l 

'jl I 'j) I 

1trt~W'I1lllJff~o~ 150 ± 2 "c nt~'W'11Ul'i:htft'l t:Ot~munm 2 'lf:JJ. 1tr'l111'1lmh~t~t~fl:JJ1'Vl~Hfi . "' "' 
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" 
7. !'Vll'l-;wrh\l'\l1f1'11I~fl~ 1 ffi~\11 'U'IJ1~~1.J'lf11~ ~~~~ 'Vl!'Vl1 \9ln11-nni~;::;mv F AS 'il'Um;::;l1\li1\l~~~~ '\l;::; 

! ll 'U f111! JJ ~ LI'U!! JJ II \l '\l1f1 ilm i1 fl\l! lJ 'U ilvh fl11! ~ Ll 1!! II;::;! lJ 'U irJ 1\911Il!! ~ \l~ '\l ~ Ll~ ~ 1 'U JJ~ 111\911 ~ 
q q 

' ' " 
I 'Vl! 'Vl1\9l\9law~ 111JJ~v'U il1 lJ'U ilu 1\911Il!!~\ll1'U Vi 

COD, mg/ L (a- b) x N X 8000 

ml sample 

a ml 'Ufl\l Fe (NH)2(S04)2~1~I'Vl!'Vl1\9l Blank 

' " 
b ml 'Ufl\l Fe (NH4MS04)2Yi1~I'Vl!'Vl1\9l 'l111'l1mh\l 

N 
dq 'V 

Normality 'Ufl\l Fe (NH_.}
2
(S04) 2 'Vl !'lf 

Sample Digestion H2S04 reagent Total final 
Digestion vessel 

(ml) solution (ml) (ml) volume (ml) 

Culture Tube : 

16x 100mm 2.5 1.5 3.5 7.5 

20 x150 mm 5.0 3.0 7.0 15.0 

25 x 150mm 10.0 14.0 14.0 30.0 

Standard 10- ml 

sample 2.5 1.5 3.5 7.5 

Solids 
I iJ I I 'jl 

'111J1LID\lil \l! ~f) JJ 'U 1 'U u 1ll 1'11 i1 flfl~dj fl'j;::; 1'11 LIU 1el f) f)'\l'U '1111 ~ I}] 'j 111 D\l b1'11 
'" 

l '3) I 'iJ I I 

1Jl\lfl~1\lll1 ;::;m vi J.Jn11u 1 1'li'U m ~fl'W'Vl1vui~;::;m~~ 1\l"l Yii~;::;mv1 'U u 1 E \l!~a!J'U Vim i1mll'W 

c:l J't::! ~ ~ .<:::!II ~ c:! tl .J : ~ l!] 'cllfl <JJ ~ rl 
'Ufl\l u 'U\l 'U 11'Vl \l -nu fl'U 'Vl1 vu I~;:; fl'U 'U 'Vl1 v 9f\lfll '\l '\l;::; II;::; m v1 'U 'Ul'l1 1 a 1 11n 1 ~ m1 11m 1:::; 11111 

" ' " JJ~ m ru 'U fl\l!! ~ \11 'U U 11111 #11 ~ Llf111 i \l U 1'11'11 f1 (gravimetric method) !! ~ 111 Ll\l1'U NII1 'U ~ JJ 

" " u 111 u n-n11 ~aJJ~11 1\911'Ufl\lU 11'l1a~1\l 
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I I 'j) I 

..:.':i~c::!~ I Q.l 0 'lWW.o< 
Total Solids (TS) flf:lir ,nu 'Vi flf:ltl~lllti'Vi fl-:ifll'J 'J :;:;m ti'W lf:lf:lfl'il'W 'Vi lJI'IUfl:;:; f:lU 'Vi u 'Vi~ 'Vl 

tltu'Viflil103-105°C TS tll'llUli~f:lf:lfll~t~'W 2 'l1'WI'I\9111J~fl'hltu:;:;fll'Jfl:;:;mv ;)tl 
q 'U 

d? I d lfJ'JJ : ,J I lfJ'j} I ..::::0 .c!rl 
1) Dissolved Solids (DS) 'VilJltltN i1'1'W'Vlfl:;:;mv !l'l'l'W'Wl CJf-:ii1'1'W1Jlfl !I'!Ufl fl'JI'If:l'W'Wmtl 

' " 
2) Insoluble Solids 'VilJltiG-:1 fY1'WVihifl:;:;mv'lu111 

' " ' 
-Suspended Solids (SS) 'VilJltiG-:1 fY1'WVihifl:;:;mv'lu111u~iJ'U'Wll'lt~fl'VIf:lll'll:;:; 

" " 1'[ o 11J w 11J wi "' 1 o w 
U'Ud'Wfltltl(suspend) f:l~ 'W'Wl !1'1 'Vi1 !1'1 l'ltlfll'Jfl'Jtl-:l\911f:ltll~'W11'11tlfl'J:;:;I'!l'hlfl'Jtl-:l 

'l w w 0 IIJtl 'l w w d "" 0 t1Uf11 (glass fiber filter, GF/C) Ufld'Wl! fJU 'ViU'Vi-:I'Vlr;)W'ViiJ11 103-105 C 

' " 
- Settleable Solids 'Vi mvii-:~ 19l:;:;flf:l'W Vi lJ'U'W 11'1 'l m:uufl :;:;}j fl1111 ri 1~ ~ lt'r'll:;:; i1'-:~ fl':ilul 

u 'U 

' " 
vl1mh-:~m'lfi'l'W lll'lf'W:;:;llt~tlfl':ll Imhoff cone 'Virtl m:;:;Uf:lfl\911~'\J'Wll'l 1 i1'191'J vl-:1 

vl-:~H 1 'lflJ. u~1tll'W tl!ml9l'J'Uf:l-:J\9l:;:;flf:l'W~\9lflfl-:Jm iJmJ1m~'W 11fl.li1'191'J 
c 

Volatile Solids (VS) and Fixed Solids (FS) 'VilJltiG-:1 'Uf:l-:JU~-:J~irmt11tltrlmf--!l~r;JW'ViiJil 
0 di I 'l I ?t tl "'> de' ?t 'l d "'> 

550-600 C CJf-:!i1'1'W 'Vity'll:;:;tlJ'Uffl'J 'J:;:;f)f)1JfJ'U'Vl'JtlflflltltlJ'U C02 Ufl:;:; Hp 'U'Utu:;:;'Vlffl'Jtl'U 
I 'j/ 'j/ I 3) 

'U'Vl~ vci1u 'l 'Vi ui 'll:;:; 1lJtnl'lmmvnirmvVi f:ltu 'Vi flil~-:~ nci 11 ~-:~ ir 'UtJl'Vi ir nfimv1 tl;) f:ltJl'Vi ir fl'll tJ-:1 
u q 'U 

" 
1. t1'1vm:;:;t'Uf:l-:J (evaporating dish) 

" 
2. tlNlf:ltJl (waterbath) 

3. m:;:;l'll'hlfl'Jf:l~'lvwl'1 GF/C 'U'Ull'lt~urh fl'.fl. 70 mm 
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'J) 'J) 

5. ~tl1JUYI~ (oven) 

" 'J) "" 6. \9l~~mUJ'lfW 
"'"' 

' "" 
1. lfl~v~mv~~~'V'I!t~lJulJ~~mmrr 

"' "' 
8. Bucher's funnel 

Total Solids (TS) 
~ I 3) I I 

0 'j) ~ d d. 0 Q.l c! '3) Q.l ~G) 'j} 0 Q.l 

1. 'Wlt:l1tlfll~l1Jtl~'VllJ'WlYI'Wflfi~'VlU[l11llfl dessicator lJl't~ 'CI'lJlJ\91 !Yi'WlYI'Wfl =A 

" ' " 
2. fi'W~1mh~'1111li'l'li'lnu~u~1\911~ 1~v1'*m~1ltlfl\911'l 100-200 lJ[l.(1Hmi911Vi1'*~unmJ~mw 

'j} I 'J) I I 'j) 

0 'J) "" ""' 0 'J) 'J) "1_19 '9 'J) ""'""' , 0 "" IIJ' "" 
3. mmvm~l1lti~'Vl':i~!Yiti'WlUYI~um llJ 1'CI' l'W~ti1J'Vl1l~ruYIIJ1l 103-105 c l'V'Itl ![lfllllJ't'W'Wl'W 

l11~mw 1 'tlJ. U~1Ult11rh1li'l~'Wl'W dessicator 

TS, mg/1 (B -A) X 10 
6 

ml sample 

Suspended Solids (TSS) 

1. '111m~~1EJmt1~ GF/C mi'~ 1~mfl~v~i'~[l~lDtl~ ff1J1J~t~J1mJn = c fl'flJ Ult111N1l'W 

evaporating dish Yi~tl petridish nt~ 

2. 11~m ~~l'llfll tJ~[l~1J'W Buchner's funnel ~~~t!l'li'ltl1Jlfl~tl~~~tllfllfl' 1 ~til '*l11n!i1 1J~'CI'~ tll\91 
'J) I I fN I 

1 '* '111n~u ~ ~11u n1 ~~lEJ n1v~ 111' l1'1 l!~ 1l11~1J1l~~vlnlrrlViv1li' n1~~1EJn1 t~'lll u 1l'CI'U'Vl~ 
"' 

"' fl1Jfll1tl 
'j) I iJ 3/ 

3. 1J!iJI91~1mh~ul 50-100 mL (iJ~m\911Vi1'*~'Wtl1J'IHl~U~~U'IJ1'W[ltltll'WU1) 1ritiJ1Jum~~l'll 
"" ' ""' 'JJ 'JJ "' :;'I 21 9 'JJ <:l IIJ_ I "' 

mv~ 'Vl[l~'WtltJ'V'I-:itllJfl1lllJ~lJ1l~~mmrr 'V'ItlltlllJ m'llv~u'IJ~m~1lltl llJ'Vl1"lm~~lEJmtJ'l 

'3) : ~ .c! 9) cl d .c.. I '3) I 3) 3) q 'j)"' I .c:! I 

4. 1 't'Wlfl[l'W u ~ m~ 'IJ v~ u 'IJ ~ 'Vl\91 ~tlti'IJ 1 ~ m 1 v11 u Vi lJ~ u [I~ 1 tl11 u n1111~ u Vi ~u [11 1 't1J lflfl1lfl tltl"l 
"' 

Yi v11m ~~lEJ m v~vvnu 1t l111-:J11um'tu~~1 ri1~1J 
oi!J_I q'JJ 'JJq 'J) de! <> o _I oq'J)<:l 9 

5. 'Wl !1Jtl1J !YIUYI~ !'W\9ltl1J'VllJtlU!YifllJ 103-105 C 'Wl'WlJ':i~mru 1 'tlJ. 'Vll !YIW'W !'W dessicator 
"' . "' 

' " 
U~1Ult11i~'I11YIUfl fflJlJ~l~ = D 
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SS, mg/1 (D-C)x 10 
6 

ml sample 

Dissolved Solids (DS) 

ff1 lJ l'H1 '111 l ~lliW TS- TSS 

Total Volatile Solids (TVS) 

TVS, mg/1 (B-E) X 10 
6 

ml sample 

FS, mg/1 TS- TVS 

l """" !lilf.J'J'fi Titration Method 

• I ,- ,.\ "' 
e:Jufl'HUl!n~tm '0-.:J:JJ e:J . 

"' "' d 1. !fl1 '0-.11\il'YH'O'lf 

2. lJ'J!':i\91 25 mL 

3. !1911 !vlvhun~!fl~e:J-:Jfl'J'Ul!lJm~il !vlvh (Hot plate and sterrer) 

d o' 
4. 1Jil!ilm 10 mL 

ffl'HfllJ 

1. m1n~mumlilcin:Yh~n o.o2 N 

2. ff11n~mf.J lCJf!~f.J:JJleJ llil1'0il t9f\9l' 0.02 N 

" . . 
1. thWWl'Je:JVl-.1 50 mL Yi~l'Uil11!'YI1f.J-:J centrifuge ~'Um'V'll~fi'J'Ulff m-:J1fiumne:J{11Jn~ 

50mL 



. . 

• 

Dissolved Solids (DS) 

mm'it~rn!IP1'1~v 

Total Volatile Solids (TVS) 

SS, mg/1 

f11'ifll'WTil! DS 

ml sample 

TS ~ TSS 

w ' 
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0 'J) ~ Q.J 'J) G) C! Q 0 li] 3) 3) .c:! 

1. 'Wlfl1tlm:;;t1J'O~'I1i:l~'illf1'111 TS !li:l1llllYll I'W muff1e furnace 'Vl'OU!'VifllJ 550 C 'il'W ~~lfllfY'U11 
q "' 

w 

i:l~ 'OU! '11 fl:iJ 'U f)~ li' 1tlm:;:; l u f)~ i:l~ 1 ~ ti'\.Jl'O f) f1'\llf1l\9lllYlll tl hi! 'W ~ '01J ri 'O'W !l~ J ~~ '1111 tl vh 'l tr 
q "' "' w 

oJ 'I 9) "' 
W'W !'W\9l~~fl1llJ'Jf'W 

"'"' ' w 
'111lU'i5~'11TI1Uf1fY:JJ:JJ~l~P1' E 

TVS, mg/1 

FS, mg/1 

(B ~E) X 10 

ml sample 

TS ~ TVS 

3. fl<JV11'U'JJ'u<J:;:;n.-w~umtl~fl11ll!iluviN (VFA and Alkalinity) 

1~v1TI Titration Method 

"' "' "" 1. tm Dn~VHD'If 

2. lldl'i\91 25 mL 

3. l\9lllYh'ihtl:l:;;tfl~D~f11'W!llJm~nlvHh (Hot plate and sterrer) 

"" o' 4. 1Jf1lf1'0) 10 mL 

"" 1;1'1) lfllJ 

1. fYnf:l:;;mvm~cil:lVl11n 0.02 N 

2. m11:l:;;mv19ft~ti:JJleJ 1~1Df1t9fl0!' 0.02 N 

6 

w ' ' 
1. '111'111~1mh~ 50 mL Yi~l'Wf111!'111v~ centrifuge 1'Wm'tn:;:;ri1'WtfY \911~'lriumnD{'l1JI:l:;:; 

50mL 



• 

• 

Dissolved Solids (DS) 

mm"Jt~rn11'1'1~w 

Total Volatile Solids (TVS) 

SS, mg/1 (D-C)x10
6 

m1 sample 

TS- TSS 

" ' 

127 

0 9) ~ r;v 'j) '1 .::::! Q 0 lfJ :v 'j) .:::! 

1. h!ltl1tlfn~!1Je:J'l11Cl'l1llfl111 TS !!Cl1:ill!VJ1 h! muffle furnace 'YieJU!11fllJ 550 C 1lh! !l'lltll'ff'U11 
• 'U 

" 
Cl\91 tllli 11 f) il 'U el'l ti 1tlm ~! lJtl 'l Cl'lll'lt1111tJ elfl1llfl!\911!VJ1, u '1 ffl h! vi' tJ1Jfi Dh! !!~ J ~nh, u vh '1M 

• 'U 'U 

d 9) ,% 
!tlh! '1 h!\9ll'll'lfnllJ'lfh! 

'U'U 

' " 
~hlUoJf'lU111Ufl'fflJlJ~tl'l' E 

TVS, mg/1 (B-E)x10 

ml sample 

FS, mg/1 TS- TVS 

3. fljYJ,'llilln~mf.l~UJUtl~fl11~&ihwh~ (VFA and Alkalinity) 

ll'lt11n Titration Method 

• I .! ,..\ "' 
e:Jum tu!!Cl~tm eJ'llJ D . 

"' w "' 1. !fntl'l11'1'VHtl'lf 

2. lJJ!'J\91 25 mL 

3. !\911 t'Vlvhm~tfl!D'lfnh!!tllm~fl 1vJVh (Hot plate and sterrer) 

"" ,f 
4. 1Jfl!flel'J 10 mL 

'ffl'J!flJJ 

1. 'ffUCl~Clltlfnl'lcJfCJ~h~fl 0.02 N 

2. m"JCJ~mtllCJft~tllJ h li'I'Jtlfl l9f~ 0.02 N 
Qd,.<:::), ~ 

Tli1!fn1~11 

6 

1. U1Jl\9l1DCh'l 50 mL ~Nlh!fll'J!11~tl'l centrifuge ~h!!U'VIl~ff1h!lff \91J'llffUfl!fltJ{'l1JCJ~ 
50mL 



2. t'hmiYJtYJ1\9l~-;wm~cir~vh1n 0.02 N 'ilulivhfJ'lf tvhnu 4.51rufimHml911~1~ u~1 

I Yl!Yl) Yl~ fJ!Ylltl'IJ'VheJ'lfl£l'W 3 

' ~ 

rvhnu 4 'ilmJ1ml'l1l1:1J\9i'u IYJ!Yl1\9l~e:J'il'Wfim'lfl'Ylltl'IJ 7 'il~UjlJl\WJir'Wfl'~ 

VF A ( mg CaCO/L) 

,;9 'J) 

A = mL 'Ue:J~ NaOH Yl !'lf 

N = normality 'UfJ~ NaOH 

q 

A X N X 50,000 

" mL 'UfJ~I'11eJ~1,nJ1 

Alkalinity, mg/1 CaC03 AXN X 50,000 

"" <1 

,;9 'J) 

A = mL 'UeJ~fn~111\911]1'WYl !'lf 

4.tn'l1li'l'l1~'Yi Total Kjeldahl Nitrogen (TKN) 

ml sample 
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I 'W 11911 l 'il'W(Nitrogen) t1Ju 1i1~e:Jl'l1 u ~ ~111Ju~ e:~E ~iJ;il'lYJtl'lftJ ~ lifl11mhf'lty~fJ~11 
~ 

a~ 1 fl 1 1 ~ rfi 111 ~ u '\11 n VI u i 1 1 u 1\91 1 1 'il u 1 u u '\1 ci ~ u 1 :IJ 1 fll n u 111 e:~ 1 'il '1-111 M 1 n ~ 1J t1! '\11 
' " ~ 

Euthrophication 91~liVi'lfu 1li fll) l~tyl~'IJ il'le:J~N1 1~1~1 tn~1Jty'l11:1Jr!VlEJY11~U 1\911:1Jm 111mw 
' ~ ' 

I u i \91 11 'il u Vi VI u 1 u u 1 iJ eJ CJ '11m CJ 111 u u u I $lu ri I u i \911 1 'il u Vi eJ ~ 1 u 1 11 lle:J :IJ i :IJ 1 u CJ I u i \911 1 'il u 
<u <u <U <u 

II] i ,; '9 "" "' a' "' a' "" II] i II] (Ammonia Nitrogen) !'W \911l'il'W'Yle:J~ !'We:l'WYJ)CJ'\1)e:Je:Je:J)llfl'Wfl- !'W \9l)l'il'W (Organic Nitrogen) !'W 

l1911ll-I'W il'l1l'il'W (Nitrite-Nitrogen)l'Wl\911Yl-I'W il'l1l'il'W (Nitrate-nitrogen) llrl~fl1'lfi'W il'l1l'il'W 

dl ' 
TKN '\1111CJtN ~ri'IJ1fn~'l111~0rganic Nitrogen llrl~ Ammonia Nitrogen (TKN=NH3-

N+Organic N) ~lie:~~1u i111~'W'Ue:J~Vi'lf'l1je:Ja~1 'l1je:J~lfl~'il1flfn~'IJ1'Wfl11E~ii;il'lt'lfu lfl~'il1 
"' ' "' 1 9 ~ "" "" di "" ""IIJ i ~I ' -I ''JJ ~I 'JJ 

fll)'IJ'IJlllCJ'UeJ~l 'ffCJ ~ CJ ! 'W u 'ffff11~:1JCJ!) CJ 'b'~ CJ\1 CJ'il~:IJ ! 'U \911 l 'il'Wlu'W 'ff1'U u1 ~ fle:J'IJ e:JCJ\Pldtllu'W\91 'W 
'" '" '" 

"" <>'II] i 'J) """" II] 'J) 
fl111lfl)1~'!1l'U \911l'il'U~1CJ11i Kjeldahl Method 'il~ ~~~m1:1J'Ue:J~ Organic Nitrogen llrl~ 



" 
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1 'j) ... I.e::.. c:! I d 3) 0 

Ammonia Nitrogen ~tl'l11fl\9ltl-:Jfll'Ju'J:IJ1W'Utl-;J Organic Nitrogen !'VW-:JtltJN!~tl1\9ltJ-;J'Vll fll'J 

"" "' 1 c! l.t] ... I Q.J I : 'j) 0 ..:::::.. rf 3) .C::..d & I d l.t] 'j) d 
1!ml~'Vi!!tl:IJ :IJ!'Wtltltlfl !U'illfl\911e:Jtll-:J'Ue:J-:J'Wl um'Wl:IJ11!ml~'Vi~1tJTB Kjeldahl CJ1-;J'fll'Vl !~'W'il~ 

" ;::!t A I"" ' OJ !u'Wu'J:I.JlW Organic Nitrogen !'Vll'W'W 

1. 'J,f~!fl~tl-:J~tltlbH'lltJ (digestion apparatus) U'J~fltJ'IJI91'1tJ Kjeldahl Flasks 'U'Wl~ 800 ml 

... I rl 0 '3) d'l 'j) 9) l.t] '3)& 0 'j) 0 'l :vd Q.J dc.t 
!!n~qumW'VllfiJllJ'Jtl'W'Vl 'Vifl1llJ'Jtl'W !~tn 365-370 C (fll'J Digestion fltJ-;J'Vll 'W~'Vl~~fi1'W'Vl:IJ 

. " 
qumw ffl'l1fm1nle:Jm~i1~n~~'W'illflfll'J Digestion) 

2. 'l5~!fl~tl-:Jfl~'W'l11 !!e:J:IJ 1mwtJ (ammonia) . 
3. m~1~ujm\9l'J (volumetric flasks) 

4. thu\91 (pipets) 

5. m~'Utlfl\911-;J (cylinder) 

6. 'U1~'JU'l5:1Jvl (flask) .. .. 

" . . 
1. t'hm1'Wi1U'Jlfl''illfl !!tl:IJ 1mwtJ (ammonia) 

"" "" "' 2. 1:Yl'Jn~CiltlvHY:IJtl'W~!fl!\91e:l'J (indicator) 

i'-:Jm'J Methyl red :IJ1200 mg Ul:I.Jln~mti'l'W ethyl alcohol95% ~l'W1'W 100 ml i'-:Jl:Yn Methyl 

blue m 100 mg Ul:I.Jln~mtJ'l'W ethyl alcohol95% ~l'W1'W 50 mL Ul1:Yl'Jn~CiltJN1:Y:IJ'lM!'li'ln'W 

3. l:Yl'Jn~Ciltl Indicating Boric Acid 
. " . 

i'-:Jl:Yl'J boric acid (HlBOl) ~l'W1'W 20 g 'l'WUlfl~'W !~:IJ1:Yl'Jn~CiltJN1:Y:IJ Indicator~l'W1'W 10 mL 
" . 

9)"" 0 OJ 'l"'IIJ"' un1!\9l:IJ'Wlfln'W 'Vi ~~ 1 1 
9) 9) 

4. m~ H2S04 !'U:IJ'U'W 

5. 1:1'11 Potassium Sulfate (K2S04) 

6. l:Yl'Jn~Ciltl Copper Sulfate (CuS04) 

I iJ I 'J) I 

i-:Jm'J CuS04 ~l'W1'W 25.115 g Ul:I.Jln~mtJ'l'WUlfl~'W!!~1!~:1JUlfl~'W'lrill'1' 1 L 

7. 1:Yl'Jn~Ciltl Sodium Hydroxide (NaOH) +Sodium thiosulfate (Na2Sp3) 

'J) I iJ I 

U11:Yl'J NaOH ~l'W1'W 500 gun~ Na
2
Sp

3 
~l'W1'W 25 g n~mtJ'l'WUlfl~'W!!~1!~:1JUlfl~'W'lrill'1' 1 L 

8. 1:Yl'Jn~Ciltl Glutamic acid (1,000 mg/1=95.14 mg N/1) 
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''1 "" : ~ 'I 3111] 31 d' cl II] 31 
'ffl':i:I.Jl 1.000 g l'ff !'W Volumetric Flask 'U'WWI 1 L !\9UJ'Wlfl~'W 111 !\PI 1,000 mL'ffn~~mV'W!fl'lJ n 

9 31 cl II] 31 "'- 1 "' !'W\91W'W !\Pl'Wl'W 3 'ff1J\Pll11 
'" 

" ' 0 3131 "" ']3111]31 31 0 <V 

'Wlm\Pl H2SO~ !'U:JJ'U'W :JJ1 28 mL !'ileHll~ !l1 !\PI 1,000 mL W:W'Wlfl~'W 

10. 'ff11~~mm.Jll'l'J~l'W H2S04 0.02 N 
" ' 0 "" ']3111]31 31 0 <V 

'Wl'ffU~~mm.Jl\911~1'W H2S04 1 N :JJ1 20 mL !'iHHlN !11 !\PI 1,000 ml IP11£J'Wlfl~'W 

fll) Standardize 'ff11~~m£J:JJ1\911~1'W H2S04 0.02 N 

1. !191'1m.J'ff11~~mvm\911~l'W Sodium Carbonate l~P~Vtl'lJ'ffl) Na2C01 ~ 250°C 

d 0 .e! <j} : ~ q :Vlf] 'j} d d li] 'J) IV ~ 
!U'Wnm 4 'lf:JJ. 'Wl:JJl 0.250 g !1ltl1ll~IP11V'Wlfl~'W m !\PI 100 ml 'ff11~~mV'W!fl'lJ !IPI'Wl'W 1 'ffll~P~111 

" ' 31 0 <V 

\P11£J'Wlfl~'W 

0 d"" 11]31 "" '13111]31 
2. 'Wl'ffU~~mv Sodium Carbonate l'l!\911£J:JJ !\PI :JJ1 10 mL !1ltl111~ 111 !\PI 200 mL 

3. !~:JJ'ff11~~mv Indicating Boric Acid ~l'W1'W 50 mL !!~TWlllll\911!\9111911'1'--:w 

'ff11~~m£J:JJ1\911~1'W H2S04 0.02 N 

11. 'ffn~~mv Borate Buffer 

ih'ff11~~mv 0.025 M Na2Bp7 (9.5 g 'Utl~ Na2Bp7x 10Hp!L) :JJ1 500 ml !~:JJ 0.1 N NaOH 

~l'W1'W 88 mL !!~111~'lJ11~m\911lM'II'l' 1,000 mL 
' ' ..:::! ~ ~ Q.l 

m1 !\911 vwm tJ~:JJBfl~'W 

0 ~ d .c! ~' d 
1. 'Wl Kjeldahl Flask 'U'Wl\Pl 800 mL !\9l:JJ!:JJ\Pl'lJl'llJ1~:JJllll 5-7 !:JJ\Pl 

" ' ' 
2. Ult.hm)ul1111lff1llflWl:JJ l:JJ!'WV 500 mL 

"" 31_f"-' ']3111]31 31 
3. !\9l:JJ'ff11~~mv Borate Buffer 20 mL !!~11J1'lJ pH !l1 !\PI 9.5 \P11£J'ff11~~mv NaOH 6 N 

4. Ullllfl~'W~l~'l5\Plfl~'W1l'Wm~~~1111ff1llfl Ammonia • 
5. llcit!Vl M' Kjeldahl Flask fl~'fffll'Y'l!~:JJ11~~ 1llflfl~'W!'ff~ 11!!~11l'Wfl111l~!~m11fl11fl~'W\9l1mh~~~ 

lltl\Pl Kjeldahl Flask tltlfl!!~~~ll~V'W Kjeldahl Flask ~iJI'11mll~!!Vl'W~ 

"" <V ' fll) !\91)£J:JJ\911t!Vl~ 

'1 ' cl 'I 31 ""' 1. Iff glass beads 3-4 !:JJ\Pl ~~ !'W Kjeldahl Flask 'U'Wl\Pl 800 mL !!~1!\9l:JJ'ff11 K2S04 

ll~mw 6. 7 g 

" ' 
2 !~:JJu11'11mh~ 'l u111mwl1mm~'ff:JJ\9ll:JJ\91U N'li'l~ciN 
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~'W'I'l~61u i~JI1l'W1ul'lTmil~ (mLIL) 1l~:m~JI'l1mh~ (mL) 

0-1 500 

1-10 250 

10-20 100 

20-50 50 

50-100 25 

" 3. l~tl1ll~t.'hl91'1mh~1t1'1?1 300 mL 

4. 1&1lJ{1'1Hl~fllV CuS04 10 mL 
.<::::to 'J) 9) I G) j/ 9) Q.l 

5. l~l.JflHl H2S04 1'\Jl.J'U'W 10 mL I'UVl Kjeldahl Flask tl'i{l'lJI'Ulfl'W 

' " o lJ]- I ')) 'I ')) "" - I"' - I 'I ')) "" o lJ] _ I ')) "" 6. 'WlllJ~lJ ll'ill'irlrllJJlJl~JlJJ~lJla! 10-20 mL l'Wfll1~l.Jll.Jtl'W11~!l'IV l1Jl'il.J~!tr!1 1l~l.J • " ' ' 
rr1u '\J11~'W!n~:Uu 1 t1' l'l'lJ~tJl tJ'Bn 30 ml1 191 1mh~l1iliYl'l 1 tJ~u 11~11l~ vu11lu iYm~tJ~tltJ'W l'l1 tJ1 ~ 

q q 

& .<::::to ~ '!J)d 
11~1l~1~1m 1 mvu 

" ' 
7. 1&1mJlfl~'W1J~:m~1 300 mL 

8. l~l.J1:1'l1r!~fllV Na0H-Na2Sp1 ~1'W1'W 50 mL 

9. '111 Kjeldahl Flask ~ill91'1tJei1~11l1l1~fltJUnu~~fl~'W un-:i~'U1~1t1'~11r!~mm'li'1nu 
I 'j/ I I I 

fl~'W i~mnUtJT~hWllfl~'Wt?i'mh~.JtJv 200 mL 1'W'U1~1iJ'l$lJ'Vi'U'Wl~ 500 mL ~~iJ~11r!~fllV 
"' "' 

I .<:::::t. ~ .d lJ19}cl q31 I 

Indicating Boric Acid tl~ 50 mL 11l.JiJJlJ1~1ml'ilJ~'I'l11~ l~lll'W 250 mL l!r!~ m'ilmV'Utl~l!'l'l~ 
I 'j/ I I 

'j) ~ o o .d <l.l lr) 9) I !G) 
!!flJ'I'l'Wl'Wl'l'lflr!'W l~ ~l.Jtl~ t'W{l'lj[l~fll(J Indicating Boric Acid 

10. tJ1ci1'W~fl~'Wl?i'1tJ l~11~J~ (titrate) l'ill'll Ammonia ?i'1CJ{1'11r!~fllVlJ1~1~1'W H2S04 
I I 'j) l 

1l'Wm~YI~iYI1l~vu!lluiY:l.JJ~tltl'W i~v1~'11lfl~'W 200 mL N~l.Jnu Indicating Boric Acid 50 mL 

" !llul'l11 l1vuiY11~ iYu ~~ 
q q 

'j) I 'j/ 'j/ 

11. 1ti'vh Blank i~v1~'11lfl~'W!!'I'l'WtJll'l1mh~ur!~11ml~li'mi1tJunu191'1mh~'l'lfl~'W~tJu 
q 

Total Kjeldahl Nitrogen (TKN), mg/1 = (A-B) *14,000 * N 



• 

111'miW:i'IJI'l,:l\'lTu~N, mL 

A= 'lJ1lJWl)'IJI:J~'ffl)J:l~nltllJl\91)~1'W H
2
S0

4 
~~~bll'Mf'IJvl';ll'l~l~ (ml) 

B = 111m\91)'\JI:J~1:'1'1)1:l~mtlm\91)~1'W H
2
S0

4 
~~~bll'Mf'IJ Blank (ml) 

" 
A I"' "" 5.1J)JJltufl11lJ'lf'W (Moisture content) 

"'"" 11ifll) 
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'j) I 1 ';iJ 'j) 

1. tht1'1vm~tua~I1Ja'IJli 105 ttlunm 2 i1 llJ~ '11~~1llflU'WUll'll'lri1ul'l'191191fl11lJ~'W ., 
I j/ 'j) I I 'j) 

2. i~u1'11t1nt1'1vm~tuem1'lll'l'u uwl'1a~Nm'lriuil'1i~u1'11t1n 

3. Ull'lla'IJ~ 'IJ)~mw 24 ~11m 
'iJ I 'j) I 

4. ull'll'lmlnl'l'a'IJ utl'1'lri'lul'l'191191mlll~'W utl'1i~u1'11t1nlimvi'IJ uuYimm 
"' "'"' 

" 5. fll'W 1W'I11fldllJ~'W l 'Wvl11'l~N 

" " " 111mwmllJ~'W (%) = U1'11t1nv11a~l~naul'l'IJ - u1'!1t1nv111'l~N'I1~~a'IJ x 100 

" 0 Q.l Q.l I J 

'W 1'11 'W fl\91 11'l til~ fll'l'W {) 'IJ 
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illtlH'Ulfl , 

• fl11fll'UlW 
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OLR (kgCOD/Liday )= D~lJl\911'Utl~l'V!m~!otll'J~'lJ'U(L!day )x VS 'Utl~l'V!'tl1~!otl11~'1J'IJ(mg/L) 

D~lJl\911~l '*'il~ ~ (L) 

2. fl11fll'U1U!D1~ff'Vlllfll'V'Ifl11th~'l'l'Uti~1~'1J'IJ (%Removal) 

1~v~nmnm~'IJ (day)= tJ~m\911'Utl~mm~'l'*'il~~ (L) 
>I 

.. tJ~mwm11lm,nhilv (L!day) 

• 

' >I 

4 .Vl'tlVli119liJmu (Methane yield) Yi!fll'l~'U i1'1lJ11tlfll'U1U! l~'illfl'fl'lJfl11 

,.1.::"::1 (;)1 d ... I ~ cl .:::i 

Methane yield (L CH/gVS removed)= u1lJlU!fll'l1'l11fll'V'Ix(!utiJ!Clf'UlJ!'Vl'U/100) 

(VS Inf-VS Eff(g/L) X D\9111fl11ll'in(Liday)) 

1'11m.h~fll'j fll'U 1U! 

fl11'11JJtl':hm~r-r:h~ PBW+DC 2.5% 'illfl\9lnl~ 3-7 tJ~mwnl"lf:Jhm'V'I!Yhn'IJ 0.87 L!Liday 

11J t~11clf'U iJ1'Vl w Yhn'IJ 86% 'Ut~~u ~~J~ m v~1m~ :u ~w'Vhn'IJ 25.7 6 giL 'Ut~~u ~~ 1~m v~lv'\1 i:l~m1 

1JTUI'l!'Vhn'IJ 14.75 g/L il~tJBmruiJ working volume 3 L 1~CJ~nm~'IJ 12l'U 

Methane yield (L CH/gVS remove)= (0.87 (L!L/day)x3 (L))X 0.86 

(25.76-14.75 (mg/L))X (3(L)Il2 day) 

= 0.82 L/gVS removed 



• 

' " 
li~ti'U1fWI111~ 3-8 01'15lJ!'VI'W~!fl191~'Wlwu~'tl~1\..!!'Yllfl'U 0.75 Llday !!'tl~iJ~mru'Utl~!!~~ 

1~m v~1V~\]mhu191 "l tJ1 uu~'tld'urvhnu 0.92 g/L 

' " 
Methane yield (L CH/gVS rcmuYCd) = tJ~:IJlU.!lJ!'VI'U~!fli91~'U1'Wll~'tl~1'W (L!day) 

'Uti~!! ~~1~!'11 fJ~1fJ~\] flflTUI91 "l tJ1 'W !!~'tl~ 1u(g/day )) 

= 0.75 Llday 

0.92 g/day 

= 0.82 L/g fCillO\Cd 

' " 
Methane yield (L CH/gVS added) = iJ~:IJlU.!lJ!'VI'W~!fl191~'W1'Wll~'tl~1'W (Liday) 

'Uti~!!~ ~1~! 'VI fJ~1fJ~\]fl!~:JJ l tJ1 'U!!~'tl~1'W(g/day)) 

= 0.75 Llday 

2.14 g/day 

= 0.35 L/g added 

" mnl91~nt~u~ufl'W!I91t~{li~1fl11:JJ~u 70% uf1'191~-;hli~1'Ut~~u~~~vhnu 30% (f1':JJ:JJ~111' 
q 

" 'Utl~!mn1'Wfl11lilJfl 1 L iJ'thm!n 1 Kg) 1f1'~lilJfl (PBW+DC 1%) !!1:1'191~11 

'Utl~!mn 1um111irn 100mL d d ~ d ' :JJ DC 'VI! 'W'Uti~!!'U~tlfJ 1 g 
"' 

'J) 1 "' d d ~ d ' 
lll'Uti~!'VICI'J 'Ufl11li:JJfl 500mL :JJ DC 'VI! 'W'Uti~!!'U~tlfJ 5g 

"' 
" I "! I 

'U1flfllfl11:JJ'l5'W'Utl~ DC !!1:1'191n1 

DC 0.3 g :1Jl'll1fl DC !1Jvn 1 g 
'J) 

lllDC 5g :1Jl'U1fl DC 11Jvn (lx5)/0.3 = 16 g 

" ' 
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!Vl'n~u~U'W'l5191fl11'VII91Cit1~~1 ~11:1'191lilJflci'J:JJ PBW+DC 1% !!1:1'191~111 'W'Utl~!lim 1 'Wfl11lilJfl 500 
q q 

d d &1~1 ' 
mL :JJfllfl\91~flti'WI91!!fl'W!\91tiHufJfltl~ 16 g 
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illflN'U1tl fl 

• 
PCR-DGGE 
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Q.l .c::t ~ ' ' 1. fll'HHWI\?IIell!le!elf.ll·HUJ {DNA Exctraction) 

fl11~fl'tn~TU'W'W 1i ft1'ff~ 1i:unH1~ ~~ ~1l~'W ~1(Jfl11 l~:U\9l''W 'fffl\Pl DNA 'il1fl~ ~iJ:l}i~~~lJ 
q q 

~fl£JW::;'ffl(J'U\Pl fl'W eHJfll(J 1 'W U1lfl~(J'ff ~WlH'Irl''UtJ~ ~ ~iJ;i~lh ::;flt)(J 1 ti~1(Jfl1\PllJ 1fl~flfl DNA 
'U 

" u~::; RNA 1'Wtl1mw 5-15% thrn!mt11'~ 

1.1 fiWi;TUU~ll?lrJff1,ti'Ue~'l~hou!e! 
Q 

~t B'W m iJtl 1::; 'ill IPltJ1 1:ut ~'W mH ~ EJ~ 'il1fll :ut~ fl~'U EJ~ ~t B'W t tJ tl 1::; fltl'U 1 tl~1tJMlivl t1 mvl 
q q 'U 

'ff~1'W1'Wlllfl ~ttl'WW~::;mtJJ11~~1 'W 'ffm1::;~t~'Wflm~ (pH=7) 111't1 miPlritJ'WI>l~J'W 'ff11~::;mtJ~ 
o:J '1 "'"I ,.I "'"""' .-<~ "' '"'~ .-\ "' ,I o '1 9J "' ltl'WlD !'W'Ul"'ll"'tl1:U'V'Htl'lf 7 'il~:Ufl11:Ul1'W\Pl'ff~ l'Wtl~'il1tlll'HN~fl'Utl~u1::;'il~'U 'Vl1 !li\Pl:Ul~fl~'Utl~\Pl 

'U q q 

v Q.l t::t a 
1.2 'Yitlflfll'ji;Tfl\?1\?lle!l!!el 

1. vh 111'tCJf~r5~1tJfl11'U\Pl~1mifmttJ1 'W l 'W 1~1 t'il'Wlli ~1111' ~::; tDtJ\Plt~'WN~l11'Elm1 VtltJNir ~ 
"'9) Ill "' ' 

lCJf~~\Pl1(Jltl'W !CJf:U l'lf'W lysozyme 

2. fl11 lWfl~ltl'Wltl 'il1fll tl1 ~'W ~tfll::; tlrl l \Pl (Jfl11 vh 111'1 tl1 ~'W l iltJ'fffll'W 1i1 1:U'lf1~l \Pl(Jfl11 l~:U 
'U 

'ffninvltlfl~l~'Wltltl'W (ionic detergent) l~uri Sodium dodrcyl sulfate:SDS ~~1'W 
"' "I "' .-\ dl ' l' I "' "" o:J 'U'Wll"'U'i l'Wtl~\Plll H\Pl~\Pl\Pl1::;l111~ U1 ~'WU~::;\Plltl'W W 

'U 

"' l"' I 1=:! 1=:! cl 9J Q.l o ~ ..::.1 o' .d .Q G) 9) ~ ~I 
3. fl11'fffl\PllWfl U1~'Wtltlfl'il1fl\Plltl'WlD \Pl1(J~1'Vl1~::;mtJtl'W'Vl1(J 'ff11'Vl'W(J:U !'lf fltl l"''Wtl~ 

(phenol) U~::;fl~tl hv!EJ{:u (chloroform) ~~'il::;f11111'1 t11~'WtiltJ'fffll'Wm:U1i1 1:U'lf1~U~::; 
" " " 

lltlfll tl1 ~'W tltlfll tJ t1 v~Hi'W 'Utl~ 'ffU ~::;~1tJ l\Pl tJ~ltl'WlB'il::; ~::; OltJEJV1 'W i'W 'U tl~U 1 
'U 'U 

I I 'j/ 'j/ 

ri1'W'U'W 1 t11~'Wu~::;iY~t~tJti'Wo'W"l 'il::;EJ~1::;w)l~i'W'I11u~::;Vl'WEJ~fl~El hv!EJ{ 

• 
dO.J t=:!cl dG): .Q d~ 

4. fl11lfl'U1fl£J1\Plltl'WlD fl11lfl'U !'W'Wlti1'ff'Vl1i l11tl Buffer TE (10 mM Tris-HCI, 1 mM 
q 

I 'JJ I I 

EDTA, pH 8) lfitJ~tJ\Pll<jftllfi~twlit;]lJ ~ 20 oc l11'Ellfi~twl1t;]lJ -70 oc 
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2. fl111~'i-lmmtu~!~hua1l!'tHIBVI'mHIB~ (Polymerase Chain Reaction: PCR) 

1J fl.fl' 1983 Kary Mullis fl'WVIUlYiflUfltlClf'Ol{VI~rnJfin~VlQfllGJflVI~D.HJ{t'j{Y tll'W 

lYiflUmYl'M~Ul~lJU~lllU!~lg'Wltlllhmnv'l um'Hl~YI~flEJ"l uan~ VlQfllGJf~EJ U'Jlf1t)f1UW~ 
'j} 1 I I j/ 

tn~~wlluihl'lumh~~muB~ 1 ut~BV"l 1l'W 'l 'W~f!~ !~vm~il\9ll.l'Mlfl'lfl !Yifluflfhllum'j t~vuu uu 

f11'j~l~EJ"l DNA (replication) l'W~~JJ;l\91 ~~tll'W!Yii'IUi'l~~'flrlqjl.Jlf1YIN~l'W~'W'qfl'1[1'191{1w~fJ~ 

nu 1 ~l.l ~ l'W 1u ~~ Sw B 'l u VI ~EJ~YI ~ ~EJ"llllu 11i nu vh !~!llv1n mffVVI ~ nm1 ~~~ vu ~mi1 
" 

' " ' 
ltl'W l GJ>'lJ' DNA polymerase lll'WW'W lGJ>'lJ'alrlqj l 'WU 5f1~ Vl rll'M'lJ l~I~WU{Yl!rl{YlV~Ig'WltlA"l~'W ~ 

JJB~u~1 1~wii ~~SuwBnmmllu template m1cr~lml~M1llu!umh~Qf1~B~ 1~vnnl~lJ!U{Y~l~ 

~{YWlU template mh~hnml.lf1UrlNl'W'lJEJ~ DNA polymerase l'WVI~EJ~YI~flEJ~JJ'll'EJ~ltl~ ~EJ 
I 3) I I I 

191' El"l JJ f11 'J I ~l.J El U! VI fl lJ Yl flfl ~ "ll:iJEJI fl ~ f11'j cr ~I m 1~ M [l'lV l Vllll'W Ell fi'~ I g'Wl El {1'1 VI~ lJ CJf ~Ill 'W fl IWfl 
q <U q 'U 

I I 'JI 1 

EJBmllu~~swfl[l'lm~v1nEJu nn ~~lJEJru VI flilu 1111 t1'1EJ'W 1 GJ>'lJ1lli{Y~v'jVIEJ~ 1)~rll"ll'W a "lli'l 'j 1~ ti~ 
q " 

3) '.l) 'j) I 

IB'W wcihu~ 1cHllri lVI m V"'] 'J BU ~ fllll l 'W U 1970 1JqJVI1 U nn ~~of U flU llfi'l 'lJI:iJ EJJJ flU rl'WVI U 

" 
2.1 'llu191EJ'W'lJEJ~uon~mQn1GJi1VIilllJEJ{I'j{Y 

:t ~ d d d .et 0 31~ d d 

1) 'lJ'W\9lEJ'Wf1l'jiWf1~!El'WIEJ!'U'W{Ylm~m (denaturation step) i'lEJ fll'JYillVI~!El'W!EJ!{YV[l'JllVI 

n 11 l.l'ln ~ 111 n~1 fl mll u [1'1 uri n mm llu [1'1 v1~ v1 1 fl fl iJ ~ 1 Bmff'l ti'! VI 1 ll.l B{l '11' 11 u 11 u 
" 

u~ nru ~~B~ fll'j l~l.lu~ mru uYJmV~IB'Wwl'iu u uu 1~ v 'l ~flru VI fllJ{Y ~ 93-95 
q " " 

l11mv~u n~ lei 1~'ji1J'W~1 ~'lum'j 11uri'lJB~{YlV~Iguw 
" 

'j) de! d 
2) .Uu191B'Wf1U11U'lJEJ"llVI'jll.Jfl{llfl~ DNA ~'Wl!UU (annealing step) ml'~'illf1YI~!El'Wifl!Wf1 

1ll u {Ylm~v1u~ 1r1~ QUI VI!Jil~ 35-37 oc 1 VI'J ll.l B { ~~~ll u ~ 1 Suw[l'lm~vTvi B'W iu "1 

.I "'"LI ""' ,d~l ' "' ""~ :>' 
u'j~l.JlU! 10-15 IU[l''il~l'lJl ~Uif11~1J'jlJU!YIIu'Wi'l[l'l.Jf1'WU'W{YlV~IEJ'W!El\9l'WllUU 

" 
~ 'J) odd I W d Q..J .c!d 

3) 'lJ'W \91 El'W f1l{Y'j l"l~ltl'W !EJ{YlV l VI lJ (extension step) VI fl~ 'illfl l VI 'j !l.JEJ'j lf11~ flU~!El'W lEl 

l'iuuuuu~11rlm~l.lEJU!V1 fllJ~'W1llu 72 oc 1Su tGJ>'lf~1Suw! Vlilll.JEJI'j{1'1J~I~l.lr11~1'W~1V 
q " 

I 'j/ I 1 

fll'j 1 tjfBl.l ~ mu m·1~ ff'lfu ~ 1 ~ v 'il~ 11 ~ihl'lunu ~~ v~A1'll B~ 1 u {1'\9Jll.ll U{Y~ 1ll uri {Yl.Jtl u u u ~ 
" 

d 31 'j) d d ·~ ~ ;f 
!El'W !El\9l'WII UU fll'j {Y'j l~~!El'WIEJ{YlV l VllJ1l"llfl~'lJ'W 

'j) 'j) I l 'j} I 

4) m1~ 1llfll{Y~ 11~u ml.l.Uu191B'WiimlluVIu~'jEJUUfin~m 1VIB 'l ti'h)~u ri1u ~d5wB~~D.Jfl11 
'j) 'j} t I I I 

mnVIB~~~B~JJfll'jrllcHl 'l u'llu191B'W~VIu~fi~{Ym 1~vmffmi'l~B~Iu~vu mlni nil o ;1 1:, ~: ~ 
' "' 
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I I 'j) I 

~ ,:j 1J fl11:JJ ~ 11 ~ u 1 V1 t~! ti'til ~ fl11:JJ ~ t~t i1 t~ ,:j'lJ f),:j u B f1j en #11m MI'J fl 1 f),:j u B f1j en~ ,:j ~t~-:l1 

Polymerase Chain Reaction 

2.2 tl·Ulth~fltl11'lltl·nJi)n~mgn1cuTw~hmwnr 

I) ~~~'W!DI'l''Wlt1J1J (DNA template) lff'W~l~'WlD~I'l'D,:jfll'Jl~:JJUjmru ll'lCJ~l~'WlD~ff~l,:j~'W 
" 0 0 .c::i d .c.1 

'ill 'ill Cl tl ,:j ~ tl'W l t!Vll:JJ ll1J 1J 'W 

2) 'lvnt:JJD{ (primer) ~D ~~~'W!tlff1Cll~CJ1tff'WJ'W'l ~l'W1'W 10-25 t1Jff ~,:j1offt~'WVl1t~:JJI'l'u1u 

~ 'lid ~'j).Q 
3) dNTPs (deoxynucleoside trihosphate) fltl dNTP, Dctp lli:l~ dGTP l'lft1l'Wffl'J\91-:j\9l'W'U,:j 

ufiiljvl 

"J o' "-'n,l 
0

,1 o' "! "J o' d 0 'J) d 'J 'J) d cJ 
4) !ti'W 1"15:JJ Taq DNA polymerase lli:l~ 1Jl"'ll"'tl'J fltlltl'W 1"15:JJ'Vl'Vllri'Wl'Vli'Wfll'Jff'Jl,:j~!tJ'W!tl 

~lJflWff:JJu&lVitfl'll ~D ffl:JJl'Jtl'Vl'Wml:JJ~D'Wff,:j (93-95 oc) 1#1 
q ~ 

5) tfl~eJ,:j PCR (Thermocycler) ~Dtfl~eJ,:jtU~CJ'W'QWMiJilll1J1JtJ\9ll'WJJ&ltvlmih!ti'tni'1UflfljCJ1 

U1J1J~mcit~,:j lum1 t~:JJlJjmru~t~'WtD 

PCR : Polymerase Chain Reaction 

o ;rlTn;:r~rnrnnriTTTn1rrr-rr~rriJTU~:]JYJI ,~ 
-•LU_J-cL , . i"' f "'-

,' ~rf[JitJ:t;~;_;JLLl-Lu~LA,~;~ 1w~JLutu L-:~-:~~~- s· 

-· Tnnrrrrn--:-rn-nrT:-nrrrnnrrrrrnrr'lnncrnrir , 
·· 1 -~ '· -- I _}_.lli.u.LLU.Ujl ilJl.J.U;JJLUL .'' 

,' 'T~~r;:~ \ ;if~!~~' .~~JI I ., , : - . I ~· .. ' 
lULLitl:J--'"-LLJllL.<_LL.>"'\LJL 'l'll<..tlJ.r,,, _U.LLJ :I'"'~,. 

~ ........ v '-...!~ ...._,_y , 

·H 

Sl~p l ; denaturatio1\} 

1 monu1 9-l -c 

Step 2 : ann<?aling "' 

4:' st:conds :'\4 ( · 

H :~ '_,I: d "- . 'f "'-' 
' ~ t ~- ' ' ~ 

Step 3 : extension 

,2 tnJnu!cs 72 '-( · 
'll' l·~ 'l ., ! ....... 

flll'IU'J~f1D1J fl-1 fll'J!~:JJujmru~t~'W!Dl'Wrii:lti~'Vl~Clti~(Polymerase Chain Reaction: PCR) 

Vim: http://www.vcharkarn.com/vcafe/39569 
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3. Denaturing Gradient Gel Electrophoresis (DGGE) 

~~~B l~h!!'YlfltJ fl1 '*uvnmTJJUflfl\9il~'lltJ~ hJ':i ~'W Jl-:wm:;:;u b1' I vHh i fl vmfl'v\91 1n (1 N!~'W 

l 'il (1 i fl tJ'il:;:; uvn i:JJ l() f1(1 'll u~~lg u w~ ihhihH u bY~ufl n~ 1 ~ nu I Jlu~ i1'll u lfl fl 1l:JJ tJ11'lltJ~~ lg'W m 
q 

dc1 Q.l I 9) ')) I dc1 'J} 'j) 

(denaturant) 'Yl:J.Jb1'flb1'1'W f11l:J.Jl'U:JJ'U'W'Utl~ bYl':i tll'Vi l':i (gradient) 'illf1b1'1'W U'W 'Utl~l 'il (1 'Yl:JJ fl1l:J.Jl 'U:JJ'U 'W 

uuv tlhYci1uciN~iifl1l:J.Jl'll:JJ'llumn ':i1:JJ t1H1~m':i 1 '*uw 'Vi f1in u m':ivhmv'Wu1i:;:;':i:;:;'Vi i1~~lUb1' 
cu q cu q 

I I !iJ I I I 

G-C YiiJ1 'W~lg'W ltlll~():;:;~Yillfi f1~l~rl'W iJ Vll111' f1l':i lfli)tl'W Yi 1 'W 1'11f1(11~1'1 ~Yinci11:JJ 1'1l1~~ 'W l!fl n~ 1~ 
"' ' w 

nu ~~ bYl:JJ 1 ':i fl:JJ tl~ l ~ u?, u u u U'll tl~ u flu~ lg'Wl uYi U':i 1n D u u l 'il (1 ~ 1 ~nu 1'1 ~ u 'W ~~~ B~ ~ l ~ w 'Yl fl iJ fl 

'Vi d ~ ~ b1'l:J.Jl':i fl UtJf1'lftJ fi'U tl~ If~ iJ~;;)fl ~ bY'W 1 'ill Jl U~ If ~iJ~1fll'l ~ f1 ci 11 'il:;:; iJ ihl'l Ul U bY~ Ufl f1~ 1~ rl'W 
' w ' 

rw tJ~'Vi u ~1'11u ml ~ ~m:JJ 'W t!f1'illf1U if~ bYl:J.Jl':i t~l'l flU t1 u~ l gu mYi bY'W 1 'ill u V11n u 1t m 1:;:; ,1 'Vi 1~ 11'lu 

lumviu1 '*f1mn1u':i:;:;l'lu~~n()~~tl hJ 
!i) I I I 

fl w f1l'Vi 'lJ u~ ~~~ B~u u ciA' u fl w f1l'Vi 'lJ u~ YlC1fu1 { Yi I Ji' 'ill n1 'j l Vi:JJ u~:JJ 1 w ~ l gu l u 1 u ci1u Yi 
q "' q 

~ u~m':i ftmn i fl vfl9fm {~u ~I ~l ~'W ~lg'Wl u:iJ fl 1l:JJU ~ bY'Yl f ii 'U'W lfl~m m:;:;bY:JJ u ():;:; u~mw 
q 

' w 
lfitJ~'VitJ m':i f1mn ~ l'W 1'W u ':i:;:; 'lfl m 'UtJ~u u fl Yil~ tJ i fl tJ 1 '*l 'Yl flU fl~~~B l~:JJ ~'W 'ill nm':i ftmn 

U':i:;:;'lflm~il'W'Yl~V1'W~'W (Muyzer et al., 1993) ~tl:J.Jl~~i:im':il~:J.Ji:im':iU':i:;:;~m11'*1um':i~flfll:JJ 
"I "" """'1 I "" u':i:;:;'Jflf1'J~()'W'jl]'jtJ 'Wtll'Vil':i l'lf'W 'lfbY (Ercolini et al., 2001; 2004) "1(1"1 
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l'lUl~ 'lfW~'Uti~U1Jf1~t'1mtr~~~1~1JiJ1f1~itJ I 'Yl~~i"l1J 

Bacteria 

1 uncultured actinobacterium; Cfl-14; GQ502465 

CCTCCTCCGGCGTAATGTGCTTTACGGCGGTGGGCTTCTGGGGCCCGCGGTGGG 

AAGGATCCCGGTTGCTGCCTCCGGCAGGATTCCCCACTGCTGCCTCCCGTAGGA 

ATCATATCTGTCTCAAGTTTCCCTGGTAAAAGACTTGAGTCTGCCCTCAATGGA 

GACCCACGAGTATGTAAAGAAGGTAAGTGTATGAAAACGTAAGAATGATATGA 

AATAACGGAATAGTTCGTACTCGGATCATTTATTTCGGTTAGCAGTTAATGCCC 

CTCTAT~TTGGGTAGGTTGGGAGTTTTTTAATTTT 

2 Clostridium sp.; AZ3 B.1; L23477 

TCAGGCTTCATCGTTCTCCCAGCGTGGCTCCTTCTTGGTTCCCCCCCCTGTGCCC 

CTTCCCCCCCGCTGCCTCCCCTAGGGGGCCCTACTGCTGCCTCCCGTAGGAACA 

CTATCTGTGCATGAAGCCCGACCACCCCCCCCACGTCCTGCCCCCAAGTTTTTC 

CAAACTGAATTATAGTCGATAATATCTATAACCCATCCTGCATCTTAGACCACT 

TAACCCAACCACGGCTACTCTTTCCATCGCTTTTTTACCTTCATTAAAG 

3 uncultured delta proteobacterium; D055111El0; GU179677 

TCAGGATTCTTCGTTCTTCGGCGTGGCTGCTTCATGGTTCCCCCCTTGTGCAAAT 

TCCCCACTGCTGCCTCCCGTAGGGGGCGCAGTGCCGCCAGGGTAGGAACACAA 

TCTGTCCACAACCTCCTAGCCACACAGCCCTATTCTGCCCCAAGATTTTCGTAG 

GAGGAAGTATAGACGGAAGTATCAGAAGCACGGTATGGGCTCATTTAAGGGTT 

TAAATCCAACGCCGGGTCATCCTGCTGATTTTCTTTGATTCTTCATTTAATAAAA 

GTTGGTTTTTTTTTGTTATTGTTTATTAT 

4 Actinobacillus sp. 4069; FJ405311 

CGAAGAGCTTCATCCCCCCCGCGGCGGGGCTGCGTCAGGGTTCCCCCCATTGTG 

CAATATTCCCCACTGCTGCCCCCCGTAGGGGGCGCTGTGCCGCCACCCGTAGGG 

AGCACCATGATCGAAAACCCCCGGTAACAACCCCCAACTCTGCCACATCGCTC 

ACCAAGAGAAAATAGGACGGAACCGACAAAAAACCCCACGCAGTCCCTCTTTA 

CCCCTTAAACCTAATTCTCTGTTTTTTTCTTTCTGA 
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5 Bifidobacterium sp. DPVI-TET3; HQ842704 

CCGAAGACCTTCTCGCTCCGCGGCGTGGCTGCATCAGGGTTCCCCCCATTGTGC­

AATATTCCCCACTGCGGCCTCCCGTAGGGGGCCCACTGCTGCCTCGGTAGGGAC 

CACGCGCATGGAGAAGCCCCGGGGGACGACCCCATGTCCGTCCTAAGATTTTTC 

TAGGAGGGAAATATTGACGGGCCCAGAGGAAACCCGCCCACTCCTGCCTTTAC 

CCTTTATAAACATGCTCGGTGAGGTCCTGCGCGCG 

6 Citrobacter sp. DBM; EF649780 

GCCTTCGTGAAGGGTTTTATCAAGAGGGTTTTCTTCTTCGGCGTGGCTGCTCTGG 

GGCCCCCCTGTGCAAAATTCCCCACTGCGGCCCCCCCTAGGGGGCCACTGCGCT 

CGGTAGGGAGCATCCGGTCATCGGACTGGCACAACCCACTCGGGCTACAGGTT 

TTCTAAGGGGGGGTTAGAGTCGGG 

7 uncultured bacterium; C_A3; EU735723 

8 

TCTCTCGGTACGTCATTACCTTCCCCTGAAGACAGTTTTACATCAGAACGCTTCG 

TTTTTCCGGCGGGGGTGCTTCAGGGGGCCCGCCATGTGGCGGATCCCCACCGCT 

GCCTCCCCCAGGAGGCCCACTGCTGCCTCCCGTAGGAAACATGTTCCGAATTCC 

CTACCTACGCGCCAACTCCCTCCCCCTTTCTTCAAAAA 

TTTCCTAAGGGCGTCATCTTTCTTCCGGCGGGGGGGCTTCATGGTGCTTCCGGTT 

TTGCTGGATTCCCCACTGCTGCCTCCCCCAAGATTCCCCACTGCTGCCTCCCGTA 

GGAAACTACCCCTATCTTTCCCCACGTGGACCTGGTAAAAAGACTTTGAATTCA 

GGCCTCCTTGGAAGCCCTAGGAGTATGTGGAGAACGGTGGTGTAGAAAAACCG 

ATAAGAATGAAAAGAATTACTGAAAATAATTCCCACCACGGAACCCTCCCTTA 

GCGATTAACATTTGGGATCCCCCCCCAAAA 

9 Bacillus sp. BEl; AB052966 

TACAACCAGAAGGTCTTCTTCTTTCAGGCGGGGTTGCTTCGTGGGGCTTGCGCC 

TGTTGCGGAAGATTCCCTGCTGCTGCCTCCAGGAGGAGCAGTGGTGCCTCCGGT 

AGGGGCTACTCATATCTTTCTCATGTGGACCTGGTAAAAGACTTGAATTCAGGC 

CTCATTGGAGCCCTACGAGTATGTAGAGAAGGTAAGTGTATGAAAGCGTAGGA 

TTGAGATGAAATAAGCAGAGAAGTAAAAACAACTG 
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10 Thiomargarita namibiensis; NAMOO 1; FR690879 

GTTTTACCTAAGAGCTTCTTCGGTCTTCCGGCGGGGTTGCTTCATGGTGCTTCCC 

CTTGTTGAAGATTCCCCTCTGCTGCCTCCCCTAGGAGGCCCCAGTGTTGCCTCCG 

GTAGGGGATCTCTATCTTTTCCCAAGTGGACCTGGTAAAAGACTTGAATTCTCG 

CCTCATTGGAACCCAACGAGTAATTGGACAAGGTTGGTGTTGTAAAACGACAG 

AATGAAAATAAATCACTGCAAAATTTCCCATAC 

11 Pseudomonas fi1iscindens; ATCC BAA-697; A Y259924 

TCTAAAGACGTTTTCTTCCTATAGGGGGGGCTGCTTTCAGGGTCCTCCCTGTGG 

AAATTCCCCTCTGCTGCCTCCCGTAGGGGGTGCTGCCTCCCGTAGGATAGGGGC 

ACTCATATCTTCTCATGTGGACCGCTAAAGACAATAATCTGGCCACTTTGGAAC 

CCAACGAGTATGTGGAAAGGTAAGTGTTTGAAACGTAGGATTGAAAGGTATTA 

TGCTTTAAACAACCACTGAATCATCTGGACGGTTG 

12 uncultured Arcobacter sp.; DS067; DQ234151 

TTACGCACCGAAATGTGTCATCCTCCACGCGGCGTTGCTGCTTCAGAGTTTCGT 

CCATTGTGCAATATTCCCCACTGCTGCCTCCCGTAGGAGGTGCGTGTGGTCGGT 

TGGAACCTACTCTATCTATCTCATGTAGACTGTAAATGCTTGAATTCTGGCCTCA 

TTGAGCCATAGGAGTATGTGGAGACGTAGTGTAGAAAAGCGTAGATTAAATAG 

AATAAACAATAATTCCTACTCTGATTCTTTCTTT 

13 uncultured bacterium; M-5; GU553019 

CCCCTAAGGGGGTTTTCTTTCTTGAGGGGGTGTTGCTTTGTGGTTTTTTCACGTT 

AGATTGAGATGGTATAAACCGATTAATTCTATTACTGGATTCTTTGTTGTGGAT 

ATTCCCCACTGCTGCCTCCCGTAGGGGGTGCTGCCTCGGTAGGGTAGGGACTCA 

TATCTTCTCATGTGGACCTGGTAAATAACTTGAATTCAGGCCTCATTGGAGTCC 

ATACGAGTATGTAAAGAAGGTTAGTGTAGGAAA 

14 uncultured bacterium; SBW-53; FR828751 

TTACAATCCGAAGACCTTCTTCCTTCACGCGGGGTTGCTGGGTCAGGCTTGCGC 

CCATTGCCCAATATTCCCCGCTGCCGCCTCCCGGAGGACAGCTTCTTCCCCAAC 

ATTAAAACTCAGATCTCCCGTGTGCACCTGCTGAAGGATGAATTCTGGCCTCAT 

TGGTGATATGCTAGTAGAGAAGAGGTGAGTGTATTATACGTAGGACTGAAACT 

AATGACCATAATTTTTTTTTGGTTTCTTTCTTTCG 
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15 Actinomyces sp. BL-79; FJ234421 -~ CGGCGGGGTCTCTTCTTCTGGGGGCGTGCTGGTAGGGTTTGGGGGGGGAAGTA 

CTCAGCGGTGGCCCCCTTGGGGGTGGCGGGGCCGGAGGAAGGGACTAATCTTC 

TCAGTGGATTGGTAAAGGATGATTCTGCCCGTGGATGTGACGAGTGGTAGGAA 

GTTGGTGTAGAAAACGTAGGATGAATGAATAGCCTTTATTCTACCACGGAGTG 

ATCGTACGGTTG 

16 

CTACTATGAAGGCATTTTACGTTTTGAGGGGTGGGGGCTTGTGGGGGCGCGGGT 

GGGGCAGGATTGCCCCCGGTGGCCTCCGGTGGGGGCTGCGGCGTCGCGTAGGG 

TAGGGGAACTCATATCTTTCTCATGTGGACCTGGTAAAAGACTTGAATTCAGGC 

CTCATTGGAGCCCTACGAGTATGTAGAGAAGGTAAGTGTATGAAAGCGTAGGA 

TTGAGATGAAATAAGCAGAAAAATACAAACAACTGA 

17 Bacillus sp. DU54(2010); HM567110 

.. TTTTTTTCCATTACCTTTGCTCTTTACGGGGTGTTGCCTTCTTCCTGCGCGCGGG 

GTGCCTAGATCCCAGTTCTGCCCTCTATAAGGAATTCCGCACTGCTGCCTCCCG 
~ TAGGAAGCTCTATCTCTCTCACGTGGACCTGGTAATTGACAAGAATTCTCGCCT 

CATAGGCAATGAAGGAGTAATTGGTCAACTCTGGTGTTGTAAAACGACAGCGT 

ACCAACGTATAACTGCCTTCTTTCCCATACACGG 

18 uncultured soil bacterium; 2_04; EU589299 

TTTACCTCCGAGGATTTTTTTCCTTCCGGGGTGTTGCTGCGTCGGGGTTCCCCCT 

GTTGCGCAAAATTCCCCGGTGCCGCCTCCAGGGGGAGCCCTGCTGCCTCCGGGA 

GGGGACCTACTCATATCTTTCTCATGTGGACCTGGTTATTGACTTGAATTCTCGC 

CTCCTTGGAGACCTACGAGTAAGTAGAAAAGGTTGGTTTATGAAAACGTAGGA 

ATGAAAATAAATTAGCCCAATATTTCCAACCAC 

19 uncultured rumen bacterium; L3A_E05; EU381435 

AGTTTACAATCCGAAGACTTTCTTCCTTCACGCGGTGTTGCTGGGTCGGGCTTG 

JJo 
CGCCCATTGCCCAATATTCCCCACTGCCCCCTCCCGGGGGACCCCCTGCTGCCT 

CCGGTAGGGGTCTCATATCTCTCCCAGTGGACCTGGTAAAAGACTTGAATTCAC 
.. 

GCCTCATTGGAGCCCTACTAGTATGTAGAGAAGGTAAGTGTATGAAAACGTAG 

GATTGAGATGAATTAAACCCAGAATTACCAAACCA 



.. 

20 uncultured Acidobacteria bacterium; KBS _ T8 _R4_149252 _c6; HM061797 

~~CC~CC~CG~GG~~C~CC~GG~~~~C~C~CCGGG~G~C~~C~G~~TCCCTT 

GCAATTCCCTGGCTCCGAGGGGGTCCAGCGACTCCACCTACTTCCTGGACTGTA 

TAACTGATCGCCTCTGACCACATGTAAACGAGTGTCCAACGTAGTATGAATAAT 

AACATTACCCCGGACTCTAAGATTACTTTGTCTTCAATAAAATAAATGT 

Archaea 

uncultured Methanosaeta sp.; EU857632 

ATTTGTAACCTGGCACTCGAGGTTCCCTTATCGCTGTTGCCAGCATTGTAAAGTT 

TTCGCGCCTGGTGCACCCCGTAGGCCCCCCGTGCCCCCGCCCCGCCCGCCGCGC 

GCGGCGGGCAAGGCGGCTGTAGGGTGTCTCAAGGGGGCCCTGGTAGAAGACTT 

GAATTCACCCCTCATTGGAAACCAACGAGTAAGTAGAAAAAGTTGGTGTATTA 

AAACCTAGAATAAATGATATTACCGCAATATTCCCACTACTGATCCTTCCTATA 

ACATTACCTTTTTTGTTCCTTCC~ 

2 uncultured Methanosaeta sp.; M6; AY692056 

GTAACCTGGCACTGGAGGTTCCCTGTATCGCTGTTGCCAGCATTGTAAAGTTTT 

CGCGCGTGGTGCGCCCCGTAGGCCCCCCGTGCCCCCGCCCCGCCCGGCGCGCGC 

GGCGGGCGGGGCGCTCTATCTTTCTCATGTGGACCTGGTTAAAGACTTGAATTC 

TGGCCTCATTGGAGCCCTACTAGTATGTAGAGAAGGTAGTTTTTTAAAACGTAG 

GATTGAGATGAAATTAGCATTTATTCATACTACT 

3 uncultured Methanosaeta sp.; M30; AY692057 

4 

ACCTGGCACTCGAGGTTCCCTTATCGCTGTTGCCAGCATTGTAAAGTTTTCGCG 

CCTGGTGCACCCCGTAGGCCCCCCGTGCCCCCGCCCCGCCCGCCGCGCGCGGCG 

GGCGGGGCGCTATCTTTCTCATGTATACTAGTTATAGATAATATTCTCCCCTCAT 

TGTTATTAACGAGTATTAGAAAGGTGGTGTATTAAAA 

Methanosaeta concilii; X16932 

ACCTGGCACTCGAGGTTCCCTTATCGCTGTTGCCAGCATTGTAAAGTTTTCGCG 

CCTGGTGCACCCCGTATGCCCCCCGTGCCCCCGCCCCGCTCGCAGTGGGCGGCG 

GGTGGGGCGCTTGCTTTCTCGATGAACCTCTTTTCTTGCTAAAATATTTCCTCTC 

TTTGCAACCACGCATTTATTGATAACCTCTGGGTCTGTCAAAGCACAAAAGACA 

146 
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AGCGAATCACTGACATCTTTCCCATACACTGAC 

uncultured Methanosaeta sp.; Samali3; EU580027 

AGCCAGATTTGTAACTGTGGCACTCGAGGATTCCCTGTATCGCTTTTGCCATATT 

GTGTAAAGTTTTCGCGCGTGGTGCACCCCGTAGGCCCCCAGTGCCCCCGCCCCG 

CCCGCCGCGCGCGGCGGGCGGGGCGTCTATCATCTCTATAACCTATTATACTTA 

AATCTGCCTCATTGAACCTACGAATATTAGATAACGT 

6 genus Methanobacterium 

7 

uncultured archaeon; D242_ARC_0302_1_080; AB447830 

CAGATTTGTAACCTGGCACTCGAGGTTCCCTTATCGCTGTTGCCAGCATTGTAA 

AGTTTTCGCGCCTGGTGCACCCCGTAGGCCCCCCGTGCCCCCGCCCCGCCCGCC 

GCGCGCGGCGGGCAAGGCGACTCATATCTTTCTCATGTGGACCTGGTAAAAGA 

CTTGAATTCACGCCTCATTGGAAACCTACTAGTATGTAG 

AAGCfGGCTCGGAGGTTCCTGTATCGGTTTTGCCAA TTGTGTAGGTTTTTCGCGT 

GTGGTGCACCGTAGAGGCCCCGTGTGCCCGCGCCGCGCGCGGCGCGCGGGGGG 

GGCGGTCCTACTCTATCTTCTCAATAAACCTGGTAATTGACGAAAAAATTTCCC 

CTCACTGGACACCAACGAATAATTTGACAACGTTAGTGTATTAAAAAGTAAAA 

AGGACAACGAATTAACTGACAATTTCCCCCTACTATGACTTCATTTAAAAGTTA 

CTTTTTGGGTTCCTCCC~A 
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