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The aim of this research was to investigated the perfonnance of Two Stage Anaerobic 

Digestion for treat biodiesel wastewater and the effect of organic loading rate (OLR) to 

biodiesel wastewater treatment efficiency. Wastewater used in this study was collected from 

biodiesel production process with alkali-catalyzed transesterification of Refined Bleacheached 

and Deodorized (RBD Palm Oil). CSTR acidification tank (0.5 L) was connected to 5 L CSTR 

methane tank in series, while the flow rate constantly was kept at 0.5 Ud throughout all 

experiments. The retention time of acid tank and methane tank was I day and 

10 days, respectively. At Organic loading rates 0.46-1.50 kgCOD/m
3 
-d. , showed that the 

removal efficiencies of soluble COD, methanol and glycerol were 93 .30-98.04%, 88-100% 

and 67-100%, respectively. The biogas yield and methane yield were 0.21-0.39 and 0.19-0.25 

l/gCOD removed, respectively.The biogas analysis showed that ratio of methane in biogas 

was ranged from 63 .32-68.58 %. It was observed that the COD removal efficiency and biogas 

yield were increased with additional OLR from 0.46-1.50 kg-COD/m
3
-day. The optimum 

OLR was occurred at 1.10 kg-COD/m
3 
-day, the highest COD removal efficiency was 

achieved at 98% while biogas yield and methane yield were 0.30 and 0.20 l/gCOD removed 

respectively. 
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tJ'YI'YI 1 

tJ'YI'lh 

1.1 tl1uJlihnnllt'l~tl11t1thtl,!!'Il6~if,!!'H1 

I JI JI I 

ff~ 1~ fl1llJ ~lJ fI ~'Yl H~ llJ l'l ft ~ ~ llJ ll'l 'j 1:::1 tllJ l1l~lJ I ;ftHl'l il ~lil1llJ1 1 ~1 ~ U, II ~ tl ~ U fl n ~~ II tl fl ~ 

Ifl~tl~UlJ~ ~lU~tl fll'j Hil~ ufln fl~'llJ~ 1 llfl~ 1 ~1~ tJ~lJ~ffllJ1Hnll '~~lUfllU1 lJ tlna'Yl fl' 

llfl~ 1 mhlJ'\Jtl~tl'j ~l'Ylfl" 'YlUlTlJ U~ltllJ fll'j ~tllJfflJ tl~~ tllJ lU1JlU'IJ tl~f j1Jlfl 1 lJ fln 1~l'lft~~llJ 
'Yl~ll 'YllJ~ Hil~~lJltl~ fllU1 lJ tl'j ~l 'Ylfl'tjf)~ 1U l~ tl~'ill fltl'j ~1'Ylfl" 'YlUltllJ tl'j ~1'Ylfl'lfl'll ~'j m 'j lJ\l~ U 

'li'tl '~l'lJj UlJ 1lJ fll'j i~11l1~tJ~1Jl'~tlHil~ltllJl'lft~~ llJ'Yl~ll'YllJ yh 1,", ffllJlHl'lhutl'j ~11 u~i~lJ~'j 1 

llfl~fl~fll'j14~l'llJl~lJ ~lJ'illf)~ l~tl'j ~l'Ylfl" Iltj mf~u~'1hUI11 fitllf1'll~ 'j m 1lJ fln lvi lJ'j lU' ll11fl~ 
HflHil~ 'ill flfll'j lfl'll ~'j ItllJ fin '1hUlvilJjllJ~'Yl Hlfl''j 'llj n'il 1lJ 'j ~~m 1 fl11 tYl~ llJlJ lUlJ lU'lJtl~f j 
'" & -1 1" ~ i 1 '" ~, _I _I' ~ ... tl fl'YlH11lJ~ lJ tlf)'illfllJ fll'j 'lfl'l M~llJ lJ tl~l9fflfN'lf1Ufl~fll'j ufl~ufltlUfll9fI'j tllJ m ~ 'il flllfl~ 

lJflri'll'YlHtllfllfl'~tlHlritl1,",ln~fl1llJl~U~~tltl'IJflll'ltllJl~U l'lilJ ~lJfl~tltl~ 

nl9ffll{ mllJ lJtllJ tltl f) '9f~ nl9fcHflll'l tl{ tltl fl '9f~ llfl~ nl9f' lJ 1 ~ 'j l'illJ tltl f) '9f~ ItllJ~lJ 
~, " <l" ,~& i" .,. , 1 '" 'illflfflUl'l'j~llJ~'jtllJU11 flfl'IJtl~tl~fll'l'j~1Jl'YlfflJl\9l'ill'l'j~I1JltlQ111 9f~ ~l'YlHfl'fl'lll lJ tl~l9ffllJl 

., . 
ItllJ'j~u~nflllJllJ\1lJ 'llfmH1fl 1lJ'j~~lJlJllJ l'lfl~ nlJli~ '11m ~\1~iY'Yli1J~'j B5 (mwli1~ 

" 
, lJ 1 tl~l9ffl HfflJnlJl1l~lJ~l9ffl 1 lJ ff~t'hlJ 5:95) llfl~ 'YlHl'l'j ~'j l'lf'YlllJ 1,",ltllJ fflJ1J~'IJ tl~'lfl~ 

uri tl1~'lflJ'lf11' 'YlU 11lmf~tl'j~I'Ylfl"~tlii1J~~llJfll'jtl'lflm~uff' lJ ltl~l9ffl~ffllJ1Hltl'j~11 U~ 
" flnl1ll'li'111l~lJ~l9fflltllJ~llJ1lJI1lJlrm~'lJ~llJ1Jl'Yl 1lJU~fl~i1 (fh~l'l~fll.n'lf'j ff ~tl, 2550) 

fll'j Hil~' lJ 1 tl~l9ffllrlJltllJl'YlflllJ 1 flu~thtitytldH11i1~ 1lJf)nl1l'IJtl~liYu~1l'l1flJl~lJ 
.d ... 1" ... 1 "1 ....:... & ... , 1 '" 'Yll11fltl 'If'illf)m~111lJflnHfl~tl111l'jlJl 'If lJfll'jHfl~I'lftlll'lfl~ 9f~m~111lJflnHfl~ 11 tl~l9ffl 

1 ~ U 1 ~ffl Hi H I tllJ ~ 1 d ~ tl ii nl Ul 1 lJ tl ii nl Ul 'Yl 'j llJ I tl ffl 'Yl tllnlflilJ lr lJl tllJ ill ~ii UlJ nlJ 

tldHfl~H'lJ1l~ l~tl~'illflltllJtliinlul~~luufl~ln~1lJ'j~u~l1mtlmflJ (Suehara llfl~flW~, 2005) 

~llJq'Yl1ifl'lff~{fll'j~WllJ1Ufl~ff~lffllJ'11 ltl~lC)ffl tl'j~fllfl' W 1lJ~ 18 lJmlfllJ 25481~tJ~1111ftfl 

'lJtl~' 11 1 tl~l9ffl '~llri tll~ lJJ1~lJ cJt~11'il~1JlJ ffllJ1H1Hil~' 11 1 tl~lC)ffl ill 500,000 il~ 'j~tl1lJ 
'ill flJ l~lJ tll ~ lJ~ 111 fitl \1lf) fln 11 n fl fI 1 lJ tl 'j ~ 1'Yl fl lJ fl fl'ill flih 'j ~ ~ llJ ffn~ J 1 ~lJ tll ~ lJ~11 
U~ ffllJlH1HHflJ fln lvilJ~lJ'lJtl~Hfltll~lJ~11 '1lIfifl11fftl~ll;' 11'il ~1JlJ U'l1lJ'lflJ 11thu~llJ lJ lil'Yl 

ufl~~1,",fl1llJfflJ 1\1 1lJf)nHil~' 11 1 tl~l9fmtllJ~llJ1lJlJlfl u~~tlff'j'jfl 1lJf)n Hil~'11 1 fl~l9fflfltl 
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. ., 
11:; ff ·HHlfl 'j:;l1 'U~ tJ if ~ U 1~ t1'tJ 1J i U tJu 1f111 ~ nYu ~fl ~ 11 U~ (l:; 'j 1 tI~ nHJ1 tl11J1111i fll'i ti1.o~ 

" . ., . 
l1UlIfl~ l~nUtJtJfl' U tJ[h~' 'j ~1I11Jfll'j .o~fll'j'lltJ~lffml(l:;fll'j1hu~l'hlfftl111n~1I1flm:;'U1U fll'j 

fl~lI i 'U 1 tJ~I·lmiJ~fI~Ufll'i fffllJ1U(l::nWlUltJQi U 1~~ln~ ~~,fu ~~~tJ~1111ifll'i1.hU~J11ffti 
, I I" 

11 1111J1:;ff1Jlm:;uu'j :;ifl1 ~ fll'Yil~tJ'j tJ~f'Ufll'j fl~~ , 'U 1 tJ~IClml1 ti1ft~'II tIlm11ff ~~u i U tJu 1f1~ 
" ., ., 

~lu1.otlil~~fffllm.h:; ifl1~ fll'Yifll'j u1u~,hlfftl' 'U ltJ~ilC)f(ll ~tlH'i::'U'U11Ufl HtJtJflcilllu 
" 1)1 , 

U 'U'UfftJ~.,jUlItJU 1 ~tI'i :;'U'U11U flll 'U'U'! tJtJflcilllUl1:lU 'j :;'U'Ul1iltlmj 11J1 i ~ff111f 'UU 1U~l'hlfftll1U 

Ul1J1W fl111Jl~ 1J~U'IItJ~ ff1'j t1U l1 ~ Uff ~ 1m:: 111 flU U ~ fll'j utJ tlff(l1t1m~;1fll'Yi u'U'U'! tJtJ flcilllU 
" ., ., 

tJtJfll1:lU fftJ~.,jU~tJU 1I::ff11J1'j fI(l~'j:;tI:;l1m fll'j 1~'U nmj 11ffmm:;(l~'IIu l~'IItJn:;'U'U i~ fi 1 i 11' 
., ., 

U'j:;11 iJ~ft 1 i~~lt1 iu fll'j t1tJff! Him:; fl1'j fl1'UfJ 1J'j ::'U'U U tJ fl1l1 flil iJ~l'I11J1:: ff111 f 'Ufll'j~ ~~ki 11Jn'U 

o QI dd , )I d ! QI 111 J/a-J.o::t .d CIt J 0 Q.I ~ lit " 
'j:; 'U'U'U1'U~l11JtJQU(l1 tJ fll1 ~tI~ I ~fllC)f~1fll'Yil11fl~'IIU 111 flm:: 'U 1U fll'j 'Ul'U~I'UU fl(l'Yi(ltJ til ~ 

do, _ I 1 iI 51! ~ i ild iI ~ "" 
l1ff11Jl'iflU1 1J ~llJU'Yi(lH1Ul1~Ill1U ~tJfl~1t1 C)f~fl(l1l1flfll'il1~(ltJ~ff11Jl'jfl'UtJflfl~ 

., ., 
U 'j:; ifl1~ fll'Yi lu fll'i U 1U~lhl fftl' 'U 1 tJ~IC)f(ll ~tI'j:: 'U 'U11 U fl i! tJtJflci 11lUIl 'U'U fftJ~.,jU 11 tJUU(l:; 

1.2 19lQlh:::i;J.u~"t)~fl1'i19t1 

1 .2. 1 ff flll1 fl (l 'II tJ ~ t1 ~ 'j 1 fl1 'j :; ff 1 'j t1 U l1 ~ U ~ U ~ tJ U 'j :; if l1 ~ fl1 'Yi i U fl1 'j ti 1.0 ~ ; 1 tl ~ 111 fl 
., ., 

l'hlfftli'U 1 tJ~IC)f(ll ~tI'i ::'U'U11Ufl HtJtJflcilllUIl'U'UfftJ~.,jU~tJu . ., 
1.2.2 ffflll1fl(l'lltJ~t1m 1fll'i:: ffl'it1U l1~ Ul1U~tJfll'jfl~lI n1C)f;1 fll'Yi 11 1 mh Iff tI , 'U 1 tJ~IC)f(l 

1 ~tI'i :;'U'U 11 U fl'! tJtJflcilllUIl'U'U fftJ~~U ~tlU 

].3 "t)'Ul"91'Ut)~fl1'i19t1 
., ., 

fl1'j U 1 U ~ U 11 ff tI , 'U 1 tJ ~ I C)f (l 1 ~ tI i ~ 'j :: 'U 'U 11 U fl , ! tJ tJ fl ci 111 U II 'U 'U ff tJ ~.,j U ~ tJ U 

11:lU fll'j l1~(ltJn :;~'U 11'tl~U Bu~ fll'i ~~fi 1fll 'j l1~ (ltJ ~ W 11' tJ~U Bu~ fll'j fllfl1~11fnfl'j'j 1J 

~ ~111~t1'tJ1J flw:;1ff1m'j 1Jff1ff1l1 ~W1(l~mW 1J1111l1t1l ft tI 1 ~tlti111U~'IItJ'Ul'll1l'lltJ~fl1'i1.otl 

~~~tJ'uif 
., ., 

1.3.1 ~ 1 U 1.0 tI il fi 1 fl1 'j l1 ~ (l tJ ~ U 1 U ~ U 11 ff tI , 'U 1 tJ ~ 1 C)f (l 1 ~ tI 'j :; 'U 'U 11 U fl , ! tJ tJ fl ci 111 U 

fftJ~~U lItJU 'IIU 1~ 11' tJ ~U B u~ fl1 'j U 'j:; fltJ 'U~ 1 tI'j:; 'U 'U t1 ~11 U fl m ~Il (l:;'j:; 'U 'U t1~ 11 U flf11 C)fUIl1 U ~ tJ . ., 
tJ'l-I m 1Jnu 1 ~tlt1~11Uflm~lm:;t1~11 Ufln1C)fUIl1U 111fttJ fl i~iu ~lU 1.0 tlil11:lU t1~11Ufl'! tJtJ flcilllu 

'" 1l'U'Ufl1U ff1J\!'jW 



3 

1.3.2 Ol'l1'U ~ 1.11' l::1Jtl'l1 ir f) ,! tltl f)eil \1'Ul11J1Jfftl~~'U~ tl'U ih:: tI:: l1Cllnmi f)'Yl H'lmfYlff~{ 
'nlJ I 1 1'U 1 ~w1.,r l ::1J1Jt.i·m irf)m~UCl::l ::1J1Jt.i~'I1irf)ol'lfiil'Yl'U lh::tI::I1Cllnf)~f)'Yll~'lfClfYlff~{ 

11'iln1J I 1'UllCl:: 10 1'U ~llJ~l~1J 
., ., 

1.3.3 Vilml'Yl~Cltl~ 1~tll1lh~'Utilfl11lJl,j'lJ,j''U~ltl~),.Itl~lhffm,j'n::1J1Jl1~'I1lJ~ 4 til ',)'uri 

Q Q CV Q 0 OJ 4 dQl A &::Ja' , QI 

5,000 7,500 12,000 UCl:: 16,500 lJMmlJ/Cl~l ~llJCl1~1J 'I1n)'Yltl~llfl1l::fflltl'Umtll'Yllf)1J 

0.460.64 1.10 1m:: 1.50 f)f).~ltl~/Cl1J.lJ .-1'U ~llJ~l~1J 
'JI , 'JI , !II , 

1.3.4 llllfftlfi1~1'U ml'Yl~Cltl~lfl'U'\.hlfftlihn~\11f)m ::1J1'U ml tlH'lhir'U' 1J 1 tl~l')ml~tl 111' 

ln~fl11lJ1Jltl'Ylt 1~tl1~Jlir'U~'If~~1Jltl'Ylt (RBD Palm Oil) lfl'U1~tJ~1J1'UmH4ii~ lm::H 

ffll ~1~lfl'U~11 i ~U finl Ul i'U ufinl Ulm l'U ffltlffl'Yltll~lfli'U 
., 

1.3.5 fYm-nUl::ff'Yli fll'YHlCl::~ l1\1 fftl1J ff fl11:: n n Vi1 ~ l'U 'U tl ~l:: 1J 1JUlil'~llll fftl' 1J 1 tl~IC)fCl 

1~tl11ml~MtiltnlliJl~tl{~N"1 1,)'uri Vlltl'lf ~flmtJiJ ~ltl~Cl~Cllti m~''Uir'Ul~l'I1t1 fffl1'W~l~ 
,. ., 

l1~'I1lJ~ IlJ'Yll'UtlCl f)~IC)ftll tlCl UllJlW 01C)f;1fl1'Wl1~'I1lJ~ UCl::! tltlCl:: nn Hii~ 01 C)fii l'Yl'U 

_I ~ .... , , v .... 
1.4 lJ'l:atl'V'Unfl1~1HI:: ~'l1J 

1.4.1 ml1Jfffl11::~l'I1lJl~fflJUCl::Ul~ff'Ylifl1'W1'Unnulil'~J11ffU'1J ltl~IC)fCll~tl1.~l:;1J1J 
,. . ., 

'11 ir n' ! tl tl nei I \1'U U 1J 1J fftl~;r 'U ~tl'U I ~ tl ffllJ 1'J ()lll' 11 i ~l fl'U 11 'U 1 'Yl N i'U f)1';i U 1 il'~ll11 ff U 

i1J ltl~IC)fCl Mtl{h~iiul~ffnim'W 
1 " , '" 

1.4.2 l~tllfl'UU'\.nYll ~ 1. 'U m':i ~\JJl 'U 1'J:; 1J1J U lil'~ll11 fftl i 1J 1 tl~IC)fClfi l'I1lJ l~ fflJl1 ~ ri1l1 f 1J 

'l1lJ'If'U ~~ ffl'l1 nu lJ'U'U l~ nClNl1Cl:;'U'Ul~ ha1i 1 ~ mfl'U ':i:; 1J1J~ ffllJlH1Cl~UllJlW fl11lJI,j' lJ,j''U 

'Utl ~ffn 6'U 'Yl ~ 6',)' t! ~ ij mY ~ U~ i ,)'01 C)f;1fll'W I fl'U HCl'WCltl tI i,)'~ ff1lJ1'J tllll i 11 1 ~lfl'U mi~~ 1'U 

'

''d " 'Yl~U'Yl'U ~tln~1t1 

1.4.3 l~tllfl'Ull'U 1'YlN 1'U n1'J fYmI11\lU~tlUtl~lfilJI~lJ lll' u~nnul:;~ml1 ~':i:;1J1J'I1 irn 
'JI" JI , ,! tltl neil \1'U1l1J1J fftl~;r 'U ~tl'U 1. 'U f)n u1il'~ll11 fftl UCl:; m ':i Hii~ 01C)f;1 fll'W\11 nllli fftlfiln~ \11 n 

m:;1J1'Um':i f.lii~ 1 1J 1 tl~IC)fCl~ii11l:;ff'Ylifll'W~tl 111i'Utl'Ulfl~ 



, 
'" 'UYIYI 2 

. " 
l'utJ ,Hll flfll1::: 1 flq~ fln W 'VI H~ 1\-1 fj ~ H1t.1llCl::: lfYlll! on tJ.:J 1 Cl fl lllJfl.:Jfll1::: 

.Q "'JJ ~ PI':..e:. .d 1 .. , 'JJ.9 'JJ 
1flq~ fllHU fl1t.1 ff .:J1l1~H1tJ lJ flU 1l ff1.:J1111l11 Cl.:Jl')j'tJlfj Cl.:J'VIff11J1Hl'VIflll 'VIt.liI m lClUlJ fI <tI.:J~tJ.:J 

lflt.l fj~.:J.:J1t.1 ~tt.:JUt.lllCl::: ii ~Cl m :::'V11J~tJ ~ .:J1l1f1l1tJ lJ'I! tJU \1.:Jl flt.l ~ .:J~fl1l 1 ,ri'l11lJ~htityllCl::: ~tJ.:J 

m:::111tJuNd .:J~ht.l ~.:JJt.I i U 1 tJ~l<t1Cl\1.:Jlflt.lfj~.:J.:J1t.1 'VIN1~tJ fll1~.:J~ff11J1l t1'lhuwi1 'lJilty111 

1l1~1rl'i~ 
2.1.1 thd91fl1nllihnnu":::m'ji~rJ'u If)~lC!1" 

1t.1u fl,fY , 1900 fll , ~fltJc1v1 ~l<t1Cl (Rudolf Diesel ) '~'\.hlfl~tJ.:JUt.I~~l<t1Cl~tJtJflllUuH 

1J1~flllfffl.:Jflf.:Jmfl 1t.1.:J1t.1 World Exhibition ~fll.:J1.h~ff ~.:Jlflt.llfl~tJ.:JUt.I~~1~J1lit.l~ffnfl1J1 
, . " " 

'01fltl1ftff.:JrtJUCl::: 100 1f1u fll.lfltJc1v1 ~l<t1Cl '~fl~lT:h "lfl~tJ.:JUt.I~~l<t1Cl,rt.lff1lJUtI 1~111lit.l~')j' .. 
"', " " 

lflt.ll;ftJlfjft.:J'~ llCl:::l~tJlflt.l flll d .:Jlff~ lJllCl:::~~t.Il fllllflll~ l ll1i'l1l '0::: 1 ~111lit.l~')j'lflt.l111lit.l 
"" I I 

l;ftJlfjft.:J" 11~.:J'01fl,rt.llflt.l~t.l1J1 '~iiflll fYflll11m:::~~t.IlflU 1~U1J1fl1J1m~tJn'O:::~ft~' U 1 tJ~l<t1Cl 
." . 

1 ,riitJw fflJU~li1fllllfiu.:J nu111lit.l~l<t1Cllm:::ii1h::: ff'VIi fl1fj 1 t.I flll 1~.:J 1t.1 n~ fl'h 
, JI" , 

flll1~mm:::~~t.l11~ tJ.:J'lJtJ.:J' U 1 tJ~l<t1CliilJ 1t.11t.111l11 1 t.I~ 1.:J1h :::1'V1fYfl.:JU ff1J1'UtJ.:J '0 1 fl 

" . 
1flq~flllW 'VIN~lt.1 fj~.:J.:J1t.1 '0 1 fl111lit.lil 1 m lnulJii flll 'lJ1f111flClt.l 1t.1 Ufj.fY. 2513 ~Cl m :::'VIun 

" ~llJ1J1fitJ111lit.l iil1fl111fj.:J 11Cl:::iitl~ lJ 1W i1il'WU.:JfjtJ~tJfl11lJ~tJ.:J flU til::: fltJU nu ~Cl~ft~'V11.:J 

flU lflll~ l ii tI~ 1J1W 1J1 mot.l fl11lJ~ tJ.:J flU ; n11 1 lfii fl U flfl ri't.I 11 Cl::: 1 ~ Ul14 tJ 111~ft~ ~ Cl 'VI H 

flU lflll~llJ1 1~lflt.l1111".:Jfj~.:J ,nt.l;.:Jl~lJiiflU1~ l'.I1~tJ.:J'lJtJ.:J i U 1 tJ~l<t1CltJUN'O~ .:J~.:J 1 flu1 t.liI 

fj . fy. 2525 iil1U.:J1t.1 flllAt.lfjU1tJffl~-eJ{ (esters) ~lJ1'01fl ''lJff~11t.1 tll:::1'V1fYij1~11Clt.l~ 1m::: 1t.1 U 

". . 
1~U1nt.lU n,h :::1'V1fYtJ-eJffl~ll1nuniiflU At.lfjUllJiiCl1tJffl~tJ{ (methyl ester) n~ft~'01fl rape seed 

11Cl::: 1t.1i1fj.fY. 2532 1~ lJl0fl1 fll.:J flll1111 tJ.:J 1t.1 fl U ~ft~ , U 1 tJ~ l<t1Cl~t.I 11Cl::: iiflU ~~t.l1 1t.11~.:J 
~~ff111mllJtJU1.:Jnfll~11t.1'1h.:JUfj.fY. 2533-2543 1f1u1t.1u 2534 fl~lJtlQlfft.ltJClflfl1iHtJUCl::: 90 

o ~ 191~ c:..c:t .c:i ~, 1.d. 'JJ Q.I Q.I QJ cI 
ff1l1lUflll ')j'l')j'tJlfjCl.:J')j'lfl1fj<tl .:JnlJm U tJfll<t1ClfllU (m lJfj~t.l1fjCl.:J.:J1t.1 'VIfl11'V1t.111Cl:::m.p flll 

. ". 
fj ~.:J.:J 1t.1, 2549) 11 Cl::: l'U tJ'l'01 fl' U 1 tJ~ l<t1Cl ii i'l11lJ "h ti ty~ tJ fl.:J ff fllfj lfYlll! 0 '011Cl::: ff .:J111f1l1tJ lJ 

" 
1 flunlJ tl flfl.:JU.:Jiiu'VIlJl'V1 "htity 1t.1 flU ffr N.:J1t.1 111' nUl1 Cl1U"1 fl~lJflt.l 111 1 ,ril'O~ut.l 1t.1 11 Cl1U"1 

" ." 
1h::: 1 'VI fy lllJfl.:Jtll::: 1 'VIfYi 'VI U~ Nl1 t.l1J1 111' i'l11lJ tY1ti ty nUl ~ tJ .:J'lJtJ.:Jfj ft.:J.:J 1t.11J1 fl;it.l 1 flUtll::: 1'V1 fY1 t.I 

fl~ lJ ffl1 fllfj Q 11' tllflt.l fl~lJtll::: 1 'VIfYl1 ft fl~ 111' fl11lJ fft.lh 1 t.I i U 1 tJ~l <tICl 1 fI uiiu.:J II tin 1'V1 fy 
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.1 ~ ?I.I 4 '" 11) i '" IIJ :II ?I ~ ~.9 ,.9:11 1IJ.14 
1Jl::l'VIfYHH) 'HJ'UllJ'U1Jl::l'VItl"Yl~~~ lU 6~l9$~ 1~lJlfHlJ'U6'U~Ul1Wl'\l6'1fHllJ 9$'Il'U'U l1J'VI 

. " 
100) lti6 1-M'l~'Ul;f6l'Vli1'1ffl'"d'U .., .. '" 41:11, i '" :II fl11~~~ U itl~l9$~ff~l BIOO (mtll'VI ')j' U 6~l9$~lmm:: 

OJ 

1 fI tt'U ~u~:: l~'U Ul1 ci'l'Vl ~ 'I'I1'U ~ 1M' fl11lJ6 U~'Ull fi,j' 1'U ll6'U 

l11nlJ6'1 1'U~~1~'\Itl'l111 ::l'VIfY6llJl f11'i):: l~'U '~'h 'U6n'i)1 niifl11lJ~ll~'U 1'Unll H'I1'U 

~ 'Iutl'1 Uty111 1 'Ul~6'1f)11 fl~ull ~'I~'U 11 m llJ'\I6'1ti')j' i ~ttl 'il 'Vl1::~11l1 iltl'lU~::ti')j'~fl~ ull ~'I 

~'U11mllJ(GMO) ~Wl ~11~lttll1::l'VIfY'li6'4ty1~ 111'U1l.,j'1 ll1 111'6llJlf11ii1~Q~ull1iltl 1-M'6~l~'U 
" ~1'U1'UlJlni'll1'UlJl 1-M'l~'U1~tJ~U 1'U nll ~i1~' U i 6~l9$~U'VI'U i ~ttiiti1~'Ifl11 ~i1~11lJli'l111 ::l'VIfY 

6 ~ 1 'U 1:: flU 11,:: lJltllU ff'U ~ 'U ~6 iI 

tf1'U 1 'U 'VI111wl~tt l'li'U 111 ::l'VIfY~~'U i ~1 11' fl11lJff1fl tyl~tt1tiU i U i 6~l9$~' liu-n 

111::l'VIfY~'U"1 i~tt1'UiI fl.fY.1995 ~~'Ul~lJ'ti1nllffmnfl11lJl#tt'l'\ltl'lf111~i1~ iu i6~l9$~nlJ' llti'l 

nll Hll,:: itt')j'U'\I6'1 i U i 6~l9$Ml1tt1'U 111 ::1'VIfY ~6lJl 1'Uil fl.fY.1997 hl'iifl11 ff! 1'1 i 1\1 'I 1'U 

, .. :' ~ ... "1:11 :II .9 ,:11:11 ':II ?I ~ '" i 
U itl~l9$~'i)ln'U1lJ'U'Vl')j''VI ')j'U~19$'I ~lJl'i)lm1'U611111f)11 60 l1'U lJlllJ'U1~tJ~U ~ttff1lJllf1 

~i1~'Ui6~l9$~'~ti'l 600,000 i1~1~6i111~'I'i)lnllmttil fl.fY.2002 f!U1~~~'U'~iif111ff,rUff'4'U 

l1;lJlwti'l 400,000 ~'U~tlil 'Utlml1nll1::1'V1fY~'U"1 'i)::iifl11lJ~'U~1 1'Ul~tl'l'\ltl'l' U 1 tl~I9$~U~1 
.1 , d?l.1 .9 4 ~ ..g 0 ~ .. 1 ~ i" ?I 
1Jl ::l'VIfY 'VItIltl'l f)llJ'U 1J 1:: I 'VI fYl1'U 'I'VI~l:: 11'U nmfl11lJ tY1flty'\ltl'lf111 ~~~I1~:: f111 'If I U tl~l9$~llJ'U 

U l1ci'l'Yili'l'll'U'VI~U'VI'U ~ t'hfltyl'li'UI~tt1ti'U (fl1::'Yi 'Iff 1~')j'1 ff'lft, 2550) 

2.1.2 ftntlIl1Vi'\l6~'1I16AI.a''U1.h::l'nft''YItI 

" " 
li'll1,:: l'V1fYl1 'U lJl 1 -M'i U i 6~19$~1 ~ tt'l! tltt~:: 10 'i):: ff1lJ 11 fI ~~fl11lJ~ 6'1 f)11U1 lJ'U ~ 19$~ 'i) 1 n 

~l'1l1'l" ::l'YIfY'~ti'l 1 ,400 ~1'U ~~'l" ~tlil111nfi~l~'UlJflthu~1,rlrh~ 'IlJ1n i ~tIl'il'Yi1::11'l"::I'Y1fYhW 

l~'U 11 'l"::1 'YIfYln'l:l~ 'l" m 'l" lJ~ ii~')j'tl1lJ'U 11 fl1tt'lf11 ~ 'U tln'i) 1 ncl'u'Iii i '\I lJ'U 'i)1 nff~ 1~ 1'1"1 ~ ff1lJ U fI 

U1lJ1~~~' U 16~I9$fl'~ 'ill 1 11' ff1lJ1'l" fI'lhttfl~ fl1 'l" ~tylffttl1'U ~'l" 1~1'Ill n l'YIfYUfl::fl~Uty111 
~ :' ~.. .. .1,11" 0' d 0' 

~flm:;'VIU'i)ln1Jtyl11'l"lfl1'U1lJ'U~I9$fl'VI~'I'\I'U ~l (fY1::'Yi'lfY l'Yi')j''l"ff'lfl, 2550) 

1~tJ~1J~iifYnttfl1'Vl 1'U n11 ~i1~ , 1J i 6~ 19$~ 1 'U 11,::1 'VIfYl 'VI tt , ~llfi tl1lJ'U ~')j'~1 -M'lltl'1 

" "JI"." , 
llfl::U1lJ'Uti')j'ffti~111li~n 8 ')j'11~ '~l1fi U1lJ'Ull1~lJ U1lJ'UlJ::'Vl!11 U1lJ'Ut111l1 il6 'I U1lJ'Utl1i1ff'l 

" "" " o Go' '0 QI 0 GI d OJ 0 Q,.I '0 0' Q.I 

'U llJ'U~:: 11'1 'U llJ'U '11 'U llJ'UllJ fl~ 'YI1'U ~:: 1'U 11 ~:: 'U llJ'U ff\!~ 1 ~ llJ Q'VIli fY1 ff~ 1 fl11 'Yi ~ 'U 111~:: 

ri'llffllJ'1Ji6~19$~ (18lJm1fllJ 2548) 1~tJ~1J11~n'\l6'1'1Ji6~19$~ '~l1fi 111~lJlf1lJ'U l'a6'1'i)ln 

"" JI "" 

111 ~ lJ U1 lJ'U I ~ 'U ti ')j'fi ii fYntt fl1'Yi 1'U n 11 u'li 'I'Ii'U ff'l nil ~ ')j'U1 lJ'U ')j'11 ~6'U li 'I~ 1'U n 11 ~ i1 ~ 11~:: 
OJ 
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fllH1Cll~ (tlW::m'llJl;f11'lf11'l'YH\.:j.:jTU, 2545) i~f.I'Yn::1J1'V1tYlJl~\lVn::l~16~,.r'ltJii""Cl6~Clm~'lf"1 

m .:jii .... 'l::'l l'lf~l; 1~f.l1nlJf11'l~WI'U 11461 .... ~.:j \llfl'-)tY~'VI1.:jfl1'l m1:l~'l lJll rJ'U 'l:: f.I::nClll 1lJ 20 i! 

lla'1 l~61rJ'U fln tY'U 6.:jll'U 1 .... 'l::'l l'lf~ln 'U .... 'l::lJ nl tYlJ l~ \l .... 'l::l ~ 16~,.r 1"1 1.h ::fl6lJ nlJ l'Ui! 
• tI 

..... fl.2547 lh::l'VIfl' 'VI f.I~6.:jIN;tynlJfll1::nih]j'Uii'l1t11\1.:j f !1J1C1 \).:j 'IItill1'U~l1~hHlJlf.lri.:jltY;lJ 

tI 

ilJ i6~1C)fCl'VI~1l'VI'Ulh]j'U~1C)fn illf6f.1n:: 10 flltll'Ui! ..... fl .2555 11~6'1.h::lJ1W 8.5 a'1'U~~"i~61'U 

i~f.lri.:jltY;lJfllnJnf1lhcllJlll]j'U~1'U1'U 5 a'l'Ui-i fllf.ll'Ui! ..... fl.2549-2552 1'~61rJ'U1~tl~lJl'U 
~ . 

fll"iN~~'lJi6~1C)fn ~.:jl'U ..... fl.2548 ihll]j'UlhcllJl11~6\llflfll"ilJntlt1th 150,000 9l'U i~tltYllJ1"itl 
N~~'lJ 16~1C)fCl iIlU"i::lJ1W 500,000 ~m~61'U 

l'Ui! ..... fl.2548 mlJl'l n\l .... ~.:j.:jl'U '~till1'U~ltlW~fl1:lW::lln::tJWfll""'1.16.:j' lJ 16~1C)fn 

U1::1fl'VIllJnn16tYl~6{'1.16.:jf11~ i '1.1 ]j'U1'~6tYfHmllJli'U 1 \l 1 11' nlJ~l;i lin:: f11lJ~WI'U l .... ~.:j.:jl'U 
. " 

'VI~1l'VI'Ulln::6'4fmr""~.:j.:j1'U '~'VI~n6.:j,11' lJ 16~1C)fn B5 (flnli nlfllJ 16~1C)fnNtYlJnlJlh]j'U~1C)fn 

l'Uff~ri1'U 5:95) lJl~ll1'lllV~tYtl1illJ; flT' l'U fll.:jl'Vl .... lJ111'Um 8 mi.:j lln::~tYtl1illJ; f11'l~\l.:j111~ 
l;iv.:jl11l.i 7 mi.:J ~.:JlJ;1r'VIf.l1'Uv'U~ri1'Ul11t"Yl'UU'l::I'VIfli'VIf.lv6lJflJfml;i B5 ~llJflnri.:JltY1lJ'\m.:J 

f !1J1n lin:: 1 'U i!l~ f.l1n'Uif m lJ~9lJ 'U 1 .... " .:J.:Jl'U 'VI~1l 'VI 'U lin :: 6'4 f f11,j' .... ".:J.:J l'U' II~~ li l'ljlJ'lf'U~'UlllJlJ 
2 'l1lJ'lf'U'lImi 'l1lJ'lf'U1~""Utl'iJnllJ ~.:J111~f! .... nWlJllln::'l1lJ'lf'U'U111~1 ~.:J111fl'Um""'UlJ lln::l'U 

i! ..... fl .2549 m::'VIn.:J .... ".:J.:Jl'Utill1'U~lilll1lJltl~WI'U lri .:JltY1lJfln Ni'i~lln::l'rilJfln 1;;'lJ 16~1C)fn 

'l::~lJ'ljlJ'lf'U'I.I'Ul~ 100 ~~'l~61'U 1~lJ6fl 60 mi.:J fllv1~~6 "lm.:Jfln'lJ16~1C)fn 60 'ljlJ'lf'U 

1l46tl11Vl'U1 hflltYun6.:Jm"il'lftYlJmlmlJ 60 i! .... 'l::1J1'V1tYlJl~\l .... "i::l~16~,.r1" 
" ". 

'U6 fl\ll flNn N~~'VIHfll"i lfl1:l~"i \llfltll]j'U ri'lflla'1 tll]j'Uri'lffi1 ;ilia' 1nu.:JlrJ'U 6 fllll1 ri.:J 

1~ Q~lJl1 it .:J~iM'flVfll""\1.:J 1 'U fll"i tlllJ1Ni'i~lrJ'U i lJ 16~1C)fn6 flll1 tI 1 ii6 .:J\ll mll ]juri 'lf~ 1;ill a'11 rJu 
. " 

'1.16.:Jl11 ~6\l1 fl fln li16111 n llndh lt11~ lwhtll]jU 1 11l.i lin:: tYllJn tl'Ihvn~ fln 1 ;i'l.l6.:JlffV\l1 fl 
" , 

tll]juill (A1-Widyan IIn::flW::, 2002) 111 fl.,j'm,jn .... lJ ',h lH.:J1U~lU1U 257 lH'Yi1U"i::l'VIfli'VIv 
JI I "" 1 

iitll]jufil;illa'1l11~mllfl'l.llJ1U fll'l N~~lJ"i::lJ1W 16.5 a'lUi'i~"i~6i! 'U6mllfliltll]juri'lfnl;illa'1 

~ '" ~ '" .1 ' ''' " 1 d 1 ~ tI.:J fllJl111flfllflm11"i6'Ulln::tYtl1Uu"i::fl6lJfll"i~W'l 6Ml1V 111fllJ6.:J utYmn'l.lUlfllnfl U"i::~lJ 
• tI tI 

'l1lJ'lfufiiifl11lJf1'U fll'lNi'i~ i lJ 16~1C)fn ill16.:J 1111 ri.:Jtll]juri'lflnl11 1 fl'ljlJ'lf'UnlJ 'lJU.:Jtll]juri'lfl11l.i 

~, 1111 lflNn Ni'i~'VIl.:Jfll"i lfl1:lm n U.:Jri .:Jl.,j' llJl Hi'i~ 1 u tYlfln"i ::~lJl~ fl"l 1 U"i::~ lJ'ljlJ'lfU i II'~ .:JtYllJ1"i tl 

1 ;inlJ lfl ~ 6.:J \l m fln'Vll.:J fll"i lflll~"i' II I rJ'U6th.:J~ 'li1vn~~u 'l'U 1 u fln li lfll"i lflll~"i IIn::u 6fl\llfl\l:: 

tll i lJ1 ;ilrJUI461 .... ~ .:Jlla'1 ~ 1VtJW tYlJ'Ij~'1.16.:J i lJ 16~1C)fnu.:J tYllJ1"i tltll i lJHlrJU911li In::nltlhl 

.1 ' "I""''' 1 1"" 0 .1 "1""1" 1" ~ulllJlJ~H") 1~6fl~1t1 ~vtYllJntl 'lfnH'VIlfl11lJtY::61~fl'lllJtYflu1fll~ IlJll~fl~N\llflfln 'If 
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" . 
'\hii'ulfll~HI'If'Utiu (R1::'YHft 1~'If';i11'~fl, 2550) luiJ~~-uu'~ihl'l11U~lU~H"l ihflUftmnUCl:: 

~1Iiiuflu1,)Ul~mi~U1'lJ 1 tJ~IClfCl ~~Ufl11lJ~1lJijtJf1U lUl1 CllUtJ~fl m yf~l1'\11u~lu'UtJ~1 lUCl:: 

11'fl1-UU O1';i ftmn 1 ~WU01';i ~lliiu O1';i yf~ lu ';i ::~lJ..r tJ~uii-u~ flU II Cl:: lu ';i ::~lJ ~~~~11'll1 m ';i lJ 

'UU1'U~fl '~uri ~W'lCl~mWlJ1111'Y1Ul~U lJ1111'Y1ul~Ul'YIfl1u 1Cl~ff';j::~mJlfln'11iu1J~ 11'fl1-UU1,)U 

1'Y1UlfYl11'~{UCl::I'YIfllu 1 f1~Ul1 ~U';i::I'YIfY' 'YIU mlJn~U1~~~~lU 'YI~U'YIuuCl::tJ'\-Il flll~~~~lU 

mlJ~'YIl1l'HltJ UfI::lJl1111'1U1~U11'~'\JfllUfl;U'YI{ Li1u~u (mlJn~Ul~~~~lU'YI~U'YIUufI::6'-1i'mj' 

~~~~lU, 2549) 

2.1.3 d"::lIm"t)~'ult)AI.a (R1::~~ft 1~'If';i11'~fl, 2550) 
~ ~,~ I 

'lJ 1tJ~IClffl fitJ fll';itlnl1ii'umfl-n'lfl1ltJ ''Uii'U1Y~1l1ltJtllii'uVil~U~11'1fU tllii'uVi'~ 

~lflf)1';il'ltJ~ 1ri 1'16~U1l'itJ~ 1 ti1J11~IUUt4tJl~l;~ lUlfl~6~uU~~tClfCl 1~uu~tJ'YI1~tflufi6ltJ11'I~ItJ{ 
~~ 1 u l'11 ~1'1flO1';i 1 lJ 1 tJ~IClffl l1lJ1UO~J lii''U ~ Hl; ~ i ~ ~ 1 flfll';i tlnf lii''U ~ 1 fl-n'lf'lfii ~~ 1~"l l1l tJ 

, '\Jii'U1Y~1l1ltJJlii''U~l~u~ ~61l1U Un'1lJ1UU';i11'ft 1~ 1 ~U~l'U 'UlJ1'U O1';il'11~lflU f1lJUtJflfltJ !iJtJ~ 
'~lu'UJlii''U'lfii~ 1 l1~mjlu ';iu'UtJ~llJiimtJ11'l~tJ{ l1ltJltJiiflltJ11'l~tJ{ ~~11'llJl';i (l 1 ~IUUI461'~l;~ 

" " 
ffll1 llJlfI~6~u'U ~1 ~ 1 ~ UflU I~ Ufl~tJ~::~ u 6Qf1lJ 'lfii ~'U6~UtJCl fltJ !iJ6~~ 1 ~l'U f)1';i Vi lU iin1 Ul l'lfU 

IlJiimtJ11'I~ItJ{ (Irl6 l~l1JiiCllltJflfltJ !iJtJ~lu flU VilU gm U1) IU'U~'U 

l~utJ1~u~~ 1lJ 1tJ~IClffl~llJU';i::lft'YI'U6~Jlii'U~tll1J11~~66fllUU 3 U';i::lftl'l fitJ .. .. 
ou44ouufl 

1) UUIU,"""'H)'UU,Juum 
'" 'JI 'JI 'JI '" 

'lJ1tJ~tClfflU';i::tftl'li1 fitJ tllii''U-n'lfUl1'''lI'lf'U tllii''UlJ::~~l1 tllii''UU1~lJ tllii'U 

51 l; 11' ~ Jlii'u511l1 fttJ~l1ltJJlii''U~lfl' 'Uii'U1Y~11'1f'U Jlii'Ul1lJ ~~11'l1J1';i(lIfl11J1 l~'~lfIuf1lJ 
" , 'I" 

IflltJ~uu~~IClffl1 ~U'~~tJ~H11'lJl1ltJl~lJ11'U Ifl u~'U l1l6 '~~tJ~IU~U'UUUfI~fJW 11'lJ-U~'UtJ~tllii''U 

l..rl UfttJ~11 CllUCl:: I Uft6 ~'YI 1 ~ Ul fl ';i 1i ';i 1 lJ'lfl ~ 

2) 'ult)~I .. t'IUuu\1f1fHn,J 
" tI JI JI 

, lJ 1 tJ~IClfClU1 ::lftl'li11 uu \1fl H11'1J'.i:: l11Htllii''U-n'lf l1l tJtllii'U1Y~1 f1lJtllii'U nl~ 
" '" " " 

tll ii''U ~ I ClfCll1l tJtll ii'u tJ::' 1 n' ~ l-n tJ l..r, lJ 1 tJ~ I ClfCl Vi' ~u fJ W 11'lJ -u~l fln' lfi U~ f1 lJtll ii''U ~ I ClfCl 

lJlfl~tl~ l'lfU 1f11f1~IClfCl (coco-diesel) ~ tJ. ";lJ11'::Ufl ~.U1::~1lJfi~.,jU1i ~~I11'Ufll1H11'lJf1'U 
"" ,,, 

1 ::l111~tllii''UlJ::~~ l1f1lJtllii''U nl~l1ltJU1~lJ~IClfCl (palm-diesel) ViIU'U 011 H11'1J'.i::l11Htllii''U 

Ul~lJf1lJJlii''U~IClfCl 
3) 'u It)~I .. t'lIlUUIt)Ulflt)i 

" .. 
1 lJ 1 tJ~IClfflU1 ::Ift l'li1luu U1 ::Ift 'YI 'UtJ~' lJ 1 tJ~IClffl~ llJfl11lJ l1lJ lU11'l flflli ";11 fI fl 

" . 
utJlJllJ ffll11lJ 1 lJ 1 tJ~IClfClU1 ::lft'YIi1~tJ~~lU m::lJ 1U 01 '.illU 1 1 U~1um ::lJ1U fll1 'YIHlflUVi 

" 
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flHl' 'UlJU' tll'htliinl tJ1t1UmH'flU Iilmi'l ~tJ '1 ~m~l11u~h~lnu~11'i ~tliinl tJll'i 1 '111" IlLUffl~tJ{ 

1" tJil tJfl'In1 "'U U ~, U 1 tJ~ 19HHlUlJltJ ff l~ tJ {~llJ'lfii "'U tJ ~ll U (1 fl tJ IilU tl~ '1 ~'1 U flll li 1t1 ii nl U1 
tI I tI , 

, U ltJ~l9i(1'l1ii~ltJ ffl~16{ilijtJw tYlJ-u9in ll11itJu t11Jll1lJU~19i(1m flntl~ li1 1,rhiniltyl11t1U 

lfl~tJ~UU~ ff1lJl'Hl'lhm '1 ~lh :: 1 unlt1ulfl ~tJ~uu~11l ,j'tJ~-r)U~Ulll fl'UtJ~' U 1 tI~I9i(111UU 

LUt'l'1~uf flU iifh:J1ll'1u (cetane) ~~fluth~'lIilfll'1~~~" 1vltl~fl111r1lJU~19i"" JUfltlff1lJ1Hl~~~~ 
" . 

'vl' ~~lUfl11'lhlJu~l9itni1 111' fll'1 ~"'1 ::lii"li1 ,~~ In''flll tYu"lt1n tYlJ\lHU nl9it1l{ UtlU lJUU 

1 0'4 .. ,J " " ... "'. IN "' • .1 ~ "I 0' ./'" ... .. utln 9i"\l-31fl"'UUUtltJ lJlfl"fl1U"111""::fll9191f1lntl'1 l~tlUn 191~ (S02) Utlfl\llnUU-3lJt111lJl1U~ 

fl-3~6fl~1tJ 1l~v-3ii'li'ulntJu~fltlii~ul'Jutl-3n11'U 1 U~l9i""l111U~U Ifl~tJ-3tJU~' ,rfhn-3~lfl11J1lJU 
... ... 11 IN 1 1 , 0' ~ ,J "'" .1 ' .1 "191""lJfll'1f1'l Hfll91 U ~1'I\lUtltlfl 9i" (NOx) l~lJ'UU 1l""::tl1\l~tI~""1l1J""-3f1'1U1J'1::m)u'UtI~ 

Ifl~tI-3tJU~~lnUtJH (rubber) ~-3tJl\1~flli1(11tJ 1 ~tJ' U 1 tI~l9i(1 tJth~' '1 ~~llJ 1 U 1 tI~l9i""llU11 
",1 .J!Q,I. tI , (lit~ ,1 .cu:1 tI ell 

LUfI'l~U '1U fl'llJ1Hl 1'IJfl111fl1 tI-3tJu~ l' tl11 fI' -3UtJHHltJU 11 1 i'l U tlfl\ll flU m 1'lJ1Yi l'11'lU fI' ltlfl'l'YlU '1 ... 
" " ~lfliu1ufl1111t1'11tl\lllJUTf'll1~tJ'~LUl'11UU""lnUff1'1~-3~UV-3ffllJl1'flNn~ Palm Oil Di·Ethyl 

Ester (PO DEE) ~-3f1'llJl1f1\ll' tlNfI'lJ'~-31Ut1Ulfl~tJ-3UU~~I91(1 '~lnumh~~ l1""::V-3f1'llJl1'flNfi~ 

''UfI'~l1''''::flnl9itJ1t1'''' (Glycerol) ,~ (mlJ'ti~Ul'Yin-3.:jlUl'1"l1l'1Ull""::m~i'mJ''Yin.:j.:jlU , 2549) 

2.1.4 n1::U1\lnl'U .. 09l'U lo;llon! 

, U 1 U~l9i(1lnU ffn IU ffl~ tJ{~'1l \11 flfl'1::11 1U fllHI'11U ffltJffll'1Ul~lfl~U 
.J ?t "''1'" ?t '" '.I~~'" 1 "'.1 (Transesterification Process) 9i~11JUm::U1Ufll'1l'1 'lI~Hl1JU~11H1Jgmul "tJtI.:jfl1J'1::fltl11l'11~ 

lt1ij'UtI~J1lJUn'll1l(1::' 'UlJU tY~ 11nU i~'1 flnl91t1' '1~ (Triglyceride) ~-31nU tYl'1 tI'1 ::fltJ11l'1Hlflij~ 
tlnfltluIl1tJm"''UlJU (Fatty acid) ll(1::flnl9itJ~U (Glycerin) IrltJi~'1flnl9itJh~if'11lJ~1t111 
ffl'H1~tliinltJ1'l1ii"~lnU~h~ (Base catalyst) l'lfU lt11111ffl:J1tJlJ'IiJ~'1tJfl'91~ (Potassium 

Hydroxide (KOH» l"tJijtllmWlltJ(1flUliJtltl~lnU~tJ (Excess alcohol) \1::li1'1,rln"fll'1'11lJ'tiUYi:: 

'UtI-3m,,' 'UlJUll""::lltJ""fltlliJtJtlln"lnU' 11 1 U~l9i"" 1 "tJ 1~flnl9itJ'1t1""~-31nU ff111flij~ff1lJl1 fI '1 ~ 
tI'1:: ltJ'lIu11l'1ut2~ff1l1m'1lJtJ111""::lfl~tJ~thtJHlnUN""~(1t)tJ'~ (By product) ~~llff,,~'1Ufll'Yi~ 

.d 4 tI ddQ,l " !,' 
2.1 l"tJl'1 R fltJ f111UtJU 16-18 tJ::~UlJ 9i~lJ'YiUYi::m::l111~ C = C ~~ll~ 1-3 fI 

'II .. 
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H R,COOCH3 H 
I I 

H-C-OOCR 
I ' 

+ H-C-OH 
I 

H-C-OOC~ + 3CHP ~ ~COOCH3 + H-C-OH 
I I 

H-C-OOC~ + H-C-OH 
I I 
H ~COOCH3 H 

1~lniilCJftl''l~ 
... 0' .. 

l1J'mUtlfl l1J'YIflnJffl~tl'l nfllCJftl'ltlfl 

. .. ... ~ 

'tun: flW::::fll'l1Jllif1l';if1l';i'WfI,:j ,nu, 2545 

m::::U1U nnl'1':i lU ffWffl'YIfllVhfl-iU ii,j'f1~fifll11ul'Y1fll 14 1 f1u~iinn f1,:j't'JU hi"l,:ju n 

1 ~f1,:jlll m 1114 m:::: U 114 fil'l ~ 1 .r;fJW 'I1lJij~lfifll1'j :::: 1JlW 20-30 f1,:jfYllCJffll;fJff 1 .r;fl1llJ~U~ 1 

,.h::::lJlW 0.01-0.02 MPa Fm '~'UfI,:jl1iimfJl"l,:jih!f1fJfI:::: 98 11~m::::U1Uf1l'lrl"1i1'\1lJl::::fiu1~Q~U 
""_I" 1 ~ ... .. ..,' 1" ,~ 'YI1JlJ'llJltu nHl 'U 1JU tl ff'l::::l1,:j lU tl Hll n1l ::::ln~ff\ll1f1:::: ffUIfI '11 f.lfl 'i'l'Utl,:jm ::::U1U fil'l f1~f1,:j 

4 ~ '" .. , 1" 1.J! 1 ... 0' , .. .. , , 1 .. ~ 
CJf,:jlJ1l~UUf)l'lf.lfl~ U tl~ICJffl 'I!,:jlUItl,:j U"V1J'1fU'I1'lfltl,:jflm~H~ 'YI1'lfJn1l .. U tl~ICJffl'l::::~U 

, ~" ... , .. '%1~' ,'" .... ~ " .. "VlJ'1fU" 'i'l'lUfl1llJUfJ1Jll'W'l'l1f1lfJ LUtl,:j1llnlll 'i'l,:jlfJIm:::: lJ~tl,:jlJlmtl,:j1lm'llfllll'W,:j Fjf.lfl~ 

'u ltl~ICJfflffl1J1Hl~~f)l'lf.l~~11f1:::: 1.r;,u lfl~ICJffl '1l~1fJ~UItl,:j ~,:jm'lf.l~~ 1u ltl~ICJffl'l::::~U"V1J'1fU 
" ul11u m'l f.l~91 1 U 1 tl~ICJffl1llnl1 iit); fJlm lU tfltln'1 'YItl;~lfliu (m lJ')i~u l'W~,:j,:jlU 'YI~11 'YIUllf1:::: 

~ 0' ~ 

f1'4':i n'l>l'WfI,:j,:jlU , 2549) 
" , " , 

1 ~ fJlllltYfJ 1 U 1 f1~ICJfflrilftfl n 1.r;1 U,:j lU 1~ fJl 1114 11llfffJri 1~lll nn':i:::: U 114 nl'l f.l~91 

1 U 1 f1~ICJffl'UUl~fJ~ffl'l1m ':i lJ 'UtJ,:j 1 H,:jlUf.l~91 1u 1 f1~ICJffl1llmfliJul1l"1J~,:jU; ty'YIilll1,:j'l1it,:j 

(l1't'JlJ1ilU) ~,:jiinl~,:jm':i f.l~91 800,000 ~91~~f11U 1llnm':i'rill1iifi; fJl'YI':i 114 ffltl ff1'Ylfll~lfliu 
,:~~ 0'4... ...... 0'1"" ?i11"" 

':i::::'I11l,:jU llJUnUl1f1f1nfl ~f1f1 CJf,:jflflllJ'YI1U f1f1'11':iflllJ'YIfllltlflnfl ~tJfI 'I11l1f1fJU11JU U f1~ICJfflllf1 :::: 

niilCJftJ':iflfll~fJ1.r;~H'~l1nlCJfl~fJlJ1~~':ifln1CJf~ (NaOH) l11u~1d,:jnulfi~l1iifilfJl ~,:jJliJU~ 
"f " I 

llllJl ,.r;1u nu f.l~91 1 U 1 tJ~ICJfm11ullliJul1l"lJri~lu nnl1fuff .fll'W'YIHlfliidjtJ,:j~UriI1 fJn-:h 

JliJUl1l"lJ~,:jUlty'YIi (RBD) ~rJ,:j 11i'~l1fJnff1ul1l"lJ 1 f11f16Um1n1lln 1'Ul1l"lJff1~fJ1U 1u ff.fll'W 

... .d ",. ... ~ ?i 4 ..,j 1" "_1 "" fJw 'I11JlJff ,:jll1~f1tJlJ I ~fJlJfln'l>ltu ::::11JU m'UfI,:j1'\1f11 llJtJ 'I1fl1llJ':iflU lJ':i::::lJlW 55 tJ,:jfYllCJffllCJffJff 

\)::::f1::::mfJI11UllitJl~fJ1fiu fJW fflJ,j~'YIl,:j14f1l'W~,:jlrltJlll 1 11f.lfflJfiuJliJU~ICJffl~691':i lff1U~ H~ 
" , I JI 

'WU 1lfllfl1llJ! f1U'U f1,:jl;1tJ 1'W ~,:j1l ::::f1~f1,:j91llJ ff~ ff1U ril'VilJ~ U'U tJ,:j RBD 1 ~fJfllfl1llJ !f1u'UtJ,:j 

" . " 
llliJU RBD !tlfJfI::::IOO 1l::::iifllfl1llJ!t.lU~'hn1l11liJu~ICJffll1'l::::lJlW!tJfJfI:::: 10 ffl'l1fUfll 
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jI jI , jI jI " , 

fl11lJ'HU~'\Jij'llhu'UI';ijlV.~ 'HI:::1'~lJ;j'U911lJtY~ti1'\.nhu'U RBD f11'j~'Ulhu'UVi~W'HtJiJ 60-80 

" ij~fl'WIHlI;UffLH1:::tY~ti1'U RBD fijU,,::: 70 \l:::ffllJl'HI'li1U,,~tilfl11lJ'HU~'\JtJ~1l1U'U'M'ijfh 

'ml/lfiu'lfhnflU'U~I9f"'H lJ'U tl ~ ~ffl1J1'.i \l~'il:::' tn1llfl ~tJ ~'\JtJ~ nu hHh i~ ~~liltJ n~tY~ti1'U 
" ,,,. '" ,A "'1 RBD '.i tJU,,::: 70 'lfffl'H'.i 11 f11'.i'Yl~fftJ1IfflJ'.i'.i \l'U:::UCl:::fl11lJ'Yl'UVI1'U'\JtJ~lfl'.i tJ~tI'U~ ~U'\Jijlff'UtJ 

f1'.i'.ilJiinu fl~~ i 11 1 ij~I9f"'\J'Ul~~~ ffl'H f1'.i'.i mJtJ~ 1 '.i ~~l'Ufl~~ i 11 1 tJ~I9f"\llmhu'U1Jlrl'lJ~~ 
" . Q Q Q.I .q 

mq'Yl1iUff~~~~mv.'Yl 2.2 

I 

~ I 

~~~~ . 

.. \''"':.'_It..!. 1. ~ • II _." '.!",. 

BIodIese 

m't't~ 1.1 m:::U1\Hll".iNU9I'U ltl~I"t'I,,'U 1~fl9l1Yl'Hn".i·nl 
~m : 1Il1i'Ylih~'Uii fl'Ul~ij{nN ~ln~, 2550 

.. 
\llnmv.Vi 2.2 ffllJU\ltJii1J1Uf1'.i::;1I1'Uf11'jfl~~i1l1tJ~I9f" l~ulI1i~lrJ'U 6 o\J'U~ij'U 

V.tJtY~I'\J1J i~lIri 
" I jI I " 

o\J'U ~ tJ'U Vi 1 o\J'U ~ tJ'U f11 '.i l~ '1 tllJffU I fI ijVi i t' 'U f11'.i fl ~~ i 11 1 tJ~ 19f" o\J'U ~tJ'U II '.i n' 'U 

"" i 1 .. ".. ..,,,,,". ""..l!.1 " .. f11'.i fl"~ 11 tJ"I9f"\l::; ~tJ~l~ '.i UlJffU IfllJ 'Hv. H)lJ'Yl \l::; 'Yllf11n.m~ 9f ~ \l::; u '.i::; ntJ1I" 1unu Ifl lJ 

" " 
2 'lfU" '~lIri IlJ'Yll'UtJ" (Methanol) II"::: 19fI~UlJis"'.itJn'9f~ (NaOH) ''Uo\J'U~tJ'UU\l:::~tJ~ 
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. . .. 
til'U1W 'Hl,jllJlW 11'l'.iltljjlill1lJl~11'lJ ffl'HllJ 1~'h.lfll'.i f-I~~ 1 lJ If.)~l''lfl'lfif.)U l~f.) 1l1',j~nl tJlln,,;;u 

• 0' 

tWl-311'lJ\!'.iW 
JI I '" JI, '" , 

'IlU~f.)Uli 2 'IlU~f.)Ufll'.i 1~lUlJlh~U~'lfliH1Ufll'.i f-I~~ i lJ 1 f.)~l"lf11 11'l'.i~-3~um~1u ... ; 

fl'.i ~ lJ 1U nl'.i f-I~~' lJ 1 f.)~l "If 11 i ~ll ri ih~u ,jlrl' lJli ~lU fl'.i ~ lJ 1U fll nil 1 l1' lJ 1 q''YI ii (Refined) 
" JI '" I , 

QI 0 IV d 0 Q.I IV 0 Q.I .q ~ d<d Q.I 

'\JU~f.)Ufll'.ifll""11'f.)f.)mllflUllJU (Bleached) 1111~ 'lJU~f.)Ufll""fl11U (Deodorized) 'H'.if.)'YI1'.iUflflU 

11RBD 
JI I II , ", 

'IlU~f.)uli 3 'IlU~f.)U fll'.i'Yh,j~mUl lUfJ1~l UlJ 11'1 '.i ltljjll11~lh~u ,jlrl'lJli1 ~11JU1~Q~lJ 

lltl'1 1l1'U1Jl~U 1~Q~lJf-I11'lJtllJllJ'YIlU f.)111111~~ 1d -3,j~n~ Ul ci1-311'l'.i f-I11'lJ~-3flftl1,,~jjtl11lJ1f.)U . .. 
1111~ rif.) In,,,j ~ n~ Ul'YI '.i lU ffW 11'1 'YI f.) ~~ ltl iu 1" u" ~ i ~ ff1U f-I 11'lJ'.i ~ 'H 1 H Ul ~Ull11 ~ 11'1 '.i Itl jj . .." 
lUf.)ff1Uf-I11'lJlh,j~n~ UltlumiH11'lJ\!'.iW "~ln,,11'l'.i 2 'lfU";;U 1u ff1Uf-I11'lJ t)tlUl~U' lJ 1 tl~I"If11 

'H ltll1 Ufl11W11'l'Ylf.){ lm~' 'IJ 11'~'H 1 f.) fl~l"lftl'.i f.)11 
JI ,,, " '" , 

'IlU~f.)uli 4 'IlU~tlU fll'.i'~-3 1l1'ln"fll'.i IWfliu IUf.)ff1Uf-I11'lJ.yh,j~n~ UltlU 11'lJ\!'.iWutl'1 

JI '" I " 

1 l1' ~ -3-n flYi-3 H l~f.)'.i f.) 1 l1' ff1U f-I11'lJli lil,j ~ n~ U1IWfliu f.)f.) fl" 1 fl tlU 1" U, lJ 1 f.)~I"lf11"~ 11 tl Uf.) d 

" d ," 1 
"lU lJU U 11 ~ fl111 "Iff.) '.i f.)11"~" lJ f.) Q" 1U 111-3 

JI , JI , '" 

'IlU ~tlU li 5 'liu~ f.)U flU rll Uflftl"lftl'.i tJ11tlf.) fl lUtl' 1J 1 f.)~I"Ifmn"nl'.i IWfliulltl' 1 

1" ... .i ... ~ ,1' .... ". '-ld'"1''''' 'H'.i~1JlUfl"l"lff.)'.if.)""If-3f1f.)llJUf-I"'Yim:W ,1 (By-product) 'YI"lJtlQ"lU11l-3f.)f.)fl ulfl1J 1 'H1l111f.) 

m'Yil~' 1J If.)~I''1f11~lfi''''lflfll'.i.yh,j~fi1Ul 
JI ,JI , 

'IlU~f.)Uli 6 'IlU~f.)U fll'.itl'H' lJ 1 f.)~I"lf11 'Hc;-3"lflliIlUflfl~I"lff.)'.if.)11f.)f.)fl' ,j1ltl'1"~l'Hi1f.) 

LU'Yil~ 1lJ ltl~I"1f11 u9iU-3tl-3,u1Jlq''YIil~U-3'Yif.)~''~1~-31U'~ ll4tl'Yh 1l1"1J ltl~I"Ifnjjtl11lJlJlq''YIi 

~-3~ U \h~ f.) -3 jj nl '.i tl' HJ l' 1J 1 f.)~1 "If" 1l4f.) til \1" 11'l'.i 1 tl jj~ m i1 tJ" 1 flnl 'I'Yh,j ii nl Ul IlJ'YIlU f.) 11 

, """ 
lm~ff-3~flfl'H9iH'1 f.)tlfl"lfli1J ltl~I"If" l"Ufll'.itl'l-3UlIlU-3f.)f.)fll1JU 3 tll-3 l"uu9i11~tll-3"~~H 

JI "JI"" 
, 1J 1 f.)~I"If11~ 1UUl 11'~f.)l"lm~,jftf.)uYi-3' ~'.i f.) 1 l1'Ul ~U tl1JUllWfliu f.)tl fl"l fltlU 1 "u 1 1J 1 f.)~I"If" 

" JI" JI JI 

"~11tlUtlQ~lU1JUII11 ~ul"~tld~lU ft 1-3 "1 flUU 1 l1' '.i ~1JlUU1Yi-3f.)tlfl~'.i ~1J mhU'''UllffU lm~Ul 

'1J ltl~I"1f111Jlq''YIi~f-I~~ 'f1'i,j1~-31U9if.)',j 

2.1.5 9l1t)rh~~ 1,itl~, n~i11flfl'j::1Jl'U m')Ni1~'1J 1 t);t, .. a,,'U l~~PI 11TH fl'j 'n.l 
.. . " 

1u fl'.i ~1J1U fll'.i f-I~~'lJ 1 tl~I"If11,,:an"UllffU"lflfll'.i tl'H 11J 1 tl~I"If"I~tl 1 l1'Ul~U~I"If11 
I ; JI " " , 

liYi 1 fll '.i f-I~~ jjtl11lJ1J ~ q''YI ii lJ lfl;;U Ull ffU~-3 fl ftl1'U"~ 'lf~tl'l-3ff -3 11'fl,j'.i fl" lfl fl'.i ~lJ 1U nl'.i f-I~~ 

f.)tlfllJl~1U l'liU 11'~ IlJ'YIl'Uf.)11 11'l'.i ltljjlm~flftl"1ftl'.itl11 "lflfll'.i f-I~~ 11J 1 f.)~I"If11'\JU1"f:l~11'l'H fl'.i '.i lJ 
.i " .. 

'lJf.)-3lJ~l1'Y1lJH"lflill~·H~UlJ ~ltl" "If-3jjfll'.itl'H'lJlf.)~IC)f11'Yi-3'HlJ" 5 tll-:J f-I11fll'.i11tl'.i1::M .. .. 
c;mlW~~1tlUl-3UllffU'1J If.)~I''If11 'YilJ11UllffUjjfil~Itl'lf11JU~1-3 tlU1U'li1-3 7.68-10.33 l"ujjtHlf.)~ .. 
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01 • " 

llliJ'Ull(l::: i'IJiJ'U~-36Q1'U'lh-3 10,880-17,880 ii(l~fli'lJI~~'J ,j-311tY~-3 1'U~l'J1-3li 2.1 ,j-3U'U'U6mllfl 

~:::ihm'tiWl'U1m:::U1'Ufll'J~~~ , U 16~ICJfCl '11'i~iu 16~ICJf(l~ihh:::ff'Ylnfl1Vi~Il(l::: '1i1~'U~~~6 
I "I I I' 

ff -3111~~mJll~1 fll'J'ih~~1111 ffuih ~'U ff -3fflflqj li 1 'J 1~6 -3'tiWl'U 1 i Ufl1U~ n'U I'n6 Cl~ lJ Cl fl11::: li 
01 

"'" dI "'" 
lfl~'IJ'U~lflm :::U1'U fln ~Cl~ 

(lJ '111 'If'U ) 

" 

U"'" " " 'JlJlfl.l fl11lJI'lJlJ'IJ'U 

~ : " : " 01 

: " : " "'" o " Vi 1'J llJI~6'J 'U1ClH 'U1ClH 'U1(lH 'U1(lH 'U1(lH 
01 01 01 " . " . ... '" ... '" ... '" ... '" ... '" flH'Yll flH'Yl2 flH'Yl3 flHn4 flH'Yl5 

'" l.ViW'lf 9.62 10.33 9.12 9.46 7.68 

of 

2.'lJ6-311'IJ-311'IJ1'UCl6U (lJfl.lCl.) 20,450 675 60 40 30 

"'1 '" 3.CJf 6~ (lJfl.l(l.) 712,800 107,950 19,483 7,774 2,495 

" 
4.1111i'UUCl:::''lJiJ'U (lJfl.lCl.) 17,880 10,880 9,100 6,280 1,020 

5. fl~ICJf6'J6Cl (lJfl.lCl.) 42,237 3,126 952 933 764 

6.llJ'Yll'U6Cl (lJfl.l(l.) 257,917 56,016 14,406 2,574 421 

" " " 
fll'J Ift6 fl'J::: U lJ'l.h ~~1111 ffu;i'U 6 ~nu 1h ~ u~ 1-3"'1 , ~ 11 ti ~ fl~fl.I::: 'IJ 6 -31111 ffU 'J:::,j U 

fll'J 'th~~J1IffU~~6-3fl1'J tYfIlVi..t l' U'lJ6-3..;'6-3~'U ti 1Cl-3 'VJ'U ti6tYr 1-3 ti W'ill'u'U fl1'J~UClUCl::: 
" " tI ", I "1 

ih~ -3i' fl~l nlJ't'i-3'IJ'U 1~'lJ6-3li~'Uli1~''U fll'J ti6tYrH I~'U~'U 't'i-3Ul'n6 1l1''J :::UlJ'lh~~111IffUli 
4..::t QJ t ,,~dd. ".d I Q,I Q, 

lCl6 fllJfl 11lJll1 lJl::: tYlJflU UM:::'Yl6-30'UCJf -3lJ tY fllViU 1~m) lJ'Ylll~ fl~ 1-3 fl'U (fl 'J lJfl1Uf)lJlJ ClVi~, 2545) 

1ifll'J1.h~~J1IffU~'U6~nU#-3~li6U'U6~1'UJ1IffU 1~UUfl~'lJ6-3U~-3l116~:::fl6'UU'lJ1'UCl6U~MU 

. " 
~ :::fl6'UU 'lJ1'U Cl6Uli'J 1lJn'Ul~'U ~6'U 111 tY ~'U tY1lJ 1'J m'i 1~~66 fl~lfl1111 ffU' ~1 ~U1i'Yll-3fllUfllVi 

" m:::U1'Ufllnh~~111IffU61~~lU'Ufll~'UU'J:::lfl'Yl1l1tY'l ,~ 3 U'J:::lfl'Yl ft6 m:::U1'Ufll'J 

'Yll-3fllUfllVi m:::1J1'Ufll'J'Yl1-3lflU UCl:::m:::U1'U fll'J'Yl1-3;r1fllYi m :::U1'U fll'J'Yl1-3fllUfllVitY1'U 111 ui 
u 
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.. " .... '" Q 1 ,.d! 11 '" 111 ' , 
1J11tJ 1'Y1 fll~~"~H1I"~Il" 1tHHHJ"tJ HI 11 qJC)f ~~ ml~ fH.ltJ~ 1fJ~ 11tl~ ~l~lfJ ff1tJ m ~U 1tJ fll'l 

'YI1~lfl~ff1tJ 1 11qj~11lY 1~ 0 1 ~~"tl~ 11 ~~1I" 1tJ tH.l fJ"tJ 1~1~ fl11; tl"tl ~U~~ ~~ fl~ ~ fltltJ 1I1tJ~'Um~' II 
" . 

~1 U11 ff fJ Yi N 1 tJ fl 'l ~ U 1 tJ fl1l 'YI1 ~ fl1 fJ III 'n II fI ~ 'YI1 ~ I fl ~ tl1 ~ ~ fl111J ff fl tJ 'l fll11 n tl tl d 1 tJ l tJ" tl ~ 
."" ." _I ' .. A. '" _I'''' .... , i_I ffU fI ~ fl1fJ ~~~tH'U 1 L lJ F-I1tJ m ~U 1'U flU 'YIN'lf11l1'n l'ntl fll~~ fl111JfffllJ 'l flff1tJ 'YI111 fltJ~tl lJ 

~.tCIto.., " 
(1JtJfftJ ~W'lflmY1J, 2542) 

")1 1 JI 

U11fffJ11 fl1fJtJ'l~IIl'YI~U1iJ'UUfI~ 1" iJ'U tJ~ tJ'U tJ~1I1fJ UfI~I'Utl~ ~lflU1 iJ'U1I fI~' "iJtJ11J1fl11 

" " U1~~fltlfJ~1tJ~l11il6r:bu1 'til hr~tJ~1111!'tJfllnhu~UfI~Ol~~ 1"iJtJ6tJfl'tJ l~m'YIfll tJ 1 flU 
II ,II" , 

fll'l,j1U~U1IfffJYi~U1iJtJl1f1~ 1 "iJtJ tJtJl1J6tJ ff11J1HIU U~tltlfllfl'U 3 tJ'l ~1Il'YI ~~Yiflrll11J1U~1 
" ~l~~tJ 1~W~'llfJfI~lilfJ~~~~6' tJU (m1J";~'U1'nn~~ltJ'YI~Il'YItJllfl~6t!lmr'nn~~ltJ. 2549) 

.. 
o U 0 .. 

2.2.1 m:::U1'Ufl111J1U~'U11a[JnHfl1[JflTrt (Physical Treatment Process) 
" ... 

m:::u 1tJ flU,j1 U~U11fffJ'YI HfllfJll1'n lfltJ 111 fll'l IWflltl1 if ~l~tl tJ'U 6tlfl~ 1 flU1lfffJ l'Ii'U 
JI " , " 

flU 1 ~ti~~ flU1 iJtJUfI~ 1" iJ'U 1 ~m fl 'U fll 'l fI ~ tJllJlW" tl~ll ~ n;~111J~Yi m m.l11ffm fltJ 11 n fl 
JI JI, JI , 

1I~.,j'6~ln~'\.I6~11lu fi6 UllfffJYi~i'IJiJ'UlIfI~UliJtJ fI:::fllfJ6Uiuff11J1Hl 1 ~ti~~fl 1 "iJ'U 'lIli1tl~l)lfl .. 
JI JI JI "JI 

UliJ'U ~ulfl'Ul'u61~l.l1nUUllfffJ~~~llfl'U ~tl~ 1 l1'UliJ'UUfI~ UllffmWfl~ 1tl6fl~lfln'U 1 ~fJ '~ffll1fl ~ 

t1tl'U ~~Uff~~11tJfI~lt)tJ~'IJtl .U)~~fl ''IJiJ'U~~~~tl' tJif 

O~~fl,,.U'U't11aUa~fl'''U'U (Grease Trap) (mlJfl1lJfjlJlJfln'l:l, 2548) 

ti~~fl ''IJiJ'Ulfl'U~tJmw rinflulwfl i"iJ'U 1,j1 l1'1 11f1tJ'U 'tJn1Jtfl'yf~~~,fl'U 
, "JI " 

flll,jlU~loWtllfl'l:llffll1'nU1 1u;ru~tJ l~mhu 111 qjti~~fl i'IJiJUiJfl 1~ri1111U,j1U~U11fffJ~lflfll1 ... .. 
"tl~,j'l'U"; flUl fftJ l1' tl ~tll1111111 tl Ii ~ ~ 1f111 1i1tl~ 'ill flU11fffJ~~ mh1 'iI::: ~U1 iJUllfl::: 1" iJu tJu tl Q 

" .. 
lJ1fl 111fl 'U01~~tltlfl'il~'ti1 1l1' fitll ~1J1fJU1~~~U 1 ~fJnfl'l:lW~U11fffJ'il1flfll1'IJtl~,j'lU";flUlfffJ . .. 
muHiiuN1u~:::um ~'iI:::~U1iJ'UUfI::: i"iJUtJl :::1JlW 2, 700 iifliiflllJ!ii~l 111flNlu~:::um ~U~11)~ 

~J1iJtJlIfI~ ''IJiJUtJl:::1J1W 500 iifliiflllJ!ii~l ~ ~ti~~fl 1'IJiJu 'iI~~tl~~'IJU 1~ hfqJlnfJ~'ntl~'iI:::1~lJ 
'" .:9' 'J/ JJ JI 

nflUllfffJ' ~1::: fJ~ 11 U~ loWtl 1 l1'u1 iJ'UUfI~ 1'1.1 iJu ~ 1 tl fll fffltl fJ~ 1~U 1J1 ff::: fflJ nu tl QU 'U ~ 'lt'll 

l~l.J11nflfllniHl'U'lJtl~ti~~fl ''IJiJu fitl 1~flll1l'YlU~"6~Jl ~~J1~tl~'tJti~~fl ''IJiJu 'iI:::~flU'YIU~ 
: "'i "II) 1" Q '" : .. "" .d! A 1 1 ,,: '" ""' ... 'il1fl'U1Vl 11f1l'IJ1ItJ ~fJlJfllllfllJflfl'UllfffJ 111~fJ~11U~I'n61il~ tlfllff 11U1lJ'UUfI~ l'lJlJUVltJ~tJ'U 

'1: J ~ 'j/ ~ ~ .oe:t Q d Q,I' 0 Q.I .a':, " tl~ U'UlfltlfJ'IIUlJ1UUF-I111'Ul C)f~llJtlff::: fflJ'ilUlJtJllJ1W 1Jlflfl'il:::ff1lJ11(l~ fltltlfl tJfll'il~11 HIm ~ 

ti~~fl' 'IIiJ'U~~ ~llUUti11 ~ 'ill tJ~ tY11J11 (l4611f1~;;~~~' lI~ltJ1116tY11J1'l (l tY! 1 ~ 

'

1I l'.J! .. ".... "'.. ""'" '" .d! _I "" 1'" , -lI Q _I ltl~ ~ ~fJ 'Jr1~"tJUC)fI1JtJ~11'ltl(l~C)fllJ'U~11tJ'IJ~C)f~lJ'l:::11fJ~fl1 'If'il1fJfl1111UUrl11'l~llJ 

_I'" 1" '" .I... _I"'" : ... 1.J! .d! , , '" 1 '" ~ 
llfl~ff11J1HllJ'lU 11 I111J1::: ff1JflU'ntJ'YIlltl~lJ7lJ1W 'U 1'Y1 'Jr C)f ~ff1lJ17 (lll mutJ~fl "1JtJ6tJflllJU 

3 l tJ1IUU fitl Utl~fl'" iJtJu UUtY! 1~ ''U~ UtJ~ fl''IJ iJtJ11UU1~"tJU~llJtJ~ llfl:::Utl~fl''II iJtJ11UU 

ti11~ ~ltJ (m lJfI1UtJlJlJfln'l!l, 2545) 1 ~fJti~~ fl' 'IIiJtJ ff1lJ11 (lOl ~~J1iJ'U11f1:::''II iJ'U 1111Jlflfl11 
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.. . 
~mm:: 60 ih hnuiHJqJll1f)l'H~~~lJ"tJ .ryh)'\ll iU~f)i\lJl11nlJ 11'tl1ViI11~t\'tl1111'1t1~111 Lm::ih h1' 

" " " , 
lhii~~fl111111'm.hml~ft~ lJtlmllm!lJ i",j'lJn i~"l1ml~~f) i ",j'lJ 11'111l'HllhlJl 1~d~lm.h:: lt1'lflJ1,)' .. .. 
1 ~tI iU~tI~ii~ 1 11' ~t'l/LtJft 1flf)'Yi'~ti~'1htl 111'~'ntl ,"', lJfll 1L7t1lJflf)"'1t1 L'lilJ f)1nll i ",j'lJ11l'.;l11'~ 

<!I '" 11 'j tJ L'YI tllJ 

tJth~ h~9I111J1Lfftl~~J1,j'lJ117t1 '",j'lJft::mtltl~ 111f) 'u~'j ::'U'U~f)~'U' ",j'lJ 
, , " ,,, 
n~ lh 111"U11'1111Hl HutJ~f)' ",j'lJL~tJLwmll,j'lJtJtJf) ',)'~tltlft:: 1 00 Li1tl~\llml1,j'lJ~'UL~lJ 
" " " " " L1jtll~tl1n'lJll1Lfftl ~~t!lJtl1\l~tI~ 1~m ::'U1lJ f)1'j 'li 1U~'YI1~LfI~'li1t1 1 lJ f)1'j Lwml1,j'lJLm::U11fftltltJf) 

\llf)nlJ 
.. 

o u 0 .cI .. 

2.2.2 fl'l::::lJ1Um'1UllJ~U11mJnH1fl'" (Chemical Treatment Process) 
.. .. 

m::'U 1lJ f)1'j 'lil'U~U1Lfftl'YIHLfi ~L~lJ itl f)1'j 'li 1,j~U11ff tll~tl1 ~m ::'U1lJ f)1'j 'YIHLfi ~ 

L~tlli1tJiifi; tl1n'U~ ~l~tJtJlJ 1lJJ1Lfftl ~~f)U'li1U~ 1 ~tl1tlif1~lJ flU 'li1U~ 1 ~tlf)1Hlf)~::f)tllJ 
.. 

11ft:: 'j 111~:: f)fllJ 'YIl~1f1~ 1 ~tI Hm::'U1lJ flU 1 fllltJ f)f)milJl~lJ m::'U1lJ f)1nl~l111~ 1lJ f)1'jli1 1 11' .. 
tJ~tl1f1f1t1ftfttJtI~1J1n11nlJ1~lJ-W~tJf) 1~tlHm::'U1lJf)1'j 2 ~lJ9ItJlJ titJ f)1'jli1ft1t1L11'UtI'jtl1Vi 

"tJ~fI tJ ft fttJtI~l1ft::f)U 11'~ 1~ ffm.j11''j::l1 iHtJ~tl1f1 fltltl fttl tI~ i ~ tl11'U Lfl ~~ 1 ~1lJ m:: 'U1lJ flU 

~f)~::f)tllJ'YIl~lfI~ titl Polyaluminuium chloride (PAC), Cationic polymer, Anionic polymer 1m:: 

Calcium Hydroxide (Ca(OH)2) (~lJ"11) ~~,j'tJ~ln~"tJ~f)1'j'li1,j~ i~tl1tlif tifl 11'1'jLfI~~H1lJ 
f)1'j 'li1,j~'U 1~~ 1~'j 1f1lfitJlJ,j'1~~ ~~~li1 111' ~lJ lllJ 1lJ f)1'j 'li1U~~ ~~ 111' tJ,)'1t1 

.. . . 
'j::'U'U'li1U"U11fftl1lJ11',j'tlU';if)"l tJ'j::lJlW 200 i1n~llJlJl ',)'f ~f)f)1'j 1 ~11'1'j 1f1~L~tJ'li1t1 

d d : d ,dd 
~ f)~:: f)tllJ 'Utl~11"~11 'U1lJ ftfltl (Suspended solids) 11ft:: tl~tl1f1"lJ l~m f)tJtl f)\l1 f)lJ 11 11'tI 11~ f)11 

i1ty111tJdtitJ 'U11'1111'j ()fh~~11ft11'1'j 6lJ'YI; 6~tld1lJ l tJ"tl~11'1'j ft::ft1t1 (soluble organics) tltJf)',)' 
, " I , 

li1 hf1lJ 'j ::tI::~tl111 '~Ll.l~tllJ 111 1 ~'j ::'U'U'li 1U"U1Lfftl'Yll~~1i'Y1t1111'Y1lJ \llJ m ::'Yi'~ljjtJl.l'j::11 1W 

10 i1~~llJ111 t! f)i'Y1t11tl111'9I{Lm::1tl1m hi'lj11111'fI 1111 11'lJ 1\l 1lJ flU Hm::'U1lJf)1'j'YIH~fff)tf 
.. . . 

Lm::LfI~1Jlf)~lJ l~tJft~11ft11'l'mft:: 1~1lJ f)U tJl'U 11' tl1Vi'Utl~~::f)tllJ (sludge conditioning) L~tJ'li1t1 . .. .. 
1lJf)1'j9lf)9I::f)tJlJLm::ti1~~11'1'j lftl1::~H"l fiijlJlf)~lJ1lJU1Lfftl (i1wnm L\llt'l/11'1f1l ,2549) .. .. 

191 QtJ'j:: 11' ~rl1 lJ f)1'j 'li1,j"U1Lfftl~1t1itl 'YI1~LfI~ 11 U~tItI f)L~lJ 111.,j'tJ 1 11 qi"l '~~~il 

'" (11'1W1 Lf)~tP'j'jW, 2543) 

" 1"1'.1 '" 1" ,JI' 1) 11''j1~~::f)tJlJ 11 l1ty'UlJ1Vitl l111'1111Hl~f)9I::f)tllJ 'f1~1t1 (coagulation and 

flocculation) 
. .. 

2) li 1 111'11 ft11'U fi ft:: ft1 tltJ ~1 lJ Ul91 f)9I:: f)tJlJ (Precipitation) 117tlli 1111' .. 
'Uft::mtlU1 (insolubilization) 



15 

" 3) ui'uffmn."u~lll 1 M'l'I1lJl::; fflJtiUfI11lJ~U 'Hll'j l'lflJ ui'mhfl11lJlfllJ m fl 

rll~ (pH) l~lJffl'Hl1l11';j (nutrients) 

" 
4) ~ll';U hfl (disinfection) 

5) ui'uffmn"'U~~::;flUlJ (sludge conditioning) l~uHllJfllmofl~::;flUlJ 

o V .. 

2.2.3 m:::lJ1Ufl1'nJ11J~nVl'lnfl1," (Biological Treatment Process) 

" m::;u llJ fll'j 1i l,j'fl'YI H:jf1.fllnl fllJ 111 fll ';j 1i l'U flllli ihJ 1 fl 0 1 ~fl ';j::: U llJ fll ';j 'YIl ~:jf1.flln 

l1ju l~~~lJ'YIlvllJ fll';j fh\lfl~ ~l~UUlJ lml11ffo 1flmum:::ffl'jfl1{uUlJUlJ'YI1V 1lJ 1~';jl\llJ 11"::: 
.. 

-nu ff-nui' ff 1 ~VfI11lJ ffflU ';j flll1 ~ lU \l::; ~fl 1 ~l fllJ tlll1l'j 11"::: lfllJ 1111 ~~n ci~~llJ."tl ~ ~~lJ 'YIlvl lJ 

" ";." " ti~Liiv~l';tlLntlfll';j L\ll tyL~U 1 ~ ill 1 M'1l1Lffviifilfl11lJffflU';j fl"~"~ 1 flV~~lJ'YIlvl'l1~lil tl1\llfllJ 

11UU1~tltlfloMl\llJ (Aerobic Organisms) l1jtl 'JJ1~tltlfloMl\llJ (Anaerobic Organisms) ~,~ 

~~ffll1m';jlJ , 2545) 
.. " 

m::: U llJ fll'j 1i l,j'~lllL ffV11U U i ~ tltl floML 1IlJ L fllJ m::;u llJ fll'j 1i l,j'~llli ffV'YIl~ :jf1mn 

1 flVtllflV~~'U 'YI1V'lfi1~~ iJJ1~tltlfl<iL1I'U l'U fll'j VUOffmo ~~'17u l1":::LU~V'U t u."tl~lJ" fflHh~"l 
, 'JI ,", 

l1iitlQl'UllllffV lM'iiti lfl11lJffflU';j m!tJv" ~ lJ" ffl'j l1iitlQl'UllllffV\l:::~fllUiiv'U' ulfl'U ~ ~'U'YI1V 

L 9f " ill 11 JJ fi' 19f fll { U tJ 'U , ~ tl tJ fl , 9f ~ U " :::f) 19f ii L 'YIlJ I'd tl ~ 11 1 fl U g fi 1 V 1 :jf 11 fI ii ~ L fi ~ ~ lJ 1 lJ 

m :::1n'U fll ';j, ~tJtlfloM 11l'U1I::: '~nci~~ llJ U'tJV 19f"il."tJ~~~lJ 'YIlv~lfifl~'U 1 11 JJ~~ii~l'U 1'U 'JJlJlfl 

l~tHm V1Jll1vutium :::U1lJ fll';j ~l~tJtJfloMl\llJ til'U fi'l9fiil'YI'U~lfifl~'U ffllJ1HIllllJl 1 ~U';j::: 10'lfU 

M 
2.3.1 ;;lLtliiuo:::'l0;;11nrn'U6-3m:::1J1Ufl11U66n.l\lU (fl';jlJ h~~l'U~~ffll1fl';j';jlJ , 2545) 

fll';j VtWff"l Vffl';j U'U 'YI1V." tJ ~ ~ ~lJ 'YIlvl lJ m::: 'U 1'U fll'j VtJ Vff" lV11U U, ~ tltJ floML 1IlJ 

iici fl'l:lW:::L1~ fl~h~ 1Ilflm :::'U1'U fll';j VtJVff"lVL1UU 1 ~tltl floML 1IlJ fltl m::: U llJ fll'j if Utlfl<iL 1IlJ 11::; 

, 'do ~ ~ .d ~ QI QI .c. Q d" 1 Cl.q.q d .c::i.d.q J .d 
lJlJtJtl fl9fL1IlJ tJff';j ::;9f~LUlJ ~ 1';j utJmfl~';jtJlJ lJllflV1'\J tl~ ~ OUU m Vl'lf11f1lJ 'YI1MI'\JlJ 11::; lU"VlJ 

.q d ~ ?f ~ d trI " , '" trI.4 ..J QQ-Q .d.Q.J d. QI ffl';jtJlJ'YI':iV IULU'U fll9flJl'YIlJ fll9ffll'j'UtJ'U ~tltJfl 9f~ lm:::fll9ftllJ"l 9f~UUfl';j Vl'YIlfl~"''UlJ''fl'l:lW::: 
" , , 

lfl'U'\j'U~tJlJl1'17u~tJlJ 1 ~vu 'Ufll11l V 2 milJ 1 l1tl,h '~uriu ufll1il Vl1 'JJff~ l~iil'Y1lJL1"::;UUfll1Ll V 
, " .. " .. 1 d .Q Qld 

'YIff';jl~lJL'YI'U ~VlJ';jlv":::mVfl~~lJ 

.... ~, 1:' .. 
1) UlJtlnL'UJn ItliJ1HJ.unu 

LLUfll111V'lfi1flifu';j:::fltJU~lV 2 n1n fltJ LLUfll1Ll V~ 'JJ~tJ~fll';jtltln<iL\l'U (Obligate 

Anaerobes) 11ft::: L1UfI l1Ll O~ tlQl lJ ff mn iii"':::' JJiitltJ noML 1I'U Uff';j::: (Facultative Anaerobes) 
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>I • • 

hUJ1l1Jf1111i ui'U n~lJu ll::~~~'fJ l~ll11'Ulllnm~U'U'Yll U'tl'U l~ i 11 q1u,,::liH1lj' lllti'lm;11;ftl lJ 

oCt ~ ~ " .cl 
2) UUtl'Yll'lU'YlnnUn'Yll.! 

UUtllll1 U~tY~1~ljl'Yl'Ull::11l1 t1!1~1J 1~ '~~11m::u~lu'U1C)$ml~ 1 1~tlf)llltJ~u'UmJ,,~ 

lJln l11UUUtlllllU~tY~Hljl'Yl'Uu1i~tltln1~11'l'U 2 '}fit1l fitl UUtlllllU~tY~Hljl'Yl'Uliln 

tll{ UtI'U 1 1Itltln 1 C)$'flU,,:: 1 fJ 1 1Illll'U (Hydrogenotropbic Bacteria) n~ 11fitl 1~tll {1JtI'UlJllll n 
>I 

tll{1JtI'U 111t1t1n 'C)$'fllm:: 1~'YHi~~1'Uliln 'fJ111l111'U ,j~tYlJf)ll~tI 1 tJu 

CH4+2Hp+32.4 Kcal (2.1) 

U1Jtllll1 U'}fit~.Q tYllJ1Hl i~m1lvltl{ijmu'U tYnml1 n 1~ lljtl~lllnm~vltl{ijn 
tYllJ1HHtJ~U'U1U'U'fJ 111l111'UU"::tll{1JtI'U 111t1t1n 'CJf1l1~~lU ~~tYlJf)ll~tI 1tJ.Q 

HCOOH (2.2) 

'" ~ ~" i"1 1 ~ ,~ tI 1ft n ~ 1 tI 'U ~ 1 "l ~ 'Yll U U ,,:: '}f fJ ~ ll11 'U lU 'U U 11 ,,~~ "H 1 'U (Acetoclastic Methanogen) 

1 11 Uf)l 1 tY~ l~ljl 'Yl'U1U'U ~~tYlJf)ll ~tI 1 tJ.Q 

----+~ CH4+2HP+39.01 Kcal (2.3) 

'Uti nlll nnn tY~ Hljl'Yl'U lllnf)ll tItI n9h~i'U'tItI ~, fJ 1 ~111l'UUtl'1 ljl'Yl'U eh'U i 11 q1u~ 

tY~1~1l1nf)lm~n~1't1t1~6::cil~1I ,j~tYlJf)ll~6 ,tJ.Q 

(2.4) 

'

" oQ 4Q J ~ ~ 0 Q.I ..!t 
l11um::u1'Uf)ll l66nCJflll'U1f)~'tI'Uml1lJ~ 4 'tI'U~6'U~llJft111U tl6m::U1'Unn 

ifJl~l'''citY (Hydrolysis) m::U1'Uf)llf)lltY~Hm~ (Acidogenesis) m::1J1'UnntY~Hm~ 

tI:: ci ~ n III n m ~ 1't1 iJ 'U 1:: 111 U ~ 'U '1 (Acetogenesis) U":: n 1:: 1J 1 'U fill n 11 tY ~ H lj 1'Yl 'U 

.d! ~ ! ,., QI od.d "'~ f .ad Y ~ 
(Methanogenesis) C)$~'tI'U~tI'U'Yl~ 4 ~6~61tWUUtl'YlllU 3 tJl::lfl'Yl !~un UUtl'YlllUtYn~6::9H~1I 
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. . " 
ll'lJt1'nil myf l.:JflHl 1l"'~1l'Ufinilr.lfff1.:Jiil'Vl'U l~mltHl.:J'i 1tm~l~u~1l'Ufinil unlnu1.uu.:J imJmm'U 

'lJU.:Jfll'i VUUff"'lUff1'i6'U l'1l 6\1 1flm ~'U1'U fll'i H uu flcil\l'U~.:J'I11.uuil~ , 11 . . . 
... 1 q 4 ~ oCI "'1 V , ,,.. .... 

2.3.2 U''i:::lflfl'UtF.lUl1flfll'lfJnlfUI1'UtH lu'Uu~tlUfl1'mtl[JtTt11[JUl1l1 'itltlfl"llltlU 
. . " 

1 ~ Uff1lJl'i flllti nil ~ U)l'1'IJ U.:Jll 'Ufl n!l unlnu1.uu.:J i mJ'U ~ U'U flll VtWffmuu'U 'U 

, 'jI "" ''jI~ _I i'jl' """" 'jI i '" 'iUUfl9H\I'U ~!1J'U 3 u'i~!fll'1 ~1lf) ll'Ufll'1!'iUff'iNm~ 'lJlJ'U'i~!l1U (Acidogenic Bacteria) 

d4 'jI <III:II~ dd jI d .d QI , i_I.:' 
1l'Ufll'1!'iUff'i1.:Jm~U~'I1~fl (Acetogenic Bacteria) lm~U'Ufll'1!'iUff'i1.:JlJl'Vl'U 'I1.:JUff~.:J~.:J~tl u'U 

1) ul1fl'rilj[JtT'h~fl'iVl'"i1U'i:::ll1[J (Acidogenic Bacteria) 

" " imJ'U~tl'U fll'i fff Nm~' 'lJU'U 'i~llHJ'lJtl.:Jm~'U1'U fll'i' ftlUflcil\l'U flHl\l~~~~~'U 
" " 1~Uu'Uflnllu'lii~U1flltY'lfU~l~~'lJ1~ (Obligate Anaerobes) lJlflfl':i1'1fU~ Facultative 11.:JilI'Vn1~ 

u 'Uflnll U'lfU~l~~'lJ1~ ii~l'U 1'UlJlflfl11 ll'Utl nll U 'lii ~uuflcil \I'U'lfU~l~~'lJ1~~ii'Ul'1'U 1l'1 i'U 

'jI , QI d4 1 .c9 d .qdl dl Gtjl 
fll'i ff'i Hm~ 'lJlJ'U 'i ~1l1 UfltlUfl'llJ Clostridium 'I1.:JlJllJ~ 1'U tl"''I1lJlHllUll'U'U\I.:Jff1lJl'i fl I 'If 

" . . 
ffll U1111'i l1.:Jnlfl'U 'VnflU iJ.:J117U 1 U'i ~'U'~ ~",uUfil U1n '~iil1 "'lU'lfU~ l'lf'U m ~ih' l'11 fl 

m~u~ci~fl fl'l'11tl1{l1U'U'~UUfl''I1~ fl'1'11'81~'il\l'U Wl'11'UU'" U1l'11'UU'" u~~l~'U lfl'U~'U 
" . 

'UUfl\llflilthiill'Utlnllui'Ufl~lJ Propionicbacterium n~~~m~ hni'VluUUfl (Propionic Acid) 

lm~m~U~ci~fl\llflm~lmfl~fl 
~.4" .qQ • • 

2) Ul1flfll'i[JtT'iHfl'i~tl:::OV~fl (Acetogemc BacterIa) 
~ ~ dod" do .c::.. QI.::t I V 'jI ~ QI 

llJU ~"'~"'~ \l1tHl 'Utll'1l'i Uff'i N m ~lJ 11 mu'If'U ~~.:J l'1 n"'11'1.1 N~'U 1l"'~11 N'If'U~ tI.:J 

lfl'U ffl'i llJmfl"'~lfl'Ull'Utlnil UfffNiil'Vl'U 'liff1lJl'i mh' u'~!fl'U ff1'i UTH1'i'~ ~.:Jiiflll lU~U'U . 
" . . 

ffll!l1 ~TU 'U,,r fl'" 1 mfl'U ffll U 1111'i U V1.:J~1 U ri1l1 f 1111 'U tl nil tin fff N ii l'Vl'Ul'~ U '11' ff1lJ II fl~~c)$lJ 

!.u1' u i~'~i'UI'I1"'ri' ll'Utl nll u~vuum ~, 'I.IU'U'i ~1l1 U llJmfJ'" il1q)',r fl "'1 Ulfl'U m ~u~ci~ fl 
" " '81~'il\l'U !m~tl1{'Uu'U '~UUf) i'l1~1~u'U ff1lJ1'iflUU.:J i~!fl'U 2 'lfU~ ~.:Jil 

qq oIICIit! .::::\ '.:::II •• 
2.1) lI11flfll'itJHt'I~tl:::.I~~tlm~I~[J1 (Homoacetogemc BacterIa) 

"" "" "".:' ~ "" "" ";, 'jI~ 0' i i 0' ~ '" 
U'Ufll'1l'iU'If'U~'UI1J'UU'Utll'1IHIl'1 'lffll'l1tl1'i'UU'U ~uun 'I1~l1J'Uffll'i'U 

" . 
6lftfl~ 'iU'Ulm~ ~~~m ~u~ci~ fl~'U lJl (lfl'U m ~'U 1'U flll 111 U, \lU 11'U' li' ~U1flltY) fh'U 1t1Cj1ltlii n 

.. 
llUfl11 Acetyl-CoA ~i1uVHll'UflnllU'lfu~il i~Url Acetobacterium woodii lm~ Clostridium 

.q.q ~ 4 'jI~ tJ' , i 0' 
aceticum ff1lJl'im\l'ityl~'U l~l'1.:Ju'U'Uuu 1l'11mnfl (autotrophic) tlU i'lffll'l1tl1'i'UU'U ~uun '11~ 

lfl'U ffl'i f 'U6lftfl~ 'i tl'Ulm~u m;.:Jtl1{ 'UU'U 11"'~ fl' 1'11' 81 ~'i !\I'Ulfl'U ffll i ,r6lftfl~'i tl'Ul~tllU~ tI'U 

tl1{'Uu'U '~tlUfl ''I1~!fl'Um~ltl~ci~fl ~.:JfflJfll'i 

----+~ CH)COOH + 2HzO Autotrophic (2.5) 
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., 
~fl't1~l\lltyl~'U 1~ hUl'U'U18'Yl11Hl h 1 mYlfl (Heterotrophic) fi1~1~Ufll~'I11Jfl 

3CH3COOH Heterotrophic (2.6) 

" qd 1.c:1.ci do ~.ct 

Bacteria) 11 'Ufl'Yll~ Ufl'llJ'U \l~lJllJ~l'U tJft'l5lJ'I1rl1 Ull'U'U ...... ..; iI ... ..; ... , 1 ,iI 
2.2) IlUflnl1t1ntT1Ht)::CWlflAnfHlfi ~ A1Ulll A (~-Producing Acetogenic 

Bacteria) 

ll'Uflliil U'lfl1~if\l:: i~m~ ''lJ1JlU:; l'\1 fJ (1~i'lim~tJ:;ei~fl) 'I11tJlltJftfltJ 8tJft ~ 
lth-J ff1~ tJ1'11 U 1m:; ffr l~m ~tJ:;ei~ mm:; n1'l5 1 81 ~':i 1 \l'U~ ~ltlll ffUtJl'l11':i '\ItJ~ll 'Ufllilj Uffr HU1'Yl'U 

~'U lJ 1 ~ ~J llllUfllilj fJ'lfl1 ~ifi~ UU 'Yl 'Ul'Yl thTi tyl'rn 1:; ltlll ~ 11~tJ m:; '\1'-;h~ 11 'U fllilj Uffr 1~ flHlfilJ 
" I " JI I 

llUfllilj UffrHU1'Yl'U mh~ 1 ':i fi~lllJfllilj U'lfl1~il \l:; 1 ~1\lltyl~lJ 1 ~lijtltl~~llJ~l~~ 't1~ill'rn l:;lijtJ . .-
Ufll':i ff:;fflJ'\ItJ~n1'l51 ~ 1 ~':i 1\l'Ulifli1~o\i'UlJl (til i,.rum1lJ~'U'Yn{1;Uft'\ltJ~ 1~ 1 ~':i 1\l'U \1~) uijil1u1 

'jI ...... 1 ' ... .1 1'j/.4 .c::I d" ~~ Q Q 1 
ff':i 1~ m ~tJ:;'l5~ fl lJff1lJ1Hllfl~'\Ill ~l'U tJ~\ll fllllJfl'Yll':i Uff':i Hm ~tJ::'l5~ fl'l1 ~~ fll ':i l\l':i tyl~lJ ~ 

" ~~,r'U \l:;~tJ~Ufll~ ti1i~ 1liJ 1 ~':i l\lll ntJ'UlllJfllilj Uffr Hm ~tJ:;ei~ fli~\l:;l\lltyl~lJ 1~ 1 ~ lllJfllilj U 

'" 
ffrHUI'Yl'Ui~l,j'l1J1U'U'Yl'Ul'Yl iml~ ~ill'Vi':i1:;llUfllilj fJffrHUI'Yl'Uff1lJ1HllJnflfl iliJ l~':il\l'U i~ 

fll':i tJ ~i 1lJ ti'U ':i:; 'I111~ lllJflli lj Uffr 1~ m ~tJ:; ei~ flllft:; llU fllilj Uffr 1 ~ Ul'Yl'U i,.r 

u~:; lU'lf,.r~~ti'Ullft:;ti'U ljUflfl11lJtYlJ~'Ulif11 ei'U l'Yl':iYl (Syntrophy) fttJ fl11lJtYlJ~'Ul'\1tJ~ 
# ~U;1~1l'U'U i ,.ru~:: lU'lf,.r~~ti'Ullft:; ti'Ullft:;~ Hfl 1~ ff1lJU fll\ll tyl~lJ 1~ ,~t1' 1tJ~lnU~~1~~ 

t!'U fttlll 'Ufllilj Uffr HflHltl:;ei~fl\l:;ffr 1~tl1'111~ i,.r lllJfllilj U~ffr HU1'Yl'U ff1'UlllJfllilj U~ ffr 1 ~ 

UI'Yl'U fi'li1un 1ft 1Un1'l5' ~ 1 ~':i 1 \l'U i,.r tilJlllJfllilj Uffr Hm ~ 
q 4 ".ct, 

3) IlUflnl1t1tTnnUnll 

11 'U fllilj m,.r HUI'Yl'Ul tI'Ull 'Ufllilj U 1~' ~tJlfllfY'lfl1 ~1~~'IJ 1~ '~tl1\l'Yl'U ~tltltl fleil \l'U 

'~l1,j'UlnU~I~ m! tlU i~tly''U fl~lJ'lJtl~ll 'Uflli Ij U'lfii~ Ifl1lJHl'Yllltl 11 1 'Yl ~'Vi~ 1H;i~ tlYll ft:; 
" . 

1\l;t)ll~U 1~ 1~u'~flJ'Vin~~1'U\llflfllnltlUffft1Uff1~6'U'Ylj6u~:;lJlw IO 'lfii~l'Yh,r'U ~~~11Hli 

2.2 
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nal",,,,.h:lft"fll'i1J6'U'fl66n'.~ 

tl1i1Jo'U'flOt)fl'.~ 

C02+ 4~ ~ CH4 + 2~O L\ o· ; G = -131 kJ/reaction 

~oinJ" (HCOO) 

4HCOO-+ 4H+ ~ CH4 + 3C02 + 2H2O L\ o· ; G = -145 kJ Ireaction 

J ~ J tl111JO'UlIo'Uon .fI (CO) 

4CO + 2~O ~ CH4+ 3C02 
L\ o· ; G = -210 kJ/reaction 

nmfl1"th:,ft"llIi1a 

Methanol (C~OH) 

4CHPH ~ 3CH4 + CO2 + 2Hp L\ o· ; G = -319 kJ/reaction 

Methylamine (C~NH+) 

4CH3~+ +2Hp ~ 3CH4 + CO2 + 4 NH4+ L\ o· ; G = -230 kJ/reaction 

Dimethylamine «C~l NHz+) 

(CH3)2~+ + 2~O ~ 
+ 

3CH4 + CO2 + 2 NH4 L\ o· ; G = -230 kJ/reaction 

Trimethylamine «C~3 NH+) 

4(C~)3 NH+ + 6Hp 
+ L\ o· ~ 9CH4 + 3C02 + 4 NH4 ; G = -666 kJ/reaction .. 6:.'"'' 

Acetate (C~COO) 

- + 
CH3COO + H ~ CH4 + CO 2 

L\ o· ; G = -31 kJ/reaction 

. .. .. Tn.., : f1'.ilJfI11Jf]lJlHrt'lll , 2546 

. " 
Ul'Hll'H1'J~Uft6'U'U6fll'HU6~lfl'U lli ':h~~11'1'Uf1'.ift''\IlT'U'J::amJ 1,f'U ihii~f) 'H~6 

i 'Yi'J' 'Yi'J 66U f)~ ,nJf)~'1'I'U Ul'J 61 'Hl'J '\16 'l111Jfl nil Ul ~1'lfci,u-w~ l11Jfl nil uu! l'l )jl't1'U 'liU1lJ1'J {l 

1.11 ltJ1i"1l iftUI11J fl nil Uf)~lJif UllJn{l~ll1'U f)66f) 11l11'1'U 3 ~Uft ~llJ~Uft"6'lU1HI1'Hl'j~1i' 
lllwi 
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3.1) lunl'Ut)l\l'U~U11Slf\l\l'Yil~t)~oiilfl~ (Obligate Acetoclastic Methanogen) . .. 
1~'UlllJflfhl ufI'f 1'11hy1'U n i.u'm ~H)::cJf~fH~'UlllHi'l'VHr'l'l1'U ~ llJ fl'lJf)1'J~'1il 

(2.7) 

3.2) lun l'U t) 1 \lU ~U11flf\l\l 'Yi l~'~ 1~ ''it \lU (Obligate Hydrogenotrophic 

.... 
Methanogen 1118 Hydrogen Utilizer) 

?t ...... "'i"r:>I i 1 i .. r:>I... 1 i" IU'UllUfll'lI'JUl'l 'lfn1'lf l'J fl'JI~U un1'JF-IfI~n1'lflJll'lU flU 'If 

-----+~ CH
4 
+ 2Hp (2.8) 

m)n~ 1nn1'11il'J 1fl'J I~Ull~ 111 uflnll u'lfuflifu'IfI'llJn \l i.u'mfl~o{ij fH~U 
1111 ~ '101111 'J lYiU'IO V1'1I~U1 i~I'Vl 'J 1:: n'J fl~ o{ij nfl'llJ 1'J \lll~ n~ 11 ~U i l'J 1fl'J I~Ullfl:: 

fl1{uouiflOOni'lffl1~ 

3.3) lunlU8l\lu~tJ11 flf\'~,y.:l'~ l~'jl \lUlla~ 8~.lfl~ (Hydrogenotrophic/ 

Acetoclastic Methanogen) 

?t ...... '" "... i l' :: .... .... r:>I i 1 'i " IuUllUfll'1l'JUl'lfl''JHlJll'lU ~l1'1'l~lnmflO::'lf~nl1'JOf)1'lf l'J fl'JI~U II~ 'If 

il'J1fl'JI~ui~~n11 

2.3.3 ,1'UflO'U'Ufnni8m:n:n[Jal'l8'Un~r1"t).:In1~tJ1Um'l'-f88n.l\l'U (l1unu ~WCfJt'U1t'r,j' 
,2542) 

m::u1unnHoOflcih~Ulfifl~U 4 ,fU~OU~11Hi1~U flOm::U1Unnil'J1fl'JiflcJffl' 

(Hydrolysis) m ::U1U f)1'J nnfl'f l'1mfl (Acidogenesis) m::U1unn nn fl'f1'1mflO::cJf~n~ln 

mfl i 'IJ~U 'J::111 U~U"l (Acetogenesis) llfl:: n'J:: U1Ufln fl1'J fl'f1'I ljll'lU (Methanogenesis) 
.. .. 

1 OJ Q.I" Q.I od..c:t ... 1 i'" I odd '" ~ ..r:::::I4" 
flU'lJU9\OUl'l'l4 9\O'lt11fWllUfll'lI'JU 3 u'J::lfll'l flun llUfll'l1'JUfI''J1'10::'III9\flllUfll'll'JUfI''J1'1mfl 

llfl::llUflnll ufI'f 1'1 lj ll'1U 1 flUlj'J 1UfI::16Ufl~'1~0 i tJif 

1) m~u1'Um'j'eJl~1'a.1.T 

i l'J 1 fl 'J i fI cJf fI' 1 ~ U ,f lJ ~ tJ lJ flU V tJ U ff fl1 U ff 1 'J tJ 'J :: fl tJ U 1lJ 1 fI ~ fI i 11 tY I 'If lJ 
.. 

fI11iUil'JlflHl ltJ'J~lJ llfl::i'IJ~lJ i,rnfl1U1~lJff1'JtJ'J::fltJU llJ1f1~fll~n l'lflJ lh~l" mfltJ::ij1 lJ 

111 Q.I ~ 0 Q.I! ,% oQ J i" 0' od,od, QJ 

llfl:: mfl I 'lJlJlJ'lflJflU11911lJfl1flU 'lJlJ ~OlJlJ ff1lJn mflfl'IJlJ flfllUlJ OfH'lfflflll Ufll'll'J U 1 flUO lfW 

ltJlJ i 'II,j'~1l Uflnll utJ~OUOOfllJl i.u'b f)1'J VOUfffl1UfI'l'J tJ 'J ::fltJU 1lJlfI flfl i 11tU~'1 n~11 
• u 
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" 2) fl 'j ~ lJ 111 fll 'j fll'H1''HUl 'j ~ 

" . "" '" '" '" """ ."" '_1 1 ~ fHl fI Cl 'fl '\I tH'\I1HHllHl I 'il ~ (l fHl U fI 'VI 11 tlffl 1'1 fl 'HI " ~ 'IDJl '\11 1J fI1 tI 'U I'b'Cl Cl ., ., 

l~tlll1' 1l1,*1;j'Utn111mCl~\1mll~tI'Ul;j'U 01" i'\llJ'U1::;nW 1'1f'U tl~o)f~fl ih' 'VI~ fl hn ' .... 1 tlii fl 

?t" "" , 't '" ~ i i ~" "" """J "" ,J 1 IlJ'U'fl'U UCl~flCl'fl 3 I "11'il'U flU fill Utl'U "tltlfl 'b'''tltlflU1''1t101~U1'U flll'V11~'lf11f1U'VIlfl~'\I'U 'U 

1~wh~flllUtltlffClltlff111l1~fltlU IU1ClmH~fl 'lfii"'\Itl~flClfl~'fl~'~~'Utlunui1'il')tI 21l1~flll fitl . ., . " 
'lfii~'\Itl~ffUffl~Hll1Cl~f111U~'U""1{I'ihJCl'\ltl~ '31 m l'il'U filfi~;j'U tlfl~ 1tlUH1'1f'U 01 ~ 1'\1lJ'U'lfii" 

tl11\l flUtltlffCl1t1fl1l1m;j'U tl~ o)f~ flU Cl~' ~ 1 "1 fI1 {U tl'U 111t1 1~ ff .fl11~ ~ f111U~'U '\Itl~' ~ I" 11 'il'U 

ihh ~ 1 U~ 'il~ U~WffCl1 tI flCl1 tll;j 'U ih i 'VI ~ flU Cl~ I .... 'J 1 .... 1 tlii mrltJ tJ ~ f11 tI 1 ~ ff f111~ ~ 1 31" 'J 1 'il'U 
.. 

Jjfl1UJ~'U""l{l~fJCl~ ~ 111~lCl\1flUtltlffCl1m;j'Utl~o)f~ fl '31 "1f11{ Utl'U l1Cl~fI1{ Utl'U i~tltlfl i 'b''! 

l~tI~l'U1i Embden-Meyerhof .flltlMtYf111~~ i~ 1"11'il'UJjfl11U~'U""1{I'iftlCl~1111fl i31 ~11'il'U 

Jjfl11U~'U""1{I'iftlCl~~flClfl~'fl~i~ fitl O1~tl~o)f~fl o1~ I .... 'J i .... 1 tJiifl O1"U1' 'VI~ fl i31"11'il'U 

UCl~tll{Utl'U '~tltlfl ''b''! . 
V 4C:il4l!:lt. ... cu 4-

3) fl'j~lJ111fll'jfll'jan~fl'j~t)~.flfl91flfl'j~ l"lJll'j~I't1t1t)ll' 

11 uflfii'1 tltJ~o)fl 'fl ~ii fl (u uflfii'1 tlfff 1 ~tJ~cil'fl~) Jju 'VIUl'VIthtlty 1'U fll'J 1;j'U ~ 11~tlU 
,. ,. 

1 ~wh~'Ii'U 'fl tJ'U flll fff Hm ~l1Cl~'Ii'U 'fltl'U 1'U flll fff HJj 1'V1'U flU fI~'fl Jjll'l'U 1 ~tlU U f1fi 11 tlfff 1~ 
" Jj1V1'Ulr'U~tl~flUffUm'fll~m""1~1'il1~'il~U1fl '~l1n O1"tJ~o)f~fl O1~-ntJ{ijfl 131"11'il'U lU'YIl'UtJCl 

"" "" , '" "J"" ~ , , , 1" ?t 
UCl~IUl'lCl1U'U (Methylamine) m" '\IU'U'j~111t1'V1Ufl1nJtl'UU1flfl11 2 tl~'fltJU Utl1'il 'lfllJ'U 

ffU ffl~ 1 ~ 1'U fll'J fI~'fl Jjll'l'U '~I~ tI~ H U Ufl fi 11 tlV~o)fl 'fl~ii fl (~fI~'fl' 31 ~11'il 'U ,~~ 1(1) 

Jj f111U ffllJU (l 1 'U flU Utl tlffCl1 tim" , '\IlJ'U 'J ~ 111 tI~ Jjfl1 {u tJ 'U 111 flfl'h 2 tl~ 'fl tlU 1 11' flell m;j 'U 

O1"tl~o)f~fl fI1{utJ'U '~tJtJfl 1'b'~ l1Cl~ h 1~11'il'Uf11t1Mfff111~~ '31"11'il'UJjfl11U~'U""1{I'iftlCl 
~lfl"h 2 x 10'3 Untllfllft l1Cl~~lfl",h 9 x 10'3 Untl1fl1fttil11i'UflUUtJtlffClltlO1~U1i'VI~flUCl~ 

m ~ 1 .... 1' .... 1 vii fl ~l11JCh~ U 

CH3CH2COOH + 2Hp 

CH3CH2CH2COOH + 2Hp 

CH3COOH + CO2 + 3H2 

--... 2CH3COOH + 2H2 

(2.9) 

(2.10) 

~ ,,, JI , I 

'Ii'U'fltl'Ufi 3 U'il~lfi~;j'U i~IU""l~ 1 'U fff111~fi h 1 "'J H)'UJjfI11U~'U""1 {1'ifmwh 

1l11J'U 01"''\1 lJ'U 'J ~111 tI 'Uff1UU (lUVtlfftl 1t1flCl1m;j'U m~tJ~ o)f~fl tl1~ 1~ ff f111~ ~, 31 ~11'il'U Jj 
'" ~"" 

f111U~'U""1'Jl'1ftlCl~ ~ 



CH3COOH + HP 

4H2 + H2C03 

----+~ CH4 + H2C0
3 

CH4 +3HP 
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(2.11) 

(2.12) 

m~~lJ'Yl'lV'j~111 u~ijfl1{mn.uJ1f)frh 2 6~~H)lJ 'hhnlJl'j()\lflltJ~UlJt11lJijl'YIlJ i~ 

1 ~U9'I'j -3 u'Utl fii'l U'il~~6-3ltJ~UlJ m~~lJ 'YI~ v'j ~1l1 u9i H'1 1 t1'lnlJ m~tl~ICJf~f) 'I11tl' ~ 1 ~'j l'illJ 

liYmi6lJ~-3'il~ 1tHil9'lijl'YllJ i~ lJtlf)'illf)f)H16~ci~ flIm~'~ 1 ~'j l'illJutl'1u'Utlfil~ U61'il 1 tff'U fflm 9'1 

tldl-3~lUfjfll'riu-3i1i~'Ifu~1lJfl1'jHil9'lijl'YllJ l'lflJ IlJl'lllJ6ft m~vl6{iif) (HCOOH) 

. 

4CHPH 

4HCOOH 

.. .. 
'tun: mlJt11'UfJlJlJftVi'joj, 2546 

3CH
4 

+ CO
2 

+ 2Hp 

CH4 + 3C02 + 2Hp 

(2.13) 

(2.14) 
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if ru"~' ,,, ... 
2.4 ~~tlnllNi.1f10fl1:::1J1'Um'1 'lOOfl.l~'U 

liio 'Hllflm:::'U1'U fll7 HtHlflciil\)'U 'Lh:::fHl'U~11111 'Uflliilll 2 fl~ll 'thn'Uod1~AO!iiO~tl'U 
Q.I ! -=9 ~ 0 ~ .d" .d,., QI ,., , ild.d .d 0 " 
fl~'U 'U \)~ llfl1111 \) 11 U'U l'I~O ~\):::1'I \)::: ~OH fl1l1ff .fll1:::111fli1011 l111ff .fll'W1'I 111111::: fflll'l \)::: l'I1' 11 

Q .t:::;j rI ,.cf I,., QI, " ~ . d ~ 'j/ QI '" " ,,, ... 

~i1'Umml1m'U0Qfl111fl'U fllU'U Oll1~fl 9f ~'UOfl1l1fl\):::~O~7 flll n:::'U'U 11 O~ 'U ff.fll'W 700fl9fl\)'U 
.. 

1l~1 fj'~A'o~fl1ii~ii~i1\)\l1l~~AO hIll 

1) ~Wl1~ij 

fll7 dOllffi1111ff17 6'U1'I; 6''Um:::'U1'U fll7 HOOflciil\)'U 9lW 11.f)lJ~111111:::ffllljod 2 'li1~ fio .. " .. 
'li1~fllnh~1'U'UO~m 9fnilflll'Ufllil; II (Mesophilic Bacteria) lj'QW 11.fJlJOd''U'li1~ 30-40 O~R1 

19fi1I~llff Ui1:::'li1~fllniH1'U'UO~ll'IO{111nilflll'Ufllil; II (Thermophilic Bacteria) lj'QW l1.fJlJOd 

''U'li1~ 45-55 O~R119fm~llff 1 flll'QW l1.fJlJ\):; lj~·mAOfln ~il~fil9f'UO~ll'Ufllil; II fll7 i1fll1l01'~1l 

'QW 11.fJ lJUli'I~ll~ 2-3 O~R119fm~llff \):::lj~i1AOfll7 1'Ll~ll'Ull 'Lli1~fil9fljll'l'U!fl'Uod1~1l1fl 
... 

2) filtl'ti (pH) 
.. . 

th~ltl'lflfl'U~11h;ff.fll'W.fllll''U'UO~m:::'U1'U flll 1 100flciil\)'U 1~ llAflll 1'Ll~ll'Ull'Ll~H'UO~ 
, I" " 

fh~IO'lf IjjOfh'Uo~flHI7:::11111~111 (Volatile Acids) ljfll71'Ll~1l'Ull'Lli1~\):;lfi~;j'U~1 ~~,:r'U fh~ltl'lf 
,. . 

;1~lfl'U~1U~;lillfffl~ ~i100fl111 1 ~~11hl1 f'U fll711fi'i 'U ff.f) 11:;' 'U 7:; 'Um'iTuflll'U'U' l' OOflciil\)'U 

lrlmm llUllill'Utl'Ufh'Uo~flHI7 :;11111~111 Od1~ i 7 n~l11fh~m'lffj'~lll'U ~ ~ ri1t1ty' 'U fll7 fl1'UfJ 117::: 'U'U 

1 flllfh~m'lf~111111:ffllijQ''U 'li1~ 6.7-7.4 ~~111111:;UI;fllnl1~1'U'Uij~1l'Ufllil; llff1'l~ljll'l'U 
~ ~ d ~ ~ ~ 

3) 'l:::tI:::11i.11flflfiflnH"i.1ftUTfI'l (HRT) Ui.1:::l1tllnflfifl"O.:JU'U.:J (SRT) 
.. 

Q,I QI rI .oS QI 0 

7:11:;l1mflfl'Wfll'lH'lfi1R1ff~7 (Hydraulic Retention Time) flO 'j:ll:::l1mflfl'U1'UO~7::;'U'U . .. ,. 
111m :;1l:;111nliu 'Ufllil; llffllflfftlmh fll7 i1fl 7::: 1l:;11i11 tlmh\):::ih lH'ti' ~'Lliim W i1~i1~ llA111 fl 

QI:;~' dd "I" &.ct ,,,. evr/ 
7:::U:;l1mflfl'U1~11fl'U 'Ll ~:::flO'Ull'UflnI711\)::;1111~OOfl\)lm:;'U'U 1fl111fl 9f~1l~i1 l1m01Qffi1fl\) 

i1fli1~ lli1::;ih 1-11' 'Ll7 ::;ffl'l i.fll'W 1'U fln fh\lfl~ 1 O~i1fli1~ tl1Qfftrfl~~l11111::; ffll''U fllniH 1'U 'UO~ 

7 :::'U'U H oOflciil \)'Ufl17 ljti 1 ,u~ 1fl'h 100 1'U i~dliiO~\)lflll'Ufllil; u~ ff1 l~ljln'U ljtJ~71 
fll 'j I 'ill tyl~'U 1 ~~1 01Qfftrfl~~ljti 1111fl\)::;,h 1-11''Ll7::: ffl'l i.fll Vi 1'U fl17 ih\lfl~ 1 o~ ~ ~ 

4) tTfl1fifl11l11iJ'UAH (alkalinity) 
,. . 

1'U 7:::'U'U' f 01fllRff.fll'Wfl111111l'U"H't1~1111fl\):;ljfln l'Ll~ll'UU'Lli1~'!Oll ff.fll'Wfl111111l'U 

~h~~ljm111ri1t1tyfio ff .fllmh~' um{ U01'U ~ 1'W 71::: \)::: 'till1'! 1~11l'U ~vll'rlO{lrlOlj m fl7 :::11111~111 

lfifl~'U 1 'U7 ::;'U'U i1\)\l1l~ri1t1tyfl11ff .fll'Wfl111111l'U~h~ fio tJ~71ff1'U m1111,j'1J'\r'U'Uo~mfl' 'Uu'U 

7 ::;111t1~1t1A07::;~'Uff .fll'Wf1111111l'U"H' 'Um{ 'U01'U~ (VF A:HCOJ) ~tJ~71ff1'U VF A:HC03 .. ,. . 
,!Ollfl11 0.4 7:;'U'U\)::;lj'U'vl,vlo{ff ~ llAn'ltJ~71ff1'Ullljti1ff ~fl11 0.8 llfffl~117:;U'Ufhtr~od1'U;r'Uli 

" " " 
~mn:;i1~i1~Od1~71fl'~ 1 n'lmfl' 'Uum :::11111~111lj fll71~1l1~1l~lftfl'!Oll 
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5) fl1uuih"nll (toxic substance) 
, 

5.1} n'l~"i::l't1unu 

" 
nu ff:; fflJ'IJ 6 -3 f)'j ~ 'j:; 111 U~ 1 U 'il dillM' ~ W'H'~ CI-3 ,; -3U'U i -3 ~6 -3 ii nu fl11JfllJ 

f)1'j ci6 UffCllUffn u'U'YI1611'1'U m ~'j:;1'11 U~lUti1J f)1'j ItJ~U'U m ~'j:; I'll U~lU1 il'U ;h:l$iil'YI'U i M' fflJ'jClti'U 

1~ui1 1 tJ'j:;1J1J 1 r66n9fuJ'UfI1'jiitJl111w f)1'j 'j:; I'll U~lUtJ'j :;111W 50-500 iiCl~ni'lJ/~~'j (')~ im tJ ... 

m~6:;9f~n) 

5.2) Il6uhuuu 

116lJ llJI'UUln~'il1nf)1'jffCllu~1'IJtl-3 1 tJ 'j;)'U CI:;ln~\l1n' 'U 1 ~'j 1'il'U i'Uffnu'U'YI16'il::~n 
" " 

tJci6Ui'U'itJII6lJ llJtilu l~ulltllJ llJ1'uulJ1tltltl'U (NH4+) 111tln1CJ1l1tllJ llJl'uU (NH3) l~ui-3fftl-3~TU 
." . 

'il:;ltJ~U'U 'tJ111 1~~'U6~tiUfh~Itl'lf 0'1~1tl'lf~hn11 7.2 'il::ii NH4 + 111nn11 1I~0'1~16'lf~-3n11 7.2 

'il::ii ~ 111nn11~-3'il::U1J&-3f)1'jnl-31'UIICI::iifl11lJlil'U-n1l~tl'~'U'YI16111nn11 NH4+ 116lJ llJl'UU 

,rlm)~i'U'i tJ'Utl-3 NH3 'il::lil'U-n1ln~6Irltliifl11lJl.,j'mj''UtJ'j ::111W 1 00 iiCl~ni'lJ~6~fl'j lI~i'U'itJ'U6-3 

NH4 + 'il::lil'U-n1lIrl6iifl11lJl.,j'lJ.,j''U~ -3lvilti1J 7,000-9 ,000 iiCl~ni' lJ~6~fl'j 

5.3) UfllI'tltltl'U.,.tl.,'llo't1::nn 

i'U f)1'j fI11JfJ lJi' n1llfi 1~16'lf'U6-3 'j ::1J1J~6-3ii f)1 'j I~ lJl1Jff 1ft 6n 1tJ Bnl U1ti1J l1Jff~ 
" .. 

In~~'U f)1'j l~lJl1Jff'il::ri -3~CI iM'tJl111WllfI'YI 'mltl'U'lJ6-3 1 Cl11::IlJ1lilf){n.,j'6-3ti1Jl1Jff 1~lIIi 1 CJ11~tllJ 
" 

1 tJ~ fflCHUlJ 1If1 ClICHtllJ 1IC1::lIlJ-3f)1U ffff -3~'U 1IC1::ff1lJ1H)n1 i M'lnflfl11lJlil'U-n1l' ~ .. 

. " 
i'U 'j ::1J1J 1 r66n9fI'il'Uln~'il1nf)1'j 1 ,;no)f'U 'II 6-3 i'CI Il'l ~ li iitl~i 'U 111lfftllln:; nn ffCl1t1~1 

" 
'lJtl-3 1 tJ'j;)'U 1J'YIlJl'Y1'IJ6-3i'CI 1 l'lfi'i'U 'j ::1J1J iii -3 i 'U1~-31J1nIlCl::li -3C1U i'CI 1 l'lfi'i'U tJl111W1ft m! 6lJ 

lil'U ff1HI1111'j~~1Iil'U~6111JflliI1 tlffr Hiil'Yl'U litt)-3'il1nff1lJn f.)fln~i1nl'l1ftn ii mnCl 1IC1:; 1 Cl11::~ 

~ 11 il'U ~ 1-3"l 1IC1:; Irltl i'CI 1 l'lfi'i 'U 'i tJ'U t) -3 n1C1f 1 jiJ 1 fI 'j l'il 'U ~ 'j:;'; Ufl11lJl.,j' lJ.,j''U ~ -3 n 11 100-\50 

ii CI ~ ni' lJ~6 ~~ 'j 'il:; I il'U -n 11 ~ 6111Jflli 11 tlffr 1-3 iii 'YI'U 

5.5) iu't1::'t1,rn 

lI1JflliI1tlffrNiil'YI'U~t)-3f)1'j'ti1~~1Iil'U 4 'lfii~ fit) Il1ftn lf11Jt)n~ iimnCl 
, t • ttl 

11CI::i'ClIl'l6{ lI~i'UtJllJ1W li~llJ1n f)1'j'U 1f111f1 CI'U 1i 1~li~6-3f)1'j i'UtJllJ1WI~mr tltlll1 ci1un1 iM' 

'j ::U1J 1liff1111'j f.)nH1'U '~6dl-3iitJ'j::iY'YIi fIl'Vl i'U'Uw::l~u1ti'UtJl111w 1 Cl11:;m! n~~ -3ln'U 1 tJ'il:; 

lil'U -n1l~61I1JflliI1 U 
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6) ftflr.l.fl1Yi1llfll11"'uod'UtllllfUl"Hlll (Oxidation-Reduction Potential) 

tJ gfil fl 1~ U f1l"j t1lflll'1 ~d,n~ "j t)'U 111 ntYH l1l1.:J' tJ ~~ ntYH l1l1.:J 1~ fl n 'htJ g fil fll 

t)t)ncil~oir'U-~~noir'U (Oxidation-Reduction Reaction) l1lt)tJgfilfll~~t)n,* (Redox Reaction) 

" fllllJI1M9il.:J~1'UfllUJtYllJ1HI l'U nn 1 lJl1l t) 1 ,r~I~ n~ "j t)'U "j:: l1'h:jtJ gfil Ulyj.:JtYt).:Jt)1111~ , ~~lfl 

tilt)t)ncil~oir'U-~"noir'U l'n1l'l'Ul~flCll1lt)l~flnJ'U"1 ,11 1t)m{n (ORP) til1t)t)1{nl'Ul'1HtJg,j~11:: 
11 tY~.:Jti.:JfllllJtYllJl H) 1 'U f)l"j 1 U~I~ n~"jt)'U '\I t).:J tYn Cl::Cllfl t1' l1~ 1 t)m{n' ~ti ld~I'U 131 nlJl ntl tY~.:J 

1TffnCl::CllflUfI1llJtYllJl"jt) l'U nn 113~I~n~"jt)'U ,~~ 1'lf'U ut)t)ncill1'UCl::Cllfl 1l9it1'1t1'11~ 1 t)t)l{n 

'~tillfl'UClUl1tY~.:J11UfI1llJtYllJl"jt) l'U f)l"j 1 ,r~l~nmt)'U' ~~ l~t).:Jl1lntJgfil fll~lIf1U~lfi~~'U l'U 
" I, " 

nn U l,j~llllffUffl'U 1 l1qjiJ nt fl'U tJ gfil fll~~t)n,* 1 ~ flYitYl"j ~'U l'1~ 6Yit)~l'U llllfffliJnt fl'U~l 111' 

~1~ n~ "j tJ'U IICl:: 1 fl'U 1Il1 ~.:J'n ~.:J.:J lOU ~ fflfl t1J l'U "j:: U U' ~ tJ t) nci 111 'U fll {U t)'U 1 ~t)t) n' 9f~ 

l1l t)m ~t)::ci~ nl1::1fl'U~ 11 u~l~n~"jt)'U 1 ~flti.:Jdt)flt)t)ncill1'U ~l'il.:Jl'U , ~~~t).:Juti 11 t)t)l{ n i 'U 'lfl.:J 

-300 ti.:J -500 ijCl~11Clli' t1'11t)t)1{nutillfl'UCl13U't)fl"1l1lt)utillfl'UUlndt)lJllff~.:J1ltJgfilfll 
" " 

dt)fltYCllflll UU Ht)t)ncill1'Ulfi~.;jllU' t)fll1l t) '1.itfi~.;ju 

tN 4. Q,I Q.I Q"I Q.I rI Q.I 

2.5 fll .. "l.fl1Yi (m::ml.:J'nCl.:J.:Jl'U, mlJ'n~'Ul'nCl.:J.:Jl'Ul'1~IIl'1'UIICl::t)lpm''nCl.:J.:Jl'U, 2549) 

nl9f~lf1l'nlfl'U nl9f~lfi~l1lnf)l"j dt)UtYCllflffl"j~'Ul'1~ 61 ~flIlUflYil~ un~lJ~ 'lil ~t)t) ncill1u 

i ' .Id cf .. 1 QI 4 g .Id 
'U m ::13l'U nn flt)fltYCll fl 11 Cl:: lJt).:JfI]J "j:: nt)13 l1 Cl nflt) f)l9flJll'1U (Methane; CH4) IICl:: 

" . 
nl9f~lf1l'ntYllJl"j t)H~~ '~l1lnf)l"jl1iJn'\lt).:Jlfffl 11llfffl "jllJ 'tJti.:J1~tJ~Ul'1l.:Jm"j 1f)lI~"jYi 

lfl'U tYn ~'Ul'1 ~ 6 1 ~fl~t).:Jlfl'U f)l"j l1 iJnfllfl hi' tYtIll::~ 'lil ~t)l f)lffl1l t) 'liut)t)ncill1'U ~.:J,f 'U 

. " 
m:: U l'U n n l1 iJ nt ~ t) H~~ nl9f~l tIl'n 11:: t) ~f1l U 1 U fIl 'ti''U:: iJ ~ l1l t) ti.:JiJ ~ 'U t) n 111 nil t) l111fi~ 1 'U 

jI , " I 

,.jt)lllYiUfI1llJftnlJln nlJ' tJti.:J l'Uoir'U~::f)t)'U M,.jt) Ifl'U~'U 1~tJ~13YiffllJl"j t) l~l'Uf)l"jl1iJnllu13 
" 1lii~t)lf)lft~.:JUlJlnlJlfl mil lJClff~1 1'ti'~'ti' '\Ifl::~'Ul'1~6 iJ'UffltJ::l1~.:J Bt)fl llllfffll1ln 

m::U1'Uf)l"jH~~~lflutYl"j~Ul'1~61m::util~1t)~"l.:J 1~Ufll"jutil~1t)~"l.:Jn1l3 ,()()() ijCl~n1lJ9it)~~"j 
" 

tJ"j ::1l'lft' l'1fl'~unnlllll'1f11 'U 1 Clunn H~~ nl9f~lf1l'nlJl 1 ~l'U f)l"jul,j~llllfffl I1Cl::lll 

~ "" .... 1" 1 " ~ ,., , ~I' ..\ 1 "" 
f)l9f'ti'lt1l'nl'1HCl~ ~lJl 'ti'llJ'UIIl1Cl.:J'nM.:Jl'Ul'1~IIl'1'UlJl'Ul'Uf)1l 10 ]J 1I~1'Ut).:Jl1ln Ut)~~"jlfll 

" . 
llliJWj.:J 'li"l.:JlJlnlijt)IYifllJnlJ l'Uill1~u'U l'il 111' f1lfl1 jUCl::It) n'ti''U ~.:J 'litit)fl 111' fllllJ fflfltyn13 

'n~.:J.:J lOU 'YI~ 11 'YI'U 111 n n 19f~l tIl'n 119ilu tY tIll::ill1 ~,j'U ~ "j lfllJ liJ'UUfI1llJ H'U H l'UlI Cl:: u"j lfll "l.:J 

0'" "Q.I d J 
'YIl 1 l1f11llJ~t).:Jf)l"j 'nM.:J1U'YI~1I 'YIU "j lfll\] nlJlJln'\lU 
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... 1 ~ ~ .es 
2.6 llJlltJtJ1::tJtJ",ilPlmCW'lf1fllfi 

'j ::tJtJfli;~ fl1'lf;1fl1'nlf l fl 'j:: tJtJ U l,j'~J 11 iTml tJtJ i li' ~flfl flcil~lJ \lml1lJl' ~'1..1 fl 1'j ih ~~ 
" JI " I ,.<CIt, 0 Q.I o..c:t , " .<CIt, Q.I ..c:t.a ... I.<CIt, 0 , 'j) 

~:: flfllJ tT11JlfllJ ~lm ::tJtJtJ1tJ~lJ 1UH.IIl tJtJ 'lfflfl fl'lfl~lJ lHlJl'nflr!~lJnJ1~'j llr!::l'l1 lf~:: flfllJ 

fI.:ItT fl1'n~~1..1 , mh::1 'Ylfflijfl.:llf1J11~::lhfl1CJi;1fl1'n~ '~hhfl1' lJ'lh.:J 20 fl.:Jff1ICJir!I~UtT 
1 '" , 

fI11lJ!fllJfi '~~::ti1' tJ'~~lJl11tiTU' ,rfl.:JfitJ'j::lJlW 37 iJfi~11JlJ1 i~iifllnl11'Ylfl i 1..1 i r!'U".:Iflri11 

lJl H1 1..1 fll'j U1,j'~J 11 ffU~~ tT1lf fln lJmiNll 'n 1lf m UlJ1 fl~lJ miNlJ 1 fl ~ 1mlf~ fir! If c;fltTfl.:l 

" 
tJ 'j:: fll'j fl fl'li1 Uri 11 fh , ~~ 1U' 1..1 fll'j U 1,j'1I1111 iTu II rI::tT1lJ1 Hl'li1UrllIfll'j' ~tTl'j 'n c;H11J'I.Ifl.:l 

" 
i H.:I11J 'j ::tJtJfli;~ fl1CJi;1flTYilflm ::tJtJU1,j'1I111tffUlltJtJ 'liHflflflcil~lJii'jtJlltJtJlfc;fl 4 lltJtJ 

" 
.4 QI QI QI 

flfl 'j::tJtJlflJfllltJtJ~1flrlNmfl.:l (Anaerobic Filter; AF) 'j::tJtJlflJfllltJtJflfllJll'Ylfl (Anaerobic 

Contact; AC) 'j::tJtJlflJfllltJtJ~mltltTU (Anaerobic Uptlow Sludge Blanket; UASB) 11rI::'j::tJtJ 

lflJfllltJtJn~6ill9f' (Anaerobic Fluidized Bed; AFB) i~UlfC;flflln::'IJ'lJlflJfltJ'j::iY'Yli fll'nrJ.:I 
" , 

m ri1ulijlJ fll'j l~lJtJllJ1WII'lJflfiil U 111' rJ.:I 11..1 ti'.:Ilf lJfl 

1::tJtJ(l,nn'inlltJtJ911m,n.:m'H).:.I (AF) fl1U'1J~::m'j~~1ultT~mfl.:l (Packing media) ~ii 
" , " 

nlJ fifh~11'n1:: tJ .:IIICI::ii'lifl.:l 'll.:J rJ.:I i lIuutJflfiil U ~::lfl1::lillJlijflfltJ 1..1 ~11tT~m fl.:J lJflfl~lflU 
" 

'n'IJ 'lliil1 tJfI fil; mil 1..1 ~11..1 11..1 lJ1flfl~n W.iN'lifl.:l1N ,j'fl~'I.Ifl.:l'j:: tJtJlf lJflU fl'fl tT1lJ1Hll 'lJtJllJlW 
, " 

tT1'j 61..1 'Yl'l6i ~rJ.:I 'Yl1J 'Yl11J ~ fl fll'j ltJ~ UlJll tJCI.:I'I.Ifl.:ll11tiTuu rI::41 u~ flfll 'j fl1'IJf)lJ'j ::'lJtJ ll~miN' 'j 

~~l1lJ'j::'lJtJlflJflif ~ii,j'6lffU '~IlO filo6tT! l.:J'j::'IJ'lJtJ .:Ifl1l'j::tJtJ~1J'l i.:Jifl'dfl.:l~lm 1f11'1.1fl.:lltT~ 
, " " 

m fl.:lfirJ.:I llrl::iiiltylf 1~1I~1J'1J 'j ::U:: 611 ".:Ill' 1..1 ~i.:.tii fln tJ'j:: Qfl~' ~ntJ tJllJlW 1111 iTu' lirJ.:IlJl flU fl 

QI ,1".4 "01 .J.c::s, t ~ .J.ct, 0 

IIC1::'1..1 fll'j flflflll'IJm::'lJtJlflJfl AF 1..1 ~::~tl.:llrlfl fl ''lf1tT~mfl.:l'YllJ'lffl.:J1NUrl::'n1J'Ylfl1~11'n1::rJ.:I 
" " , 

llCl::m'j~IViu.:I!flUCI:: 10-20 'I.Ifl.:ltJllJ1~'j~ l1.:1Ulnm'lfl.:lnlJiltylf1fll'j~lI~lJ 

1::tJtJ~.:.I .. n'inutJtJfHnm't1fl (AC) ~'1'fllffUlf c;flfll'j 111~:: flfllJlI tJflfil; U~~lJ~ 1'1..1 

" " , ., .. ... 'j) ., 1 -I"" .. d , , 'j) 'j) d 
'j::tJ'IJ mlJIlJ6.:J~lfl~6.:J'j::1.:1 1..1 fllHl1'IJf)lJlJ'j lJ1WUtJfI'YlI'j U lJ'j::tJ'IJ lfIlflJ1::tTlJ ~fl.:llJfll'j 011..1 

" fltTlJ'lJ ti'.:Ilf lJmw61111 rI1 llrl::~::fltllJUtJfI fil; uiif)W fflJ1r~ ~ lJ~1U1fl ".:Ill' lJfl1 ~ ~ 11i1lJ ~tl.:l ii 
I , "" "" 

~tJmfJHjlJfi'li1Ulh ,,r~::flfllJll'IJflfil; UU ~lJ~1~~1J 'j::tJtJil.:.llflJfl AC U lJfl '~n'IJ1l1IiTutJllJlW 

rJ.:I ~.:J""h ,,rfhOfltT!l.:J'j::tJ'IJ ~lf)":hlJlfl l~fllmUtJlfiu'lJnm::tJ'lJlflJfl AF 

1::tJtJ,.,i1nutJtJ~ltlltlll'ij (U ASB) Iii 1..1 'j::'IJ'lJlf lJfl~\lfli\JJIlJ l' 1J,h.:Jlf C;.:I i lIUfllffU,.,c; flfll'j 

'j) , ., ." 'j) • , 'j) .... .old ., ~ Q 

tT'j1'1tTfll1:: lJO.:llflJfl lfIlflJ1::tTlJ l'l1 lfUtJfI'YlI'j U'YllJrlflllW::llJlJIlJ~ (Granular bacteria) tT1lJ1'jO 

" 
I ~ l tyl~ tJ i ~Url:: iitJllJlW rJ '1'1..1 ti'.:Ilf iT fl I~~ II tJ flfi I; UU iifl11lJlflJ1UUlJ rJ .:.I Uri:: iitJllJ1W l'1frl ri'rJ.:J 
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~ ~ 

~nil 1 11' 1::;uul1l1niHhh ::;ffVlt fllVf'l ~ 'j ::;UUl1l1 n UASB il \1nllllJlu'j::;Qn~1i'1'U'lh-:J11~-:J 
" II , , 

lJl n n11'j::; U Ul1l1 nllUU6'U '1 l'i -:Jill'utJ -:J 'ill n~,j' tJ ~ l1CIlfJU 'j::; f)1'j , ~ II ri ~ rh ritJtY~ H~ 1 q'fl 

J-:Jifl'dtJ~'ill n 1li~ tJ~f)1'j lfl~ tJ~ f)1'Uj:.jtY1Jllfl::;t.i~~ n~ ::; ntJ'U llfl::;tYl1Jl'J () i' UU11J1W tYl'J i)'U Vllefl ~~ ~ 
~ . 

, • "I Q Q.I ~od 'jJ od, ~ d 1 1 ..." ... 
ll~tJfm t'jn~l1J'j::;UUl11Jn UASB 'U1J'UtlltYli fltJ1Jfl1l1JQ-:JlIln 'Uf)1'Jl'j1J~'Ulfl'U'j::;UU 

'i::UUl1irflUtJtJUtJtJ~ga'¥I" (AFB) ~lf ~ nn1'j ~ih 1 11'!~fl1tY~'U'U lfllft nfltJlI~ 11~'U i) tY'J:: 

" 1'Ut.i~1111n (Fluidization) 1 flllllUflfillll'il::lf)1::1~'Ul]jtJ nU'Ufbl~fl1tYfJ 'J ::;UUlf 11 nil uuil tJl'il 

nri11 1~rh~u'J ::;ffVltm~~ ~lJln ll~~,j'tllffll~~fl1l1JQ~lIln l'U n1'j tJtJnllUUllfl:::fl1UtJ1J~llfl 1m::: 

" " " , 
~th 1 i'~lll"l ~li~n1'j ritJtY~ H'J::UUlf iinllfl:: n1'j fl1UtJ1J~llfl li~illl1tJ-:J'illn~tJ-:J~n1'j l1lJl.l1111'U 

" JI, ,JI " 

t1~'Jllll 1 11f1;i'U fi~ ~llfl::;fl ~fi~fltJfll1m ~~il~~ih 111' 'J::;uulfl1nlluuil 1liiill1J 1 i'1'U~~ tY1l1 m 'J 1J 

;".111 118: 

. .. 
m .... Yi 2.4 1::tJtJunJYllh1aUUUtJ UASB 

ci 9J e!l 1 '" mn: Ishikawajima-Harima Heavy Industries Co., Ltd., 2005 tJH()-:J 'Um::VI'J1~~fI-:J~1'U, 

'UtJn'illnl1~nn1'j 1~1JU'J ::ffVltm~ lflllf)1'J 1~1J1HlJlWllUflfill1l1'Ut.i-:J11 iin~~ '~nri11 

1J111~1 ri-:Jijinn1'jg'U'l ~\1nllllJlU'J:::Qn~1i"~llri 'J::UUtYtJ~~'U~tJ'U (Two-Stage Process) 

f)1'Jfl1utJm::uUl1l1n~WlffJiJ~~ (Thermophilic Operation) 'J::UUj:.jtY1J (Hybrid Process) llfl::; 

f)1'Jl~1JU11J1WllUflfill1l1flllf)1'JmtJ~ (Membrane Filtration) 
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f)ll fI11JtJlJti,:nni flli~w l1lJii~ '1 11l'U Ufli1l 1111 '1~ff1lJll tHvi lJ1h:; ffl'1; fllViti'1l1li fl 1 ~ 
1 ~Ulhf)lHl11JtJlJ~~W l1lJii 55 tl'1tY11'lHHCMtlff ~'1!lI'U')h'1~ll1Jflli(l tI~W l1lJii~ '1 (Thermophiles) 

o , V.d .J ell jJ QJ J .4 : d d ~ I" 
1'1 1'1 1'U ~~ mr~ flll1.h:; Qfl~ 'lfl1 fW flU 'U 'iJ:; 1l1lJ 1:; fflJ llJ tl'U 11 ff tllJ~W l11J lJ ~ '1tl ~ll '" 1 

1l4tll1 ~fll~tI'1th l~~lt1f)lllvilJ~W l11Jii1 11' timf11fftl 
, JI , I , 

tY1'Uf)lll'~lJ1JllJlWll1Jflli(1t1 l~tlf)ll mtl'1U flrl11 '~'hll'U11lflll li~li'l'~ 1'U flll l-nlJ 
JI I I JJ 

tJllJlWll1Jfllii'1 tI ll"':; v'! II 1 111'l1llfftlli~1'U ti'1l1liflllt1'1iitJWfllVi~li 'l'~ ll~flll mtl'1U ~111l'U~tl'1 

1~Vi"''1-n'U~'1 ;'1 'UUtllJU1lJltJl:;Qfl~l~'U~~ff1l1mllJ 

j::1JU ADI-BVF 11l'U l:;1J1Jti'1dtltlll1J1Jti~ll~l ~'1iiflll fl1'U111JU'U~tlldtl'l1l",:;ii 

f)lll1lJ'U11t1'U ff"'~~ flltl l'Uti'1vtltlll1htltlfllll'U 2 tY1'U fitl tY1'U ~ln~tJ~nl tIl~1Jll1W tJmtll'1l'l 
'" J/ I " 

u11'li'11m:;tY1'U liln~f)ll ~fl~:; fltl'Ul'i 11 11'U1 1 ffli1Jl11W tJ"'1t1l'1HU1tltlfl ~ tJll1J1J'\ltl'lti'1tJ~nl til .. . . 
ff1lJ1l tl ff! 1'11 11'll1'U ti'1tlQl11l1tl~'U~'U l11tllll'U titl ~'U li iif)ll il~ ~1~ 1 tIllJ lJl1J l'U ff1l1 f 1JU1n l'lfli 

" . . 
ln~;j'U fl"'1JlJl 1~ l1lj llft:;l~tlfl11JtJlJ~W l1lJiillft:;fll;'U (Eckenfelder, 2000) 

Gil 

.. 
fll'rfYi 2.5 j::1J1J ADI-BVF 

... 
Y1)Jl : Metcalflm:; Eddy, 2004 
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2.7 'i::lJ1J'lhUVllllJlJtl,nU'j'n'jtltln~nl'U (Anaerobic Digester) 

. " 
tl~'tn'j'n'jtltln.I1)U (Anaerobic Digester) lil11,h¥il'H1l111iJfl~tlU'\Jtl~lihJ'ti~1u!t!'\Jtl~ 

" " ~::fltlUI1c\::lhlffU 1 ~wijF-lC\""C\tlU' ~In~;iu fitlnlCJf; ').f)WI lu O~l1iJfl' ~tltlfl~l\luijnlCJftliJU'Yl16 
tI '" "', 

In~;iu ~l U 1U lJ1 fl;iu tl ~tilJ ~ flllW:: ,.hI ffuli iltlu I 'Ii' n:: U U .. " QI .Q r:'i d 

'\JU~ tlU fln 1fl~fl1CJf'lf1f1l""\l1 fl 

" I .. '" t! " ~ e>I.,j ..9," I HIlIc\:: 35-38 ff1U'YllmW 1::1J1W1tlUc\:: 2 \l::lUUfllCJftlU"l CJf~ ~l1fl NH3 CO CSz Nz Np Hz 

11ft:: HzS tY~thU'\JtHnlCJf~Utl~tiuil\l~uillU~~111~"'tllJ~U"l lU'\JW::l~U1::UU iill1n f:lWl1iJlJ 

" tl~rlt!1::fltlU'\Jtl~lhffU ~lt)'lf fffll,...~h~ 1::U::l1mtifl~fl'lfc\fflff~{ (HRT) 1::U::l1mtifl~fl 
d ~ ~ 

'\Jtl~U'\J~ (SRT) ffl1,...1I ffl1ml1l111fl::1il~m11111ff1lJ (Metcalflm:: Eddy, 2003; Gerardi, 2003) 

" pJllUUO-:Jt! iinl UlthH i' U F-Iti~ nlCJf;1 f1l,...m \l 'iI ::tltl flllUUl flwuu ~tlUI~U1 (Single-

At! Q.I d .d 1 t! I 

stage) 111tlfftl-:J'\Ju~tlU (Two-stage) ~-:JfIl""'Yl 2.5-2.6 C)f-:Jll~fl::~ llUUffllJ1HHlm~llJfIl1:: 

lJ'j1'tJflllfl::fl1':i l~U1::UU ieA' 2 t!':i::lflVl 'eA'lln 
, " 

1) tl-3UtlUlllJlJOfl1Uh (Low-Rate Digesters) lfluo-:Jt!iinlt1111UU~U!lU ij1::U::l1m 

QI QI ~ QI 

flfl""fl'lfflfflff~1 (Hydraulic Retention Time; HRT) 30-60 1U fIl1::lJ'j':i'tJfl (Organic Loading 

Rate; OLR) 0.64-l.60 fi1c\fli'lJ~tl~fllJ1ffnllJ~1~tl')U fll'jl~U':i::uum\l\l::lilfll1 F-IfflJ (Mixing) 

" "" 
fll':i 1~lJ'\htfftllm::fll1 It)lff~~\i' (Sludge) tltlfllflUfil ~m 11 O-:Jt! gnl tI1'lfiJ~il ffllJl1f.1\l:: 1~~1i1~ 

~C\tlU i ~l1~tlllU U~~ tiu ~ ll~' fln 1 ~~1i1~ 'lfiJ~ ~~ tilJ~ \l:: hi ff::~ 1fl 1 U fl n I~U ':i:: UUl1 ~tl 
o JI.Q QI d 

fll':im~lU'\Jtl~fjl~U1::UU (Reynolde 1m:: Richards, 1996) ~~fIl""Vl 2.6 

SUpQffi8tant 

Rawaludqe 

Dlqest9d Sludge 
, . 

.. "" '" 0 Il1ftn 2.6 0-3t1tUJUlJlJtlfl11fll . . 
q QI.QQI " 

nlJl : lJUffU ~WGJJc\l1fflJ, 2542 
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" 
2) o~tif.ltlUUUDml\l~ (High-Rate Digesters) \1,nJufilt11'n1~iHh :: tI :: l1mfifl~fl 

'mfllff~{ (HRT) 1O-201'U fl11 ::m 'n 'lfl2.4-6.4 fi1(1flf1J~tl~fllJ1flnl1J~1~tl1'U fl111~'Ul :: 'UU~ :: 
JI JI " JI 

flff1Jl~ ml11fftill (1 :: fl11 Vi '1ffft~ ~tldH~tllil tl'l 1 ~tI"; ') '1 11 \1'111 Un1 tll'fU~i1 if fl~ :: 1 i'~1i1~11 'UU~ ~ . . 
fiufi (Reyno Ide 11(1:: Richards, 1996) ~'1f1l'nfi 2,7-2.8 

Mil(er 

Fixed 
cover --'"'\. 

SIUdge __ • 

input 

Sludge 
heater .... _ _ 

. ~ 

.. "" u _'" .. 
mffrl 2.7 tHtlf.ltlllUUf.lfl11\l~'V'UfI"'U9It)'Ulfltl1 

~1Jl : Reynolde 11(1:: Richards, 1996 

Wixer 

Sludge 
outlet 

(CH.+C~ l 

Fl)8JnJ 
(O'.er 

SupelNiant 
oUiel 

Supernalart layer 

SIJdJe 
healer 

..j . 
fl1Jl : Reyno1de 11(1:: RIchards, 1996 

Sludge 
outlet 
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2.7.1 "t:I~IIU:::"t:I\11n~"t:I-.l'i:::1JlJO-.l'tUJOlIlJlJ,.rt:lt:lOailll1.l (,!1.Iff1.l ~w"l(lm,.,1, 2542) 
~. ~ 

1 :::UU t1~'H irflllU lJ 1! t:It:I flcil\11.11 rJU 1:::lJ lJ uflllli ihJlit:llfftJfll 1 lhuflllli fftJfi' 1 tJ 

, ,.. ..r:::::t. .oI::Iio.cl cfd .d "Q.I f do ..r:::::t...r:::::t. I " "0 jI 

m:::lJ1U fill It:1t:1flCJfI\1U ~(Ium tJ'YIIfW1'l1t:1~fllJ fill tJt:ltJn'mtJlJfIll 1\11 tyl1lU 11lflt:lU'lIl~'Jj'1'YI1 1 'H . .. . 
'lf1~fIllI1lJl~Ul:::lJU (Start up) ~l 6mi~lh:::ff'YIiml'l'llt:l~1:::UlJlufIlnhufl~1~1IrJU~t:I~1~ 

1 Q,ld J oQ.l4.cS 

1:::tJ:::l1m UfIllflfllflU'lIt:I~I'H(l1 (Hydraulic Retention Time; HRT) U1U'lIU 1:::UlJlJ1Ufl'iHlJ 
~ . 

'1.1 Ulfl"l1 qJ U t:I fl\11flih :::UU iJ~ ijfl1'j 11 i' lJ~ 1 'li~ir fl~t:lfl1'j 111~tJU1I11 (I~n'mVHl1fl "'t:llJ II (I::: 1 U 

1:::'H iNfl1'j-U1UfllJ1~flf ~t:ll\1ijnlCJfh 1 fl'j 1\1 U ci(l 1 l'lfi' (H2S) Infl~Ufi'1tJ lh ll1'ij fl~UI'H~U 
Jd do" 0 QI 1 " ,~o ... ~ d Q.I 0 QI 1 " 1 d" d 

'j::: uuu \1~lJ'lIt:I\11 flfl fIl'j 'Jj'~lU 111I1lJt:lUllJlllJl tJU1'YI tJu fllJ 1 :::UUlJ1UflIlU U 'Jj't:Il fIlfYl'IU 11lJ'lIt:lfl 

" .q u u ,Sf "" 
1) "t:I~"t:I-.l1:::U1JtH'nIOUUU 1t:1t:10'llll1.l 

1.1) InfllJ1(111:::flt:lU~~U'YIl6,rt:ltJlJlfli~'lilrJUm'j:::1Ufll'j'U1Ufl1l:::flt:lU 

1.2) 'li~t:I~ l~l'Ift~~lU lUfll1 l~lJt:llfllfYlm::: 'fi'nlCJf;1ml'llrJUll'Hri~l'Ift~~lU 
~ . 

1.3) n'llJl'j() 1~-U1UflllllfftJliijn'1'jiiU'YIl61,j'lJ'Ij'un' ~ 1fi' .. 
1.4) 'j:::UUn'llJl'j()i'm)mlfll'j:::n'l'jiiU'YIl61fi'n'~ .. 

d" ; 1.5) lJfl11lJ1It:I~fIl'jn'1'jt:ll'Hl'j1l1 

1.6) 'j:::UU1It:lUn'Ut:I~~t:ln'1'jiiU'YIl61~lb'Hft~\11fl'H ~fll~lJn'1'jiiU'YIl6 

1.7) 11::: flt:lU~I'Hi1t:1ijn'flll'lfl~~1n'llJl'j()1l1 hni'lrJu~mlnv.'Jj'1~ 

2) "t:I'ln~"t:I-.l'i:::UUO-.l'H,j'OUUU'-rt:lt:lO';llI1.I 

1" ~"l"· .,f"", 2.1) 'Jj'11(111'jlJ1IU 'H'j:::UU'YI1~lU (Start up) ll'lt:ln''jl~lJ1(1~(I'Jj'l'IU1U 

2.2) 'j:::uu~t:I~ijfhft~uvh'rlt:l1 (Buffer capacity) ~~I~t:I 1lill1'fhwm'Jj''lIt:1~1:::UU(lfl 

~l(l~lJlfllnU 1 l1~~ijfl(l~t:lIIUfllill tJlu 'j:::uu M . ..-
2.3) lnflfl~UI'H~U \1 1 flnlCJf1 81 fll I \1uci(lhM djt:l'j 1lJ~1nulll\1:::lnfllrJU m fl 

ci(l~1fl ~~ijn'lJu~lufIl'jnflflitJu";tJlI(I:::~l1mw~w'l 1fi' 

2.4) Vt:lU ''H1~tln'1'j~1:I~I,j'llJl lu 'j:::UU 

2.5) 'lin'llJl'j()Olifl 1u 111'j I\1Ulm:::l'ltJn'l'lt:li'n'1~ 

2.6) VtlU 1 'H1~t:I~W 'H tJii~(lflMlrJumh~lJlfl i~~tl~l~U 'j :::uulu'lf1~~w'H tJii 

20-30 tl~fY1ICJf(lI~tJn''H7tl~~flil1fWti'1~W'HtJii~1fl'.h 20 tl~fY1ICJf(lI~tJn' U1I'jlfllnhufl\1::: 

(Ifl~l(l-.llJlfl (Metcalf 1m::: Eddy, 2004) 

2.7) lUl'll1l 'HU 11~tl ~lfftJfh 1 i'~ 1 tJ 1 U fIl'j 1 l1'fl11lJ! tlUlln'j :::uu 

" , " " 
2.8) fjWflll'lllllitltJ fl\11m :::uuii'~ 1li'fi'lJl1l'j !lulllYi~ i~~tl~ijfl1'j-U1Ufl~t:lfi'1tJ 

m :::U1U fill ut:ltJn'mtJn'l1 iiu 'YIlUUUU 1 ~tltl flcil\1U 
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SI IV Q.I'tV .q 

2.7.2 "alJtlm·HlanUlJlJ'l~lJlJf.l'l"'lInl'laanCJII{JU 

" "'1"1 '" """ .. '" 'lJtl1,!CI't1 'b' UfllltltlfllllJlJl:;lJlJtl ·Hl1Jn ltltlflclHlI'U(Anaerobic Digester) Itff~~~~ 

~nnVi 2.3 

Clot , :-." ~ 
o-UJafJlIlJlJ l'laan"lI9U (Anaerobic Digester) 

" ~ d 1. fffll1:;1I1fli:l'flll't1f11'ilJ: 

oWl'fl'b' (pH) 

~Wl1 f.]iJ~iiUlJ1~ ('fI'ItlWlfCl!tIfm'l') 

~Wl1f.]iJ~Yh1'11'ihJnff't1ifllYHJ'Itlfl (tl'ltllIClfCl!tIfUff) 

" 
2.8 'l:;lJlJtl'luiPfJllIlJlJtra'loUu~au (two-stage process) 

30-60 

> 6.0 

35-40 

45-65 

10-20 

0.6-1.6 2.4-6.4 

1~Wi:l:; 60-70 

1'flUCI:; 25-30 

d " lCIfllWU 

~ ~ . 
l:; lJ lJtl ~ U ijl UlltlJlJ fftl~.,y 'U ~ tl'U l1l tl tl'l VtleJlllJlJ ItUflI;ftllllJlJ 1 1 'fItl flcli 111 'U Irl 'U tl 'IV tluli 

. '" 
'ti~'U UJl1l1fltl'lV'fIU 1 r tltlflclilllUlIlJlJ1ill lJfll 1 ~Ulfifl1l1fllt'U1fiflli~'fI'IflllIWfl.,yU ~tl'U fln ff11~ 

mflllCl:;~'U ~tl'U flU ff1 HnlClfij 1't1'U tltlfl1l1fl fl'U I~tl 1'11' l :;lJm'hil'flffllJU tl11 Hl'U 1~tlVHij 
Ul:; ff't1i fll'YilJlfl~'U I~ tl'l1l1flfllU 1'U tl~dtlUltlJlJ 1 1'f1tlflcliI1l'UY1' 11 UlI:;Ul:; flt)lJ~1UlIlJfllii1 Ul1 CI 1 U 

'" . 
fl ~ lJ tllff'u tl Q~ 1 U fl'U 1 ~ UltlJ f1li 11 Ult ~ CI ~ fl~ lJl! 'U ~ 1~~ijfl11lJ~ tl~flll fffll'Yiltlfl"'tllJlill~ fl~ l~fl'U 

flllllUfllllJfllil1 UlI~CI~ fl~lJtltl flll 1 flflU 1 flU 1~fhoWl'fl'b'l1ltlilll~ugU"1I'li'U t;!Wl1f.]iJ (Chu llCl:;f1W:;, 

2008; Lee IlCI:;flW:;, 2009) 11C11flfl'tifl~:;fl'fl'U (mlJ h~~l'U~~ffll1mllJ , 2545; Liu IlCI:;flW:;, 2006) 

IrlU~U IrI'U~1nll1Ufl'll'l1fl'IJtl~lllJflliI1 UfllU 1u tl~ 11:; 'li1U 1 '11' IIlJflli 11 Ull~ CI:; fl~ lJ ffllJll tldtlUffCllU 



33 

.., ... "" 'j/' d ~ <I!:lt, QJ I 'j/ 0 ' ''' .1 q " ff1H)'U 'YI'j U ~tlUN1~ lJ'lh ~ ff'YI1ifl1ViU"~ U'I'lf1U 1 11 f)1 'j f11'lJfJlJ~U"'j~'lJ'lJm ~'I1U'U'Utln~1U 
, I "t 

(]j'Uff'U ~WCfJ"l1fllf, 2542) ~ln~'llYi 2.9 Uff~'I~'lltl'UJ6Ull'lJ'lJUUm;ftlU'lJ'lJ Htltlncil~'UYiiif11'jl~fh 
" fhtl'lflil'U~1ti111'U~U"~fI1'lJfJlJ'lfil~'\Jtl'lU 'lJflYi{l U 1 ~Ul1 ~ tl f)11 l11 '11 'U 'Utl 'Itl'lVtl UU 'lJ'lJ1Wm;ftl 

'lfil~iffl6 ~~iitlmlu'ltl'lvtlu66mil'U 2 tl'l'~uri tl'll1]jnm~lm~tl'll1]jnfhCJfiil'YI'U ff11t)'U'YI16~1,j'1 
'j~'lJ'lJ~~\lnVtlUffmUtl" 1Ulil'U m~ , 'U]j'U'lfil~~ 1'1"1 illU 1 'U tl'll1]j nm~~ '1iitiTrh6'1ftl~1'U'~b'l 4-6.5 

"" , , , 
~ 1 mhnl11 i1uYi tl tl n~ 1 tl tl'll1]j nf)1 ~ ~~ 1,j'1 ~tl'l 11]j nfl1CJfiil 'YI'U l~ tll'll~ U'U f)1 ~ , 'U]j'U 'j ~ ll1 U ~ 1 U, 11' 

liI'U n1CJfiil 'YI'U ~6' 'll fh~m'lf'\J6'1tl'l11 ]jnfl1CJfiimu ~~tlvl'U 'li1'1~ll1lJ1~fflJ~6f11'jl~lWl~'lJ 111'\J6'1 
~ u . .,. 

U'lJflfil1 ufiF-lt;1I n1CJfiil'Yl'Ull1 i'i6'U l'U 'j ~'lJ'lJ1hU~1111 i1UU'lJ'lJ' ~66ncil~'Ulh' 'llfltl 6.5- 8.2 

recycle for interphase neutralization 

mixing gas 

Solid recycle 

mixing gas 

methane 
reactor 

sepaIator n 

Solid recycle 

waste 
solids 

waste 
solids 

.. .." J ~1' .. ...... , II'''' !'I'" 0 

Il1't'tYl 2.9 tl-3t1tltllltJtJlltlnt'VtllltJtJ ntltlfl'lltll4Y1)Jn11 'Vfl1't'tltl'VllJl4mn1l1l4~ .. ... ... 
lIa::tl1tJf))J'Vl4A'\Jtl-3l1tJflYlI1t1 . . 

.e::I QI.r:!lt. Q,I " 

Y1)Jl : lJ'Uff'U ~WCfJ"l1fllJ, 2542 

, 'U il~ ~ U'U 'j ~ 'lJ 'lJ i ~ tl tl n cil ~'U U'lJ 'lJ fftl '1,f 'U ~ tl'U U'I ii n 11111lJl 1~' tiu Vi ~ 11" 1 UlJ 1 n'll n 

.,j "" "" " " "..,,, "... .. .,.., l'U6'1~ln1ltl'l 1'lffl11lJ~U"~f111lJl'\J11 ~VitlfflJfl1'j l'U f)1'j 1~'U'j ~'lJ'lJ 111lJ ffill1~'YIll1lJ1~fflJn'lJ'If'U ~ 

'\Jtl'lU 'lJfI fi 11 U 1I"~Unff1ll1~11,1 '1fl6f111lJfi~~ i111f11ti lfi6ff~ 1'1LUl~ri11~~lul'U f)1'j 1~'U 'j ~'lJ'lJ 
" " " , 

U'lJ'lJfftl'l,j'U~6'Ul1l6U'lJ'lJlIUm;f6'1l'Uff'lni1'j~'lJ'lJ1I'lJ'lJli1''ll (Choi U"~f1W~, 1997; De Baere, 
'U 

2000 6'1'1i)'11'U Liu U"~f1W~, 2006) tltlNhn~llJl11m~'lJ'lJ'lfil~ifff1lJ11f1F-1t;~fi1CJf;1mVi~ii 
ti 1U"~ ff 'I ni111l6 1 11' Vi ~'1'1 1'U ~ ff '1ni11 ~ 'lJ'lJ U'lJ 'lJ 1i n lJ~l'Y1~U'YI'Uti 1 H~ 1U~'1nri 11 '~n~tli1 ii 

'U 'U ., 
"" .. "" .., ... f111lJfJlJfI1 'U m1lCwn 1'lf'j~'lJ'lJ'If'U~'U (Lee lI"~f1W~, 2009) 
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I " " 

d'i6 11lnll fi ~llUJ1' ~n f1l1 ffmJ 1f1l1 flil ~ n lClf' 8 hn 1 'lU 'hfll'YHIlm.1l1fflll1 ~ mJ6·Hff II 

6dl~'l7 ~\l~ ~~ 1u fll1 flil~ n1Clf'8 i ~1 1 'lU ,hfll'Yiii' J l~tltl fl'llm :;UUrr~fl~nU7lJlUJ1H'Iff1Hi tlU'Ii'l.:J 
• • II 

ff ~11r1:; nfl1UJ~11flU fi '1:; ~ tl~U l'U~ ~6~ 1l11:; UUUU f1lnl1ltlU :;UUllUU ff6 ~;rU ~tlU lJ1 1·n U ... 

fll1 flil~n1Clf'8 i ~1 l'lU \l~i1tl'hljfl11lJ111lJl:;fflJl'Yi1 l:;nlClf 18 i ~1 l'lUlflu n1Clf~ 111' 'Yin~~lU ~tll1l11l1 

llr1:;n~rlfilfim~'Ii'l~lJ~ i~lIlj11fllll'htiu 5 ~tlrlm11ff111!lflfl. (CPCB, 2000; Logan, 2008 t1'1~i1~ 

1u Mohan lm:;flW:;, 2(09) ff1lJlH)'Yl~11'YlU1Uff1U'U6~fi1ri6ff!1~11r1:;fi1H~ll11ufll11~m:;UU 
II 

llUUfftl~;rU~6U'~ i~lI'llm1Ui\lll'Utl~ Liu llr1:;fltlJ:; (2006) 'YiU 'h1uflUflil~n1Clf'8i~11'lU 

II II 

U7lJlWlJ ~11ft'1 1:;uuw~ilrr~ljfi1~rI~'U6~n1Clfljl'YlU lJ ~fl'h 1m:;uulluU;rU~6U1~lI1i1~f6l1r1:; 21 

.. 
All,u4 .. " 

2.9 16na1"lllD:;nU19tlnlfl[J1'UtH 

" " 1" 
lnll1~'Yi~tl l'llqJty'U (2546) '~fffllnflU fh\l~llllJuri1111lJl1l1ffll i 1 ~flnullllJu~1l1 

m:;U1Uf1l1 i fl116flfllrliutium:;U1U f1l1 rl6l1~1~1l16lf1lflrl:;mll i~lI1~ffU i fl116flflllr1Ull 
v ... 

fj/ GI " '4 1 0 '" !II flU 'Yl~rl6~~1l1m :;U1U f1l1 rltlll~ 1~1l1tl1f1lflrl:; rllll 'YiU1lfffll1:;'Yl 111 lJ1:; fflJ U fll1 U1U~~1l1 

m:;U1Ufll1 ifl116flt11r1iU~llJ~1l1f1lHlfl~:;fltlU fi6 fil'rfltl'lf 6 U7lJlW i'YiilllJtl{U1:;~rlU 

1 iirlilfl11J/il~1 ff11ff'lJ 20 iirlilfl11J/il~1 rh1,rU1:;iY'Ylifll'Yi1Uf1l1fh\l~ff1m'U1Url6l1'U6~11~~ 
II II 

Yi~l1lJ~ cn6~ llllJUllr1:;''UlJU l'rhtiu 89.6 3.6 
o '" Q 

51.8 llr1:; 81.4 ~llJm~U llr1:;fffll1:;'Yl 

111lJl:;fflJ 1u fll1 Ultr"~1l1m:;U1U fll1 1 fl116flt1miu tiu m:;u 1U fll 1 rl6l1~ 1~ 1l161f1lflrl:; rl1l1 fi 6 

fil'rfl6'1f 6 U7lJlW i'YiilllJ6{U1:;~rlU I iirlilfl11J1il~1 ffuff'lJ 20 iirlilfl11J1ilm rh1,r 

" " u1:;iY'Ylifll'Yi1Ufll1ti1\l~ffUll'U1Url6l1 'U6~11~~Yi~l1lJ" ;i6~ III lJU 1m:; 1'UlJUl'filtiu 86.5 6.4 

49.2 llr1:; 87.2 ~llJil1~U 

" , "" 
i" lIit 'Yl HI fl n HrI:; 'Yll~,hflll't '11 fl flrl fll 1 i1fl 1 1 :;111111 ff lIfi lWfliu 11llJU 6tl flll ft' 1l'tu'h n; i tl~ 

II II 

lJ ~ i1~ 58,620 ii rI il fl1 lJ~ tlil~ 1 11lJYi ~nfi 1111 lJUU rI:; 1'U lJU IlJ'Yl1U tl rI Uri:; flt;IClftl 1 6 rlll'h ti U 

2,300 47,237 HrI:; 12,750 iirlilfl1lJ~6ii~1 ~llJil1~U f1l1U1tr~'Yll~lflm~lIU1U1U~lIUfi1orfI6'1f 

'U6~J11ffll 'lf11"UrI:;U7lJlWffU iflU6flflUrlUll UrI:;ffU lfl116flflUrlUllltl~ i~lIff11 ifllltlfl ... ... 

'" 1 "''''1!11'~ . i "'" "'" Q , '" 1 "'" "'.1 t111r1U'Ylllr1:;ffU fllmflt1UrlU'Ylltl~'Yl 'If 1tllfl 'Yirl6~lJ1UlIlJflrltl 1~ l'trlllJ61u1:;~U1fl Uri:; 

i l'tiillJ6{ U1 :;~rlU '11 flflrlf1l1 'Yl~rl6~""U 11ff fll 1:; ~ 111lJl:; fflJ fitl f1l1 U1 Uorfm'lf'U6~J llffm~ lJ~U 
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" mn) ''.i~ 62.5 iJl1ilnflJ~tlilm Ul1~ h'lilllJtI{'lh~~'U1n 1.25 iJl1ilnflJ~tlil~'.i ff1lJ1',j(tfh~~11liJ'U 

" . ~ 
'Jmm~ 38-41 29-41 16-23 lm~ 25-33 ~llJm~'U 

" .. 
nu 1J 1U~ 'YI1.:J;htll'Yf'\ltl .:J1111fftHI 1 n n 1 '.i ~ n~ ~ ntl'U l'll.:Jlfl li Vi litl 'J ~ ffl'li tl1'Yf~Vi "l~ 

1 ~tJll oU.:Jf11 '.i l'l~fftl'U f11'.i UtltJffmtJ'YI1.:J;1tl1'Yftltl mil'U f1l'.il'l~fftl'U f11'.i UtltJffl11 tJ'YI1.:J;1tl1'Yf 11 'U'U 1;; 

tItI noil'iJ'U 11l1~ f)1'.i l'l~ fftl'Uf)1'.i UtltJffl11tJl'lH;1tll'Yfll'U'U Htltlnoil'iJ'U f)1'.i l'l~fftl'U f)1'J UtltJffl11tJ 
. ." 

ll'U'U ';;tltlnoil'iJ'U 1 ~tJtlf'Ultl~tJ'Ufl11lJl'li'lJ'Ii''U; 1t1~lllJ~'U'\ItI.:J1111ffml'ht1'U 2,000 Ul1~ 3,000 

iJl1ilnf lJ~tlilm ri1'U f)1'.i l'l~ fftl'Uf)1'.i UtltJffl11tJU'U 'U'! tltI noil'iJ'U tl f 'Ultl~ tJ'U fl11lJl'li' lJ'Ii''U; 1t1~ 
. " Q)I od 1Q.1 QQQ,lI~ 1 

l'.ilJ~'U'\ItJ.:J'U11ffm'Yl1n'U 3,500 5,200 Ul1~ 8,000 lJ"l1mlJ~tI"~'.i 'iJ1mmf)1'.il'l~"tJ.:J'Yf'U11fftll1~ 

~ll1lJl~fflJ''Um'.i1Jl'U~l'l1.:J;1tl1'VU1'U'U1;;tltlnoil'iJ'U fitJ ~; 1 tI~l~lJ~'Uff .:JO.:J 3,000 iJ"ilnf lJ~tlil~'.i 
'II 

.. " 
1;;l1m''Uf11'.i1J1U~;1t1~'~~llJlJ1~'.i!1'U111'ri.:Jlil'U11mO.:J 41'U 1~tJtl'.i~ffl'litll'Yff11'.i1J1u~;1t1~ 

;lt1~nHH l1l1~I1J'YI1'UtJl1!tJtJ"~ 93 96 11"~ 99 ~llJCi1~'U fftll1~~1l11J1~ff1J1'Unl'.i1J1U~l'lH 

;1 tll'YfU'U'U Htltlnoil'iJ'Ufl1'.i lifi1;1 tJ~l~lJ~'UlrtJtJf)':h 5,200 iJ"ilnf lJ~tJil~'.i 1;;l1m''U f)1'.i 1J1U~ 
" " ;ltJ~'~~11JlJl~'.i!1'U111li.:Jll'ht1'U 13 1'U 1~tJli'lh~ffl'litll'Yff)1'J1J1u~;1t1~ ;lt1~nH).:J lm~ 

4 " 0 QI 

llJ'YI1'UtI"ff.:Jm'.itJtJ"~ 98 99 lm~ 98 ~llJm~'U 
'II 

" .. 
Al-Shamrania Ul1~flW~ (2002) ftn'l:llf)1'J n1~~1111J'U l'U 111 lfftJ tY.:J 1m 1~M1~tJH .. .. 

ff1'J tJ\1iJl'utJlJci'l11n~lm~lntll nci'mn~lil'U ~l')h mm ff~ tJ'.i tll'Yf61J "i''U'\ItI.:J1111J'U 1 'U 111 1 ~tJftn'l:ll 
Y " "<t c:l c:l " ~m'\ltJ.:Jfl11lJl'11lJ'\I'U'\ItI.:Jffl'.i ff'J 1.:J~~ f)tJ'U 'Yf1tJ'II' '.i ~ tJ~ 11"11m~ fl11lJl n'\ltl.:J f)1'.i f)1'U1 '.i 111"~ f)1'U '11'1 .. 

'iJ1nf)1'.i 1~fi1fl11lJ~ Hffnu' n.yhUff~.:J 111'111'U 111'1 tJ~111iJ'Ulifi 1;~11 'Yf1l'l'Ul;tJmil'U l1'Ull"~ 
J " " hi '\I 'U t1'Ufi l'rfltl '11''\1 tJ.:J111 U l1~ ffn ff! H~ ~ n tJ'U l'i.:J 2 'll'ii ~li tl '.i ~ ffl'li tll'Yf' 'U f)1 '.i"~" .:J'\ItJ.:J 

fi 1;~11 'Yfll'l'Ul;tJ"'\ItJ.:Jl1 tJ~J1iJ'U 1 ~tJtJ\1iJl'utJlJci'mn~l1"~lntJl nci'''ln~ li tl 'J ~ ffl'l i tll'Yf f)1 '.i n1 ~~ 

. " 
f)1'.i f)1'Ul11Vi1l1lJ1~fflJri111f'U f)1'.i11tJn111iJ'U~1tJ'.i ~'U'Ul1t1tJ~1~1tJtJ1f)1i'm~l11tJ fitJ 120 1'UlVi 

lm~l1m''Um'.i'J1lJ~~ntJ'UtJ~'.i~1111.:J 15 O.:J 20 'U1Vi 

" . 
Ito l1l1~flW~ (2005) ftn'l:llf)1'.i flil~ n 19f '31 ~'J l'iJ'Ulm~ltJ'YI1'U tI"'iJ1n1111fftJVilfi~'iJ1n 

. " ... , 1 <t <ttl ".. 1 ~" "" m~'U1'Uf)1'.ifll1~ 'U tJ~l9f"l'l '.i~ntJ'U~1tJn"19ftl'.itll1 ~tJm~'U1'Uf)1'.il1lJn~1m'll'tJ Enterobacter 

" " .. 
aerogenes HU-I0 11 ~m;m)H1111fftJ~1tJtJ1l1l'J l~ tJ.:Jl';tI tY .:JIm l~Mlm~l~ lJffl'J fft1~fjff~'; 1lJt1'U 
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.. I jI " I JI I 

flti I'IH) 'HHl u11l't1 i l'Vi lJ;j 'U 'U V fl\ll flijdjvlll11llff (J' U 1 V~I'lfCl fi lh ~flV u~ 1 (Jflti I 'If V 'WCllJl't1"ClV.:J 

1m (J1Jlfi(JU num w ~ 1~fltil'lfV'j VClulll't1f~ fl11lJI,j'lJ'Ii''Ull';' n'U ~U 'h6~'j 1 fil'j fl~~ nl'1f' 81,,'j I \l'U 
"1 'I 

U Cl ~ IV 't11 'U V Cl '\J tI.:J 1111 ff (J , u 1 v ~ I 'If Cl fi U 'j ~ fl V U ~ 1 (J fl ti I 'If tI 'j tI Cl \l ~ ii ti 1 ~ 1 fl 1 1 fl 'j W fi 1 ~ 
;~ ~ 

fltil'lfV'j V ClU 11l't1 i 'If .:J11'lll1 ~ U H tY1'U til \lIn" \llflllllff(J i U 1 V~l'1fCl ii tY1'U U 'j ~ flV U '\J V .:Jlfl ~ ~ 

1'U Ul1J1W ~ 1l.:J fil'j 't1"ClV.:J 1"(J 1 ~ti.:J1Jij m wuuu ihi 1flClH~ u1 lU~ 'j 1 fil'j fl~ ~ nl'1f' 81,,'j 1\l'U 

1l.:Jll"\llflfltil'1fV'j~ClUlll't1fiitil 80 iJCl~llJCl!~~'j-i'11u~ uCl~ln"m't11'U~Cl 0.81lJrv1lJClfltil'1fV'jVCl 
, " , , , 

'\Jw~filll1ff(J'U 1~~I'lfCl\ldju~'jlfil'jfl~~nl'1fi81"'jI\l'U 30 iJCl~llJCl!~~'j-i111J.:J u~lij~1l1111'~fi 

lil\ll fil'lf'j liJfl~ ii~~~ 'U 1J1 1 ~d~'U~ 1flClH,f1(J1 'U fil'j fj"lfil ~'\J~.:J~ Cl~~ ~U11U~'j lfil'j fl~ ~ 

nl'1f'81,,'j 1\l'U1l.:Jll"iitil1l.:Jt1.:J 63 iJCl~llJCl/~~'j-i'11lJ.:J llCl~ln"m't11'UVCl 0.85 llJCl/1lJClf1til'1fv'jVCl 

~ ~ 

Saatci UCl~flW~ (2001) fff1111fl11lJ11'llJl'jfl1'Ufl1'J'lhU',,1l1U'U\llfl1H.:Jl'UlllU'U-n'if 

1" (J 1 ~f1'j ~ U 1'U f11 'j 't1 H~ ffflffU Cl ~ lfl ii 1" (J 1 ~~'U '\J 11 11'u fflJ U Cl ~ Itl~ {1 fl fl ClV h ~1 'U 

:; 1 ~ ~ ~ ~ di ~ , 
fil'j~ fl~~flV'U 'j 1lJ't1.:Jfil 'j 'ifm~U1'U fil'j Cltl(J~ 1"1(J~lfilfl'Cl~ m(J 'If.:J flClfil'j 't1"ClV.:J't1 "~U1l 

: ~ , ~ i "" 0 GI d'a. ,./ UCl~'UllJ'UUCl~ '\JlJ'U "'jtl(JCl~ 88.14-92.99 UCl~ 69.89-92.11 ~llJm"U l-wm'jflflCltl 'j"11'llJ1'JfI 

" til<ij,,;lt1~ UCl~lllU'UUCl~''\JU'U'~!tI(JCl~ 94.66-96 .25 UCl~ !~(JCl~ 93.81-86.16 ~llJ~l,rU 

" " oQl 'jtl(JCl~ 17.65-69.12 UCl~'j~(JCl~ 93.8-86.16 ~llJCll"U 

" Suehara UCl~flW~ (2005) fffllJlfilnhU',,1l11ff(J't11.:J~1m~\llfl1 H.:Jl'Ufl~~'U 1v~I'lfCl 

1"(J1~11'1'JA1.:JlrJ'U~1l'i .:Juijnl (J1 1'U uijnl (Jlm l'UffmtYl't1~l~lfli'U 1"(JJ11ff(J~uii tiltjm'ifUCl~ 
iiUl1J1W J1U'U~11'llJl'j fI~fl11'n" '~~1(JUJf11'1f'U 1l.:J u~iiUl1J1W' 'U 1 ~'j 1\l'U~1 ~.:Jfl1'J'U l,j"Jllff(J 

" "'. 
't11.:J~1f11~'\Jv.:Jlll1ff(J' U 1 ~~l'1fCl 11'llJl 'j flli l' ~ (Jl fil~ 'j 1~1l11 ff(JV d1 'U 11' fll1~ fi i lill1lJ 1~ 11'lJ~ V .. 
fil'jl\llqJl~U 1~'\JtI.:J~~'U't116 ,r.:JJ'U~.:Jiifl1'JU'j~Qfl~1w11'~ Rhodotorula mucilaginosa l~tllJllil 

'" . . 
fl1'Jd~(J11'm(JlllU'U 1"(Jfl1UfJlJtjlV'ifl1lJ~'Ufi 6.8 UCl~I~lJ11'1'jtll111'j if1'un ''U1~'jl\l'U , yeast 

1 iI jJ .ci 4!:1 Q.I' 
extract ~P04 UCl~ MgS04.7Hp "(Jfl1llJl'\JlJ'\J'U'\JV.:J yeast extract 't1ll1lJl~11'lJ fl~ 1 mlJ~~ 

~~'j llCl~iitil e/N ratio ~ll1lJl~11'lJtld1'U,f1.:J 17-68 l~tl1~~llmrJ'Ulll1ri.:Ji'U 1ml\l'Uffnd'u 

fil'j l\llqJ'\JtI.:J~ Cl~~ 'U V fl\ll fl;i~.:J~u 11111flii Ul1J1W '\J ~.:JU ~.:J 1 'U ci'U Jl~' f1'\llfl fil'j 11'n"u(JflJ lU'U 
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~ . 
nu 1\16~H~lfJll1 hft.lllJl~ 'i l'yh n'U n6'U nu 'Yl~H'I6'1tl1fJ 1~ fftl11~nl'l1lJl~fflJ.u'H~'U'YiU 11'il~l'11 

" ~ 
1 li'th ~iY'Yl ~ tll'Yi 1 'U nu U6fJffCllfJll1 ii''U t,! '1;i'U lJlnn11 ~ 6fJ~~ 98 

~ " 
Vieira ll~~flW~ (2005) '~tYmnf1lnh,j~llllfffJ'illnm ~U 1'U f1l'i ~~I 'ill~lllii''U nCll'l 

'Yl ~ 1 ~ 1 ~ fJ 1 ~ n 'i ~ U 1 'U f1l 'i iil,j ~ 'Yl 1'1;1 i 'Yl fJ 111 U U' ~ 66 n 9f 1 'il 'U II ~ ~ 1 ~ II U fl n 11 fJ n ~ lJ 

Sulphate-Reducing Bacteria (SBR) 'illn~~f1l'i'Yl~~6'1'YiU11'~16'lfltl'U~11l1.h'H nn 1'U f1l'ifl1Uf.llJ 
~ 

nu I~l t1!1~U 1 ~ll~~ nu l'11'l1 'U'I.I 6 'Ill uflnl1 fJ 'i llJl1 '111 'i ~iY'Yl~ tll'Yi 1'U nu 'lh,j~tl1fJ'Hn'l'il1n 
~ " " 

f1lnh,j~ 15 1'U 'i ~uuiHj11'i ~iY'Yl~tll'Yi 1'U nwu l,j~lllii''Ull~~ ''I.Iii''Ull~~11llJlW ~'U 6~11'1'H lJ~ 
~ 

fl6 ~6fJ~~ 61 ll~~ 78 ~llJCh~U ~'1..r'Uff111'~1U~uuih,j~'Yll'l;1i'Ylf.JlllUuH66n9fl'il'Ull~~ 
~ 

1~llUflnl1 fJn~lJ Sulphate-Reducing Bacteria (SBR) iliifl11lJltl'U '11'~1'U nUll1 '111~1'U 
~ ~ 

oGJoq OQl 

f1l'i U1U~'U 11fffJ'ill nm ~U1'U f1l'i 'IJ~1 'ill~'UllJ'U nCll'l'Yl~m 



~ .... 
3.1 UH\Hl1jl~[J 

, ... 
UrIrI 3 

~ ~ . 
'HU 1iuiltll'U fll'j 'YI~ Cl f)~'lhU~U11tYuVi lJl 'ill flfn ~ 'IJ l'U f11'j Hft~ 1 'IJ 1 f)~ 1C)fCl'\l f) ~ 

1 H~1'UHft~J1~'UYi'lfUl1~11d~~ijfh"~fll'j Hft~ 1'IJ 1 f)~1C)fCl 800,000 ftm~f)1'U 1~ui~J1~'U 
U1" lJ ~ ~ 'IJ j f! 'YI i11l 'U 1 ~ tJ ~ 'IJ i'U fl1 'j H ft ~ 1 ~ U 111 'U fl1 'j 'YI ~ Cl f) ~ i 'U 'j ~ ~ 'IJ,r f) ~ U ii U~ fl1 'j 

tu ,rf)~ uiiu~ f1lHllfl1'lf11ffl m 'j lJ~ ~U l~ft'f)lJ fltu~1fflf1'j 'j lJff1 ff~ { ~ W1 Cl~flHU lJ1111'Y1Ul "U 
1~f)fff1'l-11 NfI'\lf)~fl~ 11ft11 ~ ff11 a'U 'YI~ 6~ ij ~flU1 ~ff'YI i ft1~ fl1'j n1 i~~ 1 fl~UCl~ fl1'j Nft~ 
r:-J d -: d "I..::t iI QJ "I'" ~ !.oJ !jJ 

f1lC)f'lfl.fll~'il1fl'Ul1ffU 1'IJ 1 f)~1C)fCl1 ~Ui'lf'j~'IJ'lJ11lJfll 'jf)f)flC)f1'il'UU'IJ'lJfff)~'\l'U~f)'U C)f~U'j~flf)'IJ~lU 

ml1uihu~df)U 2 m.hu 1fi'uri 'j~'IJ'IJ()~11~flm~UCl~'j~'IJ'IJ()~11~fln1C)fij1'Yl'U~f)f)l!mlJn'U 
~ . . 

1 ~uil f)'Uu11tYm.,j'1'j ~'IJ'lJfi'lUtl~ 'j 1 f1l'j 1 11 Clfl~Vif)d1~~f)1i1f)~ 

'j ~ 'IJ 'IJ()~11 ~ flfn ~ U Cl~ ()~ 11 ~ fl n1C)fij1'Y1'U ~ i ~i 'U~ 1'U 1 i Uf) f) flU 'IJ 'IJ i,r 11l'U ()~ 11 ~ fl 

Hf)f)flci1'il'Uu'IJ'lJf11'UfflJ\!'jw JjujlJlmfll'ji~~l'U'ilj~f)~~ 0.5 ft~'j UCl~ 5 ftm ~llJih~'IJ 

ti111'U~ i,r 'j ~'IJ'IJ()~11~ flflHlUCl~'j ~'IJ'IJ()~11~fln1C)fij1'Yl'U Jj'j ~ U~ 1lmnf1'tifl'YIH'lfClff1ff~ {fl ~~ I 1'U .. ~ 

UCl~ 10 1'U ~lmh~'IJ ~~lT'U 'j~'IJ'lJ11~fl Hf)f)flci1'il'UU'IJ'lJfff)~;r'U~f)'U i~ij'j~U~l1mnflnfl'Yll~ 
.. ~ ~ 

'lfflff1ff~{ 'j llJ'Yi~11lJ~1'Yh n'IJ I I 1'U ~1'U 1iuu 1fi'y'hfll'j UUHi'U ri1f1l1lJ1.,j'lJ.,j''U~ 1 f)~'\lfl~1111tYU 
.. . 

ilf)'U1.,j'l'j~'IJ'IJ'Yi~11lJ~ 4 ri1 1~uri ri1f1l11J1.,j'lJ.,j''U~lfl~Vi 5,000 7,500 12,000 UCl~ 16,500 

lJClftfl7Wftm 11lfl~tlm1ftl'j~ffl'ja'U'YIl6 0.460.64 1.10 UCl~ 1.50 flfl.~1f)~ / Cl'IJ.lJ.-1'U 
I JI JI , 

~ 1mh~'IJ 1 ~ U1j lJ~ 'U fln 1~'U 'j ~ 'IJ'IJfi'lUfll'j 1~ lJ11l1;ff) ~ ~flf)'U ~ Cl;~ 11 Cl~ilf)'U U11 tYuVi ijri 1 
I 1 JI • 

'j/ 'j/ "1 .c:::I 0 4S .dI .... 1 QJ ~ iI Q,I 0 .d. d_'i" $I 
fll11J1'\llJ'\l'U C)f f)~~ 1 1lJf) ~Cl 'lf~1J 'j 'IJ ff fll~ 'il'U1fl~fll1lJfJ'U 1 fI Ufl'IJ'U 11 ffU'YIlJ fl'U1 '\ll'j ~ 'IJ'IJU Cll 

i ,r1~m~'IJ'IJ'lhu~J11tYUf)d1~~f)1-df)~~lUtl~'j 1fll'j 1 11 Clfl~~ 0.5 ft~'j ~fl1'U ~llJUH'U f1l'j 1iu~ifi' 
f)f)flU 'IJ'IJ' 1UCl~lhfll'j ~ 'j 1'il1~ri 1~ 1'j llJ1~f){1'~f)1Ul U'lJ1Viu'IJ U'j ~ ff'YIi ft1~fll 'j ihu~~~~ f!~ 

~ .. 
1~uuH'Uf1l'j1imm~;r'U~f)'Uf1l'j'YI~Clf)~Uff~~~~~l'jHYi 3.1 UCl~.fll~Yi 3.1 ~llJih~'IJ 
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~ ~ 

llllffmnflm~'lJ1'Ufll'H.jft91 1'IJ If)~hC)f'''\.It"Fll H'I l'U Nft9l11 liJ'Un'lflll1 'I 

X 
ClIo " QI GlQ A." : 
11fl 1 l~ 11" fl1:lW~ tYlJ'IJ 911'IJf) 'I 91 'U '\.If) 'I'Ul1 fftJ 

+ 
~ 

flflflll'IJ'IJ'j~'IJ'lJl1iJ fl 1 fflf) flci1~'Ull'IJ'lJtYf)'I'Ii'U9If)'U 

X 
... .01... 11 .. d,,,, 

19l1tJlJ1fl'jfl'llJf)1l"~~ mw'YI 'If 'Uflll'Y1~"f)'I 

~ 
~ ~ 

~~~ 'Il~'IJ'lJl1iJfl 1 ftlfl flci1~'Ull'IJ'IJ tYfl'l'li'U9Ifl'U 

~ 
~ ~ 

191; tJlJlll1fftJll"~ i 11;1fl ~ ,,; .... 

+ 
~ ~ 

'YI~"f)'I'lh,j~llllfftJ' 'IJ 1 f)?i1C)f" 1 ~tJ 1 ~1 ~'IJ'lJl1iJ fl 1 fflf) flci1~'Ull'IJ'lJtYf)'I'Ii'U9If)'U 

l'Ul~~mrfl'l11D,j~flll ~~Wl1 fJij,i'fl'l 

~ 
~ . . 

ilfl'Ulll1ffm,rll~'IJ'lJf)dl'l~fllilfl'l~1tJijmlflll 111"fl'lfj 0.5 ftm~fl1'U 
.dQl ClIo q": 'ClIo Q QI Q 

'YIfl9l11tlll~tYllfl'U'YIltJ'YI'Il1lJ~ 4 fll (lJ""mlJ/"m) 

+ 
I J I I 

[ 5,000 ] ( 7,500 ] [ 12,000 J l 16,500 J 
l I J J 

+ 
[ ~"Q Q ". QI 

11 lJ9I 'U1A'U 1 ~'IJ'lJll"~ 1A'U 1 ~ 'IJ 'IJ ~'U1'\.ll\l:tY f111~tl'l9l1 J 
+ 

( ~ 
d QI • 0 q 

lfl 'IJ 911 fl tJ Htll1 tY tJ J 
+ 

[ 
.. .. q .. 

J 11fl'jl~11""11 llJ19lfll 

+ 
( tY1111lCl~11 1 ~ 1ij'U N" flll 'YI~ "fl'l J 
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. 
4 .. ., 

fl1'lHTI 3.1 l1~lHl1n'iHJ 

6fl'l1''H0'll8-:J 
1I11;Y4 ...... 

tl11J.1I'11J.1"\,I. 8A 
4J 

'l::D::nOlfmnn ... .. 
"fA .. .. .. 8flHtll'l::iJ1'l8\,1T1'lD 

" o .. II o .. 
\,I1IiJDI'II1'l::UU IilOD'II8-:J\,I1IiJD Tl1-:JVOtlliJfl'l 

fll'lTlA08-:J 
;Y .. ... 

(nn •• 8A!OU.J.I.-1\,l) 
(OJl\,l) 

II 
l'Il1::UU(J.lnJO) (l\,l) 

1 0.50 5,000 0.46 11 

2 0.50 7,500 0.64 11 

3 0.50 12,000 1.10 11 

4 0.50 16,500 1.50 11 

3.2 i1U1h~111tll'lftft1n 
\)1f1fl1'jTl~m)~'~111fl1Hln\)1~thrtl'niit~6{ 1~ul1,j~~lmh~ftmI166m1l14 3 ~1111.h 

'~l1ri ~1111h ti11114~ ~l111h 6ff'j:: 11"::~1111h ~llJ 1 ~u~lmh6ff'j ::ti6~1111h ~~6~fl1'jftml1 
" . . 

11 n::; ff14' \), 14 ~114 i.ij' uu ~ 111 U 'j tin, 14 ~ti tl ill 11 U 'j fiij f11 'j f111JtllJ' M'ij fi 1f1~fi ~ n6~ f1U i.ij' u 

lln::;~ 11lUHlllJ titl i111lU'j ~11114~nlJ1f1\)1f1fl1'j lU~UlJll Un~fi1"tl~~11lU'j6 ff'j::; ~~1~1";tl11114 

.rJ tllJn ffl'H l ml1lJlilf1 'j 1::111"; tl~tlU fi 10 llJ" 6 ~ f11'j i.ij'ul11 1114 ~nlJ1 f1\) 1 f1 ~ ~,,, ~ ~i11I1U 'j ~,~, 14 ... 
~ d'd. " ~ d' ~ " , QJ d QI , , .: 

fl1 'j TI~ntl~lln::;'rtn llJl~tl'jTl~6~~'j 1\)11f1 'j 1::;111lJ6'S::; UU1" 1fffft111::;f1 ~~ llJ"~~tl U14 .. 

" 
"" 0 """ _I I) 'rtm'lf"tl~lJllffm"n::UU1J'j ::;lJlW 7.2 

2) 'j::;U::;l1n1tif1~f1m~'lfnff1ff~{ 11 114 1"uti1l114~'M''j::;uuti~l1iJf1m"ij'j::;u::llm 
Q./QI d'QI QI Q,lr:'Id.d QlQ..' rI QI 

f1f1'rtf1m~'lfnfY1ff~'j 1 114lln::;'j::;uuml1lJf1fl1'11lJ1TIUlJ'j::;U::;l1mf1f1'rtf1T1H'lfnfY1ff~'j 10 lU 

3) t1~'j1fl1'j 111n"tl~,f11~m,j'1'j::;UU1'yhtiu 0.5 ii~'jJ1U 

ilU1haiJ'l:: '~1lIi 
" " " " ""1 do 0 do" QI I 1" , f111lJl"lJ"U'II 6~"tl~1411ffmm'j::;UUTI~l1lJ" 4 f11 "1If1 5,000 7,500 12,000 lin::; 

16,500 lJniif1lWiim l1ltl~t1~'j1m'j::;ffn614Tl16 0.46 0.64 1.10 lin::; 1.50 f1f1.~ltl~/nu.lJ.-1u 

~llJ~lfiu 

ilUlhmJ.l '~l1ri 

1) 'rtl11illfl8iih.n\,lfll'l11tl'i1::,hh::aTlifl1'rt'\,Ifll'lUllJA~11iTr.JlAr.J''''l::UU'HJJn'~ 
88nciUl\,lUUUiJ8-:Ji\,lfl8\,1 '~llfi 

""1 "" 1.1) 'II tl~n::;n1U (Chemical Oxygen Demand: COD) 

1.2) llJmUtln (Methanol) 



" 

1.3) f1~h"lftl<HH'l (Glycerol) 

.. ,,,... ..,'" , jOOnOJI9lUllJlJaO.:.J'UufloU ~1If1 

2.1) ffltl'Y (pH) 

2.2) "Qw'I1lJii (Temperature) .. 
2.3) tYm .... ~ntl.:.1'11lJ~ (Total Alkalinity) 

2.4) m~ h,Uln::l'I1fJ (Volatile Fatty Acid: VF A) 

" 
2.5) t1~lJlWnl"lf;1ftTrfn.:.l'l1lJ~ 

iI ... I.or:::::.. ~.4::t 
2.6) '.i tlfJ"::'Utl.:.lu '.i lJ1W f1l"lflJl'Yl'U 

... <I 
'WljUJIflOj 

~ " d 0 
11itllJII'tH'Yl 103-105 "If 

3.1huUI"'::''UUU ...... "''' 11iflT.itYfl~~1l1fl11fJ1Wfl 

'" lfl'.itl.:.l GC (Gas Chromatography) 

.. 
5. mUCJStlltll'l lf1~tH HPLC (High Performance Liquid Chomatography) 

" 6. tYml't~H't1"'I1lJ~ 

.. ... 
8. l't1tl'lf/fJW'I1lJlJ 

, , " 
lflltl"1~t1~ lJ1W nl"lflllJlJll'Yl'Ufilh 

_ICl fd 4 ! 
9. u'.ilJ1Wf1l"lf'Y1m .... 'Yl.:.l'l1lJ~ 

41 



42 

3.3 Ifl~tl.,'lijtllltl::~t.lmt\Hh,nUflljfl~i.HH 
. '" 

1Ufll'j'Yl~HlfJ""'I.h::fHllJ~1mfl1t).,'j1ifJIICl::;~t.lfl'.iW~h.,.."1 ~.,'I~fJ it.lil 
.. 

_I J "" 111 SI... "" 
3.3.1 '~~1Jmt\n::lJ1J1nJflljtltlfl"lI~UlIlJlJntl.,'l"U~tlU 

I) o.,'lt.lijmrn 

" 1ufll'j'Yl~ClfJ.,..ilt.l'j::;flfJlJ~1utruliFWU1 2 tr.,..~m)'4fl'.ilJnU i~lIn tr""11iJ'flfl'.i~ 
~ cvWd ..:2.:::1 Q cv': 

IICl::;\l.,..11lJflfll9flJI'YlU 9f.,..m lUCl::;ItlU~~""U 

1.1) O.,'l..,iJflflj~ (Acid Tank) 

tr.,..11 iJ'flm ~~I~fJfl 1 ~1 U .,..lU ii uif,llu tr.,'l11 iJ'fl i! fJfJflciil\1UU lJlJfl1U fflJ\PW 

(Continuous Stirred Tank Reactor:CSTR) 'j::;~uH'fJ.,..t.liiu~fln ~t.lm.,..m::;lJfJfl1~ufil11U~ 

t.l~lJ1~'j1~""lU (working volume) l'¥hnlJ 0.50 i1~'j ij"U1~Iff'U~lUi!!u6flCl1""lICl::;fI11lJ~m11nlJ 

8.50 I9fU~llJ~mCl::; 20 I9fU~llJm ~llJftl~lJ ~1trn11~1U1ff~fJ::;fl1i1f11ff (Acrylic) ~.,..~~;.,.. 
. " 

'11~ ~t.l m W ff1 11 f lJ fln fl1U F-IfflJ i ~ 11 n lJ fJI~ fJ {U Cl::; 1 lJ~~ fl1U 1ft fJ fl1U F-I fflJllll ffmm::; ~ Cl; .... 1 1m 
I '" • '" , 

1 fJfllffffWrffnUfJVHYi 1ii.,.. Im::;~~~.,..1 'YlfJ11lJul~fJ{lftfJm 1\11~~W 111J U'\IfJ.,..U11 ffuiifJ Qn 1 U 1u 

: .. -~" '" ~ i" " ~ " 'j ::;lJlJ 1 ~uu 11 ffU\1::; \lfl1JfJUI'\I1'Yl1.,.."lU Cl1.,'1'\1fJ.,..\l.,..U Cl::; 11 Cl ClU fJfJ fl'Yl1.,.." 1U lJU '\IfJ.,..\l ""~1 U .. 
,"', " , 

Ifl1 fJ""fflJU1".ij~ff1u1~lftfJi1fJ.,..nu fll'j, 11 ml~ 1.,.. \1 'j '\IfJ.,..U1Iffuiii1 fJU l.,j'lff'J::; lJ lJ 1 ~U~ flll W ::;UCl::; .. .. . . 
OJ Q.I Q./.d. d 0 QI 

'\I'Ul~'\IfJ""\l""11lJflfl'.i~Uff~.,..~.,..m .... 'Yl 3.2 lm::;m .... 'Yl 3.4 mlJCl1~lJ 

U QJ cY .or:( 

1.2) \I.,'I..,lJflfll"llJlflU (Methane Tank) 

tr.,..11 iJ'flfll9fijl'YlU ~1~fJfl 1~1u""lU iiuif,llu tr.,'l 11 iJ'fl i! fJfJ flciil\1UUlJlJ fl1U 

fflJ\!'jW'j::;~1J1l'fJ.,..t.liiu~flnl,fUl~U1nlJtr""11iJ'flm" ij~U'YlHm::;lJfJfl1~ufi111u~t.l~lJ1mH 
..:::It. lev oQ.Q "1 ~ I QI oQ 

.,..lU\1Hlf1lfllJ 5 Clm lJ'\IU1"lffUF-I1UffUUflClHUCl::;fl11lJff.,..lfIlfllJ 15.50 19fU~1lJm lICl::; .. .. 
31 19fU~llJm ~llJft1~lJ ~1tr.,..'th~1U1ff~fJ::;fl1i1f11ff~""~~;""'I1~~UmWff111flJfl1'Jfl1UF-IfflJ 

." . 
, ~ II rilJfJ 1~ fJ {UCl::; 1 lJ ~~ fl1U I fi fJ fl1U F-I fflJU11 ffUU Cl::; ~ Cl; .... 11m 1 fJ fllfffflJ fr ffn U fJ V H Yi 1 ii.,.. 

'" I '" , " 

UCl::;~~~""1 'YlfJ{1lJU1~fJ{lftfJ~'j 1\11~~W 111JU'\IfJ.,..U11 ffuiifJQn 1U 1 U 'J ::;lJlJ 1 ~ UU11 ffU\1::; \! fli1fJUI.,j' 1 
. '" . 

'Yl1""~ 1U ri 1.,.." fJ .,..tr.,..u Cl::; i 11 Cll1U fJfJ fl'Yl H ~ lU lJU '\IfJ .,..tr.,..~ 1 UI fl1 fJ.,.. ~lJU1".ij~ ff1 01 ~ lfifJ i1fJ.,.. nu 

fln i 11 Cl~~ 1.,..\1'j '\I fJ.,..J11ffu~i1fJUI.,j' 1 ~'J::;lJ lJ ~.,..~ flll W ::;lICl::;'\IU l~'\IfJ.,..tr""11 iJ'flfll9fijl'YlUUff~"" . . 
,r.,..m .... ii 3.3 1m::; m .... ii 3.5 ~llJft1~lJ 1~Uff~t.l'\l'Ul~'\IfJ""'j'::;lJlJ11iJ'flHfJfJflciil\1UUlJlJfffJ"" 
" . 
,ju~fJui~ ~""~T:iHii 3.3 
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o OJ , .. '1 ~1J 1JtJ11J~UI au 
'l~1J1Jl1iin,.raan.l1)lUl1J1JtTa-3;;'UflaU 

OJ OJ OJ 
OJ "" 

... 
f1-311t1nn'lVi f1-311t1nmcttlIYlU 

111lJl~1~1~Hu (~~1) 0.50 5 

'j), " 
ltY'U~l'Utl'\.WfH\H (C)j'lJ.) 8.50 15.50 

l!J (C)j'lJ.) 20 31 

GIG-' rl'QI 

l~U~!1mflfl'YHll'1l'l'lmfYltYm (1'U) 1 10 
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¥ ¥ 

U <_i4 • "'" .... 111".... .... 2) ,,!Ylfl fl'itUutlUUmT£.II"l'l:::lJlJ'tnJflI'ltltlfl"llI\lUlIlJlJi;1'tl-3"UV!tlU 
~ ~ 

'l1~~tlmw il6mblffm.,j'n::: lJlJl1 iTfl i! tJtJfl~I'Olm lJlJtYtJ-3'1ill ~tJll tI'j::: fltJlJ~1t1 

I ~, JoI I " 

Ifl16~tYlJlhl ffVn I ~tJ fl i ~i II ~ III 111 uil 'ti 1m! 1 nil6lJll11 ff [JI.,j' 1 ff'j::: lJ lJ 
'U 'U 

"" ,JOI 

li~lll1ll 2 Ifl1tJ~ 1~vi~iltJll'\.htffm.,j'lff'j:::lJlJti,miTflm~~lll1ll 1 Ifl16~ 1l'cl:::iltJmblffm.,j'lff 
'U 'U 

'j:::lJlJti~l1iTflnl9flil'Ylll I Ifl~tJ~ ~1u6~'jlflnil1'clfl~~ 0.50 i'i~'j~t),lll flnl~tlf1i~lfl~tJ~~lJ 
" • , "" 'JI 

lhtffU'l1iJ~tY1U~~ (peristaltic pump) li1tl~'01f1!fl1tl~~lJtJ1'l1iJ~iltYllJlH)iltJmblffm.,j'n:::lJlJ~1V 

6~'j1f1l'j' 11~~~1 i~ u~:::lfi~i1ty111f1l'j~~~lJ'tl6~tY1UV1~Ut)tl 

'" 2.2) Itl'ltl-3fl1lJfJlII101 (timer) 

Ifl~tJ~fl1lJfJlJl1mulJlJ6~llliT~ (Auto timer) ~lll1ll 2 IfI~tl'l ff1111lJfl1lJfJlJ 
~ ~ 

'j::: u::: 11 ~ l'tl tl 'I fln iltlll tJ11 ffm.,j' 1 ff'j::: lJ lJ ti ~11 iT fl m ~ U'cl::: 'j::: lJ lJ ti '111 iT fl nl9flill'lll 1 ~ u~ ~ ~ ~ ti tilJ 
'U .. . ~ 

4 0 Q ..::I 

Imtl~tYlJll1'l1ll~tY1V'j~ .. 
¥ 

U JU.... • '" , _i4 " 3) ,,!Ylfl fl'lW 'llJiJ.fll'VfUlli;1'[JfltlUUtlUI"l'l:::lJlJ 

ntlll~'O:::iltlllJ1Iffm.,j' 1ff'j :::lJlJ~tl~ lifll'j I~~ UlJJllfful ~m~lJ1i1~tl111n ~ ~ll~ll .. . 
1l'cl:::1i Ultl111n ltYllJ imJllJlw ~!l1lJl:::tYlJ~tlf1l'j 1'0 1 tyl~lJ 1 ~'tItl'l~'cl;'Vl tllUill 'j:::lJ lJll~:::I~ lJ~H 

, JoI "''' " 

1~ tl tI 1 lJn ttl 'l1't1 tl 'Ilht ff m.,j'l 'j::: lJlJ fi ~-U II i~ ~ tl~ lifll 'j ~~ ~ ~'l1~tJ tI m w ff111 1 lJtI 1 lJ tY tll'Vl tJ11 ffV 

.ci ... 1 9J.4 • , d jI I , d 
9f~u'j :::fltllJ~1mmtl~fl1llHtYlJlllJlJlll'l~lllJ!l1~ fl (magnetic stirrer) 'Vl'j tllJUl'l~UlJ!l1'clfl (magnetic 

bar) ~lll 1ll 2 'l1~~tI mw ffll1 1lJ fl1ll HtYmfllffUntlll iltllll.,j'n::: lJlJ ti~l1 iT flm ~Il~::: ti '111 iT fl . ~ 

nl9flil'Ylll I~tl i 11' fI11lJl.,j'lJ.,j'll'tltl'ltJllffVtllU i II 'j:::lJ 1J'lhU~ liti m'il till l'J fl~~ 

4) ,,!YlflUfl'jWl~mlllwnlOJUlJlJUnU~~l 
" ttl , " 

ill '11ll 111 uil i ~ 'til fll 'j ~ 'j 1 '0 1~ti ltlllJ lW nl9f;1fl1'Vl11 '1l1lJ~ n Ifi~~llfllU i II 
~ ~ 

ti~l1iTflm~Il'cl:::ti~l1iTflnl9flill'lll fi~-Ull ;~lifl1'j ~~~~'l1~~tlfl'jW ~'j 1'01~tlllJlW nl9f l~ui ~ 

11~flflnlllJlJlll'lll~J1 tI'j:::fltllJ~1mfl~tl~1~tlllJlW n1'1f;1tll'Vl (Gas counter) cJ1~'ti1'Olfl1tYfJ 
tl::: fI ~1 fI i tY li'j tll'lH~1l1 ~VlJHll ~ 1 tllU ill lifln ~~i~'j :::lJlJ l~lll9ftl{l'~tl~ n'O-u lJ tlllJlW 'tItl 'I .. . " . 
nl'lf;1fll'Vlnlfi~~llfl1U ill 'j :::lJlJ 1 ~u~ 'j 1'O1~ 'Olflfll'j-U lJ ~ III 1ll 'j tllJ fll'j'Vl i'ifl~ 1't1tl~~tI mwn 

m llJtlllJ1~'j nl9f~\lfllll'lll ~J 1tlUHU till tlll 1 ~VtY1lJ 1'j tltJ 1 lJlft III 1W 111t1llJ 1W nl'lf;1fll'Vl 
I JI tJ. I 

nlfi~~lll1'1l1lJ~ i~ Ifl1tl'l1~tlllJlWnl'lf;1tll'VllltY~~fi~tll'Vln 3.6 
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. . 
CI .!I!!l IV _t= W.:t 

fllfin 3.6 Ifl'H).:J1V1lJ'nnWfll°ll'lnfllfi 

.. 
tV V 0 4:S 

5) tH fi flU lIi.UJ 

-3ltJ 1~url'HO'.niml1IffU~ltJ 1tJ yf-3l11J~ 3 0'-3 1h:; fltl11~1UO'-3li ml1lffUl,j'n :;1111 

" O'-3l1Uflm~'lJtJ1~ 1,500 ij"iiii~'j ~ltJ1tJ 1 0'-3 O'-3lim111ffUtltlml1m:;1111O'-3l1Uflm~ (O'-3lifl 

" " o .:t <j/ QI QI ~ d. ~..:::rt.~ 0 QJ OJ QI 0 d 

tJlltYUl'IJn:;1111f1-3l11Jflfll"lf1J1'YltJ) 'lJtJ1~ 1 ,500 1J"""~'j 'il1tJ1tJ 1 fI-3 "":;fI-3 .... fltJ1ItYUtltlfl'lllfl 

'j:;1111O'-3l1Ufln1"1fiil'YItJ'lJtJ1~ 1,500 ij"iiii~'j ~ltJ1tJ 1 0'-3 IYltlyJ1l1-u'1~1~11lifll.f1IffU~iltltJl,j'1 
QI OJ QI OJ ell .r:::t 

'j:; 11 11 II ,,:; tItI fl'il1 m:; 11 11 fI-3l11J fl m ~ 1 m:; fI-3l11J fl fll"lf1J1'Yl tJ 

3.3.2 i.T1'ilflijm,nU.:J1U19r.J 

. " 
I'Utl-3 'ill fl~tI-3ii fll 'j 11f 11 tY ft l .... ii 11 ff U i 11'iifl111J 1l11J 1:; tY1J~ tI fll 'j 1 'ill tyl~ 11 1 ~'IJ tI-3~ ,,:)} .... 

" 
m U itJ 'j:;111J'lhu~ntltJiltltJii1Iff(JI,j'TtY'j :;1111.i -3~ tI-3iifln I~ 1J1i 1~tl1l1 n "":;19i1JtYn~H i 11' n11 

v • 

" " 
ii11ffU 1~ui~tY1'jlflii~.:J~tl '11il 

1) l11l1~tYl9fU1J'~ '81ml'iltJ-rltltYl-rl~ (KH2P04) 

2) ~ilr.J (NH2CONH2) 

3) ,-rltl{ftYfI"tI h~ (FeC12) l~u'j 1U" :; 16U~lItY~-3~-3111~tI'11 
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.. .,. 0'" 
3.4.1 fll'jUI'.itlllUlliJtI 

~, ~ I ~ 

lhltYufiH'h.!~lU i.otll1'h.!ll1!tYufiln~"lflm~lJ1l.!fll'j f-lii~ i lJ i tl~Ic)Hl i~UH'lhUl.! 

VI'II'rt~lJlIlVli (RBD Palm Oil) lill.!1~HJ~lJ1ufll'jf-lii~ IlCl~1~ff1Hh~lilu~1dnlunltll1u 
~ , 

UUnl U1Vl'j 1l.! ffltlm VltllYJ lfl-MU 1 mil.! ~tlU 'II tl~ fll'j cl'uti 1fl11lJff~tl1~ i lJ i tl~IC)$CllVitl "1'1 n~ 
.. ,,, " " 

fl11lJlJl IlVln ,,~cl'l~ltl1ff ~ul.!liltlmh~'l tltlfl i Ufl1U ~~..rUll1ltYU i lJ i tl~IC)$Cl~~U 'j~ fltllJ i Ufl1U 
" , '" 

lJClff1'j ~H'l 't1~filill.! ffl':i~ ~~l.! fill1~tl"lflfllnhuunl U111Cl~ i~lllU Unl til f-lii~ itw Gfi'~Cltluifl 
I ",,, I 

llCl ~ f-l ii ~ it W Gfi'i 1lJfi I n~" 1 flU Unl U1 n lJ f) ~ff1 'j UlllU tll.! ~ N'l fi ij tl Q1 l.! ffU ~ ~~ l.! 91 ~ ij 

fl11lJUl.!lntll.! 1l.! UllJlW ~ ~lJlfl 
1l.! m ~lJ1U fll'j f-lii~ i lJ i tl~IC)$Clijfll':i l~lJ~HI~tl'lhtlli ~6m 1fll'j In~u Unl tIlllCl~I~lJ 

f-lCl f-lii~ 111 flU Unl tIl~ln~~l.! tlf.h~ i 'j ~~ llJlf1ltYU~U1lJl 1 ~1 l.!~1l.! i.o U ifl ~lU m ~lJ1U fll':i 1hu~ . ~ ~ 

VlNlfl m ~UflU Ul lJoWltl'll' 11-1'1 ill.! m ~ IVltlllU flU1 UUI1Cl~ i'll Ul.! tltl fl" 1 flU11 tYUlJ1~tY1l.! 111 h1' 
JI ,,, " " 

U11tYU i lJ i tl~IC)$Clliln~;juijfhoWltl'll'~ 1111 tl ijfl11lJlilu m~~tlu tY ~ f-lCl h1'nullJlw U1UUll Cl~ 
" I'll uu U'tlUM tl til ~ h ~~ llJU11 tYu' lJ i tl~ IC)$Cl fJ~ ijtl~ tl U 'j ~ fltllJ 'II tl ~ ~ i tl ~ IlJ VIlU tl Cl II Cl~ 

fl~lC)$tl'j tlCl 1 U UllJlW ~ ~ ~ i ~tIlUm~fl~lC)$tl'j tl Cl ~ ~ I ill.!f-lii~ it W Gfi'~Cltl U, fl" 1 flfll 'j 11lU Unl tI111Cl~ 

IlJ VIlU tlCl~ ~I ilu ffl':i; ~~u ~Inu ~tl 1 l.! fll':i 111 U U nl U1 ~ ~'j 1 UCl~ Itj U~'IJ tl~" flll W ~ fflJU~'IJtl ~ 
" . 

U11tYuilJ itl~IC)$Clllff~~1ulJVlfi 4 
~ ~ ~ 

~lU i.ouu iflll1fll'j I~ ~ UlJU11ffU i ~UUflJff m~U11tYU i lJ i tl~IC)$Cl 1 M'ijfl11lJll1lJl~ fflJ 
~ , 

ntlU 111 fll'j il tlUI.,j' 1tY'j ~lJ lJ i ~ UU1U11 tYufi i fl"1 fl flU m ~ lJ 1U fll':i f-lii~' lJ i tl~IC)$CllJlI~ lJ 
" 

1i 1~ tl111l':i ~ ~11 ilu 1 11' Il1lJl ~ fflJll n fll':i I" l ty I~ lJ i ~'IJtl ~~Cl;~.fllU 1 U 'j ~ lJlJ i ~ Uff" l':i W 11 M'ij 

~ • • ~ .9. 1lI i . .1 • .1 ~ .d '" 1 !W "I!W • 
tl~'j1ff1l.! COD : N : P IVIlfllJ 150: 1.1 : 0.2 C)$~Il11Cl~ ll.! ~'jI"UllCl~l1tlffl1tl'jffVlmtlfl 'II' l~llfl 

~ 

~1~tIlICl~ iUll~ffl~UlJi~ iliI iml"U~tlffl~~ (KH2P04) ~lmh~lJ Utlfl"lflUiJ~ijfll'jl9ilJI~tl{fff 

flCltl h~ (FeC~) UllJlW 1 lJfl .liim l~tlIilU1i1~tl111l':ilffllJ1M'illJ~Cl;~.fllu1u'j~lJlJtjflfl1UllCl~ 

l~tl~~l1fllf1ItYui lJ i tl~IC)$Clijfl11lJlilu m~~ ~~~~tl~ijfll':i l~lJff1'j ~N iflllni C)$1~UlJ' lJfl1{ lJtlll.! ~ 
(NaHCO) l~tlUflJoWltl'll''IJtlnf1ItYu1M'll'hillJ 7.2 I~tl 1 M'ijfl11lJll1lJl~fflJ~tlffm~1~ fll':illH1U 

.,. . ~ . 1 1 ~"'.I" '" '" llI' 0 1!W ." 
'IJtl~~Cl'll'~IlCl~'II'1U'jfl'l:llfftl1~~1~ U'j~lJlJ 11lJu'jlJlWI~U~~tlVl"~ llJVl1 11'j~lJlJlfl~ 

fl 11 lJcl' lJll1Cl1 i fl "lm! U 11lfll'j l~tl"lnf1Iffu 1 M'ijUllJlW fl11lJI.,j' lJ.,j'U'lJtl~~ i tl~~ llJ~~ tl~ fll':i 
~ 

llt1'1iltlUI.,j'1~'j ~lJlJ11 un H tltlfl~1 "UlllJlJfftl~'tiu ~tlU~tl , U 
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... OJ..li ... 
3.4.2 fll1If1'ltltl'H1IVtH.lt1V')1 

tI I tI. 

11 11;ftl ~~fltlU ~ C'l;l'Iii 1 ~1 U '11U 1 ~ UI ilu 11 11;ftl ~ C'l;l'Iii 1 ~ II 1'il1 m ~'U'UQltlltl ffU 

(Upflow Anaerobic Sludge Blanket: UASB) ~'1lilU1~'U'IJ'lhilfnl1IffU hw1~nflU UtlUffC'llU'YIl'l 
., ., 

:Jf11l1l'111'U'U 1 l tltl flcHl'ilUI'liul~U1n'U1~'U'U11 iJ fl 1 f tltl flcHl 'ilUll'U'U fftl'l;JU~tlU 1 fWtl111 11;ftl 
., ., 

~~fltlU ~C'l:Jfl'l 1~1J11~U'I 111'Ififlfl11ll~ulfwn'Utl1Iffu 1 'U 1 tl~I"lfC'l 1ml'l'l1ijfi; Ulll'U'UUfl'IJU 1fl 5 lim 

~'1ii1fl111'l1~umhUll1IffUl'Jfl"l 5 1U ntlUii1fl111~ll~UI~U1~'U'U 1lC'l~lrltl~C'l:Jfl'llfiflfl11ll~UlflU 
., ., 

n'Utl11 ffuml'1 1 11' l~ ll11 11;ftl~ ~ fltlU ~ C'l:Jfl'l C'l'l 1u 0''111 iJ fl m fllm ~O''111 iJ fln1"1fiJl'YIU 'l11ll 1tlJ f tl UC'l~ 
40 'II tl'l'l111J1~1 0''1 llC'l~ii1flU I~U 1 ~ 'U'Utl UN~tl ratl '1~ lll11f-lU flU V1flC'ltl'l~ 1~ n111Ufl 1 1 
~ '111UC'l~16Ufl'IJtl'l"fl'lltlJ ~ffllil~'IJtl'l11 114ij~~fltlU ~C'l:Jfl'lllfffl'l 1u 'UVI~ 4 

oIIC\,Cf. 0 -=r.. .et. .., 

3.5 11ifll1V111'U1H1'U1\1t1 

nflU ~hn1 U'I1U1~ Ulllhtltl fl 1 ~~'1~tl 1 'l1if 

3.5.1 fl 11 tl tl flU'U11UO~~VI,r'l1 ~1111t'l1..r VI,j tl tlflOii I \1'UU 1111 O'tl'l ~'U Vltl'U 
., ., 

fln V1flC'ltl'l'l.'i1ilfltl1Iffu 1 'U 1 tl~I"IfC'll flU1 ~'U'U11 iJ fl 1 l tltl flcHl 'ilUll 'U 'U fftl'l;JU ~ tlU 

., ., " 
tl 1J mllnU lflutl1IffU'il1flm~'U1U fl11f-1li~ 1 'U 1 tl~I"lfC'l'il~()fllO'U1uO''1~fltl1IffUl'li'1 'il1flii'U 'il~()fl 
~ ~ ~ 

, ., 
iltlu I 'Ii' 1 ff1 ~'U'UO''111 iJ fl m fl'il1flVl1 '1~ 1U ~ N'lJtl 'I 0' '1~1 Ul fl1tl '1ff'Utl1'1n1 fl ff1 Ul flll C'l~ 111m 'li'1 ff 

~ ~ ~ 

tI I"', 

O''1~ fltl11ffUtltl flO''1ii 1 tl1lffUiitl tl fl'il1m ~'U'UO' '111 iJ fl m fl 'il~ () fliltlw'li' 1 ff1 ~'U'U 0''111 iJ fln1"1fiJl V1U 
~ ~ 

~ '1~tltl'4 m II nu ~1 m)~ 11 flU 1 11 C'lfl'l~ tl U1'1~ tllti tl 'I 'ill flVlH~ 1U ~ 1'1'11 tl'lO' '1~1Ulfl ~ tl '1"!'IJll 111 'U'U 
., , 

ff1Ul fll 'liul~U1n'U 1 ~ 'U 'UO' '111 iJ fl fl1 fl tl11 ffuiitltl fl'il1 m ~ 'U 'U 0''111 iJ fl n1 "IfiJl V1U 'il ~ () fllO'U 1u 0' '110'U 
~ 

JI, 'JI I 

~fltl1IffUtltlflO''1ii 2 lfl uiifY'YIl 'I flU 1 11C'l'IJtl'ltl1IffUl'li'1~m.buu1ilflUtlU~1'1"lllfffl'l~'11l1l'1ii 3.7 
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'" 
) ~ uu 1111 fl 1! ~H) fl9f I \I'UllU U 'fftl.:j,)'U ~Hl'\.nJ) ~ fltlU ~1 tltl.:jl111 fl 1! tl tl fl9fll1'UllU U 

fl1'U'fflJ\!)f.U 2 tl.:j 1~lln tl.:jl111flm~ I tl.:j ll,,~tl.:jl111flnl'lfiil'Yl'U I tl.:j ~tltl'4mlJt1'U l~tI~~;.:j 
'" '" . 

'l1~lJtll~Wl rim i'Utl1UfJlJ lu-n~fl1'U1I1 tI l'U tlnlBfi~ tl1l1.:j'fftl.:jtl.:j U11fftl 1 U 1 tl~ICIf"fil~1 tllJ 1 1\l~ 
"'.J. " 

Qfllnu-nfl l'Utl.:j-nflu 1 Iff m'li'u ~uutl.:jl111flm~ C1f.:jfitlUfllfltll'll'U 1~ I ,500 iJ,,~~~) 1 ~tl1~~~~.:j 

'l1~1 fI ~ tl.:j fl1'U fl 'fflJ llUU 11";'1 mjll1 ~ fl fl1 tI l'U U fllfltl 1 11 ~ iill"; .:j11lh 11 ~ fl ri111 i' U fl1'U fl'fflJJ 11 fftl 

ntl'UI'Ii'u ~UU 1~tl1.H U 'ff fIl'VlJ11 fftl 1 M'iifl11lJI'Ii' lJ 'Ii''U I"; 1t1'U l'J fl~~ 1 ~ tlJ11 fftll1 ~ Q fliltl'Ul'li' u ~u U 

tl.:j 1111 fl m ~ ~.:jtl V~l'U U'U ~1 tlifl ~tl.:j 'ffuJ l11U U'ff1 tl1 ~ tlVN~ tl1 ~tl.:j~ 1t1tJ~) 1fl1)' 11 "f1.:j~ .. .. 
" , .)1, 

0.50 ~~) ~tl1'U 1 ~tI~~~.:jlflltl.:jfl1UfJ lJn"l~t1Ulfil tl.:j"'!UU1'1fUfl 'ff1t11 ~1V.tl1H' 1J'I.J~ lJ1W fll) iltl'U 

" "''' .... " 1" Q.I o.::s 1 jI " 101 QI o..::t _"t" 
'U 11'ffm'llU ~uu 11111lJ l~'fflJ flU flln'1~ "tl.:j 'U 11 'fftl11~ 11" "'UI'Il l'fftl.:j'Vl fl'U 11 'fftltltl fllW ~ tl fl1Jtl'U I'll 1 .. .. . . '" 
) ~uutl.:jl111 fl n1C1fiil'rl'U ~ 1 tllflltl.:jJJtlll" ::'l1fl~U m wfi~fl9i.:j 1'I1'U l~tl1t1U) ~U U tl.:jl111 fl fl) ~ 

" " 
11" ~ 1 11 "I'Ii' 1ff'tl.:j-n flU1tltl fl'lltl.:j) ~ U utl.:jl111 fln1C1fiil'Yl'U 'U tlfl111 nil)~ uu tl.:jl111fl 1! tltl fl9fI11'UllUU .. 

)I " I , 'JI I 

'fftl.:j,)'U~tl'UV.:j 1 ~iifll) ~fl9i.:jlflltl.:j 1flU~ lJlW n1C1f;1f11'Vl1V. tl~) 1111~U~ lJlW n1C1f;1f11'Vl l1 .:jl1lJflfi 

" . 
lfi~~'UfIltllm~uuufl~1t1 ~.:jfll'Vlfi 3.8 

3.5.2 ftl'U ~hn:: U m1i1 n , j tl tlftoi UllU 11J 1J iJtl..:J,1'U fI tl 'U 

fll)I~'U)~UUl111flHtltlfl9fI11'U'fftl.:jllUU~'U~tl'U llU.:jtltlfllll'U 2 '111'1 fitl 'I11.:jmmll'U 
.. " 

fll) I~ lJ~'UI~'U )~UU 1l,,~'I11.:jfi'fftl.:j11l'U flUtl1UfJ lJll"~I~'U) ~UU,j1,j~U1IfftJ ) 1tJ"~IUtlflll 'ff~.:j 

. 
... II ... 

I) n,.'U'nJfI'UI~'U'j::1J1J (Start up) 
. " 

l'U)~1111.:jI~lJ~'UI~m~uulh,j~U1IfftJ11~ii'ffm1~fllni1.:j1'UtlV 2 )~tJ~ 1~lln .. 
'j::U::~ 1 'fffll1~ ntl'UfI.:j9i1 fitl,1l'U'I11.:jnm~iifll) ,itl.:j~";'Vl lM'iiU~lJlWl''''tI.:j'Vltl 
" " IW~~'UlfItlt1UU1Ifftl 1 fltl l'U) ~tI~ll) flil ~,,;'Vl 'ff1lJ1) tl fl~~ltl'U 1 C1fJJtltl fllJlVtl tI'ffmtl'ffU 6'U Vl1 rJl ~ 

'" . 
1l~111~)~UUV.:j 'li'~i'UU1IfftltlV1.:jI~lJfi 

'j::U::~ 2 'ffm1~f1.:j~1 (Steady State) 11I'U'I11.:jn"1~llUflilt1iifl11lJll~.:jllH'fflJ\!)W 
I "JI I JI 

1 'U U~ lJl W fi 'ff1lJ 1) tl,j 1 ,j~U11 fftll1 .:jl1lJ~ fi ii tl V 1 ~ 1 ~ tlU11 ff tl11 ~ tl m'il,j ~ 1 ~ tl VNI~ lJ~ ~ .. .. 
. " '" ............. ,".<> " ...... "_1_1 f111lJ'ff1lJl) tl'lltl.:j) ~UUIW~) ~1JUlJl'fftltJ) fIl'VlVlfl V1l 11'U1Vl.:jq'~Vl1 tllJfJwm'VlflIW~ lJlllJ) lJ) 1'U 

1 ~ tI''U fl11 1~ lJ~'UI~'U 7:: UU,j l,j~J 11 fftl11:: II U.:j fl 11 I~ lJ~ 'Ul~'U) ~ UUtltl mrJ'U 

" 2 11\11t1,j1,j~ 1~un 7::UUtl.:jl111flm~U"::)::UUtl.:jl111fln1C1fiil'Yl'U )lt1fl::IUtl~U'ff~.:jil 
. '" '" 

1.1) ftl1iillfl''UIR'U1::UUO..:J't1i1nn1Y1 ii,)'U~tl'U,).:jil 

- l~lJ11114tl~fl~'VlM''U tl.:jl111flm ~ ~.:j11l'U11114tl~,,;'Vl~ '~\llm ~UU,j1,jYl 
" 

U11fftlUUUHtltlfl9f111'U U7~lJlW!tltl"~ 40 'Iltl.:jU~lJl~)tl.:j 
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~ -
- 1~1 tllJ1111fftl 1 'IJ 1 tl~lC)f(lntl'U ihllH'lhd'j~'IJ'lJt1.:JlfiJ nm~ 1 ~tl1111111fftl ... 

'1 'IJ 1 tl~lC)f(l lJ 11~ lJ1i1~tl1lf 1 'j ~ ~ 111J'Ull(l~ tJ1' 'lJv.W'lf1 1fl il'U nm.:J 1 ~tIl~lJ 1 C)f l~tllJ '1 'Ufn{ 'lJtll'U ~ 
, 'JI JI I "" ~ '1 QI 4 0 q '1 1 ..:::::I " " .t::tjl 1'Ylt)'j mmHl1""~1.:Jflltl 'U 'j ~'IJ'IJ 'inn'U 'Ul 'iltl'il1.:J'U 11fftl 'IJ tl~1C)f(l~llJfI11lJl'IJ lJ'IJ'U VI~tl.:Jn1'j 

- iltl'UJ11fftl'1 'IJ 1 tl~lC)f(lloU'lfft1,miJ nnHltlU1.:J~tlltitl.:J~1t1tl~'j 1fll 'j '1 If(ltl.:J~ ... 
, '" I , 

0.50 ~~'j~tl1'U 1 ~tI 1'U'1h.:JU'J n'IJtl.:Jfll'j 11lJ~'Ul~'U 'j~'IJ'IJ 1 1filtl'U1111fftliiilri1tl11lJloU'lJoU''U~ 1 tl~~l 

l~tlff! 1.:Jtl11lJ~'Ultl tI 1 1f ,(1:;"" flltl 1 'U 'j::: 'IJ'IJ ff1lJn fltJ1' mi 1 '1 ~~ lrltl, (I:;"" ff1lJ1 'j fltJ l' 'IJ ff tl1""ll(l~ 
" , " 

~ 'Ultl tlti'IJ1111fftlll~1 i .:Jritl tI"l l'W lJri 11'1 11lJloU' lJoU''U 'IJ tl.:J~ 1 tl~iiiltl'Ul'li' 1 ti'j ~ 'IJ 'IJ 11 lJ 11 1 nri 1tl11lJ 
. ~ . 

loU'lJoU''U~ltl~11lJ~'Ul'vhti'IJ 1,000 2,000 lm~ 3,000 ij(l~fl1'lJ/~m ~llJ"l~'IJ Ifw1111fftlYitltln'il1n 

t1.:Jlf iJnm ~'il~~ niltl'Ul'li'ltit1.:Jlf iJ n n1C)fill'Yl'U ~~tltl'4 m lJti'U ~tl '1 tJ 
" , " , 

- fl1'U 1111fftlfll tI 1'U 'j ~'IJ 'IJ l~tl 11f 1111 fftlll(l~ ,(1:;"" '1~fflJflffti'U tl UHYi10.:J 

" ll(l~iltl11lJloU'lJoU''U 'lJtl.:J1111ffml'ilti'U'Vj n,~ 1'U t1.:JtJB01 til 

- m1'il1~ri1""1'j1ijl~tl{~1.:J"l '~lln V.ltl'lf 'QWlffJij ~ltl~(I~(I1t1 m~1'IJiJ'U 

, "" 
1.2) m·n1lJ~UI~hn:::uU0-311,Jflnl.ilIYlU il,r'U~tl'U~.:J~tl 1tJu 

- 1~lJ11114tl'(I:;""(I.:J 1'Ut1.:Jlf iJnn1C)fill'Yl'U ~ .:JlilmhI4tl~(I:;""~ '~'il1m ~UU 
" 

iililfl1111ffmluui!tltlncil'il'U tJ'j~lJ1W!tltl(l~ 40 'lJtl.:JtJ1lJl~'jt1.:J 1'lf'Ul~tl1tim~'lJUt1.:JlfiJflm~ 
" . 

- iltl'U 1111 fftl' U 1 tl~lC)f(lYi tl tl n 'ill m ~ 'IJ U t1.:Jlf iJ flm ~1loU' 1 ff'j ~ U'IJ t1.:Jlf iJ n ... 

JI , JI , 

- n1'U1111fftlflltl 1'U 'j ~U'IJ l~tl 1 1f1111ff till (I~ ,(1:;"" 1~ fflJflffti'U tlUHYi10.:J 

" 
lm:::iltl11lJ1oU'lJoU''U'lJtl.:J1111ffml'ilti'U'Vj n~fl 1 'U t1.:JtJB01 til 

- ~n'il1~ri1'Y1l'j1ijl~tl{~H"l'Mlln V.W'lf 'QWlffJij ~ltl~(I:::mtl m~''lJiJ'U 
" . • G.I 4 0 0 G.I 

'j~1lf tllm~ff fll .... fl1.:JYI.:Jlf lJfll .... tl~'j 1'il fftl'IJff tll1~ fll'j Vl1.:J 1'U'lJtl.:J'j ~'lJUU1U~ 

3.5.3 m1fl1UfJlJUt1:::fll''jl~hn:::uu 

I 'I " 

tlUH~tll'UU'l~1t1tl~'j1n1'j 1lf(ltl.:JYi 0.50 ~~'jJ1'U Yiri1tl11lJloU'lJoU''U~1 tl~~H"l 'il1m:r'U~l'j1'il1fl 
, " 

.... n1ijl~tl{~H"l l~tltlmntJ'j:::iYYlitl1""'lJtl'lnn '1hilfl1111fftl'il1nm:::U1'U fll'j ~~~ '1 U ltl~lC)f(l 
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" lh1ihJ\llflfl1::1.111Hll'H~ii~'1.1 16~1C)f'" 

+ 
.. "'" : d .I J/ , ~ J/ ,"" d d1 d Q 11tl11::11"'flllW::'Ul1ffm1.16~~'Ufl6'U 6'U1'l.l11::1.11.1 Ufl f416'1J' C)f 6~ '1.16~U'l.l~U'l.l1'U"'6U 

" lh1J'Ulm::' '1.11J'U 1lJ'YI1'U6'" fltl1C)f616'" tJ1lJ1W''U 1~11\l'U 1m::tJ1111W-W6ff-W61ff 

+ 
1~lJ1il~m1111~~11rl'U1m::1il~m11111ff1lJ''U6mlti1'U COD: N : P n'ilil1.1 150 : 1.1 : 0.2 

+ 
1~6\lHlh1ffu"1'ihnllJ1.u'lJ.u''U'i16~lVilil1.1 1,0002,0003,000 

" 5,0007,500 12,000 1m:: 16,500 ij"'~flllJ/~~1 ~llJ~1~1.1 tJl1.1~m'lJ'1h1ffu,,rni1il1.1 7.2 

• 
jQ ~QtI : • i1 " 11tl11::11"'flllW::'U 11ffUfl6'U 6'U1'l.l11 ::1.11.1 

''''Ufi ~m'lJ' ~Wl1~ij 'i16~ '1.16~U~~U'l.l1'U"'6U 
+ 

1~lJ~'U1~'U1::1.11.1"'1U6~1fl11'11'" 0.50 ~~1~61'U 
" t ". 

~6'U\hlffunijfl11lJ1.u'lJ.u''U'i16~~111lJ~'Un 1,0002,000 1m:: 3,000 ij"'~flllJ/~m 

+ 
1~'U1::1.11.1mh~~61d6~"'1U6~1fl11 '11'" 0.50 ~~1~61'U 

" . 
~6'Ulh1ffunijfl11lJl.u'lJ.u''U'i16~ 5,0007,500 12,000 1m:: 16,500 ij"'~flllJ/~~1~llJ~1~1.1 

4 .d QI Q q J 41::11 d QtI 0 QI 

1116'Y16~11fl11::fI'116'U'YI1U 0.46 0.64 1.10 1m:: 1.50 flfl. C)f 6~/"'1.1JJ.-1'U ~llJ"'1~1.1 

J/ , '" 
\l'U 1:: 1.11.1 1'1.1 1 tJff fl11::fl ~~ 1 

+ 
/ 

" 
, 

d QI , o.ct. ~ 0' .q Jt 1'" 
lfl1.1~16Ul~'Ul1ffUU"'::11fl1l::11'nl1llJ1~61~H'l ~Ufl 

" ~m'lJ' ~Wl1~ij 'i16~"'::"'lU 1lJ'YI1'U6'" fltl1C)f616'" fl1~ ''1.1 1J'U1:: 111 U fffl1'n~H';~l1lJ~ 
Q r:1d ~ f QrrJ41::1 

tJ1lJ1Wfl1C)f'lJ'1fl1'nml1lJ~lm:: 6U"'::fl1n~"'~fl1C)flJ1'YI'U 
"- ./ .. 

( ffltJ1m::tJ'l'::lij'UH"'fl11'Y1~"'6~ J 
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.. "tV , 0 oC:I 
3.6 f)1'l!fl1JmtlrJHum111 

,:nu1~uif'~ihf)l'H~1J~16dNll1J1J1Wf) (grab sample) hwioU'Li~lu~111Vl'U'\J6 'nfllffui'U 
,r1"l1m~I~1J ~"illm'.il~1J~16dl"Jllffu1~~1f)~fll~'U~16dl" ~"f)Wj~ 3,10 

JI 

JI tl',nimhmlfl 
tl' "iJm.nhLffUl,j'l © tl'''1111flf1'.ifl 

~llfltl'''1111f)f1'.ifl 

G) 
JI tl'''1111f) 

tl'"limhmlfl f1)/ d @ 
f11 C)flJ 1'YI 'U 

'" '" f1)/ d m f) fN 11lJ f) f11 C)flJ 1 Vl'U 

. .. 
.:t cS <v , o .ct 

fllffrl 3.10 1J~1fl1JmtlrJl-3Ulllf[J 

't1J.Jl[J1't1~ 
, JoI • , 

~flli 1 li1'U~fll~mi16dl"lhLffuliliiJ6'Ul,j'l'.i~1J1Jtl',,'t111f)mfl (~"'t1lJ1Ul"'\J I) 

~~~ 2 li1'U~fll~'U~16d1"J11ffU~66f)~1f)t1nfl1f)m~ri6'U\!flilm.H,j'1~t1"1111f)n1C)fihVl'U 
(~"11lJ1Ul"'\J 2) 

~fI~ 3 li1'U~fll~'U~16d1"J11ffU~66f)~1f)t1"1111f)1111f)n1C)f~1'YI'U (~'111lJ1Ul"'\J 3) 

ld6 '.i ~ 'U 'U 1,j' 1 ~ff fll1~ fI 'I ~ 1 i,.r ill f)1 '.i 1 ~'U ~ 16 d 1'IJ 11 ffU IV; 6 fff)lll'lh ~ ffVl i fll~ 
JI JI 

i'U mnhUfllhLffU 1 'U i t1~IC)f" i ~U1~1J~1t1 dl'1l11LffU1m~11f1'.i 1~,.(~ l'.i 1iil~t1{ ~N'l ~1f)~~1~'U 

~1t1d1'1~ti111'U~ H ~'1~l'.il'l~ 3.4 
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cl d ~ I .ct..,:::t Q tI Clt, " 1 ~ 0 Q.I : .do 

~T'lH'YI 3.4 UffU fll'HflU1l1tH.lVHlCl~11ifllnlfl'j 1~11~l'.i llJl~~'Hl H "1 llJ~'j ~UU1J1U~t.!1ltHJ 

1u 1~~I9fm,j'1~fI'fl11~fI~~1 

... • fl11",m'Ufll1InU;(1tldH'Utl~'lAln1J;(1tldH 
~4.q J.4 4 mil 

't'tlll"'l~tll 1ti1Iflll~11/lflltl~",tl'YI 'If 
I 2 3 

"'1 '" 1. 9f tl~Cl::CllrJ xxx xxx xxx 1iil vhr fl'lfU uu iJ~ 

2. I1J 'YIlt.! ~ Cl 
.4 

lfl'jtl~ Gas Chromatography 
x x x 

(GC) 

'" 3. flClI9ftlltlCl IfI~tl~ High Perfonnance Liquid 
x x x 

Chromatography (HPLC) . : 
1ii'1l11l'j1l 4. fl'fl1~~H'YI~l1lJ~ xxx xxx xxx 

5. m~ ''\Ilit.!'j~ll1rJ xxx xxx xxx 1ii'1l1mll 

'" '" .4 ... '" 6. ~ltl'lf/tJWl1fJlJ xxx xxx xxx lfl'jm1~~1tl'lf 

U~ rrJ.cI 7. 'j lJ1W fll9f'lf1fl1~ IfI~tl~1~1.JllJ1Wnl9fUU1J 
II xx xx xx • II 

";~l1lJ~ '" . U'Ylt.!'Ylt.!l 

8. !~ rJCl::'lItl~1.JllJ1W .4 
IfI'j~~ Gas Chromatography 

x x x 
tN '" (GC) fll9flJl'Ylt.! 

'H"'ltJ1'H~ 

'" x fI~ 

, ':JI ':JI I 

fI11lJf.)1t.!fl1'jlnU~1~~1~l.hlffrJ I flf~ lijtl'j~UU1,j'Tdfl'm1~fI~~1 

'" xx fltl fI1 UJ~ 1 t.! fll'j lnu ~1~~1~Jl1 fftl'Yl fl1t.! . 
• JI .. 

xxx fi~ fl11lJf.)1t.!fll'.ilnU~1~~Hlhffti 3 flf~~mhJ~ll1' 

" 



.J 
'UfIfI 4 

4.1 afl'Yf.l.I:::tTJJmi"8~JllafJ'1J 18~ICJJt'I 
fll'J Vl~'HJ~ir,~I~f)fl 1~J1Ifftl~ln~1I1flm :::lJ1'U fllHli1~' lJ 1 f)~IC)fCl 1 ~tI 1 ~ff1Hh~1 rJ'U 

" .J ' ~11:i~uan~tIl1'U1Jan~tl1m1'Ufflf)ffIVlf)~~lfli'U IICl:::H'\.hiJ'Un'tffl~lJ~llVli (RBD Palm Oil) 

IrJ'U1~Q~lJ 1'U fll'J fli1~ ~~ 1'U m :::lJ1'U fll'J fli1~' lJ 1 f)~IC)fCll1~~1I1fl~' ~ll11~Q~lJ '~lInJ1iJ'Un'tf 
~~lJ~ llVlt IICl:::ffn Ifl ii~1~1 'Ufllnhuan~ til '~lIn IllVl1'Uf)ClIICl::: 1 vtllVlfflCitill ,~~ 'Jf)fl 'C)f~ 

111 fl ffllll 'U 't'h u an~ til ti'U f) dN ffll\! 'J W 10 f) tl1'U fl ffmhu an~ til ti'U f) dN ffll\! 'J Wllil' 111::: I n~ 

ffll fff)aU ~,r'U 1 'U tl1'U flffll fif) J 1 iJ'U' lJ 1 f)~ IC)fCl111 f)~ 17 tlfl'J1W ff I~ f)l II Cl:::'" ff~ 117 f) 
~ "JI ", I " 

fl1lIClff)l f)Cl 1 'U'U'U ~lf)'Uii 1I:::~~-n fln~' 1Inf)'J f) 111' tl1'U flffllnyhu an~ tIlllil'1In~fll'J IWfli'U f)f) fl 

" . 
1I1flti'U 1 ~tI' lJ 1 f)~IClfClll:::Clf) tlf)d~ 1'UlJ'U tl1'U fl1lIClff)'J f)Clll:::f)d~l'U rl1~ 111 fllr'U 'J:::lJl tlfl1lIClff) 'J f)Cln 

~ ~ 

tI " 

f)d~l'U rlNf)f)fl' UIOlJ' 11'Uti~-n flfl1lIClff)'Jf)Cl 1 ,r1l1~f)1U vt1:::' lJ 1 f)~IClfCl IIU11 1'U'u'U ~lf)'Uii 11:::'~ .. 
, lJ 1 f)~IClfClf)f)fllJl11il'1 II~' lJ 1 f)~IClfCl~'~U~ 'liiim111lJ~llVltlfjtl~vtf)~1I:::ff111n Olll' UH~l'U'~ 

~~J'U~'U~f)'UtY1flty 1'Ufll'J fli1~' lJ 1 f)~IClfCl~'U~f)'Ul1it~ofif)~'U~f)'U fln il'N' lJ 1 f)~IClfCl 1f1f) 't'i 1'11' 

'lJ 1 f)~IC)fCliifl1111lJ~llVlt111flt~,r'U flnil'N'lJ 1 f)~IClfCllrJ'Ufln n1~~ffnlflii~Il1~f)1I1flflln:h 
UamtlllllV11'Uf)tl fl1lIC)ff)'Jf)Cl fl'J1lJ'''ff~ Im:::~~~flf{l~~l~"l f)f)fl1l1fl'lJ If)~IC)fCll~tlfll'Jil'1~J1 
, !II' ?t :; .J 1 . :; !II 1 ,!11:. ,!11':-'" 
~lIlJ~f)f)flIlJ'U 3 flH C1f~ 'U1I~tl:::flHlI:::tlN ~tI 'tf'U1ff:::fl1fl Vllfl1'Jfl1'Uflffll l1Vl10~ 

" tI " 

1Iil' 1U rlf)tln ~, 1'J f) 111' 111 iJ'U II Cl::: 111il' N lIt1flf) f) fl1l1 fl ti'U 1 ~w, lJ 1 f)~ IClfClll::: Clf)tlf) Q~l'U lJ 'U 

" "" " " tl1'Ull1il'HlI:::f)Q~1'U rlN 11 1 fllr'U 111' 'J:::lJlt1111il' 1~n~f)f)fl~'J:::lJ1J'lhuflll1Iffti 1Iil'1111' lJ 1 f)~IClfCl 

~'~U1~~1'U~f)'U 
", t " " I 

1 ~ tlll11 fftlnl~f)fl 1 ~1 'U ~1'U 1~ tlii IrJ'U 1111 fftlnln~ 111 flfl'J:::lJ 1'U fl11 il' 1~' lJ 1 f)~IClfCl~1t1 

J1ff:::mflflf~~ I flf~~ 2 IICl:::flf~~ 3 flffll'J111ti'U ~~~mh111111t1'1;;1~~'U ~~"fllltll:::ffll,j~hl1~ 
". tI 

flltlfl1vt"f)~llllfftlnvtlJfif) 11llfftlii fffll'U::: IrJ'U"f)~1l1 Cl1 iiffll1 ~f)~ 1 ff ii ItTl! ~::: flf)'U U:::U'U Clf) tlf)~ 
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. .. . .. ..., 0" , 'i''' ~ ~ Go..., 
Ill'rnl4.1 an'Ww::'UlIClrJ lJltlywta'YIIVI'U-3''Ul1)[J 

, JI I 'JJ 

ditn.i11111 fftl' lJ i 6~1<:Jft1lJ 111m 1:: Ml'n6 Rfl'In ci fl'IHU ::fflJiJ~'YIl'llfi ijvm 111.111 fftl 

" 
'lJ i6~1<:Jft1ijtl1'lJlWfl11lJl'li'lJ'Ii'u;i6~ 'lJ6'1U~'1U'lJ1Ut16t1 11llJUUt1:: i'IJlJU l'yilfllJ 315,700 560 

Ut1:: 120 lJfl .it1. ~11 mh~lJ i fttlVflJ11tl1'lJlW fI 11 lJI'Ii'lJ'Ii'U'lJ6 'I; i 6~ijti 1'~ '1lnu fl11ti1lJ1~ll1U 
., " 

111'~h'il1fl iH'I1UfJ~ff111m1lJUt1::iifllJfJ~ff111m1lJlJ1fl U,j'11 1um::lJ1U01Hlii~ i lJ i 6~1<:Jft1'il:: 

ijfln 1 ~ffn~l'1I~6d '1tl'm 1011In~tliin1'u1 U~lti6'1'il1flJ1Iffu' lJ i 6~1<:Jft1~1~hl'llU1~Ul1'lU 
" , " ttl "" 

11llffUll~lU flnlhiJ~'Y11'1If1ij.,jU ~U~lt1011 tli' uvi!tl'lf'IJ6'1111IffU 1 M'11'lU m ~ i ~u.,ju ~6U i1 'il ::11'lU 
" , " " 'JI , 

011 UUflll1lJUlm:: i 'lJlJUlJ WtflU llt1::mUtlQtl6 fl'il1flll1IffU'~ ~'1t!Ull11ffUll 1 ~1 U'I1U 1~ ui'l ij 
" 

nW'lfl'yilfllJ 3.5 Ut1::ijtl1'lJlWll1lJ1Hm::''lJlJUU6UlJ1fl 

" " I 

11'lU ffn ~'1~U 1 U fl1ni 1tl iin1' til 1u tl1'lJlW II lJ1 fllnu Vf6 lVi tll Vi mY~ tflU 1 U fln In~ ~ii~ nw ct1 

1 M' lJlfl~U ~ '1,.!uldtlft'NJ llJU i lJ i tl~I<:Jft1 J 1IffU~lnft~ui'l ijtl1'lJ 1W IlJ'YIlU tlt1~ll1il6'il1fl 
fln"Yi 1tliin1' U1Ut1::flftl<:Jf616 t1 1u tl1'lJlW tl '1lJ1 fl I ti6'1 'ill fl flU 1 ~ffu~NI1'lU~11 ~ '1tliin1' U1 

'il::"Yi1 1M'lfi~tliifi1' Ulfln"Yi 1ff~ (Saponification) M ff~l1'lu~ii~nwct1~ llJ'il1flfll1"Yi 1tliifi1' Ul ~ '1flmfi~ 

ff~ 'il::"Yi 1 1M' UUflflftl<:Jf616t1tl6 fl'il1flllJii t1Wff'~6{'~ til fl ,ti6 'I 'il1fl ff~"Yi 11M' IlJ ii t1W ff'~ tl {fl lJ .. . 
flft 1<:Jf61 tlt1lfi~l1'lu U lJ t1iu i'l t1:: t11U6 Q 1 U iu U lJ t1iu 'IJ tl'lff~ ,litllWfl tl tl fl'il1 fl flU' ~i Ul1lJft 

.. " 
'il::flfl'lf::ft'l'166fllJ16U1u 11llffU "Yi1 1 M'llllffu' lJ i 6~1<:Jft1ijtl1'lJlW flftl<:Jf616t1ff '1lJ1fl 
"" " 
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1l~:arlfl~\11'l W ltl;1J1W' U l~'ll\1uu~::vlfltYvlfll tYiuJlifftJ1 u 1 fl~lC)f~ VlU11JlifftJ 

'u lfl~1C)fnijtl;1J1W'U 111'l1\1u iu ltl~fl~filfligUl'WtJ~ 14 1Jn.lt'l. Ut'l::m1\1 'JJVluvlfltYvlflltYiu 
II II. 

llllfftJ 1 ~tJ~ n'Ww:: tY1J,j~'Y11~ ifl ij~fl~llli fftJ 1 u 1 fl~lC)ft'lfi ifi~ \11 nn'l:: U 1U n1'l ~ 1~ 1 u 1 fl~ lC)ft'l 

• JI • 

~l'jHii 4.1 ~n'Ww::tY1J,j~'Uf)~lllifftJ'U If)~1C)ft'lfii~'hi~lt.11\1tJ 
, .. J 

fll'rt11UUfl01 

(msnw 

tn1JJ1,j'JJ'~\~) 

d 
'IltNU'Il'lU'Il1'Uf.ltlV 

(llflJf.l.) 

J1lJ'UI If.l::: 1 'IllJ'U (llfl ./ 

f.l .) 

Ill'rll'Utlf.l (llfl.if.l .) 

. 
o .. 

'U1n111 

'uloiiln 

3.50 

315,700 

560 

120 

32,582 

22,648 

hhfl'U 120 

• w 

JJ1f11!1'U1h;1,:j 

h,:j,:j1'U~flD'l't1fl11JJ 

ua::nflJJ~flD'111tl11JJ 

5.5-9.0 

'" .., 
II fl .l f.l . l1'l fHI1 ~ 1If1 Mil'll! f.l1 

l.h:::ln"''Iltl'll 'H'I1'U~flff111flnll fl1ll~ 

tHU:::mlllf1llfl11JfJllllf.lfill lit'Uffllfl1'l mi1li 

Ifl'U 400 llfl.if.l. 

II .. 

U~ lh::: In..,'Il tl '1ll11n'l'l tl'l i'mhYi'l l1l mh::: In.., 

'Iltl'llH'I1'U~flff111m'lll l1ltl1.h:::ln"''Iltl'l'l:::1J1J 

1i 1U"J11 ffVfl1ll ~fl W::: fl l l II fl1'l fl11J fJ llll f.l fill 

lit'Uffllfl1'l1l~'lilfl'U 150 llfl .if.l. 

'" .., 
llfl .lf.l. 11'ltltl1~IIf1flflHIlf.l1 

'lh::: In.., 'Il tl'll 'l H 1 1.1 'l fI ff111 fl'l l II fl1ll~ 

flW::: fln llf1l'l fl11JfJllllf.lfilllit 1.1 ffllfl1'l1l~ 1li 

Ifl'U 15 llfl ./f.l . 

'" .., 
llfl .lf.l.11'ltltl19l1f1flflHIlf.l1 

Gravimetric method-
l 

ill f1l'l fftlfl 

f11Vm1VUVfl 

14 'lh::: In.., 'Il tl 'I h H 1 1.1 ~ fI ff111 fl 'l l II fl1ll ~ 11lllllfllml~f.lfl1"'f.l 

N.D. 
(llflJf.l.) 

flw:::m'lllf1l'lfl1UfJllllf.lfill lit 1.1 ffllfl1'l U~ 1li 

Ifl'U 200 llfl.if.l. 

11lU1'U11"llln1J lfl 

ntl ffntl l mm;fl 
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(fur. 2539) 
d ,. ,. 

I'J V.:jtinn.tfllJl1l'J !lUfl1'IJTJlJfll'J 'J :;'lJ1Ull1ii.:j~ 1flU l1ri.:jti1111f11h:;!fI'YI1 'J .:j.:j1U'Q1ItY111fl'j'J lJUrI:; 

11f1lJ'Q1ItY111fl'j'J lJ 

l1m£JIl1~ 

N.D. fiv 1I'J1~1f1 'l.i~'IJ 
oQ.Q<Q, d' d j/ d 0 

*1 11i1Ifl'J1:;11'\1V.:jU'\!.:jU'\I1UrlVtI (Suspended Solids Dried) 6'IJUWl'YI \03-105 'If 

-A .d jJ , i'iJ GI d'4 i"" 
*2 IfI'JV.:jtll1V Shimadzu 1U GC-7AG 'llflVrllJU flV Porepak Q tll1 2 lJ . Uri:; '11m 

., ""'~., ""'~"'1 1I'J1~1f1 (Detector) flV Fill nl'lf1l1m (Carrier gas) flV nl'lf IU 1I'JI~U 

a .d,., , iii QI d'.c!t 
*3 Ifl'JV.:jtll1V Shimadzu 1U LC-3A 'llflVrllJU flV Lichrocart-C l 8 '\Imfl 250*4.0 lJlJ. 

UrI:;g~111n~1f1 fiv Refractive Index Detector ~,rv LDC 1U Refracto Monitor TV Mobile 

phase: 0.1 % aq. Phosphoric acid (v/v) 

'" ~ cv.l .q 
4.2 t'ln'YN:;fftl'IJfI"ij~'t11!'Vt)fI:;nijU1}t'I'If'W (Seed) 

"h,4V1I:;fWU~rI~~ (Granulation seed) ~i~iUnl'JI~U'J:;'IJ'lJl1,jfl HVVflc)fI~UU'IJ'IJ .. .. 
tY6.:j'liU 1I6U l1.:j i U fll'J I~U 'J :;'IJ'IJ tl.:jl1,j fl fl'j flUrI:; 'J:; 'IJ'IJ tl.:j 11,j fl n1'1fiil'Ylu' ~f 'lJfl11lJV'4!fI 'j 1:; M lJ 1 

.. . ,. 
~lfl'IJll1'Y1ltYllJq''\I (l.l11lJ1i TU) ~lnfl 1 flm~m11ItJ1V1I:;fltJU ~rI~~li '~lJl~lfl'j :;'IJ'IJ1.hUfll.hiffti 

tllVIVtYU ~.:jl ~U 'J :;'IJ'lJU1UflJ1Ifftl~iiv.:jrll.l'J:; flV'IJ'\I tJ.:jJ 1111r1I~U 11 ~fl ~fllJW:;tYlJU~'YI1.:j 
" 
nltlm~'\Iv.:j"h,4v1I:;fltJU~rI~~~~'IJ fitJ ii~l.lil.:jflrllJ ~fllJW:;I~l!!~fll~fl"l ii'\lUl~ltl'w·hu .. ,. 

d' Q,I' oCt. 4 .q do 'j).o::t"d od 

i!!UtlflrlN~.:jU1I 0.1 l'lfU1IIlJ1I'J(1.:j 0.3 l'lfU1IIlJ1I'J tYmmrll'\llJ lJfllWlJUVrl11VtY1VtY (ML VSS) 

l.l'J:;lJlW 62,780 lJfl.lrl. lf1t1~fllJW:;'\Iv.:j,.r114V1I:;flvU~rI~~utYfI.:j~.:jm~~ 4.2 
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• • 
• • • • • • • , • 

~ . ~ 

'n'U 111 tJ'w H,iil fl U VI" Cl tl ':u~ tl fYfl'l;j 1 fl U 'lhU ",,11 1 ffrJ 1 u i tl~ I'lfCll" rJ'j::; U U 11 U fl 

'

v '" :;.9 . ?t ?t';' v '" 
'j tltl fl'lfl\l'Ull uutYtl~'IJ'U~tl'U 'lf~l1U~fil'j VlflCltl~tltlfl1lJ'U 2 nrJ::; 'j ::;rJ::;m flllJ'U fil'j 1 'j lJ~'Ulfl'U 

, "" " 
'j::;UU i "mll'U'lb~lllJ~'U i'U fil'j l~rJ~1111tMtl~::;fltl'U ~Cl;l'l i Mih111lJ~'UlflrJtiU1hdYrJ'u 1 tl~I'lfCl 

~ ~,f'U ~lt.l'U if \l::; 'til flU 1~'U n U U i" rJfltltJ'l iltl'Ull 11 ffrJ 1 U i tl~1 'lfCl~ nfl 1fl 11lJl.,j' lJ.,j''U ~ 1 hJ V~ 
fl11lJl.,j' lJ.,j' 'U ~ ~ dlJ\ll flfl1Ci i tl~l'Vhtiu 1,000 2,000 llCl::; 3,000 iJ Cli; fli'lJIi;lI 'j 11 ~tl ~ 

fl~'j1m'j::;tYn~'UVl161'Vhtiu 0,09 0,18 llCl::; 0,27 flfl.Ciitl~/"u.lJ . ~lllJth')1J ,)~m'j1~~ 4.2 

8f1'l''HD'Vtl~~1 
. 

;T" .. .- .-
• tlfllilD[J"tl~ ... '~[J~I1Dlnn,"n .- ... 

n11 .. II 
.. tl~um[J 

" o .. f lD'm 'Ul'~lJlJ 'UllD'm l'~lJlJ nH'UDftlD'f1' ;T .. .-
nflotl~ (nn .• tlfl/OU.U.-1'U) 

(O.l1'U) (un.lo.) (1'U) 

1 0.50 1,000 0.09 11 

2 0.50 2,000 0.18 11 

3 0.50 3,000 0.27 11 
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. 
C. .Q. Q,I CiIt, .4 dQ.l .Q. dJ, QI 

5,0007,500 12,000 11":: 16,500 lJ""fl'UJ/Ml'i 'I1n:I'Yltl~'i1f1u::tnnJlrYm.l!'YIlfl'IJ 0.460.64 1.10 

11":: 1.50 flfl.;lr)~/"'IJ.lJ.·1'U ~lmh~'IJ ~-3~ln:j~ 4 .3 

4 

5 

6 

7 

Jl,;tIlfl1~UU 
(O.l")l4) 

0.5 

0.5 

0.5 

0.5 

" 

.. 
o ... " "O.:Jl411CfE.I'" 11~UU 

(lIn.!o.) 

5,000 

7,500 

12,000 

16,500 

.. ... , 
lmO'Umtl 

(00. <iltW1linJ.JJ.-ll4) 

0.46 

0.64 

1.10 

1.50 

1~tI~nlnnn 

-WntlHVO 
, .., 

flurm (1l4) 

11 

11 

11 

11 

-31'U 1~uil h)'RmllfiTrn'i 1ii l~ tl{ ~ 1-3"1 hWl1J! U'lJl'n U'lJ11 'U 11 U lJ'\.Itl-31.h ::1Y'Yli fIl'W 

" " . 
i'UflWlhu~1l11~U 1'IJ 1 tl~ lC)f"'\.Itl-3'i::'IJ'IJ'I1lJ fl 11 tltlflei 1,",'UI1'IJ'IJ fftl-3;J'U ~tl'UYitJ~'i 1f1U::ff1'i ij'U'Yl'! 6 

11~ fl~Nn'U l~tl ff~ 1hh::; 1Y'Yli fIl'WI1"::; fffll1::;~l'I11J1::; fflJ~ q'~ i'U fln 1.h1J~1l"::; fln H~~ fl1C)f 

~1f11'W,",lm.f11~u1'IJ 1tl~1C)f" l~WllU-3Hftf)l'i'Yl~"tl-3tltlfl1il'U 4 ff1'U '~llti 

" " 
1l'IJ'IJ fftl-3;J'U~tl'U i'U Oln.h1J~1l11~U''IJ 1 tl~lC)f" 1~llti H"flnRm1l1h ::;1Y'Ylifll'Wl'UOl'i fh~~ 

cu 1 tl~,,::; "lU llJ'YIl'Utl" fl~lC)ftl'itl ,,~tJ~'i 1f11 'i ::;ff1'i ij'U 'Yl '1 6~ 1-3"1 

ff1'U~ 2 llff~-31h::;1Y'Ylifll'W'\.Itl-3'i::'IJ'lJmJfl H tltlfleil ,",'UU'IJ'lJfftl-3~'U~tl'U 1 'Ufln H~~ 
" fl1C)f~1f11'W,",lfl1l11~U' 'IJ 1 tl~IC)f" '~l1ti H"flnRmlltJ~'i 1Ol'i lfi~fl1C)f~1f1l'W rtlU,,::;tlllJlW 

fl1C)f~1 'Yl'U llrl::tlllJlW f)1'i lfi~ fl1C)f~1f11'W~tlCU 1 tl~~ ~ flti1~~~tJ~'i 1f11'i::; ffnij'U 'Yl'! 6~1-3"1 

ff1'U Yi 3 I1ff~-3ff fIl1::; mnil-31'U '\.I tl-3'i::;'IJ'lJmJfl H tltlfleil,",'U11 'IJ'IJfftl-3~'U~tl'U i 'U 

Ol'i1h1J~J11~u1'IJ1tl~IC)f"~"tl~Ol'i'Yl~"tl-3 1~llti ~1tl'lf fJW'I1fJii m~1'\.1JJ'U'i::l'I1U fffll'W~N 
" " . 

l1-3'11lJ~ tJ~ 'i 1ff1'U 'i::; 'I111-3m~ 1 '\.IJJ'U 'i::;m U~tlfffl1'W~1-311-3'11lJ~YitJ~'i 1f11'i::; ffnij'U 'Yl'! 6~1-3"1 
" 

ff1'U Yi 4 I tI'! U'lJ1Yi U'lJtI 'i::; 1Y'Yl i fIl'W'\.I tl U ::;'IJ'IJ'I1 JJ fl H tltl fleil ,",'U11 'IJ'IJ fftl-3;J'U~ tl'U 

l'U fln lh1J~J 11 ~U, 'IJ 1 tl~ lC)f" 1 ~ Ul tI'! U'lJl Yi U'IJ tI'i::; 1Y'Yl i fIl'W'\.I tl-3'i::; 'IJ'IJ '11 JJ fl 1 r tltlfleil ,",'U11 'IJ'IJ 

" " . 
fftl-3;J'U~tl'U i 'U Ol'i ,j11J~1l11~U 1 'IJ 1 tl~lC)f"YitJ ~'i 1f1l'i::; ff1'i ij'U 'Yl'! 6~ N"1 i 'UfIl'WnlJ 11"::; ff~ tI 

. " 
tJ~ 'i 1f11'i::; ff1'i ij'U'Yl'! 6 11 ,,::; ff f111::;Yil'11lJ1::; fflJ l'U fl1 'i ,j11J~1l11 ~U 1 'IJ 1 tl~ lC)f" 11"::; fl1'i H~ ~ 
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~ ~ 

fll9f~1 fll'YH11fllhl ffll 1 1J 16~19f'" 1 111";-31 U1l11J 1 Yi lI1Jffflllfl1~ hJ flll F-li191 fll9fljl 'YIU 'ill m :::1J1J 
~ ~ 

'1hU'''U1J1J 1 !66flcil'ilU'\I6-31111ffli 1 1J 16~19f"'n1Jll1IffllU:i:::lfl'YI'fi1-3'1 
~ 

1 "lIF-I'" fl1:i ftfl1l1U:i:::ff'YInfl1~'\I6-3:i:::1J1Jl1lj fl i !66 flcil'ilUU1J1Jff6-3';U916U 'tu fl1:i li1'jj" 
~. ~ 

11llffll'1J 16~19f",Yit191:i 1fll:i:::ffn6U'YI1v'fiH'1 Uff"-3~-3-U 

4.3.1 u"I:::ani Illfil Ufll1 ii19~ tltH'I'l"I '\ItH "I:::UU 'I''I1J fl' oft) 6fl.1 'IlUUUuatl..:J ~U9I tl U 

lUfl1"IlhU~~lliT[J'U 16~I.t'I 
_I .... 'I 0 v "" .. "" 

1) lJ"I:::anfi.fllfi1lt)..:J"I:::UU IUfl1"Ifl1'1l~"16~t'I:::t'l1[J 

U:i::: ff'YIn fl1~ 'tU fl1:i fl11i"Ci 16~ 11lu ~ II 1iil916{ ri1flty~U6 fl0-3f11111ff11J1:i f.) 't U 
~ ~. 

flll u1'jj,,1l1Iffll 1 U 16~19f"''\16-3:i :::U1J 1 ~wfi1Ci 16~ff111ll f.) 't -H'u -3~U11J1W ff1:i6U 'YI1vYiii6~'t U 
JI JI , " 

11llfflllW:::flll :::ffll 6U 'YI1V'\I6-3111IffllYii16UI,j' II ::: 1J1J'YIl-3~11'Y1111'~ U 6 fl 'ill fl-UU-3 ff11J1:if.) 't-H' 
~ & ~ 

ft1U1W U1::: ff'YI n fl1~ 't U fl1:i t111i,,1l1Iffll 9f-3 ff111ll f.)1l1 1 u't-H''tu fll:i 66 flll 1J1J:i:::1J1JU1'jj,,1l1Iffli 

'fi6'U (6:i";lI 'lf11"'fllq'YIi, 2545) 1"lIF-I"'flnftfl1l1fl1:iIU~lIUUUMt191:i1fl11 ::: ffl'S6U'YI1V~ii'fi6 
. ~ . 

U1 :::ff'YIn fll~ 't U fl1:i fll 1i,,'if 16~"'::: '" ll1Yit191 1 1flll::: ffl'S 6U 'YI1V'fi 1-3'1 91 "'6" fll1 'YI""'6-3-U ~ -3 fll~Yi 

4.3 4.4 1m::: 4.5 

OLR =0.46 OLR =0.64 OLR =l.lO OLR =1.50 

20,000 . -------.. ---------.. - - -----.. ---------~ 100,e 
a n 
(II 

--:-a 
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e 
1:1 ,.. 
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,~ 

lID r. 
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4,000 

0 
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80 '~ 
r. 

60 )lfi ,.. 
°C ... ,.. 

40 i1 ,.. 
~ 

20 •• .G 
n 

o .:s 

~ ~ 

• 'Ill1~m:1J1Jti~11,jflmfl • 'Illtltlmnm::1J1jti~l1,jflmfl • lh::nVl;1l1'Vlfll'ftli'fl;ltl;in::nlfJ 
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.. 'tI(:~~~4-. _~ OJ • ___ .'~-r--""'I._. . ~w 
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~lf1fll'n~ 4.3 4.4 11ft:: 4.5 tqUi~1111fttl~fIl':i¢i1ll1'U'11'U1itli~'YI~fttl'llllhfr'U 
" " ri1f111lJl'li'lJ'Ii''U911tl~'IItl'llhtfftll'li'1':i::1111''''1l1lJ~':illJ 7 'l1~fIl':i'YI~fttl'l 1~tlll1htltlflln'U 2 'lfl'1 titl 

'lfl'1mflln'UfIl':il~lJ~'Ul~'U':i::1111 U':i::fltl11iU~lt1 3 'l1~flU'YI~fttl'l i~llri fl1':i'YI~fttl'lIlU':ifr'U 
". . 

ri1f111lJl'li'lJ'Ii''U~1tl~'IItJ'Ilhtfftll'li'1':i::1111li 1,000 2,000 11ft:: 3,000 iJft~fl11J/~1I':i l11tJliV1I':i1 

fll':i::ffl':i~'U'YI16I'vhn11 0.090.18 1m:: 0.27 flfI.911tJ~ /ft11.lJ. 1I1lJrl1~11 lm::'lil'1~fftl'lln'Ufl1':i 1~'U 

':i::1111111lJll~'UfIl':i1\ltl~'~ti1l1'U~ 1~tlihf'll1lJ~ 4 'l1~fIl':i'YI~fttJ'I i~llri fIl':i'YI~fttJ'IIlU':ifr'U 
" . . 

ri1f111lJl'li'lJ'Ii''U911tJ~'IItl'llhtfftll'li'1':i::1111li 5,0007,500 12,000 11ft:: 16,500 iJft~fl11J/~m l11tlli 

V1I':i1m':i::ff1':i~'U'YI16I'vhn11 0.46 0.641.10 1m:: 1.50 flfI.911tl~/ft11.lJ.-i'U 1I1lJih~11 

l~tlVi ~1 HU 1 ~ft fIl ':i 'YI~fttJ'I1 ~tlfl1'n ':i llJ'II tl'l':i:: 11 1111 ~ fI i f tJ tlflcil ~'UIl1111 fftl 'I 

,f'U~ltJ'U'n1111':i::1111iiu':i ::iY'YIlI m'n lu fIl':i ti1\l~91 1 tJ~ft:: ft1t1ff '1lJ 1 fI ~ '11~tJ':i ::111Jl'li'1 riff fl11:: fl'l~l 
~ ~ 

. . . 
i . ~ "'1 d d I QJ ,., 4 .0::). QJ Q d ~ ". 

'U fIl':i fIl~~"If tl~ft::ft1t1tl ~'YItl~l'Yl1f1mtltlft:: 98.04 llft~llJtJl'nlJtJ'fl':i 1fll':i ::ff1':itJ'U m tIl'l.ll':i::1111 

I'Vhti11 1.50 flfI. 911 tl~/ft11.lJ.-i'U 'n1111U':i::iY'YI lIfll'n i'U fIl':i ti1\l~91 1 tJ~ft::ft1t1'1.1tln ::1111ft~ft~iiri1 

, ~ " 
l'Yl1f1mtJtlft:: 94.69 

i'U 'lfl~ll ':i fI'II tl'l fIl':i 'YI ~fttJ ~'n11 11 flU 'lhu~J 11 fftl' 11 1 tJ~ l"lfft iiu ':i:: iY'YI 11 fl1'n 
, ., I " , 

~h fl11f1l':i 'YI~fttl'l'lfl'1lifftl'l li1tJ'I~lf1 i'U 'lfl'1 m fI'IItJ ~ fIl':i lllJ~'Ul~'U ':i ::1111 i ~'YI~fttl'liltl'U1111fftili 
" , JI I 

iiri1fll1lJl'li'lJ'Ii''U91 1 tJ~~hlllJ~'U li 1 ,000 iJft~fl1 1J/~'fl':i ~lf1l1'U ritltl"l lVilJfll1lJl'li'lJ'Ii''U'I.ItJ~91i tJ~ 
." . 
liiltl'Ul'li'l~':i ::1111 i Mtl'l~'Uln'U 2,000 11ft:: 3,000 iJft~fl1 1J/~'fl':i 'fl1lJrl1~11 l-Wtlfff 1'1f111lJ~'Ulfltl 

i M ti11 ~ft;f'n ~tl~fl1 tli 'U n 11 11 111 i M ~ ft;f'n ff1lJl H)U 111~1~ tl fffl11:: 1I1~ t1'tJ lJ ~ N"l ,~~ 
" . 

(m lJfI111 tJ lJlJ ftVill , 2537) 1 ~ tI i 'U 'lfl~'IItl~ fl1':i l~ tI'I ~ ft;f'n , ~ii flU U111 1 U~tI'U V'fl ':i 1fll':i:: 

ff1 ':i~'U 'YI16~iI tJ'Ul'li'U ::1111tldN':i 1~1 ~ 1 111 i M ':i:: tI:: 11m tifl~ fI'YI1 ~'lfftfl1ff1l {'IItl'lJ11 fftli 'U 

I QJ oC:t, d " jI .£i QJ i ,jJ I QI _I Q Q i 
':i:: 11 11'1.1 tl~ 11 'fl ft:: tl'fl ':i 1fll':i:: ff1':i tl'U 'YI ':i tI'U tl tift ~ ':i:: 1111 ~ ~tI'I lJl'l.llffff flll:: fl'I'fll u ':i:: ff'YI1i fll'n 'U 

~ 

fIl':i ti1\l~91 1 tl~ft::mtl'lltl~ ':i::11 11 \1'1 iiri 1~1 fl11'l1~ fIl ':i 'YI~fttl'lg'U tld1~ i ':i n'fl1lJU ':i:: iY'YI 11 fll'n i 'U fIl':i 

ih \l~ 91 1 tl~ft:: mtl'l.l tl~'lfl'11~ lJ~'Ul~'U ':i::11 11 U'I iiri 1ri tl'U.,j' 1'1 ff ~ ~ '1111 fI fl1 1 f tl tift:: 60.44 l~tl 
~ 

" . . 
1m tl111litl11ti11f1lnhu~1111fftll ~tli ~n1111U11J~Il1111 if tltlflcil~'U i ~tI"'l' U 1;jtl~ft;f'nff1lJ1HI 

U1 11fffl1'nlm:: ~'Ulfltlti11J11fftlllt1'1 '~1~'U ':i::1111'fl1lJll~'U ~1'U1\l U~tltlflll1111' 1 ti tll~'U ':i ::1111~ 
V'fl':i1m':i::ff1':i~'U'YI16 0.46 0.64 1.10 1m:: 1.50 flfI.911tl~ /ft11.lJ.-i'U 'fl1lJrl1~11 ~'U':i::11111'li'lri 

~ 
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" " I I 

, ~ tH) nc)il\)lJllU1HHl~'lilJ ~6lJ iifi 1n' ~~lJdj61~ m)~ 7111U ~ n'17 ~lJ 'YI1UI'li'u ~ uu 11 n'~Ni 17 ~UU .. ., . 
ihh~ff'YInfll'n1lJf117ihU~1l11IffV' U 16~hC)f" ,~~ 1 flVn'llJ17t1fufIl7~n'U~lJ'YIlu1mj~71li~ ~,~ 

., .. 
mlJ'YItlll O'l.l6~f117 v6vn'mV'YI1~~1f1l'nllUU' ~66nc)iI'illJ lJ 6n'il1nUlJU~'nui1IJj61~mj~ 71f1l7 ~ 

" n'U ~lJ 'YI1U'I.I6~1l1Iffm'li'Tli7 ~uu 11l ~ ff'YIn 1I1'n 1lJ f117 ih ~flCU 16~"~"1 V'I.I6~ 7 ~uui)~'\1 iTnm fl .. 

QJ Q.I QJ Q,lW do d. G.ldl IjI <j/ 

7 ~UUt1~'\1lJ nm fllm~ 7 ~ uut1 ·m lJnf11C)flJl'YIlJ 'YIn' fIl1~ fI ~~ 1lJfl1lJ1 nf11176 V"~ 54.23 11" ~ 76V"~ . ., . 
85.36 ~llJ 'iluiu 1 UlJ n'l1fl'l.l6~ nu 'YIfl"6~ Vf1l ~w)h~l~ml'lJ'I.I6~ f1171~lJ 7 ~ UUI'¥i1UlJ liij 

'lh~ ff'YIn 1I1'n~ 1ni1,f1~~lJ fltlijU7 ~ ff'YI n 1I1'n 1 lJ f117 n1~flcu 16~"~m V'I.I6~7 ~uui) ~'\1 iT n m fl u,,~ 

QJ ~ ~'" I "" iJ tllJllJ6~lJl'il1f1l'\1 ~ H"~llJ'YI fl nm1lJ111"1'1.11~~lJ 

'ill nm 1Yl'nuinHlJlw'lf 16~"~"lV~6tl f1111m ~uui)~'\1 iTnmfl 1lJll~"~8~71 

fIl7~n'u~lJ'YI1U ijlllJ11 U'lJfi6lJ'Ii'HfI~~ ih h1'u7~ff'YInfll'n1lJf117n1~flCU16~"~mvijlllJ11 U'lJ 

1ml'lfiv~tilJ~1V ~~~Htiu~llJ1~V'I.Itl~tl'YIn.;rv f~mJnfl1 (2552) ~'YIfl"6~'l.hU~llr1IffV\)ln 
"" 1 od ~ ..J1"Q,I".q tf 

f117 H"~ 16'Y1llJ 6" flV7 ~ u UYltl16 n'u n'6 ~'I.IlJ ~ 6lJ C)f ~ 'lft1~ n'7 H m fl'lflJ fl f11lJ Hn'lJ n'lJ\!7W 'I.IlJlfl 
.q d Q./QJ 0' QJ 1 QJQ.I i/Wd .q od 

1.70 rIm lJ'j~V~l1mnn'nn'YIH'lf"fY1n'~'j 0.50 1lJ ~66lJf1'jlJnumn''jHf11C)flJl'YIlJ'lflJfly1616n'U 

'I.IlJlfl 10 ~~7 ij7~v~l1mtif1lin'YIH'lf"fY1n'~{ 2.80 llJ 'il1nnUfrn1l1'nui1Irl6yj1f11mU7~lJ 

8~71f1l7~n'17~lJ'YI1UI.,j'17~UUI'¥htiu 3.80 7.00 10.00 11.70 U"~ 13.00 nn.cu16~/"u.lJ.-llJ 

~llJ'il1fiu 7~uui),miTnmfln'llJllf.nhuflcu16~"~mv'~ 1 flVijlh ~ff'YIn fIl'n 1lJ nu fh~~l'¥htiu 
" ~6V"~ 12.00 21.80 21.70 ll"~ 21.40 ~llJ'il1fiu fi~UlJn'~ui~iu~uui)~'\1iTnmfl'l.l6~f11'j')jlUfl 

" " ., 
11llffV' U 16~1C)f" 1lJ~llJ1~vii 1 flv1~7~UU'\1 iTn i ~ tl6nc)il\)lJlluUn'6~'lilJ ~6lJ ijlh~ff'YIn fIl'n 1lJ 

nu fi1~flCU 16~"~mvn' ~lJ1n 1l~i1\)~ij7~V~l1mtif1lin'YIH'lf"fY1n'~{I'Vlv~ 1 llJ nn'llJUt1n1~fl .. 
CU 16~"~mv' ~ lJl nni1~ 6 V"~ 50 1 fl vijun ff'YIn fIl'n 1 lJ nu n1~fl cu 16~"~ "lvli n'fI11~m~ 1 

1ml'lfiv~tilJ6Q1w)h~~tlV"~ 54.23 U~ 57.84 

lflvijn'1l'\1~1-ct6~lJl\)lm~uui)~'\1iTnmfl '~n'llJl7t1mutJlJ1..r'''~'n'lfi!~n'~1~mfl 

ll"~n'~ 1~fi'1C)fijl'YIlJIWn'lfi!~66n\)lntilJ '~6VHI~~'1.11~ i~yj1 1..r1 lJ7 ~uui) ~'\1 iT nmfl ij,,,:Ji'n~ 

n'! 1~ijl'YllJUH'lfi!fl61flV71lJ6Q~1V Inflf117.yh~llJ -;i 1lJtilJ7 ~'\1i1~,,,:Ji'n.J~n'6~'lfi!fl 1 flV,,,:Ji'n 

, jJ.c:t ... lei , QI ,.J ~ .q.J, " .c:::t,,, 1 " 
n'llJn'7 HlJl'YIlJ 'il~I1J"VlJ m ~ 'I.IlJlJ 7 ~l'\1 VlJl~n'1lJ C)f ~IUlJF"" H"~'YI fl'il1n''''lf'nn'llJn'71~ m fl '\1 

?t '" ... " ., ". I"" "" "'... 1 nmm UlJ fllC)flJl'YIlJ n'6~t1 "6~ nu H"f117 'YI~"6~'1.16~ 76V"~ 1J7lJ1W nu H"~ fllC)flJl'YIlJ fIl V lJ 7 ~uu 

i)~'\1iTnmfl~ijfi1~~ni1!6V"~ 56 1lJVj n'l1flf117'Y1~"tl~ i~ff ~H" 1..r U~lJlWCU 16~"~mvfIlv1lJ 

7 ~UU"~M~1V 6VH' 7 n~llJ1~ nu IwmflJ~tllJ'~'~ '\1lJlVU ~nu llvntilJtlV1~1~~'1.11fl'l.ltl~ 
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.. 
fflUl~'tr( (species) 'tIU.:J~rl;~fff l.:JUlVIlni.:Jl1lJfHHI f11l1f1tl.:J11 Uf1f1Hl l1rl:: hrYl1.:Jf1~'Uti'U f1l 'HWf1 

UV1.:JfflJ\!'lW m1l1l::L1~'U ~.:J~ ili~lliJ'U 
.4 Q,.I Q.I ~ d Q.I: ~ d Q,.I Q.I .,J 

lm::l'U U.:J1l1m::'U'Utl.:Jl1lJf1f1l¢)llJ l'Yl'U1l::'l 'U'U llffU'YIUUf11l1 m:: 'U'Utl.:Jl1lJ f1m fl ¢)I.:Jff11l1~ 
. , " , 

Yi tl.:Jl1uf1nl¢)lih'YI'UffllJl'ltll mi~nfll'l::ffl'l6'U'YilUYi~ .:J~'U i~ liJ'UfmlJl1l1f1 i Uf1lffYi 1l::lfiflll1~ f1l'lW 
• " 'JI , 

YiliJ'Ut1'U~nU~U'l::'U'Utl.:Jfffl.:Jnl¢)lU1'YI'U'U/UmN t'i mi .:J1l11ffUV.:Jt) f1VUUffrllU 111' mnmiJ'Uffl'l6'U'YlluYi ... 

VUUffrllu41U 1,f'U ~1f1mfl i'tlu'U'l::Il1U ilJmfJrll~f1 mu1'U'l::'U'Utl.:Jl1Uf1f1'lfl ~.:JffllJl'ltlVUUffrllU 

~U il1i~UVH'l1fll~ 1mu1'U'l ::'U'Utl.:Jl1Uf1nl¢)lUlVI'U (Bull IIrl::fltU::, 1984 fl'l.:JO.:J 1'Uq'YIii'u 

~ , 1 "_1 "" "" 1 ~ ~ ~... ..., .1 ~_I" i _I 
'l~'UlJf1fll , 2552) ff .:J~rl l11J'l::ff'Yl1im~ 'U'l::'U'Utl.:Jl1lJf1f1l¢)llJlVI'UlJfll~ .:J'tI'U~llJ l1Jfl1U flUff~ 1J 

, " 
film ~u'tIU.:Jl1'l::ii'YIi m~ 1'U f1l'l til\lfl~ 1 U~rl:: rllU i flU'l ::'U'Ul1Uf1 i f UUf19f1 1l'U1I 'U'UffU.:J'Ii'U~U'U 

20,000 

18,000 

16,000 

14,000 

12,000 

10,000 

8,000 

6,000 

4,000 

2,000 

o 

0.09 0.18 0.27 0.46 0.64 1.10 1.50 

. 
1m ,hLH!lflflfl\llfl'l::1J1Jti~,.,ii'flnl'fijl'nu 



100 

)~ 90 .... 
• ~ 80 

e 70 

~ 60 c:; 
(~ 50 
f~ 40 
~ 

-;:I 30 
~ g 20 

~ 10 

o 

0.09 0.18 0.27 0.46 0.64 1.10 

II th::a."ifl1"fl11fh'~'\Jtm::1J1Jti~lf~flm~ 

IlID \h::a."ifl1"fl11fh'~"tJu::1J1Jti~lf~flnlCJijI"'u 

. lh::a"'ifl1"flmi1'~'IltJ~1::1J1Jlf~flUtJtJflcil\lUIl1J1Jf1'tJ~~U~ItJU 
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1.50 

Irltl'j:::UUI~1~tYm1:::fl~~1 ~~I1~hJ'lh~l1m~~Cl; .... lifl11lJlI~~IIHtYlJ\!'jW tYllJ1HI 

lhu~JllffrJl'f~l1lJ~~litlQ'~ 1"uJllffml:::Qm'h~~'~mh~l~lJ~~fl11lJtYllJl'jtl'lltl~'j:::UU 1'111l1' 
, " 'JI , 

'j:::uUliltYt:iuHl1 .... -n~ ff~Fm1l1'll1Yi~f{".y;lUlitJwm .... ~IICl:::hjIl1JnJn'U lllfwn'jl~-n 4.4 .... U11 

.d QJ Q .&:j d' 41 .d Q.I ~.d. ,., 

'YItl~'jlm'j:::tYl'jtl'UmU 0.09 0.18 0.27 0.46 0.64 1.101lCl::: 1.50 flfl .C)f tl~/ClU.lJ.-1'U 'UlItYUI'lJl 

'j:::uuli1.1l1J1tu~ltl~Cl:::CllUl'Yhnu 807 2,281 2,150 4,126 7,140 11,776I1Cl::: 15,696 ijClftflflJ/ft~'j 
.. 

~llJth~u lh1ffUtltlfllllm:::uut.i~l1iJflm"li1.1l1J1W~ltl~Cl:::CllUl'Yhnu 444 1,228 1,056 1,888 .. 
3,111 

QQQ.lQ oQl 1 o..::::f. QI OJr:i.c:l d 

4,971 IICl::: 6,617 lJClClm1J/Ml'j ~llJCll"U tY1'U'UlltYUtltlfllllm:::uuml1lJflf11C)flJl'YI'UlJ 

1.1llJltu~ltl~Cl:::mUl'Yhnu 276 902 525 276 385 233 IICl::: 833 ijClftflf1J/ft~'j ~l1Jth~u l~uli 

1.1'j:::ff'YIt m .... 1'U f11'jiho~~ltl~Cl:::mu'IItl~'j:::Uut.i~l1iJflm~lIlhnurtlUCl::: 45.06 46.19 50.93 

54.2356.43 57.78I1Cl::: 57.84 ~llJth~u 1.1'j:::ff'YItm .... 1'Uf11'jf11,r~~ltl~Cl:::mU'lJtl~'j:::Uut.i~l1iJfl 
ad. tQl" OQl.ci 
fllC)flJl'YI'UI'YIlflU1tlUCl:::37.88 26.48 49.60 85.36 87.63 95.36 IICl::: 87.40 ~llJm~U C)f~111fl 

.. .. 
11.11 UUI-nUU1.1'j :::ff'YIt fll .... 1'U fll'J ih,r~~ 1 tl~Cl:::mtl'lltl~l'i~'j :::UU .... U1l'J::: UU'l'h~~llll ffU 1 U 1 tl 

~1C)fCl l"U'j:::Uul1iJflHm)fl';;lll'UIlUUfftl~~'U~tl'Uiifilll'hnUrtlUCl::: 65.87 60.44 75.46 93 .30 

94.61 98.04I1Cl::: 94.69 ~llJtil~U l"uNClf11'jlmuul-nuu1.1nff'YItm .... 1uf11'jfh,r"~ltl~Cl:::Clltl 
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... . 
'\ltl.:J'J ~ UU11]j fl 1! tltl fl9f1 ~lJllUU n'tl.:JoUlJ ~tllJ djtl 'J ~uu I,j' 1~tHll1~fl.:J~ 1115 ~ 'J 1 fll'J ~ n'l'J ~lJ 'Yl7 V 

~1.:J"l ~.:JfllVf~ 4.6 llCl~ 4.7 

.... , , 
fIltlfJHflH1 

OmJa.) 

:.cS " 
lJ1UnJl'Ul'J~UU 

: "" lJlltnJtltlfl~lm~1JU 

t:i.:J11]jflm~ 

QI QI W 4 
tH11lJ fl fll CJl'lJ l'YllJ 

!tlVCl~fll'Jfll~~;ltl~ 

'Utl.:J'J~U1Jt:i.:J11]jflm~ 

!tlVCl~fll'Jfll~~;ltl~'\ltl.:J 

'J~1JU11]jfl Htltlfl9fl~lJ 

IV ~ 4t1 ~ ". Q,I 

tlfl'nfll'l::a:nltl ..... n'lfJ (flfl •• 'tlWD1UI.-l ..... ) 

0.09 0.18 0.27 0.46 0.64 1.10 1.50 0.46-1.50 

807 2,281 2,150 4,126 7,140 11,776 15,696 4,126-15,696 

444 1,228 1,056 1,888 3,111 4,971 6,617 1,888-6,617 

276 902 525 276 385 233 833 276-833 

45.06 46.19 50.93 54.23 56.43 57.78 57.84 54.23-57.84 

37.88 26.48 49.60 85.36 87.63 95.36 87.40 85.36-95.36 

65.87 60.44 75.46 93.30 94.61 98.04 94.69 93.30-98.04 

~lflfll-n~ 4.7 lrltllmv1Jll1v1J1h~ii'Ylifll-n1lJfll'Jfh~~;ltl~Cl~mV~tYfll1~fl.:J~1'\1tl.:J 

5~'Jlfll'J~tYl'J~U'Yl7 V~l.:J"l tYllJl'JfltY1tl1~':h~5~'Jlfll'J~tYl'J~U'Yl7 V 0.09-1.10 flfl.; itl~/Clu.lJ.-1U 

111 m~ lJ5~'J lfll'J::: tYl'I VU 'YI7 Vl,j' U1'J ~U U tl'1 ~ -ff'Yln fll-n 1 U flU fh~~; i tl~Cl~ Cll u'Utl.:J'J::: UU11]j fl 
" 

1! tltl fl9fl ~u U uu tYtl.:J,7 U~ tlU ~ ~l ~ lJ 'J.:J~ u~ 1V Iii tl.:J ~ 1 flfll 'J l~ lJ5~ 'J lfll 'J ~ tYl 'J ~ U 'Yl7 Vl,j'l 'J ~ U U 

ltllJ fll'J l~lJcUUltY~'J'Yl1,r tlU'J ~UU ~.:JcUUltY~'J 'YI~.:Jfl~ll~~ltlU tYl'Jtll111'J~~Cl;mll 1 tlH'1u 
tI I , , 

flU 1 ~ 1 Wl~ U i ~ ~ nYu flU l'nlJ fl1llJ l,j' lJ,j' lJ '\l tl.:J cUU 1 tY~ 'J 'Yl111,j' uh ~ U U ~ ~';1 VI ~ lJ 5 ~ 'J 1 
u " .. 

fll'J 1 ~l tyl~U i~'\ltl.:J~Cl;-n 1un1Ju 111' 'J .:J~U~lU ff .:Jr-lCl1 ,r~Cl;-ntYllJl'J fI lhcUUltY'J ~'YI 1 tl1 ~ 

1 ~tll tl~vu ~ tl 1 tlltlU nlCJl'Ul'YlU 5UltlUr-lClr-l~~tl~l1' lU~'~ ~lflflCl 1 flfll'J UtlVtYCllUVll.:J;lfll-nUUU 

'

" .... 1" J QI! <Q,.t:lo 0 Q.I.c::t d ~ .t:::I I J jI " d 'JtltlflCJl'l~U ~lJlfl'\llJ ~.:Juutl'J~tY'Yl1ifll-n 1lJ fll'J fll~~CJI' 1 tl~Cl~CllU~.:JlJflltY .:J'\lumu Ufll1U'Yl .. 
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" 'il1flflM11 'Yl'HHHff~ In 11111 ~ UUl1 Ufl'! tHm9f1 'iI'UllUU ffv~'Ii'U ~ V'U ff1ll11 mhull 
" . . 

U1IiYU' U 1 V~ltJI'cl '~~Yi l!~ Yi fl ~ l1tlll ~ ffl':i 6'U 'YllUI'YIl flU 1.10 fl fl. ~i1 v~/ 'cl U.ll . -1'U 1 ~un 

'1.11 dY'Yli fll'Yi 1'U flll n11illtH 1 ij~'cl~'cl1Uff ~u~! ijU'cl ~ 98.04 li1ij~1Jl'il1flnl1 mui1'il 1iU~'li1Ul~ll ... 
" 1.h~iY'Yli fll'Yi1'Ufll1 n11i~ll'clffll i'UU11iYU '~lln iJ'il1iU1'Ufllll~Vm::umh,j~ l~Ul~UUl1Ufl 

" ", " 
,! m)flciil'il'UllUUffij~'Ii'U ~'f)'U ff1ll1H11 UU1liYUYinfl~11flll ~ ff116'U 'YllU~ ~, ~ 'U 'f)fl'il1 flil fll1ll1j~ 

" 
1 ~UU'f)V fll~'U ffV~'Ii'U ~'f)'U U~I~'U flllllUflfll ni 1~ 1'U '\I'f)~ ~ 'cl;'Yi fllU i 'U 1 ~U U 'ti 1111' ~ 'cl;'Yi ff1lll1 0 

'ti1~1'U 'lI'f)dHI~1J1h~ff'Yli fll'Yi i)mf~u~ '1I1~'f)fl Ht1~l1Ufl'! v'f)flciil'il'UllUUfl1'U ffll\!lWI~'U 
t1~l1Uflm~lm~t1~l1Ufln1'1fnl'Yl'U cit~ff11Jllm'h,j~;1'f)~'cl~mu'~~~ 1l,j'm~~~J1IiYu~nffl1Yh.:l 

" " , , 
11'Uv~ (Toxic Wastewater) n~ilI'UV~'il1flt1~11umWnflllfl1'UVQA'clV~I1'cl1 'ti1i,rIUVffl1fill~fl 

ilV'Ultll ~ UU 'iI~~ fll \1'f)'ilHn'U Yi ~~,~ n'f) 111' ln~ fI'clliYU~ 'f)~'cl;'Yi1l1 U'f)'U 1 ~uug'U "1 'U Vfl'il1flif 

'f)~fl11 1 ~ flVU '\IV ~J 1IiYU~I'li'1l ~U U fh~'U ~ ~ thti ty II 'cl~ Ii1V~'il1 flJ11 ~U i U 1 V~l tJI'clUlll'Yll'U 6'cl1 ~'U 
6~fl111~ flVU i 'U11l1JlW ~ ~ cit ~lll'Yll'U V'clI~'U ci'Uffl~ 1'Yl~ ~'cl;'Yiff1ll11 OU1' 11i ~'~41U 1~'f)~'iI1 fl 

" . 
1~'Uff116'U'YllU'\I'U1~I~fl111~fl'f)U'11111Ufll{U'f)'UI~U~ I 'f)~~Vll i)fln~u~I~'Uff11'f)111l1Yi~'cl;'Yi 

i'U fl~llffr Hnl'Yl'UUH'lf'Ullff1llll OU1' 111~1 ~Ul11~u'UI~'U n1'1fnl'Yl'U '111 ~U~l ~ 'til 111' l~UU 

ff1ll11 OdVUff'cl1Ulll'Yll'UV'cl 1,r1~'U n1tJ1nl'Yl'U M~ l~UU~ ~n111~ff'Yli fll'Yi 1'U flll n 11i~tH 1 'f)~'cl::mUff ~ ... 

'f)dH 11 ~~llllrl'f)l~llfl~11flll::ff1l6'U'YllUI'li'1l~uUl'rhflU 1.50 flfl.;l 'f)~ /'clU .ll. -1'U 'YiU11 

11 1 ~iY'Yli fll'Yi 1'U flll n11illtH 1 'f)~'cl~mU'\I'f)~l ~UU'clll'cl ~ I~V~'il1 flflll 111' fl11lll'li'll'li''U'\I'f)~ci'Ulff~ 1 'Yl 

" "" ,- I 0 i" "" 1 '" 0 i" q ..d".,. q 0 1'\l11~UUll1fllfl'U 1J 'iI~'Yll l1lfl~flllff~ffll'\l'f)~mll 1m 'Yl'cl 'Yll l1~'cl'l1'Yifltlll'Ylffll~flltJIlll'Yl'UlJl 

" . 
m1l1~1l1 U~~fl~11 '111~'~n'U rl~fI'cl i,r'11uUU~fllll'ill tyl9iu l~'\IV~~'cl;'YiYiffr Hn1tJ1nl'Yl'U'1I 

~'cl;'Yi fl~ll~ ffr Hn1tJ1nl'Yl'U~~ '~ff1llll m11~ U'U' 111~'U n1tJ1UI'Yl'U'~ l1ll~ 111 ~ ff'Yl i tll'Yi i 'U 

" . 
fll'J n1 1i"tH 1 v~ 'cl~ 'cl1 U'\I 'f)~1 ~ U U ~~'cl" 'cl ~ 'U 'f) fl'il1 flil U ~'Yi U 1111lll1W Ill'Yl1'U 'f) 'clll 'cl~ fl iiI tJl61 'f) 'cl Yi I 'Ii' 1 

" . " .ct, .d 0i" .c:. ~,oQ Q.d "" 
1 ~ U U llfl1 ~ ~ll 1 fl'\l 'U 'iI'U 'f) 1 'iI 'Yl1 111 ~ UU I fl~fl11llllJ'U 'Yi1l ff~ fflll 'Yi llll 1 fl'\l'U ~ lllfl11ll1 '\Ill'\l'U '\IV ~ 

" " . 
U1liYUl'li'11~UU rl ~fI'cl 111" 11uuu~ fllll'ill tyl9iU 1 ~'\I6~~'cl;'Yi fl~llYiff! Hn1tJ1nl'Yl'U 1l'cl~'fJl'il1~'U 

ff11l1~'ti1 1 ,rln~flll ~lU'\IV~~ 'cl;'Yi' ~ 
• , d j1, .d QI Q d d' t) , QI .c:tl q ., 

VU1~ lfl~lllllll11'Yl'f)~11flll~ff11'f)'U'Yl1 Ul'\ll1~UUl'YllflU 1.50 flfl .tJI V~/'clU.ll-1'U 

'iI~n111 ~ff'Yli fl1'Yi i'U flll n11i~tHl 'f)~'cl~'cl1U'\I'f)U~UU'cl1l'cl~ ll~ff ~lfl~ '1111111 ~ff'Yli fll'Yii'U 

flll n1 1i~tH 16~'cl~ 'cl1U'\I'f) ~1 ~ UUt1~l1iJ flfl1 ~u~ nfi1 1fl~ ltl U~ flU fllll~'U 1 ~ UU~fl~11 tlll ~ 
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fl'j~ihn11111~\lll'l \I tY11Jl'l t1'Yl'U'Yl1ll ~UtYm'VHl1~"'U11~I1'lh 'lh 1ll ,~~ II Ufl'il1flifrhtY11Jl'lt1'Ylll 

~tltYfl1~fl11111flllfill flltl im :;uu, ~~6 fl~1t1 

2) 1.h:;~'Ylifl1'W''Um.,th~~n .. lnnHlt'l . .. 
djtlfi'ill'j W llh :;iY'Yl1 m~ fll'j f1 1,y~ l11V11ll tl ~ ill fll'l 'l.htr~lh lfftl' U 1 tl~IC))'~ 

" 1 ~tI i ~'l:;UUl1ilfl 1 !'tlf.l flc)fl 'illl 11 UUtYtl\l;Jll ~tlll 'il1flfl~ fll'l 'Yl~~tl \I~ U inh:; ff'Yl I fl1~ ill fll 'l f11,y~ 
<Id ' ~ J Q.I ~ d 0'&:1 ~ J .d 4 

l11Vllll U~11f111~11'\1ll~ 111tl~'l 1m'l:;tYl'j tlll'Yl'l tI'Yll~11tY .:j'\lll 'il1fl~l'j l\1'Yl 4.5 U tY~.:jfl~fll'l fffl1l1 ... 
" 1.h:;ff'Yllfll~ifll'lti1i~I11VllllUlI ill fll'l 111tr~lhLfftii U 1 U~IC))'lI 1 ~tI'l:;UUl1ilfl i !UUOc)fl'illlUUU 

" . . Q.I 4 iI , QI .c:t Q,I .CIt, e::j rI , I 1 

tYU \I '\Ill ~ Ull l11tl'l:; U U 1'\1 HltY m 1:; tl\I ~ 1 'yl tl~ 'l 1 fll'j :; tYl'j Ull 'yl HI~ H'"1 'flU 11 fl1111V11ll tl~ '\IU \I 

" . 
o do" .::s QI oIIOio &:j tI 41 "" '" 
lJlltYtIl'\ll'j:;UU'Yltl~'llm'l:;tYl'jtlllmti 0.27 0.46 0.64 1.10 U~:; 1.50 flfl.C))' tl~/~U.11 . -1ll . .. 
iifhm~tIl'Yhou 809 930 1,240 

o QI • 0 d 

1,667 U~:; 2,767 11fl./ll . ~111111~U fI1111Vlllltlll'\lU\lll11tYti 

tltlfl'il1flnUUo\ll1ilflfl'j~illU~1I:;"~fll'l'Yl~~tl.:jiiri1m~tIl'Yhou 438420 682 806ulI:; 1,298 

o QI I -: d QI Q.I ~ d .dQ./ 
11 fl ./~ . ~ 111 ~ 1 ~ U 1111:; fl1111 'Yl1ll tl ~ '\I tl \Ill 11 tY tI tl tl fl 'ill fl 'l :; U U t1 \11111 fl fl1 C))' 11 1 'Ylll 'yl tl ~ 'l 1 fl1 'l :; 

" . 
tY1'lilll'Yl';Vl'yhou 0 .27 0.46u~:; 0.64 ~Ui1hiii'll11JlWl11Vlllltl~1'I1~tlmiillllllffti tY1llfh-r~'ll 

" " 
m'l :;tY1'lilll'Yl'lunilou 1.1 0 U~:; 1.50 flfl.'~ 1 U~/lIU . 11 . -1ll 'lll1JlWl11Vllll tl~'\Itl\l,h1fftltltlfl'il1fl 

Q.I QI~.d .e:I, • .d 101 oQl 

'l:;UUt1\1l111flfllC))'111V1'U11fl11UlItIlVllflU 80.80 UlI:; 332 11fl ./~ . m11111~U 

1 ~ tI'flU il'j:; U U 0\111 il fl fl'j ~ ii'll 'l:; ff'Yl I fll'fl ill fll'j f1 1,y~ 111'Yl1ll tl ~ ~6~ 'l 1fll'j:; 

<Q, d " 41 .ct QI' QI IjJ 
tY1'lUllmti 0.27-1.50 flfl.C))' U~/lIU . 11 . -1ll lVllflU'ltltl~:; 45.94 54.84 45 .03 5l.68 11~:; 53 .10 

.. . 
'll'l:;ff'Ylim~ i'U fll'l ti1,y~I11Vlllltlll 1~n\ll111~ tY1llfl6~'llfll'j:;tY1'l illl'Yl'lUl'yhou 1.1 0 111:1:; 1.50 

flfl. CM 1 tl~/1:IU . 11. -1'U 'l:;U U ii'll'l:; ff'Yll m~ ill fll'l f11,y~I11V11ll tl 1:I1:I~1:I\liirill'Yhou! tltlll:; 89.97 

. " 
111:1:; 74.43 ~111ri1~U djufi'ill'jW1'll'l:;ff'Ylim~illfl1'l f11,y~I11'Yl1llU~ l~tlm~n11'\1tl\ll1\1'l:;UU 

.. 
'flU i1'l :;UUO\ll1 ilo'! UU flcJfl 'illlllU U tYU\I;Jll ~Ull ii'll'l:; ff'Yll m'fl ill fll'j f11 ,y~I11 Vllll U1:I 1 ~tY \1111 fl 

" 
~ d Q.I .CIt, d " I QI d1 d Q.I , ..::I 

CIf.:j'Yltl~'llm'l:;tY1'ltlll'Yl'ltllV11flU 0.27 0.46 11~:; 0.64 flfl.C))' tl~ /~U.11 . -1ll ~U1l'j:;UU11 

" . 
'll'l:;ff'Yllm~illfll'jf11,y~I11Vlllltl~ 1~l1\1l111~ tY1llfl6m1mntY1'l6ll'Yll Ul'yhou 1.10 111:1:; 1.50 

flfl. CM 1 tl~/"U . 11 . -1ll 'l :;uuii'll'l:; ff'Yl I m~ ill fll'j f11,y~I11Vlllltl1:l"~"\liiril1'Yhou! tltl~:; 95 .15 

111:1:; 88.00 ~111ri1~U UdH hn~l11'il:;I";ll '~i1'l:;uUl1ilfl H Utlflc)fl'illlUUUtYtl.:j~ll~Vllii 
'll'l:; ff'Yll m'fl ill Ol'j f11,y~I11Vlllltl1:l 1 ~1Jlflfli1!Vtl1:I :; 88.00 
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>I • 

4.5 IlJ'YI1'1HHI 1lJ ';i ::111I11 iJ fl' !tHl flcillllJII1I1JtHI'l'lilJ ~tJlJ Yi'tYfl11::fl'l~1'\1tJ'ItJ~';i 1 

, 
4 Cftv" 

IllYll'Utlt'lYlllA1flU,ntltlHPlH, 

: '" " lJll'tYm"11::U1I 

(lIfl.lt'l.) 

:~ QI QlttI.ct 

lJ 11"" tltltl mn f)';j:: 11 11 O'll11Jfl fll 'lflJ I 'YIlJ 

ttl '" fll'lflJl'YIlJ 

" ,! tit) flcillllJlI1I1J 'tYtl'l'lilJ RtllJ 

3,000 

2,500 -

0.27 0.46 0.64 

809 930 1,240 

438 420 682 

o o o 

45.94 54.84 45.03 

100 100 100 
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" ,.h:Bmn1ftftl1"liMtH'J:1J1J"ifl'toOn.lnm1J'Ut'I'o~i'U"o'U 

3,000 

G 2,500 
~ 

~ 2,000 -g 1,500 
;: .... s:: 1,000 
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500 

o 

-+------_._-_._-_ .. _-_._-----------------------------------------

0.27 0.46 0.64 1.10 1.50 
u ~ 4J ~ ~ u 
tlfl'jlm1~ill1tl'UYl1[J (flfl .• ltl~/i;'IU.,..-"1'U) 

IililliJ ll1Ln!ll'l1m:u1J(i~l1lilltn~ 

_ Jl'nflOOIl'illtn::Uuti~l1lillnlcriilfl'U 

~ 'I.h::allifl1"fl11fhi~'U0~ l::uul1lill ,!O Oil.' 'iI'U1I UU tTO~,f'U"o'U 
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~lflfll~~ 4.8 4.9 um~ 4.10 ~lr:hlrl'tll~1Hl~'nfl17::ff1'I6lJl'l161..rt!'1~lJ 'I::lJlJ 
" , ". 

6'111 JJ fl 1 f 'tI'tI flcJfl ~lJ U lJlJ ff'tl 'I 'IllJ ~ 'tIlJ ihh:: ffl'l1! fl1~ 1 lJ flU ih ~~Hlll'11lJ 'tIm-nll;jlJ ~ 'I ff1111 ~ 

~ flrl111JlUtl'1'1i'H~lJ 1 m1 1'1i'mJ'j ::ffl'l1! fll~ 1lJ fll'j fi1~~~1 'tI~CI::m fJ 1~'tI'I1Jl ~lfl1llmlJ 'tI('unlJ 

ff1'j 'tIllf 17 ~~ CI;~ff1ll1Hl'111 1 u1.n ~~ 1 fJ U mY'! U'I In lJ ff17 'tI11f1 'j ~ ~ CI;~ i lJ fl~ ll~ fff 1'1 ii1l'1lJ lJH 

'ti'U" ff11JlHllll 1 1.11 ~1" fJ1U~ fJlJ 1 nlJ fl l"l$iil1'1lJ 1 ~1" fJ~ 'j 'I 111 1..r 'j::lJ lJ ff1ll 1 HI d'tIfJ ffCl 1 fJ 

lllmlJ'tICI i M'lnlJ fllClliil1'1lJ 1~~ ff '1~CI 1 M'iilh::ffl'lii fll~ 1lJ fll'I fi1~"lllmlJ'tIClff '11Jlfl 1 ~fJ~6'~'j 1 
" 

JI JI f , 

1 ~ li '111 ll~ 1" fJ hj~ lJ U71Jltu III l'11lJ 'tI Clf! '1m ft'tl 'tI ~ 1 mhYi 'tI 'tI fl~ 1 fl';j:: lJ lJ ff1lJ ii 6' ~ 'j 1 flU:: 

ff176lJl'l161viltilJ 1.1 0 flfl . ~l't1~/CllJ . ll. -1lJ u'j::ffl'liifll~1lJfll'j fi1~~lllmlJ 'tICI~::CI~CI'I l~'tI'I~lfl 

f!11ll1'li'll'li'wU'tl'llllmlJ'tICI ilJ6'~'j 1 fl1'j:: ff1'j 6lJ 1'116~'1 flrl11't1~i lJ 'j ::~lJ~ t! '1~lJ 'tI1~ ff '1~CI 1 11' ~CI;~ 
.. 

fff Hii1l'1lJfllfJim::lJlJ\jflUlJU'Ifll'I 1~7tyl~lJ 1~ 1~1J1'1ff1lJ (m llfl1lJfJllllCltill, 2546) 

tRlIlI1W"lU8ft~69111fll1::ft'1'S6U,,;u"i~9 

3,000 

"":' 2,500 
G ...... 
c: 2,000 ;;; -G 

1,500 Q 
;;x 
~ 

~ 1,000 

= 500 

0 

0.27 0.46 0.64 1.10 1.50 

U oQ qJ ~4 u 
tlfl111l11::i:rl'UIUn'jfJ (nn. "ltl~/aIJ.".-1U) 
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)~ 
100 
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01; 

80 r ,... 
I; 
J: ,... 

60 to; 
(11=1 
~ 

(to 40 ~~ 
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? 
~~ 

20 G ., 
~ 

0 

0.27 0.46 0.64 1.10 1.50 

U Q 4J~. .., 
8ft111l11:::i.J116un'UJ (tltl."a8it/01UJ,-lU) 

3) lh:::anitll111utll'lf119ittlO'''6'l6t'! 

IrltJ~ \ll'HU 11h:: ffYl n fll'Y'Hl17 fh~~fl~I"lftJ'j tJ" i 'U fll'j '.hU~J1IffU' 'lJ 1 tJ~ I "If " 

" 1 ~ui;$'j ::'lJ'I.Jlf l1fl 1 ~tJtJfleil "'UU 'lJ'lJfftJ.:.J'\l'U 1ItJ'U 'Yi'lJ1nh ~ ffYln fll'Yi i 'U flU ti1~~fl~I"lftJ'j tJ""tJ.:.J 

" , " 'I " 

'j ~'lJ 'lJ 1111 fl 1 ~ tJtJ fleil "'U 1I'lJ 'lJ ffij .:.J'\l'U 11 ij'U ijfi ll'vilJ.;i'U 11 llJ611 'j 1ft 17 ~ ff17 6'U YI ~ rHi I ~lJ ff.:J.;i 'U 
" 

.J 0'" '" i " ,- I 1 " :, "If.:Jff1lJ1Hlfll\lflfl"I"lfij'jij" l1tJtJfl u"lm::'lJ'lJ ~YI.:.Jl1lJfI 

"1 fl1l 17 H~ 4.6 IIff~.:J~" fll'j flfllnU'j:: ffYln fll'Yi i 'U fllH)l~~ fl~l"lfij'j ij" i 'U 
" .. . 

fll'j'lh,j~lhffU 1'lJ 1 tJ~I"lfCl 1 ~U'j ~'lJ'lJl1l1fl H tltJfleil "'Ull 'lJ'lJfftJ.:.J'\l'U 1Iij'U IUij'j::'lJ'lJ,'Ii'lffffftl1::f1.:.Ji 1 
" 

dQl .Q dr/I , , d : do iJ.dQl <CIt. dod' 
YltJ1I'j1ftl'j~ffl';iij'Um U1I 1.:J'l 'Yi'lJ11f1lflCll"lfij'jij""ij.:.J'U 11ffUl1.l l';i~'lJ'lJYlij1l'j1ftl'j~ff1'jij'Um U 0.27 

0.46 0.64 1.10 ""~ 1.50 flfl .;lij~/CI'lJ.lJ.-1'U ijfi11U~UI')'hti'lJ 134 181 578 1 , 12511"~ 2,028 lJfl}CI . 

""~'j ~'lJ'lJti.:.Jl1l1fln l"1fijlV1'U ff1lJ 1Hlfh~~n ~l "IftJ l tJ" , ~.tf .:.Jl1lJfI ""::~6m 1ftll ~ ffU 6'U YI~ 6 0.64 

l.l 0 1lC'~ 1.50 flfl.; 1 ij~/"'lJ . lJ. -1'U fliil"lfij'j ij"~ijijfl"l m ~'lJ'lJti.:Jl1l1 flm~II"~ 'j ~'lJ'lJti.:J 1111 fl 
g Q d 1 'Q.I 0 QI eLI QI , QI 

fll"lflJlV1'UlJf111'Yllfl'lJ 84, 669 u,,~ 1,089 lJfl}".1I1lJm~'lJ 'I.ItJ.:J'j~'lJ'lJ(l.:.Jl1lJflflHlll"~I'Yllfl'lJ 48.00 

51.00 ll"~ 669 lJfl}". 1.Iij.:.J'j~'lJ'lJti.:.Jl1l1fln1"1fijlV1'U 
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" " , 
l1l!ffv'~'ti,n1lJ~ ri ~fm ,..r'j~lJlJt1~'I11Jflf)'lC)11jl'Yl'uihJn~iY'Vl~ ftl'YHY ~~ llJ i U~1V lI,,~fiti'~'j 1ftl'j~ .. 
ff1'j~'U'Vl161'YhnlJ 0,64 LlO 1I"~ 150 flfl, Ci1 ~~/ftlJ,lJ. -1'U 'j~lJlJt1~'I11Jflm~lIft~'j~lJlJt1~'I11Jfl 

n1C)11jl'Vl'U1jU'j~iY'Vl~ftl'Yi''Ufl1'jfhoij~fl~lC)l~'j~mvhnlJ~~vft~ 85.46 40.49 1l"~ 46.30 ~llJ~l~lJ 
IV Q.I , Q.I " IV Q.I tt'I ..::::t 

'I.I~~'j~lJlJfI~'I1lJflflHl ll"~lmflm~v"~ 42.98 92.36 1l"~ 38.54 'I.I~~'j~lJlJfI~'I1lJflO1C)llJl'Vl'U 

; ~ lrl ~n ~1'jW llh~iY'Vl~ ftl'Yi 1 ~W'j 1lJ'I.ItJ'I'j ~lJlJ'I11J fl i ~ tJtJ flcil~'UlllJlJff~'1~'U~tJ'U'YilJ11'j ~lJlJ1j 
1h~iY'Vl~m'Yi''Ufl1'jn1oij~fl~lC)l~'j~''ff'l1~v~ti'~'j1tm~ff1'j~'U'Vl16 0.27 1l"~ 0.46 flfl.Ci1~~/"lJ.lJ.-1'U .. .. " , 
'j~lJ lJ ff1lJ1'j fI n1oij~llJm'U ~,,~~ fl~lm.111ffv i ~'ti'l'l1lJ~ 1l~ fiti'~ 'j 1 tl1'j~ ff1'j ~'U 'Vl161vhnlJ 0.64 

l.lO 1l"~ 1.50 flfl.Ci1tJ~/"lJ . lJ .-1'U U'j~iY'Vl~ftl'Yi''Ufl1'jn1oij~fl~lC)ltJ'jtJ'''I.ItJ'I'j~lJlJ'il~ft~'''11jfi1 
I Q.I " 0 Q.I 

l'Vl1fl1J'j~V"~ 91.71 95.45 1l"~ 66.99 ~llJm~lJ 

.. 
91l'nnl 

, 
.q .q cS U , , 

fli.tl.a1aD'fI'l~InU9I1afJl-3911-3' 

(unJi.1.) .. 
o '" !II 

'U1lffm'l.l1'j~U1J 

: do Q.I Q.I 

'U 1 I ffVtJtJ fl 'ill fl'j ~ lJ 1J fI ~ 'I1lJ flfl'j ~ 

:d QI Q,I~.cI 
'U 1 Iff tJtJtJ fl 'ill fl'j ~ 1J U fI '1'11lJ fl 01 C)llJI 'Vl'U 

~ 0 IV do Q.I 

'j tJ tJ" ~ fl1 'j fl1 'il ~ fl" I CJftJ 'j tJ" '1.1 tJ 'I 'j ~ 1J 1J tl ~ 

'111J fl fl'j ~ 

'" w '" 'I1lJ fl fl1 C)llJ l'Vl'U 

"OQl..c:l QI 

ltJ tJ,,~ 011 O1'il~ fl ftlC)ltJl tJ"'I.ItJ~l ~ U1J'I1lJ fl .. 
, ~ tJtJflcil'il'Ull1J1J fftJ 'I 'Ii'U 91tJ'U 

u ~ 4d ~4 IV 
a9lnfl11~i.1"11a'U'fI1fJ (nn. <I. a~/i.1lJ.u. -1'U) 

0.27 0.46 0.64 1.10 1.50 

134 181 578 1,125 2,028 

o o 84 669 1,089 

o o 48 51 669 

100 100 85.46 40.49 46.30 

42.98 92.36 38.54 

100 100 91.71 95.45 66.99 
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u Cl 4.1 ;Y" u 
8ftl1Il1l::i.Tll8UYl1D (nn •• 8A/t'I'U.tI.-1U) . 
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~I~. .Ai ~.. 4.,', .... " • 
ul=1111IftU'mlT11"fIIflftl.t)1t)ftYlt)"'1fll'::t11't)U'YI'tJ"1~'l 
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U .ctt. _d ~. u 
tlfl11m1~iJ118'UYI"m (nn. '118~/au.1I.-1'U) 

.d 1401 .Q Id~'.., .a ~ Q.I 

\llfltll'W'YI 4.17 'W'U1l'YI6~'jltll'j:;ffl'Hl'U'YI'Hll'Yllfl'U 0.27-1.10 llJ61'WlJ6~lltlll:; 
~ ~ 

ffl16'U 'YI'lUl" 11:; 'U'U 1..r ff .:l;i'U 1:; 'U'U O.:l'l1 iT fl 1 ~ 66 flcHl \l'Ull 'U 'U ff6.:j;)''U ~ 6'U ijlll :;ff'YI ~ Ill'W 
" 

l'Ufll1til'il~fl~1'lf616C11~lJ~'U 1f1U~6~llIl11:;ffl1ij'U'YI'lu 0.27 llCl:; 0.46 flfl .;16~/CI'U.lJ.-1'U 
" 

l:;'U'Uijlh:; ff'YI~ tll'W l'U flll til'ilflfl~1'lf616C1 i~l'i.:j'l1 lJfI 1 ~w iu'W'U1l1lJlw fl~1'lf616M).:jl'H ~66~ 
II , I II 

'm1l66fl\llm:;'U'U llCl:;ljj61~lJ6mlIl11:;ff116'U'YI'luff .:j;i'Ul'yiln'U 0.64 flfl.; 16~/CI'U .lJ. -1'U 
" 

'W'U'hlll:; iT'YI~tll'W l'U flll til'il~ fl~1'lf616C1ijll'U 11 U lJCI~~ lCl.:j 

1 """ "' .. '" .ok i" flUf-IClflll'YIflCl6.:j'UN~'Uff6f1flCl6.:lfl'Uf-IClflln\lU'U6.:j Ito llCl:;flW:; (2005) 'If.:j fI 

tYmnfllmft~ i ~ 1 fll11l'UllCl:;m'Yll'U6C1\llflfl~1'lf616C1~ i~\llflm:;'U1'U flll f-Ift~' 'U 16~1'lfCl 'W'U1l 

"''' , ~ "JI .c::i ~ J ,J'G.I'rI" UCI~'U6.:j i'J 1 ~11\l'UllCl:;m'Yll'U 6C1\l:; ClflCI.:jllJ6f11llJl'UlJ'U'U'U6.:jflCll'lf616C11'WlJ'U'U 'U 6fl\llfllltH Ifl 

tYfl'I':lllll'l u'Ulfiu'Ull'j:;iT'YI~tll'Wflll f-Ift~ h 1f111 \l'UllCl:;16'Y1l'U 6C11::'I1 1NmtU~1 ;;fl~1'lf6'j6C1 
A ~.d ~ ".c:t.dl" .. .. , 1 .. I 

'UH1'YI1i 'If.:jl'U'Ulmfl'YI1.:lfllHllllCl:;mW'YI 'b'flm'lf616C1\llflm:;'U1'Uflllf-1C1~ 'U 6f11'lfCl 'W'U1l 

6~llflll f-Ift~' ~ 1 m 1\l'U l'UmtU ~1;;fl~1'lf616C1\llflm:;'lJ1'Uflll f-Ift~ 1'U 1 U~I'lfCl\l:;~lfl1l l'U m tU 

~1;;fl~1'lf616C1'Ulty'YIi 

lrlU~\lllW 11m u'Ulfiu'U n'U.:jl'U i'ilul 'U flf.:jif ~.:j '~ij flll iilii'fltlllffu' 'U 1 U~l'lfCl 
:;" 1 1" d& ~ ~ .Q ct1"Q./ .c:t QI .4 
'U'U ~ 'U flU 'b'm:; 'U 1'U flll 'YINlfllJ 'If .:l1'IJ'U fllll'W lJ fl1llJ'Ul ty'YI1i '11 fl'UflCll'lfU 16 CI 1 'U n:fI'U'I1'U.:j 
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" . . 
~,ru'U nfl11lJl'li'lJ'U''U hi,,! 'l'Cl;'Y'f\l 'llfi~flll UtHJffmtlfl~19f6HICl 1~~hJlfl 1116'l~1 fl fl~19f6l6Cl 1 'U 
", I , 

1111iYtld~'UlllH''lfll {1J6'U li, Cl;'Y'f ff11J1Hllll 1 u1 i'ff~ H'Y'ftr'l'll'UllCl:a ~1 t)jl~1J 191 1 ~ miLli61-n lJ 

!II !II '" 1" ~ 4 QJ ~ d d' 1 QJ dl '" ~ 
fl11lJl'IJ lJ'IJ'U'lJ6'lflCll9f6l 6 Cl 11 1'1' 'l'IJ'U 'YI691 l 1.fll l:; ffU 6'U 'YIl til 'Y1l fl1J 1,50 fl fl, "If 6~/Cl1J, lJ . -1'U 

" 
'YilJ':hUl:;iY'YIi fll'Y'fflll U6t1ffmtlfl~19f6l6ClCl~Cl'l~ 1tl~ 1~6'l~1 flfl11lJltl'U -n1J'lJ6'lfl~19f6l6Cl 1 U 

" iJ1JiJ'lfllll~1t)jl~1J 191'IJ6'l'Cl~ 

4.3.2 t11::;'nim't't'UtH1::UU'Hiffl'1t)t)fl.ltnmUmrt),,'j~'UPlt:l'U''Ufll1NOPlflV';1m't't~1fl 
~11;£I'U It)~lolitl 

U'.i:; ff'YIifll'Y'f'IJ6'll:;1JUl1,j'fl 1 ~66flcil~'U1l1J1Jff6'l~'U9ItI'U 1'U flU flfi9lnl9f;1fll'Y'f~lfl 

OLR = 0.46 OLR = 0.64 OLR = 1.10 OLR = 1.50 - 3,500 
~~ 

.......... r 3,000 E 
fa 
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~ 
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I:; 
("0 

'II' 1,000 • IE 
a 500 ,.. 
;; 
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• 1.ll1J1Wnl<lf.1tl1l'tff::ff1J' \n::1J1Jl1,j'n 1! fJtJn~lI:n.jIl1J1Jfftl~1i'U ~tl'U 
• 1.ll1J1Wnl<lf.1tl1l'tff::ff1Jhii'~11,j'nmfl 

A 1.l;1JlWnl<lf.'lI11l'tff::ff1J' 'U ii'~l1,j'nnl<lfijl'Yl'U 

, I ,. ., 

.:::I _~ tH.tel 4. Q, 4 1 ., 'V '" ., 
m't't'n 4.18 unnWfll""1m't't'nIfl~'I'U 'U1::UU'HlJfl 1t)t)fl"I~'UIIUUj;Jt)""'UPlt)'U 

1~tI'Y'f1J11~691l1fm:;ff1lij'U'YI1 Ul'vilfiu 0.46 0.64 1.10 1m:; 1.50 flfl.Ci1t1~ /Clu.lJ.-1'U 

691'.i1flllflfi9ln1"1f;1fll'Y'flifill'rilfiu 0.40 0.80 1.74 llCl:; 2.82 11.11'U 'fllmh~1J 91'lU11J1W 
.. 

n1"1f;1fll'Y'fli'll1lJ~ lin 19f1il'Vl'Ultl'U t1'lt1U '.i:; fl61J 6u1 mh'l 1 flft'lfi tI'l fi'Ul'vil fi1J~ 6t1Cl:: 66 69 64 
" 



81 

0.499 1.081 1m:: I. 743 ft .fiu lftUff1lJl'Hlflftl1'lll'lJl1JlW n1~:Jf ')f11'Yilmdivlf1il'YlU~Qnthift 1~ 

lli1n'IJ 0,209 0.245 0.303 0.385 11ft :: 0.138 0.168 0.195 11ft :: 0.244 ft/f) . Ciilu~~Qfln1ift 

~llJ"l~'IJ ~'1~l'n~Vi 4.7 

, , JoI , 

fll'lHn 4.7 film nm.J1lJ1W n1~:Jf1f1l'V4'11U'I7 :: 'IJ 'IJ 11 Jj'fl H tlU fl<il ~U ffU'I'liu ~ tlUVi ff fIl1::fl '1~ I'll U'I 

<V <V ... 
mtllWnl.;'lfll'W m "" .. o flHfll 'l:: o fI'j 1 fll'l lfWI 

1'0fJt'I::mtllW 
'ltllWfll.tllVllt 

... .. J "" .. A0.;y0~~~mh~~ A0.;y0~~~nth~~ trl'l0ltVl'lfJ fll."l.fll'W 
"" .. 
fll.tllVllt 

(OJn • .;y0~~tlmh~~) (t'lJn • .;y0~~tlmh~~) ;y .. <V 

(OJ1lt) (nn •• 0~/t'I'IJ.tI.-llt) 

0.46 0.40 65.88 0.21 0.14 

0.64 0.80 68.58 0.25 0,17 

1.10 1.74 64.32 0.30 0.20 

1.50 2,82 63.32 0.39 0.24 

, , " , 
~::I'HU '~'hljjm)9171f1U::ffU tJUl'll UI'VjlJ~U ti'~71flU flii~n1~:Jf1f1l'V41ftuLUnu1i 

I ", " 

llu11 ~lJlfilJ"l'l~Ul1'lU"l~'IJ ff1ll1~lilU'I1Jl1l1fl 1um:: 'lJ1U flln'iloUftlhlffUll'IJ'IJ 1 !m)fl<illlU 
., . 

l1lflm ::'lJ1U fll7 du UffCllUci'IJffll'l7~,jlnJU 1 1l1lu ffU tIft m ::'lJ1U fll711t\'1 ci'IJffll'l7~ViiluUl,j'1 ~ 

7 ::'IJ'IJ 1I::~ f11ll~UU' 1l11'lu n1~1i ll'lU 1 ftU~ft:Jf'V411 :: 111lf.l1ffU U111 U ~ 1 ~1I1 flci'IJffll'l7 ~ 1Jl 1 i'1 U 
'JI I I , 

fll711l1 Ull~'IJ 1~ ~'1l1uljju.yhflU lfilJti'~71f1U::ffU tJul'll U lI::fh 111' 1l11JlWci'IJffll'l7 ~Vil,j'lti 
u ~ 

7:: 'IJ'IJ1~lJlJ1fl~U ~'111'lU flU 1~lJ1l11J1W ffU; '1~U 1u flU flii~ n1~1ill'lU 1 11' ff'l~U~ llJ 1 1l~1U 
~ 

I , " , 

ti '1flft 111'ti'~71flU ltiftn1~:Jf1f1l'V41 ftumnulI::1illu1l U'lJlfilJ~Ul1'lU"l~'IJ l1~hilU'I1I1flfll7iftti'm1 

flU ltift n1~:Jf1 fIl'V411'lUl'n U'I fll7ift1l11J1W n1 ~:Jf1f1l'V4~ltift~U 1 U7 ::'IJ'IJ 1 Ull~ ft:: iU 1ft uiJ' ~ 
fil'i1'1~'11l1mw ci'IJffll'l7~ 1u7::'IJ'IJ~Qfll~1l fh l'l1"b.iff1mHll'l71'IJ '~1111l1'111 '111t\'1ci'IJffll'l7~ 1~ 

Q fllll~UU 1 1l11'lU n1~:Jf1f1l'V4 1u1l1lJ1W ~lJ1fl111 uU'umnu'I 1ft 

~ '1fll'l~'1flri11ffUftfl t\'u'InlJ flft f1171i m ~U1n'IJti'~ 71 f1171tiftn1~:Jf1f11'V4 1 U7:: 'IJ'IJ,j 10Uft 

"t "" 
Huu fl<illlU 'IIU'I1111 ffU'!fUfteU '1 6fll1 CIlU'!fUft l'lfU fll7,j1oUft1111ffU 1 ul ~71 'lJuCiiu 1111 ffU1I1fl 

flUflii~UlllflU~U J11ffU'V4U 1 1 ul~7~UUft J11ffU"l! 1 mff 11'lU~U ~'1~H'V4'IJ111rlUti'~71f1l7:: 
ffutJul'll U111tlfl11lJl,j'lJ,j'U'IIu'Ici'IJffl'Y17 ~l~ lJlJ1fl~U lI::ti '1flft 1 11' ti'~71 flU ltiftn1~:Jf1f1l'V41~lJ 

.1 
"l'l'llU (Kuscu 11ft:: Sponza, 2006; Kuscu 11ft:: Sponza, 2009; Liu 11ft::flW::, 2009) 
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433 U flll::tll'ni H1U "tH'l::UU 'Hitfl,-r tHlfl" I\lUUUUUtH ~UflflU' Utll'l U 111 ~~ lliirJ 

'u Ifl~IOJItl 

~:: U U U 1,j" J 11 ff U U U U ;fl.fll ~ ~ tl1 fl utl il fi~ U1 fl1 ~ Utl U ffCll U 'Yll.:J ;fl.fl1 ~ U U U 

1! flfl fleil \lU 1 ~U ~:: UU~~fl.:J flU fl1~ ~,,~ lll~l1Clfl U1.:J 1m,'';" 1J1 fl fl11~::U UU 1,j"J1IffUlIU u~ 1;; 
tltlfleil\lU trflllW::'Yl1.:J~Cl;fli'YlU1'11fl.:J~::UUUtHJ Htlflfleil\lU ill 1M'~::uuijtn'(iu~ .fl1~fttlU,j'l.:J~ 1 

~.cl Q,I ,,J 0 1" '" " 1 " ~ J Q.I C)f.:J ll11 \l\l U'H Cll Ufl UN 'Ylfl 1 \l 'Yll 'H ~:: U Ul fl~ fll1ll Clllll1 Cll ~ fll Ull1 ~ U fl1 Hl1U fl 1)1:: UU'Hll fl 

1! tltl flei 1 \lUUUU tYfl.:J~U ~flU ~.:J~tl.:J ij flU ~~~ III fl1 ~ ltl~UU utl Cl.:J'IItl.:Jft l~U 1 iil~fl{~ 1;;1 ~u 
" fftytylWI~tlUll1~~1J1'HCll~H"1 11111n YlW')f ~w'HfJii m"''IIuu~::ll1U ff.fl1~~lHi.:J'Hll~ 

" " ij~~ ltilu ~ ::'H1Hm~ 1 'IIUU~:: m U~fl tY .fl1~~l.:jli.:J'Hll" 1 ~Uij'.llUCl::16U"~.:Ji1 
... 

1) rUfl'ti 

.cs ~ ..:::." ~ iI d1 ~ 0 QI : .Q ~ , ,: 

~1tl')fI1JUm~llll~tl~ lUtl.:J~U'Yl ')f IUfl1~fl1Ufl1)1::UU1J1U~U1ltYU C)f.:JtYlllU (l1J.:j')f 

tY.fl1~'IItl.:Jm::U1U fl1~ flU UflUtYCl1U'Yll.:J;fl.fl1~UUU 1! flflfleil\lU 111 U~flU Itl~uuutlCl.:JYlItl')f 
I , ,JI 

li1fl.:J\llflfl1~ l~ll'llfl.:Jm~ 1'11uu~::mu~lu (Volatile Acids) \l::ijfl1~ Itl~UUUtlCl.:Jft1YlItl')f;;1 ~.:Jlru 
" . 

ft lYlltl')f~ .:J1~mi 11h;fliutY~.:J FHltlfl flm 1~;;1 til'H 7U fl1 ~ un" 'II tY.flll:: 1u ~ ::UU U l,j"UU U 

Htlflneil\lU lrifllm UUlliuut1Uftl'11tl.:Jm" 1 'IIuu~::m U~lU tlUN 1 ~ ~~lllYlltl')fU.:JI~U~.:Jti1tity 
." " 
li1;;,u fl1~ fl1Ufl 1)1 ::uu ~.:Jlru lu fl1~ l~U~ ::uu 'HUfl 1! tlflfleil\lUUUU tYfl.:J'liU~flU ~.:J~fl.:Jij 

flU fl1U flll 1 M' ft lYlltl')ffl Q1 U ,fl.:J'IItl.:Jfl1Hi H lU ~ l'Hll 1:: tYlll~tl 1 M' ~::u UU 1,j ~ tYlll U m; H l'U 1 ~ 

tlUl.:Jijlh ::ffYli.fl1'n ~ ~tl~ 

" .. -ttl .,.... v 

... ... .. u , , tlfl11fl11::lf11tlUYl1U (flfl. at tlA/llU.J.I.-lU) 
'Wlfl'tiYlilAItlUmfl[Jl.,'lflH 1 

0.46 0.64 1.10 1.50 

: ff " 'Ull UI'II1~::UU 7.18 7.22 7.23 7.21 

:.c:t GI QI 

'U lltYUflfl fl\ll m ::UUfI ~'Hll fl m ~ 7.69 7.61 7.69 7.74 

!'.c:I Go/' Glrd.:t 

'U 11 tYtJtlfl fl\ll m::u Ufl ~'Hll fl fllC)fll I 'Yl'U 8.46 8.17 8.74 8.75 

" 7.23 1m:: 7.21 ~lmh~u ft1YlItl')f'lltl~lhfftJflflfl\llm::U1Jtl~'HUflm~ l'Uu~Cl::'V"fl1~'Yl~Cltl.:J 
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did J Q jJ 1 Q,I 

lJfIlI'HWff .:J'\IlJU'lfl'lHHJI'YI1fllJ 7.69 7.61 
.. 

o Q,I 1 dod 

7.69 llft~ 7.74 ~llJftl~lJ llft~fll'YH~'II''\I~.:JlJ1Iffll .. . .. 
~~fl~lm~lJlJt1.:Jl1lJfln1CJ1'ihYllJ1lJll~ft~'~fl11Y1~fttl.:Jntl1111~lI~.:J;jlJIVhnlJ 8.46 8.17 8. 74 llft~ 

!II • 

8. 75 ~l1ml1~lJ 1 ~lI~~n1lJ i~'hViltl'll''\I~.:Jll1IffllVitl~fl~lm ~lJlJt1.:Jl1lJfln1CJ1'nlYllJntl1tl~1 w1i1.:J 

8.17-8.75 ~(ltl~fl1nl~fttl.:J 9t.:Jtl~1lJ'li1.:J~Il1lJ1~fflJ~tlfl1'.il~ltyl~lJ l~'\I~.:J~(I~'Yifl~lJff!l.:JnlYllJ 

1 ~lI,t l' '1.1~(I~'Yi fl~ lJ ff! Hn IYllJ ff1lJ11 fll~l ty l~lJ 1 ~ll(l~viH1lJ i~~~tl1Viltl'll' 6.80-9.20 .. 
(in11W tltl~lI~fJft, 2549) 1~lIlllJ11 ,rlJ'\Itl.:Jtl1Viltl'll'1lJfl1nJ1,j~1l1Ifflli lJ ltl~ICJI'(I~1l11 ~lJlJ 

.. . . 
l1lJfl H~tlflcillllJlllJlJff~.:J'lilJ~tllJVi6~11m1~ffnVlJYl16~1.:J'l ~(ltl~fl11Y1~ft~.:J ~.:Jm'YiVi 4.19 

OLR = 0.46 OLR = 0.64 OLR = 1.1 0 OLR = 1.50 
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mil (-1\1) 

: .. .. w "" 
.. UlfJfJll\llm::UUINl11Jllfl1cnJlflU 

. .. 
4 4 v",".:=to v 

fll'W'n 4.19 'Wm'lf'UtH"~lJ1J'tnm l'ltltlf)"ltJ'UU1J1JtTtl-3'U'Ufltl'U 

.... .. 
'1.11 ~lJ1W 3 .56 ~.:J,:r lJl1ft.:J~lfll~~~1.:Jll1IffllritllJiJ tl'UI.,j'11 ~lJlJ 11 ':;~ tl.:J'1.1i' lJtl1Viltl'll''\Itl.:Jll1Iffll 1 M'ntl1 

11IlJflftl.:J 1l1flm'Yi~ 4.19 ~~111'U':h'lJ'li1.:J 60 1lJmfl'\ltl.:Jfl11Y1~(ltl.:Jl~lJ~lJl~lJ1':;lJlJi~ti1l1lJ~ 1M' 
.. . . 

.ct od" .ctIIQ,l 14 oQQ,I oQ d<l" Id 

'Yiltl'll''\Itl.:J'U 1lfflll'\l n~1JlJlJfIlI'Yl1 fllJ 6 11ft ':;'Yi lJ 11IlJ61'Yi lJ~ ~11 tl11 ~ ffn tllJYl111l'\l11~lJlJ fIl'Yi I~ 'II' 

'\Itl.:JJ1Iffll~tltlfl~lflt1.:Jl1lJflm~nll'U11 ,r1J(I~~ l~Hl~tlll'l ~'U nVi16'11'I~ ~lIIvhn1J 4.00 U1'Ufh 

..::Ii : d Q,I Q,I g do I q l.d I .4 <CIrI Q,I I 

'Yi16'11''\Itl.:JlJ 11 fflltltl fl~ 1 flfl.:J l1lJ flfl1CJ1'lJI YllJ'YilJ 11lJfl1 m ft lIff.:J fl11 7.00 U(I':;llJtl'Yi ~11 W 1tl~ 11 ff1lJ 
" .. . 

1 ':;l1 11.:Jtl1m ~ , '\I lJ'U 1 ~ Il1l141l1~tlff fl1'Yifl11lJ 1 1I'U~ 1.:J''' .:Jl1lJ~ 1 lJ 1 ~lJlJt1.:Jl1 lJ fln1CJ1'nlYllJ l1 ft.:J 1'U Vi 
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f} t~rt 1 rt L ~ tlR.rt M,l L ~rt ~rt Ht-IA t-L ~M,Lll'u H l L IArt rt;:!. rtu H l !.Qt-tl M,rtrt M,l!. LU ~11 tlR.t-II rt M,l ".., r ~ I J:7 ;: I ,,0 ",,, JJ 1'0 ~ I r ~ 

rt,tt 1 t tlll~~Wt-llrtrt;:WL(l,UQQ~f}~lL ttt-QR.f}Hl;:!. tl,ttR.L ~W~11L~rtM,t-.!?~UL(l,UQtl 
. " " 

00"8-00"~ t-tl"tll 

rQJ(,Ql~~~~L tlLt-L~IHLrtL'u (SU;)~OP;):JV) ~Wt-L k'urt~UM,~Il&UL(l,t-Q~1 ~Wt-L k,Urt~UM,~Il& 

t-Q R.tlL t-L ~!. LUQ !6rt'u;:L rt Hl~t-tl" tl lr QL~~~ W u,tt Ht-llUL(l,U QQ~f}~IL ttt-QR.J(,Ql~L ~rtL ~~!. L t-LrQ 
. . .. 

(O£~Z: 'Iltm!.!W~1 f}lJ(,rt,U) tlIJ1L~[tb ~t-¥tlIJIIloLQ .rn!.ii.rt,Ut-LrQum1!.LUtl~rtllUt-LlAtll ~WU,tt Ht-llUL(l, 

U QQ~rt Ht-1AtllAl~n k,UM,~Il&t-QR. (s;)p;}dS) j tl~f}L,Ut-QR.~LR.~~lnrQ tl~Uf}l1 !.LUt-2f}LrtH~b[tb 
" 

tlQ~tl]oUf}l1 !.LU!t rtL~~!. L HrQ t-£(l,M-llt-LrQ~WH k,U~M,~Ilf!.t-QR.tlLt-L~!'LUUf}l1 !.LU~~WU,ttHt-ll 
.. . 

rtrt;:!. tll L~t-~'ull tl~rt~I~9 ~lAtlg!.L'u ;:!.WL!.~grtL~tl~t-lirt,tt 1 ttlll~f}Hl;:!.tl,ttR.L ~WL~rtM,f}~l 
" I • " 

f}Hl;:!.tlrtR.l ~WQR.tHtll t1 f}Lrt!lQt-Jl:> ~~1 f}Hl;:!.tlrtR.l ~Wt-L!'.'uIHLrtL'u~WUrtHt-llrtrt;:!.LtrtM, ", lit ,,1'0 h/fi .. '<:7 f" s:;.o" lit 1'1) lit if. 1tJ", I 

t-QIl~IA!'LUIlHUL(l,!611 t-LIlU tlIJ1L~~;:(l,~wu,tt Ht-llrtrt;:WL(l,UQQ~f}~lLttt-QR.J(,Ql~L~~l1 tL" L -19" L 
. " 

t-tl" tl lrQQi: tl~ t-f} ~1,\!U l t-tl" tl lrQrt,tt 1 t tlll~ ~ Wu,tt Ht-ll rt rt;: W L(l,UQQf}~ lL ttt-QR.J(,Ql~L~ rtM, 

" t-QIl~1A !.LU~QIl~ OZ"L mLrt;: trtrQ~ lrtrt;:!.L!}om~IL ttt-QR.J(,Ql~L~rt,frtULHllH 
" 

M,W !lAg;: !.rt~t-Lr Q~ L tlLt-L~1l !.LrtL'u ;:1l11 

Il ~rt,U;:tL ll'upL!}o1 rtllU rtrt;:!. tl(l, QM,tl~l~ b}QtAlt-tLl.t-llLy rt~lQ~1 ~ tllQrt} L~rt b rtf}~IJl:> 1 rt ~m~ 1 
t-QIl~lAtLU~QIl~ OZ"L mLrt;:!.rIrtrt;:!.LR.m'ulLtlt-QR.J(,Q1M,L~rtM,1rl.!.rI~1 t-(l, tlt 09 mLrt;:!.rIrtrt;:t I'" "s:r 0 J:7. tJ' ttl I'" if; 11\ 1;7 ", I U 

.. . 
tl~IUL(l,t-llHtl!lt-~ ~rtHt-1At-L~M,W'uQ!6f}Hl;:!.tl,ttR.b~wn~H;:!.tltpu~gQ!}ot!itlltL~U~t-~ ~L 

.. " . 
til Hlrtll;:tW,UllLR.1rl.rt;:!.H l LIA(l,LQt-Jl:> O~"O LlUuLrttlR.rtM,lrttll ttlllrtLtrtM,rtrt;:!.tl~1!.LUt-QR. 09 

" I" "0 f' I r ~" J:7 I ~ 

t8 
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10 

8 

6 

4 

2 

o 

0.09 0.18 0.27 0.46 0.64 1.10 1.50 

u oCIt. 4J ~4 u 
tlfl111l11::iJl1tlUYl1rJ (nn .• ltl~/t.'IU.tI.-1U) 

I tJ I tJ 

\llf)f1l'Yft; 4.20 11h:I11J1U111fiu11Vim'lf"u ,nhlffUfim)f)\l1f)il'll1~f)m~HHl::lhlffU 
I , tJ , 

.c;:I IV cvft'Jd d QI ".di odd QI QI 

VlU U f)\l1 f)fI '1l1lJ f)f)l9flJ lV1 'U VI tT f111:: fl 'I ~ 1 'Yl 11 11fl1 'Yl ltl'lf" U'I 'U 11 tT UYltHI f) \l1 m:; 11 11 fI '1l1lJ f) 
. " . 

nl9f]jll'l'U ]jtll''l '1f)1l'l:; 1111il'll1 ~f)m~ 1'U 'l f)'l[~ f)l 'j VI~ "tl'l l'Utl'l\ll mh ffufiUtl f)\l1 f)il'll1 ~ f)m ~ 

]jtl1Vim 'lfUU 1'U';1 '11 fl'U f)" 1 '11Hl:;]j ti 1 ft'l,j'Yl 1 rl tl {~1 Vi U '1'Yl U cJ1 'I t! 11 ill fl 'U f)l'j tJ f 11 tT fIl'Yl J 11 ff U 1 lm .. 
fl11lJ ll1lJ 1 ::tTlJ~ U f) 1 'j Vi 1 '11'U" U 'I ~"~'Yl f) ~ lJ tT~ 1'1]j 1 Yl 'U ~ U Yfl1 U 1'U 'j:: 11 11 il '1l1 ~ f)n 19f]j 1 Yl 'U 

~ .d. 1.d", C')I d oct, CII i 0 \I) j,I.:;:,t,.J , d 

l'U U '1\l1f) ~ "'If'Yl f)lllJ Yl tT'j 1'1 f)l9flJ1V1'U tT1lJ1 'j fll \l Hyl~ 11 ~ U ,,:: VI 1'1 1'U t ~~ Yl fll'Ylltl'lf 6.80-9.20 

Old I ,..""" ;::..ct.d Q.I QlC')I d 4.c::11.o::::1 'do 

~ 'I Yl f)" 11 lJllHl 1" 1 '1~'U ~ 1Ull1~'U'U 11 tTUVltltlf)\ll f)fI'Il1lJ f)f)l9flJl Yl'U \l'llJfl1'Yl m'lf~ '1f111'Ylm'lf"tl'l 

" " . 
U11 ffUtlU f)\l1 m :: 1111 il'll1 ~f) m ~ i ~U1l1'U 1 ~ \llf)tT fIl'Yl fl11lJlfl'U~1'1"U'IU11 ffufiu U f)\l1 f)il '1l1 ~ f) 

d .c;:I.d do I 0 d 1 QI Q.I C')I .c;:I 

m~'If'llJ tT fI 11:: Yl 111 lJl:: tTlJ U"::l'YlU'I'YlU~U f)l 'j VI 1'1 1'U" U '1~"'If'Yl 'U 'j ::1111f1'1l1lJ f)f)l'lflJ1V1'U \l'U 

'j::11 11 1 n~ fl11lJ tTlJ~" Vi 1 1 M tT f11'Yl~ l'1"U'I'j:: 1111 il'll1 ~f) n1'1f]j ll'I'U ]jtl1 ~ '1~ llJ 1 tJ~ 1U ff 'I ~"Viltl'lf 
" . odd QI Q,lO.c::s.c::l' I QI QI 

"tl '1'U lltTUYltltl f)\l1 m:: 11 11 fI '1l1lJ f) f)1'lflJ lV1 'U lJ fl1 tT 'I f11 11:: 11 11 fI '1l1lJ f)m ~ .. 
UU11Vim'lf\l:afl'U'Yl111iJl~m{~ 1~tT1lJ 11 flU tT~'1ii'lf)l'jVi 1'11'U ~ft lJll1 "1 1 ~l'i'Ul'i1'1fi 

U~tlU1'1 h ~~llJ tl1Vim'lfiJ'ifl'l]jfl11mYlftty 1';'U l~tlln~f)l'j lffUtTlJ~"'j::l111'1~"~'Yl~~~~m~ti11 
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o 'Q.I .q",.J. 

fl11'Y11'11'Ullft~ fl11 ~11'ilff'fl1Jl ~1J1Jl1lJfl1J'Vi 111lJl~'fll 'fl'U "1 

2) ~tu'H.oij,m'lj~lJlJ 

'" ?t "'.to ~.J "" jJ 1 
'QW 'H 1J lJ'IW'Il ~1JlJl'U'U 'ViU llJl~'fl) ff1fltyCJf 'IlJ'fl flO'l ff fl1'Vi1l1~Hl'fl lJfl1t1 'U 1 ~ lJ lJ 

~ 'Iii6'Y1i'Vit1~'flfl11 U'fltltYt11t1ff116'U 'YIl U'II'fl'l , ft;'Vi 111 'U 'flU1'1lJ1 fl ff1'H f 1J'I.h ~ 1 'YIl'I'i 'YI tI'QW 'H 1J lJ'II tl 'I 
~ ~ 

'hltYmY1'UlJ1fl'fl~1'U '1h'l 28-33 tl'l1'l'11CJfftl~tlff Ilft~ l'U t1'1t1gfil' tl1'QW 'H 1J lJ'il~~ 'I.u'U tim.h~lJ1W 

. , u c. 4J il.cl U ... 4 .. .., 
~tu'H.tJUn'2~ltllJfrJ8t1H 8~nfl11~U118Un1t1 (nn. 'I 8A1DlJ.U.-1U) 

4 

(8~f'lW.DI'ItlU) 0.46 0.64 1.10 1.50 

... : " 
28.45 fJW 'H 1JlJ'U1''1111~1J1J 28.00 27.98 28.20 

tl1t1''Ul~1J1Jt1'1'HlJflm~ 31.68 31.68 32.06 31.61 

tl1 tI' 'U 1~1J1Jt1'1'H lJ fl n'lCJfiil'YI'U 30.50 30.50 29.86 31.16 

~ ~ 

'il1fl~11H'YI 4.9 'Vi1J':hti 1'QWl11Jm'UflU'Li11J~'111tYtI'1J ltl~ICJfft l~Wl~1J1Jl1lJfl 

, f tltl fl;' 'il'UIl1J1Jfftl'l~ 'U ~ tl'U ~ t1 ~ 11 fill ~ ff11 ii'U 'YIl U~ 1'1"1 'Vi 1d 1,ij 'fl 1 ~ lJ1J l'li' 1ff ff fl11~fl 'I~ 1 .. 
~ , 

1 .c:r, 0 4'" Q Q.I Q e::! tI ..:::il .. ~ 

fl1~W'H1JlJ'IItl'l'U1ltW''1111~lJlJ'YI'fl~ntl11~ff11'fl'U'YI1t1 0.460.64 1.10 Ilft~ 1.50 flfl. CJf tl~/t1lJ.lJ.-1'U 
, ., 

.c:t 1 4 'Q.I ..:::t 0 Q.I' Q o..:::t 

lJfl1mfttll'Yllfl1J 28.45 28.00 27.98 Ilft~ 28.20 'fl'l1'l'11CJft11CJftlff ~llJft1~1J fl1'QWl11JlJ'IItl'l'U11fftltltlfl 

'il1m~1J1Jt1 'Il1lJ flm~ l'Ull~ ft~'l1~fl11'Y1~ft'fl'lii ti 11ll~ tIl'yilii'1J 31.68 31.68 3206llft~ 31.61 'fl'l1'l'11CJfm~tlff 

~ llJ C;1,)1J 11ft ~ti 1'Q W 111J lJ'II 'fl'l,i'11tYtI'fltl fl'il1 fl 1 ~1J1Jt1 'Il1lJ fln'lCJfiil 'YI'U 1 'U1l~ft~'l1~ flU 'YI ~fttl'l ii 
ti1m~m'Yhii'1J 30.50 30.50 29.861lt1~ 31.16 'fl'l1'l'11CJft11~tlff ~llJC;l~1J 1~tlllff~'Iti1~Wl11JlJ 
l'U l~1J1Jt1'1l1lJflm ~llft~l ~lJ1J t1'1l1lJfln'lCJfiil'Yl'U ~'Itl1'Vi~ 4.21 
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o 
o 20 40 60 80 100 120 140 160 180 200 220 240 260 280 

~1 flfl1fl~ 4.21 ~~IM'U i1~W 11 fJlJ fl1fJ hn ~1J1J tl.:Jl1 ~ fl m ~Url ~ fl1 tI h" 'i ~1J1J tl.:Jl1 ~ fl 

n1'lfijI'YI'U ij ri 1 1 ml'lfl tI.:Jn'U hw~w 11 fJ lJfl1t1 1 'U tl.:Jl1 ~fl n1'lfij 1'Y1'U ijri un fl fli l~W 11 fJ lJfl1 tI 1 'U 

"' '' d",;, , '" 1". I'" • 1 .,,, 1 . ., 
f.).:Jffj Hm ~mfl'UUtI 'If .:Jfl1J 11lJU'U 1 'UlJIlJrl tI'UUlJ ~.:J~llJ~W 11 fJlJl1U.:J 'U'\IW ~'Y\1fl1'i 1~'U'i ~1J1J 

. ." 
u~~djufi ~U W l~W 11 fJlJI U iitl'\lu.:Jll1Ifftlilltl1 'U tl.:Jl1 ~fln1'lfijl'YI'Ufl1Ji1 11i'~ijf.lrlmfl,r mi U 

11j ~ff'YI; illflflU th\l~'\Iun~1J1J I,1U.:J~lm ~1J1JiJ.:Jij11j~ff'YI; illfl 1'U fl1j fh\l~CMl U~rl~mtlff.:J .. . " 
\i.:J hid .:Jf.I~~Ufl1nl1.:J1l,\'\IU.:J'i~1J1J Url~PlW 11 fllJ~.:Jfl~11Uu1Wlh.:JVill1m~fflJ~Ufl1nj 1tr~1l11fftl 

~.. .. 
U1J1JHUUflcil~'U 1~tlijtlwl1fllJuu1'U'lf1.:JijhfH;f1 fitl 'lf1.:J~ijUWl1fllJ11j~lJ1W 25-40 tI.:JtY1I'lfrllCMtlff 

.. IIU IIU .. 'U 

(Ahring Url~f1W~ , 2003) 

3) fl'l~''Uii'l,\'l:::ll1U 

11lmw m ~, '\I ~l,\ j ~111 tI 1l,\ j ~1J1Jtl.:Jl1 ~fln1'lfijl 'YI'U ijf111mhritymfl Ifl'i 1~ fl 'i ~ 

1 '\I~m ~1l1 m1J'UtY1Jffl~nIl15fl'\ltl.:J~rl;fl fl~lJff~ Hum 'U ff111 f 1J 1 ~1 'U fl1'i f.I~~ n1'lfijl 'YI'U fl floyf.:J iJ.:J 

11Jl,\fl1j llJI~U{ ff1rity~111 it.:J ~ ff1lJU mj .:Jiff fl1fl fl1 j li 1.:J 1l,\ '\ItI.:J 'i ~1J1J U 1tr~J 11fftl 1 ~ t1'l11lmw 

flHI 1 '\I ~'U 'i ~ Il1 tI 1 l,\ tl.:Jl1 ~ fl n1 'lfijl 'YIl,\ ijth~ 1 U ff~.:J i U ~ 1J1J ij f111lJ fflJ~ ~Url ~ ff1m 'i f.) li H 1l,\ 1 ~~ . 
" " ~·:nrl,\ 1 'U t1l'H~l,\'i ~1J1J11 ~fl 1! uUflcil ~l,\U1J1JffU.:J'lil,\~Ul,\ \i.:J~ U.:Jij flUf111Jf1lJ 1 Mthm ~, '\I~l,\ 'i~1l1 tI . 

tI ~1 l,\ 'lf1.:J'\I U .:JflU liH1'U ~ Il1lJ 1~ fflJ l~U f ml1 11 j ~ ff'YI; fl1fl'\l tI.:J j::: 1J 1J 1 M ff1m j f.)li 1 flwihtr~ 1 ~ 
tlu1.:Jij11j ~ff'YI; fl1fl ll.:Jtl~ 
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~lfl~l'n:J~ 4 . 10 'Ynrllmfl "JU'U'.i:::111U'\J6 ,:nfllffU66fl~lm:::lJlJil,mUflmfl i'U 

II~Cl:::'ljflfll'.i'YIflCl6-:Jiit1lm~U1YilnlJ 1,418 2,378 3,332 IICl::: 4,978 lJfl ./Cl . mfl6:::cH~fl ~llJ~l~lJ 
., . 

IICl::: mfl i '\JU'U'.i:::111 u'\J6-:JllllffU66fl~1 m :::lJlJil-:Jl1U flnlClfiil'Yl'U i'UlI~ Cl:::'ljflfll';i'YIflCl6-:Jiit1ml ~U 

IYilnlJ 379414 79811Cl::: 784lJfl ./Cl , mfl6:::cH~fl ~llJ~l~lJ 
. " 

1 flU't11' lh:::lJ1J1h1JflllllffUlIlJlJ' 7 66flcHi 1I'Uf11';i iiU1lJlW flHl' '\JU'U'.i:::111 U i'U'.iU 
" 

'\J6-:JmfltJ:::cH~flU';i:::lJ1W 50-500 lJfl ./Cl, l1lfliit1llJlflflll 2,000 lJfl .lCl . ~ ::: l'lliM'ij~';ilfll';ilfifl 
., ., 

nlClf;1.fll'YlClflCl-:JIICl:::1l1iit11~-:JII~ 8,000-) 0,000 lJfl ./Cl. ;i'U 1 U 1I :::lrJ'UYi1:l~tJ~Cl;'Yll flU~H l'll iM' 

~m'lfijt1l~1IlCl:::VlJ5-:Jfll';il'l1-:Jl'U'\J6-:J~ Cl;'Yln'7 l-:Jiil'Yl'U ~ -:J1Ilflfll';i'YIflCl6-:J'YllJl lU1lJ1W f)';jfl i'\Ju'U';i :::Il1U 
" . . 

'\J tJ-:JllllffuntJtJ fl1l 1m::: lJlJil-:Jl1 Ufl nlClfiil 'YI'U iit1l' lin' -:JlJ 1 m! fl Ill! ~::: i lItJ di'U 'lf1-:Jn nll1 'U fl 
" " 

II~ ';i :::lJlJV-:JfI-:Jn'llJl'.i (lU l1JflJllffu '~tJdHiiu'.i::: ff'YIi.fll'Yl ~-:Jfl i ~~l flU';i::: ff'YIi fll'Yl i'U fll'.i nlifl 
" 

" " 
'\JtJ-:Jmfl ''\Ju'U ';i:::111 U i'U fll'.iUl1JflllllffU i lJ 1 tJ~IClfCll flU'.i:::lJ lJl1 Ufl i 766 flcHl1I'UlIlJ lJ n'6-:JsU'U ~tJ'U 

, I " I 

~Tn",n 4.1 0 t11m~Uf)';j fl i'\JU'U';i:::111 ui'U ';i:::lJlJl1 Ufl i 7 66 flcHl1IUlIlJlJn'6-:JsU'U~6U nn'fln:::fI~1'OO'I 

fl'j~, .. ,r'J.f'l~I'HD~1J~lflUilaDHfiH1 
(tlflJil. fl1~a~"91fl) 

" o ~ QI QI 

'U lln'UtJ6 fl~ 1 f)';j :::lJlJtl-:J l1lJ fl flHl 

:d QI QI~ do 

'U lln'UtJ6 fl~l f)';j :::lJlJ tl-:Jl1lJ fl fll ClflJl 'YIU 

0.46 

1,418 

379 

0.64 1.10 1.50 

2,378 3,332 4,978 

414 798 784 
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iimn 1 ,rlJ1VilJ~'U haJfl"~f)1'jmHH)'1 'I.IwdhJ~lJlw flHl 1 '1.1 ii\!'j~nHl'l.ltl'llhlfftlfitltlfl\llfl 

tl'l'HiJflf11'II'iil'Yl'Uiiu'U11 ,rlJ~~'l'Il~tl'l\llfl i'U'j~lJlJtl'l'H iJflm ~iif)1'jfl1lJfJlJ'CYm1~f)1'j 'Vi1HU 1M' 

ll1lJ1~'CYlJnlJfll'j l\l~tyl~lJ l~'I.Itl'l'~~'Ylfl~lJ'CYrHm~ ~'1 1'U,f'U~tl'U f)1'j 'CYr l'1flHl 1 'I.IiJtJ'j~ll1 tI'I.Itl'l 
fl~ 1 flfll'j Utltl'CYmtllllJlJ 1 rtltlflcilm,J i 'U 'j~lJlJtl'l'H iJflm~ '~~'Yl'll'ii~'CYrHm ~\I~ ~ii~m ~ 1 'I.IiJ'U 

" ,JI , 

'j~ll1 tI~'U 1 ~tI~~cjflJfmflii~fi 1~\I 1fl;r'U~tl'U f)1'j 1 ~ 1 ~'j 1 ~ci'CY1,j' 11 tlmtl 1'U1C!f~~1~m.h 1 tl1~l~'U .. . " . 
tl1111'j llm;atl~tI'Ul~'U m ~ 1 '1.1 iJ'U 'j ~ll1 tI 'Vi 1 iM' U11ff tlfitltl fl\llm ~lJ lJtl '1'H iJ flm ~ ln~ fll'j 'CY~ 'CYlJ'I.Itl 'I 

. " 
m~ 1'1.1iJlJ'j~1l1tl tl~lJlW'l.ltl'lm~ 1 'I.IiJ'U'j~ll1 tli'liirillVilJtJ; '1~'U i'U 't'Jm)~'j 1m'j~'CY1'j6'U'YI16 

" " . 
'U tlfl\ll flil \I 1 flfl~ fll 'j 'YI~ ~tl'l~'1'YllJ ';htl~ lJ 1W m ~ 1'1.1 iJ'U 'j:; 1'H tI'I.Itl'lU11fftlfitltl fl\l 1fl 

tl'l'H iJ flf11C!fiil'Yl'U iill'U 11,r lJ~~~'1 i 'U 't'Jfl6~ 'j 1ilU ~ 'CY1'j 6'U 'YI16 l~tl'l \11 n i'U tl'l'H iJ flf11C!fiil'Yl'U ii 

fll'j fl1lJfJ lJ'CYm1~ iM'll1lJl~ 'CYlJtTl'H f lJ fll'j 1 \I~ ty l~ lJ 1 ~'1.1 tl'l, ~~'Yl fl~ lJ 'CYr Hiil'Yl'U 1 ~ tI, ~~'Yl fl~ lJ~ 

'CYr 1'1 f11 C!fii 1 'YI'U \I~ Utl tI'CY~1t1'CYU6'U 'YI16 1 ~tI i ~fl'j ~, '1.1 iJ'U 'j ~ ll1 tI~'~ \I 1fl f)1 'j flU Utltl'CY~lt1 

'CYU 6'U 'YI161 'Ulf11fftl~ tltl fl \l1fltl'l'H iJ flm~ 1 ~'U 'CY1'j tl1'HU 'H ci flll~~ flii~l~'U f11 C!fii 1 'YI'U ~ '11~'U 
fl~flii~tl~'ti'lU'I.I6'1 m~lJ1'U f)1'j ritltl'CYmtl'Yll'l~1m'YllllJlJ 1 r6tlncil\l'U~6 1 tl ri '1fl~ 1M'tl~lJlw 

" . 
m~ 1 'I.IiJ'U 'j~ll1 tI'I.I6'11hlfftlfitltl fl\ll m ~lJlJtl'l'H iJ flf11C!fiil'Yl'U iill'U 11,r lJ~~~'1 1 ~ mtll ulJlfiulJ 
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~ ~ 

f) Hl hnh! ':i :: IlHJ h! f)1 nhu fl ,hi ff U '1 U 1 U ~h ~ f1 hw':i:: U Ulllj fl '1 ~ U U fl cH I \l 'Hl U U tY U 'l.,j' mnJl! 

--c 5,000 fG>: f. 
n 
ere 
(;: 

4,000 ... 
c 

~ c 3,000 ;;; --;::) 

~ » 2,000 ... 
)5i 
p 

1,000 ~ ... 
c 

0 

0.09 0.18 0.27 0.46 0.64 1.10 1.50 

" . ~ 

rl1 tY .fll .... ~1'l 'ti 'llllJfll1J 'fYl1':i 1 lJl91 tl{ihJ 'l;i11 ft'luvhvJu{ (buffering capacity) 'tIU'l 
.J, ~ ~ 

':i::UU ~'ltY.fll""~l'l'ti'l11lJfl lu ':i ::UUU 1UflllltffUUUU '1 ~ UUfl~I\lU \l::uQlu ~ U'tltH '1 Ufl1{UUIU 91 

1 flU\l::l'll11U 1~ 1 U flU tY:: l'¥iu fl1{ UUU '1flU Ufl '1 ~c;lllt'l:: m fl '1 'tIUU ':i:: m Ul~ U l11'Vi ltl'ti'I1JU flt'll'l 

tY fI1 .... ~ 1'1tf 'l11lJfll1JU .... U1lJ 191 U {tYlfl' ty ~ 1 ~u 'litY fl1 .... flUl'll'llU 'tI tI'l':i:: U U1.11UflJ1I ffU 

ti'ltl~lJlW tY.fll .... ~1'ltf'l11lJflijrl1lJ1fllViu'l .... u~tlU~lJlW f)1':i Inflmfl '1't1UU ':i::m U \l::l'l1111'':i::uulnfl 

" ~ 
fl11lJtYlJ~t'lIW::tY1lJ1Hll'l1'llU '1~~ ~'lUU lu flU l~U':i::UU11Ufl '1 ~ UtlflcHl\lUllUUtYtI'l.,j'U91t1U 

\i'l~ tI'l ij flU fl1UfJ lJ 1 11' rl1 m fl i 'tIUU ':i::m Uti Ql U ';1'1 'tI tl'l flUl'l 1'1 1U ~ I 11lJ 1:: tYlJ I ~tlr fl1l1 

U ':i ::ff'YlW fl1 .... 'tItI'l':i ::uu 1 11' tY1lJ l':i fll'll'l1U i~tlU1'lijU':i ::ff'YlW fl1 .... 'Q; 'ltyfl 
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, ," " I 

911'l1.:Jn 4.11 film nutYtll'Vl~H't;,mlJ" hn::1J1J'I1lJn HtltlncilllUIl1J1JtYtl.:.l'liU~tllJ'YitYtll1::t1.:.1~1 

, . 
U 4Q,.J iT- U 

., 
lJlIlffRH'n.:J'HlIR 891'l11ll1::lJ118U'n1U (nn. ow 8R/lI1J.lI.-lU) 

.. d 
(lIn.!lI. IIfllllOWUlIfll11J8IU9I) 0.46 0.64 1.10 1.50 

:4 QI QI 

U llffUtltl nlll m::: 1J1JfI.:.I'I1lJ n m" 2,143 719 5,188 6,380 

:4 QI Qltrla 
U 1l1'Wtltl nlll m :::1J1J fI.:.I'I1lJ n f)l'l1lJIVIU 1,745 3,137 5,958 7,643 

. "" 
llln~11Hii 4, II 'Vl1J11tYtll'Vl~H'.;.:.I'I1lJ"'\Jtl.:.llh!ffUtltln'i11m::1J1Jt1.:.1'11lJnm" iu 

1l~"::'1("f)11'Y1""tl.:.llifhLU~UI'Yhn1J 2,143 7195,188 ll":: 6,380 lJn ./" . (iUlY1tllJ'\Jtl.:.lllt1"I9fUlJ 

" .. 
fl1{ 1JtH U ~) ll"::fll 1'1' fll'Vl~ H"; .:.I'I1lJ"'\J tl.:.l'l111 ffUtltl n 'i11m:: 1J 1J t1.:.1'11 lJ nnl"1fli l'YIU 1 Ull~ ":::'1(" 

f)l1'Y1""tl.:.llifl1LU~Ul'yiln1J 1,745 3,137 5,958 ll"::: 7,643 lJn ./" , (iUl'YItllJ'\Jtl.:.lllt1"I9fUlJ 

" " " .J 
t11{ 1JtliU ~) 1 "U'i1::111U 11flltY tll'Vl,jl.:.1";.:.I'I1lJ"'\J t.ml 1 n.:.l tltl nu tlm:: 1J1J lifl1fltlU.,j' HtY.:.I "If.:.l1::: 1J1J .. .. . 
ihU',,'l111ffUIl1J1J Htltl ncilliu ";1"1 , tJll::liflltl~1U'lf1.:.1 2,000-4,000 lJ n ./" , (1 Ul 'YItllJ'\Jtl.:.lllt1" 19fUlJ 

~ , i d " I ,~ 
t1111JtllU~) (Metcalf ll":: Eddy, 2003) tlUH 1n~llJlllJfI1tYtll'Vl"l.:.1m'l1lJ"'\Jtl.:j'j:::1J1J'i1:::ll.:.l 

lflU n11'1h.:.l~ n1 'I1U" ll~ 1::: 1J1J ~U.:.l tY1lJ 11 mh U'"J 11 ffU' ~tl UH litJ 1:: ff'YI i fll'Vl 1" U~lll n 

. " 
tJ11J1W tYfll'Vl~ Hll'h i '11 ~ fin 1 111' 1 :: 1J1Jlin1tl.:.lU''Vll~tl{mlJl:: tYlllJU n1'11U" 111' 

1::: 1JU lifl11 ~ lJ~U'~ (~U ffU ~ W ttl "I1I'1JJ, 2542) 1" UllU 11 t! lJ'\J tl.:.lfl1 1'1' fll 'Vl,j1nt.:.l'l1lJ" 1 U 

" " . 
f)11ihU',,'l11IffU'1J 1 tl~l"lf" 1 "U1 ::1J1J'I1lJn HtltlncilllUIl1J1JtYtl.:.l'liu~tlU Yh)~11flU:: tY11au 'YI1 U 
~1.:.1"1 ~"tl"f)11'Y1""tl.:.l ~.:.Itll'Vlfi 4,24 
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, " 
fl'.j~ll~::'j ::1J1Jtl .:Jl1iT fln l'1$ij l'YI'Uij ll'U 11,r lllY4 lltl.:J;j 'U 1'U l'J fl'lt~f)1'j 'YI"~tl.:J~lllU ~'j 1fl1'j::ff1'jU 'U'YI16 

.d ~ J.d _~ : d iI ,~," " d1 d -: d 

'YIl'Yi lltl.:J'IJ'U CJf.:J\ll flf)1'j 'YI"~tl.:JlJt:I'U'U 11fffll'IJ1'j:: 1J1J 1 ~ tJfltHJ'l 1'Yi llfl1 fl11111'IJ1l'IJ'U '1$ t:I,,'IJtl.:J'Ul1 fftJ 

, ,! .r:tl~ • .:i d' 'OQl)/'" 
~tlfffll'Yi~Hml1ll~llfl1lfl'U fl11 0.5 '1$.:J111fllltl.:Jfl11 0.8 llff~.:J11'j::1J1J f)1~.:Jl'IJ 1tlfffll1::~llll1 ~1 

,).:Jt!'U 11 cl.:J\l 1 fl1'U~ 60 \i.:J i~l~ 1J1j'Yil~tl{~.:J i ~llt11 '1$l~tJll i 1Jfn{ 1Jtll'U ~ 1'Ul1l1J1W ~1J1fllfi'U'Yitl 
,'" " I t 

l-ntl 11 i'1J ff fll'Yill11 fftJ ntl'U i1tl'Ul'li' 1 'j:: 1J1J 1 ~tJ 111' ~ltl'b''lJtl.:Jll11fftJn i1tl'Ul'li' 1'j ::1J1Jij fl1m~ m'Yi 1O'1J 7.2 

li4tli' fllnff fl1'Yi~ 1.:I'IJ t:I.:J'j ::1J1J 1 11'ijl1lll1Wl~tJ.:J'Yitl ~ \l::'Yi 1 1 11' 'j ::1J1Jlfi"fl11llffll~ ~ ff1ll1'j tI'Yi1.:J1'U 

, ~tlt.h.:Jijl1'j:: ff'YI i fll'Yi 
, I I JI 

ti'1111flf11cl.:JoU 'Yil~tl{1 'U 'j ::1J1J9I1 11~ lJlW f)'j" i 'lJiT'U 'j:: ll1 tJnlY4 ll;j'Ul~ tJ.:Jlftmt tltJ 

c:j • 1"" i " c:j .J ~ ~ ,..".. 1 " fl'O::'YI1 l1'Yiltl'b'MIM "lllflll~:: n~ln '1$ .:J'O::llJ'U tl'U m 1tJ~tl~~'b''Yiff'j Hlll'Y1'U 'U 'YIH~ H'IJ III 

ti'1'j:: 1J 1J ij ff f) 1'Yi~1.:J ff.:J'Yi tl 'j::1J 1J \l:: ff1ll 1 'j tI 'YI'U ~ tl fl 1 'j 111~ tJ'Ulll1 ~ .:J'lJtl.:J fl'j" 11~ 1 i'YI eli ~ .. 
1~tJi1iri.:Jf.mfl'.j::'YI1J~tl~1tl'b'lllmrfl (lr'Uff'U ~WGfJ~mnr, 2542) 1~tJi~lmtJ1JlntJ1Jfffll'Yi~nrf.:Jl1ll~ 
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" " . 
1'Ufl11'1hUfllll1ffV iu i6~1'lfCl i~U1~UUl1U n H 66ncil~'UUUUtT6.:J'Ii'U916'U lij61~UUlt 1~tTfl11~fl.:J~ 1 

_10,000 
IE 
;;: 
is 8,000 

G: 
;::I 

'OW'" 
;;; ,.. 
~ to: 

.)~ 
;;; 6,000 ;) 

"7 ... ,.. G -(£ 
;::: S 4,000 ,.. ;; 
Ii; Q 
b p 

d 2,000 
'; 
c 
;;; ....., 

0 

0.09 0.18 0.27 0.46 0.64 1.10 1.50 

u CIt! 4.J "Y" u 
tlPl11.fll'~i.Tl'jtlUn·nl (nn,"ltl~/lnUI.-1U) 

" ,'JI • " 

tt11flfllYfYl 4.25 "'Uilfftll~~l ,rt;~l1lJ~l\1 ~U"f)~tlllffUl~ 11~lJU1jfll1~1Jff ~;j'U~llJ .. 
"t I " 

fl111J1tlJt'U~ i 6~'IJ~mj 1lffVYi It 11 ~UU IU6.:J ~lnlj fll11~ lJu'Y'lI'Vh){1,r timl 1lffmi6'U il6'Ult u ~UU 
"'" " 

11 1 111' tT fl1 ~~ 1.:J";.:J l1lJ~'IJ f).:jll11 ff V66 n ~ 1 nt) .:J11 un m ~ II Cl ~ llli ffV6 6 n ~ 1 n tl.:Jl1 U fl n 1 'If ljl 'YI'U ljfi 1 

" ..:9 Q.I ~ e::J. ~~ I d Q.I 

t! .:J'IJ'U911lJ69111fl11 ~ tT116'U m Vfl1m'lf'UI~V1m.1 

i fI VtT fl1~~ H~.:Jl1lJ~'lJ6.:JJllffV66 fl~ 1 fltl.:Jl1 un n1'1fljl'YI'U ljfi 1 tT.:J nl1 tT m~~H .. 
~.:Jl1lJ~'lJ6.:JJllffV66 n~l m ~UUtl.:Jl1 unm ~ 1~6.:J~1 nm fI i 'lJU'U 1 ~111 V~ .:Jlil'UHCl Hii91~ i ~~ 1 n 

1~Uutl.:J11 unm~ i~ \l nl1J~v'U hhil'U nl'lfljl'Yl'Ulrl6 ~1'U 1 ~UUtl.:Jl1 un n1'1fljl'YI'U 111111' tTm~~ H 

I ", " 

Yi\lfllll itJ1-M'1'U nu tT~lii'Umfi i'IJu'U 1~1l1 VClflCl.:J 'U6 ml1nil61\Hu6.:JlJl~lnllllffviu i 6~1'lfCl 

~il6'Ult11 ~uu ljtT~lil'U 6.:Jl'ftJ1 ~ fl6U ~ .:JtT11 if 1iflltl'U tT11 ~lrl61 nflflllllJ'YIlU6ii9flJll ft'1 ~~11 1111' 

~ ~ J I! 1 "I" d I • ~ , 

In~nnl~lJ'IJ'U'lJ6.:JtTfl1~~H'YI.:Jl1lJ~ 'U1~UU Ifl (Speece, 1996) C)f.:JmtTm~flH'YI.:Jl1lJfI~~'lf1V 

~1'U'YIl'U~6fll1ItJ~V'UlltJCl.:J'lJ6.:jYCm'lf ~.:JJ'U~.:J~6.:JljlYCV.:J~6Ift6i'mnYCm'lfhI1~UU 
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5) aPnllhu"t).,'In'i?l'"iJU'i::I'tUJ9it)f;fill'rt~H,r.,'llnJ?I 
U ~ 'j llY1'U'lJtl'lf)'j ~ i 'IJU 'U'j ::111 U~ tltYm .... ~ 1nt '1l1lJ~liJ'Uri 1~ IItY~'1il'lfl11lJtYlJ~" 

1I"::ltYO (J'j m .... 'IJtl'l'j ::lJ'lJ1hU~ U tltlflcii 1\l'UII1J1JtYtl'l~ 'U~tl'U ~ '1l11flU91'j llY1'U'lJtl'lf)'j~' 'II um::1l1 U 

~ tl tYmw,h'lyf'll1lJ~ijri1"j' tlUfl':h 0.4 'j ::1J1J\l::ij,j .... lvJtl{ tY 'I II tY~'1iU ::1J1J tY1lJU f.lYl1'11'U i~~ ... 
" 

II":: ij lh:: ff'YIi m .... tY 'I lI~l11flU~'j 1 ff1'U 'IJtl'lf)'j ~, 'IJU'U 'j::1l1 U~ tl tY m .... ~ H'Yi '1l1lJ~ ijri llJ1 fl fli1 0.8 ... 
, d"," i" IItY~'111'j::1J1J'lJ1~fl11lJltYf.l(J'jm .... \1'UI'lJ1"ltYm1::"lJll1"1 ~ (Metcalflm:: Eddy, 2003) 

, ." , 

m'il.,'l'n 4.12 U91'j1ff1m ::l1i1'1f)'j ~ i 'IJU'U'j::1l1 U~tltYm""~H'Yi'll1lJ~ Ijjtl'j::1J1JI.,j'lfftYm1::fl'I~1 ... 

u ~ .tI, .,._ u .. tlPnlIl11::D'l'H1U111t1Pll.,'l, (nn •• tl?l/t11UJ.-1U) 
fl'j?l 1 'U iJu 'i::I'tUJ9i tl f;f ill'rt ~ 1.,'1,".,'1 lUJ?I 

0.46 0.64 1.10 1.50 

J11 ffUtltl fl\11f)'j:: 1J 1J ti'll1 U flf)'j ~ 0.66 0.66 0.64 0.76 

JllffUtltl fl\11f)'j:: 1J1Jti'll1 U flfllCJ1ij lVI'U 0.21 0.13 0.13 0.11 

" ". " 
'j::1l1 U~ tl tY m .... ~ 1 '1'Yi '1l1lJ~'IJ tl 'lUll ff uli tltl fl \11 f)'j:: 1J 1J ti'll1 U fl , ~ tltl flcii I \1'UII1J 1J tYtl 'I 'Ii 'U ~ tl'U ij ri 1 

, " 
~'hfli1 0.8 1~Utlci1'U';1'1 0.13-0.21 IItY~'Ii1'j::1J1Jlh,j~ Htltl flcii 1\1 'U 1I1J 1J tYtl '1'1i'U 9'1 tl'U tY1lJl'jf.l ... 

, , 

1 I 4 'jI I OJ dQJ .c:::t. cJ.~ 

~U""1J11IlJtl'j::1J1JI'lJ1tYtYm1::fl'l911 'VItl~'j1tl1'j::tY1'j tl'U 'YJ'j U 0.46 0.64 1.1 0 II":: ... 
." " 

1.50 flfl.; 1 tl~ /"1J .lJ. -1'U U91'j 1 ff1'U'IJ tl'l f)'j~ i'IJu'U 'j::1l1 U~tltYm""~1'I't;'1l1lJ~'IJtl'lUllffUtltlfl\l1 fl 

'j::1J1Jt1'1l1Uflf)'j~1'U1I~"::'l1~fll'j'VI~"tl'lijri1m~Ul'yhfi1J 0.66 0.66 0.64 1m:: 0.76 ~llJciwi1J 
" " 

Im::u ~'jl ff1'U'lJtl'lf)'j~ , 'IJU 'U 'j::111 U~tltY il1 .... ~ H'Yi 'Il1lJ~'IJ tl'lUllffUtltlfl\11 m::1J1Jt1'1l1 U flfllCJ1ij I'VI'U 

1'U1I~"::'l1~fll'j'VI~"tl'lijriml~fJl 'Yhfi1J 0.21 0.13 0.1311":: 0.11 ~llJci1~1J l~ulI'U11"j'lJ'lJtl'l 
." " 

um1ff1'U'lJtl'lf)'j~' 'IJU'U'j::1l1 U~tltYm""~l'1'Yi'll1lJ~ 1'U fll'j '1h,j~Ullff ui 1J 1 tl~ ICJ1" l~u'j::1J1J 
." , , 

l1Ufl '!tltlnciil\1'UII1J1JtYtl'l'li'U~tl'Uliu91'j1m'j::tY1'j~'U'VI16~1'1"l ~"OOfl1'j'VI~"tl'l ~'Im .... li 4261"':: 427 
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" 
'U tlmllnU 'llnnU 'YI~~tl'l .. ml Hi ~n 1ff1'U 'j ::1-d Nm~ i'\llJ'U'j::111 tJ~ tl11'fllYlfl 1'1 

" m~ i'\llJm::111 tJ~tl11'fllYlfl1'111'1l1lJ~ufh11' '1~llJ 1 'lM1tJ .. 

" 8"'lri1u'::1f'h~n'f" '"iu ,::,,., 6"611' ml1~hnl~'" 11" 

c;: 
;;; 
;: 2.5 

.)~ 
"7 
~ 2.0 -(I: 

~ 
~ 

G; 1.5 t3 
II) -. ;:) 1.0 
~ 
n .. 

)5i 0.5 
p 

~ 0.0 .. 
C 

0.09 0.18 0.27 0.46 0.64 1.10 1.50 

-t'f! \h66fl'1fl"j::;1.J1.Jti~"H,jfliil'11jjr'ru 

• w 
.q IV' , ,v , fv 

flll'fYi 4.28 tlVl'niI1Uj::"'11~fl'jYl 'nIUj::I"'fJVlaiIfl1'WYlHn~"'lIY1 

'Ua~j::uu", Ufl,j aa fl.1 tJUIIUU iItH ~U VI au 

. . " 
'llnfl1Ylli 428 WtlYi 1f11'jlm tJ'lJIlifJ1JD~'j1ffl'U'\Itl'lm~ ''\IlJ'U'j::ll1tJ~tl11'fl1Ylfl l'1l1'1l1lJ~ 

" " . 
1'U nWlhil'~lhlfftJ i 'lJ 1 tl~IC)f~ 1 ~ tJ'j ::'lJ'lJl1lJn H tltl n<il 'l'UII 'lJ'lJ 11'tl '1'1i'U ~tl'U li11' fll1:: fI'I~1'\1tl'l 

D~'j1fll'j ::11'U6'U'YI~ 6~w"l Yl'lJl1Dm 1ff1'U 'j ::1111'1m ~ i '\IlJ'U 'j::111 tJ~tl11' fllYlflH'rf'll1lJ~ 1'U 

. " 
'j:: 'lJ 'lJtl'1l1lJ n m ~ uti 1 11' '1m n nl1 0.4 I Utl 'I 'lln i ~u nu II U H:: 'lJ'lJ'lhil'~ tltl mtl'U 2 'Ii'U ~ tl'U .. 
1 ~w~'U ~ tl'UII 'j m tl'U f11'j 11'! 1'1 m~ i '\IlJ'U 'j::111 tJ'iJ 1n~ ~;Yl n~ lJ11'! 1'1 m~~tl Qfl1 tJ 1 'U t:1'1l1lJnm ~ 
ff1'U~'U~tl'U ~11'tl'lltl'U nu 11'! Nn1C)fUI'YI'U 'iJ1n~~;Yln~ lJ~ 11'! NUI'YI'U Yi 11M'1'Ut:1 '1l1lJ nm~ln~ 
f11'j11':: 11'lJ'\Itl'lm~ i'\llJ'U'j::111 tJ 1 ~tJ'uu nw\h 1 i'1 1.l'\ltl'l~~;Yl11'! NUI'YI'U Yi11M' m~ 1 '\IlJ'U 'j::111 tJ 

" " 
Uti111' '1lJ1nnl111'fl1Ylfl1'111'1l1lJ~ D~'j1ff1'U'\Itl'lm~' '\IlJ'U 'j::111 tJ~tl11'mYlfl1'111'1l1lJ~i'luti 111' '1lJl n .. .. 
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.. .. 
"hu tl1~~ 'J 1ri1lJ'Utl~flHl i 'UiTlJ 'J ~111 tJ~tlfffl1'Yl~HYi~l1lJ"'Utl~U1tltlfl1l1 m ~1J1J 

ti,miTflnl'lfiitVllJ liitl'J~1J1JI,j'lrifffll1~tl~~ 1 'Yl1J11ijtl1~lfl11 0.4 l,1tl~1l1fltl1m" i 'UiTlJ'J~111 tJ~ .. 
In" ff~ fflJtl ~i lJ 'J ~ 1J1J ti ~11 iT fl m" \l flU1 i U i ~1" tJ ~ ";'Yl ff~ H ij l'YIlJ ~ tl ~i lJ ti ~ ff~ H nl9fij I VllJ 

tlVHfflJ"" \i~Yil hh ~1J1JijlfftJ'J fIl'Yl ff ~ 1l1fl~"flU VI" "tl~U ff"~1U ~1J1J11 iTfl H tJtJflclilll'UlI1J1J . .. ... .. 
fftJ ~'lilJ ~tJlJ ijff fIl1~.yj111 lJl~ fflJtY111 i'1J fll 'J U 111" U1IfftJIl1J1J' ~ tJtJ flcli 11llJ \i ~Yi 1 i,r 'J ~1J 1J In" .. .. 
tl11lJfflJ~"U"~ffllJU f.lYiHllJ ,~~ ~~,rlJ ilJ fll'J l~lJ 'J ~1J1J11 iTfl' ~tJtJflclil 'illJU1J1J fftJ~'lilJ~ tllJ \i~ 

.. 
~tJ ~ij flU tl11JfJ lJ i,r ~~ 'J 1 ri1lJ'UtJ~ m" , 'U iTlJ 'J ~ 111 tJ~tJff fIl'Yl~l~Yi~l1lJ"tJ ~i lJ '1h~'UtJ~flU Yi1 nlJ 

~ Il1lJ1~fflJ lv7tJi' fllJlU'J ~iYVI n fIl'Yl'U{)~ 'J ~1J1J i,r ff1lJl'J f.lYi 1flU U 111" i ~{)VHijU'J ~ iYVln fIl'Yl~ ~tl" 

.. 
U1IfftJU'J~lflVI~1~"1 (Cavaleiro U,,~tlW~, 2008) 

.., 4CIt. do ~ .. 8f1111l11:: lf118\aYl1U 
,h::ullnh,au 

(flfl. cil8wulJ.1I.-1\a) 

UASB 1.6 2.2 

MABR 3-10 1.6-5.3 

UASB 2-2.8 1.6-7.8 

UASB 0.3-0.1 13-30 

ABR 10 0.5-3.0 

2-Stage 11 0.46-1.50 

m1l1Wtll.iilYl\a 

pj8cil8ii~9flfh9~ 

(UJfl. ';18ii~9flfh9~) 

0,19 

0.32-0.42 

0.16-0.35 

0.20-0.28 

0.12-0.28 

0.14-0.24 

Hawkes IIn:::flW::: 

(1995) 

Faisallln::: Unno 

(2001) 

Saatci lln:::flW::: 

(2001) 

Torkian IIn:::flW::: 

(2003) 

CIt. tI.c:. 
flTHJ'YI'i t,lf).:I.:IllJ 

(2551) 
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.. .. . 
i ~ ~H} fl9f1 \l 'IHI1J1H1'f)~.,j 'U ~ f)'U nlJ 'j:; lJ lJ U 1 1If1'l11 1 if VII lJ lJ' ~ f) f) fl9f 1 \l 'U II lJ lJ ij'U 'Vi lJ 11 'j:; lJ lJ ij . .. . 
fYfl V ill 'Vi 1 'U fln f-l~ ~ nl'lfij 1 'YI'U f)~1 'UlflW "l'i'~ 1~f)IU~ vlJlli VlJn1J'l11lifml1fllll1~ ~ij'U"l hwij 

fl11lJn'llJl'i[\1'Ufl1'jf-l~~nl':lfijl'YI'Uf)rl1'U 'lh~ 0.14-0.241:'1. / fl . CHlf)~~[\flfi1')~ 
~ ~ 



, ... 
U'tl'tl 5 

tI "" OJ ""tI jI lfl Ntlfll'll;)tI 6ft 'lltlNtl Utl:::'\I6llf\!6U\!::: 

" 
'ill fl fll '.i fffl'l>ll'1h:; ff'Yl i.fll Yl fll '.i 11 l'IJ ~l.111 fftl i 'IJ 1 tJ ~ 19H'l 1 fl tI '.i:; 'IJ 'IJ'\1lJ fl H tJtJ flelll 'il'U 

" 
II 'IJ 'IJ tYtJ .:J;J'U ~tJ'U ll'.i:; fltJ'IJ' U,)' 1 tI'.i:; 'IJ 'lJO.:J'\1lJ flm ~ ~tJtJll m lJtl 'IJ '.i:; 'IJ'IJ O.:J'\1lJ flfl1"1fiil 'Yl'U 

~.:t QJQ.I ", QI QJ QJ QJ~ 0li:::l I QI QI QI 

"If.:JlJ'.i :;tI:;l1tnflflYl fl'Yl H '11" i'11 tY~ '.i '\.I tJ.:Jt) .:J'\1lJ fl fl'.i ~II ,,:; t).:J '\1lJ flfl1"1flJ I 'Yl'Ul 'Y1l fl'IJ 1 1'U II":; 1 0 1'U 

~llJrlwi'IJ tY1lJ1'.imquH"fl1'.i'Yl~"tJ.:J M~.:J~tJ' uif 

I) '.i:;'IJ'IJ'\1lJfl HtJtJflelll'il'UII'IJ'lJtYtJ.:J~'U~tJ'U iiU'.i:;ff'YlimYl i'U fl1'.i1l1U~,f11fftl i 'IJ 1 tJ~I"lf"tY.:J .. .. " 
1 ~tJllitJuf 'UlU~ tlmi~'.i 11l1'.i:; tY1'.iv'U'Yl'16~.:JII~ 0.46 O.:J 1.50 flfl. Clf 1 tJ~/"'U.lJ. -1'U '.i :;'U'IJ'\1lJ fl 

" . 
,! tJtJflelll 'il'U II 'U 'U tYtJ.:J;J'U ~tJ 'U iiu '.i:; ff'Yl i III Yl i'U fl1 '.i 111 i ~Clf 1 tJ~":;" 1 til 'Il ~ tltJ di 'U '1i1.:J .. 
! tJ tI,,:; 93.30-98.04 iiu '.i:; ff 'Yl i III Yl i'U fl1 '.i 11 1 i ~ llJ 'Yl1 'U tJ" II":; fl ~ l"lftJ '.i tJ CIl 'Il ~ tltJ ~ i 'U '1i1.:J 

!tJtI,,:; 88-100 II":; 67-100 

" 2) '.i :;'U'IJ '\1lJ fl i! tJtJ flelll'il'U1I 'U 'U tYtJ.:J;J'U ~ tJ'U iiflfltlll1Yl i'U fl1'.i H~~ fl l"1f;11l1Yl 1,)' "};.:J 

1 ~tlYl'U11~tl~ '.i 11l1'.i:; tY1'.i v'U 'Yl'16 0.46-1.50 flfl. Clf 1 tJ~/"'IJ .lJ. -1'U UllJlW fl1"1f;1.fllYl~tJClf 1 tJ~ 

~ ~ fll11 i~ II" :;ullJlW fl l"1fii I 'Yl 'U ~ tJClf 1 tJ~ ~ ~ fl 111 i~ ihill'll ~ tltJ ~ i'U '1i1.:J 0.21-0.39 II ,,:; 

0.14-0.25 ".lfl.Clf 1 tJ~~~flI11i~ ~llJrl1~'U 1 ~tliifl1"1fiil'Yl'Ul'Il~m)~i'U'1i1.:J!tJtI":; 63.32-68.88 

3) tl ~'.i 1.fll'.i:; tY1'.i V 'U'Yl'16ii H" ~ tJ un ff'Yl i.fllYl i'U fl1'.i 11 1 u~,f 11 fftl 1 'U 1 tJ~ I "If " 1 ~tlYl'IJ 11 

~tl~'l"lm'l":;tY1'l"v'U'Yl'1611'iltl'U 0.46-1.1 0 flfl.Clf ltJ~/"'U . lJ.-1'U u'l":;ff'Yli mYli'Ufl1'l"111i~Clf ltJ~":;"lt1 
)I , , '1/ 

iill'U 11 ,rlJtY .:J~'U~ llJtl~ '.i 1.fll'.i:; tY1'.i v'U 'Yl'16.yjl'rilJ~'U II":; iiu'.i:; ff'Yli.fllYl i'U fll'.i 111i~'\.ItJ.:J'.i :;'U'U .. 
, , )I ,I 

"~".:JllitJlYllJtlm1m'.i :;tY1'.iv'U 'Yl'161Viltl'U 1.50 flfl. Clf 1 tJ~ /"'IJ.lJ. -1'U 'UtJfl'il1fliiiJ.:JYl'U111litllYllJ .. . 
tl~'.i1m'.i:;tY1'.iV'U'Yl'16~.:JII~ 0.46-1.50 flfl.ClfltJ~/"'IJ.lJ.-1'U UllJlW fl1"1f;1mYl~tJClfl tJ~.yj~flI11ifl 

I JI I I " , '" 1 iI ~ 4 QI oC:rrt. d d'd .c::It, d 'jJ ... IQ ~.d. d ~ , 'JJ 
lJ II 'U 1 'U lJ lYllJ "};.:J'\.I'U ~ llJ tJ ~ '.i 1 1l1'.i:; tY1'.i tJ'U 'Yl'.i tI'YllYllJ'\.I 'U II":; '.i tJ tI,,:; u'.i lJlW fll"lf lJl 'Yl 'U 'Yl H"~ ~ 

'il1fl'.i :;'U'Uiifill'll ~tltJdi'U '1i1.:J i m\'fitl.:Jtl'U .. 
4) ~tl~'.i1.fllntY1'.i6'U'Yl'161Vhtl'U 1. 10 flfl . ClfltJ~ /"'U.lJ.-1'U iiU'.i:;ff'Yli.fllYli'Ufl1'.i111i~ 

Clf 1 tJ ~ " :; " 1 tI "};.:J tl ~ 111 1 tl 'U ! tJ tI ,,:; 98 1 ~ tI ii U llJ 1 W fl 1 "If; 1 III Yl ~ tJ Clf 1 tJ ~ ~ \! fl 11 1 i ~ 

UllJlWfl1"1fiilVl'U~tJClfltJ~~~flI11i~"};.:Jtl~I111tl'U 0.30 II":; 0.20 ".lfl. ClfltJ~~~flI11ifl ~llJrl1~'IJ 
" dQ,l oC:rrt. C')I.do ,'JJ '" 'JJ 

'UtJfl'il1fl'UtI.:JtY1lJ'.i t)H"~ fl1"1flJl'Y1'U ~ ,,};.:Jt).:J'.i tJt"':; 64.32 
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I tI • , 

1) l'U tl ~ ~ 1 f1 hJ fl1 'H~hJ'.i:; tJ mhu ~lh I fftl' tJ i tl ~ 19H1 ~ tl ~ii fl1 1 I~ lJ ffl Hil ~ I W tll Vi lJ . . 
.1'" " • .1"'" '" i'" ... i" '" "'.1 '" '" u 1 lJlW tJ VB 1'1 tl HII VW ~'Yl tl 11 II m:; tJ tJ I'Yl tl 11 l:; tJ tJ I f1~ fl1llJ fflJ ~ Cll! Cl:; lJ u l:; ffVl Ti.fll'Yl 

~ ~ 

i lJ f1n ihu~llliff tI~ ~tl~ ~ ~fI1l ~f111l ~Cl'\ltl ~ f1 n 11]JlJI1t1lJ llli fftJ.fll tI i lJ l:; tJ tJ i WJ ~ 1 lff1lJ 

~I!~ f1~h~f1lJ lV;tlCl~fh i,f'~ ltl ilJ fill I~ mYll Ifl ii 

2) lV;mYi lJ U l:; ffVl n.fll'Yl i lJ fl1 n.h u~ J 11 fftl' tJ i tl ~1'I$Cl i ~ tI l:; tJ 1J 11 il f1 H tltl f1eil ~ lJ 
~ . . 

I!tJtJfftl~;r lJ ~tllJ fI1l iif1n ~f111lff tll1:; nll1lJl:; fflJ ilJ fill l~lJ 1 :;tJ1JIVi lJl~lJ l';lJ ~f111l'lfii ~ . ~ 

'\Itl ~f1l~' '\I illJ l:; 111 tin d)~o\ilJ flltli lJ 1 :;tJtJ ~f111l ~Cl'\ltl~11Cll f1f1i f1V1 H'lfMl1ff~ { 

~ii~tlU 1 :;ffVln fll'Yl'\ltl~l:; tJ tJlV;tll1 n:; tI:;11Cll f1f1if1V1l~'lfClfnff~{~ll1lJl:; fflJ ~ffllJll tl til '11~ 

lJ Cl ffU' ~ urh ~ iiu l:; ffVl n fll'Yl ~ ~ tl~ i ~ tlU 1 ~ Cl ~ l:; tI:; 11 Cll f1 f1i f1V1 H'lfCl fl'l ff~ {'\I u~ l:; tJtJ 

~~ff~~CliMffllJlltlCl~'\IlJl~'\ID~il~uiifl~tll I!Cl:;ffllJlltlCl~~li,f'~ltl Cl~~lJ~ilJf1U 
tiDff!l~l:;tJtJM 

3) fl1l ii fill ~f1111Ul:;ffVln tll'YlIICl:;iWllJlIYilJ l~lJti~fI1llJltllJ i U i~i lJ f1nlll' UU 1 :;~f1~ 

i~~~ ~1V;Dlll i U~filH)Uf1l!tJtJl:;tJ1J'U1U~Jllfftli tJ i U~I'I$Cl~iiul:; ffVln tll'Yl fl1tJfJlJ~IICl~ltl 
IICl:;iil lfll~f1 im:;~tJ'lflJ'lflJIICl:; im:;~m~~ffll1m llJ~til€i~~:;'\Itlltl~1 ilJDlJlfl~~D' U 



" " I" 
nn til~~lhlJ''U ffll'frml1lih,1 'j ~m;'UlI1lJ''U~1t1m ~U1'U nn 

4ClIQ, ~ ~..CIt, rI rI 4ClI QI 

mfl1'l1'11ff1m'jlJtY~U1~HmlJ flw~1ff1m'jlJff1tY~'j ~W1~HmWlJ'HlTY1tl1fH.l. 

lf11rmln~ ~~lJiY'U h\lu. 2543. 1ff1m'jlJf1l'jfh~flJ1lfftl. lrilJ 4. (lJ.l1.VI.). 

~ "" I 

lf11rmln~ ~~lJiY'U h\lu. 2547. f1l'j66nuuu h ~Ul'Ufllhlfftl. VilJ'rj'flr~n 2. 'U'UVI'lJ1: mtY. 611. 
" .. 

'Vl7'U~~UlJtY 111'j~nff. 

flw~m'jlJ1if1l'j'Vlft~~1'U. 2545. 'Vlft~~l'UVlflUVI'U mm'U6ft llft~ 1u 16~19fft. n~ ~l"Yl'VllJ'H1'Um : 
" .. 

ul1ft'U'Vl7ml~~. 
. ". a. ,,a 'd 0 QI" ".a, 0 QI o.do tQl.do 

fl1UfJlJlJft'Vlll, mlJ. 2537. TJlJ6lftlJVI 2 tY1'H'juFj66nUUUUft~Fj~M''j~UU1JlU~'UlltYfJUUu6QnuVI. 

1 "" '" " n~ ~l"Yl'VllJ'Hl'Um: 'j ~'VllJ'VlfJ~ tYfllft1fl'Vl'j 11. 
.. " 

fI1UfJlJlJftVill, mlJ. 2545. lhfftl1lJ'lI''UlIft~'j;;UU'l.hUfllhlfffJ. n~ ~l"Yl'VllJ'H1'Um: h~VilJ't{fJ~tYfll 

" ft~m11. 

fI1UfJlJlJftVill, mlJ. 2546. ~lj61'l1'lf1l'j'j~UUU1U'~J1lfftl11UU'UH61f1lff. lrilJ 2. n~ ~l"Yl'VllJ'Hl'UfI'j: 
ria. a. t e' oQ QI 

,!!'Utl1J'j f1l'j 1 'lI'1 f1l'j 11'H ~~ Wlft~mW lJ'Hl1V1fJ1C1fJ. 

" " 
fI1UfJ lJlJflVill, mlJ. 

[66'U 1ftu]. 

2552. lJ1~'j!1'UtlWfll'Vllllii~\lln h~~1'U~~tY1'Hm'jlJlIft~-UfllJ~~tY1'Hm'jlJ 

n~ ~l"Yl'VllJ'I11'Um: h ~VilJ't{fJ ~ tYmft1~'Vl~ 11. ll'Hri~nlJl : www.pcd.go.th 

[15 mnt}lfllJ 2552]. .. .. 
~n'j 'jW 66~tI~Qft. 2549. nnU1U'fllhlfffJ\lln h ~~1'U tYfiflllllJ''U111~lJ~1fJm~U1'U nnuuu 

H 61 f1lfftY6 ~~ 'U ~ 6'U. 1 VI fJ1-U'Vl'U -6117 ty ty1lJ 'I11U' W cii ~, m fl1'l1'11V1t1lff1 tY~ {~~ 11 1~"'6lJ 
Q rI rI Q QI 

flW~1V1t1lff1tY~'j ~W1ft~mWlJ'H11V1t1lfttl. 

." " ~l~'UVI{ fJfi~~llJ. 2551. f1l'jU1U'~lhlfftl\llnm~U1'Ufll'j~il~ 1u 16~19fft l~tI'j~uu11H'Ufi'U 

1~66ncil\l'U. 1V1fJ1-U'Vl'U-611~tyty1lJ'H1U'wcii~ , f)lfl1'l1'11ff1n'j'jlJ~~U1fl"'6lJ 

Q QI .do Q d Q " cY ... 1 0 QI 1 1 '" , rI 1 d 
1J'jllVlUl6'UU 6'Ul~6'jn~u \lln~. 2550. U 6fllClfft [tl6'U ft'U]. 11'Hft~VllJl: www.hnhintergroup.co.th 

[15 ij'U1fllJ 2552]. 

" 
llWftVl'j 1\l~tytY1m. 2549. f1l'ju1U'rnhlfffJ'U ltl~lClfft 1~tlnm~lflijUft~"Yll~;1fll'Vl. 1V1fll-U'Vl'U-6 

11~ tyty1lJ'HlU'wcii~, fllfl1'l1'11V1fllffltY~{ ~ ~111fl"'6lJ flW~1V1t11ff1tY~{ ~ Wlfl~mw lJ'Hl1V1fllfttl. 
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'Vl ".:1.:1 1lJ, m~m1.:1. nnni\JlllJ1'Vl".:I.:I1lJVI~llVllJllCl~fI'4i'm,r'Vl".:I.:I1lJ. 2549. 1m .:Im'i ff.:lltY7lJ 

nlli~hJ lt1~I9fClilJ nVllJ. llCl~I'hJ.:Ih1~ (l'rh,. 2) (~'!J7mnlY1t1f1t1nll1J1J'i~1J1J1hu~ 

~ 0' 
llCl~fI'4'inlJ. 

Jj'lJ fflJ ~W ct]Cll1fnJ. 2542. IVlf'lllJ 1 Cluihu~J1liYtJ'Q1I ffll1m 'i lJ. l~lJ 2. n1.:1IVl'VllJ11llJ m: 

.c:t QI ~ d .e..c:t " 

ll9flJ. t1.68 f'lfllJ9fClll.:l ltJlJ\lllJtJ'iff. 

1 H.:I1lJ~lIffll1m'ilJ, mlJ. 2545. ~1'il'i~1J1J'l'hU~lJCl-WlJJ1. n~ .:IlVI'VllJ11llJm: fflJlfllJ1ff1m'ilJ 

~ .:I111~€l't1lJllli ~'!J'i~lVIff'V1tJ. 
" " 

\jVliitJ i' lIlJ ~n~l. 2552. m'i'l'hu~,.h!iYtJ\l 1 n mHlillllflVl1lJ fI Cll ~tJ'i ~ 1J1J ~ltJltJ ffiifftl.:l;JlJ 11 fllJ. 

1V1tJ1ii'VllJ-fi'!J7tyty1lJ111UW cfill, tnfl1'b'11ff1m 'i lJ~ .:I111~€l't1lJ flW ~1ff1m 'i lJff1ffll { 

0' ..,. ~ 

~W1Cl.:lmWlJ1111V1tJ1CltJ . 

.q tlQ tI 'ld. Q.I ~.q rI~d .qQ,l 

ff1~'Vl.:lff 1'Vl'b''iff.:lfl. 2550. 1J fI~I9fClllCl~'VlCl.:l.:l1lJVIl.:llCltln. 'VllJ'Vlm ~V1 I. n1 ~1VI'VllJ111lJm: 1J'ilJVI 

iJlI'im'Vlm'i-WlJ'nllCl~ff~h~lt1 ~ln~. 

d d .q a q 1 d '" fflJ'b'ltJ l\ltJ'i1i'ifffJCl. 2530. mHmllm9flJlVIlJ\lln'UtJ~ ~tJm~1J1lJm'i'b'1tn'Vl1l1J1J 'itl1mff 

" 
fftl.:l,j'lJlItllJ. 1V1tJ1U'VllJ-fi'!Jltyty1lJ111UWcYill, il1fl1'b'11ff1nlllJty'U1ft1J1Cl 

" " . 
ff1W 1 ln~ty1nW. 2543. m'iCl~fhC]fl t1~ilJ'.hVi.:l1J1n'QlIffll1m'ilJff.:lVltl~1tJm~1J1lJm'i 

11 n 11 ~ n fI lJ 1'11.:1 I fI ii n 1J 1'Vl illlJ fI { fI Cl iJ I i1 tJ lJ fI CI fI , 'i fi' l-n fI {l n cH Cll-n 1I11 CI ~ II fI Cll C]f tJ lJ • 

cv.q.q QI rI.Q QI 

1JW 'fIlITYltJ1CltJ ~W1Cl.:lmW lJ1111V1tJ1CltJ. 

" tJty'b'~ ffli'.:It'flnl. 2551. mn'hu~,hliYtJ'1J lt1~I9fCll~tJm~1J1lJmn1lJ1I~ntllJ~1tJ'-nvh. 

11'1 tJ1ii'VllJ -fi'!Jl tyty1lJ111UW cfill, tnfl1'b'11ff1m 'i lJ~ .:I111~€l'fllJ flW~1ff1m 'i lJff1ff1l{ 

0' ..,. ~ 

~W1Cl.:lmWlJl1l1V1tJ1CltJ. 
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" ... 
fIl'iH'YI 0-1 fl" fll 'j fY fllll U 'j ~ iY VIi ft 1 Vl 'II f) ~ 'j ~ 11 11 If il' fl 1 ~ f) f) fl 9fllllJ 1111 11 ff f) ~.,r lJ ~ f) lJ 

.d QJ ~ do' .ci1 d QJ ..:::.. r;{d 1'" 
Vlf)~'jlm'j~ffl'jf)'U'YI'if.l 0.09 0.18 ll"~ 0.27 flfl ."lf f)~ !"11 . :U . -l'U llff~~Vll'jl:Ul~f)'j"lf f)~"~mf.l 

., ., 
'" '" '" .. 1::'lJ'lJO~'H,rfl U88flci19'U 

1::'lJ'lJO-1'H"flfl1~ 1::'lJ'lJO-1'HJJflfll'WJJI'fI'U w 

1I'lJ'lJU'8-1oU'Ufl8'U 

u .. 
.;y8~i'I::&nU .;y8~i'I::i'l1U .;y8~i'I::i'l1U 

l'UlI l/Wtl tI,::ilIi tI,::UlIi tI,::ilIi 
(JJflJi'I.) (JJflJi'I.) (JJflJi'I.) 

w w Ill" w w Ill" w w Ill" • If 
li188fl 

• If 
li188fl 

• If 
li188fl 'U11'111 . " 'U11'111 'U11'U1 . ., 

fll1fll9~ fll1fh9~ fll1fll9~ 

1::'lJ'lJ 1::'lJ'lJ 1::'lJ'lJ 1::'lJ'lJ 1::'lJ'lJ 1::'lJ'lJ 

1 1'lJ5152 1,483 919 38.02 919 869 5.49 1,483 869 41.42 

3 14/5152 820 487 40.65 487 479 1.55 820 479 41.57 

5 16/5/52 853 482 43.55 482 350 27.28 853 350 58.95 

7 18/5/52 1,005 560 44.28 560 375 33.06 1,005 375 62.70 

8 19/5/52 812 446 45.11 446 274 38.50 812 274 66.24 

10 21/5/52 820 452 44.88 452 282 37.52 820 282 65.56 

12 23/5/52 790 432 45.27 432 270 37.63 790 270 65.86 

15 26/5/52 2,025 1,149 43.25 1,149 839 26.97 2,025 839 58.56 

16 27/5/52 2,081 1,1I5 46.43 1,115 822 26.23 2,081 822 60.48 

17 28/5152 2,062 1,115 45.95 1,1l5 817 26.73 2,062 817 60.40 

20 3115/52 2,344 1,359 42.04 1,359 936 31.07 2,344 936 60.05 

22 'lJ6/52 2,578 1,408 45.38 1,408 1,055 25.05 2,578 1,055 59.06 

24 4/6/52 2,586 1,331 48.52 1,331 1,056 20.68 2,586 1,056 59.17 

26 6/6/52 2,326 1,198 48.50 1,198 929 22.42 2,326 929 60.05 

28 8/6/52 2,268 1,171 48.38 1,171 902 22.98 2,268 902 60.24 

30 10/6/52 2,230 1,1I0 50.23 1,110 841 24.21 2,230 841 62.28 

33 13/6/52 2,225 1,064 52.18 1,064 623 41.49 2,225 623 72.02 

35 15/6/52 2,257 1,082 52.04 1,082 619 42.85 2,257 619 72.59 

38 18/6/52 2,226 1,062 52.28 1,062 553 47.90 2,226 553 75.14 

41 2116/52 2,348 1,135 51.64 1,135 588 48.22 2,348 588 74.96 

44 24/6/52 2,248 1,091 51.45 1,091 556 49.02 2,248 556 75.25 

46 26/6/52 2,285 1,113 51.30 1,113 435 60.95 2,285 435 80.98 

49 29/6/52 2,298 1,118 51.35 1,118 357 68.09 2,298 357 84.48 
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" .,. 
9l1'lHYI 1)-2 fHl fln ffflll1'1J 'j ~ ff'Yl n fll'n'\J6~'j ~ UUl1 iJ fl i r 66 flc)fl~'U1l UU ~6~.,j'U ~ 6'U 

. 
luii l/RlU 

(UflJD.) (UflJD.) . . ... 
"'11'111 

60 15/7152 4,486 2,233 50.22 2,233 449 

62 17/7/52 4,327 2,136 50.64 2,136 429 

65 20/7/52 4,502 2,229 50.49 2,229 443 

67 2217152 4,741 2,275 52.00 2,275 473 

70 25/7/52 4,488 2,134 52.44 2,134 366 

72 27/7/52 4,565 2,101 53.98 2,101 401 

74 29/7/52 4,178 1,911 54.27 1,911 282 

77 1/8/52 4,562 2,087 54.25 2,087 358 

79 3/8/52 4,232 1,956 53.78 1,956 310 

81 5/8/52 4,452 2,046 54.05 2,046 294 

82 6/8/52 4,205 1,948 53.68 1,948 274 

83 7/8/52 4,213 1,926 54.28 1,926 286 

86 10/8/52 4,221 1,924 54.42 1,924 293 

89 13/8/52 4,258 1,933 54.60 1,933 286 

91 15/8/52 4,205 1,907 54.65 1,907 276 

Inft 

flmhi'~ 

79.87 

79.90 

80.13 

79.21 

82.86 

80.90 

85.22 

82.86 

84.16 

85.64 

85.92 

85.13 

84.75 

85.20 

85.54 

(UflJD.) 
Inft 

1::1111 1::1111 

4,486 449 89.98 

4,327 429 90.08 

4,502 443 90.16 

4,741 473 90.02 

4,488 366 91.85 

4,565 401 91.21 

4,178 282 93.24 

4,562 358 92.16 

4,232 310 92.68 

4,452 294 93.40 

4,205 274 93.48 

4,213 286 93.20 

4,221 293 93.05 

4,258 286 93.28 

4,205 276 93.44 
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.. .,. 
fl1'llHI fl-3 Ill" fll 'j fl fllll tl 'j :; iY Y1 ~ ill Vi '\J tl 'I 'j ~ 'IJ 'IJ 'H iT fll ! tl tl fl9fllll.l11 'IJ 'IJ tY tl 'I 'Ii l.IlI tll.l 

'" '" '" '" .. .. 1::UUO·:nUJflU88flcilt'l\A 
1::UUO·:nUJflfl1~ 1::UUO.:a'tUJflfll<f,.IYI\A w 

UUUif8.:a"\Afl8\A 

. oi18~a::alU .;y8~a::altl .;y8~a::altl '" .. l/R1t1 tl1::UYli tl1::UYli tl1::UYli l\AYI 
(,.flJD.) (,.flJa.) (,.flJa.) 

w w .fl1'n w w .fl1'n w w .t1l'n 
• If 

1i188fl 
• If 

1i188fl 
• If 

1i188fl \A1I"1 \A1I'll1 \A1I,.1 . '" fl",hu~ flllfllt'l~ fl",hu~ 
1::UU 1::UU 1::UU 1::UU 1::UU 1::UU 

102 2'lJ9152 6,258 3,254 48.00 3,254 1,209 62.85 6,258 1,209 80.68 

104 24/9/52 6,107 3,126 48.81 3,126 1,156 63.02 6,107 1,156 81.07 

107 27/9/52 6,680 3,193 52.20 3,193 1,333 58.26 6,680 1,333 80.05 

llO 30/9152 6,775 3,190 52.92 3,190 1,416 55.61 6,775 1,416 79.10 

113 3/10/52 6,872 3,198 53.46 3,198 1,151 64.02 6,872 1,151 83.25 

ll5 5/10152 6,889 3,151 54.26 3,151 1,109 64.80 6,889 1,109 83.90 

ll7 7110/52 6,615 2,975 55.Q2 2,975 945 68.24 6,615 945 85.72 

119 9/10/52 6,844 3,074 55.08 3,074 682 77.83 6,844 682 90.04 

122 l'lJ1O/52 6,937 3,034 56.26 3,034 540 82.21 6,937 540 92.22 

124 14/10/52 7,251 3,228 55.48 3,228 436 86.50 7,251 436 93.99 

126 16/10/52 7,012 3,069 56.23 3,069 410 86.66 7,012 410 94.16 

128 18/10/52 7,284 3,177 56.38 3,177 439 86.18 7,284 439 93.97 

130 20/10/52 7,210 3,183 55.85 3,183 503 84.19 7,210 503 93.02 

132 2'lJ10/52 7,361 3,209 56.40 3,209 405 87.38 7,361 405 94.50 

134 24/10/52 7,577 3,314 56.26 3,314 416 87.45 7,577 416 94.51 
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. " .. 
fll'iH'YI fl-4 H Cl f) 1 'j ff f) 1J 111 'j :; ff 'YIl 1) 1 W 'lJ tl 'I 'j :; 11 11 l1l1 f) i f tl tl f) ci 1 ~ 'U 11 11 11 ff tl 'I 'Ii 'U '11 tl 'U 

u u .. .. 1::UUO"'tnrn'~88n.I9'U 
1::UUO~'tUrnn1R 1::UlJtHl1l1nm.lIlYI'U . ., 

IIUUU8"'V'Ufl8'U 

u .. ~8ilD::D1U ~t)flD::D1t1 ~8ilD::DltI 
l'UT! l/Wt.I t.I1::iYli t.I1::iT!i t.I1::iYli 

(lInJD.) (lInJD.) (lInJD.) . . Inn . . Ill" . . Ill" . ., 
\1188n 

. ., 
\1188n 

. ., 
\1188n 'U11"1 'U11"1 'U11"1 • u 

nl1fhuR m1mtlR nmhUR 
1::UU 1::UU 1::UU 1::UU 1::UU 1::UU 

156 l7I1l152 11,927 5,725 52.00 5,725 3,214 43.85 11,927 3,214 73.05 

159 20/11/52 11,318 5,181 54.22 5,181 3,158 39.06 11,318 3,158 72.10 

161 22111152 11,455 5,034 56.05 5,034 2,955 41.30 11,455 2,955 74.20 

163 24/11152 12,408 5,548 55.29 5,548 3,199 42.34 12,408 3,199 74.22 

164 25111152 12,415 5,405 56.46 5,405 2,804 48.12 12,415 2,804 77.41 

166 27/11152 11,820 4,956 58.07 4,956 2,970 40.07 11,820 2,970 74.87 

168 29/11152 11,905 5,122 56.98 5,122 2,527 50.66 11,905 2,527 78.77 

170 1112152 11,169 4,801 57.02 4,801 2,333 51.40 11,169 2,333 79.11 

172 3/12152 11,806 5,129 56.56 5,129 1,692 67.01 11,806 1,692 85.67 

174 5/12152 12,205 5,286 56.69 5,286 920 82.59 12,205 920 92.46 

176 7/12152 12,125 5,163 57.42 5,163 758 85.32 12,125 758 93.75 

178 9/12152 12,385 5,390 56.48 5,390 639 88.14 12,385 639 94.84 

181 12112152 12,472 5,291 57.58 5,291 634 88.02 12,472 634 94.92 

184 15/12152 12,164 5,221 57.08 5,221 320 93.87 12,164 320 97.37 

187 18/12/52 11,275 4,905 56.50 4,905 286 94.16 11,275 286 97.46 
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lwn 

212 

214 

216 

218 

220 

222 

224 

226 

229 

231 

233 

236 

239 

241 

244 

1 11 

" . 
q 

fll '1 1 Hl fl-5 ~Hl fll 'j ff flllllh ::;iYl'l1i f11 .... '\J ij U ~ lJ lJ 'Hll fl i f ij ij fl ti 1 \IlHllJ lJ ff ij .:j 'Ii lJ ~ ij lJ 

., ., '" .. 1::UUO.:nnJnU88nti19\1 
1::UUO.:,'t'IsJnn1A 1::U1JtH't'I~nm.~"'\I .. 

IIUU1J8.:,i\lPl8\1 

ciT8~11::i.'nU ciT8~11::111U ciT fl~l1::l1lU 
l/Wt.I t.I1::iYli t.I1::iYli t.I1::ilIi 

(~flJD.) (~nJD.) (~nJl1.) 
.. .. mft .. .. mft .. .. 111ft . ... 

"188n 
. ... 

"188n 
. ... 

"188n \l1l"1 \l1l'U1 \l1l"1 
nmhVA 

. ., . ., 
m1m\lA nnm\lA 

1::UU 1::UU 1::UU 1::UU 1::UU 1::UU 

512153 15,670 7,790 50.29 7,790 2,598 66.65 15,670 2,598 83.42 

712153 15,613 6,405 58.97 6,405 1,601 75.00 15,613 1,601 89.74 

9/2/53 16,108 8,054 50.00 8,054 2,014 75.00 16,108 2,014 87.50 

1112153 15,980 7,632 52.24 7,632 1,921 74.83 15,980 1,921 87.98 

13/2153 15,904 7,160 54.98 7,160 1,665 76.74 15,904 1,665 89.53 

15/2153 15,938 7,113 55.37 7,113 1,388 80.48 15,938 1,388 91.29 

17/2153 15,553 6,381 58.97 6,381 1,196 81.25 15,553 1,196 92.31 

19/2153 15,610 6,455 58.65 6,455 1,188 81.59 15,610 1,188 92.39 

2212153 15,357 7,577 50.66 7,577 1,595 78.95 15,357 1,595 89.61 

24/2153 15,640 6,658 57.43 6,658 1,098 83.51 15,640 1,098 92.98 

26/2153 15,425 6,733 56.35 6,733 872 87.06 15,425 872 94.35 

113/53 15,803 6,631 58.04 6,631 861 87.01 15,803 861 94.55 

4/3/53 15,516 6,534 57.89 6,534 841 87.13 15,516 841 94.58 

6/3/53 16,014 6,684 58.26 6,684 855 87.21 16,014 855 94.66 

9/3/53 15,842 6,609 58.28 6,609 789 88.06 15,842 789 95.02 



29/6/52 

15/8/52 

24/10/52 

18/12/52 

9/3/53 
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" . 
'" Al'nHI fl-6 FHl flU Rf)ll 111 'j ~ ff'YI ti fl1'Vl'\J tlU ~ 'IJ 'IJ 11 iff)' ~ tltl f)c)flllll 11 'IJ 'IJ fftl.:J'Illl ~ tlll 

..::i Q,I ~ e:J. tI dol d. Q.I ~ tI 
'YItl~'j1m'j~ffl'itlllmU 0 .27-\.50 f)f).CJf tl~/"'IJ.lJ . - 1 ll 11ff~.:J'Vll'illJl~tJ'jllJ'YIllltl" 

... .. ~ 
tT118UJl1U 'JlJllU8i'1 IJIJllU8i'1 'JlJI'U8il 

(flfl.ci18~1 (JlflJi'I.) (JlflJi'I.) (JlflJi'I.) 
1--... ---,r-; • ...----t . . . 

a11.11 .. -114) ,"lleUl \i188fl 
. ... 
Ul'''' 

. ... u"", 'Ih88fl 

0.27 809 438 45.94 438 N.D. 100 809 N.D. 

0.46 930 420 54.84 420 N.D. 100 930 N.D. 

0.64 1,240 682 45.03 682 N.D. 100 1,240 N.D. 

1.10 1,667 805 51.68 805 80.80 89.97 1,667 80.80 

1.50 2,767 1,298 53.10 1,298 332 74.43 2,767 332 

100 

100 

100 

95 .15 

88.01 



2916152 

15/8/52 

24/lO/52 

18/12152 

913153 

113 

'" .,; 
911'nnl fl-7 fHl flU flfl'l>ll1h:; ff'YIi fil .... 'tI'el'l'j:; UU '11 iJ fl i ~ 'el'el flcHl~tJll U U n''el 'IitJ ~'eltJ 
d QJ ..:::.. td. rI d,l d QJ .at. rI d 

'YI'el~'jlfil':i:;n'l':i'eltJmtl 0.27-1.50 flfl."lf 'el~/ClU.lJ.-1tJ lln'~'I""l'jllJl~mflCll"lf'elH)Cl 

.. .., .. .. .. 
1:I"118'U""10 flDI'I818D fli1''I818D flDI'I818D 

(flfl. ;18;11 ("flJD.) ("flJD.) ("flJD.) 
1--.... ----r ____ .. ---I .. .. .. .. 

aU.JI.-lU) \11"1 ';188ft 
• II 

'Ull'111 U188fl 
• II 

'Ull'111 U188fl 

0.27 134 N.D. 100 N.D. N.D. lOO 134 N.D. 

0.46 181 N.D. 100 N.D. N.D. 100 181 N.D. 

0.64 578 84.06 85.46 84.06 47.93 42.98 578 47.93 

1.10 1,125 669 40.49 669 51.16 92.36 1,125 51.16 

l.50 2,028 1,089 46.30 1,089 669 38.54 2,028 669 

100 

100 

9l.71 

95.45 

66.99 
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. " 
91l'n~ n 0-8 fH'l f)l 'J ff f)1n tY f111:; f)l 'J lhHU '\J t:l n :; U U 11 iJ f1 H (HI f19f 1 'il 'U 11 U U iHn 'Ii 'U ~n)'u 
d Q.I .o!::), do ~ dol ~ eLI ~,,~ C')I d. 

't1t:l~'Jlf1l'J:;tYl'Jt:l'U'YI'JU 0.46-1.50 'If t:l~ /ClU.lJ.-1'U lltY~~l'Il'JllJl~t:lnhlJlwf1l'lf'l$1f1ll'ltY:;tYlJ 

. ., ... 
lOU" 

60 

62 

65 

67 

70 

72 

74 

77 

79 

81 

82 

83 

86 

89 

91 

102 

104 

107 

110 

115 

117 

119 

122 

124 

126 

130 

llRltl 

15/7152 

1717152 

2017152 

2217/52 

2517152 

27/7152 

2917152 

118/52 

3/8/52 

5/8/52 

6/8/52 

7/8/52 

10/8/52 

1318/52 

15/8/52 

2219152 

24/9152 

27/9152 

30/9152 

5/10/52 

7110/52 

9/10/52 

12110/52 

14110/52 

16/10/52 

20/10/52 

" u fII .. 1:::uuo·:nnUlfl'.SlIYlOU 

180 163 343 

197 173 370 

193 152 345 

210 143 352 

224 110 334 

244 135 379 

214 134 349 

249 166 415 

213 142 355 

271 207 478 

249 162 412 

229 168 396 

233 169 402 

235 164 399 

251 181 432 

345 235 581 

288 191 479 

366 195 561 

385 204 589 

396 242 639 

446 263 709 

423 266 689 

409 270 679 

493 352 845 

473 319 792 

503 335 838 
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.-
FHlf)URmn fffl11::;f)U li NllJ'\Jtl'l:i::; UUlllj f)' ~ tltlf)9f 11llJllUU fftl'l;JlHltllJ 

..... 
l'U" 

., .. 
tn'llllJl'U 

134 24/10/52 501 323 824 

136 26/10/52 498 334 833 

138 28/10/52 494 335 830 

141 31110/52 504 319 823 

143 2111152 491 316 807 

145 4/11152 500 332 832 

156 17/11/52 806 326 1,133 

159 20/11152 798 263 1,061 

161 22111152 733 237 970 

163 24/11152 746 256 1,002 

164 25/11152 981 364 1,345 

166 27/11152 961 278 1,239 

170 1112152 923 358 1,281 

172 3112152 1,002 516 1,517 

176 7/12152 1,010 667 1,677 

181 12112152 994 628 1,623 

184 15112152 1,076 700 1,777 

187 18112152 994 655 1,648 

191 22112152 1,107 722 1,829 

194 25/12152 1,037 706 1,743 
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" .. 
~l1'n,'ln 0-8 fHl fll 'l fff)'" 1 ff fI11:::: fll 'l vb ~ 1 'U '\J tl ~ 'l:::: UlJl1 if f)' ~ tl tl f)~ 1 ~'U 1111 11 fftl ~ '\i 'U ~ tl'U 

197 28/12/52 1,103 703 1,806 

199 30/12/52 1,029 702 1,731 

201 1/1/53 1,083 755 1,838 

213 6/2/53 1,610 840 2,450 

215 8/2/53 1,480 1,110 2,590 

217 10/2/53 1,586 1,057 2,643 

219 12/2/53 1,530 976 2,506 

223 16/2/53 1,568 1,052 2,620 

228 21/2/53 1,529 1,120 2,649 

230 23/2/53 1,711 1,052 2,763 

232 25/2/53 1,630 1,128 2,758 

235 28/2/53 1,770 1,106 2,876 

238 3/3/53 1,716 1,146 2,862 

240 5/3/53 1,748 1,145 2,894 

243 8/3/53 1,796 1,109 2,905 

246 11/3/53 1,750 1,136 2,886 
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. " 
Vll'il,,'rn fl-9 ~Cl f)1'Jffflln ff .fll1~ f)1 'J Vll-31'U'IHJ n ~ 'lJ'lJ 'H iJ f1 H 'el'elf1~1'i1'U U'lJ 'lJ ff'el-3.,j'U ~ 'el'U 

~tl~'Jlf11'J~ffU~'U'YI~6 0,09-1 ,50 f1f1.~1'el;)/Cl'lJ.lJ.-1'U Uff~ ·rVn'JliJl~'el{V41'el'Jj' 

.. 
'"18'11 

... .. 
l'UYI l/~lItJ 

. 
• II 

'U11'U11::UU 
. 
,h88tl~ltl1::UU 

. 
tl188M1tl1::UU 

1215152 6.12 7.34 7.80 

2 13/5152 6.21 7.30 7.82 

3 14/5/52 6.09 7.23 7.75 

4 15/5/52 6.12 7.19 7.92 

5 16/5/52 5.98 7.13 7.68 

6 17/5152 6.21 7.14 7.74 

7 18/5152 6.12 7.12 7.80 

8 19/5/52 6.34 7.12 7.76 

9 2015152 6.05 7.10 7.80 

10 2115152 6.03 6.87 7.76 

11 2215152 6.04 7.02 7.70 

12 23/5152 6.14 6.98 7.73 

13 2415152 6.04 7.06 7.85 

14 2515152 6.29 7.11 7.84 

15 2615/52 6.02 6.85 7.75 

16 27/5152 5.97 6.27 7.83 

17 28/5152 5.95 6.40 7.58 

18 2915152 6.02 6.53 7,88 

19 3015152 6.03 6.34 7.67 

20 3115152 6.11 6.58 7.83 

21 116152 6.04 6.55 8.11 

22 216152 6.01 6.56 7.95 

23 3/6152 6.04 6.60 7.92 



118 

~1'lN~ 0-9 FHl flU fffl1l1ff fll1~ fl1 'i li 1-3 llJ'Utl H ~1J1J 11 i1 fl 1! tltlfl~! ~lJll1J1Jfftl.:j~lJ ~ tllJ 

~ij~'ilfll'i~ffl'i~lJ'YIl6 0.09-1 .50 flfl . 9f1t:1~/Cl1J . lJ.-1lJ llff~.:j'VlUlih~tl{Vl!tl'li (~tl) 

.. 
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o~'tnrflfl1i1 " uIN .. 
O~'t'IlJflfll'l'U"'U 

24 4/6/52 6.02 6.40 7.71 

25 5/6/52 6.12 5.82 8.00 

26 6/6/52 6.01 5.06 7.95 

27 7/6/52 6.01 4.93 7.89 

28 8/6/52 5.99 4.71 7.59 

29 9/6/52 6.06 5.08 8.27 

30 10/6/52 6.05 5.99 8.02 

31 1116/52 6.04 5.84 7.84 

32 12/6/52 6.09 5.51 7.94 

33 13/6/52 6.04 5.45 7.53 

34 14/6/52 6.02 5.18 7.72 

35 15/6/52 6.04 5.27 7.60 

36 16/6/52 6.03 5.01 7.68 

37 17/6/52 6.01 5.21 7.83 

38 18/6/52 6.05 5.34 7.74 

39 19/6/52 6.10 5.15 7.69 

40 20/6/52 6.07 5.08 7.80 

41 21/6/52 6.12 4.95 7.70 

42 22/6/52 6.02 4.74 7.65 

43 23/6/52 6.05 4.80 7.62 

44 24/6/52 6.07 4.60 7.69 

45 25/6/52 6.12 4.49 7.72 

46 26/6/52 6.05 4.27 7.97 
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l'UYI 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 
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l/~lItJ 

. ., 
'Ull'Ull::UU 

O~'H,rflfll~ 

27/6152 6.20 

28/6152 6.13 

29/6152 6.15 

30/6/52 6.01 

1/7/52 6.02 

217/52 6.02 

3/7/52 6.05 

4/7/52 6.07 

5/7/52 6.09 

6/7/52 6.07 

7/7/52 6.08 

8/7/52 6.05 

9/7/52 6.02 

15/7/52 6.09 

16/7/52 6.05 

17/7/52 6.04 

18/7/52 7.28 

19/7/52 7.25 

20/7/52 7.32 

21/7/52 7.24 

2217/52 7.25 

23/7/52 7.20 

24/7/52 7.28 
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'n18~ . . 

1l188fltlfl1::UU 1l188fltlfll::UU 

.... ., .... .... .. .. 
O~'H"flfll~ O~'H"flfl1."lYI'U 

4.38 8.03 

4.51 7.67 

4.26 7.73 

4.20 7.53 

4.09 7.62 

3.97 7.75 

4.02 7.87 

4.09 7.74 

4.05 7.69 

4.11 7.80 

4.04 7.70 

4.09 7.72 

3.93 7.68 

3.89 7.56 

3.94 7.61 

4.02 7.60 

4.07 7.59 

7.08 7.64 

7.14 7.73 

7.28 7.79 

7.52 7.82 

7.47 7.88 

7.61 8.00 
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'Ull'tl11::UU U188fl{11fl1::UU 

0'.:.I't'IJJflfl1A 

70 25/7/52 7.20 7.60 7.89 

71 26/7/52 7.24 7.50 7.99 

72 27/7/52 7.48 7.64 7.79 

73 28/7/52 7.69 7.59 8.11 

74 29/7/52 7.38 7.68 7.88 

75 30/7/52 7.29 7.65 7.94 

76 31/7/52 7.07 7.69 7.82 

77 1/8/52 7.05 7.62 8.52 

78 2/8/52 7.02 7.65 8.45 

79 3/8/52 7.15 7.55 8.32 

80 4/8/52 7.02 7.58 8.32 

81 5/8/52 7.35 7.62 8.47 

82 6/8/52 7.05 7.54 8.42 

83 7/8/52 7.02 7.58 8.34 

84 8/8/52 7.01 7.52 8.40 

85 9/8/52 7.01 7.78 8.58 

86 10/8/52 7.15 7.72 8.43 

87 11/8/52 7.20 7.65 8.40 

88 12/8/52 7.19 7.67 8.42 

89 13/8/52 7.20 7.73 8.48 

90 14/8/52 7.18 7.72 8.50 

91 15/8/52 7.18 7.69 8.52 

102 22/9/52 7.25 7.53 7.69 
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103 23/9/52 7.23 7.42 7.65 

104 24/9/52 7.22 7.43 7.66 

105 25/9/52 7.24 7.50 7.63 

106 26/9/52 7.20 7.48 7.58 

107 27/9/52 7.21 7.51 7.59 

108 28/9/52 7.31 7.50 7.64 

109 29/9/52 7.21 7.51 7.68 

110 30/9/52 7.40 7.50 7.73 

III 1/10/52 7.34 7.47 7.95 

112 2/10/52 7.46 7.54 8.09 

113 3/10/52 7.46 7.54 8.02 

114 4/10/52 7.35 7.38 7.93 

115 5/10/52 7.22 7.36 7.62 

116 6/10/52 7.24 7.28 7.49 

117 7/10/52 7.25 7.36 7.59 

118 8/10/52 7.27 7.31 7.76 

119 9/10/52 7.20 7.40 7.74 

120 10110/52 7.22 7.43 7.66 

121 11/10/52 7.25 7.58 7.65 

122 12/10/52 7.20 7.75 7.88 

123 13/10/52 7.22 7.52 7.89 

124 14/10/52 7.21 7.49 8.28 

125 15/10/52 7.23 7.56 8.20 
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126 16/ 10/52 7.21 7.39 8.07 

127 17/10/52 7.21 7.48 8.05 

128 18/10/52 7.20 7.52 8.12 

129 19/10/52 723 7.51 8.38 

130 20/10/52 7.22 7.68 8.45 

131 21110/52 7.22 7.60 8.40 

132 22110/52 7.21 7.62 8.45 

133 23/10/52 7.22 7.65 8.36 

134 24/10/52 7.30 7.60 7.89 

135 25/10/52 7.23 7.56 7.95 

136 26/10/52 7.21 7.58 8.10 

137 27/10/52 7.22 7.60 8.06 

138 28/10/52 7.23 7.62 8.12 

139 29/10/52 7.26 7.58 7.98 

140 30/10/52 7.23 7.62 8.18 

141 31/10/52 7.25 7.59 8.20 

142 1/ll/52 7.21 7.60 8.25 

143 2111/52 7.22 7.65 8.30 

144 3/11/52 7.21 7.70 8.38 

145 4/11/52 7.20 7.64 8.30 
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tH,nlftftl."lYIU 

156 17/11152 7.21 7.30 8.40 

157 18/11152 7.20 7.32 8.42 

158 19/11152 7.23 7.39 828 

159 20111152 7.23 7.62 8.40 

160 21111152 7.22 7.38 8.30 

161 22111152 7.27 7.32 8.26 

162 23/11152 7.20 7.46 8.14 

163 24/11152 7.25 7.29 8.04 

164 25111152 7.20 7.37 8.24 

165 26111152 7.21 7.12 8.52 

166 27/11152 7.22 7.26 8.69 

167 28/11152 7.23 7.32 8.62 

168 29111152 7.21 7.35 8.30 

169 30/11152 7.20 7.40 8.25 

170 1112152 7.21 7.42 8.22 

171 2112152 7.25 7.41 8.18 

172 3112152 7.33 7.53 8.08 

173 4/12152 7.20 7.27 8.53 

174 5/12152 7.22 7.52 8.42 

175 6/12152 7.22 7.70 8.48 

176 7/12152 7.20 7.75 8.65 

177 8/12152 7.21 7.96 8.71 

178 9/12152 7.21 7.70 8.57 
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179 10/12152 7.22 7.72 8.60 

180 11112152 7.25 7.71 9.05 

181 12112152 7.21 7.67 8.67 

182 13/12152 7.25 7.64 8.63 

183 14/12/52 7.20 7.78 8.84 

184 15/12152 7.21 7.82 8.90 

185 16112/52 7.22 7.87 9.06 

186 17/12152 7.22 7.98 8.76 

187 18/12/52 7.21 7.84 8.73 

188 19/12/52 7.22 7.80 8.75 

189 20112152 7.20 7.74 8.80 

190 21112/52 7.21 7.60 8.83 

191 22112/52 7.21 7.97 8.86 

192 23/12152 7.21 7.57 8.50 

193 24/12152 7.22 7.60 8.63 

194 25/12152 7.21 7.62 8.65 

195 26112/52 7.23 7.59 8.56 

196 27/12152 7.20 7.60 8.67 

197 28/12152 7.22 7.63 8.81 

198 29/12152 7.20 7.68 8.65 

199 30/12152 7.23 7.72 8.62 

200 31/12/52 7.28 7.58 8.53 

201 111153 7.24 7.86 8.60 
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212 5/2/53 7.20 7.68 8.54 

213 6/'1153 7.21 7.70 8.60 

214 7/2/53 7.21 7.73 8.46 

215 8/'1153 7.22 7.68 8.21 

216 9/2/53 7.20 7.68 8.30 

217 lO/'1J53 7.20 7.58 8.58 

218 11/'1J53 7.22 7.62 8.62 

219 1'11'1153 7.23 7.40 8.84 

220 13/'1J53 7.22 7.70 8.34 

221 14/'1153 7.20 7.72 8.58 

222 15/'1153 7.23 7.81 8.75 

223 16/'1153 7.22 7.82 8.92 

224 17/'1153 7.20 7.82 8.38 

225 18/'1153 7.21 7.82 8.49 

226 19/'1153 7.20 7.86 8.58 

227 20/'1153 7.21 7.81 8.64 

228 21/'1153 7.22 7.79 8.70 

229 2'11'1153 7.21 7.78 8.72 

230 23/'1153 7.20 7.80 8.81 

231 24/'1153 7.21 7.82 8.72 

232 25/'1J53 7.22 7.78 8.71 

233 26/'1153 7.20 7.81 8.64 

234 27/'1153 7.21 7.79 8.66 
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235 28/2153 7.20 7.78 8.70 

236 113/53 7.21 7.80 8.61 

237 213/53 7.23 7.80 8.75 

238 3/3/53 7.20 7.78 8.62 

239 4/3/53 7.20 7.82 8.60 

240 5/3/53 7.22 7.80 8.66 
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1 1'lJ5152 31.40 31.00 21 116152 32.50 31.10 

2 13/5152 30.60 30.50 22 'lJ6/52 32.20 31.50 

3 14/5152 30.20 30.90 23 3/6152 32.50 31.70 

4 1515/52 29.90 29.70 24 4/6152 30.20 31.40 

5 16/5/52 30.90 30.40 25 5/6/52 32.80 31.40 

6 17/5/52 31.40 30.70 26 6/6152 32.30 31.00 

7 18/5/52 30.90 30.10 27 7/6152 33.10 31.70 

8 1915152 31.40 30.20 28 8/6/52 32.20 31.30 

9 20/5152 31.50 30.60 29 9/6152 32.00 32.00 

10 2115152 31.60 30.80 30 1016152 32.90 32.50 

11 2'lJ5/52 32.70 31.00 31 1116152 32.50 32.00 

12 23/5/52 31.90 30.00 32 1'lJ6152 32.00 31.50 

13 24/5/52 32.00 31.60 33 13/6152 32.40 31.20 

14 2515152 32.30 32.80 34 14/6152 32.20 31.50 

15 26/5/52 31.20 31.50 35 15/6/52 33.70 31.90 

16 27/5/52 32.20 31.70 36 16/6152 32.20 31.50 

17 28/5/52 31.00 30.50 37 1716/52 32.10 31.40 

18 29/5/52 31.50 31.20 38 18/6152 32.10 31.50 

19 30/5152 31.70 31.80 39 19/6/52 32.50 31.20 

20 3115152 32.90 31.50 40 20/6/52 32.60 32.00 
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41 2116152 

42 2216152 

43 23/6152 

44 2416152 

45 2516/52 

46 26/6/52 

47 27/6/52 

48 28/6/52 

49 29/6152 

50 30/6152 

51 1/7/52 

52 217/52 

53 317152 

54 417152 

55 517152 

56 6/7/52 

57 717152 

58 8/7/52 

59 9/7/52 

60 15/7/52 

. ... .. 
~tlI'tUJUUllau 

(U~flll.UI.ua) 

.. .. 
fl1il Hl.,UflU 

33.60 32.90 

32.70 32.40 

32.20 31.80 

32.00 31.40 

32.60 31.70 

32.80 32.70 

32.90 32.50 

32.90 32.50 

32.20 31.70 

31.30 31.20 

31.20 30.60 

31.10 31.30 

32.40 31.40 

32.20 31.20 

32.80 32.90 

32.30 31.90 

31.20 30.40 

31.20 31.40 

31.00 30.30 

31.20 31.00 

. ... .. 
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61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

l/Ritl 

16/7/52 

17/7/52 

18/7152 

1917152 

20/7/52 

2117152 

2217/52 

23/7/52 

2417152 

25/7/52 

26/7/52 

27/7/52 

2817/52 

2917152 

3017152 

31/7/52 

118/52 

218/52 

3/8/52 

4/8/52 

. ... ... 
~tlI'tft,}tlUllaU 

(U .... flll.UI.;ua) 

.. .. 
fl1~ Hl.tlIfIU 

31.70 31.30 

31.30 31.50 

31.20 31.90 

32.60 32.10 

32.00 31.50 

31.60 31.70 

31.40 31.70 

31.90 30.70 

31.50 30.50 

31.70 30.70 

31.50 31.90 

31.40 31.10 

31.00 30.00 

32.10 31.00 

31.90 31.60 

31.60 31.40 

32.50 31.30 

32.10 31.20 

31.50 31.70 

32.30 31.90 
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81 5/8/52 32.50 32.30 

82 6/8/52 32.90 32.10 

83 7/8/52 32.10 32.80 

84 8/8/52 32.00 31.40 

85 9/8/52 32.50 32.20 

108 28/9/52 31.00 31.20 

109 29/9/52 31.50 31.00 

110 30/9/52 32.70 32.40 

III 1/10/52 31.40 30.20 

112 2110/52 31.30 31.00 

Il3 3/10/52 32.50 31.40 

Il4 4/10/52 33.50 32.00 

115 5/10/52 33.00 31.10 

116 6/10/52 33.00 31.50 

117 7/10/52 33.90 31.50 

118 8/10/52 33.90 31.50 

119 9/10/52 33.90 31.20 

120 10/10/52 33.40 31.60 

121 ll1I0/52 33.10 31.80 

. ., .. 
11tYl l/ittt.l 

122 12110/52 

123 13/10/52 

124 14/10/52 

125 15/10/52 

126 16/10/52 

127 17/10/52 

128 18/10/52 

129 19/10/52 

130 20/10/52 

131 21/10/52 

132 22110/52 

133 23/10/52 

134 24/10/52 

135 25/10/52 

136 26/10/52 

137 27/10/52 

138 28/10/52 

139 29/10/52 

140 30/10/52 

~ 

.. 0 .. 

~OI11.QIJ1tlIDO 

(8.:.1ftll'1i1I<iOD) 

34.90 30.40 

35.90 30.30 

32.50 30.10 

31.90 30.50 

31.90 30.30 

31.40 30.40 

31.00 30.50 

31.30 30.30 

31.70 30.60 

31.70 29.60 

30.70 29.20 

31.70 30.00 

31.00 30.70 

32.90 31.80 

32.60 31.40 

32.50 30.90 

32.40 30.90 

32.90 31.00 

32.60 30.80 
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l/Wtl 

., .. 
l/Wtl l'UT! l'UT! ., ., 

1::UUO~",rfl 
., ., ., ., 

1::UUO~"IJfl 1::UUO~"IJfl 1::UUO~"IJfl 

., .. .. .. 
fl1~ fll.1J1T!'U fl1~ fll.lJlYI'U 

143 2111152 32.30 31.10 162 23/11152 29.10 27.40 

144 3111152 29.30 29.40 163 24/11152 29.20 27.20 

145 4/11152 30.20 28.80 164 25/11152 29.50 28.10 

146 5/11/52 30.20 29.00 165 26/11152 30.80 28.90 

147 6/11152 30.40 29.70 166 27/11152 31.80 28.70 

148 7/11152 31.80 30.40 167 28/11152 31.00 29.00 

149 8/11152 32.00 31.10 168 29111152 32.00 30.70 

150 9111152 32.20 31.00 169 30/11152 32.10 30.80 

151 10111152 32.10 31.20 170 1112152 31.40 30.90 

152 11111152 32.50 31.40 171 2112152 31.50 29.30 

153 12111152 32.90 31.60 172 3112152 31.40 28.40 

154 13/11152 32.00 30.60 173 4/12152 32.50 29.10 

155 14111152 32.20 32.60 174 5/12152 31.00 29.70 

156 17111152 34.90 32.50 175 6/12152 30.90 29.30 

157 18111152 34.70 30.30 176 7/12152 30.70 29.90 

158 19111152 34.70 30.20 177 8/12152 31.40 29.20 

159 20111152 32.00 29.90 178 9/12152 31.80 30.50 

160 21/11152 31.60 29.10 179 10112152 31.50 30.20 

161 22111152 30.30 28.80 180 11112152 31.10 29.70 



.,; 
fll'.iH'YI fHO 

1/AA.l 

183 14/12152 

184 15/12152 

185 16112152 

186 17/12152 

187 18/12152 

188 19/12152 

189 20/12152 

190 21/12152 

191 22112152 

192 23/12152 

193 24/12152 

194 25/12152 

195 26112152 

196 27112152 

197 28/12152 

206 6/1/53 

207 7/1153 

131 

71 

fHH1U trmn ffill1::: fll'll'iHllJ'IH1'l'l :::'lJUl1 iTn i! rH)n;l ~lJll 'IJ'IJfffl'l'UlJ~lf)lJ 

.. .. 
.. 0 .. .. ... 

~W'H.Q'nmuu ~W'H.QUtll'UU 

(tHtm.Dl';UU) 
'" .. (tmn'.Dl';UU) 
1tl" 

1::UUO'l'H1i'n 1::UUO'l'H1i'n 

31.20 29.80 208 8/1/53 32.20 29.30 

31.90 30.60 209 9/1/53 31.70 29.40 

32.30 31.40 210 10/1/53 32.50 29.20 

32.70 30.70 214 7/2/53 31.40 31.00 

32.40 31.60 215 8/2/53 31.00 31.90 

32.20 31.40 216 9/2/53 31.90 31.70 

31.70 31.40 217 10/2153 31.00 31.20 

32.70 30.10 218 11/2153 31.50 31.60 

32.40 29.50 219 1212153 31.90 30.10 

32.90 29.40 220 13/2153 31.50 30.10 

33.50 29.10 221 14/2153 31.70 30.50 

33.20 30.40 222 15/2153 32.20 31.20 

33.70 31.70 223 1612153 31.50 31.90 

33.10 31.80 224 1712153 31.50 31.70 

33.40 31.70 225 1812153 31.30 31.20 

32.90 30.60 229 2212153 31.70 31.40 

32.60 29.50 230 23/2153 32.00 31.40 
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., ..; 
m'HlYi fl-ll ~HHll) ffn1l1 'ff f111::: nn '¥l1.:J l'U 'U fl n:::1J 1J 'I1,j n 1! fl fl nti 1 ~'U1l1J 1J 'fffl.:J;J 'U ~ fl'U 

.cIcv ~ dd' d.l'" ~ 
Ylfl~nfl1):::'ffnfl'UYlHJ 0.09-0.27 nf).9f fl~ / Cl1J . 1J.-1'U 

., " 
'ff fI1'YlfiNli'.:J'I11J~ tl~) 1 fhm:::w:il.:JnHl 1 'U,j'U):::l'I1 mlCl:::'fffl1'Ylfil.:Jli'.:J'I11J~ 

. 
<V .. 

l'UYI 

3 

6 

10 

14 

16 

19 

20 

22 

24 

28 

33 

35 

37 

51 

53 

55 

58 

l/WtJ 

14/5/52 

17/5/52 

2115152 

25/5/52 

27/5/52 

30/5/52 

3115/52 

2/6/52 

4/6/52 

8/6/52 

13/6/52 

15/6/52 

17/6/52 

1/7/52 

3/7/52 

5/7/52 

8/7/52 

n1i'1''U,j'U1::1·.UJ~lU 

(J.lnJu. 'I8~n1i'18:: .. ftn) 

1::UU 
1::UU 

57.50 88.75 

53.75 90.00 

52.50 84.25 

60.00 95.50 

68.00 102 

120 102 

132 95.00 

155 102 

163 123 

293 142 

422 176 

388 292 

333 152 

881 304 

790 294 

896 347 

800 342 

(J.lnJu. "8~ 

IIflUlciUJ.lflliu81'Ufl) 

1::UU 

.. .. 
m'tlJ.lIYl'U 

178 671 

146 670 

140 635 

142 565 

150 669 

152 664 

148 600 

144 664 

156 720 

146 834 

175 1,196 

147 881 

220 898 

52.50 994 

28.75 1,181 

20.00 1,161 

29.50 1,027 

. 
• • <V 

fl8Um"i'lHYI~'HJ.li'I 

1::UU 
1::UU 

0.32 0.13 

0.37 0.13 

0.38 0.13 

0.42 0.17 

0.45 0.15 

0.79 0.15 

0.89 0.16 

1.07 0.15 

1.04 0.17 

2.00 0.17 

2.41 0.15 

2.64 0.33 

1.51 0.17 

16.79 0.31 

27.47 0.25 

44.79 0.30 

27.11 0.33 
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. " 
91l'lHn fH2 fHI fll') fff111 H1'fll1::; fll') 'Vi 1 \lllJ'\JtJ U ::;1J1J111! f1 i f tJtJf1ci 11llJl! 1J1JtYtJ \l,j'mltJlJ 

" " tYmVl~l\lyjn' Ufl ti~') ltY1lJ ,)::;11'h:Jf1')fl i '\J1!lJ ')::;111 Ul!t\::;tYmVl~l\lyj\ll1Ufl 

. , ., 
~ ., , UfIl1'tR"Wm'tnJR 

fllR''111J'41:mUJ fllR 'IIJJUl::l'tmntl 
(JJfI.Ia. 'litH , , . 

(JJflJD. '118.:afllR8::ciiifl) 
., 

tIftDt.tlJJfn1'1.18tUfI) 
f18UIl11'tRHm'HJJR 

., .. 
l/RltJ lUYI 

1::'1.1'1.1 l::'1.I'1.I l::'1.I'1.I 
l::'1.I'1.I l::'1.I'1.I l::'1.I'1.I ., ., ., ., 

tH'HJJtl O~'H1JfI ., ., O.:a'HJJtl ., ., 
O~'H1Jtltl1R O.:a'HJJflfllR .. .. .. .. O.:a'HJJfltllR 

IN .. 
fll'lJJ tYlU fll'lJJtYlU fll'lJJtYlU 

60 1517152 1,306 443 12.00 866 108.8 0.51 

63 1817152 1,223 415 25.00 920 48.92 0.45 

65 2017152 1,378 420 1,678 1,004 0.82 0.42 

67 2217/52 949 370 2,215 1,212 0.43 0.31 

70 2517152 1,313 418 2,281 1,123 0.58 0.37 

72 2717152 1,641 400 2,138 1,300 0.77 0.31 

74 2917152 1,421 371 2,094 1,428 0.68 0.26 

79 3/8/52 1,181 366 2,288 1,806 0.52 0.20 

83 7/8/52 1,650 409 2,050 2,016 0.80 0.20 

60 1517152 1,306 443 12.00 866 108.8 0.51 

63 1817152 1,223 415 25.00 920 48.92 0.45 

65 2017152 1,378 420 1,678 1,004 0.82 0.42 

67 2217/52 949 370 2,215 1,212 0.43 0.31 

70 2517152 1,313 418 2,281 1,123 0.58 0.37 

72 2717152 1,641 400 2,138 1,300 0.77 0.31 

74 2917152 1,421 371 2,094 1,428 0.68 0.26 

79 3/8/52 1,181 366 2,288 1,806 0.52 0.20 
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. " 
~l'IHn 0-13 ~Cl flU fYflll lfffl 11:: flU ViH1'U'IHl n ::mn1 iJ fl 1! tltlflcil\l'UlI UUfftl~'limnl'U 

" " 
ff fll'W~wvi 'Il1lJfl 6~ ~ 1 ff1'U ~ ::wh'lm ~ i'luj'U ~::1'11 U11Cl:: ff fll'W~l~l'i 'Il1lJ~ 

.. , ., 

tl'R''U,)''U'::ll10~lO 
amWRHml1l1R 

tl'R' .. ,)''U'::ll10 
(lItlJU. '118~ .. 

(lItlJU. 'II8.:atl'R8::<ifttl) 
, ,., 

lIflUlciOlltn1U8l'UfI) 
R8amWRHYI.:al1l1R 

., .. 
llRitl l'UYI 

,::UU ,::UU ,::UU 
,::UU ,::UU ,::UU 

tl~l1,)'tl tl~l1,)'tl 
., ., 
o.:al1l1tl ., ., ., ., 

O~l1l1tltl'R 
'" .. tl~l111tltl'R 

'" .. tHl1l1tltl'R 
'" .. 

m'llllYl'U m'llllYl'U tll'llllYl'U 

103 23/9152 1,802 690 520 1,450 3.47 0.48 

105 25/9152 1,780 685 540 1,502 3.30 0.46 

108 28/9152 1,820 650 505 1,520 3.60 0.43 

110 30/9152 1,950 574 520 1,540 3.75 0.37 

113 3/10/52 2,204 563 612 1,580 3.60 0.36 

115 5/10/52 1,980 553 550 1,603 3.60 0.35 

117 7/10/52 2,124 527 531 1,513 4.00 0.35 

119 9/10/52 2,210 428 580 1,334 3.81 0.32 

122 12/10/52 2,325 431 542 1,400 4.29 0.31 

124 14/10/52 2,133 428 612 1,625 3.48 0.26 

126 16/10/52 2,206 435 640 1,810 3.45 0.24 

130 20/10/52 2,265 430 582 2,848 3.89 0.15 

132 22/10/52 2,659 431 606 2,944 4.39 0.15 

134 24/10/52 2,138 428 629 3,181 3.40 0.13 

136 26/10/52 2,302 418 690 3,204 3.34 0.13 

138 28/10/52 2,380 410 720 3,116 3.31 0.13 

140 30/10/52 2,355 415 712 3,120 3.31 0.13 



..; 
flTlHn fH4 

" " 
1:1' fI1 .... ~hn;.:)'I1lJ~ t1~ 'j 1ffTU l::'11 11,:) m ~, '\J ~tJ'j:: I'll till":: 1:1' fI1 .... 1il.:j't;.:)'I1lJ~ 

. ., .. 
114" 

159 

162 

164 

166 

170 

172 

176 

178 

181 

184 

187 

191 

194 

197 

199 

201 

1/wtl 

20/11152 

23111152 

25/11152 

27/11/52 

1112152 

3/12152 

7/12152 

9/12152 

12112152 

15/12152 

18/12152 

22112152 

25/12152 

28/12152 

30112152 

111153 

n1R''II,r141::I'HU~1tI 

(S.mJit. "8-3n1R8::<iRn) 

1::1111 
1::1111 

3,212 820 

3,305 795 

3,508 788 

3,318 780 

3,651 765 

3,694 744 

3,563 681 

3,628 700 

3,672 718 

3,598 713 

3,595 720 

3,705 744 

3,783 803 

3,847 806 

3,680 798 

3,835 790 

(unJit. 'lit).:! 

UtuU'iuutni118I14fI) 

1::1111 
1:::1111 

4,482 4,750 

4,487 5,020 

4,579 5,015 

4,506 5,050 

4,614 5,106 

4,650 5,075 

4,708 5,238 

4,843 5,304 

4,975 5,588 

5,125 5,400 

5,016 5,505 

5,221 5,625 

5,255 6,050 

5,213 5,975 

5,150 6,016 

5,206 5,902 

135 

. 
, '" 
fl8ifll1"RH"~'HUR 

1::1111 
1::1111 

0.72 0.17 

0.74 0.16 

0.77 0.16 

0.74 0.15 

0.79 0.15 

0.79 0.15 

0.76 0.13 

0.75 0.13 

0.74 0.13 

0.70 0.13 

0.72 0.13 

0.71 0.13 

0.72 0.13 

0.74 0.13 

0.71 0.13 

0.74 0.13 



..; 
~l'iHn fH5 

" " 
ff fIl .... ~hni'll11J~ 6~ 'j l1.hU 'j :;1111'lfl'j ~ i '1.1 lJ'\..I 'j:;111 film:; ff fIl .... ~1'l'¥l'll11J~ 

., .. 
l'UYI l/WtJ 

212 512153 

214 7/2153 

216 912153 

218 1112153 

220 13/2153 

224 17/2153 

229 2212153 

231 24/2153 

233 26/2153 

236 113/53 

239 4/3/53 

241 6/3/53 

244 9/3/53 

247 1213/53 

fl·UI' .. ,j''Ul::''Htl~1tJ 

(lIflJU. n~flUI8::';iifl) 

l::UU 

3,940 982 

4,020 894 

4,285 993 

4,055 978 

4,298 996 

4,592 964 

4,978 784 

4,825 875 

4,802 852 

4,886 859 

4,802 875 

4,881 859 

4,902 828 

4,895 834 

(lIflJU. "8~ 

l::UU 

5,702 6,320 

5,800 6,563 

5,814 6,715 

5,710 6,710 

5,718 6,921 

6,206 7,408 

6,613 7,643 

6,320 7,520 

6,506 7,564 

6,214 7,695 

6,318 7,689 

6,412 7,602 

6,410 7,659 

6,520 7,622 

136 

. , 'u 
"8afl1Yt~HYI~'HlI~ 

l::UU 
l::UU 

0.69 0.16 

0.69 0.14 

0.74 0.15 

0.71 0.15 

0.75 0.14 

0.74 0.13 

0.75 0.10 

0.76 0.12 

0.74 0.11 

0.79 0.11 

0.76 0.11 

0.76 0.11 

0.76 0.11 

0.75 0.11 
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fllft~'Ulfl 'II 
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ci .c:r," .,J Q.I oCt. d rI d.d. Q.I 

9l1n~n "-1 fmfl1'J11fl'.il~111lJ'YlllHH' n6~'Jlfll'J~ff1'J6lJ'YI'JfJ 0 .27- 1.50 f)f) .ctf ltJ~H,u.lJ.-TU 

IIIYl1'UtHI 
IIIYl1'U8a 1IIY11'Utri:) .. 

8P111fll1::: .. .. U188fl . " uuulflmfl ... .. I 'U11"1 ... .. . ... .. ... .. 
1f118'UYl1U '" .. ,"'UYI ... 91fl1:::UU ,"'UYI 

l:::UUO~ '" ... .. 
(flfl • .;yOW 

'l'UYI l:::UUfI~ ,"'UYI 1IIIfl11 
1fYflHt'4 

., 
'" 1fYfl11l'4 O~'t1l1fl 

't1irflfl1R 't1irflfl1il 
au.II.-l'U) 

.. .. 
m'VIIIYI'U 

(lIflJa.) (lIflJa.) 
(lIflJa.) 

0.27 29/6/52 809 30,775 438 14,101 N.D. - y=0.223x+ 123.18 

0.46 15/8/52 930 36,162 420 13,300 N.D. - y=0.0223x+123.18 

0.64 24/10/52 1,240 57,036 682 29,854 N.D. - y=48677x-3323 

1.10 18112152 1,667 77,824 805 35,886 80.8 610 y=48677x-3323 

1.50 9/3/53 2,767 131,367 1,298 59,860 332 12,837 y=48677x-3323 

v, 0 

911iltlHfll'ifllU1flUIJn1Uili,1 

~16d1-n.fllffm.,j\:i~uuti.mUf)m~~6~'Jlfll'J~ffl'JDU'Yil6 1''; lnu 0.27 f)f) .~ ltJ~/"u .lJ. --lU 

1Jlf)mltllJl~'J!lUllJ'Yll'UtJ"l1tY~'1",:jf)l'Vl~ '\J-I1J~'~fflJfl1'J y = 0.0223x + 123.18 ... 
1 ~ " j,/ d , ::'I ..:!t ~ ..c:t 
~fJ Y fltJ fI11lJl'\JlJ'\J'UllJ'YI1'U6" lJl1'U1fJ1lJ'U lJf) ./" . 11"~ x fltJ WU'YI 

.JI ," , 
d..:!t d Q.I I 0 d I Q.I d 

1Jlf)fflJfl1'J Y = 0.0223x + 123.18 lJ'Vl'U'YI'\J6'1~1tJfJ1'1'U11fffJ1'Y11f)U 30,775 (fIl'Vl'YI '\J-12) 

'JI 'JI 
fI11lJl'\JlJ'\J'U'\JtJ'IllJ'Yll'UtJ" = (30,775 x 0.0223) + 123. 18 = 809 

.. .. 
QlQ.I od" Q.I Q.I lQ1 .c:r,.c:r,QI.ct, 

~'1'U'U llJnl'U6"'\JtJ'I'UllfffJ1'\Jl'J~UU\l'll1lJf)m~ l'Yllf)U 809 lJ""mlJ!"~'J 
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• Standard 
- Linear (Standard ) 

y = 0.0223x + 123.18 

500.000 1,000,000 1.500,000 2,000,000 2,500,000 
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-- -'-=-= = ===== = 
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o~ , 

H C,\lCi ~ ~-:-:If'. FaJ"~IP.T *'; 
,'l\\'j r P.lL \!tl\ 
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t\:;O~1 

".!;, \. ·'.iF 
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1 I" 

_" ............ , .. __ "" "'0 ___ ..... __ ---... ______ " ....... , .... 4 AP ..... ......, Qq. pe;:w< 4(4*"41.41 ..... 44:; 
•• epep ••• " 

. .., , ., , 
q V.c:tq SI" QqU'~ 44'cv 

mwYl 'U-4 1I1fl'i!lUlllYll'U6Ufl'i'iYll Y1fl111l1'U1I'U'U 10,000 lIi.'1Umllfl6i.'1f1'i ('W'UYllYIlfllJ 429,597) 

1 
:, \'.\: II L~IIIJ\ r;L;'-(~;l 
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1'>_ rig 

:; 0.70 1 

+~ 

~~:f. i 
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IO(l 

1 'I. 
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4 :'44 "" QQCV'Q ';4'''' 
.fIl'WYI 'U-5111f1'i!1'UlllYll'U6i.'1fl'i'iYlI Y1fl1111l'U1I'U'U 50,000 lIi.'1i.'1mllfl6UfI'i ('W'UYllYIlf1lJ 2,237,670) 



600,000 

500,000 

400,000 

-V~ 
;t 300,000 

.~;: 

200,000 

100,000 

0.00 0.20 
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CI vCl 41:1 """ ,4.r::tlu fllffll '11-9 Ul91'l!lUIUllllUHlfl'Hll 2 llflllUI'IIU'IIU'ltl[JU~ 0.50 (ffUllllllfltJ 215,859) 

i * CAl Clt\ T! 0\ r;EP(mT t:~: 
~A\IE CH Pl\\O TnlE .\P.E.~ HEIGHT \IK If)\O ('0\( 
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fOBL 491995 38c·SJ 10(' , v 
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41:1 v4.q tiS/V 441v 
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