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This research aimed to the study efficiency of biogas generation from Wastewater 

Sludge of Coated Duplex Board Factory which was mixed in batch rector-Continuous Stirred 

Tank Reactor (CSTR). The chosen ratio of seed from anaerobic wastewater treatment was 

40% by volume of reactor. Then final concentration of total solid of mixture which was 

pretreated with heat was adjusted to 4%. To achieve this study, the investigation was planned 

into 4 experiments. Experiment I, studied efficiency of biogas generation from only 

Wastewater Sludge. The results showed that the maximum biogas production was 0.091 

L/gTVS. Experiment 2, studied fining state at the beginning Wastewater Sludge by heating at 

125°C (30 minutes) and fined the state at the beginning with NaOH 2% of concentration (48 

hours) before experience. The results of Wastewater Sludge that change fining state with 

NaOH and heat showed that high biogas production of 0.181 L/gTVS. However, Wastewater 

Sludge that changed fming state with NaOH increased methane to 45.23%. Experiment 3, 

ratio of mixture between wastewater sludge and food of Wastewater Sludge were varied from 

1: 1 to 1:4 (by weight). The results showed that the optimum ratio of wastewater sludge: food 

waste was I: I and produced high biogas, the value was 0.121 L/gTVS and increased methane 

to 69.99%. Last experiment, compared with condition which was appropriate in biogas 

generation from Wastewater Sludge by changing fining state with heat and NaOH and mixed 

food waste at 1: 1. The results showed that the maximum biogas production was achieved at 

0.186 L/gTVS and increased methane to 63.33%. 
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"" U'JI'JI 1 

U'JI'lh 

1.1 fl1uJlihnnllO:::fl11,..,hfl'ty .. tl-3iJty't11 

ih),UlJ'l.h:::l'YItYhHJ'~'Yiil'NllJl~lJ~lJflfh'l9ifln1fl'l ilJiJ 2551 'Yilr:h6'm1 fll'j i~'Yiil'l'lllJ 
. .. " 

'Ufl'llh:::l'YItYh1Vl-nlJ;ilJ~lfliJ 2550 !flUil::: 2.2 1"UH'Yiil'l'lllJl;'1'YilW'll'66'lJ'l.h:::flfl1.l~1fJlhUlJ 

I JI " JI 

6'lJ'I.h:::flfl1.l~1U~lJ thlJ llflil1.l llil:::fllmi'tlu l-nlJ;ilJ!mm::: 5.3 l1'1ihrllJfll'jflil~'Yiil'l'lllJ111fl 
'JI " II I 'JI 

ll'l1~'1fllUilJ1.h:::l'YItYnlJl1'1fflJ 61 ,930 ilJ~lJl'riU1Jl't'hlhUlJ~1.I l-nlJ;ilJ 11 1 flil 2550 !flUil::: 6.3 
JI " "' , " 

uil:::iifllnlll'lj'l'Yiil'l'lllJ~lfl9iH'l.h:::l'YItYnlJl1'1fflJ 59,386 ilJ~lJlnU1Jl'rhlhulJ~1.I l-nlJ;ilJ~lfl 
.. .. 

il 2550 !flUil::: 0.8 fj"lrllJlJilfllUll'U'U1lJl1'1fflJ 1,178,000 tl'llJ1Jl'YI (m:::'YIn'l'Yiil'l'lllJ , 

QI QI OI" QI QI!,s I 0" QI 

m lJ'Yil'JllJ 1'Yi il'l 'I llJ 'YI"11 'YIlJllil::: fll! 'j flll'Yi il'l'lllJ , 2552) "'1lJlJl'Yiflil" lJilfil fll'j lJ 11 'Ul'Yiil'l'lllJ 111 fl 

9i 1 'Ill 'j::: 1 'YItY~'1 fl~ 11 ~ '1~ 11 rllJ ~ fl '1'11111 '11 ~ '1'Yi il'l '11lJ ~lJ lJl 'j fl 'Ii' 1.1 '11:; fl'YI"ll 'YIlJ 'Yi il'l '11lJ ~ i ~nlJ fl fl .. 
ilJl1l1,UlJ 

'Ufl'll ffU~ln" 111flfl 'j::: 1.I1lJ fll'j Hil ~ 19f1 m:::" III ~"lrllJU '11 ~'1'Yiil'l '11lJ'YI"U 'YIlJ fj fl'Yll '11~fl fl 

'I1'd'l 1~fl'l111fll1l1 ,UlJ 6'~ 'j lfll'j 111i tyl~1.I 1 ~ 'Ufl'l flU Hil~ 19f1 m:::" III iitJi lJlUH~ lJ~lJ 'YJ flil 
, ... 

~'1~:::l";lJ '~~lfliJ 2551 fll'jHil~l~flm:::"llliitJ~lJlW I ,030.17 ilJtl'llJ~lJ l-nlJ;ilJ ~lfliJ 2550 

tJ'j:::lJ1W \02.38 ilJtl'llJ~lJ fj"lrllJ!flUil::: 9.93 (m:::m1'1tl~t'I'l'l1m'jlJ , 1hirfl'lllJltY'jll!n~ 
.It '" "','?I .4 tl~t'I'l'I1m'jlJ , 2552) <)f'l'Ufl'llt'l'U~lflm:::1.I1lJ fll'j Hil~t'I'1lJ 'I1ty~:::llllJfllfl~:::flfllJWflm:::"lll 

.It 0 '" 1 ""'" '" " .4 .4..", i" 0 ",,,.4 <)f'lfll~" "U11ifll'jlHl lJ'I1lJfl~lJWfl (Boiler) l'YiflHil~fI11lJ'jfllJ tJ 'll't'I'l'l1'j1.l~lJWflm:::"11l 

t'l'Ulflii~lflm:::1.I1lJfll'jHil~ '~un 1<)f"lh~ (NaOH) Uil::: 1<)fl~UlJfIl{1.IflllJ~ (Nll:zC03) 'lJ 

, .. . 
Recovery} n;6U11<)f"1'~ (NaOH) 1m::: 1<)fl~UlJfll{1.IflllJ~ (Nll:zC03) flil1.llJ1H'lJ';rlJ~fllJ~lJl~fl 

m :::"lll i'l1u 1m::: 1.1 1'1 tY1lJ ~:::'lflUlff '11.1ili 'YIi'1Jtl1~"t'I'l'j lflii lm:::fl11lJ! fllJ~fldilJ ttJ'Ufl'l , mIl 
.It .. .. 
<)f'l11::: fh~" 1 "UflUtJ~flUii'lflflfl~1.I'j 'j UlflltY lJfl fl~lflUfi'l ii'Ufl '11ffU~lflflU tltJ1 ftfl1.l i1ftfl ~l fl 

h HllJlgflm:::" III l,slJ 'UU:::ltYllfll'l1l'j ~t'I'llJlH)UllJ1Ht'I'lJn1.l'Ufl'llffU~lJ"11~tlUllJ1Hil~lrllJ 

. . .. 
Hil~tJ~lJlWlJlfl hWlhil'lfll'jHil~l~flm:::~llll 240,000 ~lJ ~:::iifllfl~:::fltllJnl"Ultlflflutl'1 

46, 150 ~lJ 1 "Ufllfl~:::fltllJlgtlm:::"lll ff1lJ' my l1:::Ul' tJ'~tJ'j::: 1U'II',rl~fllrllJ 1t'1'~tJi'1.ItJ~ '1~lJ 
... .., 0 0 "'.1 '" ".1 '" ... "" ?I " .1"" 

'I1'jtlHil~11'Y1'11'Yil:::'II'lt'l'l'l1'j1.llJ~fl~lJ lJlJ'j:::lJlW 9,230 ~lJ 'I1'jtlfl"ll1lJ'jtlUil::: 20 'Utl'llJ'jlJ1W 
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o " 

fllfl~::::m.l'UlUtlm::::~lll i,*&ul;1t1l't'l~'lU'i::::lJlW 8,300 ~'U 11~tlfi~lfl'U!mm:::: 18 'tItI'lU~lJlW 
.,j i 9/ .d _ 1 ., ... "" ~ 9/ _ I"" 

fllfl~::::fltl'UI(ltIm::::~lll ~tllJ'Ylu'i::::lJ1W 3,700 ~'U 11'itlfl~IU'U'imH'l:::: 8 'tItI'lu'ilJ1Wfllfl~::::fltl'U 

.,j d 9/': 0 1 i 9/ 1 " ., ... "" ~ 9/ "" Wtlm::::~lll lJF-IClftl'Ul U ~U'i:::: U~'UU'i::::lJ1W 2,770 ~'U 11'itlfl~IU'U'itlUCI:::: 6 'tItI'lU'ilJ1W ... 

fllfl~::::fltl'U1Utlm::::~11l llC1::::l11 1UN'lflClUU'i::::lJ1W 22, 160 ~'U 11~tlfi~lfl'U!tlUCI:::: 48 'tItI'lU~lJlW 

fllfl~::::fltl'Ulgtlm::::~lll (m::::m1'ltJ~ffl11m'ilJ, fftll'U'U1iu1'YlUltnff~{l1C1::::1'Ylfll'U lC1UUl1'l 

1 ~""" ,q °1~ .a QJ.c:1 
U'i::::l'Ylft 'YlU, 2548) C1f'l\1lfl'tltllJCI'tI1'l~'U't'IU11U'ilJ1W fll'i'Ul Um'tltl'lfllfl~::::fltl'UWtlm::::~lllU'llJ .. 
U~lJlW tl'llJlfl i>i'l,r'Uti'lU lfllfl~:::: fltl'Ulgtl m ::::~llllJll fl'U 1~Q~UI~tlF-I~~'t'Itl'l'l1'U'Yl~11'Yl'U 1,f'U 

fll'i 11UflllUU 1! tltIfl~I\1'Ul~tlF-I~~nlClf;1fll't'l 1 ~Ulllfllfl~::::fltl'Ulgtlm::::~ llllJl'lh-u~nitl'l~'U~ 1U 

11l'Yl HfllUfll't'l 11 ~ tI'YlHlfi ij 11 ~ tlU llJ 1 F-IfflJl1lJ nu'tI U:::: Iftlltl111 II i'U tl~ 'i1 ff1'U ~1'I1lJ l::::fflJ fhl 1 \1:::: 

'ril i M'ftflUfll't'lfll'i F-I~~ nlClf;1fll't'll~lJ~'U 11 CI::::lfl'U flUU l'tltl'llffUlJl i;;u 'i:::: lu~,rl fl'U't'I tl'l'll'U 

'Yl~11 'Yl'U 1 ~U11lfll'i 'Yll'l;1fll't'lfllU lA'fftll1:::: 1 !tltlfl~I\1'U 1 ~fl~1U 

, ~ QJ" QJ 

flCltl'l'tl111f1 Cltlu lJ'U ~ 1U'i:::: UU11lJ fl 

o "" ..!I .:9 ... 1 Q.I 4 iI 0 d 1 "" , 
1.2.2 1't'1t1ftfllll F-ICI'tI tI'lfll'i u 'i U ff fll't'lIUtI'l~'U fllfl~:::: fltl'U 'U llff U H'll'U F-ICI~ m ::::~lll flCltl'l 

'tI111f1ntlUU'U ~1Ufll'i i M'fl1llJ! tI'UllC1:::: flU U1 U fftll't'l~1U~ H~ijF-lCl~ tlU 'i:::: ff'Yl i fll't'l flll F-I ~ ~ 

o .. 

1.2.3 I-WtlfffllllF-lCl'tltl'ltl~'i lff1'U F-IfflJ'tItI'lfllfl~::::fltl'UUllffU 1 'i 'l'l1'UF-I~~m::::~11lfl~tI'l'tl11 

Ifl ntlu U'UllC1::::'tI U:::: lftll til 11 1 'i ~ ij F-ICI~tlU 'i:::: ff'Yl i fll't'l fll'i F-I~~ nlClf;1 tll't'l 

1.3 "aUI'IIA"tHtll"ii9(J 

1.3.1 i ;; 'i :::: U U 11 U fl 11 U U llU ~ 'If' (Batch) 1 fl 'Uf,) 'l U B fl'i W ~ ij flll fl1 'U tI V H ff lJ \J 'i W 
'i::::i>iuM'tI'lUB-u~ fll'i .. 

1.3 .2 ';;~1t1VHfllfl~::::fltl'U \1lm ::::uulh-u~UllffU 1 'i 'l'l1'UF-I~~m::::~11lfl~tI'l'tl111f1ntlUu'U 
o 0 

dd 0'" 'i~ "" 
'YllJfll'i'U1Wtlm::::~11lIflllJl ~ l'Um::::U1'Ufll'iF-lCl~ 

d ... 1 Q.Q Q r:'I .do 4. ... 1.:::1 d QJ 

1.3.3 ftfllllu 'i:::: ff'Yll tll't'l fll'i F-ICI~ fllClf~1 tll't'l \11 fl fllfl~:::: fltl'UWtlm::::~ 1111 u'i UUI 'YlUU flU 

o 0 0 
.d Q.I 4 d QJ .oII:SGI' 

1.3.4 ftfl 11 1 F-ICI'tItI'lfll'i 11lJ flfll fl~:::: fltl'U WtI m:::: ~lll 'Yl F-IfflJflU'tI U:::: Iftlltll11U 'Yltl~'i lff1'U 

, 1" f odd ' ... 1 .CIt, Q Q r:'I ..::I 
~l'l"l ~l1fl I: I , I :2, 1:3 UCI:::: 1:4 'YllJF-ICI~tlu'i::::ff'Yllfll't'lfll'iF-lCl~fllClf~1fll't'l 
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o 0 

Q cld. 0 ..:::to d'1'" QlQ d ~ 
1.3.5 'n111lJl9ItJ1'Y1'Y1lf11111fll1::11 iilUfl fJUHYlJ'U9I'YIl'llfllJ'lJtJ'lf11fl9l::fltJ'UWtJm::iil11lUCl:: 

'lJU::Ifl'lltJ111n (IrltJF-ItYlJl'Ut19111tY1'U~l'I1lJ1::'tYlJ) fltJ ~lfl11lJlfl'Umiil-~1'l (pH) tJw11t;Jii 
~ ~ 

tJ1lJ1W'lJtJ'l1l~'l";'l11lJiiI (TS) tJ1lJlW'lJtJ'l1l~'l1::mU";'l11lJiiI (TVS) tJ1lJlWml'UtJ'U tJ1lJlW 

" 
1'U 191 1 I ~'U ";.:j 11 lJiiI (TKN) ffiil tY1'U fill 'UtJ'U ~ tJ 1'U 191 1 I ~'U tJ1lJl Wlt1'l ~1~ 1 tJ~ (COD) 

llCl::~lfl11lJ4'U fJw'tYlJl1~'YIl'llflij,JtJ.:jJ1Iffu fltJ ~lfl11lJlfl'Umiil-~1.:j (pH) tJw11t;Jii tJ1lJlW 
~ 

flHl'l"::mU~lU (VFA) tJ1lJlWfl11lJlfl'U~1.:j";.:j11lJiiI (Total Alkalinity) ~l~ltJ~ (COD) llCl:: 
~ 

tJ1lJ1W'lJtJ'l1l~.:jll'lJ1'UCltJU (SS) UCl::fJw'tYlJl1~'lJtJ.:jn1'1f;1tll'n fltJ tJ1lJlWn1'1f;1tll'n";.:j11lJiiI lICl:: 

".1 a "" ,1' I a "" a.,j 
tJ'lfllJ1::fltJ'U'lJtJ'lf11'1f'll'1tll'n flllfl f11'1flJl'YI'U llCl::f11'1ftJ'U"l 

.1 ~ ./..i , , II.., 
1.4 lJ'l:: IfJ'IfUnflU111'l:: ~'l'U 

0" d 1 ",.11 "1 "" a "" 1.4.1 'tY1lJ1Hl'U1'lJtJlJCl'YI iii lJ 'II' 'Ufll1tJtJflll'U'U1::'U'UF-ICl9lfll'lf'll'1ill'n~lflfllfl9l::fltJ'U ... 

l~tJm::iil11l'lJtJ.:j1::'U'Ulhl1ii1J1Iffu 
1.4.2 Ifl'Ull'U 1'Y11'l11,1.:j l'U fl11111 f11fl9l:: fltJ'Ul~tJm::iil11l fl~'UlJll ~F-lii9l'n~.:j'l1'U'YIiilll'YI'U 

1.4.3 I fl'U U'U TYIl'l l'U fl n tJ f'U tJ ~ 'l"; WI'U 1 fln I~ lJ tJ1:: ff'YIlI ill 'n fll 1 F-lii 91 n1 'If;1 ill'n ~ 1 fl 



, ... 
'UYIYI 2 

, , 
~..., ...... " 

Ulmn'lUa::~lU1;)rJYllflrJ1"6~ 

IN ... 

2.1.1 fll"'V1fl1ft 

r.'I d .c9 W d, " , .q ,q" . 1 '" fll91'lf1tllYi 'HlJ1UO.:J fll91Yl ~Hllflfll'WtlutHnUffl'HI'UYI'WillH"l 'Ufftll1:: 1tllfllfl .. ., 
1,f'U 1ff~l'H~tll~m.:Jfll11fl~iIl11JClffill1 fJ'iHIU::fl'U 1,hYi.:JfJiIlffl'Hfl11lJ '1M hlUii~~'UYl161f1'U 
'" , .ok "" '" ~ "" , "" '" "".", ., iIl1UtlUffmU 91.:Jfll91'lf1tllYillJ'Ufll91flff1J'J::'H1Hfll91lJIYI'U (CH4) UCl::fll91fllllJtl'U "tltlfl 91" 

(C02) IfI'U tY1'U 1 my 'U tl fl\ll flif tll 'iHl::ii n191 1 'U i ~ 11 \l 'U n191tltl fl~1 \l'U n191 1 g i "11 \l'U oiCl 1 ~~ 
t1'U tl ~h~ m! tlU U~ n191:;1ftlYi~lti" 1l1fl m::lJ 1'U fll1 'H Ufl \l:: ii til 1JlW ~~ l.:Jfl'U -rY.:Jif ~'U mifllJ v ~ 

" 1tlUCl:: 50 (Economic and Social Commission for Asia and the Pacific, 1984) 

0'_1 _ oCt Q;' Q,I " 

2.1.2 tl-3flu'i::fttllJ .. tHfll .... 1fl1ft (tl1ff"1 UClllpWl'U, 2545) 

. " 
i"un1'tJtl.:Jfltl1::fltllJ~tl.:Jn191:;1ftlYiii~.:J~tl'tJU 

"" '" fll91lJI YI'U 

"" ., , III" 
fl191fll1lJtl'U "tltlfl191" 

n191''U iill 1 1\l'U 

"" '" fll91tltl fl911 \l'U 

n191'g i "ll\l'UoiCl , ~~ 

~tlUCl:: 55~5 

~tlUCl:: 35-45 

~tlUCl:: 0-5 

~tlUCl:: 0-1 

~tlUCl:: 0-1 

cv ~ 014 Q.I Qld' 

2.1.3 ilft-WW::iJlIlJfI .. tl-3fll .. 'V1fl1ft (tl1ff"1 UCll'41~'U, 2545) 
, 

v ~ 0I4.q .. v 
ilft-WW::lYlIlJft .. tl-3fll .... 1fl1ft (YI 0 tl-3ftl1 .. ill .. tliJ fl1111~'U 1 lJ'i'itllfllft) 

t1l1JlW ii lYI 'U 

t1l1JlW fll{lJtl'U '''tltlfl '91~ 

t1l1JlW'g i"ll\l'UoiCl '~,) 
, " 0 

fllfl 11 1J'J tl'U YI Hill 1 

mllJl~11t1Cl1 ,~ 

fJW 'H .fJiJ1fll ''HUi'Utllfllfl 

, " fllfl11lJ~fl11lJH)'U (Cp) 

fl11lJ'H'U1Ull'U (p) 

~tlUCl:: 65-70 

~tlUCl:: 30-35 

1,000 tY1'Ul'U"'1'UtY1'U 
., 

24.48 IlJfl::~Cl/~fllJlflflllJiIl1 

25 191'U~llJiIl1 /1'Ulli 

650 tl.:Jfll191Cll~utY 

1.6 tii Cl\lCl/ClfllJlflfillJ~1-tl.:Jfll191ClI~Uff 
v v 



, 

tN 4 J qf V q , 

fn"lV1fl1'n 1 gflUlflfllU9I'.i Uflltl11U'H1UlYltJtJlnl : n~unu 

nl"lfll~~lJ (LPG) 0.50 fihlfli'lJ 

" • ~ d 

'UllJ 'U" 1"If ft 

, iii 
Ul'U lJ 

0.67 ft1l'j 

0.60 ft1l'j 

0.55 ft1t'j 

2.50 fil ftfli'lJ 

1.20 fi1ft111~-i11lJ~ 

q CLI CLlQ do c:I.c::l 

911nnl 2.1 ftmHll~ tYlJtJ1I'YI1~fllUfl1l'lllft~lfllJ'I.I6~fll"lf'b'1f11l'l 

., ..- .. .,. 
.. d 1 ~" ° fl'YW::: iIUtJ 91 fn"lUlnU fn"ltll'.itJtlU ~Jatlfl "I~ 

r:-I 
iItllU::: fll"lf '1.16~ll1ft1 

.,. 
iUiHy iuuil iI 

, 

'UUf)~'U 'UUf)~'U .... 
flOU 

~1l1UfllU1OflO 16.04 44.01 

... .,. 
~~1~8~ (tl-3fl1l"1I01"ltJiT) -161.5 -79 

... .. 
~~l10tlUll101/~~ltJtlflll'U-3 

.,. 
(8-3 fl1l"1101 ClftJ iT) -182 -70 .. ,. . 
tl11Utl1-3911'nl::: ('Ul=l) 0.466 1.101 

tl11U~U'8 (UU.l.h8n) d ° 1.342 'YI 0 "If 569 ~ -82 0"lf 

tl11U'HU11111U'8 - 1.5 

tl11UiT1Ul'.i til Ufll'.iil:::OltJ .. 
,~ 1h (flju/IOO iioDDm) -

,.,. 
fll'nltl'V - -
!II .,. .% iii ft~ftlU'~81~'jfll{tJ8'U 'I.Itl1JonHflltJfll'nUO:::ltlU tYl'j'UtYllJ1Hlft~cnU " 

~ 1 .... .. ~ . .. d" 
8WI 'U1l8ftfltl 86 ftll ft~811i8'j llft:::1t1'Y11ft~cnU6'UVI 'j U 

. . 
CI CLI ~.c::." q 

nUl : m~m1~'YI'jl'lU1f)'jlj'j'jlJ'b'111I1ft~tY~1I1~fttllJ , mlJfl11JtJlJlJftl'l1l , 2552. 

5 

nl"l'~ l~'.ilf)w.o'-w~ 
r:-I 
f) 1 "If 11 ft ~ '1.1 6 ~ 111 ft 1 

1i1 iI fI1 U 11 fl11lJ'j 6'U 

'uuil 
nl"lfi'linll 

34.04 

-60.2 

-85.7 

1.45 

-

1.21 

ifi' 
'" ° 4.5 VI 20 "If 

.%,' J' tYl'j'U 11t8fl11lJ'b"U 
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2.1.4 o.,'lthh::mlll;11110~nnn:: nllfll·H~DAtll<';1.fll~ ( m ~m 1.:j'n".:j.:j l ll , rill! flHW 

II 1UlllmH'l ~Il~1l'n".:j.:jlll , 2551) 

• 'riWUl1 
OflllW::..Y1'tJ 'Ulll~l~nUl11l~mn.:j 1~lJn1".:jfll·H~U1,j'11 

fll'nh't11V'nu ~N,j'11ihh~ 1U'II'Ul1mUtlUl.:j l,fll lillltll11l1tY~1 tHllJ~ll 
"' • .1 0 1 ", 1 ., , ." 0 ~.,. ~ "' • .1 ., 

l'nl~ll1~l1N Vll flH'n1.:j111~~tln lJ Il(l~ 'II' llfJ~tYll1mllJVllm::~nJ IlJll~ll Il~U.:jlJl1l.:j'Ul1 

ijnlJln~11i1~lh hJ1~ fll~ 'hlh~lJ1W 1'1l 3 'Utl.:jff111~Il1~tltlfll~lyf.:j ... 

'lill~'U U.:jjj~H,j'l1ijfllJlfl~11i1~lh 111'~hrlillllh:: 1lJ'II'U 

" 1" ."., . '" ","4' 'lililOti nl1nlJ ~Ulflm 'll'IlHfllll'nll::tlym::'il~m::~llU ~tl.:j 'll'lflltlHlllllH 

(Straw Baler) 1Jl,f1U'llflnnm1lJ 

• fllflaOti 

OflllW::..Y1'tJ jj"nllW::lilll~U 1~'illnflll~il~Jl~1(l~11 1~UlhtJ'tlUlJl;llJltltlfl 
• »I 'JI I 

ff111 fililllU 11h 1 11~il~lilllU 1~1(l~11 ihll fill1 ~tlfi tlfllfltJ'tl U 

fll'nh't11".,'Il'U ff111' l1tYl~lillll~tJI'nil.:jl~tl~il~Jl~1(l~11111::lJ1W ~ tlU(l:: 80 

ff111~Il1~tlijn~tlU(l:: 20 U 1 1 11lil1l1~Q~l1rill1fl1~il~m::fllll 

'lill~'U u.:jjjfllntJ'tlml1~tlijmh1ll1'ct.:j~u.:j11i1~ul111H.:jl11 
~ ~ 

" 0 QI .4 
'lililOtlllll111flllllll(l::fl1llJ'II'llll.:j 

• 111aotlllo::tloilaotl 

OflllW::..Y1'tJ jj"flllW:::Il U1Ul1 'il~tlfl9'~tltln'illmhAm)'tllJriollff.:j 1 111 H.:jlll ... 
~ . ~ 

,f1.:jI~0ll1r1l1lfllJti.:jllJ1I1Ull ~.:jl!ll '11tJ'oUlm~uo~fl'tlU'il~m~'illU1 11":11 1 -itJ'ou ll~l1Nflf .:j'll'11 1-i 
" , ,...... ~..9 0 1 ~ ''''1 ., " ",. 
tltlU'il~ 'll'11ifllll~11l'Ylllflll~~ C)f.:j'il~Vll 111lJlJ l1tltlUIl(l~Utl~OOUl1(l.:jIl1(ltltlU 

~ , ., .,',. "" , ,. 
11t1tlUIl(l::UtlfltltlUtY111 l1flJ'il::tlfll~l'YI.:j II 1 .. .. 

.. 

II 4 .4 QI 4 ~t d , "1 " 
'lililOti lJm'nl::I~Oll1i1l1lfllJmllJ1I1Ull'UO.:jlJflu U(l::flllnl111lJlfll1flOll'UH 'II' 

III .:j.:jllllJlfl ~llilllAtl.:jl1llfl~tl.:j~lllll .:jlJl'lhu 

• I11DOfllli.1::fllmJ'Ulh11::l1tl.:j 
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il"I~'U 1,1 tl'l'illflllH1tl flU'UU'l~ti1'U l1 it 'l~'Ul U hi'~ l'1l'l1 H'll'U ~tl'llll 11J 

~'lfHltJ 1l'l'jl~U'l 'u'~fffllm.h' u1~1,ft1~I'U1h~ 1u'lflrtldl'l~'U 

il .. AtlU I U~tl flU'U ~ti lfl1llJ! tl'U titl'U,j' H~ 1 

• m mh 011 

ilfl'Ytu~ "'1' tJ fll flU 1 fllJl fl 'U I ffllll1 ~ tl 'ill fl fll 'j ffti~nr 1 U'U U 1 fllJ~ tJ 'ill fl'YI ~ Cll U 

_I 0'.. '" '_.1 0' .. ., ~ .. ., 'V 'V'" d 
ulCllJff" lJ 3 IItJtJ fltl nltJtl'jlJClflllW~llJ'U~U fl~ClllJClflllW~flCllUfl~ClllJ~l'l'jl111i1lJ'U'Ul"lClf) 

f)'hlJlfl1i1u'j~lJlW \ - 2 ICJI''U~llJiI'j IICl~'YI~CllfJ1hfllJltJrll 

fll'nh ,,nV-ll'U 1 vlltJtl{ 111 lJll fl'U I :5tl1l'lii 'l1 'U 'UtJ 1'U fll'j F-liiilJ 1 U'U U lfllJ~tJ i'l~ 
ll1~tl 'UlJlf) ti1'U'YI~CllUI1Jrll'l.h 1 UIl'll~lll~ 

il"I~'U f)~ ClllhfllJ ~ti lfl1llJ~tl'U tl'lq''' Il1lJlnhlJllfl'Ul:5tlll'lii'l 1I~~tl'l'j ~i'llffll 
J1U'U~ilf)fi'HtlQ ti1'U'YI~CllUtJlfllJIUrll~ll1~tlt) f)lJlf)~U'l 'U' ~ullJl1~ 11Cl~ t1'lUllJlIF-ll'il~ 1 ~,r1t1'1 
~~II'i1il~ hJ~ffltiUlJtl'llJlfl 

. " 
il .. AtlU fll'j Yi'il~Ul'YI~ CllUUlfllJltJrlllJllfl'Ul~tlIl'lii'l ~tl'lUllJl~1'U'UtJ1'U fll'j dtlU 

l11tl~ .. fitl'U 1l'l'jl~~'U'Ul~ h1W 'Utl f)'illf)ifu'l~fflnh~fltltJtiClfll1Cl,.r ff 'l 'il~'ti11,fl'itlJ11'U l1,j'tlJl 
u ~ 

~UHll1ilU1Ifll~~" 1~41U 

• 111tJl&lIlIf.1~~'UtJl011 

ilfl'Ytu~"'l'tJ 111 lhfllJl11 tl'YI HtJ 1 fllJ'il~ (I fl~"tltl flI~tlUl 'YI~ Cll UUlfllJ ff .. Cl'l 'ill f) 
~ 

~1~'U ~'U'UWlfJl11h~lJ1W 2- 3 IlJiI'j ti1'U~1~'U'il~\!f) 1ti'Ul~tl~tllQ 20-25 ill11tl1~tl 'UffllJl'j(l 

1,fF-lClF-liiil1~~ 

m',nh,,nV-ll'U 'YIHtJlfllJ 1~fl(llJ~'U ti1'U~1~'UI~ lJ'YIUtlU~ .. 1'Ui'U ~1Jl'lllli 'l 
il"I~'U U'l1U~fll'jfffllllUl 'u1~tJ'j~ 1u~,.rlfl'Utldl'l~'U 

v ., 
1) "1'U'nf.1'l'l1'U 

JI I ", 

fll'j F-liiill~tlll'lii'l~ii .. ij'U "1 ffllJl'J (lUllJ11~'YI""'Y1'Ul'lcl'l'l1'UI~tlIl'lii'l'illfllll1rl'lij'U 1'Ii'U fl'U ri l'U 

" " 
U1U'U nlCJl'l1 'l~lJ 11Cl~ 1 vl,h nlCJl';lf1ll'l~l'U 1'U 1 ~f)1JlffnllJiI'j ffllJl'J (lUl 1 u1~ ~~'lil 

, " " 
1 'V ' 'V ""1" 'V" 0 1 'V 0 1.1) l1fllfl1llJ'jtl'U 3,000- 5 ,000 fl ClllflCltl'j fl1llJ'jtl'U'U'il~'YIl l1'Ul 

130 iHClfl:ilJ ~fJWl1fJij 20 tl'lfflICJl'ClltiUffl~tl .. 

1.2) 1~ti11i1~lnU'lnlCJl''U'Ul'' 60-100 iil~ 'lfl'l1lj"~ 5-6 i11lJ'l 

1.3) F-liiilm~lIff1vlYh 1.25 n1Cliil~ 
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1 "~"j " " .;, 1 1.4) 'lffl'IJlflnH(J'U~ 2 m -un 'U 1'U 1 'lf1 IN 

1.5) 1~tl'IJm6'IJfli'1'1l'UWt 4 fI'U ff1lJl'Hl"1.:J~lJ'~ 3 t6 
", 

2) ~lUftl'iltl'Ym 

2.1) ihijfJ fllfl~'~\)lflfll'jl1UflnVH~1fll'Wff1lJl'H) 1~1~'U~(J 1~~fl11lJ"ff~1ff"" 

""::~(Jfl6fl 1~6.:J\)lfl'llW::11 Ufl\)::]j fln I1J~(J'UlltI".:Jffn til ::fl6'IJ 1 'U 1 m I\1lJ ''UlJ''ff~1l'i1 ,..r~'If 
ff1lJ1Hllh 1t1'~tI'.i:: 1(J'If'U1~ 

2.2) nltll111'itY,r11 "lIlhri1'U~l11ii6\)lflfll'.i11 Ufl 1 tI~lflll..r{l II a1 lh 1 tI~fflJl~'U 

6111l'.iff~1'..rlf1I"'::1lfl'.ifi'U1~ 1I~]j,j'6~ltl" fi6 fI1'.ilri6~'.i::111H 5- 10 fil"fli'lJ/ri1'U~fflJ 
.. 

l1.:Jl1lJ" 100 fil "fli'lJ \)::l'i1 '..rff~11\)1tyl~'IJ 1~~llJtlfl~I"'::I~'Ufll'.i""~'U'l'U fll'.i ~ft~Ufl~1(J 
, "'_1 ~ J ... ... .., IN ... 

2.1.6 ftl'i Vu'i~ IfJVU 91tlftltlVl~tltlUnl'Hi.1tHl1tlftl'i111Jtlftl'tVlfl1fi 

fllfl~:: fl6'U ~111 ii6\)1 flfll'.i ~ft~ nl'1f~1fl1'W]j6{lti'tI'.i:: fl6mhfttyfi6 31Uff (Humus) 

~ .:J1~'Ufl'Unl (J1~Q~fI{lffm'WI"'::(J1fl~6fll'.i u6(Jffm(J'Il6.:J~ft'Unlu ]jfJW fflJ,j~''U fll'.i~"CJ7'1Jlf111":: 
.. 

1i1~ml1n-n'lf l'i 1 1 ..r~'U -i1W'I(J 'lh(Jri .:J1ff1lJ fln iiH 1'U'Il 6 H 1 fl-n 'If 1 'U fll'.i ~"cJf1J1.hIl" ::61111'.i 

U mf .:J'lh (Jil6 {ltl'U fll '.i -n.:Jn" 1 (J'Il 6.:J 11 U 1 ~'U ~{l,f 'U i .:Jll1lJ1:: ~ \) ::U1 fll fl~:: fl6'U \) 1 fl'.i:: 'IJ 'IJ ~ ft ~ 
n1'1f~1 fl1 'W 1 tI, ~I ~'U ~ (Jfl'U n luthl1 i' 'IJ fll '.itfi 1:: tI ~ fl-n'lf {all! fl.:J1 'U 'W it H 1'U 1.1 ii fl1 fI ~ 5 

('U m '.i l'1ffflJl), 2551) ffntli''lJffm'W~'U~ 1~\) 1fl'.i ::'IJ'lJU6(Jff"ll1l1'IJ'IJ 1U'~66fleil\)'Uff1lJ1'j(1'~ 

11lJ tl'U l1l6n,,"n'U fll'.i' ~~mfl]j 1~6""tl1lJlW ffn IfI]j~~ flt1'H6~' 'U~" ~ft~ n Hfll'.i Iflll ~'.i I"':: 
" I I ' 

-n'U fi I'W l::tI" fl 1 'U'Ilw::fin1'1f~1fll'Wli 1 ~\) 1 fl'.i::'IJ 'lJU6(Jffm (JII 'IJ'IJ 1 ul ~66 fleil \)'U1~'U1I11 ri.:J .. 

I "" I 

IU61m (J'lJlfi(J'lJtl'IJ fln ~ft~'Wit.:J.:J1'U 1 "(Jfll'.i HI~tll'Wft.:J~tlffei" 'Utlfl\)1 flij]jIn 'Ufi 1~flit'IJfi'U 1"(J 

Infll'U 1 "vfln Utl(Jffm(JII'IJ'lJ1uHtltlfleil\)'U\)::'lh(J""tl1lJ1W ]j1n'Ulm::fIl{'lJtl'U '''6tlfl 1'1f~~~fl 

tlri6(Jrim '.i (J1fllfY Irltllm (J'IJ lfi (J'IJ tl'IJ fll '.i ti1\i',,'Il (J::lJ" ~6(J1I 'IJ'IJfltl.:J.rf.:J fl"l.:JII~.:J fll'.i ih fl "'IJ II 'IJ'IJ 
~ ~ 

~ 0 , "1 " I r:I " 1 , """ fYfl(Jfl1'Wm 11 "fl'.i6'U (Global Wanning Potential : GWP) "l{lfl11fll'lffll'.i'IJ6'U "66fl 'If"(J.:J 

I OJ OJ QI QJo'QI 

21 1n1 (fl'.i::'l1'.i1.:J'W".:J.:J1'U, m lJ'W9'lI'U1fi".:J.:Jl'Un"Un'Ulm::mpflll'W".:J.:J1'U, 2548) 
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... '" flVl i:1'1't1 fl ') ') )Un'! Vitti t) fl'i:: ~ l'Y 2.2 . ~ 

2.2.1 .fl1ftn)JflVlnl't1fl'inlf.lDVI,[jt)fl'i::~l1l1 (m lJ h:J.:Jl'\.HJ~ffl11 m'HJ, ~hir fll'YIfl i U h1hll 

llCl::fl1'Hiflfl11'lJCl~ll h.:J.:J1U, 2551) 

fJ ~ffl11 fl l' l' lJlgD m ::flllll~U fJ~ ff111 m l' lJ11 ir fl~D ,.crD .:J111 flfllfllflll ~ l' m l' lJ 

1~1~Q~umrfl l'tfU 'U'Qfl1i;u~ff ,U',~ ut) ~1.:J,j'11 'lt1Ua't)V I~U~U iifl11lJtY1fit1J~t)fl11'iwn.n 

fJ ~ ff1 11 m l' lJ f.I i; ~ m:: fl11l 1.1 t).:JU 1':: 1'YI i'Y II Cl:: iifl11lJ tY1 fi t1J~ DI i'Y1' 1l! fi 1)1.1 t).:JU 1':: I'YI i'YD UN 1J1 fl . .. 
lflVfJ~ ff111 fln lJf.li;~IUt)m::fl11l1~U ~~ ffl11 m l' lJ~U tl11.1t).:JfJ~ ff111m 1'lJm::fl11l~N'l l'tfU 

.Q rI~ rI ~ ,., ~ : Q.I rI 

m::fl11l'YtlJ't'fI1.lV1 m::fl11lm 1~'YI IlJU ~U IlJU fJ~ff111 m l' lJflCl1.:JU 1IlCl::fJ~ff111 m l' lJU'i1' ,f1W tyI .. . 
l'tfU flritHm::fl11l tJ.:Jm::fl11l1~U~U Im::I~U~~ff111m1'lJUCl1vtl11.1t).:J~~ff111flnlJff.:J~m{ 

.6e'1oo11 

~lfl'21I,ff)tif)lJ loflJ 

fllJtl'fl~ll.J fllJfl11Jll.J 

.6e'1oiY 

'II1fl '21I,ff)lI~~lIft::'21 
19uh loflJ '21'H '21 ~fl1 

ihhifl 'V1lJ~f)O 1'IHo(11 

'Hu1,"U'IIl.J 

.6H1fl1f111tl1::ilUI 

'II1fl1tnJm;Mfl'i::~111 

'H~f)fl'i::fl111~l~~llJmh 

fl1::ilUlfl111hf 

fl'i::~lll,hFhfl1;f)~ 

fl'i::~111Yi1ftf)lJ~fl~fl 

fl'i::~1111'Hilo10lJ . 
fl'i::~mjQ~illlM01 

fl'i::~1111'Hilo11'1f)~tilJfl111J~ 
fl'i::~111f1~11'1,rglJ'lIW IIfllJfl'i::~ll1 

- ... fl1::ilunn"U'101 

W~ '1ilflaf)l.JljlJ/fl'i::~ll1llf)lJ~ 
.. 4.. tI 

'IItl~lflftf)l.J1JlJ/fl'i::~ll1f)l19' 

fl1::ilUle",,,0 I 

. , '" ....... 
.fl1ft'YI 2.1 .fl1ftn)J~Vli:1'l't1fl'ij)Jf.li:'lVlttlt)fl,)::Vll'Y 

. " nm : mlJ 1 1.:j.:J1UfJ~ff111m1'lJ, tY1irfll'YIfl iu iClUtl1I1Cl::fl11'~flfl11'lJCl~1l i 1.:j.:J1U, 2551 



JO 

. ... ... ... 
2.2.2 fll'iFnlfl"tl..:af2f1il"'t'Iflj·n.IFn'lflltltlflj~~''Y 

.. 
I. lf1Q~U (mlJh~~''UfJ~ffl11mnJ , 

h~~l'U , 2550) 

tYTUfH'Ylfl1 'U 1 (lfhllU(l ~ fln l1flf111lJ(lV.lJ 

. ... ... 
1.1) fll'iNaflltltlflj~~ll1 

1'U m ~ U1'U flU fI~ ~lg6 m ~flllJ n flU 1 ~1~ltl~1J11 (llu'In1fl ;~U -U~1i1 'U 

'U6ml1f11~O~1Jl1cifl~flril1lJ1uil'1 1'U m~1J1'U fin fI~~lg6m~flllJU~~tH 1 ~ . 
J, Vici~~''U U(l~ffn lfln1JH6dl~t)fI~1U ;~lg6m~fl'lJ~fI~~ 1 ~1'U1.h ~l'YltltY1'U 111tY'il~1i1'UlgtJ 

'JI , " 'JI I I 

1utY'U il~lUtJ 1U'l.h'U flm~ ufH1'U1UtJ m~flllJfi fI~~'illf1~'U 1l6ffl1Yi TU'U fi l1flli1'U1UtJ 1UU11 

. , , .. 
q cv 41 41'" 

.fI1l'tn 2.2 anllW~,.tl..:altltllD[ll1Ua~ltItll[lil''U 

~tI1 : mlJ h ~~l'UfJ~ffl11mllJ , thl1m'Ylfl1'U 1(lfjJ1U(l~f)1111flf)11lJ(lV.lJ h ~~1'U , 2550 



II 

, .. . OJ 1"'" ' • t)'j:::~llllfl1n\,llfH'I'lJtI1 V nn.'! 

m::'lJ1lJ flll9ilgtl 1111i fJW fl1l'Ugtl ~::~tlf.lfl'hlgtlm ::~l1'Iml "Tl'l i .J'I 1 lJ ~llJ fl11lJll~'1 III '111f1:: 

fl111H,.::ijl<;ll,flJ 

, • .1 "';1!J !J 
- flfltl'lm::<;llllflfll1fll'l 'tfllfl1 .. .. 

o QI .d1!J!J 
- m::<;lllltYllJfl'lllJl'l 'tfllfl1 

- Iffllm::<;l11l11f11fl'tfU<;l'l1::'l1lJt1lJ 

, , 
.. ., , ...l~SISI 

.tll'nn 2.3 tlt)lIw::,.t)'1t)tlt)'1t)';i:::~11l9t) 'Jfln IVUtl1 

, " 
,hn : mlJ h '1'11lJfJ~tYl11mnJ , thUflll'lflllJ lf1th.1 1Ilfl::flll\l~fllllJflYlll h '1'11lJ , 2550 

. . 
q cv o U ~SI" 

.tllffn 2.4 tlt)lIw:::,.t)'1t)'j:::~1l1li.Jl\,lt)'11\,ln IVUtl1 

. " 
ihn : mlJ ll'1'11lJfJ~tYl11mllJ , thUflll'lflllJ lf1U1.11Ilfl::flll\l~fllllJflYlllll'1'11lJ , 2550 



. " 
ihn : flnJ h.:J.:J1'Uf:1~ff111mnJ, thUflll'lfll'U lClU111UCl:;fl11~~fl11lJC,.n1l1H.:J1'U, 2550 

. 
'" 4 2. m::lJl'Ufl1'jHOflItJ6m::~l'Y 

12 

fl1 :;lJ1'U fl1HIi,~ 1~6fll :;~111l ijm.hUfl1Hlil~~ffHity~ llHl1~~ 2.6 1 ~uij 

" 
'" '" ~'U lJ 

" " A l1lJ6~lJ1U6 

'" d ---+ l1lJ1Utl.:J ff1l1fllJ 

.. 
'" 0 l1lJ6 6'U1 

o '" 4 
'U1ff11flCllJfl'U 

. " 
ihn : mlJ 1 H.:J1'Uf:1~ff111m1lJ , ff1Uflll'lfll'U lClU111UCl:;fl11~~fl11lJClVi1l1 H.:J1'U, 2550 

f:1~ff111m1lJ 

m:;~lll 
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... .., '" i 2.1} flnlfl"mlllflQ~U (Raw Material Preparation) (flUJ H-31'Uf1~tYllfm'nJ , 

tYlUflI'YIfli'U i,"thflll~ ::; 01l')~01llmyhJ il-3-31'U, 2551) 

- fl11UOfll'lJaofl (Debarking) Ifl'U~'U~tl'Ulfif-3~lifl1nHilritylJlfl ll1tl-3111fl 

ItJfttlfl 'li'lfl'U ffl'U~ ',jlitJl::; i6~..r ~tl 011 ~i;~ Ittlm ::;~nl Im::;v-3li ~mff66fl~16 1l1tl-3111flltJfttl fl 

'li'lfl'U ffl'U ~liltl''U 161j'mJl,~::;li# -3tYfl1h fltJ'Ulntl'UlJlfl lf1fl1'li'l~m::;Ul'U fln ~i;~~'U "l 1,f'U 

011 ~lJlttl ;-3 Ifl 'U flnltJfttl-3tYn Ifllill~::; 'mlllJlfl "W::;~'~~~~tlUII'YI'U ',j~lJfh nmr-3lttl 

m::;~Ttl~'~V-3lifJWll't~16fl~16 

i H-31'U 1'UtJl::;I'YIfrhwffl'U 1 lfq;lI::; 1 ~lfl~tl-3tJtl flItJfttlflllUlJ Debarking 

d QJ QJ ... Ioa '" ~ -=i QJ Drum '1f -311::;tllfr6lf ~flO1llf lJ'U lu ~tl fl lJ 11::; If 'l~tl tl flI'U tl-3111flll HltY6~'YIl'UII~::; 011 m::; II 'YI flfl'U 

1 " 1 " 0 d " ,., • .d . "tl-3 lJ lJlI::;\lfl~lm6-3'Y1l-3tY16l'tl'UI"1 u~ Debarking Drum IlJtl Debarkmg Drum lflJ'U 

.,.... 1" . .ok ." " d " lu~tlfl lJlI::;\lfllWfltltlfllJl1l1fl~tl-3'1f-3tlQ~llJ"H"tl-3 Debarking Drum Im::lI::;\lmhtM-3ltJV-3 

Ifl~ tl-3~ltJfttl fl 1lii'1 ff -3 1 tJV-3~l~lJltJfttl fl tJllJlWltJ fttlfl 'li'~ln~~'Ut116 1lJ 1 H-31lJ 11::; litJ1lJlW 

.ok '" '" ~tl6~::; 1 0-12 "tl-31~Q~lJ '1f-3ffl'U 1lfq;1 H-31'U 11::;,,11 hn ~lfl'Ul;ftlll'ti;-3 1lJ If li'mh (Boiler) 
. "'. 

, '" ,., f 4 ... 1 ... 14 'jI ,,'jI 0' " .a QI 

tYl'U IlJ 'YItl'U 'YIutl flI u~ tl flIm 111::; ~ 1-3~ 16'U 1 fltllJl" llfll tl-3 tYlJ 

- fl11 t1U;U',j (Chipping) If il-3111fltJtlflltJfttlfl 1 li'Yi tl'U 11::; \lflfflJ hm"lJl~ 
lftfl~-3 lf7tlfll1lJllf lJl::;tYlJ 1lJ fln~lJIttl fln fflJ 1li''il::; 1~lfl~tl-3fflJ 1li' 1li'YitllJlrltlF·hlJlfl~tl-3fflJ 1li' 

'JI Sol 1 , 

" "" ~ '" '" ~ '" '" ~ d," d 0 ~. "'.... d 1I~1'il::; 1~l1JlJ~'U lJtYlJ (Chip) "lJl~~'U lJtYlJ'YI ~1I::;lJfl11lJtYlflty~tlO1l~~~Wtl "lJl~fll1'il::;lJ 

fll1lJtY~11 tYlJtl fll1lJ611 II~::; fll1lJlf'U lthri tylJlfl~ q'~ ltl-3 ~-3lJlfi tlfll1lJ fl1H i ~ 6fll1li 

'" 
fl11lJ61111~::fl11lJfl11-3tJl::;lJlW 20-30 ij~i;IlJ~l If'UltJl::;lJlW 6-10 ij~i;llJ~l ilJ 1li'fflJ'il::;\lfl 

. i 0 d .d ~ 1"'" " tY -3 ~6tY16l'tl'Uml~lm6-3'illfllflltl-3tYlJ lJlJlfltl-3 llJ'U~l'Ufl~l-3I1'il-3 

'" . '" 
.., '" '''~ ... ,,, d - fl11fl~'UU1~ (Screening) ~'U lJtYlJ'YI ~"lJl~1I::;\lfllWfltltlfl1l1fll'tlflltY6'U 

'JI , • 'JI , 

1" 1 "'" dd l' ".... ~ '" '" ~ ... d l' lJ (Fines) 1m::; lJ~lJ'YIlJ"lJl~ lftlJ (Oversize) ~lmmtl-3fl~"lJl~ ~'U lJtYlJ'YIlJ"'Ul~ lftlJlI::;\lfl 
u u ~ 

'" . '" 
111 hm"lJ l~l~fl~-3 ffl'Ulff6'U 'li'II~::; ~lJlI::;\l m 1 lJf)lJ ItJ fttl fl l-nmll 1 tJLHllfllJl;ftlll'ti;-3 1'Ulf li'tl 

" ", , 
'mh (Boiler) ,hlfllJi'U 1li'fflJYi1~"'Ul~'il::;\lflff -3 'tJV-3lfli'tl~lJl{jtl~tl'tJ 

" .;. 2.2) fl11f1111£10 (Cooking) 

iJ .4 0 1'j1 ~ q QJ ~ : 'jI ~ 
(N~C03) O1l~lJwtl'il::;m::'YIlfl16 ~f1Wl1fJlJ 165 tl-3frll'1f~1'1f6tY1m::;fll1lJ~'U 7 1J11 lJl~lJWtlll::; 

'" '" '" 
cJflJ'1fllJl'li'ltii'U 1li'lm::;111tJ6n161t1lJi;fl'il'U 111 1 M'i;fl'il'U 1 lJ';'U'U' fflJ~::;~ 16tltlfllJltlQ1'U Ul61 

'jI.4 ".4 1" ., d , jI 4 d '1 do d I 
~lJWtl fl11~lJWtl ~n,nUl::;lJlW 60- 70 'Ul'YI 11::; ~Wtl'1f-311"1'Ut1tl6tl6 'UtYn~::;m6'Y1116fll1 

~ 

"'J1 " " " 
Ul~l (Black Liquor) 1'UU1~1;-3tJl::;fltllJ~16tYn Ifllill~::;i;fl'illJ~::;~16tlQ Ul~l'illfl;r'U~tllJi1 
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" . 
1.11 hJl,j' 1~m::1.1 11Hl1'H~ii9l,.11Ullfl]j mhJfi'U (Chemical Recovery) rh'U1UU 11:: \j fl ff ~ l,j' 1 

m::111'UfllHiu hJ (W!1116191ii'Ul, 2548) fll'j9l'111~u~Hn'Uli'1 hlU 2 111111 fiu 
, , 'I" "''''... 1"""4 do ~ QI - fl1'iftUIlIt)IIUUI~rrl (Batcb Cooking) ~1111tl9l11lUtllI11111111Hl'U11J'Um ~"1 

, )I ", " , 

(Batch Digester) 111111lflflnl~l1i'U'Uff1J l~1JtllUl9l'1JlUU iI~~ll~l1'Ulll 9l'l111'Um::fi~hi' 
, ", I 

. 1- 1 <t ., '" '" " "'" ".,_ 1 tJWtlll'491l11fllfl111tJ119ll11 lJ'j 11m 111191~ 1 'j ::11lUlUtltltlfl11'U 1111~11~11'j 119l111111U9IU lJ 

II 4 ,.4 1" " "4 1.4 - ftl'iftUI[Jt)llUUftt)IU8-:! (Continuous Cooking) ~l111U9I11lUUl1111191Ul'UU~ 

'" .: '''QI .q JJ" • I A .4 d , "1 .. .4 flU W 1111'1J11::flfll9l111'\J111H~lU1JUUtJH9ItllUU~ ll~::lUUfl11:: 11~UUfll1l~~lUClHtlUH9ImUU~ .. 

" 
11lflfl ':h (m11 1 'j ~~1'Uq9l11'll1m'j11 , tYTUflll1f11 U l~~lllU~::fll'j\i~fll'j11~-Wlll 'j ~~lU, 2550) 

2.3) ftl'iU~atl8 (Refiner) llt'l::llllflatlt) (Screening) (W!1116191iiUl, 2548) 

19U~' ~11lflfln9l'l1lgtl11:: \1mhl,j' llfl ~ U~11~l~tI (Refiner) l~tlYh hrl~UU91 fl~1 
" , ", ,,, 

11lfliU 'U1Jlfl~~;jU U~::l-W11fl1l1111~~m ~ 1M' n111UU 11lfll1u 11:: \j flff ~l,j' l~m ::111'U flU~U' 11 

ff1Ul~u~U~~~n1J~u 'U11::\jflff~'l1u~ Reject Refiner I~U11~ll~ull1U 11~1~~ff~m;1J11ll~mlUfl 
. " '" <t ., 

lUU6flflH 

'" ... _I" 2.4) ftl'iilHI[Jt) (Wasbing) lJ'j::flU11~1U 

- ftl'iOH1~8 (Wasbing) ]j191Ql1'j::11'~ti'1~tI~1~'\J6~ll1~1~1 (Black Liquor) 

66fl11lfllg66UH]j11'j:: ffl1i tlll'4~~~l1Cl:: l,*Jl'!6u~~~ 1 ~u'l.h ::ffl1i tlll'4'\J6~ fln ~1~11111U(i ~ 

" . " 
'j 111(i~flnii~'\J6~lffU66fl11lflm::1J1U fln,!tlU;; ~~~1tJ 1 U'\JW ::l~ U1nu fll'j ffull1 fttl~ 11'n lfl]j 

I , , I 

",.1 .a" ".c:t .dl.q QI fi' " ". ~.:!!t 4 "d .c:t .c:t 
n6flIU6916~U6Ul1~~ 'j111m~Cl9ltlWcr\~~l1lU 111l11::11JUlU611'jtlm::~11l9l6~l1tJWtlll'4~11~~ 

~1U (m11 h ~~l'U~9111'll1m'j11, rhl1flll1f11U l~~Jl11~::fln\i~fll'j11~-Wll h ~~1'U, 2550) 1~Ulg6~ 

'

" 4 ." I .A " .4 .4 " .c:tdQ QI.4 " .dl 
~11lfl fln 11UfllU611:: flfl11' ~1'\Jlfflm 6~~HIU6 (Washer) 1l'46ClH11'l'j lfll1l191~111fl11lUtl66fl 11Cl111~ .. .. 

, "" "" t " I ' 

ff ~lUtI' 11~H6flflf ~ lll~H1UUfI f~;; 11'tl~U 11::ff ~flci1J' 111,*lu fln9l'111u6 ff1U1U611::\j flff ~l,j'l' 11 

1~I61J16Ufl11U]jfl1l11~ul1'j::1Jlw!UUCl:: 10 tiuuff~'l1u~ h~~lU~ii9lm::~11l~U'11 (Wj1116 

191ii'Ul,2548) 

I ... ~:;..o • .,.k..,j 1 " 
- ftl'i'i8UID8 (Screening) llJ'U'\JU9I6Ul111'lflty9ltlUl1U~ lU6~11lfl Ufln9l11 

. " " 
lU611U1l 11::]j fll'j fI111tJ 11~ 11111 'j ~ l~ "1 U UH~ 11~ ~ 1u1 ~l111l Ufl1l11 11 iu 'Uff1.lll fliu 11:: ~ fl6 Ul ~ 

11'~1111'11611~61ffU lUll fllffU11::UUfllflulffU lU6 11''j:: ,)~J UlgUl1 ci~ 11lflfll 'j ~ HUfl11::]j ii ~l ~ul1'U 6 Q 

111'116 ~~ii~1~tll1Ull1rilJUU-U~lflUfl~l1ll1qj'~ 2 fl~l1 fitl 
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. . .. 
""'tI"" """i'" • iJ-lI'ltl unlfl~mfllUtl lJ ~!Ifl 

I JI. I • 

- iY ~l ~fltlU'tlU l~ 1my 1'If'U i'U iU' ff1.J'n ~lJ q'flilfl' HU'U ~ :;llfl'.iTi fl'U ilij 

.. .. 
.. ... tI ",!'II"" ... '" . tI "" '"'' • iJ-lI'ltl un lJ 1~ln~'llfllUtl II 1'If'U lfYlIm1~l1'nU I ~flfl lJ IrIl 

"1" ... 01 fl11lJtY:;m~11 'lf1l'J ~lf'UfY'UUfl~l~ 
'" 

rillf i' Ulgfl~ '~~fl~fll'Jfl11lJ'tI11tYil~ lrlfl~l'U m :;U1'U fll'J ~Hlgflll~1 ~1l:; 

QfltY~l.,j'llfl~fl~flil~m:;i'llll (Paper Machine) ~fl 1'11 Il~Ollrt'Ulgfl~~fl~fll'J 111'ijfl11lJ'tIl1tYiH~ 

ll:;~fl~QfltY ~ 1 '11u~m:;U1'U fll'J~flmgflflfl'U 1l~1~ ~tY ~~ fl 1 '11 u~m:;1.1 1'U fll'J flil~ m :;i'llll (or! 111U 

l~Vi'Ul, 2548) 

2.5) nl'j"tlfll~tl (Bleaching) 

fll'jflil~lgfllflij (Chemical Pulp) ~lh1'11flil~m:;i'l11lfilJlfl~U'U~1Irt'Ufl{h~~~ 
d A d1"" .d • it ~ oQ.c::t d 1" ..J ;. d.c:t I 

l1Wfll1 i'l~fl~lJfl11lJ'tI11tY1HtY ~ fll'J ~flflWflllJ'U 11i fll'J 111l:; ~ lJl'lf~Wfll1lJfl11lJ'tI11tY1H tY ~ 
'" '" 

fll'J~flfllgflijlJl~~Il~il 2463 1i'lUljlJ1l1flfll'JvlflflllUU1~U1 (Batch) ~1UtYl'i i 81 '11fl~fl h i>l 
.Q ~ d ~de!o j/'JI d d ltd1"d.d ,; 

I't'W~'tI'U ~fl'U l~ U1 11i'U m 1 If ltY'U 1UlJfl11lJIl 'tI~1l 'J ~ ~i'lMIl~:; Wfll1 i'l fllJfl11lJ'tI11 tY11HIl 

1'Uilll~-u'Uu~ '~ijtYl'i lflijlf~fl1i fll'J 1i'l~tYllJ1Hl~t) mgt) 111''tIl1 1 ~ tllU 1'U~'U~fl'Ul~U1 ~11 rt'U~fl~ 
" ..:::t OJ ~ & .::I.c:9 ~ dd1~ ... .1 Jt 1'1ftYl'ilfllJlfmU~11m:;~flfllfmU'tI'U~fl'U 'If~t)llllJlJlflfH 5-6 'tI'U~fl'U tYl'JlfllJl1 'If l'Ufll'Jl1flflWfl 

. 
1'lf'U 

C : fl~fl1'U 1~flflfl 1'1fi>l' (CIO) 

H: 181t1'Jfl~t)hi>l' (NaOCl, Ca (OCI)2) 

E: fll'itYt1i'l1i'lU1~1'1fl~UlJ18i'l'iflfl1'1fi>l' (Extraction) 

P : 1~ 1i'l'i11l'Ul'11fl{flflfl 1'1fi>l' (HP) 

o : flflflilll'U (02) 

If ft~1l1fl~1'U m :;U1'U fll'i~fl mgflll~ 1 19f1~ijfl11lJ'tI11tYiHll:;Q fltY ~~t) 1 '11 U~ 
A .. 1 lfl'jt)~fI~~m:;i'llll (Paper Machine) (mlJ H~l'U~~tYllfm'ilJ, 

" 
ril'U flll1fl1 'U 1 ~'ihhll~:; 

fll'ii~fll'ilJ~fili 11 ~~1'U, 2550) 
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.. 
Q 0 4 Q.,I 4 

3. fl'j~U1Ufl1"UU:1ftUl[J1lfltlflflUflU (Chemical Recovery Cycle) 

tYl'i IflJj~H11Hll'i~lJl~6 (Digestion) 11::\1 mh tl"U 1~1 11l.i6tl 1 ~uJjth~1J~'U ~16'U 
~.:JutY~.:J1'U.fll'Yi~ 2.7 

1~6 1~ White Stage ~.:JJj6.:Jtl1.h::tl6U'H"t1Ifl'U l"lf~lh~ (NaOH) 1m:: l"lfI~UlJ 

'If'cl hM ( N~S) ~lJI~6Utl'111::Jjt\tlii'U11'U66tllJl~lUlfl'U~1'Ul'UlJltl 1111M'.J1Ul~lJl~6111~u'U ff 
Ifl'UiNh ilUtl 'h.Jl,)l (Black Liquor) ~.:J11::\1tlff.:J~6 hJu.:J'Ht!1ul'iU::IlfU (Evaporator) 1~6'i::lmJ 

: : 0 0 1"'£:1 "" .I 4 ,.. " " I , 1 'Ul66tl111tl'Ul~1 'YIl 'HlJfll1lJl'lllJ'Il'UtY.:JlJltl'll'U11'Umtll1lJl'IllJ'Il'U'i6U'cl:: 70 tl6'U1l::0mH 111~1 
" " 

~ A. ~.d "1 : 0 QI 4 .d 0 "d 1" <Q .ct tid 
IlJ'Ulor6l'Yi'cl.:J'YI'HlJ6 6'Ul'UltYl'itl'clUtl'U (Recovery Boiler) ''If.:J1l~'YI1'H'U1'YI1~1 'HlJtYU6'U'YI'iU'YI 

tI tI " 

11::11'U6d1'Ul11')1 1 ~U'li'U916'UU 1l~ 1~'Yi".:J.:Jl'U 1l1tlt11'i I~l 1 'H~ tYllJl'i omllJl~t\Am::utYhHh 1~ 

Im::1l1tlt11'i l~l.Jlflll1:: 1~lll1~Ilf~61l1tlt11'i I~l (Smelt) ~.:J11'i::tl6U~lU 1"lf~1 hI (NaOH) 1m:: 

l ei f/ ~o".d.4 1 : 1": d.:::J "lf1~UlJfll'iU6l'UA (N~CO) IlJ6'U1101'Y11'H'cl61l1tlt11'i1~1 11'cl::'cllU'Ulll:: ~'UlUltYl'llUl (Green 

" Liquor) 1'Utl.:JAtlA::tl6'U (Green Liquor Tank) ffl'U1tYll::IAlJ~'U'Illl (Lime) iluwhl1U)6'U (Weak 

"0 ., 11'" " .4 "'1"4.1 .9 "" Wash) U'cll'Ulf)'clU 11 or 'Um::Ul'Ut11'iAlJW6 1l'cl::A::f)6'U'YI ~fl6 t11tl\J'U (Lime Mud) ''If.:JlJ 

" Ufl'clIClfUlJt111 U 61'UA (CaC03) I fl'U 6.:Jtl11'i:: tl6U'H" tl 'U6tl1l1 tlU ffl'U A:: tl6'U'Il 6.:J tl.:J A tlA:: tl6'U 

: .ct d 1 "tI .d 1 ~, d' , d ~ I .d, " 
'UlU1tYl'llUlll:: ~tl1'iU6'U'YII~1 'HlJ IlJtY1J\lHU tYl'U11'i::f)6U'Il6.:JIlf'cltllm::orutYl'U'Il6.:JtYU'YI or 

1'Ut11'il'il~U.:JIA11~1 (Wil'YIU lAYI'Ul, 2548) 

Calcium Circuit 
G-esn 
dregs las liS UiiS . 
otn 81 m;l unt:ss ) 

Alkali Circuit t Wa~' 

C7centat3::i o'a,=" J:Y 
Idry 5 :lS 65 · 75 '11.) 

or wea( W S J 

. . 
.cs u U.. Q .4 

fll't'nl 2. 7 ln1)fl'j'YI1~lfltl,.tFlfl'j~U1Ufl1'jNflftlUtlfl'j~itnl 

~tll : Wil'YIU lAYI'Ul, 2548 
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0 4.'''''' I) flTltJ111~"UflunHfmJ.fll," (Physical Treatment) 

" '" 
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lhfl'Hllflm ::111U fll'Hlfl~06U' 'Hm'li'lfftimifl1)::~lU~::um ,m Ul11 (Bar Screen) .. 
ll4ouuflmO.:J';flItYlIi'i .:Jfffl'll'ifl"U l~ 1'HWOOflOOU 1140ilo.:JflU 'li1 11''Yi ltl1l1J1 ffU'H lUll Oltl ~ o.:Ji m 

" '" '" ,.; 
111 flUU i.:Jff.:J' 'llU.:Jtio~ fl~:: flOU'liU ~U (Pre-sedimentation Tank) lYiO~flfl::flOUllUfllOl 

'" '" 
'liu ~oui1 ffllJll ml~'H~ O~lfl~tl1llJfffl'll'jfl' ~'ll'i ::lJlW! OUtl:: 30 

2) f111tll1j'~nH;'l.t11," (Biological Treatment) 
, ," 

tl1llJfffl'll'i flYioQ1u 1;'ll"O.:JffuYitl:: tllUU1'H~OffU U"1UtlOU"U l~l~fl (Colloid) 

~" '" . . '" 1 d" , :; 'b'.:J lJffllJ1Hl~fl~::flOU ~ ll::UllJl11llJ~ ~Ul'lH~1illYi~1U'i::lJlJ~::flOU1H 2 "U1l0U 

'" '" '" (Activated Sludge 2 Stage) 1~Ull::'llllJff.fll1::U1~il'OlJ~H"l 111'uri~flUl'llU ';.:Jll~U1Ulfl.:J''ll 
'" '" 'll11Jthtl1llJlilum~-~H (pH) "O.:JUlfl.:J 111'0Q'i::wh.:J 6-8 1~lJffU61'HUYi1fl1il9J'U 11l'i 11lU 

(N) 1U1;'ll"0.:J~UQllUlm::l~lJTil9J~Off~01ff (P) 'U!'ll"O.:J~tI~Offl'rlll (PzOs) ~.:JlilUTil9J~llilu 

ijtlilflllJ!flll'i 'H~.:Jlllfl~~flUl'll61~llJOOfl~lllUlllflltl~O.:Jl~mJlflltY (High Speed Surface 
, " "I " " 

Aerator) ~1l::11lJnudotifftlltltl1llJfffl'll'ifl 1UUlfl.:Jodl.:J~6l'UO.:J llUtl1llJfffllh fl 1UUl'Yi.:J'HlJ~ 1 'll 
'" '" '" 

11 1 flUU ~1l::1ilu'liU1l0U1Wfl~flU l'llUOOfllllflU 1 1 ~tlff.:J' 'llU.:JO.:Jllflll:: fl6U (Inrennediate Tank) 

'" '" '" ~flUl'llUll::fiOtl"l lllJ';1tl.:J~t1'utio 'Yil 111'1~u lff::Ol~OOfllJl 'liu~oui1 ffllJlHltl~tl1llJfffl'll'i fl 

'~lJlflfl":h!Otltl:: 95 ~flUl'llU~11t1flOOfllJluil'11l::\jflff .:Jfl~lJ 1 'llO.:Jl~ lJ61flltY (Return Sludge) 

1Ul,rUrl"'lllltlO~ lm::1l::11t1fl~flUl'llUff1UlnUOOfllllm::lJlJ (Excess Sludge) ~lU ''llU.:JO.:Jl~lJ 
tl1llJl'li'lJ'Ii'U (Thicker Tank) l'WOff.:J~O ''llU.:J'i::lJlJfhi~91::flOU~O''ll 

3) f111fh9~ft:::m)U 
, .. d, ", '" " , ,_ I '" 

9l::flOUl'l ~lllfllJ091flll::flOU"UllU (Primary Sludge) ll::\jflff.:J u~fflJfllJll::flOU 

~ilUl'llUff1Ulnu1uo.:Jl~lJtl1llJl'li'lJ'Ii'u (Secondary Sludge or Bio-sludge) Uil'1ff.:J~01'llu.:J 

ltl~O.:JUlJll::flOU l~tI]jflU~fflJlilll::flOU (Sludge) fllJ Cationic Polymer l1lJ11 In-line Mixing 

,.; . 1" Q,I Q,I ~ " ~ , , ..:::t: : ~ d ~ 
lYiOl'll 'H~::flOUlllJ1l11lJUflOU (Flocculation) 'b'.:J1l::.:Jltl1l0fll'i'i~U100fl Ul'YI\jm~OOfllllfllUO 

ll::flOU (Sludge Cake) ll::\jflff .:Jfl~lJ' 'lltll,j~~o~tiOll flll::flOU~U~U ff1Ull::fl6U ~ '~ll::Ul' 'll 
fI.:JfltllJlltl::~l'Hlllti 1 11' fllJlflllll'i m 1140 1 ~'Yi l~tI 
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" I " 'II , , 0 d 1 0 QI iI d 0 Q d , .d, 

"ff1'U 'U lVl ~1'U fll 'J 'U l'U~lIil11J:: lJflW fll'n'U lVl ~~ fl11lJ 1 ~ 'J! l'U VI fl'J:: VI 'J 1 ~ 
., ., ., 

o 0 i -11 "1 1 " "'" 1 0 " 1lJ" ~~"ffll1m'JlJflll1'U~ "ffllJ1HI'Ul 1J 'II' 'Uf1l'Jlf1'lHl'J 'll'ilH'n'Utllfll'J H~l'U 'J~'Ul~'U IlJ 

1'U'U~l1w 1 'J ~~1'U l1~tltJritllm~ itJU~lU.hfl~tl itJ 

(Emergency Pond) 

• 
.. I 

,hilfJ I~I/'-+-/~ 

., ., 
• Q,I 0 ~ do Q,I 

'Utl'nfl'U lmVl'Ul'U~ 

" Uil1 (Holding Pond) 

., . 
1"1 '" '" 'II' 'U'n'UVI 

I .. 
~ Ca(OH), H,SO, 

I.... , 
CII U ouo.:s ~4 

m'WYI 2.8 "ljPltlljf11':i'Ul'U~ljlliJ[J"tl~~P1iJl'Hfl'i':ill~n'P1lfJtlfl'i~~l'W 

~1I1 : mlJ h ~~l'U~~"ffll1m'JlJ, tYTUf11V1f11 'U lilthfll1il::fll'J~~fll'JlJil~ll h ~~1'U, 2551 

(Cooling Tower) 

(Sludge Cake) 
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.. . 
2.2.4 iin'Ww:ahla[l91n~f1D'1,.,n11"Naflltj8n1~~nl (fl'jll h~nUtJ9Hnl1fl'j';ill, tYTUf) 

" 
l'Ylfll'U I fl1hhm:;f)l';i,j'flf)l';i llfl~1J I ';i ~~1'U, 2551) 

!II , " I 

1l11JlW ,hfftJnlfi~;;'U~lllfl'j :;'U1'U f)l';i fln~9iW'l '~~~~l';i l~n 2.2 

" " 0 0 A 
l1ll6'Ul'Ulffl'i 1t1ll 

.., .... 
f)fI'UfI'U 

, 0' 
11'U1tJmfll~ 

tR"lW 

(flu."i)lI) 

8,920 

],800 

56 

300 

700 

(flU.".) 

6.86 

1.38 

0.04 

0.23 

0.54 

. ,. 

- -t;l6'1f1l';i:;1JlW 5-{) 

- in6~1l';i:;lllW 400--500 lln.lfl. 

- ;16~1l';i:;1JlW 1,200--2,000 llnJfI. 

- 'tI6~"~~"'tI1'Ufl6tJll'i:;lJ1W 300-500 

lln.lfl . 

2400-2800 lln.lfl. 

n"l : f)';jll h ~~l'UtJ~ffll1fl'j'ill, tYTUmYlfll'U lf11hhm:;f)l';i,j'flf)l';illfl~1J h Hl'U, 2551 

, ., ., ., , 
.tel IV ooel 04. .Q,~ 

tll't'tYl 2.9 fln'W~lIl1D'[I"fl~lI1Y1-391n~f1D'1,.,n'i"nJNilfllrJ8n'i~~1'W . ,. 
nUl : f)';jll h~~l'UtJ~ffll1fl'j';ill, fflljmYlt11'U lf11hhm:;f)l';i,j'flf)l';illfl~1J h 'Nl'U, 2551 
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, ~ ClIo :-I".c:!it, 
2.3 fl1~lJ1Ufll"mtltJUOltJflHV11f1t11l1lJlJ 11tltlfl"llilU (Anaerobic Process) 

fl'j :;lJ1U f)l'J VtlUffft 1um.:J ;11'Y1 U1IIlJlJ H 'eHHlclfl ~U (Anaerobic Process) 11lu 

fl'j:; lJ1U f1l'J VtI UffmU'YIH;11'Y1U1~ HIIlJtllil1 U'lfU i'"I' Ul~tl1 f1lRl1 m Ufl~lJlhf1l'J VtlUffft1U 

ffl'J6U'YI1V~mtl'J'IffrH IlJmQftl11iYlm:;ffft1JCi1JC~tlU '~lIrl tl111lJ'3li'"1Hl hh9iu Im:;''IIUU 

, 'JJ , ,'JJ "" '" cd '" ~ft'V4fttlU i'"I~lflm:;lJ1Ufll'JUtlUffftlUlIlJlJ 'Jtltlfl9H~U tltl fll'lf'lf1ft1'V4 (Biogas) 

'1 d," ~ .oCt. d d'.d., ''JJ "" 
lUffft11:;'YI 'Jtltlfl'lfI~U (Anaerobic Environment) ~ftU'YI'JU'YI lJl'lftltlfl'lfI~U (Anaerobic 

... Id Q..:t lid 1 'til " ~ g ..c::I 
Microorganism) ~:; IlJ ft U U ff 1 'J tI U 'YI 'J U 'YI Uti U ff ft 1 U '11 U 111 fl ft 1 U IlJ U fl1 'If lJ I'YI U (CH4) 

.. 1'1 ,.. : & ., , "'" , ''1 'JJ 
fll'JlJtlU li'"Itltlfl 'lfi'"l (CO) Im:;U1 'If'lfl'j:;lJ1Uf1l'Ji'"I'Iflft111'JUfl11f1l'JUtlUffmUlIlJlJ lJ 1'1f 

tltIflclfl~U (Anaerobic Digestion) 

m :;lJ1U fll'J VtI Uffm Uffl'J6U 'YI1VlIlJlJ i r tltlflclfl ~U ii fl'j:;lJ 1U fl1 'J ~ ffft lJcilJcM'tlU lJ 1 fl 

1 i'"IuiitJgiW U1'Y1H;1ItliiIOi'"l~uirlJr tlum :;lJ1U fll'J Ci1'1~:;~tI'Itl1RUItIU' 'If,rl1ltl~1d '1tJgol U1 
, ~ 

'li1m'li'nhtJ gOl U1~1U 1I~'h fll'J Rmnlnu1 nm:; lJ1J1h,ji'"lli 1lffUlIlJlJ' r tltI flclfl ~u~:; iifll'J Rfl1l1 
", , nu lJ 1tl VH U11U1U 1I~1 U ll~~,ju f1l'J Rfl1l1 m '1~ 1U i1 nu.:J' Ul1 QflU'I U.:Jtl.:Jiifll'J Rfl1l11Y4 lJ I~ lJ 

, . , 
I • .a .a til" ~ i QI 0 dd 4 ,'JJ 

tlUH~ tllll tI '11'V4t1 111 'YI 'J llJ (1'1 flft flll ft:; ft flll W:; fll 'J 'YI 1'1 1U 'lltl '1l1lJ tl 'YII 'J U I'V4 tI ~:; i'"I tItI fllllJ lJ 11ft:; 

fI1lJfJlJ'j::;lJlJ'~tlVHiitJ'J:;ii'YIift1'V4~tI'tJ (~uiiu ~WcrJftl1R,r, 2542) 

4 CII. CII. t:JI 4 Q,I Q 

2.3.1 fl1~lJ1Ufll1f1H10'V11f1tJl"tl~fl11NOflfll"lV1fl1n (fl'J:;m1'1'Y1'J'V4U1fl'J1i'J'JlJ'lf1~ 

"" 'JJ "" Im:;ff'lll1f1fttllJ, mlJtl1lJfJlJlJft'V411, 2546) 

Q.<Q .::..C')Id, do QlQI'j/ Q 

m:;lJ 1U fll 'J 'YI1'1 ~ ft'lf11'Y1U1'11t1 'I fll 'J ~ ft~ fl1'lf'lf1ft1'V4lJtl11lJ ffftlJ'lflJ 'lftl U 11ft:; Iflfl ~ 1 fl 
& ,,~ 

fll'JiiH1U~1lJnU'IItI'I~nU'YI1Vl1ftlUWi'"l 'If'lff1lJ1'J(1ff~tJ'~lllU 4 'liu~tlu~'1i1 

1) ,~ iPl1'OaiU (Hydrolysis) 

fll'J VtlUffft1Uffl'J 6u'YIlv~ii 1 tl 'J.:J ffrHcilJcM'tlU 1 11' flft 1UlllU ffl'J6U 'YI1VI~'1I~U1 

l'liU fll'J VtlUffft1UII il'll 11'tlvl U'J tJ'IItI'IJ l~lft fll'J VtlUffft1U' 'IIUU 1 11'tlvlu 'JtJ'IItI'IflHl i'll UU cu cu 'U 'U 

~" " 
Im::;fll'JVtlUffftlU 1 tJ'J9iu l11'tI~lultJ'IItI'Imi'"ltl:;m U 11lU~U 'liu~tlui1 ff1lJ1'J(110i'"l;iu '~ft1UUtlfl 

l'lfftcllllJtlli11 U 1 i'"IUtl1RUItIU' 'If,r~lIlJtllill utJritlutltlfllJ1l~ U fll'J VtlUffftlU~'1flri11 

2) fll1U1',,:Jfl1P1''',)'U (Acidogenesis) 

fll'J VtlUffftlUffl'J6U 'YI1VI~'1I~U1l11' flftlmllumfl 1 'II UU'J:; 111 U~lU (Volatile Fatty 
" , . 

Acid) ~ft~n~'IItI'I'liu~tluli 1 ~:;(1flmJtllill Uffr1'1fl'ji'"li'"li'"lc)flJl'li'1 'tJft1ulUI'lfftcll,"tI itJHlllu 
v v 

tl111l'JU ft:; \l fll tJguu 11lU fl'j i'"I' 'II UU 'J:;111 U l'liU fl'j i'"ItI:;cIf~ fl fl'j i'"Iih' 'YIl fl fl'j i'"Il 'V4 'J' 'V41 tlU fl 

11lU~U IIft:;~n~ 13 li'"1'JI~UnlJtl11lJtlu 'i'"Itltlfl ''If,rtltlfllJ1~1U m:;lJ1Uf1l'J'YIH;1Itlii~IOi'"l~U lu 

'J:; 11'h'lfll'J VtlUffft1 Uffl'J tJ 'J:; fltllJ IlJlft Qftl~ mm:; 'lfUfI'IItI'I~ft ~n~~' ~~U tI~nlJll~ ~ U 2 tJ 'J:; fll'J 

, " 
fltl 'lfUi'"I'IItI'IfflJffl~'J'YIllft:;tl11lJ~U'V4111;Uft'lltl'l hi i'"I'J l~uliIOi'"l;iu l'liU fl'Ji'"I ''IIUU'lfUi'"IU11 
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~ fHjmJffCllt1mntJl,hH)~ci~ f)llCl~ h 1 ~':i1 \}'U fllt1 hi' fff111~~fl11lJ~'U'\Jt)'1 i g 1 ~11\}'U ljri 1~ 1 

ll~\}~Ut)tlffCl1t1f)ClltJlfl'U m~U1' Vll f)llCl~f)H'I hn ifl 1 t)umrlt)t)ufllt1hi'fff111~~,g hn I\} 'U .. .. 
ljfl11lJ~'U fll{l;tlClil 'I 'lh~lC1~f)ut)tlffCllmfl'U m~t)~ci~f) , g 1 ~11\}'U llCl~fll{lit)'U '~t)t)f)' 'IS~ 

1~tI~1'Un Embden-Meyerhof fI1t1Mfffll1~~'1!f 1~11\}'Uljfl11lJ~'Ufll{l;tlCI~1 111f),g 1~11\}'Ulj 

fl11lJ~'Ufll{l;tlClil'lNClNil~~'~flt) m~t)~ci~f) m~ 1 fll'fl 1t)uf) m~u1' Vllf) ,g 1~11\}'U llCl~ 

fll{lit)'U '~t)t)f) ''IS~ . 
tI ~4 ... IV ~ 

3) ftl'HT'lHn'lAO:::."m'llnn'lA ,"Uln:::l'HOO'U, (Acetogenesis) 

f1111U~tI'U m~' '\Jil'U l~llf tI~lt1 1 11' f)Cllmfl'U m~t)~ci~m'1t)lf)~t)t)~cil~Vl~'11fl'U 

ffl1;'1~'U 'H~f) 1'Uf111 Nil~ljlVl'U llliflyi!l tlt)~ci1 ~~u f) (llliflYill tlff~ l'1t)~cil~Vl) ljliVl1J1Vll:htity ... .. 
1'U f1111fl'U 9i 11~t)m ~'H 1H'u'U ~W'U f111 ff~ Hm ~ 11 CI~.,j'U ~t)'U f111 ff~ Hljl'Yl'U llUflYill tlfff 1'1 ljl'Yl'U 

Jmi't)'1f)11ffll;'1~'Ul\:n'41~1\}1~\}'1lJlf) '~llrl m~t)~ci~f) m~-wt){ijf) 'g1~11\}'U llJV11'Ut)CI 

11 CI~ llJii Clllj'U (Methylamine) m ~ , '\J il'U 1 ~ llf tI~ ljfll {U t)'U lJ1 f) f)11 2 t)~ ~ t) lJ 'lim \} 1 ~l fl'U 

tYUffl~ 1 ~ 1'U f111 Nil91ljl Vl'U '~1~ tl91 1'1 llUflYill tlt)~ci1 91~U f) (~Nil~' g 1 ~11\}'U '~~1t1) 

ljfl11lJffllJ 1 Hl 1 'U f111 ut) tlffCll tim ~ , '\J il'U 1 ~ llf tI~ ljfll {U t)'U lJ1 f) f)11 2 t) ~ 91 ij lJ 1 11' f) Cll tJl fl'U 

m{uij'U '~ijijf) ''IS~ m~t)~ci~f) 11Cl~' g 1~11\}'UfI1t1Mfff111~~,g 1~11\}'Uljfl11lJ~'Ufll{1;tlCI 

~1f)11 2x 10-
3 

Ull [J1f11f1' llCl:::~1f)11 9 x 10-
3 
Ull tllf11f1' ffl'HlUf)ll ut)tlffCl1t1m~U1' Vll mlCl:::m~ 

1fll'fl1t)Uf) 911mh~u 

WI"" , I 

.,j 'U 91t)'U Yi 3 ii \}::: 1 fl~;j'U' ~l U fll::: 1'U ff f111::: Yi h 1 ~ll \}'U ljfl11lJ~'Ufll {l;tlCI~ 1 
.. . 

111TU'U m~' '\Jil'U l:::llftl'liffllJll fJUt)tlffCl1t1f)ClltJlfl'Um~t)~ci~f)f11t11~fffll1~Yi,g 1~11\}'U 

y ~ • 
4) ftl'liJ'lHU1Yl'U (Methanogenesis) 

...... , 1 "''''' 1'J/ 'J/ W "" 1'J/ 
m~t):::'lS91f)llCl::: g ~ll\}'U\}:::fJf)llUflVllltl ~fflHf)1'1SlJ1Vl'Ufl1t1 91fffl11~ .. 
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hW~H u'Ufllli1 Ull::9l'tHltl~U'I.HlHl ''lJihn::1l1u~h'l'l i11'11hHlHltl::1C)$~fllf1tl '81~111llJ rim.! 

~'11l:: H;~i1911krm'~ lJtlfl1l1flm~tl::Cj~fUm:: '81 ~111llJUcl'1 u'Ufllll1 Utllll i~ffmn91191tHjH~lu 

~fUytU'l 'J.i~'tfii~ ilJfln~i191ikYIlJ lYlJ llJ111lJtlCl m~Wtl{ijfl (HCOOH) 

4CHPH --+ 3CH4 + CO2 + 2Hp 

4HCOOH --+ CH4 + 3C02 + 2Hp 

Step 3 

Acetogenesis 

Step 2 

Step 1 

(Hydrolysis) 

. 

Intermediates 
(higher organic acids, 
bUlyrate, lactate, etc) 

Amino 
acids and 

sugars 

A 

Large 
carboxylic 
acids and 
alcohols 

4 ':-." Q 

fllYfrJ 2.10 fl'i::'U1um·Ul6fJtTiHfJU'U'U 1"i66flOllUllJ . . 
4 QJ Q q,.. Q 

YUH : m::l1n'll1lVWlm1illlJ'tf191UCI::ff'lU1~CltllJ, mlJfl1'UfJlJlJClVnl, 2546 
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q.q qq SI IV , 1i1 '" 
2.3.2 ItUfl Yll lfJYlI flfJ 1 "tl.,J flU fll::: U 1 1,1 m'w tlfJlI'O 1fJ It U U 1 tl tl fl'lUIU 

Q,I <CIt..Q" .Q 

m'VW1m1inlJ'lf1~IICl:;ff.,J1I1~Hlt)lJ, mlJfl1UtJlJlJCl'VftJ, 2546) 

Ih :;ltl't1'U'fHII Ufl fill U '1,1 m:; U1U on U'fJUffCnulluu' ~'fHJOeil1lUff1lJ n (I~l11U 0' ~ 

"" "" iI 1'" I) ItUflYlllfJiJlHfll~ "tlUl:::nm (Acidogenic Bacteria) 

'" '" 
lmju~tlu flljff~l.:JOHl ''UlJUj:;llfu'UtI.:Jm:;U1Ufllj' ~tltlOeil1lU OHl1l:;~i;~~u 

1 .. "" , '1" '" d ' ''' .... ... 1" ~UIIUfI't1lj U lJ 'Iftllfllfl''IfU~I~~'U1~ (Obligate Anaerobes) lJ10011'1fU~IIUflYllj um 'Iftllfllfl' 

,J.:Jifl'rn 1:; IIUfI fill U'lfU~I~~'U1~ ii ~lU 11,1 lJ 1 0 oil IIUfI fi I~ U, lil ~tItI Oeil1lU 'IfU ~1~~'U1~ ~ ii 
U't1lJl't1ff~ Hm~ ''UlJUj:;1l1 UtitlO~lJflCltlff~~I~UlJ ~.:Jii'lJ~ 1utli;cJflJl1 CllUIIUU i.:Jff1lJn (I H 

" . . 
ffntil 111Hl.:Jfilllu'VnolliJ.:J111t1 hh~u'~ ~CltliFWU1li'~iil1Cl1U'lfU~ l'lfU m~ih ''t1~ n 

m~tI:;ei~n n1"1ffll{UtlU'~tltlO'''If,l n1"1f'31~jl1lU ItI't1lUtlCl 1J1't1lUtlCl tI:;~l~u 11lu~u 

utln1l10ifu.:Jiilluflfil~ulu n~lJ hn ' .... lt1u n (Propionic Bacterium) ~ ~i;~m~ l .... j , .... tltlU n 

(Propionic Acid) IICl:;m~tI:;ei~n1l10m~IICln~n 
q.c:t" ~.Q, 

2) IIUflYlllfJlI'lHfll~tl:::'1~fl (Acetogenic Bacteria) . . 
~.Q 44".dI Q.~.c:I' 'jI jJ .Q QI 

IlJtI ~Cl~Cl~1I1nIlUfI't1Ij Uffj Hm~lJl1 Cl1U'lfU~~H't1 nCl11'UH~U IICl:;U H'lfU~U.:J 

~ 1 '" ~ .. .. ".. i ' . 'til" ~ , "<!l .. tI'" luUffn lJlClnClYlllJUIIUfI't1ljUffjHlJl't1U lJff1lJlj(lU1 'IfllJUff1jtl111n ~ 1I.:JlJflljl flUU . 

" '" '31~jl1lu IICl:;fIl{utlui~tltln'''If~1~,:ru ff1lJ1'j(lIl,j.:Ji~lllU 2 'Ifii~ ~.:Ji1 
qq ~ .Q, 'q 

2.1) ItUflYlllfJ~O~tl:::'1I~YltlfJHI~fJl (Homoacetogenic Bacteria) 

II U fllil~ u'lfu~iflllulluflli I~ u~ 1 ~nl':lffll {U tlU' ~ tItI n' "If,llllu ffn i'u 

ijl~n~'jtlUlICl:;~i;~m~tI:;ei~n~ulJl (1111,1 m:;U1U on 111U 1 1II1UU 'lil~'f)lfllfl') ~lU1f.1~11f1ii~ 
" .d I dod .Q d," , 

l'jun11 Acetyl-CoA IIUfI't1I'jU'lfU~U ~1I0 Acetobacterium woodii 11Cl:; Clostridium aceticum 

" ff1lJ1'j(lI1l~tyl~U l~li.:J lulluut)t)l 't11 't1'j:Wn (Autotrophic) tit) 1~n1"1ffll{UtlU i~t)tlO , "If,l11l 1,1 

ffn i'Uijl~O~'j tlUIICl:;lll1ri.:Jfl1{ UtlU IICl:; n1"1f i 31 ~'j 1111,11111,1 ffn 1 ,rijl~n~ 'j tlUI~'flltl~UU 

(Autotrophic) 
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~ ~ 

tlflli~l~lqJl~hJ 111 hUI1.11.11~l'l1'l'1 hl'l'H)~fln'~ 1~Ufll'jlfl:rfllh1l1Cl~~tYlJfll'j 

(Heterotrophic) 

111.1 tlli 11 U~tlQ"u~,r tYtlCltltYl'lll~ulJlmtlQyf~ 1u fl~lJlI1.1tllil1 u~tY~ Hm ~ 
'"l1u 'j::111 U-rY1 hJ (Acidogenic Bacteria) IICl::fl~lJII1.1tlliI1 U~tY~Hm~tl::C)f9ifl (Acetogeneic 

" ..:::I <d r dd.ct ..::::..4 

Bacteria) 1I1.1tll'lI'jUfl'llJU~~lJllJ1I11.16Cl')flJ11CllUII1.11.1 

...... ..i" .. ..i .. ,~ '" 2.2} 1I1.1flnt'i[Jnll''i1,U)::''IIlflnnfHlfl ~ IA'it9U A (H
2
-Producing Acetogenic 

Bacteria) 

" 
1I1.1tlli11 U'Jfii~i1~:: 1~m~ 1"l1u 'j::t11 U (1~1';m~tl::C)f9ifl) 1116I1tlClfltHItlCl" 

dllu tY1'jtll111'j IICl:: tY~ l~m ~tl::C)f9i flIlCl::fil9f 1 ~ 1 ~'j t~U~~trtu tY1nl1111'j"tl~1I1.1tlliI1 utY~ Hihl'lu 

"" JoI I 

;iu 1J1 fl~,r UII1.1tllil1 U'Jfii ~i1~~U1.1l'l1J1l'l tYui qJl~ 'j 1:: lrt U~ 11 cjftl lJ'j:: If':h~ 111.1 tlli 11 utY~ 1~ flHlti1.1 

1I1.1tl li 11 utY~ HUI'I'1U tld1~ h n~1I1.1tllil1 u'Jfii~if~:: '~1~1W19i1.1 1911dtltld~llJ,h-w~ yf~ifl~'j l::ldtl " .. . ~ 

Ufll'jtY::tYlJ"6~fil9f1~ 1 ~'j l~uliHii~;iulJ1 ('ih '11'Utl11lJflU~1{I;UCl"tl~ 1~ l~'jl~u\!~) tJo01 f.Il 

" .... 1 ' .. J 1'" ,;. .ct .ct 'j) QQ ~ Q 1 
tY'jHm~tl::9f1lfl lJtY11J1Hl1fl~"U ~ lU6~~lflIl1.1tll'lI'j utY'j Hm~6::9f~fl11Q~fl1'jl~'jqJl~1.1 ~ 

" fl~,rU~::~tl~UfllHi1i~'8 1~'jl~UfitluII1.1tllil1utY~Hm~tl::C)f9ifl~~~::I~lqJl9i1.1 191 1~ 111.1 tl li 11 U 
~ 

tY~1~UI'I'1U~~I.u'llJ1U1.1l'l1J1l'l 1u9I'j ~i11~'j1::1I1.1tllil1 utY~ HUI'I'1U tY11J1HI1.11tfltl'~ 1 ~'jl~U'~ 

fll'j tlQl1lJ tiu 'j:: 111H 1I1.1tlli 11 utY~ H m ~tl::C)f9i fl11Cl::111.1 tlli11 ut'r~ HUll'lU 111' 

tJ'j:: 1u'Jf,r~~tiuIICl::tiu IlCl::~Hn1~tY1lJ1Hl1~lqJl9i1.1 1~ 1~t1'ltlQl'nU~~li~ ..rUfl6 111.1 tlli11 Uff~H 
.... " 1" 44 'jJ.ct , odd" do d I 0 

m ~6::9f91 fl~:: tY'j N6111H 11111.1 tll'l1 'j UtY'j NlJ ll'lU tY1UII1.1tll'lI'j UtY'j N lJIl'lU fl'Jf1Ul'llCl1U 

fil9f18 l~'jI~U 111'ti1.11I1.1tllil1UtYl' l~m~ 
q 4 ".e( 

3} 1I1.1flnt'i[JlI'nUJlnu 

1I1.1tl li 11 utY~ 1~Ull'lUlrtU111.1tllil1 U '~1 ~tl6flC)fl~U 'Jfii~I~~"l~ '~tl1n'U~tl 

m)flC)fl~U 1~mj'ijl'nU~lgfllrtlU i~6Q'Ufl~lJ"tl~1I1.1tllil1U'Jfii~ltl1lJl~l'llTitl 1 'j 1 m~ ~1'j~;1~tlQ 
~ 

IlCl::l~ltyl9i1.1 1~ 1~u1~i'1.1~~~~lU~lflfll'jd6UtYCllUtYl16Ul'llUtJ'j::lJ1W 10 'Jfii~l,.h,ru fl~~1'jH 
.d 
l'l2.3 
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. . 
.. d d .. 'JI" 0 ,_ 11 v.lIJ 'JI 

~l"nnl 2.3 fflHI11111'VIU1Ji'l'VIllUff'nUJ1'VI'Utll lJ 'If!~ 

crumfl,.nh::lIlYlfll'iu6"'R66tl ,.~ 

tniUtl'U'Rtltltl ,.~ 

COz+4Hz ----+ CH4 + 2Hz° ~ o· ; G = -131 kllreaction 

Y4tl1U.l~ (HCOO) 

4 HCOO- + 4 H+ ----+ CH4 + 3COz + 2Hz0 ~ o· ; G = -145 kl lreaction 

of 1 of fll":iUtl'UlItl'Utltl .R (CO) 

4CO+2Hz° ----+ CH4 +3COz 
~ 0' ; G = -210 kllreaction 

nmfl'flth::IIlYlllll1a 

Metbanol (C~OH) 

4C~OH ----+ 3CH4 + COz + 2Hz0 ~ o· ; G = -319 kJ/reaction 

Metbylamine (~NH+) 

4C~~+ +2Hz0 ----+ 3CH4 + CO
2 

+ 4 NH4+ ~ o· ; G = -230 kJ/reaction 

Dimetbylamine «C~2 NHz+) 

(C~)z NHz+ + 2Hz0 ----+ 3CH4 + CO
2 

+ 2 NH4+ ~ 0' ; G = -230 kllreaction 

Trimetbylamine «C~3 NH+) 

4(C~)3 NH+ + 6Hz0 
+ ~ o· ----+ 9CH4 + 3COz + 4 NH4 ; G = -666 kJ/reaction 

.-
6:: •• flYI 

Acetate (C~COO) 

- + 
CH3COO + H ----+ CH4 + COz ~ o· ; G = -31 kJ/reaction 
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. " 
tYl'H.Jl111'.i'fU~~'Ulnlflll1116~lfli1 i,j 'h~:::li'I'U m~ i 'U1J'U1:::111 fJ 1'If'U ihYi1fl 11~ 6 

1 vn 1')'j166ii fl ~.:Jufl9iI1~I'U tY1'.i61111'.i'U6.:J1I1Jflfil~ fJ~~h';cim~~ lI1Jflfil~ fJtY~Hiil'Yl'U 1,jtYllm (l 

lb'ui.rl~ 

. 
q 4CIt,~ 4CIt, 

3.1) IttYll'UtlIU'UYl1J'llflfllil'Wl:::tl:::"I19IYI (Obligate Acetoclastic Methanogen) 

1 i'I'UlI1J fl fil~ fJtY~ l.:Jiil'Yl'U ~ i ~m ~6::: ci9i flI i'I'U 1111 ri.:J')'j cl.:J.:Jl'U ~ llJ tYlJ fl11 ~.:J;i 

3.2) IttYll'U tll U'U~1J;lflfllil 'W 1:::'~ lVi'll U'U (Obligate Hydrogenotrophic 

... ~ '" '" di Ya 1 1 i .. a '" Methanogen l1'ltl Hydrogen Utilizer) 11I'U1I1JflYlI1fJYI 'll'fl19t ~ ~11~'U 'Ufl11fH191fl19tlJl'YI'U 

1~fJi~fl1{1J6'U 1~66fl 19t~li'I'Ulll1ri.:Jfll{1J6'U ~llJtYlJfl11~.:J;i 

'U6fl~lflfll9t1~ 1~11~'U1lcl'1 lI1Jflfil~ fJ'II'ii~;iu.:JtYllJ1'.i (l i~m~~6{ijflli'l'U 
1111 ri .:J6111111-n fJ.:J 6 Ul.:J I~ fJ1 1~ l')'j 11::: fl1 ~~ 6 {ij fl tYllJ 11 (lll~ fl~ 11 i'I 'U 1 ~ 1 ~ 11 ~'U 11 'cl::: 

fll{1I6'U'~66fl19t~1~ 

3.3) IttYl l'Utll U'U ~1J;lflfl'A"'-3'~ lVi'll U'UU 0::: tl:::ail9lYl (Hydrogenotrophic . .-
/ Acetoclastic Methanogen) li'I'UlI1Jflfil~ vfitY~ Hiil'Yl'U 1~";.:J~lflm~6:::ci9ifll1 ~6fll9t1~ 1 ~11~'U 

lI~i.rl~ 1~11~'U1~~flil . 
if Q.I 44' Q O'..c::t ~ , ,,, ... 

2.3.3 UUUYlttH09ltlfll'lH09lfll"l'W1f11'W IVlUfl'l:::1J1'Ufll'lUtlUlI'OlUU1J1I 'ltltlfl"lIU'U 

... i ' .. "'''' i Y 1Y .. _I Y I'U 6.:J~lfl 'U 1::: 11 1J fl1'.i fJ6fJtY'cllfJtY1'.i 6'U Y11 fJfI1V ~ tY fI11::: 166fl9t11l'U 1J1 :::fl611~1fJ 

lI1Jflfil~ fJ 2 fl~lJ~I~V1,j'6.:Jti'U 1~lIn lI1Jflfil~ fJ1,jtY~ Hfll9tiil'Yl'UlI'cl:::II1Jflfil~ fJtY~ l.:Jfll9tiiIYl'U 

" .," 
~.:J,r 'U i.:J ~ 11 i'I 'U ~ 6.:J f fllll tY fll1::: 111 ~ cl' 6lJ i,rii tY fll ')'j fi 111lJ 1::: tY lJ fi 1'1::: Vi 1 i 11' 1I1J fl fi I~ fJ 111 ri 1 i1 

6Q~1fJti'U 1~li'I'U6Ul.:J~ fl11fl11JfJlJ1:::1J1J i ,rVil.:Jl'U 1~6Ul.:Jiiu1:::ffYl~ fI1')'j~:::~6.:JVil i,rllllflfil~ fJ 

6ui'UtYfI11:::tYlJ!iI'clti'U ~-3~'U6uti1Jil~,rv 2 U1:::fl11 tl6 il~,rVYlH~1'Uff.:JII1~cl'6lJlm:::illl,rfJ 
~ '4 ~ 

" 0 .q oC\Q.I 

Y1H~l'UflWYl1.:Jl'U (611fJ111'11'11fl'cl, 2546) 



1) iJ99r.l'm~An .. a~U1~atl1.J (Environmental Factor) 

1.1) ~w't1(Jil (Temperature) 
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';1 'I'll t:I 'I~W 11 fJ ii~ll1lJl:: fflJ ffll1 1lJ fll'j l~ l qJl~lJ i ~'IJt:I~UlJtlfi11 UUlJ lJ 

Ht:lt:lfleil~'UffllJl'j(llllh'~lrl'U 3 ';1'1 tlt:l 

- V1~lntl'i11.J~Ufl (Thermophilic) ~dj~Wl1fJiilh::1JlW 50--65 t:I'Ifll . .. 
l'1lill;Uff i ~HJl1Ufl11lJtlfi11 fJfiiil'll'U 1'U'li1'1~W 11 fJiiU1l1'YItl{i lJfti1flUlJtlfil1 U (Thennophilic 

Bacteria) 

, ..,..,.~... '" .... 1 '" 
- "1~1.J'l'Il1Dfl (Mesophilic) ~::lJ~Wl1fJlJ1J'j::1JlW 20-45 tHflll'1lill'1lfJff . .. 

i ~Ul1 UflUlJtlfil1 ufiiil'll'U 1'U';1'1~W 11 tJiiU1lii i '1Ifti1 mllJflfil1 U (Mesophilic Bacteria) 

, 111.,. ~... '" "'.1 '" 
- "1~ ,1'I'fl'il1Dfl (psychrophillic) ~::lJ~Wl1fJlJ1J'j::1JlW 5-15 tl'lflll'1lill'1lUff . .. 

i ~Ul1 fJflUlJtlfi11 fJfiiil~l'U 1'U ';1'1~Wl1 fJiiU1l' '11 i mrHi flUlJflfil1 U (Psychrophillic Bacteria) 

ffll1 1 lJm::lJ 1'U flU fli1 ~ nl'1l;1ftl'Yi flU iil'll'U'IJ t:I'IUlJtlfil1 fJ~::mj1 'U ';1'1 .. .. 
ii i '1Ifti1mm::l'YItl{i lJfti1fl m'j lhu~l1llffUlllJlJ ',ji ~t:It:I fleil ~'U i'U ';1 'I l'YIt:I {j lJft i1 fl UlJfI fi11 U~:: ii 

ij~'j 1 m'j dt:l fJffillUffU 6'U 'YI1 UUil:: flU fli1~ nl'1l;1 ftl'Yi ff'l fl1l i'U';1 'Iii i '1Ifti1 fl i ~ UffllJU fI .. .. 
dt:l fJffillfJffl'j 6'U 'YI1 U1 ~l~ 1fl1l';1'1ii i '1Ifti1tltJ 'j ::lJ1W ~t:lUil:: 20-50 ~'IU 'U ffll1 1 lJ 1 'U~ l'ItJ'j ::l'YIfl 

, I ~ ~ ~ 

fit:l~1 'Ul'IJ~l1'U l1\h~t:I'Il,"lJ~W 11 fJiii,r nlJ 11 1 ii'l U~ ffll1 1 lJtJ'j ::l'YIfl' 'YIuu'U 'j ::lJmhu~~::iil'll'U 

t:ldi'U ';1'1 iii 'lfft i1 fl' ~lt:I'I i ~ fJ' ,j~t:I 'I 1 ~f11llJ ~ t:I'U ';1U 11~1l tJ 'j:: a'YI i ftl'Yi'IJ t:I'I'i::lJ lJ 1'U ';1'1 .. 
iii '1Ifti1 fl~::~t:lUfl1l u~lrlt:llm UlJlfiUlJ 1'Ul~ tl 'I'lJtl 'Ifl 1 1 ~~l U'Yi lJ1lfl 1 1 ~~ 1 fJ i'U m 'j ii ltl1llJ ~ tl'U~:: 

11 'Yi'l1Jl fl ii 1 111' H't:It:I flUlJ lJ 1 'U tJ 'j::l 'YIfl' 'YI u',j 11 UlJ~ ~:: t:It:I fl11lJ lJ 'j:: lJmh u~ i,r t:I d1 'U ';1'1 .. .. 

.. . 
'Ut:lfl~lflU11lJtlfi11 UrJ'Iiitl1llJ i 1~t:lm'j ltJnU'U11tJil'l~W 11 fJii 1'U m'jtltlfl11lJlJ 

'j::lJlJ~'Itl1'j iiflnilt:l'l n'U ',j1,r~w 11 fJii'lJt:I'I'j:: lJlJ iim 'j 1 tJ~U'U11 tJ il'llJlfl 111 tl'l~ 1 flm'j il~111t:11~lJ 

~W 11 fJiil-nU'I 2- 3 tl'lflll'lfill;Uff iiflil~t:lm'j ltJ~U'UUtJil'l'IJtl'l nl'1liil'YI'Ut:ldl'llJlfl flU 1 mn 

~W 11 fJ ii'll t:I 'I'j ::lJlJ i ,riitl1llJff~11fflJ tl~'Iiitl1llJ ffltl qJ1Jlflfl1lfll'j tl1lJfjlJ 1,r'j ::lJlJ ii~w 11 tJ ii 

t:lQ1'U ~~~1,r ij~'j lm'j dt:lUffill fJ~ 'Iq'~ (m::'YI 'n'l'Yi ~'I 'Il'U , m lJiWl'U 1'Yi~ 'I'Il'U 'YI~11'Y1'UUil:: 
., 0' ., 

m.p ml'Yiil'l'll'U, 2549) 

... 
1.2) 'W16" (pH) 

UlJflfi11 Uff~l'Iiil'YI'U (Methanogens) ~::, 1~t:lfll'j ltJ~fJ'UlltJM'lJt:I'I-nlt:l'!f . .. . 
1Jlflfiq'~ i~fJ'Ii'U~t:I'Um'jln~nl'1l;1ftl'Yi (Methanogenesis) ~::ln~;ifi-nlt:l'!f 6.8- 7.2 lm::-nlt:l'!f 

• !II " I I 

fill1 lJ 1:: fflJiifl lll'hnlJ 7.0 Y1'1U tJ 'j:: a'YI i ftl'Yi'IJ t:I'I'j ::lJlJ~:: il~ il'lt:ldl'l'n~l ~ 11jjt:l-nlt:l'!f~ 1 fl1l 6.2 
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" 
5-8 II tI mn flU Ihrhtl'lHj,UY ~ fHll1 HatllJ ~ tllI1J fI fi i1 (Iff! H iill1ll 1 fI tI\I:: tf ~ fHl~ tI fllllJ 1~ lJ'Ij' lll11 tI 

6t1t1ll'\JtI~ffU~1~"l l'1fll mfl ''\JiJlll::1l1t1~ltl (Volatile Fatty Acid) llt1lJ llJ1UtI (NH) 1I~:: 

,~ 1 fll l\1UCi'~ ,~~ (~S) ~~\I::iifl1llJliJll-nll~tlU1Jflfil~ tI11~fl~1~flll 1ll f)lltltlflU1Jm ::1Jmh1J'fI 

" " , 
'1" '" '" '" " " d '" 111J1J lJ 'lftllf)lfl'1JHflH fllWfl'\Jll~tlll'\JtI~f)llffll~mflU~::f)llfflHlJll1lltltlfl\llflflll (Two 

. " . 
Stage Anaerobic Reactor) l~tI'fh 111' ffllJllf.)Utltlff~ltllhtfftlfiiitl~rl'lh::fltl1J'\JtI~l'1f~'J 1 ~ffl1ltl 

tflll~iitl~rl'lh::fltl1JliJll h~11JtI{1Jl~tflllntlll l'1fll f)ln1iJfl'\JtI::6lll1~ 6 liJll~ll (m::l1n~ 
~ ~ ~ ~ ~ ~ 

fI~~~lll, m lJflmlllfl~~~llll1f1U l1llU~::tI1.p flllfl~~~lll , 2549) 

1ll flU l~ll 1:: 1J1Jf"ii ~fll'1f~l fllfl \I:: ~ tI ~fll1JfJ lJfilfflt1'lfl,r tlQlll 'lfl~ 6.6-7.8 

1 fI tlfhffltl 'lf~ 1l1lJl:: fflJ~ tyfl till1 i'1J U 1J fI fil~ tlf.jii~ ii ll1ll \I::'e) Q 1 II 'lfl~ 6.8-7.2 (m:: l1 n~ 

l1i'fltIlm In lJ'lf19lU~::~ ~U l~tl'tllJ , m lJfll1JfJlJlJ~-nll , 2546) 1JH~ 11 1 1 ,riifhffltl'lf'e)Qlll'lfl~ 

1 d.d.d_l,q Q d cf_'f: ,.,. 
6.5- 7.5 (Tchobanoglous U~::flW:: , 1993) llmw l1lJlJllJlWffUtllll11tllJtllll'\JltP::1J1JlJlfl 

.. '_1 .1"" , & ·1"'d 1 "'_I" 0' '" lflll lJ\I::l1l 11Iflflflllff::fflJ'\JtI~mfll::1l1t1~ltl '1f~\I::l1l l1f1lflltl'lf llf.l~lJumW~fI~~ fI 

1 fltll1lflfhffltl'lf~l f)':il 6.6 \I::tf ~f.j~ m ::l11J~'e)fllnh~lll'\J tI~U 1Jflfil~ tlf.jii~iill1ll U~::l1lflfil 
" ffltl'lf~lf)';h 5.5 \I::iltl ':ho~'l1fimw'l1lltl'lJ1l1~1 (til'l1fl~lllfl"~~lllfJiJfllfifi 5 (llfl'j1 l'lffflJl), 

2551) 

1.3) tRUUUfllUJ;'U (Moisture Content) 
. " 

\11 fl f)ll l1~~'e)~ 1 ll,rtl~'l1fi1J'91 f)ll ~l~"l fl1J ';h6~ll flU lnfl fll'lfiill1lll-nlJ;ill 
" JI I JI I 

11Jm-nlJfllllJ';ll'\J'e)~lJ~~tltI 1 II 1 ::1J1J11 iJ fl f.j~\llflflU l-nmffltflll fI1llJ';ll fi tiltl t1J fi tI iJtI~ flll 
• u 

flU riltlll1t1'e)fl~1 \Ill \I 1 fl1J n til fllfl' 'lflt1U ~ m'l1~ till ffl 1 61111 ~ V ffll tlll1U ~~lliJll 1J'~l'ntl{ 

l~tI\lHffU-nll U~::'lflt1Ufllm::\lltl1~tI~iilll1~ 61111 ::1J1J (iltl'lfll ff ~,rfl~lll1t1lJ , 2545) 1 fltll ::"'1J 

" . " 
fI1llJ';ll fill1lJl:: fflJ\I:: 'e) Q1ll 'lfl~! tI tI~:: 60- 80 '\J 'e)~,.h11'11 miltlfl (fffllll ~ tlllJ::W 1mlll 11~:: 

lnw:: 'lflJfI'l , 2548) 

... .... 
1.4) f)"iAt)'UYI·n.J"i~l't1t1 (Volatile Fatty Acid: VFA) 

.q Jt:;j,f Q , Q d.o' .dod ,., 

m fI tllll1 1 til:: 111 til flfl \11 fl flU tltI tlffftl tlffll tllll1 1 tI'\J tI~U 1J fll11 1 tlfll flffl l~ 

& d d "rrI d . '-11"?t '''' _I" mfl '1f~\I::\lflll1Jfll111tlfllflffll~fll'1flJll1lllll lJ 'lfllJll fflltlll1lm~::Ul1el~fI~~~lll lJl lJlW m fI 

.-=-. Ida' dl 0 Q.I "d .4 ..;. d oQ, .q dod' J d 

tllll11 tll::1l1 tI\I:: lJfflll fflflt1J~tlfIlflltl'lf'\JtI~l::1J1J fltI IlJtI lJ'l1 1 lJlW m fltllll11 til:: 111 tiff ~'\Jll l'Utl'lf 
u • 

~tlmfltl::~91fllnll 1.4 \ldh 1,rl::1J1Jlnflflutl'lJ1l1~1'~ 6~ll'\JtI~f)lll'l1iitlllmfl1f11 'fl1t1-Ufl''l1 

" liJllmfltl::~91 fl\l::liJll~l'lh~ii~fllllJfflJfl~'\J'e)n::1J1J t.i'liimfl1 fI l' fl1 'e)-U flll1 ~tltlQlllo~liJll 

'l11lJlW lJlfl 6~llflll lnflfll'1f\l::elfl~~ .... h 1,rl::1J1Jtl'lJ1l1 ell'~ 
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1.5) fl1U.lliJu~h'l (Alkalinity) 

fl1llJlflu~h'l 1u n:tJtJfll'l U~Uff"lUffU6U l'l! Utlluhi'fftll1~ 1 !tltlflcil~u 

tY1U 1 '11 qjtl~1 U! tJ'Utl'l 1 tJfll{ tJtlIU~~1 n~ lJl~ 1 flfll'l ihtJ gn1 Ul tiu 'l ~ l11HlltllJ llJl"U utitJ 
~ ~ 

fll{ tJtlU 1 ~m)fl 1 'If~1I ,,~l1l 111' tl~1 u !tJ'Utl'llltllJ l1J1'UUlJ 1 tJ fl1{ tJtlIU ~ fl1llJlflu ~H'U ~~ Iflu 

ul'h~tl{~~ 1,rllri'l~tJtJ ~ ~~ fl1tJfllJ~ltl'!f1 M'tl ~1 u 'lf1'1~ll1lJl~fflJtitJflU I ~1 ty'Utl'l~iiul'l! U 

Iritlfl1llJl,j'mj'u'Utl'l m ~6U l'l! U'l ~1l1 UtllU 1u 'l ~tJtJl~lJ"'l 'I~U fl1llJlflu~1'l 1 tJfl1{ tJ~IU~~~\! fl 
~ 

Yil"lU1 tJ fll'lYilmufl1llJffllJ1Hl 1Ufll'llfluu~l~tl{ihflufflll1~Yil 1 ,r~Ifl'!f"~"'I (~n1Ul 

1f'!f1'lfJ", 2546) 

1.6) 6V1'm:huflli' mm!lu 1 VI''ml'U (e/N Ratio) 

I~tl'l~lfl~iiul'l! U~tl'lfll'l 1~J'Ifl1{tJtlUII,,~'U l~H~u 1u fll'lI~1 tyl~tJ 1~ 
I"'~ff! l'll'lfml~l'l'l 1 ~Ufl~'lltY1Ufll{ tJtlUl1 u 1 ~'lI~U~ll1lJl~ff1Jthl1f tJlltJflyil! UF-lii~)jll'lu~~tl~ 

1U'lf1'1 20:30-1 tlUl'l hn~llJfhfl~'lltY1U~'Imh1ffllJl'l\lItJ~UUlltJ,,'I 1~m\'111~mw (thUmlu 

l'Ul'l'llWJlJtllflYi 5 (Ufl'l'l1'!ffflJl), 2551) 

1. 7) "U1Y1"tl'l6~.fl1fl 

'UU l~'Utl'ltl'4mfllJ"~tlu)jfm~tlfl~'llfll'l UtlUffmU ~ 'IO'l"~'UU l~'Utl'ltl'4fllfl 
• >I 

"'I~lfl 25 l"lfu9illJ~'j miltl 2.5 l'lfu9illJ~'j ~~Yi11,rtJ11Jlwfil'!f)jIl'lUI-nlJ;ju 4.4 I'yil 

('!fl'4 ty1U1i~'lIl'f'jW, 11111W 1h~.uiuuu~ 1I"~1I1fln'H' l'lf .... UlJW, 2549) 

1.8) D'1':i6l'Hl':i (Nutrient) 

ffUtlll1l1l1ti'ltltlfllflU 2 '!fii~ tltl ffUtll'HU'Hil'fl (Macronutrient) 1~lIri 

fl1{tJtlU (C) 1u l~'jI~u (N) ~tlff~tlfff (P) Im~fhlJ~t1U (S) Im~ffl'jtll'Hl11tl'l (Micronutrient) 

1~lIri IIfl"I~UlJ (Ca) IIlJflih~UlJ (Mg) thfl~ff (Zn) IIlJ'Ifll'Uff (Mn) l'ltl'lIl~'I (Cu) lfltJtl,,~ (Co) 

ll1~fl (Fe) I",~iiflln" (Ni) tJ11J1W 1u l~'jI~UII"~~tlff~tlfff~~iiul'l!U~tl'lfll'j 1Ufll'jU~Uff"lU 
"'" ""./ 1" 1" ~ r" d 'J/.::s0l I 101 ffl1tlUmUmu ~fffll1~ 'jtltlfl'lfI~UtlUHUtlUl'lty~~tl'llJtl~'jlff1U COD: N : P ll'llfltJ 150 : 1.1 

: 0.2 1~u1~fl1{tJtlUtl'llfl'jl~li' .... il''I'I1U 1u l~'jI~utl'llml~li'ltJ'j~u 1I"~~tlff~tlffftl'llml~li' 
>I 

O'j ~ii 1fl ft6 fl ~'IUU fll'j fl1tJfllJ ff fl11~ 1 M' Il1lJl~ fflJ;)'I ~ tl'l 1 tYffl'j tlll1l'l 1 M' I~ U'I'Yitlll ri 
• >I • 

fl1llJ~tl'lfll'j 1 .... 'jl~'Utl'llffuYiI,j'l~'j ~tJtJUU)jflW fflJu9iYiIl~fl~h'ltiutltlfl 1 tJ (tl1ff~1 U m'41~.u, 

2545) 
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iJl'nll1111 

. 

CO 2+ 
4 

0.2 9ifll flHtY~1'1~ri'lJ;1:: (Biofillm) fl11~fl~::flfl'U'Ufl'lcifl hM 

0.01 tY~l'1 F420 lflu-wfll~fll''UllJ1111'Ul1)'U 

0.006 

0.02 

0.03 

... '" 
Y12J1 : trn'fl tY1t1l'41'U'ti', 2530 

1.9) iJl1YtlJ (Toxic Substance) 

. "d "" '" "LI ~ '" • '" d"''' ok '" tY1'.i 1Jl'lfltl1'1f1llJfl11lJl'U lJ'U 'U il '11fl'U llJ1)::lIJ'Ul'411~fl~fl'U fI'W 1 ~ Clf'l1 ::~l'lJ .. 
fl11 lJl1'l'U ~ll \l::;i'U mifllJ'lrU ~u fl:: tJ11JlW 'Ufl'l tY11 ~ll tY1'.i ~ll , ~U ri 

" 
1.9.1) Otltl'U1.h::1IJ1fl"fl'l hl'tt::l1Jl (Ligbt Metal Cation) 

6flfl'UtJ1::~lJ1fl'Ufl'llfl11::11Jl '~uri lClfl~tllJ (Na+) ll'4Ul1tYl~fJlJ (K+) 

.c::s 2+ ~ d 2+ .d oQ. J I oQ. .et 0' 4 oQ. 

UflfllClffJlJ (Ca ) Ufl::UlJfl'UIClftllJ (Mg ) Clf'llfl~'U'U1Jl\llflfl11 tlfltltYmtltY1'.ifl'Ufl1t1111flfl111~lJ 

tY1'.i 'flijl'i4fltJi'lJ-nw'ti'1'U1:: lJIJ 1):: ijHfll1'l'U ~ll9ifl~il'U 11 ~ 6 ~'1fl11lJl1'l'U~1l1)::I1'l'U tJ6n1 tl1~ 
.. 

cilJ~fl'UUfl::;i'U flQflml1lJ1w'Ufl'l6flfl'U tJ1 ::~lJ1fl'Ufl'l1 fl11 ::l1Jl~1t111ijtJ1lJ1W 1Jlfl1! fltllYi 1 1~ 

(fll1t1l1i''ti'11fJfl, 2546) 

fl11 lJl1'l'U ~1l'U fl'l6flfl'U tJ 1::~lJ1fl'Ufl'l1 fl11::l1JlU9ifl:: 'ti'U~\lq 'UU 1 'I 

hhYi1fl'U 6flfl'U tJ1 ::~lJ1fl'Ufl'l1 fl11::llJ111lfl'U ~IYil fllJ 1 \l::ij~ll9ifllllJfl.yjl~ til! fltlfl116flfl'U tJ1::~ 

1 .d'G!.d~ ++ ++ 'oQ, ++ ++ .c2 
lJ1fl'Ufl'l fl11::llJ111lfl'UClfl'YllfllJ 2 Clf'll'411'Ufl'l Ca Ufl:: Mg \l::lJlflfl11l'411'Ufl'l Na Ufl:: K \1'1 

tJ , SI f SI 

10 l'yil ~'1U'U~1l'Ufl'l6flfl'UtJ1::~lJ1fl'Ufl'llfl11::l1J1\l::I~lJ;i'Utijfl11lfl'U~il '1;i'U .. 
fl11lJl1'l'U~1l'Ufl'l6flfl'U tJ1:: ~lJ1 fl'Ufl'll fl11:: l1JlU'U tY1lJ1'.i \1fl~fl'l' ~ 

.. 
1 '" , " .1 0' , d d , '1 '" " 'UtH fl11::llJ1'ti''U~mflfl~M ~ lJ11flfJfl11WI'ti''U'U11t1fl11 Antagonism U~ 'Ul1H~Hfl'U'UllJ 

6tltl'U tJ1 ::~lJ1fl'Utl'l1 fl11::llJ1lJ H'ti'U ~\l::' tJl'~lJ~1l'Utl'l6 fl'ti'U ~11 it '11~tltlQl1lJfl'U tJ11 flfJfl11 W 
'" ,.c::s.d , QI QI " 

1'ti''U'Ul1t1fl11 Synergism (fl1tY~111fll1p(IJJ'U, 2545) 
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8aaut.h~~Uln 
SlSI .c!Io.qu.q 

fl1UU'U1I'IU (1IOOn111/0fl1) 

lO'H~lUl II 
. .. .. , ... ., ., ., '" 

n1~fJu 1111fJUfJ~ fJufJ~afJ1~lU1l1~ 

Na+ 100-200 3,500-5,500 8,000 

K+ 200-400 2,500-4,500 12,000 

Ca2
+ 100-200 1,500-4,500 8,000 

Mg2+ 75-150 1,000-1,500 3,000 

. 
q IV QI ~ 

n1ll : ij'H"~l \Hl1lJ1~U, 2545 

fll1H~ 2.6 6ijijU1.h:;~1J1fl1tl11:;11J11~lJfl1llJllhJ~1l (Synergism) 1Itl:;6ijijU'lh:;~1J1fl 

1m1:;I1J1tl~fl1llJllllJ~1l (Antagonism) 

. 
8aaUlh~~1Jln lO't1::1Ul lYf1lfl1l1l1UUYf'Y (Synergism) ililfl1l1l1UUYf'Y (Antagonism) 

1IijlJ llJlUfJ (N) Ca,Mg,K Na 

Ca UijlJ llJlUfJ (N), Mg K,Na 

Mg lWlJ llJlUfJ (N), Mg K,Na 

K - K,Na 

Na ualJ llJlUfJ (N), Ca, Mg K 

... 
n1ll : United State Environmental Protection Agency (EPA), 1979 

1.9.2) lo'H::'Hun (Heavy Metal) 

1tl11:;'I1l1fl (Heavy Metal) '~un l'I1ftfl ~'lJfl ~:;tt1 ff.:jfl:;ff 'YW.:jU~.:j 

Uf1~liifJlJ 1 f11Jijtlvl1 fl'HiifJlJ Ufllntl 11llJ~lJ ~.:j6ijijlJ'lJij.:j 1 m1:;1111 fll11 ~1'd'llllJ~1l~ij~ftlJ'Y116 
" "" 

II":; ~ll 'II ij.:j 1" 11::: 11 11 fl;;lJ ij ~fl1J ,hi fl~ij'IJ ij.:j 1 tl 11::: 11 11 fl11 lJ \1:; tl:; m fJl.i1 1 ~ lJ1 m! ij fJrn fJ.:j 1 ~ 
dt ... 1 IV .4" d ~ QI .c:. ,.,,, 1 ~ 1 d'dd 
'If .:jV'fll'IJij.:j "11:::11lJ fl\1:; lJl fl'l1':i ijlJ ijfJlV'ffJ.:j l~'IJlJ nm..l1 lJltl.l fl1llJl'IJ lJ'lJlJ 'IJij.:j 81 ~1 l\1lJ 'lftl ~~'Y1lJ 

" . " 
ijQllJlllLfffJ lV'f11:; 1 81 ~1 1\1 wi" 1 ~~\1:;nlJ~ lfl1J 1 "11:;11 11 flln~llllJln~ijcitl '~~.yj 1li,,:::tllfJlll 



. . 
~ JI JI 1 ~ ~ =" ...,' 1J1 

~l'n~n 2.7 f1'lllJI'\IlJ'\I'U'\Ifl~ ~m:::l'!'Uflnl1J'U'Vnl~flfll'WflUffCl1UU1J1J 'jfllfllfl' 

"" q~U~ fllUII'n ... u (lIiUlfl'UUOA1) .. 
U1JU~fl1'i,h~lU lilUyh, 'HQ~fl1'i'h~lU 

. 

Cr&t 

Cu 

Ni 

Cd 

Pb 

Zn 

4 01 01 ~ 

nlll : fl1ff~l UClllP~'U, 2545 

130 260 <200 

110 420 <180 

40 70 <50 

10 30 >30 

- >20 >10 

340 >340 >250 

400 600 <1,700 
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1.9.3) nl"1JH'Vil~ 

- IIBlI i lIliltl 
Q • ~ do d"d 

(Ammonia) Ifl~1) 1fl fll 'j UflUffCl1Uffn fl'U l'l'j Ul'l 

,.h::: flfl1J~'lu1 'U 1 ~'j 11)'Uft1U'~ffft1'l::: Hflflflcil1)'U 1'ti'U 11h ~'UI~'UUfllJ llJlilu1'U 1~'j 11)'U 

CJ1~ 1'U 1 ~'j 11)'Ufl11)flQ''U111'\1fl~UfllJ llJlilulJ6flfl'U (NH4 +) l'!~flft")u!fllJ llJlilu (NH3) 1 ~u,f~fffl~ 
"', 'JI I 

~'lil1):::I11ftu'U 1 111Jl hi~'Ufl Qti1Jt'hf4lfl~ t11Y4Ifl~~il fl':h 7.2 1)::: ijUfllJ llJ lil UlJ6flfl'U (NH4 +) 

1Jlflfl11 U~t11Y4Ifl~~~fl11 7.2 1):::ijft1C)fUfllJ l1Jlilu (NH3) 1Jlflfl11 CJ1~1):::51J5~flln'h~1'UUCI:::ij 
fl'lllJ I ~'U Yill~t)~i;'U l'llU1Jl flfl11U t) lJ llJlil UlJ6t)fl'U (NH4 +) IltJlJ l1J1il mrlflfl Q' 'U 111'\1t)~ 

ft1C)fllfllJ l1Jlilu (NH
3

) 1):::I~'UYilln~fllrlflijm1lJI,j'lJ,j''U11'j:::lJ1W 100 ijCli;flflJ/i;~'j U~''Ul11'\1fl~ 

IlfllJ 1 lJlilUlJ6flt)'U (NH/) 1):::I~'UYilllrlflijm1lJl,j'lJ,j''U~.:JI't'hti1J 7,000-9,000 ijCli;flflJ/i;~'j 
" -c1o"M (Sulfide) In~~'U''U'j:::1J1JHt)flflcil1)'U1)lflcjfClI-n~ (Sulfate) 

I " " , f 

liijmihnhii.:JYh,j'ltY'j :::1J1J l'!~flln~1)lflfll'J Ut)UffCl1U'\It).:Jff1'j6'Ul'llUliijcjfClI~fl{ 1'ti'U 111'j~'U ... ... 

CJ1.:JcjfCl' ~~~CI:::CIlUJ lili n7'UuCI::: ~ijf1'lllJI,j' lJ,j''U ff ~fl11 200 ijCli; flf 1J/i;~'j i~1):::I~'U Yill~fl ... 
, ""''' 

~i;'U l'llU 1 Cll'! :::l1'U mh11ijnl Ul ti1JcjfCl 1 ~~ ff~ NHft flli hi CI::: CI lUlll~'U ~~,r'U fll'j l~lJ 1 Cll'!::: 

1Jl~~ii~ 1'ti'U Il1 ~flffl1JlH1Cl~mllJl~'UYill'\lfl.:JcjfCl 1-n~CI:::CIlu 1~ cjfCl 1 -n~1):::\!flUUflt)t)fl1Jlt)Q 
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" " ~ -nI lJ 1'1 11 lJl.,j' lJ.,j'mJ {l~iCl 1 vl~Cl::Cll U~lJ mJtilJ~ l{l 'If'tl {I ~ 
'tI{l~ll1Cl1UCl::ri1lJ'lli::fl{llJ'tI{l~nl'b' (m~Ul1i''lf1'HJCl , 2546) 

2) iJ99fJYlHAll"fll'l'fhnu (Operational Factor) 

cv ". ~ iCf.4 
2.1) 891'llfll'lu81nn'l8UYl'l[l (Organic Loading Rate: OLR) 

.. 

t11ll1 lfl 11 ::m 1 't'J flff1l6lJl'l ~ UlnlJ il ~~ umh~l1i1 ~~ ~::ij ~Cl~{ltl1:: ffl'li m .... 

'lJ fll1 d{lUffCllUff1l6lJl'l~ umuilJ 1 ::lJlJ UCl::lnlJ~1U'1h t'hfity~'rtlJ fll1 {I {I flUlJm ::lJ1J'l'iTU',", 

1 'i 'J/ .. ... 'J/.i _ Id .. '" ." i 'J/ ~ r:'I... 'J/ ... 
UlJlJ lJ 'If{l{lflc)H~lJ{lfl~1U llJ{l~~lflfll1luClUlJffl1{llJl'llU lJ1::lJlJ l1flCllUllJlJfllC)flJlYllJlll{l~lJ 

" " .d. d i _I~ QI ... I~ -Clio d tI <4 0 i" .cI..ct..::t 
f111lJl'tllJ'tIlJ'tI{l~U lJfll'lll U lJ u llJlW'W{lll1lJl::fllJu1lJ1W ffll {llJl'll U ~~~:: l'1l 11 U lJfll'1l1 UlJ 

flll d{lUffCllUffl16lJl'l~ ~~{ldl~Utl1:: ffl'li m.... 'I11flUfll1il{llJffl16lJ l'l~ Ul.,j' ll::lJlJlJlfllnlJ 1 tI 
~::vh',r flll d{lUffCllUff1l6lJl'l~ UCl~Cl~ l~U~~ lflUlJfllil~ U1Jl~ri1lJfJflnlCllU 11.J l .... 11::ffm'W~ .. 
, I i ow 'J/ ....'1 ..... 0' 'J/ 'J/.. '_1 0 i 'J/ , 'J/ ow ... 
lJfflJ~Cl lJl'lHIllHfllJ'tIllJ111fllJfll1lJ6lJff1l6lJmUl'tlll::lJlJlJ{lUlfllJ u ~::l'1l l1fll1 'lffJ~l1lJfl 

hh~lJtl1 ::ffl'li m .... hj~lJfhfll1 M't'JlJ UCl::U~ri ~ ~Cl i,rUlJflli l~ uilJ 1 ::lJlJtli'lJ~1l.,j'ltilJ 

fffll .... ffl16lJl'l~ u~U'I.J~lJ1W~l ~Cl~m~~::lllllJlJlfiu1::lJlJU1~~::t1'lJll1Cl1 '~l'lflJ tilJ {ldH 1 1 ~lllllJ 

fll'tl6~t11ll11 fll1::m1 't'Jflffl16lJ l'l ~ U~::UIll fl~l~' 'l.JlllllJ1i11lJ'lfl~iLlCl::'lfij~'tI{l~JlliYU ~~~ II nlJ ~ 6~ 
" . 

tli' lJfllt11ll11fll1::m 1 't'Jflffl16lJl'l~ U'lJ fll1l~lJ 1 ::lJlJ ,,rll1lJl::fflJtiml11iYulii ~~1U till1 i'lJt11ll11 

.. ... o'd , 'J/ ~ 0', , 'J/ , ... 
fill ::lJ11 't'Jflffll UlJ l'l1 U,,~:: 'lfllJlJIflW'f1 lJ fll1 {lUflU lJlJ 1 ::lJlJl1 1 ~~lflfll1l'l~Cl6~ lJ 1 ::~lJ 

u u J • •• 
2.2) I1t'11flfl'WflVt'lt11D'91'l (Hydrauhc Retention Time: HRT) 

l1Clltim;fl'lfClfllfflll{lnlJil~~U'I1i1~~irtlJfll1f11lJfJlJtl1::ff"ifll'W'tIU~1::lJlJ 

fll1 dUUffCllUffl16lJl'l~ umu '~ffm1::' ~{lU flcil~lJ t11ll11l~ 1't16~fll1 dUUffCllU~::l~lJ~lJ IllllJ 

QI QI CII drl dl f I 4 ,! ~ 4! &.d 
1:: U:: l1Cllflfl .... flffl1 UlJ l'l1 U~lJ fJ~f11~ ~ty~f1111lJ ~ IllU~l fllJlJ~:: Cl~Cl ~~lJ m:: mm'tllJ l1lJ~l'l 

~iilJl'l~U\lfl'lf::UUfl~lm::lJlJ (Wash Out) 'lJt1\ll11~l~1fl11 ~iilJl'l~U~::l~lJ~llJ1lJ~lJ ~~lnlJ 
fflll1~~nl '11'1 ::lJlJt1'lJll1Cl1'~ ffllJl1fJUtfi'tlfll1 ~~iilJl'l~ U\lfl'lf::66fl~lm::lJlJ '~i ~Ufll11~lJ 
l1Clltim;fl'lfClfllfflll{i,rlJ llJ~lJ lJ Ufl~lflifl1Cll tim; fl'lfClfllfflll{ ~::lnlJil~~u'I1 trfl'lJ fll1U{l flUlJlJ 

1::lJlJijfl~1U (ty'W11W 'lflty'I.J1::1ff~!, 2536) 

2.3) fll'lfl1U (Mixing) 

flU fl1lJ fiu fll1 nl' ,r'tl{l~ll1 Cl1UCl:: ri1lJ ~fflJ~{ld'lJ 1:: lJlJ Uflll ~fflJUCl:: .. 
m::~lU~1Udu)t1ii~UCl::ff~llfflJU 'lf1U ,,r'tlU~liYU~l.,j'llJl' 'I11h.,j'1 1 tlu l'llJ ~'tI6~liYU~fJfldUUffCllU .. 

. " 
ut1'1 nl i,r1 ::lJlJUflll dUUffCllU '~{ldH~UlU 6~UCl::Utl1::ffl'li m'W lJ Ufl~lfli1 fll1 fl1lJU~'lf1U 
.'1 ....., SId ! .d.d ~ d" " QI lJ{l~ fllJ lJ l1lJflU lW fl'lflJ'tI{l ~'tI {l~lffU C)f ~ flllllU fl'lflJ 'tI U~'tI{l ~l ffU~:: ff11~ilty11l' 11 fllJ1:: lJ lJ 

i 'J/ 0 i 'J/ _I ...., 'J/ r:'I... _ld_1 
,",UIll::flUlJClUU~llJlJlJty~ (Scum) ~::l'1l '11 u1 ::ff"1im'W lJ flll ff11~fllC)flJlYllJUCl::luClUlJl u 
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" , 
tYl'i ijlJ VllvilJ ';j ~lJlJ CI~CI ~ i lJ VI H'U ii-u~ tYllJl ';j U CI~i1 tyltlfll';j lfi~ilJ ~~ mm Cltl u, ~1 ~Ufll';j lVi lJ 

i ". " '" "" c:l~ "" fll';j fl1lJ ltUm ~lJlJ mltlm~lJlJlJtYfll'nfl1llJl'tllJ'tIlJ'tItl~U'tI ~~ 1 (fl1llJl'tllJ'tIlJ tYl'iU'tI1lJ CltlU 

UtlUW;h 500 iiClilflflJ/il~';j) IlCldjtYl'i~UU~lJ iUtl~'U1Jlfl tYl1Jl';jU i~fll';jlt~lJi1UlJ'tItl~l11C11lf~tl 

nl<:)f~lfi~~lJ ilJ t1~I'f7tlfl1lJ ~tY1JlfllffU'~ u~11lm ~lJlJUUlJ 11 U lJfll'i tY~ tYlJ9i1't1tl~A~fltllJ CltlU 

fltllJ,j'l~tY ~lt~tltYl'i U'tI1lJ CltluilJJllffUU1Jlfl ~ll1'llJ~tl~ i~fll'ifl1lJ l~u i~lfl~tl~}jtlVll~flCl l,flJ .. 
ilJfl1lJ 11'llJ~lJ (tll~Ul1f'lf1';jfJCI , 2546) 

2.3.4 ltJlIlJlJ'IItl .. n~lJlJ'2J'Vtltlfl.l1nHin,1mItHII';-3 (ffnrfl 'nlJ'n~Hl1JtJiifllfl~ 5 

(lJfl';j';jl'lfff1Jl),2551) 

Q,.I tI '4 
1) ')~lJlJlf2Jfllllf-3l1lJlJfltllUtl-3 (Dry Continuous Digestion) 

'tIU~ijlJVllV~~Utl~';j lff1lJ ~11'llJ'tItl~u~~ftlUCl~ 20-40 ~~llJ fll';jti'~UUfllltl'11l~\!fl 

iltllJl,j'l'i ~lJlJlt~flmh'l~tlliitl'l 1 ~Ull~u,f~';j ~lJlJ ~Ufll';j fl1lJ~tYlJUCI~';j~lJlJlI~ fl h~CI ffl11f lJ 

';j ~ lJ lJ 1I~ fll ~ Clll~ U fll';j l' <:)fIt) CI tYl'i lJ HtY1lJ ~ U fl Utl UtYCll UU tl' 1 fl ~ lJ 1Jl ~ tYWllJ'tI u~ijlJ VllV~llll,j' 1 .. 
, " w 

';j~lJlJ l";tlllflJtYfll'n "H'l111Jl~tYlJ li~';j ~lJlJfl1lJ~tYlJIlCl~';j~lJlJl1~fll ~CI~flll~l'il ilJ,f1~tJW It fJii 
,,, , 

IVltll1lJ~ilfl (50-55 tl~flll<:)fClICiutY) l";tll~lJlll~tYlJi..rutlufitl~ 
u tI J • • 

2) ,)~lJlJ'H2Jflll'H-3l1lJlJlIlJfI'V (Dry Batch Digestion) 
" ". '" i" QI '..::::l GI ~ 'i " Q,I ,~ d 

';j~lJlJlJ 1l~ 'lfltClflfll';j l'lflJl~U1fllJfll';j H~flCllJ U~ 'lfl1C1ltYlJ fl1lfll';j H~flCllJ'tIU~ VI 

llll'li'llt ~fl ilJt1~l1iimw ll~\!fl~tYlJtllJtYl'i ~~llJ fll'i UtlUtYCIlUutl'11llfl6flt1~lti1~ l'f7tll1f lJtYft l'n 

" "" lt~ ~lllfl'\r lJ i~iJ~ t1~11 ii m WIlCl ~ l1~tl U i..r lfi~ fll ';j Utl UtYCll u~ llJl ';j ';j lJ'lfl~ i lJ ,f1~illll'lf~'tI u~ 

(Leachate) ~lfi~~lJ 1l~\!fllt~lJI1UlJ' l1f fllll'i ~~lJfl1llJ4lJUCI~ m ~1l1UtYl'i ~CI~CIlUJl '~UCI~ 
IllJflfill UUtlUUlVllJ l~tltYl'i \!flUtlUtYCIlUltY~ 11 tYlJ \J'i WIl tl'1i'lliJ~t1'111 iimwl'f7tlltlltYl';j ~111 ntllllfl 

fll'i UtlUtYCIlUtltlfllltl'11~lJ'tIU~I'li'1' l1iltU ,j'tl~'tItl~';j ~lJlJtltl'th 1~~lU ffllt flJ'Ii'tllffUtltll1'llJ ';j~lJlJ 

'" 3) m~lJ1Ufl1')t'I'V-tlJA (Leach-bed Processes) 

I 'j/ I " 

l~lJ~mh '~~lUIlCl~ ';j ~1Jl um~';j ~111 U 'IIi lJ t1~lt~flUlJ~,flfh '\1 ~~lllflirlJl}jtl(i~,jlJ~tllJ fll';j lfi~ 
" 

UlVllJ (Methanogenesis) t1~'\1 ~flll~\!flUUfltltl fllllfltllJUtl' 111l 1 l1~tltllJt1~ i '\1U~tl' l1lt~flfll'iil 
'" . tll1l1';jUfl1l Sequential Batch Anaerobic Compo sting (SEBAC) 
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5) ftl'nnrftiiJtlftU1J1J'HtlUJ,1'U~lt)'U (Multi-stage Wet Digestion) 
SI 'JI " " 

1 ::UUU ~::lWf);r'\un)lJ 1 IIJ 1 ~ 1 1 Cl~ f)UCl::;r'U~n)lJ f)l1l1iJ f)m~tHlf)~lf);r'U~H),U 
~ d .ci JOJ 1"" . 

f1l1lf1~Ull1'U '1f ,:n::UU'UUf)~:: 'll'f)Uf.191ff111mlU 1'll''U l::UU Anaerobic Filter UCl::l::UU Upflow 

Anaerobic Sludge Blanket (UASB) 

" "" 1 1 "d • '" • dl" The Biogasworks (1998) 6H(I.:.J 'U Venna (2002) Uff~.:.J 11ll1'U11UUl1Cl.:.J'YI 'll'l::UU 

f1l111iJmj6uffClluUuuH66f)cjflll'U 130 m1.:.J iifl11Uff11Jll(11'Uf1l116.:.J1U'U6.:.JlffU 500-300,000 

~wil uCl::iif1lnhu~~U91f)AHft'U911U'U6.:.JlffU~ln~~'U ~.:.Jftlft~ 2.11 ff1Ull(1Uff~.:.J 111'111'U 

f1l11.llm ::U1'U f1lHj6UffCllU'YIH~1fllft1Jl'~ ~::111'U 1~':hl'YIfll 'U 1 ClUrl'\1f1l.h1Jl H1Jlf)~q'~''U 
1 . I " '" " ., '" '" d <jJ '" " .,?t <jJ 0 , , " ~ l1J16UCl:: 91 161'll'U16UCl:: 7 ff111!611J1f1lUlClf1lHlUlftU.:.J16UCl:: 2 LU61U'U~::11J'U~'U1 'Uf1l1 'II' 

" 1 1 d..::1d.dl " 4 " " d ~ "" <do l'YIfl 'U ClU'UU(l.:.J16UCl:: 35 16.:.JCl.:.J1Jlfl61~'Uunm6UCl:: 16 ff11~'U ff1ffl'1f6mCl'U~ llCl::66ffl911U 

!6UCl:: 8 

.Ausma 
• Belgium 

OChina 

ODlmm3l1< 

• Finland 

• France 

• Germany 

o India 

• Italy 

. Japan 
o Netltet1ands 

• Poland 

.Spain 

.Sweden 

• Switzertand 

.Thailand 

.UK 

o Ukraine 

OUS 

.. <V ~~" , 'II"'" .:,~ 
111'W11 2.11 fll'ift'i~\)1t1f1'l'l6..:.J 1'i..:.J..:.J1'U11I"'i~1J1Jfll'itl6t1iJtlltlU1JU 1'i66ft.l \)'U'I6..:.J11'llt'lfl 

'" 11111: Venna, 2002 
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2.3.5 ,j'a~uil~,j'a1iifJ,.thuTlfllu 1 ilutiafJiJillfJUlJlJ'lJ,..raao<i1 tlU 

1) ,j'a~,.a""lTIfllu lilutiafJiJillfJlllJ lJ' lJ,..ra a 0';1 tll! (m~m l~'YHrH lU , fi'nJ~WlU 1 

'Ylft~~lU'YI~ll'YIUll"~~l! f fi"r'Ylft~~lU , lJ .11. 11.) . 
"~SI Q.I .ct; 

1.1) TI""'~1l!iJ""Ul~ilalJUil::011tlVl011,.a""liJfJ 

- lilU1'YIfllu 1 ,,1jfi1'.iihu~'IJfJ~lJ"~f)fJ~liluil~'j~~~ ~U1~ft~lJ 
" 

- ffllJlHllln'i1UJ1llfi~Um~U ff~1'Yl111~ll1 hfl~ln~1I1fif1l'jfhij~'IJfJ~lJ"~~fJ 
u " 

- lilu fil 'j l1lJU11fJU 'II fJ~lJ" ~~ fJ~U 'YI~ rJfiftUlJ 1 i ~i 11 ~i U! 11'IJ~~ffl 'j 11 flJ 

.c!l .ct 4.1 '!1 
llJtH'YIfJU fiU'j ~uu H~fi"Ull UU 

" ~ fil1 ft fiq''IJ 1 fl Ul"ll"~ 'j ~U U 11,j fi~ fJll U U i ~f)l filfHl UU~ ~l~lJ (Conventional Aerobic 

Composting) 

- ffllJl'j(l i~'lJ1U~'IJfJ~lJ"~~fJ~U 'YI~ U"U~~~fi1'.i ~~fi"U'lJfJ~lJ"~~fJ~U'YI~ U 
" " 

iu~u ~~;j fi"Ull UU~ fil1 ftfiq''IJ lfl Ul" '~lilu~ fJ~lJ f U 

- ffllJl'j (I,,~117lJlW'IJfJ~ lJ" ~~fJ~lI~~~~ nl1i~ iu,Tu ~f)U q'~V11fJ 
- ffllJU (l11,j WillJ tiU'lJf)~lfffJUU 'YI~ u11'j ~lf1'Y1~U (Co--digestion) 

. 
l'b'U 

lfl''l:flff~m~~ i~'YIl;jf11'j 1f111~'j lJ"ff~1~1~'l1l"~'IJtJ;jlfffJlIlfil H~lU~~ffll1 m 'j lJ 

v ., 
1.2) TI""'~ll!fiil""""ll! 

~ 1 1 "'i 0 '" _I.lr i 91 '" "" - lUU1'Y1fl U CW UfiUUlU~'IJfJ~lJ"Hf)fJC)f;jffllJ1'.i(l 11'Yl"H1Uq''YIli (Net 

Energy Producer) 

- UflfifJfI1'Yl iu fi1'.i ~ft~'Ylft;j;jlU 11 lfi'IJfJ~iil fJfi ~~ '~1l1lJ1~ fflJff111 f Uf1lmn 

li4tJ~ft~'Ylft;j;j1U UflfifJfI1'Yl~lI~ '~fU~"~tJUll'YIU'YI1;jf1l'j l1UU"~1fl''jll !fl'lff~{ 1J ~ 1 ~m'il'Yl1~lrltJ 

'

91 , ~" J. _1,q.qQ Q .ct " 
- '1ft 1Cl1 U fi1'.i 1'j lJ~U 'j ~U1J'UlU lUf);j1J1fi1Jt) m fJ1 fi1'.i ~f)UffUf);j'IJtJ;j~"U TI'j fJ 

lilu' 11tJ{h""~l'l 
"" "" 1 "" "'.... "" rd '" ~ '_1' 91 91 - f1l'jl1JH1!l~U ~'IJf)""~ClUmfJTI~"~f1l'lflJ1'YIU11JU 1J ~'If1 

- ~f)""~UClfl1UtJ lJ'j:: uumi,.,.. i fift;~l ilunmu 1U 1'0 ~""1J 1fifl11lJ fflJ";U 1i'IJf)""fi~ lJ 

~ftU'YI~ 61~fl~~ )jfi~um~ulm~)jff~11~f)""1J1fifi1'1f'~ 1~'j ll1Uci'" 'rl~ 
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.. 
o u 4" Q 

2.4 fl1::lJ1Ufll11J1lJAllJtl.:JflU"tH"11ilil (Appels IlCl::tlW::, 2008) 

m ::1nlJ flU '1h,jtllllJ U, liHm) fl cil ~lJ 'tI fl.:J fl1 fl~:: flfllJ;l fll'Yi tYllJ 1 'j (l'lil f.J Cltl tJllJ 1~ 'j 

'tIfl.:J~::flfllJ 'rl1mUff1'j6lJ'YI1U~fi61,rlfitl htl l~lJtll1lJlff(iU'j 1,rllfifllfl~::fl6lJ IICl::Hi;~YHhnlJ 

n1'1f;lfl1Yi'~ Il~ fl1 'j tJ'j ::Qfl~l~fllnj l,jtlll uu 'lil~fl6 flcil ~lJU.:JU,j'6~ 1fltl~ llJ'j:: U::I1Cl1 

",.Ii 1" _I '" _I.... d .d ~ 
flUl1lJfl 'If.:J~:: '1H1Cl1lJ'j::lJ1W 20-30 llJ IICl::lJ'j::ff'YItifllYifll'jCltlCl'l'tl6'l'tl6.:J1l'tl'l'YIIIJlJ 

, II I !II " 

ff1'j6lJ'YI1UA1 tJ'j::lJ1W~flUCl:: 30-50 ~.:J,rlJthnlJ'lilJ~6lJfl1'j'\h,jtlIU6'l~lJ'tIfl'lfl1fl~::fl6lJfi6lJ 

"' 'lfl1tl 

2.4.1 fll11Y'fl11l1'raU .. .. 
flU Hm1lJ! 6lJ'tI6'l~::flfllJ ~1 m ::uulh,jtlll1IffUIlUU~::fl6lJl'i.:J 1 tlUfi1' tJ~:: 1 ~fi 

~Wl1tJiitJ'j::lJlW 150-200 6.:JtY11'1fClI;Uff IlCl::Um1lJ~lJtJ'j::lJ1W 600-2,500 fi1CltJ1fftllCl 

.Ii " • '" .. ",", "' .Ii .," 1 'If.:Jtl11m 6lJ ~::'YIlmUYilJti::ltllJ'tI6.:JHlJ'lI'lfClClIlCl::I'lfClClllJlJIU'jlJ 'If .:J~::'YIl 11 ff1'j Cl::mUfllU lJ 

I'lfClclCl::: Cl1U66fllJ1 1 tlUti'l' tJ fl1'j'\h,jtl~lJ ~lJ~lU~W 11 tJ ii'li1.:JU 1 'lfYli; fl~::: ff1lJ1'j (lI~ lJtJllJ1W 

r:I.. , ".. '1" .. , "'1 ~ .. fll'lflJI'YIlJ tltlfll1 'II'~Wl1 tJlJ'II'1.:J1'YI6'j lJnClfl 

2.4.2 fll'l1nii-rl1-3fllr.J.fll'n 

.. . . 
fllUfllYiU ~::UtJ'j ::ff'YIi fllYi 1lJ fll'j 66UffCl1Ufllfl~:: flfllJA 1 fl'i11i 6lJ '1 ,_.. .. 

2.4.3 fll'l "l1iYlHlflll 

~.:J~::'~lJtJllJlW ffU 6lJ 'YI1UCl:::Cl1UJ1 fllUlJ 6 flI'lfCl cllJl fl~lJ 1 tlUti'l' tJ flU 1 ~11l'YINltlU~::: 
1I'I.hlfllJ 2 fl~lJ fl6 fll'j 1~ffnmtlIlCl:::ff1Hh'lIlCl::fll'j1~tJafllU1fl6flciltlilJ 

1" , 1) fll1 Vi.Jl1fl1Allil::i.Jl1AH 

flU 1 ~ffU mtlllCl:: ffU~l'l~:::'lilf.Jl~lJflU Cl:: Cl1 f.J'tI6.:Jfllfl~::fl6lJ 1 tlUflU l~lJ 

ffU fl'j tlll Cl:: ffU ~ 1'1 ~ 11 fllJ~:: ~ 6 .:J1~lJ~~W 11 tJ ii t!.:J 1I~1 tl uti' 11 tJlI ~1 ii' fl~:: tJ 'j:: Q fl~1 ~~ 

~w 11 tJii,r6.:J1116~W 11 tJiitJ1lJ flCll'! 

2) fll11Y'uijM(J1t)t)flCiIAi'U 

flU 66UffCl1U fll fl~::: fl6lJ ~lUtJ afll U166 flciltlilJ~::: 1 ~66 flcil~lJ 111 flfl lflltY~ 
.. .. '" _I.Ii· 1" ~Wl1tJlJt!.:J (260 'fHtYll'1fClI'lfUff) IlCl::tl11lJtllJt!.:J (10 IlJfl::lJ1fftllCl) 'If'l~::'YIl l1ffUCl:::mu 
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1 ~ 0 ~ _I " 0 '" ./ "" 1 .J 0 1" 1 1 ./ ~UlHlflfll11J1tJ~~:::lJl:::m:JtJ~lUflll't11 l1l'1HHUfl~ Vil.:ltl1fllfl ''If.:l~:::'t11 11'1.16.:1 l1tltllU tH"lftltl 

'I.IUlU9i 166 fl~UI"lftl~lI~fl 1 ~u~::: ij111 :::ff't1Ti tllVi lu fln 'lhU~'1.16.:1U~.:Il:::m U~lU 1~!6Utl::: 40-50 

.. 
QQ..f~4 " 

2.5 ~1'U1\l[lnlflfJl'Ut)~ 

~ r:I 4 CI 

2.5.1 n'l::tJ1'Ufll'lFU'Iflfllonnfll'W\lln"1",ltl 

m:::m1.:1Viil"H1lJ, "hUfllJ lU1J1UUtl:::1If1lJViil'.:I.:I1lJ (2551) ftml1flllflfi~n1"lf~1.fllVi 
'" ~ 1 fl fllll1 U fl06 Ul11Jl::: l1'jHlhl ffUl'h{ lJ q'fll t1tJl1tY1llJ lil U{lItl:::'1.1 U::: Ifl1l611111 1 ~UlI 'If 

d 1 1./.d """ ~ .:, 1 : . " ff11tl:::mu l"lfl~ulJ ~~16fl "lf~'t1m1lJI'I.IlJ'I.IlJ16Utl::: 2 IUlJl1tll72 'lf1 lJ.:I IWfllJ1~l.:1l1tl:::my1 
~I rI QI 1 a "-;tl rid' 1 I " 1 j/ .a QJ 4:!1 

IlJIlJ U166fl~1 flflU ~UlJ 1LUVi 1:::mY1lUIlJUl 't1f11lJ fllm 'If~ l.:1l1tl11J1 'If lVi6~~1116tl~'t16U 

1m .:Iff! H llJmQtl'l.l6.:1ffn ~v6uffmuu1flVi1flfifliilJ lM'tl~tl.:l 1 ~U't1~tl6.:11 :::~tJM'6.:111a1J~fln 

VitJ11fllll1 UflV6Ul11Jl:::1111.:1J 1IffU'Yh{ lJiym t1tJl1tY1lUlilu{~t1~ 11tY1U! 6Utl::: 70:30 '1.16.:1 

d I .d. Q.I , " d I 1 ~ 
'1.16.:1l1'1.1.:11:::mU.:I1U lItl:::'I.IU:::lfllltl111n't16~11ff1U16Utl::: 40:60 '1.16.:1'1.16.:1l1'1.1.:11:::111U.:I1U ~Utl.:l 

11amW1616ffii61{~1:::U:::l1tl1t1fll~tJ to 1lJ Utl:::fllll1UflV6Ul11Jl:::111HJ1IffUl'h{lJq'mt1tJ 

" -:tl old Q,I I " d, .d. Q,I d OJ 

l1W1llJIlJU1't16~l1ff1lJ16Utl::: 70:30 '1.16.:1'1.16.:1U'I.I.:Il:::mU.:I1U't11:::U:::l1tl1flfllfltJ 20 llJ lItl:::'I.IU::: 
" 

Ifl1l611111~t1~11tY1lJ!6Utl::: 40:60 '1.16.:1'1.16.:1U~u:::mU~lU~1:::U:::l1tl1t1fll~tJ to 1U l~uo.:l 

11 am W QI616ffii ff11J11 tll ~lJflflU.fllVi 1 U fl n flfi~ n1"lfijl't1lJ' ~1l11J1::: fflJ~ q'fl ~ u::: 111 Hlil 

fl11 't1fl tl6.:11:::~ tJM' 6.:1 11a1J~ fl11 VitJ 11UllJ 1W ff11 ijlJ 't1~ 61 lJ i U ti 1'1.16.:1 lI~.:Il::: 111 U'I.I 6.:1 '1.1 U::: 

Ifl1l6111 n ijti1u1111111lJ~tl6~1 :::U:::l1tll'Yilfln 't1~tl6.:1 tY .:Ifltl'ih lM't1~llflll flfi~n1"lfijl't1lJ6d 

1lJ'lf1.:1~fl11.:1lJ1fl 1~61hlJl111ti1LU~uinh 1 M'ti 1t1~11flll flfi~n1"lfijl't1lJijti1tl~tl.:l ~.:I 1~' ~ 

111J1uii.:l11'1.1U:::lflll6111n~::: 11 UflV6UU1flfl1111 tY1 U9i6V1.:1 1 11~6Vi~ nw 1U 1 :::iY't1Ti.fllVi lu 

fl11 t11~~ti 1~ 16~~:::lil U,~ 111::: tJtJ ff1lJ11 tlt11~~ ff11 ijlJ 't1~ 6~ 1fl'l.lU:::lfl1l611111 1 ~~ fl1111 tY 1 

ItHilU{6VHijUuthtiw Im:::llJl:::111N'Yilflll't1~tl6.:11:::~tJ~ltl6.:1 't1HflW:::~~hliilJ.:I1lJ1~';1 " ~ 

fllll~6flftflll1 fllll1 UflV6Ul11Jl :::111HJ1IffUoW1{ lJq'm t1tJ11 tY1llJlilu{ ~ t1~11tY1lJ! 6Utl::: 70:30 

'1.16.:1'1.16.:1U~.:Il:::mU~lU Im:::'I.IU:::lflll6111n~t1~11tY1lJ!6Utl::: 40:60 '1.16.:1'1.16.:1l1~u:::mU~lU~ 
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Cben u,,:::tlW::: (2009) ftfllllfll'j'lhU~ 1'Uu,,:::cH.:J'Ii'11 i 'n~~1fl11i'YIHltliil'~f.J1H''IJ'lJ~.:J 
01 

fll'Hitlflff"lUltlU hUJ i~flHfl'j~I;tl~l.:J ~U'lJ11 UtllJ hJ1Ufl,,:::mmh 1m::: i C)fl~fllJ11!J~'jtlfl hf~ 

'n'U1lfllnhu~ 1 'Ulm:::cH .:J'Ii'11 i 'n~~1fl i C)fl~fllJ 11!J~'jtlfl 'C)f~ tl1llJl'1i'lJ'Ii'U! tlfl"::: 2 liJU'j:::fl:::n"l 

'jjl,j~liftl.:J~U~1fl i C)fl~fllJ 1 1!J~'jtlfl 1 C)f~ntlu li1tl.:J~lfl~iiu'YI~ 6~'j 'U fl1U ~tl'j:::'U'Uflln1iJfl~:::"~ 
U'tlfl".:J 

~ 01 .c( Cl 

2.5.2 fI'l:::'U1Ufll'lNDflfl14l'V1.f1Tn91fl'ltl.:J1Dlltlfltn'Hfl"i'lll 

~j'j 1Wl tf 'lfl ~ 1 'j 'j W (2546) ftfllll'lh::: ff'YI i fll'n fll 'j fl ii ~ fll C)f~1 fll 'n u,,::: flU 01 ~ ~ 

ffU ~ U 'YI ~ 6'11 tl.:J 1ff~ I'll ~tlif.:J~ 1 flf.J~ ffll1 fl'j 'j lJ fl" i U''U 'j 'j ~ fl'j dltl.:J i ~ fl1 ~fl'j::: 'U 1U flU citlfl ffmfl 

u'U'U' r tltl flc)fl ~u 'lfiJ~~u ~tlUl~fl1 u 'U'U ~ l"tl.:J~l ~1 U flU ftfllllliJU tl.:J1'I1 ~ fl1 tJ'YI'j.:Jfl'j :::'Utl fl 

tJllJl~'j 250 ii~'j Im:::iil'lJ'ti~fl1UtlQfllfl1utl.:J 1ff~l1iJfl~ihlJlftfllllliJUlflllltJ~tlflU":::UflU 

ff'lJ'lj:::'j ~ i ~fl'\hlJl'IJ~ 1 M'ii'IJu l~ 1 x 1 lC)fU~llJ~ 'j uft'1iltlUI'Ii'1 ff'j :::'U'U~1mr~ 'j lflU I~ lJ1U ,,::: ... 
01 • 

tl f.:J f.J W 111J ii au ~ fl~" tl~ fll'j 'YI~ "tl.:Jtl Q1u ,f1.:JllJ i C)f~ ii tl tl1llJ,jU fll fl1 U tl.:JtJ ~ fl'j W 200 
.. . 

ii"iillJ~'jlh U'lh~U'j:::fl:::nml~'lJfifl 15, 25, 40, 60 1m::: 90 1U tl1'Uf'JlJf4m'lf'li1M'''~''.:J~hfl1l 7 

i ~ Ul~ lJ i C)fl~fllJ 1 'Utll{ 'UtliU ~ fl" fll'j 'YI~"tl.:J'n'U 1lflU 1~ lJ'j::: fl:::nml ~'lJfifl~::: ih 1 M' tl~ 'jl fll'j lft~ 
~ I .CIt,...:::::I; clod1 " OJ' ~...:::::I; .c::. J QI Q, " .d 
fllC)f~tl ffU tlU 'Yl'j fl'Yl 'lfU":::ff~ ff1U 'II tl.:J fllC)flJl'YlU l'n lJ'IJ U ~.:J ~:::1'I1U ~ ~ 1 flfll'j 'Yl~"tl.:J'Yl 'j::: fl::: mn 

d OJ Q.I d _I~ 0 ~ .d ~ ~ Q 

lfl'Uflfl 60 u,,::: 90 1U lJl.I'jlJlW ~ll'nl:::'IJtl.:JfllC)f'Yllfl~'IJU 0.302 u,, ::: 0.322 "'U .lJ .!flfl . 'IJtl.:JI1'IJ.:J 

'j:::1'I1fl ~llJih~'U lm:::iiffflff1U'lJtl.:JfllC)fiil'Ylu!tlfl"::: 40.24 1m::: 48.88 ~llJth~'U tlciHh~~llJ 

tl1llJliJUY411 ~lfl i C)fl~fllJ~ ff:::fflJlJlfl~mh 1M'ln~ff fll'n~ 'liffllJlHltl1'Uf'JlJ 1~lu fll'j 'YIfl"tl.:J~ 
QQ.I OJ .d Q OJ QlQI ' "" 

'j:::fl:::n"llfl'Uflfl 15, 25 11"::: 40 1U flU'Yl~"tl.:J'Yl'j ::: fl:::nmlfl'Uflfl 60 1U 1~tlltl1llJl'IJlJ'lJU'lJtl.:J 

i ... ' ''' OJ .o. C')I d OJ ~ C)flflfllJ ~lJlflfl1l 2,493 lJfl .!" . tl~'jlfll'jlfl~fllC)f'lf1fll'n 0.157 "'U .lJ .!1U l1'jtl 0.682 "'U.lJ .! 

Cl'U.lJ. 'IJtl.:Jtl.:JtJ~fl'jW tJllJlW~ll'nl:::'lJtl.:JfllC)f~ln~~U 0.302 "'U .lJ .!flfl . 'IJtl.:JU;.:J'j:::1'I1fl tJllJlW 
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Q.d 1 "111" _I'" ... ... "" _ I " 0 '" 

'\J6~11'\J~'YI1Fn 'HlJ 1~11C1:::1J'jlJlW6'U'YI 'HJfll'nJ6'UM1C1~1J'j:::lJlW'j6U::: 85.7111C1::: 80.91 ~llJC11~U 

d d 1 ~ dtl " , i 
~:::fl6'U'YI6t)mllm:::UUlJfllt)'UmUm'jU6'U1lC1::: 'U ~m)'U 12,312 lJfl ./C1 . llC1 ::: 1,003 lJfl ./C1 . 

~llJth~u UC1:::fl~'jlti1'Um{Ut)'U/''U i~'j111'U1J'j:::lJlW 12.28 fll'j'YI~C1t)~~'j:::U:::nC111~Unfl 90 1'U 

1~thfl11lJ1.,j'lJ'Ij''U'\J6~ iCb'1~UlJ1~lJlflfl11 1,655 lJfl ./C1. fl~'jlfll'j1n~nlCb';1m .... 0.119 C1U .lJ ./1'U 

. " 11:9 OJ _I ~ " .. I~ 0 a d.c::lt, d 

'H'j6 0.476 im.lJ ./C1U.lJ. '\Jt)~(I~1Jtlmw 1J'jlJ1W1l11 .... 1:::'\Jt)~fllCb''YIlfl~'\J'U 0.322 C1U.lJ ./flfl. 

d <Cit. 0 ~ d d ct, J d w d. 

'\Jt)~I1'\J~'j:::l'HU 1J'jlJ1W1l11 .... 1:::'\Jt)~fllCb'lJ1'Y1'U'YIlfl~'\J'U 0.157 C1U.lJ ./flfl. '\J6~1l'\J~'j:::l'HU (fllCb'lJ1'YI'U 

!t)UC1::: 48.88) 1J~lJ1W'\Jt)~I1~~~LFn 1 'HUl~I1C1:::1J~lJlW t)'U'YIlum{ut)'UuC1::: 1 'U i~'j 111'U 10,782 

lJfl .iC1 . 1m::: 1,043 lJfl./C1. ~llJth~u 1m:::fl~'jlti1'Um{ut)'U/1'U i~'jlll'U1J'j:::lJlW 10.34 

";flll~'UU 11'litJW (2549) fYfllll fll'j ~~~ nlCb';1 m .... i ~U1~fllfl'\Jt)~lffU~ '~1I1 fl 
'" tJ , ,., 

tl~ ffl'H m 'j lJl.h1J'U1Jl~lJ1il'U 1~ Q~ U i ~U 1~1;ft)~ ~'U 'YIluYi 1~1I1flm:::u 1'U fll'j 'li 1,j~t111ffUlIl fl 
" 

'j:::UUQltlltJffn1il'U1111;ft) fll'j'YI~C1t)~ih1'U'\J1~'H1Jfl'\J'U1~ 100 iJC1~~~'j llC1::: 2 ~~'j fll'j'YI~C16~ 

1'U'\J1~'\J'Ul~ 100 iJC1~~iIt'j ll1JHr'Ufll'\Jt)~f111lJ1.,j'lJ'Ij''Ufllfl1Jl~lJ1il'U!6UC1::: 0, 5, 10 1m::: 15 . . 
fllyh6'1fYi 5 .8 llC1:::iiLmr 7.0 llC1:::tlW'HtJiJYi 37 t)~Rl1Cb'C11;Uff llC1::: 55 t)~Rl1Cb'C11;Uff 

~C1flU 'YI~C1t)~""U11fll'j 'H 1Jfl 1 'U m1:::~ ijflU 1~ lJ fllfl1Jl ~lJfl11lJ1.,j' lJ.,j''U! 6 UC1::: 5 tlW'H tJ iJ 37 

6~RllCb'C11;Uff -nltl'lf 5.8 1m::: 7.0 1n~1J~lJl~'jnlCb'ij1'Y1'UUC1:::nlCb'11!J i~'j111'U1'U1J~lJlW ~~~1l~ 

lrlt)lYiuunUfll'j'YI~C1t)~mwg'U'l i~u~-nltl'lf 5.8 ijfl~'jlfll'j~~iItnlCb'ijl'Y1'Unilnu 0.46 lJC1 .iflllJ 

'\Jt)~1l~~'j:::l'HVl1'U i~u1J~lJlWnlCb'ij1'YI'U~ln~~'Uyf~'HlJ~nilnu 246.79 ± 7.27 1lJ i f1'j ilJC1 'H16 

81.78 ± 2.41 iJC1~~~'j llC1:::ijflilt'jlfll1~~~nlCb'11!J i~'jll1'U11'hnu 0.32 lJC1 ./f)llJ'\Jt)~1l~~'j:::l'HU/1'U 

i~U1n~nlCb"l!Ji~'j111'U~1'U1'U 57.79 ± 4.16 1lJimilJC1 'Hlt) 19.15 ± 1.38 iJC1~~~'j lm:::~-n1t)'If 

7.0 ijfl~'jlfll'j~~iItnlCb'ij1'Y1'Ull'hnu 0.60 lJC1./f)llJ'\Jt)~I1~~'j:::l'HU/1'U i~U1n~nlCb'ijl'Y1'U~1'U1'U 

320.08 ± 6.31 1lJ im ilJC1 'Hlt) 106.07 ± 2.09 iJC1~~~'j llC1:::ijfliltnfll'j~~~nlCb'11!J i~'j 11l'U11'hnu 

0.26 lJC1 ./f)llJ'\J6~1l~U:::l'HU/1'U i~U1n~nlCb'1I!Ji~'j111'U~1'U1'U 47.35 ± 1.32 1lJifl'jilJC1 'Hlt! 

15.69 ± 0.44 iJC1~~m ~~1J~lJlW nlCb'ijl'Y1'UllC1::: nlCb'11!J i~'j111'U~~~~ 1~111J'j~fl~'Unu1J~lJlW 
" " .. I " 0 OJ Q. ~ do 1 " fI 11 lJl'\J lJ'\J'U '\J6~fllfl1J 1C1lJlJ flm1:::'\Jt!~fll'j 'YI~ C16~ ff1'H 'j U fll 'j ~C1i1t fllCb''lf1 m.... 'U "1~l1fl1'\J'Ul~ 

2 ~~'j 1~1i1t)fl 1~fll1:::~ijfll'j 1~lJfllfl1J1~lJ -nW'lfllC1:::tlW 'H tJiJ~1 ,r~C1~~~n1Cb';1m""~~1l~ 

1'Ufll'j'H1Jfl1'U"1~;flJ'\J'U1~ 100 iJC1~~~'j 1I1flflU'YI~C16~""U11Yi-n16'1f 5.8 tlW'HIJiJ 37 

6~R11Cb'm;tlff ijflilt'j1fll'j~~~n1Cb'ijl'Yl'U1'~hnu 8.33 x 10"" lJC1 ./flllJ'\J6~U~~'j:::l'HVl1'U i~U1n~n1Cb' 

ij1'Y1'U~1'U1'U 3.86 1lJ ifl'j ilJC1 'H16 1.28 iJC1~~iIt'j 1m:::ijfl~'j1flu~~~n1Cb"1!J i~'j111'U11'hnu 0.06 

lJC1./f)llJ'\J6~11~~'j:::1'HU/1'U i~Uln~n1Cb'il!Ji~HlI'U~1'U1'U 255.44 1lJifl'jilJC1 'H16 
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'" '" '" lJCl ./fl'nJ'I.Itl-3l1 'I.IU ~ ll1 tl/TU 

5.40 iiCliiii~'j l1Cl~Uij~'j1fll'j flii~nlClf'1iJ 1 ~'j 11llJl'Vilti'U 0.06 lJCl./fll lJ'I.Itl-3l1~-3'j ~111 tl/1lJ i ~mfi~ 

nlClf' IiJ 1 ~'j 11llJ~llJ 1lJ 305.59 'lJ 1 fl'j i lJCl l1jtl 101.26 iiCliiii~ 'j Irltlltl1l1'Ulfill'UflClfllHl~Cltl-3 

1lJ'I.I1~;flJ'I.IlJl~ 100 iiCliiii~'j l1Cl~'1.11~Uti'1'1.1lJl~ 2 ii~'J 'Yi'U".hfll'J11ii'fl1lJ'I.I1~;flJ'I.IlJl~ 

100 iiCliiii~'J utI'J~ffl1ifll'YilJlflfl11fll'J11ii'fl 1lJ'I.I1~11ti'1'1.1lJ l~ 2 ii~'J 

~ ~ 
4 OQ,l,4" oQlo.::t 

Chulhwan l1Cl::flW~ (2005) ffflll1fll'j 'Ul'U~I'Utl-3~lJ fll fl~~ fltllJ 111m ~'U'U'Ul'U~lJ 1lffll 

II 'U'U~~ fltllJll -3 1 ~ II Hm ~ 'U 1lJ fln UtlllffClllll1 'U'U 1 li1 ~tltlfl~llllJ ,~tlIfilJtI'J:: ffl1i fIl'Yifll'J flii~ 

aQ 1~.d 'OJ" 
fllClflJl'YIlJ lJfllClf'lf1f1l'YiI'YIlfl'U'jtlllCl~ 79.5 

~ . 
.dt OQ.l4)1 4 

Chunmin l1Cl~flW~ (2009) ffflll1fll'J'Ul'U~I'Utl-3~lJ fllfl~~ fltllJ1l1flWtlm ~~lllIlCl~ 

m ~~11l~ 1l1~ H 1 ~ II Hm ~'U 1lJ fln Utlll'YI1-3:Ji1f1l'Yi II'U 'U 1li1 ~tltl fl~llllJ I~tlflii~ n1Clf:Ji1f1l'Yi 

" 
'Yf'U11fll'J 1i 1,j~I;jtl-3~lJ~1U i ClfI~lIlJ 1 1iJ~ 'J tl fl 1 Clf~ fl11lJ l'Ii'lJ'Ii'lJ 8 fll lJlI 00 fll lJ'I.Itl-3I1~-3'1.1 tl-3 

, '" , 21 t " Qi Q Q 1 0 ... ~ 1.1" " " , ... ~ ~ 
Clf tl~'YICl::Cl1U lJlJ11'YflJ'I.IlJ 'J~lJlW'jtlllCl~ 83 IICl~fl11lJl'I.IlJ'I.IlJ'I.Itl-3m~'J~ll1l1-31m'YflJ'I.IlJl'UlJ 

. ~ 

1 ,040 iiCliiflllJ!ii~'J nlJU-3t1llJlW fln Ifi~nlClfUI'YIlJll~l~lJ;jlJllIlJ 0.32 Cl'U.lJ. 'I.Itl-3nlClfUll1lJiflfl. 

" . 
Emma l1Cl::flW~ (2009) ffflll1fln1i1,j~I;jtl-3~lJfllfl~~fltllJl(jtlm::~11l 1~lI1~ 

m ~ 'U 1lJ fll'J UtlllffCllll'YI H:Ji1 fIl'Yi 11 'U'U 1li1 ~tltl fl~llllJ ,~tlIfilJt1~ 'J 1 fll 'J flii ~ n1Clf:Ji1 fIl'Yf ~ -3mh 

"d ~ .c.t OQ.l~)I .4 " 
fl11lJ'JtllJ'YI~W 11 (JlJ 170 tl-3ffllClfClIClfllff 2) 'Ul'U~I'Utl-3~lJfllfl~~fltllJlf.mm~~11l~1l1ffn Cl~Clltl 

i Q 1 1 ".dQ "1"".d... Q ClfI~lIlJ 1iJ~'Jtlfl Clf~'YI'YfW'lf 12 UCl~~1l1fll'J l1fl11lJ'JtllJ'YI~Wl1(JlJ 140 tl-3ff1lClfClIClfllff IICl~ 3) 

OQ.l~" .4 ,,4d.oc:i ~.oQd' I .4 
'Ul'U~I'Utl-3~lJ fllfl~~ fltllJllItlm ~~11l~1l1flCllJl tYlI-3l1 20 fl iCllliJ'j ~ Clf 'Yf'U11 fllfl~~ fltllJWtlm ~~11l 

I , I , " 

4 0 OJ " .Qd.do .0:::1 .q ~ d .Q .d" 
'YI'Ul'U~~1t1~Wl1(JlJ'YIt!-3l1tl~ (170 tl-3ff1IClfClIClfllff) tYllJ1HlflCl~fllClf'lf1f1l'YfI'YflJt!-3'1.1lJ'JtlllCl~ 50 
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........ 
2.5.3 fl'i:::tnUfll'iFUlAfllet'V1.fllfUl1fl'Ur.J:::ltn'61l11'i 

llU~ll if ~,rfl~lllH)lJ (2545) fffllllflU thU~I1C1::: ~i\~ nlClf;1fl1VHllfl'll U:::1fY1H.l111l'.i 

" ".9 illti~1Iiif1'.iWl1tJtJvi6 '11f1 ti~11,j'flU1IllJl~'.i i~~lll 12 i\~'.i fl1Uill~~~~I1Hllnll C1f~lI1.hti~l1,j'fl 

66f11fllllf'6~ri6U'l 20 If'6~ 1~6i16~nll fll'.i' 11C1~~1~1)'.ifllU ilJ ti~l1,j'fl 1 ~Ufffllll~fI'II6~fll'.iCl~ 
o QI JI JI d .ci._'4 9J' QJ QI d 

'.i::: U:::I1C1l fll1)~ (HR T) fl1llJl'IIlJ'IIll '116~11'11~'116~'11 u::: VllJ6lJl'II1"lfNl1lJ fl IICI::: ~fI'II6~VH6 ~fl1tJfJ lJ 

~'IIll,j' 1'll6~ti~11,j' fl~ 611 '.i::: ffVl i ft l'Yifll'.i ill'U~I1C1::: ~ i\~ nlClf;1ft 1'Yi ft 1 U i lJ ti~tJ ii f1'.i WI1 tJ tJvi6 111 CI 

~ClflUfffllll'YitJ ';hflCl'll6~fll'.iCl~'.i:::U:::I1f1lfh,r~ (HRT) 1)lfl 20 1lllflll \0 ill IICI::: 7 1lJ l~uilf' 

1IllJlW '116~11~~ ilJ'IIU:::lfYll6111l'.i ~il6lJI,j'lti~11 ,j'fl6ri~!6UCI::: 1 1 ~UUft l'.i::: fll'.i il6lJ ffl'.i illl Vl7 6~ 
" 

0.75, 1.50 11f1::: 2.15 flfl. ciH6~/CltJ.lJ ~llJih~tJ 'YitJ1l~ HRT 7- 10 1lJ ij1l'.i:::ffVlifl1'Yifll'.ifli\~ 

nlClf;1 ftl'Yi~ ~ fl6 ij flU fil,r ~~ 16~! 6 UCI::: 80- 90 11 CI::: ij 11 '.i::: ffVl i ftl 'Yi f1l '.i fl i\~ nl C1fUI Vl'I.J 

0.11-0.14 CltJ.lJ./flfl. ~16~~til,r~ tillJ flU ffflllll~lJfl1llJl,j'lJ,j'll'll6~'116~11~~'116~'\lU:::ltY1l6l11U 

~il6lJI,j'lti~11,j'fl1)lfl!6UCI::: 2 Iflll!6UfI::: 5 1m::: \0 'YitJ1ll~61~lJfl1llJl,j'lJ,j'lJ'II6~'116~11~~~ff~ 
" 

QI QI .q d " ~ " .d. 0 "'! .q 

fl::: VlU l1lJ 1) 1 fl1l '.i lJlW '1.16 ~11'11 n 6UCI::: 5 IlJU'.i 6 U CI::: 10 1)::: lJ flClVll i 11'1.114 ~ 614 fll '.i flCl~ f1'.i ~11 CI::: 

~U~6Uf1l'.ifli\~nlClfUlV1Uft luiu ti~l1,j'fl '~fflJ~CI 1 ~Ulfi~fll'.i fli\~f1'.i~iluVl76"l ~lJlfl1)U ~i\UVl7 6 

.:::. Q ", QI,'" A ~ JI JI d i d_"i "'01 QI 

~fI~lJlV1lJ IlJffllJ l'.i m tJ ~ l1~llJ61'YilJfl1llJI'IIlJ'IIlJ '116~11'11 ~ lJ 'IIU::: ItY1l6l11l'.i Vl lJ 614 I'll l"lfNl1 lJfl 

o QI d.,. .d Ct. elI..:1 i JI d QI .4 " 
fll'.ifll1)~CIf 16~11C1:::fll'.iflCl~fllClflJIVllJ flCllflU~flU fl6 '.i6UfI::: 75- 85 IICI::: 0.10-0.11 CltJ .lJ ./flfl. 

~16~~til,r~ ~ llJrll~tJ 1 ~U~fl1llJl,j'lJ,j'll'll6.:j'll6.:j1l~~! 6UCI::: 7.5 ij6~'.ilfll'.i fli\~ nlClf"l ~tyfl 

tY1U flU fffllll flfl'll6~ flU fl1tJ fJ lJfl l-n 16 ~~'IIll,j' lti ~11,j' fl~ fl1llJI,j' lJ,j'U '1.16 ~'116 ~ II ~~ i 14 '1.1 U::: 

ItYll6111l'.i~!6UCI::: 7.5 IICI:::'.i:::U:::I1C1ltil,r~ (HRT) \0 114 'YitJ1ll~611ftJ-nI6~~'IIll,j'lti~11,j'fl 
" . . 

"l ~';U1)lfl1lfl~li-n16~ 4.5 IfllJ 5.5 IICI::: 6.5 l'h ilf'fll'.i ri6UffCllUffl'.iilUVl76li~uti~11,j'fl '1IlfllJ f1'.i fl 

ilUVl76"l~~U1)lfl 10,000 iJCli\flflJ!i\~'.i Iflu 22 ,000 1IC1::: 25,000 iJCli\flflJ!i\~'.i ~llJrll~tJ 
11CI:::1I'.i:::ffVlim'Yifll'.ifli\~nlClfUlV1ll"l ~~U~llJ'tJr1'1U 1)lfl 0.11 CltJ.lJ./flfl. ~ 16~~til,r~ Iflu 0.15 

1m::: 0.22 CltJ.lJ./flfl . ~16~~til,r~ ~llJrll~tJ 1I~1~6tJftJ-nI6~~'IIll,j'lti~11,j'flff~~1.JIflU 7.5 
" 
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.. 
UU 'YIl U tY1 'j ~ tl n 1'j f.lii~ fl1C1f:)f1 fl1~ 111 fl'\l tI:: 1 fl'1I tl1111 'j ~lU 1~ tlulilu fl 1 'j fffl1l1U'YI i~ "'\Itl ~ 

'j::tI::l1ml~tJt1n U~'j1fl1'j::tYnUU'YI1U m1lJ~lunnl~lJ'\Itl~Il1"1~tllh::ff'YIifl1~m'jfh~~ 

UU'YIl utYn lm::tI~lJltu fl1C1f:)f1fl1~~ln~~U lu m'j UtltltYmtl'\ltl::lfl'lItlll1n~1tJ'j ::tJmi~l1lJfl 1 r 

tl1filfl' i ~tlffn1l1 fil'j UtltltY" 1 tI'\Itl~'\ItI::lfl'lItl1111'j ~ iitl~ lJ1tu '\I tl~U~ ~rtltl,,:: 4 1 uti~l1lJ fltl~ lJl~ 'j 

9.63 ii~'j ~lU1U 4 ti~ i~tln111U~tYfl11::~H'"l fitl 'YI~"tl~~'j::tI::I1"11~tJt1fl 10, 15, 20 U":: 25 

w & '" 1" QI QI ~ q ~ QI doi -=I Q QI 0 Q.I 

1U C1f~I'YItltJ ~fltJtl~'j1fl1'j::tYntlumtl 14.10,9.40, 7.05 U":: 5.58 mlJCIf tl~/"~'j/1U ~llJm~tJ 

lrltll~lJ'\Itl~Il1"1 I iu/flf~ lm::U~'j1fl1'j::tYnUU'YI1U 14.95, 9.97, 7.47 U":: 5.92 fli'lJ~ntl~/ 
ii~'jl1u ~llJii1f1tJ lrltll~lJ'\Itl~Il1"1 3 iU~tlflf~ f.l"m'jffn1l1~tJ'htl'j::ff'YIifl1~nnn1~~ 
.q drl .c:t, ~ J ~ .c:::t d QI J OJ oQ dr/V .d 
tlU 'YI'j tltY1'j lJfl11~ lJ'\IUllJtlm:: tI:: 11 "lLntJ nfllJlfl'\lU (tl~'j 1 fl n:: tYn tlU 'YI 'j tlU tltl"~) U":: fl11lJ tl ... 
lUfil'jl~lJ'\Itl~Il1"1lJ1fl;iUYh::tI::l1ml~tJt1n 20 iu (U~'j1fl1'j::tYnUU'YI1U 7.05 fli'lJC;itl~/ii~'j/ 

I " " 1 

iu) lm::iifl11lJtiluflnl~lJ'\Itl~Il1"1 I iU/fli'~ iitl~lJltufl1C1f;1fl1~ln~;iu1UiitJ 2.60 ii~'jl1u 

.. .. 
QI Q QI I I QI 9J 
'YI~l1lJ~ '\Itl~U'\I~'j::Il1t1ml1lJ~ lm::m~'j::Il1t1~ltJ1'Y1lntJ'jtltl":: 56.48, 52.39, 70.38 U":: 27.03 

~llJii1f1tJ 

tll~tl11i'')f1'jQ'' (2546) fffl1l1fil'jf.lii~fl1C1f;1fl1~111n'\ltl::lf1'lItlll1n i~tJm::tJ1Ufil'j 
, 1 ~ 1" oQ ! d.ct ,rI" 

tltltltYmtlfl1 tI ~ tY fl11:: 'j tltlflClfll1UU tJtJ tYtl~'\IU ~ tlU 'YIlJnn n1Uf.ltYlJtltlHtYlJ\I'j tu tI'j ::fl6tJ~1t1 

ti~l1lJflm~U,,::ti~l1lJnfl1C1f 111'\1t1::1fl'lItlll1 n111fl i 'j ~tlll1 n tJ~"::16t1~~1tJ1fl~tl~tJ~ilUl~tl111~ 
.. 

1,r1~'\Itl~Il1"1iiri1'\1tl~U~~'Yi~l1lJ~tI'j::lJ1tu rtltJ,,:: 4 n111U~rin::tI::l1mn1~~ (HRT) '\Itl~ 
QI QI W .d QI & oQ ~ QI Q d.d'~ 
ml1lJflmClf'YI 35, 30, 251m:: 20 1U C1f~fl~11JUtl~'j1fln::tY1'jtlUmtJ11JU 5.77, 6.39, 8.30 11":: 

10.27 fli'lJC;itl~/ii~'j/iu lrltl11fl'j1::...tffn"::"ltJ'\ItJ::1f111tl1111'j~tJ 'hiiu~'j1thu BOD: N : P 

'\Itl~tY1'j"::"ltJ'\ItJ::lf1'lItlll1ntl'j::lJ1tu 100 : 4.54 : 0.71 liluu~'j1ri1U~tY1lJntl~lU~~1tJ 

m ::lJ1U fln utltJtYmtJfl1tJ 1~ tYfl11:: 1 r tltl ncill1u '~i ~tJ i,j~ 11ilu~ tl~ 1~ lJ tY1'j tl1111Hh~'"l l~ lJ . . . ... "" '" .. '" '" ~ '" ~ '" ~ 1 i . .1 • .1 '" 1 '" ~ 1U tl~111 fl~"U 'YI'j tJ'YIl fltJ1'\1tl~fltJ fln ff'j HlJl'YIU ~tl ~ fil'j U ~'j 11lUU"::11 tltYl1tl'j tY U tl~'jl'j tltJ,,:: 
• " I I 

111m:: 2 '\Itl~tI~lJltu~iiu'YIluYhn~;iull1,j ~llJii1~tJ liitl~hl'uu'j::tJtJ~tJ111iitl'j::tJ::l1ml~tJt1fl 
, " "" 

l'nlJ;iu tI'j:: ff'YI i fl1~ flU n1 ~~C; i tl~ '\I tl~ U~ ~'Yi ~l1lJ~ '\I tl ~U~ u:: ll1 tJ'Yi~l1lJ~ U"::'\Itl ~ U~ ~ 
, jI " , JI 

11'\11U "tltJiiUU1 i 1!lJl'nlJ;iu m'j f.l~~ fl1C1f:)f1fl1~~1J11t1~lJltu fl1C1f:)f1fl1~'Yi~l1lJ~liln~;iuii 

i '" ad GQI: J dQl: 
llU1 UlJ"~"~llJtllJ'j::tJ::11"11fl1JflflU1lJ1fl'\lU i~tJ'j::tI::11"11fl1JflflU1 20 iu iitl~lJltu .. 
C')I d QI • QI Q QI do d'_1 W d. _I 'jI 

mClf')f1fl1~'YI~l1lJ~tl ~ty~l'Y1lfl1J 54.35 ,,~'j/1U lJtl~fllJ'j:: fltl1J'\Itl~ mClflJl'Y1U lJ'j ::lJ1tu 'j tltJ,,:: 

61.26 
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Forster-Cameiro UCl~flW~ (2008) flflll1 fll'j V6UffCllUllllll 'lil~61fllfl1u'lh.:JfJW '11 fJiJ 

"l.:J (55 6.:JflWIfCll;Uff) 'U6.:J'JU~UlJ'YI16'illfl1JCl~6U'IflJ~lJ ~.:JUlh~lJ'Uu~~UUJl'YI~Cl6.:Jd~llJ 3 U.:J 

.a oQ. Q Q 4'" .c::It. Q 

fl6 'UU~lflllm'l1T:i'UlJl~ 2-6 lJClClllJ~'j 'UU~6lJ'YI'jU'illfl'UU~"lJ~lJ 'UlJl~ 30 lJClClllJ~'j UCl~'UU~ 

" UlJ'YI16'illfl'Uu~"lJ~lJ 'UlJl~ 2-6 iJCl~llJ~'j 'Yi.:J'I1lJ~'YI~Cl6.:JllJfffll1~U..f.:J (111lJlw'U6.:JU~.:J 
" " 'Yi.:J'I1lJ~ftJUCl~ 20) lri1111;ftJ llJ'j~lIlIf6uCl~ 40 'U6.:J111lJl~'ju.:J'I1iJfl ~hI'UlJfll'j'YI~Cl6.:JlfllJnCll 

" . 
90 1lJ 'lJ'UlJ~6lJlllJ~lJ'j~lIlI'il~ln~llJ'lh.:J 2- 10 1lJ l1f'lJ'rl16~~1U1C1fI~UlJ'I'J~'j6fl'CIf,l (6 N 

NaOH) l..f-rlm~6Yl1'j~lJlW 8.5 'I1~.:J'illfl1lJfi 10 -rl16~ti6lJ.u'1.:Jfl.:J~;.:J'liijfll'jl~lJ6fl 

~Clfll'j flflllll1'j lflU11'UU~lfllltJl'l11'j~ .:Jijfll'j V6UffCllU1! tJU~ 1l~ (flT:i ih,}~'U6.:JU~.:J'j ~l'I1 U~lUlfllJ 

f6UCl~ 32.4) ijfll'j~~~ nlClfijl'YIlJlJlfl~ll~ fi~lfllJ 0.18 ~~'j ijl'YllJ!flflJ'Utl.:Ju~.:J'j~l'I1 U~lU 1 lJ'YIl.:J 

Q,I" .: I r I 4 0 QI Q I 

~ 'j .:JfllJ'UllJlflll~lJ ff1lJ'UtJ.:J'UU~"lJ~lJUff~.:Jfllfll'j UtlUffCllUlJlfl'YIlI~ (fll'j fll 'il~'U tJ.:JU 'U.:J'.i ~l'I1 U.:J lfJ 

5It 'JI ... ." '" "" 5It ... '" '" d I ,'J1 d I 1 
11llJ'jtlUCl~ 73.7) ~Cl~fllClflJl'YIlJfl~llllJ 0.05 Cl~'.ilJl'YIlJ!fl'jlJ'Utl.:JU'U.:J'.i~l'I1U.:J1U Uff~.:J 'I1l'11lJ11 lJ 

". . ... Iev .:!l" .4 I 0 Q ~ 1" "d Q 

u'.i lIff fIl1'UlItl.:J~lJ fllfl~~ fl6lJLUtJ fl'j ~~lll fltJlJ~lllJlJ fll'.i 'YI~Cltl.:J~ 1UflT:i 'I1fl11lJ'.i 6lJ'YIfJW '11 fJ lJ 
'" 5It '" 1 "" , 0' 'JI 'JI 'JI 125 tl.:JflllClfCllClfUff llIlJ'.i~U~nCll 30 lJl'YI UCl~fflHt~CllU C1f1~UlJ 1'J~'jtlfl C1f~ fl11lJl'UlJ'UlJ'.i6UCl~ 

2 IfllJ'.i~U~nCll 48 i11lJ.:J 



. 
'" UfIfI 3 

.. . 
'l 1'U i \1 fJU ~ 1I'I1'U nu 'YI~HH).:jll1tJl1l1h::: ff'YI ii m .... f1l 'i fl ~~ 0'191';1 m .... 11 1 fl f1l fl~::: fl tJ'U 

19tJ m:::"nl~1fJ'i :::1J1Jl1iJfll'U 'i :::~1J,rtJ'lU iioU9lfll'i 1~'U f1l'i 'YI"(ltJ'lll1J1Jll1J~,f (Batch) l'U'i :::1J1J 

" tl'lfl1'UfflJ\!'iW~1fJl1J";,,~,,tJ"11(l11~mf11';tJ~";"" (Seed) U1lJlW!tJfJ"::: 40 ~tJ'lU1lJl~'i 
CV QI& d 1 Qg.r::::l .4 
tl'l l1lJ fl 91' 'l 'YI"" tJ 'l 111ff fl11::: 'YIIl1lJl::: fflJ 'U flU fl (l~ f1l9l''lf1 fl1 .... 1l1 fl f1l fl~::: fltJ'UWtJ m:::" llJ 

1" fJii loU" fl1 fl~::: fl tJ 'U 19tJ fl 'i:::" llJ ~'U;{ 'U ~ 1 fJin 'YI1'l~ ff fl ffll (l::: 1 fl ii 1" fJ 1 u'1 fJ1J 1 Yi fJ1J fl1 'i 1,r 

fl11lJ!tJ'UfltJ'U'thfll'i 11 iJfl~tJW 11 fl ij 125 tJ'lff119l'm~fJff n1Jf1l'i ui' 1Jff m .... ~1fJff1'i (l::: (llfJ 191'1~fJlJ 
• 'II 

"I 1" 'JJ 'JJ 'JJ "" 0 ...; ., 

I ~"'itJn 91''' fl11lJl~lJ~'U 'i tJfJ(l::: 2 nlJtl'l'U lf1lfl~:::ntJ'UWtJ m :::"llJlJlflfflJ fl1J~ fJ:::lfflJtJ1111'i 

1"fJll1hfj''Uti~'i1ff1'UflfflJ~tJ'lf1lfl~:::ntJ'UlgtJm:::''llJ~tJ~fJ:::lfflJtJ111l'i 4 ti~'i1ff1'U fitJ I: 1, 1:2, 

1:3 11"::: 1:4 

3.2 Itl~tJ.:J;;alli.'l::~tJfl'jWlh"''Um"il~fJ 
3.2.1 tl'll1iJflll1J1JHtJtJfl~lll'U U1lJl~'il1iJfl 5 ~~'i 

~ "'" " 3.2.2 fll9l'lJl~t:J'i (Gas Meter) 
d Q.I I ~ 

3.2.3 11(ltJ"lfl1J~1tJfJl'lfll9l' 

3.2.4 lfl~tJ'lil'U,,::at)fJ" 
«I.," 

3.2.5 lfl'itJ'l1" .... m'lf (pH Meter) 

3.2.6 lfl~tJ'lO'19l' lmlJll~ml~ (GC) 

.., .., J 

3.3.1 O.:J'HlIflll1J1Jfl'l'Ut'fll\l"ifl.! (CSTR) 

~1tl'l'Yh~1fJ""(llff~ntJ:::fl1~fllff iiUT''U~l'Uff'UUnm'l 15 191''U9l1lJ~'i ff'l 30 19l''U~llJm 
'II 'II 

~lil" iiu'i :::1~'UfJN1~t:J1~ tJ'l n'U O'191'f 19f1JtJtJ fllJl fj" 9l" ~ln1J~ 1tl'l~ 1 (Il'j tJ~ tl'l iiU1lJHll 11 iJ n 

5 ~~'i fl1fJl'Utl'lii11J";"f11'UU'i :::fltJ1Jn'Ul~'U'iUfllfllJl'Y1 l~tJ Hfl1'U~ fJ:::lfflJt:Jl111'i f1ln~:::f1t:J'U 
'II 

." . 
lutJm:::"llJ 11(l::1111';tJ ,,,; .... (Seed) 1,r flfflJ n'UtJfilni10'l l1J";"fl1'U 1l:::~nfl11JfJlJfll'i iiNl'U 

I , 'JI I 

ff1fJfJH~~lfl'U~tJ'lO'191'ijl~lt:J{ (Gas Meter) ll1tJ1"U~lJlWO'19l';1fl1 .... Yiln,,;j'U 'tftJ'lYi 2 ~tJff1fJfJl'l 

~~1 fl'Ull1J1Jii~lil" l~tJl~'U'tftJ'lffll1 i'1Jl~ lJffl'i tJ111l'i 1,r 'i :::1J1J11 iJ fl 'tftJ'l~ 3 lfffJ1J1'YItJ{llJijl~tJ{ 
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.d t dQl ,Cf'Jd 4Q. d' 

allf i' 1.J'r~HJW 11 fJ ii tll U i 'U 'j:::'lJ 'lJ UCl:::,ftJ ·n'! 4 'lftJ ~ 10'lJ~ 1 tJ Ul ~ f119f'lfl tll'r4 l'r4tJ l1f1 'j 1::: 11111 
.. , 

tJ~ti'u 'j::: OtJ'lJ'\ItJ~fil9f;lm'r4 'lJl11W ,j'HO~l1 uo~:::ii'~l1nm~' ltJeh~1111 iYU1~tJ 11f1 'j 1::: 11 'r4l'j lii l~tJ{ 

~H'l 

ntJ'U ~:::1110~11 UO' Ui,*'t1"CltJ~~:::~tJ~iio11 ~'j l~fftJ'lJ'j tJUf1'lJl11W 'j tJU~tJ i,.r~ntJ'U 
, .. .. 

l~tJ '~iM'fil9ftJtJ09fl~'Ul,j'lti'j:::'lJ'lJ'~ l"uo11 i ,*111ff~'t11'lJ111W 'jtJU~tJ~H'l ~10,r'U11'hmJ1,j'lti 
I JI, tI 

O~l1 UO 1110ii'jtJUi'1~tJ~ff~~:::'\I UlU9i1;i'U iM'~"'jtJui' 11 "ui,*ol19f~l fI'U uCl:::~n~fftJ'lJ')h60 
.. , 

U'j:::lJ1W 2- 3 fli'~ ,Ul1'lJ'lJ'\ItJ~O~l1UOl1'lJ'lJfl1'UfflJ\!'jWl1ff"~~~m'r4li 3.1 

,~1'l!lUtYl'i!lll1"l 

30cm. 

.. 

, ..,. ... 

9cm. 3cm.~ 
~------~~----~ 

3cm. ~ 
'+===::::::;::==== • 

15cm. 

41:( IV IV J 
1l1'W't1 3.1 tl~'t'I1JflUlJlJfl1Ui.T1J\I"HlA 

't11Jl: tJlJ'j'r4nw l1tllJl~'U, 2551 

15cm. 

d.. A ~ _~ 

'~lfll.Jfl1"I'IHl1~1J'i1Jll11 

d .. , fd 

'~lfll.JI'I1!lflHfl1" 

. 
'~ln1.J\h9i1!lfh~ 
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v _~ tN.c:s 
3 .3 .2 'l~tJtJl~lJ"nntufl1.'Vl.m'n 

nl9fijl~tJ{ (Gas Meter) 11~h.HflrtJ~iitJ1~1171J1Wnl9f:ti'1ftl'n lh~lfltJ:::fll~fl1tY hHJ1i 

QJ d:w d .d~J I I "" QI QI 

11 {I flfll'.i 'I.ItJ~fll'.i U l'IlJ l'IlJ 1 fll9f'lf1fl 1l11'11Ml'l.llJ~::: H1lJlJ1~llJl'ItJU1~~lfl11{11P11lJtJlJ lI~l1lJ fl 

I " ... IGJ "1 OJ ~ Q " 1 rd '" ~ 
H1lJ11{1tJPlUfl1'.ilJ~1 U U{l1~tJfl'lJfll9flJl~tJ'.i (Gas Meter) ftlU lJfll9flJl~tJ'.i (Gas Meter) 

'" 
~::: ij fl fttJ ~ tJ::: fll ~fl ~ 'n ~ fl' 11 lJ l' ~ lrl tJ fll9f:ti'1 fl 1'n 'lJ '.i '.i ~ l~ lJ'IftJ ~ 1 H'I.I tJ~ fl {I' tJ ~tJ::: fll ~ fl U '" 1 

& ., 'J/ 

fl fttJ ~tJ::: fll ~fl ~~::: 'n ~ flfl~'lJ' 116 fl~llJ 11lJ ~ ~ 1 flU lJl fll..11~ tJ {~::;11 'lJ ~ llJ 1lJ fl f ~ fll '.i 'n ~ fl'l.l tJ ~ 

fl fttJ~tJ::: fll ~ fl y'h"'1' 1'I'.i 1'lJ 117lJl W n 19f:ti'1 m'n ~ I nPl~lJ'~ '.i::: 'lJ 'lJ 1P1117lJlW nl9f:ti'1 m'n 

utYPI~~~ftl'n113 .2 
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.. ... 
3.4.1 fl1'jlfl'nJlJfl1flfl~flt)UI£.lt)fl'j~~l'YUtl~"r.J~lfl'Yt)l'H1'j 

, , 
o ~ d , , ~ 

2) 'U 1 fllfl1t ~ flt)'U LUt) m~" 1'1Hlft~ '\J U~lfflHll111'.i l'1 flllHl1'.i U~Wt)U'\J m~unn 1Jl fl fflJ 

''U-eJ1t'.llff1'Ufllfl1t~flt)'Ulgt)m~''11l~t)'\JU~lfflH)111l'.l 1"Ull'l.h~'U-eJ1t'.llff1'U 4 -eJ1t'.llff1'U fit) I : I , 

<Clt, '" Q,I-C:it. do 4. .d 
3) 11m l~11tJW fflJU1tl'1 HlfllJ'\Jt).:Jfll fl1t ~ flt)'ULU6 m~"11l11ft~'\JU~lff1l61111'.i l'1 flfflJ 

., 
1l~1 '~llti rilfl11lJl1j'Um"-~H (pH) ~W11fJiJ ,j~lJ1W'\J6.:Jll~.:Jfl.:J11lJ" (TS) ,j~lJ1W'\J6.:Jll~.:J 

., ., 
'.l~l11Ufl.:J11lJ" (TVS) ,j~1JlWfll{1Jt)'U ,j~1JlW''U l1t'.lI 'il'Ufl.:J11lJ" (TKN) ff"ff1'Ufll{1Jt)'U~6 

''U l1t'.lI~'U ,j~lJlWlt1'l ril~lt)~ (COD) lm~rilfl11lJ~'U 
3.4.2 fl1'j~ll'nUfl1'jn~tlt)~ 

., 
fll'.l~ll'U'Ufll'.ll'1"ft6.:J~~m.hl1j'U 4 'l1"fll'.ll'1"ft6.:J ~.:Ji1 

., 
ffmttl1jt).:JA''U~1Uffl'.l ft~ftlU 1 C)fl~UlJ 1 jiJ,,'.l 6 fl 1 C)f~ti6'U~ llii'U fll'J'Yl"ft6.:J 

3) ~fl1l1fll'.l ll,j'.l ~'U-eJ1t'.l 1 ff1'U fll fl1t~fl6'Ulg6 m ~"11l~6'\JU~ lff1l6111l '.i 
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. " 
lllJ~lJ 1~U1~lJlbl;6't'l;}'Yt (Seed) fl11lJI'Ii'lJ'Ii'lJ 25,000 iJt'lftflflJ/ft~l t'l'lU'HlljmJllJlW 

~6fJt'l:: 40 '\J6'1tlllJl~lU'Il1Ufl 'illmflJlhfllfl~::fl6lJlg6m::~nl 1~fJnn'lJ~'lIllJlW'\J6'1U~'1 
i'l'HlJ~'\J6'1fllfl~::fl6lJlg6m::~nl1~lJ~lJfl'l~~6fJCl:: 41'Y1fHYlJilJU'I'HUfl'llllJ1W~6fJCl:: 60 '\J6'1 

tlllJl~l U'I'HUfl il~fhU'I'H Ufl i 11'UUlJ'illJ6 1 fllft'litnlJ 1 Hll'li'l , 'lI'~ 'Yt~6lJ11m 1::l1'YtUliJl~6{ . . 
, Q Q.I..:::t 

~l'l'l '\JW::l1m::1JlJ ~'1ftl'Yt't1 3.3 
, ... 

2) Vl-.1IRlJ1::1J1J 

. " ... 1 i"G.I· ~ QI 4. do QI 

1~ lJ 1:: 1J 1J ~ fJ fl1lJ 'H ~ 16 fJ 1'1 fll fl~:: fl6lJ 1fJ6 m:: ~ l1:Hl t'l:: 'H 11 'If 6 , Cl 'If'Yt ~HYlJ fllJ 

~lfJ6~111~1 50 161J/lJl'n Ua1~11iilJfll1l~mr16VH'illm::1J1J lRfJ~~'\J6'11'Ht'llHfflJ'lIllJlW 
" . 

50 iJt'lftft~l fftl~ll1 3 flf'll'n611ml::l1filfl11lJlt1lJm~-~H ~W'HiJiJ cr16~ tlllJlW'\J6'1U~'1 .. 
U'\J1lJ Cl6fJ 'lIllJlW m~l::1'H fJ~lfJ 'lIllJlW fl11lJ ltllJ~Hli'l'H lJ~ Ut'l::6~ 11tY1lJ m~l ::1'HfJ~lfJ~ 6 .. .. 
fl11lJltllJ~Hli'l'HlJ~ 1~fJll~t'l::'Ytl1liJl~6{'il::11ml::l1~llJ1lJ~16VH 3 ~16VH/flf'l ~16Vl'l 

.. . 
fh9f;}lftl'Yt'il::l~1J~16Vl'l 3 flf'l (lJfl'l 10 1lJ) ln611ml::l16 '1fltl1:: fl61J'\J6'1nl9fU1'YIlJUt'l:: 

. " 
nl9fijlJ'l1~fJ11ml::l1~llJ1lJ~16Vl'l 1 ~llJ1lJ/flf'l 

... I QI 4 1 JI.ct .q d ~ " 1I11Jfllfl~::fl6lJlfJ6m::~nl 'HlJtl11JlW'\J6'1U'\J'Im'HlJ~16fJCl:: 4 

" (',h1lJtlllJ1W'\J6'11l~'1'\J6'1':f11;6) 

. .. 
.q 4 ... l.q .q QI 4. 4 " " 
1~lJfllfl~::fl6lJlfJ6m::~11l1l1lJl~1 3 Cl9\l lm::'H11'1f6,Cl'lf'Yt (Seed) fl11lJl'\JlJ'\JlJ 25,000 

iJClftflflJ/ft~l tlllJl~l 2 ft~l Cl'lllJU'I'HUfl fl1lJHfflJ~lfJ6~111~1 50 161J/lJl-n 

.1"" ".1 a "" I 1I1lJ1Wlm::6'1fl1l1::fl61Jfll9f'lf1fll'Yt 
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.. . 
.dI _IU .4,,, .4, "1"" _IV 3.5.2 ft fl'W 1 tl11lJ1IJ il.f11'n1 mH~'U tl1fl~:: fHl'U 1D8 fl1::~ l'W~l[1fl Tl 'Hfll un t)'Ullil:: lJ ') IJ 

.. 
_I'" ... "" 'I" " 1.1) tl1')lJ,)IJil.f11'nIIJ8'l"'U~l[1tl11I'HfllUJ18'U 

l~lJ~'U l"V'I.'hfllfl~::fHJUlgum::"l11 1 tJ~lUtl11lJ!UU~~w 11 fJiJ 125 U'IfI'll'lHH~(Jff 
~ cti/ i/& ~,: !o 

I1JU'i::(J::mn 30 U1V1 "ll111lJUU'IIIH"U UU1 (Kim ""::flW::, 2003) \llflUUlJ1fllfl~::flUU 
, ", , 

IUU m:: "l11lJ 1V1""U'I~ U 1 "1If11 11U "UllJ 1W 'IIU'III~ 'Ill' 'I 11 lJ"'IIU'Ifll fl~:: fl6UIUU m ::"l11lllJ~ U 

fl'l~!UlI":: 41V1~fflJ1UO''111lJflUlll1W!UlI'':: 60 'IIU'IUlll1~'iO''1'HlJfll~lJl111~U~'';'n (Seed) 

fll1lJl,j'lJ,j'U 25,000 iJ"ilfl1111il~'i "'1O''111lJflUlll1W!UlI'':: 40 'IIU'IUlll1~'iO''111lJfl iI"fhO''111lJfl 

1 11'IIllU\lU U1fllfl'1liff1111HlI,j'1 1 tJ1~ 'n!UlJ11fl'i 1:: M'nl 'i 1iJl~U{~ 1'1"1 'IIw::l~m ::1111 ~'1f11'n~ 

3.4 

. . " 
IllJ~U 1" 1I'1l1fllfl91:: flUUIUU m::" 111 1 U U1IJ ff fl1'n1 ijU'I~U~111ff1'i ,,:: ell 1I19H~ tIlJ 

18"lUfl''1f~ fll1lJl,j'lJ,j'U!UlI":: 2 IflU'i::1I::11"148 il1lJ'I (Chen ""::flW:: , 2009) ~J1mfu'Il1 
. ". 

fl1fl~:: flUU Iuum::" 111lJ1V1" "U'I~U 1 "lIfi 111U "Ulll1W 'IIU 'III ~ 'I n'l11lJ"'IIU'I fll fl~:: flUU IUU 
. . " 

m::"l11lllJ~Ufl'lli!UlI":: 4 IVI~fflJ1UO''111lJflUllJ1W!UlI'':: 60 'IIU'IUlll1~'iO''111lJfll~lJlhl;U 

~,,;'n (Seed) fll1lJl,j'lJ,j'U 25,000 iJ"ilfl1111il~'i "'1O''111lJflUlll1W!UlI'':: 40 'IIU'IUlll1~'iO''111lJfl 

iI~H-hO''1'HlJfl 111'1I11u \lUUlfllfl"liff1lJ1HU,j'1 1 U 1~ 'n!U lJ11fl'i 1:: M'W l'i 1iJl~U{~N"1 'IIw::d lJ 

'i::IJIJ ~'1f11'nli 3.4 

_I'" .li"" 'I"" ~ ct ~ ~" 1.3) tl11lJ1IJil.f11'nI1Jt)'l~'U~l[1tl111'HfllUJ18'Ullil::ill1il::ill[1I"I~[llIID~18fll"~ 

l~lJ~U 1"1I'1l1fllfl~::fluulgum::"111' U~lUtl11lJ! UU~~W 11 fJ1J 125 U'IfI'11'1f"I~lIff 

lflU'i::lI::l1ell 30 u1li ut1'111'1i~111ff1'i"::"1111'1f1~(JlJ'8"'iUfl''1f~ fll1lJl,j'lJ,j'U!UlI":: 2 

lflU'i::lI::l1ell 48 il1lJ'I \llmfu'Il1fllfl~::flmHgum::"1111l1V1""U'I~U 1"lIfl111U"Ulll1W 

" 
60 'IIU'IUllJ1~'iO''111lJfll~lJ'Hll;U~'';'W (Seed) fll1lJl,j'lJ,j'U 25,000 1J"ilfl1111il~'i "'1O''111lJfl 

Ulll1W! UlI":: 40 'II U'IUllJ1~ 'i 0''1 11 lJfl iI" ~lO''111 lJ fl 1 11'u11 1.,1 \lU Ul fllfl"li ff1lJ1HU,j'1 hn~ 
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. " 
l~hn::1111 1~Ufl1lJ1M'~1t)fh~fllfl~::fl6lJ1U6m::~11l11Cl::1111;'f6~Cl~NtYlJOlJ~1Uff~ff1lJl~U1011 

fll1l'l~Cl6~~ 1 fl1lJ~1Utl~111~1 50 1611/lJlli lla1~11iilJfl111n11~16(h~\llm::1111 l~u~~ 

'U6~ll1~1NtYlJUllJ1W 50 ii~iiii~1 ffU~l,.r 3 flf~ 1~611fl11::,.rfi1fl11lJllllJm~-~H fJWlftJii 
.. 

9i 16~ UllJ1W 'U6 ~ll~ ~1l'U 1lJ ~6 U UllJ1W fl1 ~ 1 ::llf U41 U UllJ 1W fl11lJllllJ~1~"; ~lf lJ ~ .. 
ll~::tl~ 11ff1lJ m~1 ~ll1 U41U~6fl11lJllllJ ~H";~lf lJ~ 1 ~Ull~ ~~'t't 111iil~6{ \1:: 11fl11~,.r ~llJ 1lJ 

QI f QI' ! QI , g.r:::t d QI'! QI 4 ~ J 
~16UH 3 ~16UH/flH ~16UHfll"lf'lf1fl1't't\1::lfl11~16UH 3 flH (lJfl"l 10 1lJ) 1't't611fl11::lf 

. " 
6~tlU1::fl611'U6~n1"lfJjll'llJll~::n1"lf6lJ"l1~U11fl11::,.r~llJ1lJ~16(h~ I ~16d1~/fli'~ 

.. 
+ + + 

'V~fl111fJlJ 
1i1 iI lffl11lJ16lJ U" iI 111tYfl1't't~1UtY11Cl~mu 

1i1 iI 4 
lffl11lJ16lJ 125 6~ff11"lfm"lfUtY 

4 

i"lfl~UlJ'H~16fl'''lf~ 4 U" iI 125 6~ff11"lf'WJfUtY 30 lJ1l'l UCl~ 111tYm't't~1U 

4 

fl11lJl..rlJ..rlJ!6UCl~ 2 tY11Cl~mu i"lfl~UlJ'H~16fl '''lf~ 30 lJll'l 

11m 21lJ 
iI iI iI ., 

fl11lJl'UlJ'UlJ16UCl~ 2 11Cl1 2 1lJ 

.. 
ui'11fllfl~~fl6lJlg6m::~11l~FhlJfll1ui'11tYm't'tua1 .. .. 

1M'JjUllJ1W'U6~1l~~";~lflJ~!6UCl~ 4 ('~nlJUllJ1W'U6~U~~'U6~1111;'f6) 

+ . .. 
1~lJfllfl~~fl6lJ1V6m~~11lUllJl~1 3 ii~1 lm~1111;'f6~Cl~ (Seed) 

fl11lJl..rlJ..rlJ 25,000 iiCliifli'lJ!ii~1 UllJ1~1 2 ii~1 ~~1lJtl~lf~fl fl1lJNtYlJ~1Utl~11111 50 1611/lJ1li 

.. ... "" l"" " 4, ,. ImHfllJ~1[Jfl1j 'Htl1nJjtlUUD~if1jD~Dl[JI.I~m .. ~~jtln .~ 
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or! _I Q.I Q.I' .4 , 
3.5.3 ft fl'W1n1'i IIlJ'iffU 8f1'i1i:r1U n1flfl~fltlUmtlfl'j~~l'WfI tl "fJ~lft'W 81'H1'i 

... .oi 
1) n1'ilfl'ifJ2Jn1flfl~fl8UIfJ8fl'j~fl1'WIIQ~'UfJ~lft'W81't11'i 

..;. "1 o..,j 1. 1 1 ""'" Q I I'HJ fI U ~HJU 1 fll flfl ~ fHl U Wfl fl'j ~ VI 111 II ,,~'U V~ I tYlHll 't11'i lJ 1J VI 't1lJ 'UU 1V11" fl fl11 

Q .Q. • iJ tI 4 QI 

6 lJ""llJfl1 (Forster-Cameiro U"~flW~ , 2008) 1flUVl1Vfl~llflHI1Jfl1 4 Il'WflVl'UU1V1'Ufl~ . ,.. 
4. QJ 0 4. 

fl1flfl~ flflUWfl m ~Vl111 U"~'U V~lfI'll flTH 11 ~ 1flU 'U U 1 fl1 flfl~ flflUWfl m ~Vl1111l"~ 'U V~ IfI'll fl 1't111 

lJ1111.h flUtJfl11th'Ufl1flfl~flflulgflm~Vl111~fl'UV~lfI'llfl111n 4 tJfl11t'hu tifl 1: 1, 1 :2, 1:3 u,,~ 

1:4 1 Vlvn111uVltlllJ 1W 'Ufl~ll~ Hf.:J't1lJ~'Ufl.:J fllflfl ~ flflulgflf)1 ~Vl1111l"~'UV~lf1'll fl1't1 n ~HfflJ 
1UtJfl11ff1U ~1't1lJl~fflJUt\'11~lJ~U fI.:J~~flV"~ 4 1'YI HfflJ 1 'U O~11 ij'fltlllJlW ~flV"~ 60 'Ufl~t.lllJlfl1 

" O~11ij'fl 19i1Jll1l;ffl,";}on (Seed) fI11lJl'1i'lJ'Ii''U 25,000 ij"ftfllWftfl1 ".:JO~'t1ij'fltl1lJlW~flV"~ 40 

'U fl.:J tlllJ 1 fl1 O.:J11 ij'fl UVI N10.:J 11 ij' fl 111' 11 tl U ~ 'U fl 1 fl 1 fl'1 li ff1lJ11 tll'1i' 11 tI 1~ on ~ fllJ 11f111 ~ M 
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, '" 
2) 'V'1'1I~\n~uu 

j} CLli do QI d j/QI d d"o~ dOl I 

fl1Uffflff1'\J1f1U1flUflT.i'YI~HH)'I'YI I f1111fl1U6~'j1In 50 'j6u/ll1'YI 1IC11f1111111f1l'jlflU~16U1'l~lfl 
.. . 

'j~UU lf1U~~"6'11l1C11HfflJll~1JlW 50 ijClt1t1~'j tY'llfl1M 3 f1f'lI~61Im1::Mt11fl11lJlilllflHI-~H .. 
~WlUJij ~ 16~ 1l~1JlW"6'111~'Ill"111Cl6U ll~1JlW mfl'j::llW41U 1l~lJ1W fI11lJlilll~Hyjn1lJfI 

llCl:;~~ 'j 11Y111 mfl'j ~ Il1 U41U9i6f111lJlilll~Hyf'll1lJfI 1 flUIl9iCl::'YiT.i 1ijl~6{ ~::1Im l::M ~11l111 
Q.I I Q,I 1 ~ Q.I , W do d CLI' ~ Q.I ~~ " 

~16UH 3 ~16UH/flH ~16UHf1l"lf'r1tll'Yi~::lf1U~16UH 3 f1H ('lfl"l 10 111) 1'Yi61Im1::11 

6'1ti'1l'j~fl6U"6'1n1"lfihl11111Cl::n1"lf~1l"l1f1U1Ifl'n :; M~11l111~16U1'l I ~16UH/flf'l 

1 .c9 Q.I' 4' Q.I • .:!II 
flUfI'flll16~'j1ff111f1lfl~::fl6111U6m::~11l~6"V::lfI'lI61111'j4 6~'j1ff111 f16 1: 1, 1:2, 1:3 I"':: 1:4 

. Q.I' .4 • 
flfflJ691 'j1ff111 f1lfl~:: fl6111U6 m::~nll~ 6" V::lfI'lI61l1T.i .. .. 

111'~1l~ 1JlW"6'111~'Iyj'll1lJfI~6VCI:: 4 ('~nlJll~ lJ1W"mll~'I"6'111'11;16) 

~ • • • • I ~~'j1ti111 1: 1 I I ~91nti111 1:2 I I ~~'jlrhll 1:3 I I ~91'jlrhll 1:4 I 
I I 

~ 

.. 
1"'::11'11;16,";'" (Seed) fI11lJl'Ii'lJ'Ii'1l 25,000 ij"t1flflJ/t1~'j 1l~1Jl~'j 2 t191'j "'Il11ti'll1iJfl 

" QI d d 
fl'111flfflJfl1V6~'j1In 50 'j6U/lJ1'YI 

d QI' 4 " 
~ _I'" "_I r:I d I lJ'j1JlWIICI:;6'1f1lJ'j:;fl6Uf1l"lf'r1tll'Yi 
'---------' 

If1U~'16VHII":;1Im1:;11 -

1 LI 
<Co ." _~ .od" Q,I' 4. .J 
11f1 'j l::l1llJ'j VUI'YI UU"6lJ"1116~ 'j 1ff111 f1l fl~:: fl6111U6m ::fl11l~6" V::lfI'lI61l1T.i'YIIl11Jl::fflJ . 

. . 
4 Q.I V ~~ct .:!II 

.f1n'frl 3.5 FHfl"'j'YI~i:ltH891'11fll'1Hi:l91fl1"'V'1.f1"W91flfl1fl91~fl8\Utl8fl'1~~n.lllU~'UtI~ltU181111'1 
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'JI " 'JI 

1 ~"'j tlO 1 "lf~ 1I1fl'U'U 'Ill fll o~::: o tl'U lUtl m:::" HIli H1'U OU tJ i'11 ff ft 1'Wl1jtl.:J~'U11~1lJ1 HfflJfl1J'lJV::: 

1" unn1 'U" tJjlJ 1W 'HI '111 ~.:JJ HI lJ"'IJ tl '101 o~::: Otl'U 19t1 m:::" 111 11ft::: 'IJu::: ltYll tlTH l'i ~ HfflJ 

l'U't)~'j1ti1'U~1'H1Jl:::fflJ11~11~lJ~'UfH~ftlUft::: 4 lnHfflJl'Utl.:J'Hii'otJjlJlWftlUCl::: 60 'lJtl'ltJjlJl~'j 
" 

tl.:J'Hii'o 1~lJl111';tl~ft~'W (Seed) f!11lJl,j'lJ'li''U 25,000 iiCliloi'lJ/il~'j CI.:Jtl.:J'Hii'otJjlJlwftluCl::: 40 

'lJtl'ltJj lJ1~ 'j tl.:J'H ii' 0 11" ~ltl.:J'H ii' 0111' 11 11 'U 1I'U tl1 0 1 tY1 Uff1lJ 1 'j f.ll,j' 11 tJ'~ 'W f tllJ i if! 'j 1:::l1 
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" !II o ~ .r;:j , _lev .oS jI 'jI jI 

lJ 1f)1 O~:: mmWij m ::"Ul'Y1 f11lJ f)11lJ 11J tY f1l'rH1Jij'l~lJ" 1Ufl11lJl ijlJUC1:: tYll ft:: ft1 U 

l'lfl~ulJ '3~1 ijO ''lf~~f1tYlJfl1J'IIU::lfflWll111~llJtJ~11thlJl'rhfl1J I: I lJ1'YI~ftij'l~ij l~lJ 1::1J1J 
, !II 

1 ~U01lJ 111' ~1ijdHO lO~:: OijlJ1Uijm ::~Uj 'II u:: lfYll ijll111 11ft:: 11 11~ij~ft;Vi f1tYlJfllJ ~1Uff~ ff1lJ 

.Q cv ~ "QJ d A jI o.Q d Q.I , 

1~U101Jf)11'YI~ftij'l'YI I 01lJ~1Uij~111n 50 1ij1J/lJ1'YIllft1~11lJlJf)11lfl1J~1ijUH\llm::1J1J 

1~U~"'IIij'lll1ft1f1tYlJtl1lJlW 50 ijftilil~l fftl~llM 3 f1f'l 1~ij11fl11::Mfi1fl11lJl~lJm~-~H 
~Wl1fJij Cilij~ tl1lJlW'IIij'lU~'1U'll1lJftijU tl1lJlWm~ ''IIUlJ1::ll1U tl1lJlWfl11lJl~lJ"Hyf'll1lJ~ 
llft::tJ~ 11ff1lJ m~1::ll1 {J~1{J~ijfl11lJl~lJ"1'lyf'll1lJ~ 1 ~{Jll~ ft::Vi lllijl~ij{ \l::11fll1::M ~llJ 1lJ 

Q.I' Q.I I ~ Q.I t g ~ d Q.I'! Q.I';' .Q " 

~1ij{JH 3 ~1ijUH/f1H ~1ij{JHf)1'lf'll'1mVi\l::101J~1ijU1'l 3 f1H (Yj0"l 10 1lJ) lViij11fll1::l1 
, !II 

ij'ltltl1 ::Oij1J'IIij'ln1'lfUt'YIlJllft:: n1'lf6lJ "l 1 ~{J11f111:: M ~llJ 1lJ~1ijd1'l I ~1ijd1'l1fl i' 'I 

. . . 
1"01' .4,.:to d 

1m:: 'll'ij~11tY1lJ f)1 O~:: OijlJ1{Jijf)l ::~11l ~ ij'll {J::lflllijll111'YI1l1lJ1:: tYlJ\ll om1 'YI~ftij '1'Y1 3 

!II !II 

1,rutl1lJlW'Uij'lU~'1'Yi'll1lJ~rij{Jft:: 4 ('linlJtl1lJ1W 'IIij'l11~'1'Uij'l1111~ij) 

" Ql4.c1 !II)} .Q.QCV-Q 

lm:::l111'11'ij~ft'll'Vi (Seed) fI11lJl'11lJ'IIlJ 25,000 lJftftf)llJ/ft~l 

tl1lJ1~1 2 il~l ft'l1lJtl'll1UO fl1lJfltYlJ~1{Jti~111~1 50 1ij1J/lJln 

I " . . 1. , u --1 ~'",w",:.,",h:fl.tJ;;''J:;,m'' I 
lfl1J~1ij{JHl1ft:::11tl11:::l1 I 

~ --1 ~1ijdHJ1liY{J I 
I 11tl11:::Mlm:::tYltlflftfll1'YI~ftij'l I 
. , 

.e:t. u cv ~ (# .e:t. 4 
ill'rt'YI 3.6 FHfll'jn~t'l8""'8f1'jlfll'jHt'lflfll."1ill'rt91flfllflfl:::fl81UlJ8fl'j:::~1'Yllt'I:::"lJ:::lft'Y81't11'j 

, , .. .. 
nu ill1:::nl't1lJl::: in,! 
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. . 
'" J4 0 'I" ~ '" OJ "''' • 3.6.1 'ftl'iUJlfltl'i'YIfl111U~ 111fl-.3'Y1 nHnnflfJ 1~1lf1 

-1111~t)'Cl~'n (Seed) ~1f)0'.:jUt)UtY"'fI~1l1J1J1lil~t)t)f)cil~lJ fll1lJI'Ii'lJ'Ii'lJ 25,000 

ijClfif)llJ/fi~'.i ,j~lJ1W!t)UCl:: 40 'Ut).:j,j~lJl~'.iO'.:jl1iJf) 

- O'.:jl1iJf) ,j~lJl~'.il1iJf1 5 fi~'.i 

- V~'.i1fll'.ifl1lJ'Ut).:jl1J'ti'fl fll1lJI11 50 '.it)1J/lJlfi 

~ " , .oerrt..c::.. 
- 'UlJl~fllf)~::f)t)lJ1Ut)m::'fInum::'UU::lfI'llt)111l'.ilJt)Ufl11 6 lJClClIlJ~'.i 

- tYl'.iCl::Cl1U lCJ1'I~UlJ1I'J'fI'.it)f)1CJ1'~ fl11lJI'Ii'lJ'Ii'lJ!t)UCl:: 2 . 
3.6.2 'ft1'ilillfltl1nliluf11111h~U'Ufl1'ii9fJ 1~llfi 

- V~ '.i 1 ffllJ fll f1~:: f1t)lJIgt) f1'.i::~ l1J ~ t)'UU::lfI'll t) 1l1l'.i 1 ~Ull,j '.i ~lJ V~ '.i 1ffllJ 

., . "" 
4 t)~'.i1tY1lJ flt) 1:1 , 1:2, 1:3 1m:: 1:4 

"" 1" ", 4.4 .c::t - fJWl1 t;)lJfll'.i l1fl11lJ'.it)lJllf)fllf)~::f1t)lJ1Ut)m::'fI11l flt) 125 t).:jfl'lICJ1'Cl!CJI'UtY Im::'lj'fl 

fl111'llJ~ 1liH1lJ fll'.i 1 M'fll1lJ! t)lJ 

1 '" 1 1" "" " .dill •• - tYl'.iCl::Cl1U CJl'l'fIUlJ 1'J'fI'.it)f1 CJI'~ fll1lJl'UlJ'UlJ'.it)UCl :: 211Cl::'lj'flfl111'llJ'YlllJfl1lJ 

., .:,," "'1'" f)l'.i,j'.i1JtYm'nI1Jt).:j~lJ'fI1UtY1'.iCl::Cl1U 1 CJl'I'fI UlJ 1'J'fI'.it)f) CJI''fI 

~ cl4.c. J 1" . 
3 .6 .3 'ftl'iUJlfltl'i'YI11fl11::11 ~llf) 

.c::.. d' QJ<C:It..c:s 4 1" . 
- 11 fl '.i 1:: l1 '1 W tYlJ1J ~ 'Yl NI fllJ'U t).:j f1l f1~:: f) t)lJ wt) f1'.i:: 'fI11l11 Cl:: 'U U:: I fl'1I tlll1l'.i 'fill f1 

~ ~ 

ti1fll1lJl~lJm'fl-fiH (pH) fJWl1t;)ij ,j~lJlW'Ut).:jU~.:jl1.:jl1lJ'fI (TS) ,j~lJ1W'Ut).:jll~.:j'.i::mUl1.:jl1lJ~ 

(TVS) ,j~lJ1Wfl1{1Jt)lJ ,j~lJlW 1lJ l~'.iI~mf.:jl1lJ~ (TKN) ff'flff1lJfll{1Jt)lJ9it) 1lJ l~'.iI~lJ ,j~lJlW 
" 

10'1 ti1CHlt)~ (COD) Im::ti1fl11lJW l'f1Ull9iCl::'nl'.i1ijl~t){~::1Ifl'.i1::""~llJ1lJiht)U1.:j 3 ~1t)U1.:j 
.. . ~ 

- 1 I fl '.il:: .... '1 W tY lJ u~ 'Yl H I fl ij 'U t) nil I if U fi I fi 'fI<Ii lJ ~ 1 f1 O'.:j l1 iJ f1 1 ~ 11 fi fJ W l1 t;) ij 

ti1fl11lJI~'Ufl'.i'fl-fiH (pH) ti1CHlt)~ (COD) ,j~lJ1W'Ut).:jll~.:jU'UllJClt)U (SS) ,j~lJlwm'fl'.i::mU~lU 
" " ,j~ lJ 1W fll1lJI ~lJ fi1.:jl1.:jl1lJ'fI UCl::V ~ '.i 1 ff1lJ f)'.i 'fI '.i:: 111 U~ 1 u9i t) fl11lJI~ lJ fi1.:j l1.:j l1lJ 'fI 

" 
1 ~ UU9iCl::'nl'.i 1 ijl~t){~:: llfl'.i 1:: .... ~llJ llJ ~1t)UH 3 ~1t) UH/fll.:j 1m:: llfl'.i l:: .... 'lW tYlJU~'Ut).:jfi1CJ1' 
4 ~ ad:' ./ ad 4C'1d C'lJ. 
fl t) ,j '.i lJ 1W f1lCJl'')fl m'n 'Yl.:j l1lJ 'fI 11 Cl:: t).:jfl,j '.i:: f1 t) 11 'U t).:j fll CJI'')f1 fiTW fl t) f1l CJl'lJ I 'YllJ 11 Cl:: fll CJl't) lJ "1 

~ 

1~U~::11fl'.i1::""~llJ1lJ~1t)UH 1 ~1t)U1.:j/fll.:j 
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"... , 
3.7. 1 fll'Hfll.JVl10[J1.,'1 

- 1~mi1ouHnl9f;1m""~lf)~~lJlIlfHh11ljfl i~v'~mHl~1~lJ~Tr:IU1.,'lnl9fA6fllJ 
d Q.I ,a ..;. 0 ,_I.c::. d' cf_1 c:JI d 1 j/ fWd 

~~lfllJA1UVHfll9f l .... UlJl lJ11fl'il:;11111U.,'IfllJ'i:;flUlJ'UU.,'Ifll9f'lf1fll.... ~Ufl fll9flJlYllJ 

UCl:;nl9fglJ"l ~lmfl~U.,'Inl9f iflnniAmlYl (GC) 

" . 
- l~lJ~ 1UU1.,'l,h liYvfilf)~ 111 flfll 'i 11 iT fllll fl ~~l ~lJ~ 1U Ul.,'l~ llJ 'li'H t'1.,'111 iT fl i ~ fH~lJ 

" 
tl'i:;lJ1W 50 iJCliHiA'i /fll'i11ml:;111 flf.,'l 

"" J 3.7.2 m"nlfl1l::::11fH'I 
" . . 

til~ 1U UH till iYvfil f)~lIl flflU 11 iT fllJl11 fl 'i 1:; 11 NCl i ~ V, ~ii 11m l:;l1U Cl:; fl1llJ t1 

"" J 'W11 U.II 9181 

• <Of 

fll .... m'lf 

tilCinu~ 

tl1lJ1W'UU.,'IU~""U'U1lJClUV 

tl1lJ1W m~'i :;l11V~lV 

" tl1lJlW fl1llJl1'llJ~l.,'I'ti .,'Il1lJ~ 

.. _ <I 

11illfl"il::::11 

'" '" <Of lflnl.,'ll~ .... m'lf 

iilrhr flCJf'U lJlJiI~ * 

<Of "" <Of 

6lJYI~Wl1fJlJ 103 6.,'1ffll9fCll9fVff* 

ii1Y11Yl1A* 

ii1Y11Yl1A* 

4, rt'I.e. " 
lmU.,'If!l9flJ1AU'i 

lfl~U.,'Inl9f imlJl iAfl',nYl 

01_1 fI QI 

fflJ~ll1Cl:; 5 llJ 

fftl~ll1Cl:; 5 1lJ 

fftl~ll1Cl:; 3 1lJ 

01 .... 1 fl' QI 

fflJ~ll1Cl:; 3 llJ 

fftl~ll1Cl:; 3 1lJ 

GI .. I J QI 

fflJ~ll1Cl:; 3 llJ 

llfl1lJ 

.cu:::t .Q Q J 1,4 Q J: : 4 Q 

l1JJ1£U119j *11 UCl:; lYlfllJ fl1lfl'i l:;l1l1lfl~ lJ611fl'i 1:; 11 lJ lUCl:;lJ llffV (flW:; m 'i lJ fll'i 1 'If 1 fll'i 

"" "" " ffl'Ul1ff1m'ilJff.,'lU1~ClUlJ , 2545) 
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u _~ w q ~_. ~ q 

3.8 tl1'j")~lJ·nntutl1.Vlm'WUtl::tHfllJ'i::m)U,.tl'ltl1.Vlm'W 

3.8.1 tl1'il~tA)J1tunl.;hm'W~lft~~'\.l''\.lfl'l'Hi1fl 
. " a.d .c::I Q.e:t I • ", 91 QI QI I 91 

fll"lf'lflfl1'Wl1IfWI'tIlJ 'il::H1lJlJl~ llJ116U1.:J'il1mHI1~ llJ lJlJ O'I11lJ n H1lJ 11 Cl6~unl 

lt1~1 U 1Itl'1~6tilJn1"lfiil~61 (Gas Meter) fl1U1lJfi'1"lfiil~61 (Gas Meter) 'il::um;6.:J6:::flliifl 

d '" '_1 ,,,.Ja t:I d, d " , .cI ~ "I .d Q d Q 

l1'Vwn lJU1 ~ IU6fll"lf'lf1fl1 .... lJ'i'i'I~U'lf6.:J11.:J'tI6.:JnCl6.:J6::mClflllCl1 nCl6~6:::mClfln'il:: .... Cln 

& " " n~lJ' t1ii n~llJ 11lJ.:J 'illnU lJlfl1l'i'1~61 'il::UlJ ~ llJ 1lJ fir ~fll'i .... iin'tl6~n~6.:J6::fll iifl ih 1 M'11'i llJ 

t:J d, a'I.4 & Q d''j/ A 
fll"lflJll1lJlICI::fll"lf6lJ'l ''If.:J1Im1:::11~1Ulfl'i6.:J GC Model HP-5890 Series IT Flame Ionization 

Detector (FID) 



. 
q 

lJ't1't1 4 

. 
v ~ 4 4 

4.1 t'lfl'Yw::anmPlnl'lltlll'lO'lftlflPl:::mnUUOfl'.i:::Al'Y 

jI 0 ~ : d i.c:t, I ~ Q.I.d!";' 0 oC:::It, ~Q.I 
llCl1111 m :::1J1J'U1lJ~'U litH) l '1 ·:n'UFm~ m :::~n1lflCl tJ'I'tIl1lflCltJlJlJ'U "II'IllJtJ'U llJl1lm 1::; l'! Clfl1l W::; 

fflJU~l1l '1lfl li'VilJ 'hihJ~ 1JlW i'i flU'Ul! tJU1JlmrltJ lli UlJ fllJ I ff''U iu'tItJ '11~ tJ~1J1h::; lft'YI~ 1'1""] 1'li'U 

~N~11 'lf1'Uti'tJU 1~'~ Qflli'itl~ff t1'l'U~'U ~'1 i~U,t1 1 tllff''U iU111fl1~tJ~mi'lfl~1111::;litl~lJlw 

i'iflU'UtJQ~!tJUCl::; 19-30 (UNEP, 19%) tJ111Il1tJ'IlJlfl111flm::;lJ 1'UfllH~i'i~lgtJm ::;~111t1l ::;1ft'YI 

flll ~i'i~ m :::~111 fl~tJ'I'tI111flfitJlJ,j'U liflU ~fflJlfl'1I m ::;~111~ i eifll~1 ~'1li 1 i,r tI~1J1W i'iflU'U 111 fl 

I ff''U iu Cl~ Cl 'I 11~ fl ft lJ 'Vi lJ ':h li tI~ 1Jl W 1"11 Cl Cl i Cl ff1Jl fl w:il 1 ff''U i U 11 1 fl1~ (J ~ lJ til::; 1ft 'YI,r 'I fl ~ 11 ... . 
~'1 i~U,t11t111::;litl~1JlWI"llClCl iClfftJU~!tJUCl::; 35-64 (UNEP, 1996) i~utl71J1W~lJlmo'U'tItJ'I .. ... 

~'U'YI1 Utll::;Ift'YIfllli lJ 'fJl~l~~U~~1Jf)'U~1U~'U1i::; 1~ i~ll11'U~l1~'1m 'I ~'1li1 i,rflUUtJUffCllU 

Q d c/ Q J 1 'j/ tlQ d ! , dtl"" 'j/ 
'tItJ'I~Cl'U'YIlfJIfl~'tI'U ~fJlfl (Foqelbolm, 2000) l1J1W'tItJ'I1l't1'1l::;mU'YI'Il'!1J~'VilJ111J l1J1W'UtJU 

11 ff~'1 ':htl~ 1JlW ffU ~'U 'YIl u~ litJ ui 'U fll fl~::; fltJ'UlgtJ fll::;~ 111 ~ ff1 1J U (J UtJ UffCll U, ~~ 1 U ... 
., 1" .c::....::I),I .c:t, ~ do Q,I 

fll::; lJ 1'U nul'! 1J nlllJ lJ l tJ tJ n"llI11'U 1J 'U tJ U 11 Cl::; flU I fl~ fll"ll'lf1 ftl'Vi 11 1 n nl::; lJ 1'U nul'! 1J fl 

flln~::;ntJ'UlgtJm ::;~11l tJl11 ';;l ::;u::;n Cll'Ul'U ll1tJ 'I 11 1 ntl~lltY1'Uflll lJtJ'U/1'U i ~ ll11'U ~1Jl mo'U 11::; 

tY '1~Cl i,rfllll11~ tyl~lJ i ~'tItJ'I~i'i'U'YI16i'U l ::;lJlJeif1Cl'l ~'1 i~U,t1 1 tltl~lltY1'U fl1l lJtJ'U/ ''U i ~ll11'U 

fl1ltJQtll::;1JlW!tJUCl::; 20-30:1 (tt~fl' 1mlJln, 2546) ,r'l~U1'1~ 4.1 
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., -- '" SI 
t1n'Ytu~iJUU""HlflU "HlOt1~ 

U1lJ1WilnUll 9.1 

U1lJ1W1C)fcUllCiff 93.9 .. 
U'" .: 1lJ1Wfl11lJ'lfll 33.54 

U'" cI :; 
1lJ1W"tl'lU".:Jfl-:jl1lJ" 66.46 

., 
U1lJ1W "tHU~.:Jl:::ll1 u'fi .:Jl1lJ" 30.71 

U'" " 1 lJlW ltll 35.75 

U1lJ1W fl1{Utlll 17.06 

U1lJlW 1ll1~m~mf.:Jl1lJ" 0.135 

-rl1lnff1llfl1{UtlllI'll111111lll 126.37 

I I t !II , 
4. 0 4 d I ... 1 Q,I .4 Ij/" 1 'JI 'JI "" 

IlJtlll1 m fl1l::: fltlll Wtl m:::" 1'1:1f1 H III fllllJ 1U ff flll'H U tI.:J1I ll" 1 um 1 11 fl111J1 tllll1 

'" "" 1 d, ,,/ 'JI 'JI 'JI .1 '" 
~Wl1.ulJ 125 tI.:JfI'11C)fCllC)fUff , ffllCl:::CIlU C)fl"UlJ jiJ"ltlfl C)f" fl11lJl"lJ"llltlUCI::: 2, UCI:::lJ1U 

,l 'jJ 'j/ <jI 'jJ , QI d ltJ 1 ~I 0 ~ 
ffflTYUUtI.:J1Ill"1UflU 1mn1lJltlll nlJflUffU CI::: CIlU 1 C)fl"UlJ I jiJ"ltlfl C)f"fltlll"l111ll fllll1"CltI.:I 

lJl11fl11:::11 clfl'l:lW::: fflJU~l1Hlflii'Yiu ':hUllJlW ilflUll CI"CI.:IlJ1fl ~ .:IilflumXlllfllll 'Yi iiuJtl{ "tI.:I 

ffUU1:::fltlUtI::: hlJl~fl~mflHff~HU~.:JUH '~CI:::CIlUJ1 U~ff1lJ1H)CI:::Cl1U'~ll~1'Yi1C1:::Cl1U 
.. . .. 

ijlll1~ VUWYU" l,fll ffUCI:::CIlU lC)fl~UlJ1jiJ"ltlfl' C)f~ ~.:IUlllijtl~lllfll1Uf Ufffll'Yinjtl.:J9l'lluft'1~.:I 
. .. 

'YiU i 1 ffll ijlll1~ vtlQ1 III uli ff1lJ II tI HtlUffCil U ,~~ 1U';ll (ij ff~ 1 tI,,'fifl'lll, 2550) l,flll~U1 n 11 
, " tJ I 

.1'" 1 '" '" '" '.1'" '" 'JI 'JI .1'" lJ 1lJ 1W lC)fCl ~ "ff111lJ tI m fl1l::: fltlll Wtl m:::" 1'1:1 H1ll fllllJ 1 11 ff fll 'Yi 111 tI.:I 11 II "" 1~::: ~ fl1lJ" u'U 

1 fl1.:lff~ H"1' fl"lUlflllJ1111C1 llJlCIflCll;.:Il~U1 III 111' ~illll1~ Vff1lJllmh 1 U1~U1::: lu'lful'~tlHil1l 
'II " I" , 

fl1C)f;1fll'Yi 1~~lU';ll ('fifl'i1v I~U1 'Yi tytlUll~, 2545) UllJlW fl11lJ~ll'Yiui11YflJ\1.:J';lllJ1fl1ijtllliuu 

nmt"fl1Uf.) lJ ~ .:Ifll1 U f U ff fl1'Yilrl'tI.:I9l''U fl1 fl1l::: fltllll~tI m :::"1'1:1 ff1lJ 11 fll~ lJl :::~U fl11lJill 111' tI Q 

1 ll,f1.:1~ 111lJ 1::: fflJ~tI flll U" fl1 U~ U'U ffll ij 'U 11 ~ VU ,,::: U'Yi 1 m::: 111 U litl ~ illll1~ v1 'U 1::: U 11 

(1] U 'If II ff.:l '" fl ~ 'U 11 tllJ, 2545) 1 " U 1 ::: ~ U fl11lJ ill ~ l11lJl ::: ff lJ 11 ::: tI Q 1 II ,f 1.:J ~ tI U ,,::: 60-80 

(fffll'U~ tyllJ:::W1~lll U":::111W::: 'lflJfI'l, 2548) ff1llUllJlWfl1{UtI'U'Yiui1""CI.:J U~iiUllJlW 

lJ1fl1fill'Yitl~tI fll1 Hil1l n1C)f;1fll'Yi~1Um :::U1'U flll11 irflU UU 1 ~ tItItI fl;ji 111 II 111 tI.:J\ll flfll1 Htl Uff" 1U 

1'J1 '" '" ""'/1 1 'JI,/ ,'J1 "" 'JI .d 0 ,.11'J1 'JI ,/ 
U11U 1tltlflC)fl\lll~"ll111U lll:::UUffUJl1tl 'lffl1111t1'U "1'YiU.:J1tlU"::: 2- 5 1'Yitlll1 lJ 'lfff11.:J1C)f"" 

(tyYffl' 'mlJlfl, 2546) ~.:J1IllH~ 4.2 
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, , f Y 
q 4I!l 4 I _Iu .4 II' o.q 

illl'tn 4.2 fl1flfl:::mnurJt)nH1'Ufl1'llJ"mi.Tilll'tllJt),,'IfI'Uflt)'U~11'U'Ufl1'ln~0t),,'I 

~'lUfn UJ'l t)'U 110::: i.T1'l 0::: 01£.11 "IIA[JlJ'~~'l t)fl' "I~ 

, "JI 
.cI QI QI<I::t, d ~ d , ... 1 QI 4 jJ I 

fl1'lHn 4.2 (I flllW ~ fflJ1J~ 'fIHlfllJ'tItH fll fl~~ mllmmm ~~lll 'fIHlll fll'j lJ'j 1Jff fll'YH 1Jtl 'l~ll fltlll 

~lIUllflln'l~(ltl'l 

" 'louo::: 

ujUi.T illl't U.., " U.., " ~" 'lUi.T illl't~'lU 1U i.T .fl1l't~'lUfl1'l 'H .., uoo. ... 
o fl1fW:::i.TJJUfln1,,'11flJJ 1~ , 

" ~ " i.T1'l0:::01U1"1IAUJJ " .., 
~'lUfl1'l 'H fl'll JJ'l t)'U'l'l JJflU i.T1'l 0::: 01£.1 

fnUfJJJ 
" '~~'lOfl'.~ 1"1IAUJJ '~~'ltlfl'''I~ fn1JJ'l t)'U 

UllJ1WtlflUll 9.1 8.9 4.9 5.1 

UllJ1W 1C)f (I (I 1(1 ff 93.9 .. 93.7 91.8 90.1 
., 

UllJ1W fl11lJ;fll 33.54 47.43 74.17 74.19 

" 
UllJ1W 'tItl.:.Ju~ ·n;.:.J'H lJ~ 66.46 52.57 25.83 25.81 

tJ~ d :, 
'jlJ1W 'tItl.:.JU'tI'l'j ~l'H fJ'fI.:.J'HlJ~ 30.71 32.56 10.17 10.72 

U'" " 'jlJ1Wltll 35.75 20.01 15.66 15.09 

UllJ1Wfll{1Jtlll 17.06 18.09 5.65 5.96 

UllJ1W 'lll~'jlll11.J.:.J'HlJ~ 0.135 0.266 0.021 0.028 

6~nd111fll{1Jtllll'1l1~'j11l11 126.37 68.00 269 213 
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.ao.4 ~ ..::I 'JI QI'JI 
IlHl'U 1 fl1 fl~:: fl6'UllHl m::~ 111 UCl::'\I U:: ItY1l61111 '.i 'YIU~ Cl::16U~ UCl1lJ1 fl fflJ fl'U ~1U 

OJ' 4' , QJ Q 0' 
mU1ff1'Ufllfl~::fl6'UW6fl'j::~111~6'\1U::ltYll6111l'H'YIlflU 1: 1, 1 :2, 1:3 1m:: 1:4 lJl1lfl'.i1::11 

~flllW:: fflJ,j~ 'YIl-3lfl ij n6'U~1Il1'U fl1'.i 'YI~Cl6 -3l'fU 111rl61~lJ1I1lJ1W '\IU::ltY1l61111'.i ~::ri -3 flCll11' 

. " . 
1111J1:: fflJ~6flU UClfll 1I~U'U ff1'.i6'U 'YI1 VUCl::Ul'f1 fl'j:: ~lUl';6~ fl'U 'YI1 Ul~ (ilu'If'U ff -3,)flfl'U 116lJ, 

" . 
i QJ 4 d " , 'JI 0' QQ d QJ 

2545) ~U'.i::~Ufl11lJ'If'U'YIl11lJ1::fflJ~::6U 'U'lf1-3'.i6UCl:: 60---80 (fffl1'U~ tY'.i lJ::W 1~'U1 UCl::TJ'J W:: .. 
'lflJtY'.i, 2548) UCl::ff1lJUfl1lrml~'.i1ri1'U'\I6-3fl1{U6'U/1'U i~'.i I~'U 111'6u1'U'tf1-3~I111Jl::fflJ ti6 .. 
'JI 0 QJ QJ Q.d. d; & QJ I 0' 
'.i6UCl:: 20:30---1 (ff1'U fl-31'Ul'fCl-3-31'Ut,1lJft1fl'YI 5 ('Ufl'.i '.i1'1fff1J1), 2551) 'If-36~'.i1ff1'U'\I6-3fl1'.iU6'U/ 

. " 
''U i~'.i 1~'Ufil11lJ1::fflJ\)::ri -3flCll11'~fl'U'YI1 Vff1lJU fl~l'.i -3~l'fUCl::I~1tyl~U i~ 1~~Hj'U i ~U~fl'U'YI1 V 

1 "" ~ . ~ 1"~ i ."j" ""'" ~:: 'lffll'.i U6'Ul U'UU 11 Cl-3l'f Cl H 1'U UCl:: 'If 1 'U ~ '.i I ~'U 1l'f6 ff'.i HI'lfCl Cl (1ll'f tY m lJ 1 fl, 2546) 

' .. I Q ~ ! ... I.oQo 'JI I QI &. od 

U~ lJ '.i 1JlW '\I6-3U '\I-3'Y1-311lJ~U Cl:: lJ'.i lJ1W I fl1Cl~ Cl-36 UH'If~1 ~'U 'If -3U ff~ n 1'\1 U:: ItY1l6111U lJ 

ff1'.i 6'U 'YI1 V~ ff11J1'.i flU6UffCl1U~lUl11'U6-3tl1l'.i:: fl6U1I1lJ1W lJ1 fl UCl:: ri1'U 111 qjff1lJU flU6 UffCl1U 

" '~~1u1ti'YIH~1ft1l'flfi6mi-311lJ~ 1'If'U ItYllFrfl flCliU' ItYll61111'.i l11'U~'U u~9l'6-31~'.i::u::I1Cll'U1'U 

1~6-3\)lflij1l11JlW flfll1'UUCl::I'lfCl ~ i Clff~l'U 1'U lJ1fl i-3 ri -3flCll11'fl~ '.i 1 flU U6UffCllU'\I6-3~Cl~l'f 1 'U 

'.i ::uu U6UffCllUU uu 1 ~ 61 fll tY'If 1-3 U '.i fl'\l 6-3 fl1'.i Vi 111 iifi1 U1~lCl-3 i ~U~::ff1lJ 1'.i flU6UffCl1U 1 ~~ 

1'U'lf1-311~-3'\16-3fl1'.ilfi~1Iiimu1 ('lffl~l ~~::ltl1, 2548) ~-3~Ul-3~ 4.3 

II 
'Hmo::: 

u .... ... 
Oflllfl.!:::inmPl'YIHlfUJ 

1:0 1:1 1:2 1:3 1:4 

" 1I11J1Wfl11lJ';'U 33.54 55.63 63.87 67.64 68.54 

11"" d ! '.ilJ1W'\I6-3U'\I-3'Y1-311lJ~ 66.46 44.37 36.13 32.36 31.46 

11"" d ! '.ilJ1W '\I6-3U'\I -3'.i::: 111 U'YI-311lJ~ 30.71 23.19 24.39 24.03 23.60 

11"" " '.ilJ1Wlfll 35.75 21.18 11.17 8.33 7.86 

1I11J1Wfl1{U6'U 17.06 12.88 13.55 13.35 13.11 

1I11J1W 1'U i9l'.i1~'U..f-311lJ~ 0.135 0.562 0.478 0.554 0.363 

fl~'.ilri1'Ufl1{U6'U/1'U i~'H~'U 126.37 22.92 28.35 24.10 36.12 
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, t , , 

~ 0 #9 .o=t 1 0 "" 

UHIll1 fll n 91:: mllm16 m :: flllllJ 1111 tHll1 :: 'YIll1lJ 1:: fflJ flU 'U 1 fll n 91:: fit) 'U ltJ tl m :: fl111 

. " 
fi~l'U nn 1.H lJffflTrH Utl'l~'U ~1UfI11lJ f tl'U i 1lJOlJ ff1'.i n::n1 U 1 'lfl;lulJ 1 ~fl'l" tl n 1 'lfrl ntl'U ~hl'u'U 

fil'l" 'YIflntl'lFolfflJOlJ'lJU::lfl'lltl1111'l"~691'l" 1tY1'U 1: 1 lJl11fl'l" 1:: Mt1nllW:: fflJ-U~'YIHlflUftlJ 'hUllJlW 
'JI I "1 " 

fl11lJ~'Ul'n lJi! '1;i'U lJlnllitll fi UlJ OlJflln91:: n6'U1U6 m ::fl111 fi 1,j ~1'U fll 'l" tl i'lJ ff f11ft 1I~ nfln'l 

d " ~ d QI ~ do. Q.I " ", Q.I mn'U6mlJ~)!'YIUlJ nlJflln91:: ntl'UltJ6 m ::fl111 'YI FoI1'U fil'l" tl 'l"lJ ff f11ftfl1Ufl11 m 6'U 'l" 1lJ nlJ ff1 'l" n::n 1U 

1 'lfl;l UlJ 18fl'l" tln 1 'lfrl 1 flutlQi mh'l~ll1lJl:: fflJ~tl fll'l" lin nltl~ U'U ff1'l" ij'U 'YIlvlIn::1I fti m ::1l1U 

~ Q .c:s ~ " cal ci ~ .d OJ ~ d 'i ' " 
I'lHJ,n'U'YI'l"U Ifl (UU'II''U ff'l'IJnn'U116lJ , 2545) 'If'l'l"::fllJfl11lJ'II''U'YIll1lJ1::fflJll::6~ 'U'II'1UtWn:: 

60--80 (fffll'U~ ffllJ::W1~'U1I1n::1nw:: 'll'lJfl''l" , 2548) lI~fffll1::fl'ln~111l::yi1il1'691'l"lth'U 
., , 1 1 ., , ., , 1 do ,.. I" 

flnlJ6W 'U 9l'l"11l'Unfln'llJ1n flUt.l91'l"lff1'Ufl1'.ilJt.lW 'U ~'l"11l'U'YI'U6un11'.itlUn:: 20--30:1 

11:: ff '1Fo1n i l1' nn ti6 Uffn1 UlIlJlJ 1 f t.l6 n~lll'Ulfifln~'Ull1 n'U 1I~',jil1 i l1'6~'l" 1fll'l" FoI ~~ n1'lf;1f11ft 

nfln'l (ty-nfl' 1 m lJln, 2546) ~'11l1n~1'.i 1'1~ 4.4 1l::ftlJ ';h6~'l" 1ff1'Ufl1{lJt.lw1'U 1~'l" 11l'U'lJ6'1 
. . " 

"" "'" tlQl ~" " "1 Q.I 1 "" flln~:: nt.l'UW6m ::fl111 'YI FoI1'U nn 1lJ ff fIlftllJ6 '1~'U fl1Ufl11 m 6'U n lJ nlJ ff1'l" n:: n1U ClHflUlJ 

hfl'l"t.ln 1'lfrlntl'Ufi11ij'Unn'YIflnt.l'lFolfflJOlJ'lJU::Ifl'lltl11111~6~'l"lff1'U I : I ufhtl'l"::lJlwftlun:: 5 

" 'i8Ut'I::: 

4 
4 tlu 108 n'i:::it 1'Y 'ilJiJ m'n 4 tlu " 10 tl n'i:::it 1'Y 'ilJiJ m'nR1U 

...- "" 
ItItln'i:::R1'Y 

~" '" u 
u 

A1Ufll'i 1 -Hmu .. itl'U t'ln'YW:::iJJJlJflYlHlflJJ fll'i 'Hfl11JJ'itl'U11JJnlJ 
,,jtl1lJ 

iJ11t'1:::t'l1Ul.I~UJJ'~R18n ,.~ IIt'1:::iJ11t'1:::t'l1Ul.I~UJJ 
iJm'n 

'~R18n'.~ " 'n18JJNiJJJWI:::lf'I'Y81'H11 
., 

tlllJ1WfI11lJW 33.54 74.19 73.29 

tJQ d :, 
1lJ1W '116'111 'IJ'I'YI'Il1lJfl 66.46 25.81 26.71 

" tlllJ1W'lJ6'111~'11::ll1U";'111lJfl 30.71 10.72 17.09 

tl'" " 'l"lJ1Wltl1 35.75 15.09 9.62 

tlllJ1Wfl1{lJ6'U 17.06 5.96 9.49 

" 
tlllJ1W 1'U 1~111l'U";'111lJfl 0.135 0.028 1.80 

691 11 ff1'Uf!1{lJtl'Ul''U 1~111l'U 126.37 212.86 5.27 
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80 
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• iUnltiU 

70 

60 
• 1Iill11iinYuUlfI . 

so • nllriin ::mmrum~ 

40 • 1111 

30 

20 

10 

o 

8 9 

l1t1UmUJ 

1 = fllfl~:;mllJlgtlm:;"111~1,j~llJfll'jufmHll'Yi ('V"fl1lJt)lJ) 

.. .. 
.4 .:::I' _ICV .4"'" 1" " I QJ 4 = fll fl~:; fltllJWtl m:;" 111 V1fl1lJ fll'j lJ'j lJtY nTrHlJtl\l~lJ"1 tI fll 'j 11 fl11lJ'.l tllJ 'j 1lJfllJ tY1HI:; cntl 

1 '1fl~tllJ 1 8"'j tlt) 1 '1f~ 

5 = tl~'j1ff1lJfllfl~:;fltllJ1Vtlm:;"111~tl'UtI:;lfl1ltlll1l'.i (I: 1) 

.. .. 
4. dl ... IQJ 4. 'j/" 1'" " , Q.I 

9 = fll fl~:; fltllJWtl m :;"111 VI fl1lJ fll'j lJ'jUtY m'YiIUtl\l~lJ"1t1fll'j 11f111lJ'.l tllJ 'j 1lJflUtY1'j i1:;i11tl 

1 '1f1~tllJ18"'jtlfl ''1f~fltYlJ'UtI:;lfl1ltll111'jtl~'j1ff1lJ 1: 1 
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CV CltW4 .;. 

4.3 tlfljlfl1j"DflfnaIV'1fllYUl1flfl1flfl::fltllU[Jtlflj::~n14 

~lflfll'jtYfl'l:' UiA'j 1 fll'j ~ilAfl1"l1',hfl1""~lflfllflA::fl6lHt6m ::~n' finfU~ 1 M'ihJl1J1flJ 

'IJ6.:J1I~ ,:nf.:Jl1u~!mm:: 4 lT11J1HHhlJ1flJtJl1J1flJfllflA::flmHt6m::~n,~1~l'rhtill 180.56 fli'U 

~ oQ cl ~ J. fJ/ 
1 ~ tltl~ ~1 fltJ'j lJlflJ 'II 6.:J 11 'II .:J'YI.:J11 U~'IJ 6.:Jfll flA:: fl6lJ 1t16 m:: ~ nl 'j 6 tlCl:: 66.46 

1~6~'hl'UlJ fll'j 'YI~Cl6.:J11 tr.:J~ 1fl 1 triA f:l~1I 'YIfl6 U1.:JCl.:J 1lJ tl.:Jl1lJ flll'" 1 ~ClflU 11tl 'j 1:: 11 . . 

, JI JI • , 

m~ 'j::ll1 tI~1t1lh1lJ 11 U' U11; ut! .:J;;lJ ~.:J1I~ 11lJl~lJ 'j ::lIl1~U o.:JilJ fi 17 (1,665 lJClilfli' WilA 'j) 

! dl ~ ~ 4': 4 I d ~ J .e. Q c( 

~lfllJlJ ~.:J1'j UCl~A1Cl.:J1'j6t11 ~lJlTlJ q'~fll'j'YI~Cl6.:J llJ6.:J~lflm~'j::ll1t1.:J1t1'Y11fl~'IJlJ ~::Qfl~CllJ m tI . ~ 

1lJ tl.:Jl1 JJmh 1 tJ1 ~!'n6~ilA fl1"l1';1fl1 .... ~.:JUlJ 'j ::1I11i.:Jtl6t11 tJi'lIlTU~Cl 1 M'~W'lf'IJ6.:j'j ::1111 
I ", • " 

11; UlT .:J;;lJ (6.73-7.57) 11 Cl::1U61; ~ U flJ 1~ 16~""1I 'hiitJllJlflJ 11; UlT .:J;;lJ 1lJ 'lf1.:J~lJ'lJ6 .:Jfll'j l~lJ 
~ ~ 

'j:: 1111 1~6.:J~lm ::1111 ii fll'j U6t1lTCl1t1lT1'j ~lJ 'YI1 61 UlClfJCl 1mY1 rllJ lTn ~lJ 'YI1 61 UlCl fJmftfl~Cl:: Cll tI 

,.f 1 1 ~~ ~ 1 mt lJ i.:J ii lIlJ 11 U' U Cl ~ Cl.:J I ~ 6.:J ~ 1 fl ~ illJ 'YI1 6 U 6 tI IT Cl1 tI IT U ~ lJ 'YI1 61 tJ 1 ~ 1'i4 6 

flU I ~1 tyl~1I1 A 1 ~lJ,illJ'YI1 6~:: 1 ~tl1{ 1I6lJ ~lfllTU ~lJ 'YI1 61~61r1lJlIl1 ri.:J .... tr.:J.:J1lJ tJllJlflJ 
,,, ,,, JI 

~ od. .:::t q dl , • ..a Q.I I Q,I"':::' Q QJ 

fll"ll''lf1fl1 .... 'YIlfl~'IJlJ6lJHA61lJ6.:JA.:JllA1lJm fl~lJlTlJ q'~fll'j'YI~Cl6.:J ('j::lJ::l1Clll~lJ'j::lIl1 31 1lJ) 

iiUl1J1flJl'vhtill 5,060 lJClililA'j 1116fl~1 rlW)A 'j 1 flU ~ilA fl1"l1';1fl1 .... lT::lTUl'Vhtill 91.25 
~ ~ 

lJCl ililA 'j ifli' U'IJ 6.:J1I~.:J'j:: ll1 fJ'tl.:Jl1 U~ 1 ~lJ fll 'j 'YI~Cl6 .:Jll .... 1111~:: 1 ~'j:: tI:: 11 Cl1 1 U fll 'j U6lJlTCl1lJlJ 1U 

.4 .a q.q .q Q..::i 1 " "" "" 
llJ 6.:J~lflfllflA::fl6lJW6m ::~n'UClfllJlJlICl::l"ll'Cl~ 1 CllTtJ'j lJlflJ lJlfl "lI'.:J tlHlT'jH'lJ6.:JClfllJlJlICl:: . ~ 

1"ll'ClCl1 CllTiifln fi~~1I~1~6tilJ~1lJlilJ1i::fill~.:Jm .:JlrllJ 1 .... illlJ6{ lT1lJlJ11 ~.:JUlJtiA'j1fln U6lJlTCl1t1 
~ 

'IJ6.:J, Cl; .... 1 m ::1111 U6lJlTCl1lJlIlIlI 1! 61flltl'lf1.:J1I 'j fl'IJ6 .:JflWV11tJ Ufl1 lJ1i.:J~1 Cl.:JllCl:: ~::Ifi~~ 1 lJ 'lf1.:J 

'" 0 - 1 "" """" " 1 " l' '" 1 '1 "" 0' l1Cl.:J'lJ6.:JflU'YI1lJgmlJ1 !'n'j1::A6.:J 'If'j::lJ::l1Cl1lJ1lJ lJfll'jlJ6lJlTCl1lJ .... lJ1i::'IJ6.:J "lI' .... CllU6'j 

1~lJ'Cl;....1lJ'j::1I11U6lJlTClllJlIlIlIH61flltl ('lfil~l ~A::lfl1, 2548) 

"" 0' 0'.1 a"""..,j all ~I .k 
~1 flflU 11m 1::116.:JtllJ'j:: fl611'IJ6.:Jfll"ll''Y1fl1 .... ~1lJlm6.:Jfll''ll' tl 'j 1J1 Am 111 "lI'.:J111 

~ 

"I ""1" """"" "" ~ 0'_1 1'''''' 1'lf61 .... Cl.:J ~~::A6.:JUfll"ll'UI'YIlJIlJlJ6.:JtllJ'j::fl611 UlJ6lJfl11'j6lJCl:: 50 (Economic and Social 

Commission for Asia and the Pacific, 1984) 
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U'" .li SI ... SI, SI SI 'i" .. 
4.4 fln 'lutJ m'Wl1Jtl~A'Ufl1flA~fltl'UUl8fl'l~YllllYl1tJfll'l 't'Itl1UI'ltl'Ullt'I~tJl'l t'I~t'lltJ ,CflYltJlI 

'flYl'ltlfl'" ~fttl'U~i1l'n'Ufll'lnYlt'ltH 

~ ~. 

, U flllln~tI gnlu1u lU ~·nr U ;~ffflllln~'HW111 tlf Uff fll't'UU~H~U fllflA:: mmlUtl m ::~11l~1U 

flll' 11'fl11lJ! tlUlIil::ff1l il:: illu1 C)fl~ UlJ' 3~1 tl fl 1 C)f~ ntlu,j 11l1u flU YI~ iltl~ 114tlil~tlllJ1W ii m1u 

lm::1C)fil~ 1 ilff~tlQ'U fllflA::fltlUlgtlm::~nj' 11' tlQ'u 1 fll ~ff! N~ll1lJl::fflJ~tlfllll~ltyl~U 1 A 

'" d " 1 0 , "d _I'" d:;" .J 0 _I'" 
'tltl~ ~ilU YllU ~ Uflll1U~ l1lJlJ llJ1W 'tltl~ lI'tl~YI ~ l1lJ~l tlUil:: 4 C)f ~ ff1lJ1HlfllU 1W lJllJ1W 

fllflA:: fltlUlgtlm ::~lllfl~lnuJll1U fl~H'u flllYl~iltl~' ~~~A1l1~~ 4.5 

fl1l tI f U ff fl1 'W ~ 1U ffll il:: il1U1 C)f 1 ~ UlJ 

'3~ltlfl ''lf~ 

fllltlflJ ff fl1'W~lU fln' l1' fl11lJ! tlU oj llJ OlJ 

ffllil::mu1 'lfl~UlJ '3~ltlfl ''lf~ 

.. .. '" 
'UtHlI'UTl~'t'IlIYI"8~ 

52.57 

25.83 

25.81 

U'" .li SI ... SI, SI SI 
4.4.1 fll'l 'lUtJ.tll'Wl1Jtl~"'Ufllfl"::fl8'UltJtlfl'l::YllllYl1tJfll'l 't'Itl111l'ltl'U 

.. 
1l1't'lUflfllflA::fl8'U . . 

4 !!It tI u 
ltJ8fl'l::YllllTl,'V (fl'lll) 

228.27 

464.58 

464.94 

~ ~ . 
d ~ _101 ~" ~ I QI" 

fln YI~iltl~U ~ ::l1JU fllllJ lU ff fl1'W lUtl ~AU fllflA:: fltlUWtl fll:: ~ 11l fltJU l1lJ fl~lU 

flU i11'fl11lJ!tJU~~W l1 fJii 125 tl~fI'W]fill;tJff lnUl::U::l1il1 30 mli 1~tl,j1li1U fllHI~iltJ~ 

l1cl~~lfl' ff1AQ~U'rJfltlfh~il~ti'~l1 iJflll~l F-lil fll111tll l::M'Wn 1iilAtl{ ~ 1~"l ';~djuilmitJ~ 
, "" 

Iii U1,j' tl ~ nu fllll~U 1:: UU'W U 1l'~ltJ 'If'tl tJ ~ fll flA:: fltlU1Utl m::~ 11lli fhu flll tI f U ff ill'W I Utl ~~ U ~ 1U 

fln i 11'fl11lJ! tlU]jllU 11 U'lJil~il.:j i wlh~ 10 1um fl 111tl~~lflflll UtlUffilluffnijUYI~ U'tltl.:j 

d d '" ~ c:>/ " , " : ,.J" ~ _.I 11UflYlI1U l1flil1tJ!1JUfll'lfflHUtlU ~tJtJfl'lf Ullm::m~l::Il1U~lU C)f~fftJ~tliltJ~flum1nm~ 

1 ,,'" , , 

1 ::Il1U~lU 1 ~u'Wu11tlllJlW m~l::111 tJ~lU~::]jllU 11 U'lJl'rilJff ~;;u ~~1l~lllJYI~iltl~~Uti~1U li 7 .. 
" , I, 

(1,725 iiil iiflf WiiAl) ~l flUU ;~lllJ]j11U 11 U' lJ il~il~ll tJU"l li1tJ~~lfl~ iiu 11 ~ Uff! Nfi1'lf]jlYlU 
.. 

111m ~l::Il1U~lU 1 tI, '*, U flU ff! Nfil'lf]jlY1U ~~UU l::UU ;~tlf UfflJ~il ih 'l1'ffltJ'If'tltJ~l::UU]j 

11 U 11 U' lJl~ lJ ~ ~;fu (6.90-7.8 I) ff1U tlllJlW fl11lJl nu ~h nY ~ l1lJ ~'W U 11 ]jIlU 11 U' lJ il~ il ~ 
tJuNn~111 l,1tJ.:j~lfl iu fllllA~ UlJffntJl11l1~' ,*YI~iltJ~ ffltJ'If'tltJ~l ::uUtJU'U';l~~lnU flil1~ .. 
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(6.8- 7.2) ~'1 hHj on l~ lJfi1 '11'li'1 ~'i :am ~'11rltlU~'i 10n lfl~ m ~'i::1l1 U~lUl~lJ "l'l~'Ul~ 1011 

. " 
fffll'Yifl11lJlfl'UfiHfilfl~~'U ~ '1')'111 .. h ::1J1JlffUfflJ~Cl llCl::ri '1flCl i ,ru~ 'i 1ri1'U m~ 'i::1l1 U~lU~ tl 

fl111J1 fl'U fi H...f'll1lJ~ ijth 1J10011 0.4 ~ '111:: ')'11111' fl11lJlffO U'i 'I.Itl'l'i:: lJlJ ~ tl 011 flil~ n1C)f;1 fll'Yi 

~lCl'l lrltlYill11W1~ltl~'YilJ11ijUllJlWl~lJ"l'l~'U i'U 12 1'Umo l-dtl'l1l1fl011UtlUffCllU!C)fCl~ lClff 

i,r flCl1Ulfl'U flCll fl ffllCl:: m~'i:: Il1 U~ 1U llCl:: i'U O1'i 'Yl~ Cltl'l'YilJ 1 101 fl~:: fltl'Ulgtlm ::~l1'tl ~ ~ 1'U .. 
" ... IQI ~"" 1"" ..:::It. ~ old, 1" , '" on u 'i lJ fffll'YillJtl'l~'U~ 1 Unl'i l1fl11lJ'i tl'U ff1lJ1 HmCl~ nl'lf'lf1 fll'Yi ff::fflJ ~1'Yl1fllJ 7,590 

" ijClilil~'i l11tlfi~lfl'Uu~'i101'iflil~n1'lf;1fll'Yil')'hnlJ I 02.13 ijClilil~11n1 lJ'I.Itl'lll~'1'i::Il1U';'1l1lJ~ 

" . " 
011U1 lJfffl1'YilUtl'l9l''U ntl'U~hIl1'U O1'i 'Yl~Cltl'lll:: ij 1 fl 'i ,U,.! l'1'1.1tl'11 ff''U lufi'i 1lJ~ 1 n'U ~~'UllCl::'I.I'U 1~ 

", I .,' 

'Yi lJ 11 ff'U 01 1"'~ fl1lJ A lJ I'U tl'l 111 oil oii'U llCl::l 'lfCl Cll Cl fffitl ul 'U 01 fl~:: fltl'UlVtl m::~ 11l 0 m uil u'U 
~ '4 ~. ~ 

, ", Sol I 

1l1fll 'YiilllJ6{ ff1UU11fiijli'U1i::ll~~1l H i,rl fl'U 1 'YiilllJtl{ ff1Uff'U U1::1fl mh~ 1ClllJlClfJCll';~I~U1 
. " 

fiff1lJ110UtlUffCllU 1~~lU~'U ~'1li1 i ,ru~'i 101'i UtlUffCl1U~Cl;'Yi i 'U 'i ::lJlJUtlUffCl1UlllJlJ 1! tl101fl 

" " lfl~~'U 1~~~~1l~,f1'1mfl'l.ltl'101'i lfl~u6m U1 

" ... IQI 4!!t" " ". 0 ~ d " ... 1 ~ old, f OJ 

fl1'i u'i lJ ff fl1'YillJ6~~ 'U ~1 Ufl111J'i tl'U fltl'U ~ 11 'U 'U fl1 'i 'Yl~ Cltl~ lJtl~fl u 'i:: fltllJ'I.Itl'l O1'lflJ l'Yl'Ul'Yl1 fllJ 

" C')I.a", 4. .c:I d QI 'do tI 
'itlUCl:: 42.20 llCl::01'lftl'U'l 'itlUCl:: 57.80 llJtllU'i UlJl'YlUlJfllJ'It~fl1lJfJlJ'YilJ11lJtl'lflU'i ::OtllJ'I.Itl~ 

, , ",,,, 

n1'lfijl'Yl'U~hfl11 tl11l1iltl~1l1flth6~'i 1ri1'U m ~'i::1l1 U~lU~tlfl11lJlfl'UfiH';~l1lJ~ijll'U 11 t!lJ~ '1~'U 

m)~1'U~ 12 1l'Uijti1"l~fl'h 0.4 l'U,f1~q'~li'lU'I.I6~01'i'Yl~Cltl'l ~~fll'Yi~ 4.5 ~~fffll1::~~fl~11 

; ddQl d QI 

Cl~~lCl~ (Chynoweth llCl::flW::, 2001) 'lf~lJClflllW::l~U10lJ01'i'Yl~Cltl~'I.Itl'l Espinosa Llorens Ma. 
. ." 

Del llCl:: flW:: nffflll1 O1'i UtlUffCllUlllJlJ 1! tltlfl~lll'U'I.Itl~'1.1 U::'ltlJ'If'U fifh'U 011 U 1 lJff fl1'YilUtl~9l''U 
" ... 1 1 tI, d' QI .:" " d ~1UUfl Cll'lfUlJ 3~Hlfl 'lf~ 'YilJ11'1.1U::'ltlJ'If'U'Yl fl1'U fl11 U1lJ ff fl1'YillJ6~~'U~1Uff11 Cl:: CllUllfl Cll'lWlJ 

13~'itlO 1'lf~1l::ijullJlW n1'lfijl'Yl'Ul')'hnlJ 0.15 ClOlJlflfillJ~'i /nlClfl1lJ'I.Itl'lll~n::Il1U...f'll1lJ~ .. 
.d<9 

(Espinosa Llorens Ma. Del llCl::flW:: , 2008) llCl::01'i'Yl~Cltl~'I.Itl~ Chulhwan llCl::flW:: 'YlflO1l1 

" 
O1'i UtlUffCl1UlllJlJ Htltl O~lll'U'I.Itl~01fl~::fltl'Uihl ffU'i ::lJlJ~:: fltl'Ud ~ (Activated Sludge) ~1Un 

" . 
... .1'" """ " 1 ... 1 ,.., "" 'YlH'lf1fll'YiUCl:: fln u'i lJ fffll'YillJtl~~'U ~1U 'lfl~UlJ 3~'i tlfl 'lf~ 'YilJ11 O1fl~::fl6'UlU6m ::~11l 

. " 
fi ,,jij fl11U1 lJ fffll'Yil Utl~91'U 1l::ff1lJ11 oflil~ n1'lfijl 'Yl'U '~l')'h nlJ 0.29 ~fllJlflfillJ~'i Inl Cl 01 lJ 

d :: 
'I.Itl~U'I.I'I'i::ll1uml1lJ~ (Chulhwan UCl::flW:: , 2005) 
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~ ~ , 
fll111fl fltl ~illll'U fll11Ji'U ff fl1'V1 1 ijtl~~'U fll n~ :: ntl'U lVtl n1 ::fl111 ntl'U f11111'U 

" 1" 1 ' ''' """?t ':'1 f11111flfltl~fl1Uffnfl::cnu CJflflUlJ 8fl1tlO CJffl f111lJl'tllJ'tI'U1tlUfl:: 2 llJ'U1::u::nm 48 'lf1 lJ~ 

., '" 
O'1CJf;1fll'VI11~iY'U 22 1'U 111tlfifllllml~11f11Hlii~ O'1CJf;1fll'VIlyilou 175.24 iifliiii~ 1/0i'lJ 

Q ! ,4q, I .d AI ~" ~ "" 'tItl~U'tI ~1::111 Uml1lJfl CJf ~lJfl1~ ~f111"flfl1UTJ lJllfl::"fll11,h U fffl1'V1 lUtl~~'Ufl1Ufl111J1 tl'U 1 tlUfl:: 

92.04 llfl:: 71.59 ~llJch,)u 111tl~1I1nff11fl::fl1U 1 CJfl~UlJ 18fl1tln 1 CJf,l1l::'1hmHlJlw flfliinu'Ullfl:: 
'" , 

1 1 " , 1 " "1 .1 ~ "''' 1 • I" ...... 1 1 " lCJfflfl flff fllJl0m1f111 'lffl111J1tl'U 'Uf1111J1Ufffll'VIl1Jtl~~'U flfJl1JflU'UflO'U'Ullfl::1CJfflfl flff 11 
v v 

, ., 
ii nu'Uufl::1CJffl~ 1 fl fffi1Jlnll:: flflfl~ 11 f111 flii~ 0'1 CJf;1fll'VI ,)~,r 'U 1111J1W ii OU'UU fl:: lCJffl ~ 1fl ff 
.d. ,"Q I .ct ,'" d ~ l1flflfl~ lI::ff ~flfl 1 l1lnflf111 UtlUfffl1U'tItl~'fl'lf'VI 1m ::uu fl~ 1Ullfl::l1flll1't1'U 

Q ~ "_I r:I 4 , 4. .d , 
111 nf11111m 1:: 11 tl~f11J1:: ntlU'tItl~ fllCJf'lf1fll'VI'VIU11 f11 n~:: ntl'Uwtl m ::fl11111f11'U 

Q./ ~" " .c:t 1 1 o'd cI f:'I d " on 111Ufffll'VI1Utl~~'Ufl1Uffn fl::fl1U 1 CJflflUlJ 8flHI0 CJffllJtl~f1111 ::OtlU'tItl~f11CJflJll1'U 1 tlUfl:: 

45.23 Ufl::: O'1CJfg'U "l ! tlUfl::: 54.77 lrltll111 UU 1 fiuu OU"flfl1UTJlJ'VIU ':hUtl~ti' 111:: ntlU'tI tl ~ 
O'1CJfUll1'U~1f1':il l~ tl~1I1 mrltlii nU'Ullfl:: lCJfflfl1 fl fftlnffn fl:: fl1U 1 CJfl~ UlJ' 8fl1 tl n 1 CJf,lll1~u'U 

.. v 

'" '" ", f 

1 I'll ~ff! Hlll'Ulh~lfl1JJlfl flfll.y~l~u1m~111:: I'nlJ' 81 fl111l'U 1 11'un1 :::uu ,)~,r'UfllU Mfffll 1:: fi 

, 81 fl1lll'U lJlnll:::ff ~ flfl 1 11'f111lJ')'U'VI1{l;Ufl 1 'U 1 :::UU 1J10f1':il 2 x 10.
3 

U11 U1 flltY 11 fl::lJl nf1'h 

9 x 10.
3 

U11 U 1 flltY ff111 i' U f11 Hitl Ufffl1 Uf11 fl 1h' 111 nll fl::: f11 fl1 'VI 11 'VI 1 tl U n 1 11' nfl1 fJlll'U 

m fltl :::ci~ n~ llJ" l,)U ~ ~lIdi 11M' on 1 ~m fl tl:: ci~ n'tltl ~ ~ ii'U 111UI'i4 tl flii~ 0' 1CJfUll1'Ul! tlUfl ~ 
(ijffl1tlfll1tY'Ul, 2550) 
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.. . 
tl

v 4 tI 4 ", II II , cv 
4.4.3 fll'i 'ilJi.T.fl1ftlml'l\1lUfllfl\1l::fltllHtltlfl'i::~1'W~1t1fll'i l1tl1111'itlU'i111fllJi.T1'itl::tl1t1 

1.I~tllI'~\1I'itlfl'.~ 
" .. . '" ~ tlQJ 4 'jI .c!I I o.Clt, 

fl1 '.i 'YI ~HHI ~U ~:: 111 U flU '.i mY fl1l'H 'lHH 9llJ fl1 fl91:: fltl lJ WtI m::" 111 fl tllJ" lllJ lJ 

f11'.i'YI"1'ItI~~1Ufll'.i"1'fl11lJ!tllJ~~Wl1fJij 125 tI~fl'119f1'l1~Uff '.i::U::I11'l1 30 lJlli ~1lJtl'U 

1 "" '" "" " .:, 1 ' ffl'.i1'l::mu 9f1"UlJ 8''''.itlfl 9f" fl11lJl'\llJ'\IlJ'.itlU1'I:: 2 '.i::U::111'11 48 '11'1 lJ~ mflf11'.i'YI"1'ItI~fi'U11 

" 
, 8''' '.itl fl , 9f~fi'U 'htl ijil1 U1 f111 UtlUff1'l1Uiiff fl11:: 1 ml'lfiu~ tl'Ufll'.i tlf 'U ff fl1fil,jtl~9l'lJ f11fl91:: f1f)lJ 

19t1 m::" 111 ~1 UffU 1'1:: 1'I1U 19f1~ UlJ' 8'''1 tI fl , 9f~1 Y4 U~tI U1~1~ U 1 I ~ tI ~ ~ 1 fl f111lJ! tllJ ~ 111' II ti 

f11fl91::fltllJlgtlm::" 111 ih '~ll1lJ1::fflJ~tlf111 lU~tllJl9f1'l~ 11'1ff1 11'lillJ fl~ 1 fI ff1l1'l:: m"1::Il1U~ 1U 

1l4t1F~t;91fil9f~1fl1fi 1 "UfJW 11 fJij~ll1lJ1::fflJ~tl f111 lfi"uijfi1 Ulfll'.i utluffmUff11~lJ'YI16 fitl 170 

tI~fl'119f1'l1~Uff ~ ~~W 11 fJij~~ mil 1~::ii 1111' tI ijfi1 til flll Uti Uff1'l1 tI'\I tl~ flU U f'U ff fl1filiftl~9l'lJ 
..,; "1 " " '''' 1 "" , "'" .. f11 fl91:: fltllJWtI m::"111"1Uf111 11f111lJ'.itllJ nlJ fl'U ffl'.i 1'1:: 1'1 1U 9fl"UlJ 8'''1 tl fl 9f"lJfffl11::'YI 

, "'.:" ..,; " 1"'1 i" 1191 fl91H~lflf11nh'Ufffllfil'Utl~91lJ fll fl91::fltllJWtI m::" 111"1Uffl'.i 1'I::1'I1U 9fl"tllJ 8"1 tlfl 9f" 

" <d , 'jI ,'j) ".d q 

fllfl91::fltllJl.hlffUl::'U'U91::fltllJ1H (Activated Sludge) "1Uflll 11f111lJ'itllJ'YI~Wl1 fJlJ 125 

tI~fl'119fm~Uff lillJ'.i::u::111'11 30 lJ1li titllJl1,j'fl fi'U ':htl11J1W'\ItI~1l~~1l'\l1lJ1'ItlU1'I"1'I~!tltl1'I:: 30 

"'1 """'.1" " 111'l::9f tI"lJu'.ilJ1W1'I"1'I~'.itlU1'I:: 7 (Kim 111'l::f1W::, 2003) 111'l::f11'.i'YI"1'Itl~'\Itl~ Carrere 111'l::f1W:: 

d.c::i QJ A jI : d . "1 " 'YIfl'flll1fll'.i'lh'Ufffl1fil'Utl~91lJ f11fl91::fltllJlJllfftl'.i::'U'U91::fltllJl'.i ~ (Activated Sludge) "1Uf11'.i 11 

f111lJ!tllJ~~Wl1fJij 170 tI~fl'119f1'l1~tlff lillJl::tI::l1m 30 lJlli titllJl1,j'fl "1'U 'hU11J1W'\ItI~U~~ 
~ 'jI oCIt. d 'jI 4 .ad.Clt, 

'YI~l1lJ"1'I"M'.itlU1'I:: 59 UllJ1W'\Itl~1l'\l~U'\l1lJ1'ItlU1'I"1'I~1t1t11'1:: 30 111'l::9f 1tl"lJtI'.ilJ1W1'I"1'I~ . .. 
" ,4..::t. 4.d.I _IOJ 
lt1U1'I:: 34 (Carrere 111'l::f1W::, 2004) llJtlfi~lHU1f11fl91::fltllJWtlm::"111'YIF-l1lJf11'.iu'.i'Ufffllfi 

" 
Iii lJ tl91 1 1fll'.i F-It;91 fil9f~1fllfilfhtl'U 180.58 ij1'lt;t;911 /flf lJ'\ItI~ll ~~1::1l1 U'ri~l1lJ" ~~fllfili 4.7 

Q cI "_I ad' ..a ..:::1 I 
~ 1 flfll'.i 11fl '.i 1:: 11t1 ~f1 ul:: fltl'U'\I tI ~ fll9f'll'1fl1fifi'U 11 fllfl91:: fltllJWtI m::" 111 'YI F-I1lJ 

OJ A" " " )J I Q,I d. , ,,"" " fll'.i'lh 'Ufffl1fil'UtI~91lJ"1Uflll 111 f111lJ1t1lJ nlJfl'Uff11 1'I::mu 19f1"UlJ' 8'''1 tI fl 9f"lJtI~f11.h:: fltl'U 

Q d " r:J ~" .4 .. 14 d QJ , 

'\Itl~f119flJl'YIlJ'.itlU1'I:: 39.37 ll1'l::f119ftllJ"l ltlU1'I:: 60.63 llJtIlulU'Ul'YIU'Ufl'U1"fl1'Uf)lJfi'U11 
, , ." 

ijtl ~fl Ul:: fltl 'U '\I tI ~ fi 19fiil 'YIlJ ~ 1 fl i llJ 1 fl ll1'l::~ 1 fl i 11" fl1 '.i 'YI" 1'1 tI ~ li U f'U ff fl1fil,j tI ~9l' lJ ~ 1 U 

" 1 "'" , ,,"" ''''' fI11lJ1tllJ1l1'l::ff111'1::1'I1U 9fl"UlJ 8'''1tlfl 9f"lfitl~tlU1~I"tl1 
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.. 
_I'" '" _I ...... _I v ... Y 

4.4.4 IlJ 'l [I'UI n[lu lJ 'l ~ un Ii .f11'n" ~ fll 'l n ~iHI-.1 fl1 'llJ 'l U U .f11'n I U tl-.191U fllfl91 ~ fl tl U 

"" y, Y Y _I v ..; Y Y 'i' "" , J 
![It) fl'l~~1'Y~1[1fl1'l 11 fl1 un tlum'~lJ'lU U.f11'nIUt)-.191U~1[1U1'l t1~t11[l1"1~[I)J El~'l tlfl "II~ 

, .... 
flt)U~lIUUfl1'ln~t1t)-.1 

" ~ 1 fltJ 1 ::ff'YI i fl1'W'Ii' H~lJ 'WU ':h flU tJ 1 U 1'I'tl 1'W I i'itl.:J~lJ~ 1Uf)1 1 1M' fl11lJ! tllJ flU 1 ~ 

1'I'U "::"lU 19f1~ulJ '3~1 tlfl' 9f~ u,,:: flU 1 M'fl11lJ!tllJ'W!tllJ 1'I'U ,,::mu 19f1~ulJ' 3~1tlfl '9f~ 

1'I'1lJl1f.)'li1U1~lJ1h::ff'YIifl1'Wf)1Hlii~ nl9f;lfl1'W '~l'~lJ~lJ!tlU":: 50.00, 63.64 1m:: 77.87 

~llJih~u fi~ltlm)~11f)11Nii~nl9f;1fl1'Wl~lJ~U!tlU":: 11.92, 92.04 1m:: 97.90 ~llJih~u 

" . _I'''' _I'" "''' '" " ", '" 1'I'llJ ~ 11 f)1 1 u1 U 1'1' tll'W1Utl.:J~lJ f)1 fl~:: fltllJ Wtl m::~ HI ~ 1Ufl11lJ1 tllJ 1 llJflU 1'1'1 1"::" 1 U 

19f1~UlJ' 3~ 1 tlfl' 9f~~:: 'li1U,,~tJllJ1W ii m1lJ ".:J ~.:Jii m1lJltllJ 1'I'U uu5.:J flU Nii~ nl9fiilnlJ 

, 1...! _I'" ", ~ "" 1 1" 1'1'1 lJ 19f " ~ "1'I'1lJ tl tl flu1 U 1'1' fl1'W~ 1 U~H~:: 1 UlJ fl U U~ fl'WlJ 1i:: 3 ~1 1 ~ lJ tltl fl~l fl fl H 1'1'1 H 

l~tll'tJgUlJ 1 m .:J1'I'! l.:J~lfl 1 'WiillJtl{ 1'I'1uUl1~iinlJ 1i::~U~.:JU 1 .:Ju,,::UtlU1'I'''lU~lU~iilJ 'YI7 UUl fl 
" I , JI 

, tJtlQ1 lJ i tJ111~ 1" llJl" fl"I~.:Jl~U1-ri 1'I'1lJ 11 f.) UtlU1'I'''lU ';{~lUU "::1 1~1~ l;jlJ 'Y11 1 M' 1 ::uuii 

fl11lJ~lJ'Wl{I;U"lJlflf)'h 2x 10.
3 

U'i1Ulfl1ff lm::lJ1flf)':h 9x 10.
3 

U'i1Ulfl1ff ffl111UflUUtlU1'I'''lU 

" 
fl 1 ~ij l' 'YIl flU":: fl1 ~ 1 'W l' 'W 1 tlii fl 1 M' fl" 1 Ul tllJ fl1 ~ tl:: ~9i fl~ llJ "'1 ~u ~.:J,r lJl1U fl-ri 17 UN ii~ 

nl9fiil'YllJ~.:J 'U1'l'1lJl1f.)111m~ij1' 'YIl fl11"::m~ 1 'W1' 'W 1 tliifl hn~l~tlNii~nl9fiil'Yl'u'~ U~~::'Y11 
, " , , 

1 M'tJllJ1W nl9f;lfl1'W 1lJ 1 ::UU1~ lJ t! .:J;jlJ lUtl.:J~l fliiflihum:: 19f" ~ 1 "1'I'tl mtJiiulJ hJtl Q'1lJ rtJ 

1'I'11ihJ 'YI7 U~l1 ufl-ri17 U1'I'1lJ1'if.)UtlU1'I'mmm::111' tJ1~tJ1:: 1 u'tnJltllJUl1 ~.:J'W ll.:J.:JllJ' ~tlUH1 1~1~ 1 
" , . 

(Ahring lm::flW:: , 2004) ~.:J,rlJ'~~flU'YI~"tl.:J-riiitJ1::ff'YIifl1'W~-ritl~ fitl 1~flU'YI~"tl.:J 
" . 

_I'" "''' '" "1"" 1 '" u1 U 1'1' tl1'W lUtl.:J~ lJ fl1 fl~:: fltllJ tutl m:: ~ HI ~ 1 U fl n 11 fl11lJ 1 tllJ lW:: 1'I'n"::,, 1 U 9f 1~ UlJ 

'3~1tlfl i 9f~ llitl.:J~lflNii~nl9f;lfl1'WlJlfl~tl~ (9,000 ii"iiii~1) U,,::iitl~11fl11 Nii~nl9f;lfl1'W 
d .£:Io.QQ OJ d ! 4 " t! .:J'YItl~ (180.58 lJ"""~1 1m lJ'IItl.:JU'IIU:: 111 U'YI.:Jl1lJ~) llJtl.:J~ lflfl11 m tllJU,,::1'I'U ,,::mu 

1 '" i i"· 1 "1" ...; '" '" ",.1 9fl~UlJ 3~1 tlfl 9f~~::'YI1 11 flH1'I'11.:J'IItl.:Jfl1fl~:: fltllJlUtlm ::~ll1nlJ~l fllJ~'IIlJU":: 1'I'1lJU f.)"~ 

...; 1" '" d i"""'" '" 1 'IIlJl~'IItl.:Jfl1fl~::f)tllJlUtlm::~ll1 11111 "tl'lllJ l~I"fl".:J ~ ~.:J.:J1U~tlfl11 UtlU1'I'mU'IItl.:J~"'lf'Wfl1U lJ 

~ ~ "Q ! I .a 
1::UU (Chunmin U"::flW::, 2009) 9fH::U::l1m'YI1'lfI~u1::UU~::1'I'lJfl111~fl1UfJlJ IlJtl.:J~lfl 

tJU;ll Ulfl1 1 UtlU1'I'mU'IItl.:Jl1Ufl-ri17 U1~tlNii~ nl9f;l fl1'W1'I'1lJl1 f.)'Y11'~; .:J11~ 1~ lJ'YI~ "tl.:J U~'WU 'h 
~.:t .:tal.od ~ cf_1 ;" OJ.d.4 
f)19f'lf1fl1'WlJfl19flJl'Y1lJ1UlJtl.:Jflu1::fltlU~1 (1 tlU,,:: 39.37) ~.:Jfl1'W'YI 4.8 IlJtl.:J~lflf)1fl~:: fltllJ 
. " 

lUtl m::~ 1111111.:J~ lflQ fltJ 1U 1'1' tll'Wl i'itl.:J~lJl1ft'l~:: iitl~ 1 1 ff1lJ fll {UtlWi lJ 1 ~ 1 1 ~lJ t!.:J lJ 1 fl 
, JI I I , 

(i lJ 1 ~1 1 ~lJ ~ 1) 1 1m;.:Jtll~IUtl.:J lJl ~lflllflllW:: 1'I'lJu9i'lltl.:J fl1 fl~:: fltllJ1Utl m ::~ll1-ritJ 1 U1'I'tll'W 
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., 
ti~11 tY1U f1H11 ::111 ~d lU9i6f1l11J1flu~hn; ~1111~'\I6 ,:n ::U1J iithll lf1Wll 0.4 

., 
f1l1111fftiuui6f111 F-l~~ f11'1f~lm'WU'6Un~ ~,:nru 1 U f111 'YI~ n6.:j'll~~ 6 , U~.:j'YI~ n6~ F-l~~ f11C1f~lfll'W 

1 ~ U 1~f11 f1~::f16ulrl6m ::~lll F-l ffll flU '\I u:: lff1l6111U 1~6Ui' uti~ 11tY1UfI1{ U6W' U 1 ~ 1111U 

1 M'1111J1::ffll9i6 f1n YiH1U'\I6.:jlll'YI11 UlllUl1n::l'~ 116~fl U1:: f16 U '\I 6'1 f11C1fih 'YIumu 1u f11 C1f~lfll'W 

1 " '0 '-11 "_1 1 '" & <:"I '" d • 1 "_1 1 '" '" 11ll11J1::ffll~6f111Ul lJ 'lflJ1:: U'lfU C1f.:jf11C1f'lflfl1'W'YIll1111::ffll~6f111 'lflJ1:: U'lfUfll111 

<:"I '" ~ "'_I , • " ,,, 
f11C1flll'YIUllJU6~f1lJ1::f16U llU6Uf11116Un:: 50 (Economic and Social Commission for Asia and 

the Pacific, 1984) 

. . t.Iv ... II ... 
fll1 1UO'illytI1J8~ft'Ufllflfl:::fl8'UlrJ8fl1:::jl11J 

flnt.l1'u a iIlyt ... <I 
t.Iv II fll1 1UO'illytjl1rJ t.Iv II fll1 1UO'illytjl1rJ 

yt111)Uft81 1j1 
II ~ II O'110~i:nrJ 1.I~rJu 1" II '!IV jl1rJfll1 'H fll1 'Htl11U18'U11UflU 

tl1UtJU 
II '~jl18fl'.~ O'110:::01rJ 1.I~rJu'~jl18fl ,.~ fl11U18'U 

d 

'W16'1f 7.57 7.81 7.36 7.43 

• fl'! 
m~1::1l1U.:jlU/f1l1111 U~l.:j'YI.:jl111~ 0.01 0.42 0.44 0.43 

C1f16~h~1l~u (ijn~f1i'1J/~~1) 4,680 4,000 5,000 5,400 

C1f16~~fhi~ (~6Un::) 96.79 80,00 80.00 75.93 

tJ<Q d ! 
1111W '\16'111'\1'11:: 111 U'YI.:jl111~ 

~ tj/ QI 
55.45 74.32 47.25 49.84 

1111~U (mll) 

U1111W f11C1f~lm'Wff::ffll (ijn~~~1) 5,060 7,590 8,280 9,000 

U1111WftlC1fiil'Y1U (ijn~~~1) 3,288 3,203 3,745 3,543 

.. U <:"I d " 6.:jfl 1::f16Uf11CJflll'Y1U (16Un::) 64.99 42.20 45.23 39.37 
QI .q f:I d q .qq 

6~11f111F-ln~f11CJf'lflm'W (llnnn~l/ 

QI ~ ! 91.25 102.13 175.24 180.58 
mll'\l6.:j11'\1.:jl::1l1U'YI.:jl111~) 

QI .q W q CIt..q.q 

6~11f111F-ln~f11C1flll'Y1U (llnUU~1/ 
., 59.30 43.10 79.26 71.09 

'" d '" m1J'\I6.:jU'\l.:jl::1l1U'YI.:jl11J~) 

dQld QI 

1::U::I1U11f1Uf1f1'Y11l1111::ffll (lU) 31 21 22 21 

U11J1W~f1U'U (~6UU::) 9.1 8.9 4.9 5.1 

U1111W1CJfU~ lUff (~6Un::) 93.9 93.7 91.8 90.1 
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u u, .4 , 

4.5 fll':iU ':iNUafl':ilinUfllflfl::flauwam::Al'Yfla'UfJ::lft'Yal't11':i 

1I1flfl1'j'YIAm)'1~ 2 .... 1J11fl1Hlii1tnl9f~1m .... 1I1flfl1fl1t::fl6Ul~6fl'j::AUI~~llJfl1'jllf1J 

fI' ft 1 .... 1 if6 'I ~lJ n6lJ ~ 11 UlJ fl1 'j 'YI~~ 6 'I fl'llJ 1 'j f.) ~ ii1t nl9f~1 ft 1 .... fI':: fl'lJ 1 ~1l~ lJ 1W lJ 1 fl 11~ lJ 
.. .. 

6'1r11l 'j:: fl61J'U6'1 nl9flJl 'YIlJ U' 6U lIlJ 1u 1111J1:: fl'lJ~ 6fl1'j 11llJ1 1 ~ltllJlllf ~'l'VH;'1 '11lJl~61"" ii'l ~'1,:r lJ 

i'llnAfl1'j'YIA~6'1~ 3 fl6 flnffflll1fl1'jllt1'j~m)1t'j1ihlJfl1fl1t::fl6lJl~6fl'j::A111~6'UU::lfl"tW111n 

'" , 
afl':iUnUfllflfl::flau 

1:0 

1:1 

1:2 

1:3 

1:4 

.. .. '" 
'Ua~u'U'YI~'t1JJA 

66.46 

44.37 

36.13 

32.36 

31.46 

.. 
1l1't1Uflfllflfl::fltlU 'UfJ::lft'Yal111':i 

l~am::Al'Y (fl1JJ) (fl1JJ) 

180.6 0 

135.2 135.2 

110.7 221.4 

92.7 278.1 

76.3 305.2 
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<V , 

4.5.1 tlA'i1i.flU 1:1 
" . 

flll 'Yl~Cl tl'li1lflu flllll1h flU t191 'j 1 ff1U fll fl~:: fltl UIVtl m:: ~ 111 ~ tl'tl U::lffll tl1lf 11 

'Ut1~'j1ff1U 1:1Irltl')1IUUfl1'j'Yl~Cltl'llfi1'l1l1fl'ff1~U~1J'YlfltlU1'lCl'l'Uti'llf,jflll~1 . . 
folCl fl1l11fl 'j 1::...r 'W 11liil91tll ~ w'] :J'l,flU 11'il,j U~ I~U1,j' tl'ln1J fllll~U 'j:: 1J1J'W1J 'hff 1tl'!l''tItl'l'j ::1J1J 

" 
ijllU 11,r lJ1JlflWh 7 91 Cltl~'lf1'l fll 'j 'Yl~Cltl'l II ff~'l11f111lJlflU~h'll'i'llf lJ~'tI tl'l'j:: 1J1Jijtl~ lJlW lJl fl 

'Wtl~'il::f flll1 fflJ~Cl'tltl ,n::1J1J ,,rtl Q' U fffl11::~llflJ 1:: fflJ ~ 'lll~ fl~ H'il1fl'l1~fl11JfJ lJ~ffltl'!l''tItl'l 
I .... • 

'j ::1J1Jtl'j::lJlW 6.3 IICl:: 'ill flm 1'ri'W1J11m~'j::m U~lUUIIU 11 ,rlJl~lJ ff 'l;iUA'lIl~I~ lJI~u'j::1J1J .. 

JI to' I " " 

n1'1ffl1l1Jtlu '~tltlfl 1'1f~ ':11 IICl::m~'j::mu~lu 1l1fl,rU~'lI~lJCl~~lCl'l11tlU"l 'ilUffU1!~flll'Yl~Cltl'l 

l~tl'l'il1flfllni l'llU 'tItl'lll1Jfll1il u~il91 n1'1fijl'YlU ff1lJl'j Ul1 H1U 1 ~~ ~'l~'lm ~'j:: m U~lfl' tl, ~I flu 
.. JI I I 

IIlf rl 'l'W i1'l'llU fIlU' U I '1fCl c1 t) mi'lf111lJ1 flu ~h ni 'llf lJ~ ijtl~ lJl W I ~ lJ ff 'llJl mum ill fl1J1 l1 U1J n1J .. 
" . 

'I1~fl11JfJlJ ~'l,rU~'ll11 ,,rt191'j1ff1um~'j::mfl~lU~tlf111lJlflU~H'tItl'lt1~'j1ff1U I: 1 ijfi1~lfl11 

. " . 
'W1J11ijtl~lJlWI~ lJ~ 'l;iu 'U'lf1'l1l 'j fl'tltl'lfll'j I~U 'j::1J1J I'Utl'l'il1m::1J1Jijflll UtlflffCl1Uff1'j~U'Yl'l6 

1 lJlCl QCl' If tY,,r flCl1fJ1flu ffll ~U l'I'l61 lJlCl QClI~ fl~ Cl:: Cl1flJ 1 1 ~~ 'ill mf U ~'lij II U 11 U' lJCl~Cl 'l 
..A "" ",", "" 0 '" 0 "" '" .,. _I, " ~ , "' 0 "" " ~ , 

IUtl'l'il1fl~ClU 'Yl'j U~Cl~fll'1flJll'IU 'il::U 1ffll tlU 'Yl'j fl I]J '!I'llJUlIlfCl'lflll1JtlU ff1lf'j 1J '!I'llJUlIlf Cl'l 
I ,JI ," 

'Wi1'l'llUIY;tlfllll'il~tyl~1J 1 ~lIm:: fll'j')ll 'l;'W 1 ~utl~ lJlW n1'1f;1f11'Wl1ln~;iutlUH~mi'itl'lA'lIl~ 

1Umfl'iluiu1!~flll'Yl~Cltl'lijtl~lJlWIl;,n1J 7,590 iiClilil91'j lfltlti~lflUt1~'j1flll~il~n1'1f;lf1l'W 
" 

ff::fflJl'tiln1J 121.0 1 iiClilil9'l'j/f)flJ'tItl'lIl~'l'j::m fll'i''llflJ~ '~'j ::U::I1Cl11~U'j::1J1Jtl'j::lJlW 23 1U 

~ 'llrltllm fl1Jll1fl1Jn1J'I1~f111JfJ lJ'il:: 'W1J11' ~'j ::fl::I1Cl1~ tfu fl11 1 ~U'I1~f111JfJ lJ'il::' ~l1mtl'j ::lJlW 
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ilJt1~',j1ff1lJ 1:4 Fmfll'.i11m1::li' .... U1iil~tl{~H"l ~'llillJilm)U~I~U1,j'tl'ltiUfll'.i 1~h.J',j::uu .... u ,h 

~ltl'lf'\ltl'l',j:: UUl~lJl1~~tl'lijti 1~1 fl'h 7 l~flU'tlU II~ lrl~H~lJ ',j ::UUl~ tlU"l ~ltl'lfflituijIl1l11 U'lJ 

lJlfl w:h 7 'til i M' ~lU~tl fll ',j tl1UfJ lJ fll',j fl~ ~ fi' 1C)f~1fll"" Iii tl'l 11 1 fl tY f111:: ~l11lJl:: tYlJ~ tl 

fll',j 111~tyl~U 1 ~'\Itl'l'~lll1~ UIIUU Htltlflcill1lJtl1',jtlQ~~ltl'lfU',j ::lJlW 6.8- 7.2 ~'ltlll1lJlflfl';h 7 

I~U'lI~flU'tlU 1~ 1I~1Utl1',j ~ 1 6.5 !'V4',j 1::11:: riU&'l fll',j 111~ tyl~U 1 ~'\I tl'lllutllh~ Ufl~~O'1C)fijll1lJ 
(tllJ',j .... ',j ',j W II [)lJl~lJ , 2551) ~ 'l1l~fl~1'l111fl'Y~tl1U fJ lJ~~ltl'lf'\l tl'l',i ::UUU',j:: lJlW 6.3 II~:: 111 fl 

" " 
m 1-n .... U 11m ~ ',j:: 111 U~l UijlllJ 11 U' lJ ~ ~~ 1~ '11 ~ tlU"l l1lJ fflJ ~~ fll ',j 11 ~ ~ tl'l II tY~ '1 11, ~lJ 11 ~ 6 

.. .. 
tY1lJ1',j [) ~tlUtY~lUtYU ~lJ 11~ uiM' lillJ O'1C)ftll{UtllJ 1~tltl fl 1 C)f~ 111 II~:: m~',j::111 U~ 1U ,~~~ 'lll~ 

'1f1'l1l ',j fl'\ltl'lfll',j l~lJ ',j ::UU ~'l'~lJ 11~ Ul1::111fl'.i ~',j ::111 U~lU 1 11 i i'lillJlIl1 ci'l .... it'l'lllJ tll{ UtllJl~tl' i' 
.. 

ilJ fll',j 111~ tyl~U 1 ~1I~::fll',j~l',j 'l~"" ff1lJU~ lJlW tl11lJlillJ~Hfi'll1lJ~""Ul1ijlllJ 11 U'lJ i flalfl U'ltiu 

'Y~ fll ',j11~ ~tl'lll u',j HlJ t1~',j 1 ff1lJ fll fl~:: fltllJlttl fl'.i:: ~ llJ ~ tl'\JU:: I fl'lJ tl1111',j ~lJ "l II~ ::lrltl v.l1U W1 

~1 tl~""ul1iju~lJlW ~~~'ltl~H',j 1~1~ 1 ilJ'1f1'l 16 ilJll'.i fl ~'ltYtl~tl atl'ltiuU~lJ1W '\Itl'lll~'l 

II '\I 1lJ ~tl U~ijlllJ 11 U' lJll4lJ\1 'l~lJII tY~'l11tY1',j ~lJ 11 ~ U~ll1 i)tl111 flfll',j ~tlutYm U'\Itl'l'~lJ 11~ Ul1:: tlQ 

I JI "" 

i lJ ',j U'\Itl'lIl~'l1l'\J1lJ ~tlmillJff1lJ i 11tU 1 ~u11~ lJlW O'1C)f~1m .... liln~;jlJtl~H~tllU tl'l~ 'l1l~ilJll'.i fl 
~ u 

l1lJilJ~~fll',jl1~~tl'lljU~lJlWll'htiu 3,960 ii~~~~',j 11~tlfl~lillJt1~',j1fll',jfl~~O'1C)f~1fll .... tY::tYlJ 

• Q.I ~ ~~ Q.I d ~ 'jI..:::.. Q.I .:k ~ 
111lflU 43.99 lJ~~~~',j /mlJ'\Itl'lIl'\l'l',j::l11t1ml1lJ~ i'lf',j::tI::I1~11~lJ',j::UUU',j::lJlW 26 1lJ C)f'lllJtl 

, " 
1m tl1JllitlU tiu'Y~tl1UfJlJ\'I::""ul1li'',j::tI::l1mlifflJ fll1 1 ~tI'Y~tl1UfJlJ\'I:: li'l1mU',j::lJ1W 32 ilJ 

'

" .. .'sc:" " , ' ''...; _I"" "" ~ "_I W "" IIU U ',j tl tl flC)f 111lJ lJ fllC)ftll ',j UtllJ ~ tl tl fl C)f~ tY 'lllJtl llJ ',j tlU 111 tlU flUtl 'ltllJ ',j:: fltl U'\I tl '1 fll C)flJll1lJ 
~ 

, " 
II~:: djtl 11 ~ 1 ~llJ 1 UlJ llJ;j lJ tl '1 rl U ',j:: fl tlU'\Itl '1 fi'1 C)fij 111lJ i lJ 0' 1C)j'~1 m .... 11 ~:: U~ lJlW flU I n~ 

, ttl , I 

O'1C)fijll1lJ 11:: IV. lJ \1 'l;jlJ lUtl '1 \'I 1 fl '~lJ 11 ~ Ufl~~ 0'1 C)fijll1lJ li ljtlQ ilJ, ~lJ 11 ~ UfltYlJ i i'm ~tl:: ci~ fl 
, , " 

l~tlfll',j 1\'l~tyl~U 1 ~1I~::fl~~O'1C)fijll1lJ ih iM'i1lJ 1lJ'\Itl'l'~lJl1~ Ufl~~O'1C)fijll1lJlV.lJ;jlJ \l'lYl1'M' 
, .. 

u',j ::ffl1~ m .... fll',j ~tltltYmtltYu ~lJ 11~ U1 ulillJ O'1C)fijll1lJlV.lJ;jlJ \'IlJ \1 'l~~ (1~ tlW cti' fJlJ iilJ 11{ 

2544) 
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4.5.5 ImtllJlntllJ'lh::u"ifll't'n!ilfll,)"~i'lfHfll,)Ul..hNU8f1,)1i;i1ufllnf1::nf)UI~f)m::~nl 
A f) 'Uti :: 1ft 11 f) 1 111') 

. .. 
~l f11_h:; ff'YIi tll'W'Ih:J.;'u 'W11 'hOl'j IA lJ'lJU:;lfl"116ll1l'j l1l' 11'Y;W'ti''IJ6~'j:; 1111I~lJ ~ ~;ju 

, .4';' jI Q,I , d' , 1 
(lJlflm1 7 ~m)~fll'j'YI~~6~) I'\HH~lflllJmHYlJ'lJU:;lft'll61111m~1 6~'jlff1lJfIl'j116lJ/ lJ ~'jl~lJ . .. . 

'" "'i ""''''''.1''' "I 1 0 'I ~ '" 1 "'" 
~:;ll1lJl:;fflJlJlflU'I'lJlJ U~:;'j:;1J'IJ'YIlJu'jlJ1W tlJ ~'jI~lJlJlfl'W6~:;'YI1 tl1lfl~ll6lJ lJllJUlJ 

"I" & ~ "'.,1.,1 "_'I '" "'" "I ~ '.1'" ~ , 
t 11f1U 1161lJ ~ C)f~ff1lJ1HHlJlJ Un 1116'j lJ6'1fllJ 'WW'ti''IJ6~'j :;1.11.1 t ~ ff'l ff1lJ u 'j lJ1W f11llJllJlJ~ H .. .. . . 

'ti '1l1lJ~ ff '1~~6~fll'j 'YI~~6~ Ili6lul u11lnu11 fllJ fll'j, ~ol fl~:; fl6lJ IV6 m:;~ ul,Y;u~mh~l~u1 .. 
~ '1U~ lJ1W f11llJlfllJ~l'I'~~l1lJ~~ lJlfl'W6~:; 'lhui' fl'lll fflJ~~'IJ6~'j :;1111 1 11' 6~llJ ff ill1:;~ll1lJl:; fflJ 

~tlOl'jHii~n1C)f;1ill'W 111'11'~iilJ'YI1UffllJl'jt)~lH;'WU~:;I~~tyIA1.1 1~ hl'mhn1~1~1 ;16~ 
, ,J/ I I J/ 

n f\ 1,j ~ lj U ~ lJ 1 W 1 ~ lJ ~ ~;j lJ lli 61 ~ lJ t1 ~ 'j 1 tY 1lJ 'II U:; 1 ft'll6111l 'j 1M' lJ 1 fl;j lJ U fl ,1lJ t1 ~ 'j 1 tY 1lJ 

Olfl~:;fltllJlg6m :;~1'll~tl'llU:;lft'll6ll1U 1:4 ; 16~~f\1,j~lju~lJlW ~~~1~'1 U~:;lrt6lnUlJfl11 
" . • 1'" ... ~ ... ~ ~ 1 "'" 

'l.f~ol 'j 'YI~~ 6~ u'j 11 ff ill'Wl11 6 '1~lJ fll fl~:; fltllJW6 m:; ~ 1'll ~1 Uf111m tllJlI~:; ffl'j ~:; ~ lU C)fl~ UlJ 
.. . 

'!'J~'j tlfl 'C)f~ri6lJ~11iilJOl'j 'YI~~6'1 t1~'j 1tY1lJ m~'j:;111 U41U~tlf11llJlfllJ~H'ti'll1lJ~ljfiHh 

~~tY ~H~' 11''j :;1111ljf111lJlff()U'j~6fll'j Hii~n1C)f;1tll'WlJlflt'l~lJ 1~ut1mltY1lJ m~'j:;111 U~lU~6 
f11llJlfllJ~H.tf ~11lJ~f11nj'6Uflil 0,4 i~~:;l1l' 11' ~~ ;'WI~~ tlUA11 1 ~lm:;1 U~UlJ ffl'j 6lJ 'YIlullJ 'j U 

q ., ... 

" Q,I d 'I ~ jI 0 6] ", , .q a.c:t , ~"'" 
'YI~l1lJ~lJfIllJlflfl1l 0.8 'j:;1111~:;lfl~fftll1:;~lJll1~1 'YIl tl1 lJffllJ1'jt)H~~OlC)f'ti'1tll'W ~6fl 

, add, jI 'd cY d ?I d' J do c:1 <do .£i j} 

ff1lJ fllC)f'ti'1tll'W'YI ~'W111llJfllC)flJl'YIlJllJlJtl'lf1U 'j:; fl61.1 ~ '1'11lJ 1 ~UlJ fllC)flJl'YIlJlJl flt)'l'j tl U~:; 69.99 

.c9 I Q,I ~jI .4 ~ ", CLI 

C)f ~ lJ 1 fl fl11 'l.f~ ol 'j 'YI~ ~6~ U 'j 11 ff ill'W 11.16 'I ~ lJ ol fl~:; fl6lJ W6 m:;~ 1'll ~ 1Uf11llJ 'j 6lJ 'j 1lJ fl11 

ffl'j ~:;~lU 1 C)f1~UlJ h~'j tl fl' C)f~ ri6lJ ~l,iilJ flU 'YI~~6~ 1 ~ UffllJ U mYilJ 6'1 flU 'j :; fl611'116 ~ 

n1C)fljl'YIlJ hH6U~:; 77, 77 u~:;lJlflfl'h'l.f~f111.1fllJ6~l6U~:; 7.69 1 ~u,r1~m fl'IJ6~fll'j Hii~ 

, J/ I , 

u~:;U~ lJlW fll'j ,fi~n1C)fljl'YllJ ~:;I~lJ~ ~;jlJ I'U 6'1 ~l fl ~ iilJ 'YIluHii~ n 1 C)flj 1 'YIlJ n lj6 ~'lJ ~ iilJ 'YI1UHfflJ 

, ~m~6:;ciAflI~6Ol'j 1~~ qJ1A11 1 ~II~:; Hii~ nlC)fljl'Y1lJ 111' 11' ~llJ 1lJ'lJ6~~iilJ'YI1UHii~ nlC)flj''YIlJ 

I " • " 

l~lJ;jlJ i~l1l' 11' U'j:; ff'YI i ill'W flU d6Uff~lU ffl'j 6lJ 'YI1U' U ,fllJ nl C)flj , 'YIlJl~ lJ;jlJ ~lJ ~ ~ ty~ 

qlllifiWttl fllJiilJ'YI{ 2544) ~~JlJ'l.f~Ol'j'YI~~6'1~ljU'j:;ff'YIitll'W~~ty~ fi6 'l.f~Ol'j'YI~~6'1I1U'jfl'lJ 

U~lJlWff:;fflJlJlfl~ty~ (7,590 
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'JI tI " 1 

iJCl~~m /fli' lJ'\lU~l1~~':i ::l"HJl1~l1lJ~) 1 ~U'~':i::u::nCl1f1~~nl'lf;1fll'Yi11~ff'U 23 i'U C)i~U' rWfl11 

I I ell':" .a " " 1~fl1tJfJ lJ 11~ lJ1 flfl111~ fll ':i 'YI~ClU~'1.h tJ tY fll'YH'lHH~'U fllfl~:: mJ'UlUU m ::~1'1:1~1Ufl111J':i U'U 

11lJ fltJ tYl':i Cl:: Cl1U l'IH~UlJ 1 ~~':i Ufl' CIf~ tiu'U~hl'u'U fll':i 'YI~mH 11Cl:: 'YitJ 11tY1lJ1Hltil~~; 1 u~ 

'

' '''' 1 . ~ "'1 "'1"'" " ... ", , ~'UUUfl111~fl1tJfJlJ ~UtY1lJ1Hlfll\1~CIf U~ ~1'YiU~'iUUCl:: 75.00 CIf~'UtJUfl111~fl1tJfJlJUQ 

II "I QI~'" .a ,., ,., 
':i UUCl:: 22.51 l1C\::'UtJUfl111~fll':i 'YI~CltJ~'lh tJtY fll'Yi ltJ tJ~~'U fllfl~:: fltJ'U1UU m::~ 11l~ 1Ufl111J':i U'U 

11 lJflmn ':i Cl::mu 1Clfl~ulJ1~~':iufl 1C1f~titJ'U~11iJ'Ufll':i'YI~CltJ~UQltWCl:: 1.22 ,r~fll'Yi~ 4.13 

OJ , 4 , 
... <I 

tJfl11U'1\tmnfl~ntJ\tW8fl1~~n'fl8"U~It111811111 
,"111,.1f181 

1:0 1:1 1:2 1:3 1:4 

'" 'Yi16'tf 7.57 8.20 8.33 8.50 8.33 

m~'i::1l1U~lu/fl11lJl1'l'U~hnf.:Jl1lJ~ 0.01 0.13 0.05 0.05 0.06 

ij~'i 1 th'UfIlltJtJ'UI' 'U 1 A'i 1\1'U 126.37 22.92 28.35 24.10 36.12 

;ltJ~l~lJ~'U (iJCl~fli'1J/~A'i) 4,680 4,000 3,120 1,840 1,680 

;ltJ~~fh~~ (16UCl~) 96.79 75.00 88.46 75.54 62.50 

11'::' d .! 
'i lJ 1 W '\l tJ.:J 11 '\l.:J 'i:: 111 U 'YI.:Jl1lJ ~ 

55.45 62.72 81.00 89.11 90.02 
(fli'lJ) 

,jC\ ~ d 

'i lJ 1 W fl 1 CIf 'tf 1 ft 1 'Yi ff :: tY lJ 

(iJCl~~A':i) 
5,060 7,590 6,440 5,635 3,960 

'l.J11JlWn1C1fiil'Y1'U (iJCl~~A'i) 3,288 5,312 5,410 3,622 2,486 

~'I.J ~ '" " tJ.:JfI 'i::fl6tJfllCJSlJl'Y1'U ('i6UCl::) 64.99 69.99 84.00 64.28 62.78 
QI C\ ¢I d Q qQ 

6~':i 1fll'iflClAfllCJS'tf1fll'Yi (lJClClClA'i / 

Q,I d ! 9l.25 121.01 79.51 63.24 43.99 
fl'ilJ'\l6.:J11'\l.:J'i::ll1U'YI.:Jl1lJ~) 

QI Q a d .c:::. QQ 

U~ 11 fll'i flClA fllClflJl 'YI'U (lJCl Cl Cl A 'i / 

" 59.30 84.69 66.79 40.65 27.62 
~ ~ '" 

fl'ilJ'\l6.:J11'\l.:J'i::111 U'YI.:Jl1lJ~) 

dQld QI 

'i::U::l1Cl11fltJ flfl'YI1l1lJ1:: tYlJ (1'U) 31 23 23 26 26 
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90 
_ mlllillr)l'Y~'l!)lYli'i;: i'i 1J 
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_ mlllillt1l'yjllm~ (ii aaaVll) 70 
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4000 50 _ 8V11 1rl lHlav.t11<YYlI1ll1 
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40 (ii a aamiflrl"'8~l"'1 
3000 . 

1 ::01 I'I' h'lllWl) 
f 30 _~18itilr11~ 

2000 

~ 20 

1000 
10 

+ 

~81tl1.b:-:r181Jftl<l1jnn! 
0 0 

, 
VI t)'U[J!:1 ft lit) 1 't11'i 

. ... 
'llf)fHlf)1'l'YI~HHH'I1~fi 2 ')h1M'YI'l11111f)1'lllf11t'1'fllYftih)-3~lHllflfl:;fl6lHU6m:;~UI 

~1rJfl11lJ!6'U~f.JW11tJij 125 6-3tY1ICJH\I;rJt'I' lfl'U'l:;rJ!:I1"l 30 'Ulfi Yf!6lJlIf11t'1'fllYf~1rJ 

t'l'l'i":;"lrJi 'lfl~tJlJ 18~'l6fl' 'If~~fl11lJl.u'lJ.u''U! 6rJ":; 2 lfl'U'l:; rJ:;l1m 48 ~1ilJ-3 'l:;ff -3FHl1,rlfi~ 

fll'lf~1tllYf t'I':;t'I'lJlm:;6f1 'llfll'i lfiiltfll'lf~1 fllYf ~ -3 ~ "lilt Il~ fl"'11 -r'h 111' 6-3 flll '1 :; fl611"6-3 fll 'If ih 11'U 

"ilt~l"-3'l'U hJl't1lJl:;t'I'lJ~6fl1nhlJl1.nJ'j:; irJ,rn ~-3fll'lf~1fllYf~'tlllJl1~lfl'UYf"'-3-31'U14'61Yfil-3'~ 
gJ "''''' '" ?t "'. 1 1 ' gJ ,gJ • 'l:;fl6-3lJf)1'1flJl'YI'UllJ'U6-3rlu'l:;fl611 lJ'U6rJfl11'l6rJ":; 50 (Economic and Social CommissIon for 

Q.I~.dlo .d.J I QI , 

Asia and the Pacific, 1984) ilt-3'U'U'l-3'U1fHl'llflf)1'l'YIilt"6-3'11~'YI 3 'If-3Yf11116f1'llt'l'1'Uf)1flfl:;fl6'U 

1~6m:;iltlll~6"rJ:;ltY1I61l1l'i I: I lfl'U6f1'llff1'U ~iifllClf~1fllYft'l':;t'I'lJlm:;6f1'l1 f)1'llfi~fll'lf~1fllYf 
.d '" "'. I "" '" , gJ .J '0 ,.11 gJ ?t 

~ -3'Y1"lilt "":;lJ6-3rlu'l:; fl611"6-3f)1'1flJl'YI'UlJlflfl1l'i 6tJ":; 50 'If -3l't1lJl:; t'l'lJfl6flU'U 1 u ~llJ'U 

"" I I 

1;t61Yf il-3 fl-3U'U f)1 '1 'YI~ "6 -3'11~fi 4 i-31 fl'U f)1'l 'YI~"6 -3'tll f)1 flfl:; fl6'U1U6 m :;~llllJlll f 11t'1' fllYf 

~ " "" .c:s 1 , 0', 0 Q "Q.I 1116-3f1'Uilt1rJrl11lJ'l6'U1l":; t'l'U ,,:;mrJi 'lfl~tJlJ 8ilt'l6 fl 'lfiltfl6'U ~11'U f)1'l 'YIilt"6-3 Yf 'l6lJ ~t'I'lJfl11 

" rJ:;ltYlI61l11'1 1'U6f1'1 1 ff1'U f)1flfl:;fl6'Ul~6m:;iltlll~6"rJ:;ltYlI61'H1'l I: I i ~mhl1'Uilt1,rii1l1lJlW 
"'! gJ .J '" '" , '" , i .1 gJ 

"6-31l"-3'Y1-3l1lJ~'l6rJ":; 4 'If-3lJ6f1'llt'l'1'Utll'l116'Ui 'U fI'lI'il'Uu'l:;lJ1W'l6rJ":; 5 "":;t'I'llJ1H) 
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ti 1'U 1W UllJlW f)lfl~:: fltl'Ulttlm ::~n'tol U"::'\I tI::lf1''toItl11111fi~uil'U Sll1U fl~ 1~1'U f)l1 'YI~"6~' ~ 
~~~11UYi 4.9 

,", I 

f\l'iHn 4.9lhl1Uflfllfl~::fltl'U1U6m::~1'to1U"::'\JtI::lf1''toIt:ll1111n1~'Ufll1'YI~''tl~ 

.. 
'lh11Uflfllfl"::::fltlU "D:::: Ifflltl l111'i . 
mtlfl';j::::~nl (fllll) (fllll) 

26.71 224.65 224.65 

~~lrlmh1l1'U fll1'Y1~"tl~l1"~ \11fl 1 ff1~ fl~1J'fJfl6lh~,,~ 1'U O~l1 U flutl'1 fI"fl111ltll l::M 

<CIt. d'. & ~ Q.ldd iJ QI c::rt. 1..:1 .do i" 
'Yin llJ1~ 61 ~ 1~"l "If ~ llJ'U iJ \1 \1 tI'YIl fl tl1'\J tl ~ fl1J fl n 1~'U 1:: 1J 1J'Yi 1J 11'Yi 1t:l~'\J tl~ 1:: 1J 1J lJ U'U 1 'U lJ .. 
lJlflfl':h 7 ~"6~'1h~f)l1'YI~"6~ 11 ff~~1l1::1J1JiiullJlWm1lJli1'U~h~yj~l1lJ~lJ1fl'Yi6 i~l fl'tol1 

" , .d ,jJ"d, dd 
fflJ ~ "'\Jtl u:: 1J 1J 1 11 tl Q 1 'U ff m 1:: 'YIll1lJ1:: fflJ ~ "If ~U~ fl~ H\11 fl'l1~ f111J fJ lJ 'YI 'Yi 1t:l~'\J6 ~1:: 1J1J 

" , '" "" I • QI 4 <CIt. 0.4 <Q .4 • 

U ,,:: m ~1::1l1 tI~ltl \1 1 fl'U'U \1~lllJ"~~ 1"~1 '.i 6t1"l \1'U ff'U 1l~fll1 'YI~"tl~ 1'U 6~\11flm ~ '.i::1l1 tI~ltl 

~ln~~'U \1::Qfl~ii'U'YIlU1'UO~11 uml1' U1~1'~6f1ii~ f11"lf~1f11'Yi ~~\1::ff ~fI" "H-Wltl~'\Jtl~l::1J1Jl~lJ 
" "" 

ff ~;j'U (7.96-8.33) ff1'U UllJlW f111lJli1'U~h~yj~l1lJ~'Yi1J11 iiu'U 1 i ,rlJ"~~ 1"~1~ ml' tltl l'Utl~\11 fl .. 
"".11"~ "' • .1 • .1" "" '.11""·.ok, 1"'" • Qfl~~ u ~llJ'U1Jnln6'.ifl11JfJlJ'Yi16~'\J6~1::1J1J u 11'U6t1fl11 7 "If~\1::ff~fI" 116~11ff1'U 

m~1::1l1t1~ltl~6f111lJ1i1'U~h~yf~l1lJ~1~ml~~'U u~ufhu1::lJlW 0.15 ~~tl~1'U'lh~~1l1lJl::fflJ~6 
f)l'.i l\1l tyl~1J i ~'\Jtl~~,,~'Yi ih 1 M 1::1J1JUlffOtl1 f11'Yi~ ~~tlfll1m1JfJlJfll1 flii~f11"lf~1m'Yimh~u 

U '.i ::ff'YIi fIl'Yi U"::lrltll;\1l1 W 1~ i 6~'Yi1J 11 iiUllJlW ~ ~ 1l~ 1'U 1'U ~ 3 (8,367 ii"ii fl1 lJ/ii~l) 

1~tl~\11m ::1J1J iifll'.i U6t1ffelltlffl1 fl'U'YIlui lJ1C\ fl" 1 my li1'U ffl1 fl'U 'YIlui lJ 1C\ fl"l~ fl~":: ell tlS1' ~~ 
". . 

\11flU'Ui~uu'U 1 i ,rlJ"~"~ n1tl~\11fl~ii'U'YIlu111ffl'.i fl'U'YIl6'1 UHli1'UUl1ri~'Yi"~~1'U1Y;tlfllHil1 ~ 

~'YiU"::fll1l\1ltyl~1J i~ U~'Yi1J11ff1lJ1Hlfhi~~ i tl~'~"~"~ i~tlfhi~~i 6~'~1-Wtl~!tltl":: 57.70 

~~,r6t1fl11'l1~fll'.i 'YI~"6 ~g'U U"::UllJ1W f11"lf:;1 f11'Yi~ln~~'U 6 U1~~61~tl~~~U~ 1'UU 1 fl\1'U -i'U 1l~ 
fll1'YI~"6~ (l::tI::11"11~'U1::1J1J 25 i'U) iiUllJlWl'yhn1J 14,280 ii"iiii~l 117tlfi~lil'Ufl~'.i1 
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QJ ~fj/ ~ "j/ i "" ~~flU 'YI~mHl1nJ ff fl1l'lllJtl.:j~lJ fl1 fl~ :: fltllJltmm :: ~UI ~1Ufl11lJ':i tllJl1" :: ffU ,,::mu "tf1~UlJ 

, 8~ 'i tl fl , "tf~ II~ U'tl U fl i 1 ~~fl1lJ fJ lJ 11":: ~~ fl1 'i 'YI~" tl.:j ~ fflJ fl1 fl~ :: fl tllJ IttJ m:: ~ HI ti 1J'\lU:: 
, , "'" 

IfI'lItl111U l'i'ltJ.:j~lfl1litJnfli1lJlm::I"tf"~ i "ff1fi~fl1'i 111~UlJ i m .:jff~l.:jlillJlh~l" ilJmQm;.:jI~U1 
'" '" , i " 0' " '" d "'" , , '. I"" 'il::II~fl~1l'llJ1i:: 8 ~'iI~lJtJtlfllJ1~1U 'YI1 11f111lJ~lJl'l1'iI'lm" lJ'i::lJlJ lJ1l1lJ1::fflJ~tlflUIlJMlJ 

m ~ijlJ 'YI1U'lfi1~glJ,..r1 illJ m ~tJ::ci~ fl1~ tJ~n~ n1"tfUI 'YIlJ \1.:j";1'..r tJ.:jfll1'i:: fltJlJ'\ItJ.:jn1"tfUI'YIlJ 

~l'H 1I~'\IU::lfl'lItJ1l1U~~fflJ".:j' l1'lJ'i::lJlJ~::fi1~~ hJ i~'iI~lJ~1U1i~.:j'8 i~'iI~lJ 'l1~n~lillJ .. , , 

n1"tfi1fl1l'l ~nrlJ 'i::lJ lJ\1.:jUfl11lJ~lJl'l1{liu""~~1".:j 1'1 .:j~",..r m ~ijlJ 'YI1Utl fl1l1~UlJlillJ .. 
QQ ~" g d d ~ J 

m~tJ::"tf~fllJ1fl'\llJ tJ.:jfll1'i::fltllJ'\ItJ.:jfl1"tflJI'YIlJ ~.:jIl'llJff .:j'\llJ ~llJ (Converti 1I"::fltU::, 1999) 
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4.7 1'U"UJlJl'YltllJu 1~lI'nlll1~m1 Hafl mOJl" 1I11fHl1n'V~ m'ln~ a 6-3 
, 

.. ...~ d ... 1 <Q, ~ Q, rn d 

fI11Nn 4.10 IU'HJlJl'V1t1lJul~tY'V11illWHll'HHUlnlC)f'lf11l1'YHl1fl,,"ml'V1'Hn)~ 

8f111m1NDfln1'11t11ll'n 
8~~\h::n8U ... • ';T8i\~ri1~~ n1~,,,,r\l1::1't1U1 

I 
tA,nOl 1::u::r;nn&n~ 'U8~1l"~1::I't1U 

alln:: 
n1'11;11ll'n (Dfl1) 

(Dfl1tn1SJ"8~lriI~1::I't1U 
n1'11iltrl\l (!'8ua::) n1'11 (1\l) ,y~'t1SJ~ (n1SJ) (!'8ua::) fl11SJliI\l~1~,y~'t1SJ~ 

,y~'t1SJ~) 

"~fl'lufJSJ (mnfl::n8\l&68n1::~UI) 5.06 0.091 64.99 31 55.45 96.79 0.01 

tJ" J I( ~ n11 1ualll'nIU8~ \lnlnfl::n8\lIU8n1::~n.l 

n8\l~hlil\lm1'r1~a8~ 

- '~fn1lJ!m.J 7.59 0.102 42.20 21 74.32 80.00 0.42 

- 'o&'n'1'H'::n1tJl'11l~tJlJi!ltlHlfii'l1fi' 8.28 0.175 45.23 22 47.25 80.00 0.44 

- , ~fl 11lJ! V \J 1 1lJnu1i'n'1l n::nl tJ 1 'I11~ tJlJ 9.00 0.181 39.37 23 49.84 75 .93 0.43 

illtl1Vn i'l1fi' 

" 
, ~ , 

tlfl11a1\lmnfl::ntl\lIUtln1::~Ulfl8"U::lfI~tll't111 

- 1: 1 7.59 0.121 69.99 23 62.72 75.00 0.13 

- 1:2 6.44 0.080 84.00 23 81.00 88.46 0.05 

- 1:3 5.64 0.063 64.28 26 89.11 75.54 0.05 

- 1:4 3.96 0.044 62.78 26 90.02 62.50 0.06 

tJ" J I( ~ II m1 1ualll'nlUtl~ \lmnfl::n8\lIUvn1::m~ 1U 

n111 ,\'fl11SJ1tl\l;1SJ nual1a::a1U T '111~U SJ'U~1tl n 14.28 0.186 63.33 25 76.79 57.70 0.12 

, ~, 0.-
'II~ntl\l~11\l\lm1'r1~atl~NaSJ"U::lfI~tll't1111: 1 

----------- - -- - ---- - ----- ------
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o "0 
old 1 AlGI ~" ~ " " 1I1fWll'nn'1 4.10 Yi1J 11 fll'.i unJtYft1'YH1Jtl.:J~Ufllfl~::fltlUWtlm::ft11:1ft1Ufl11lJH)U 

~ 1lJfl1JtY1'.i'cl::cnu 1 'lH~UlJ 18ft'.itl fl 1 'lf~fitlm'i11iiu fll'.i 'YIft'cltl.:JtY1lJ1'.i fI~~~ f11'lf;1ft1Yi 1Al1~lJlw 
., . " 
d • 0 4 QI I ..r::S _I~ t:'j.ell .t:::I ~ d 

'YI tY.:J fl11U 1 fll fl~:: fltlU Wtl m::ft 110llJ l~tYlJ fl1J'U U:: lfl'1:Itlll11'.i U~ 11:: lJu '.i lJ1W fll'lflJl'YI U 'YIlflft'UU .. 
I ". JI 

tl1 U 1 U '.i:: 1J1J ~ 1 fl 'h ~.:J11' ullim.l1,j'tl~'U tl.:J n.:J tYtl.:J '11ft fll '.i 'YIft 'cltl.:J lJ 1 ~ tYlJ flU i.:JYi 1J 11tY1lJ1'.i fI ~~ ~ 

f11'lf,h tl1Yi 1 A ~.:J~ tyft~ '11ft fll'.i 'YIft 'cltl.:Jl1 f 1J tY tl1Yi 11ftl.:J~U fl1 fl~:: fltlU 19t1 fl '.i::ft 11:1 A 1 Ufl11lJl' tl U 

~1lJfl1JtY1'.i'cl::cnU 1 'lfl~UlJ 18ft'.itlfl 1'lf~fitlu~11iiu fll'.i'YIft'cltl.:JYil'tllJ~tYlJ'UU::lfl'1:Itl1l11'.i 1: I 

... ov 
~lU190 

"" ., d 
0.52 'cl~'.i/mlJ'Utl.:Ju'U.:J 

Cbulliwan um:flW:: (2005) " • 4 • 

r:I 4 " fll'lflJl'YI'U '.itlU'cl::: 79.5 
U11tYUU1J1J~::fltlU1H 

.q d " ..... Forster-Cameiro U'cl:::flW::: 'U U::: tl U 'YI1 U 11 1 fllJ 'cl H tl U 

(2008) 

Cbunmin lm:::flW::: (2009) 

.Q QI " d 
"11~U 'r1'cl111W (2546) 

" " <C\QI QI d. 

.:J1U111UflHU 

1tY~ll1iitlif.:J1I1fl~'cl 1,j'1Jn~ 
m:::iltl.:J 

: 4 

fl1fl~:::fltlUU11tYU 

11 H1U~il9lm :::ft11:1 mitl.:J 

o 0 " 

41 4 0.11-0.22 'cl1J.lJ./flfl. 'If tlft . 
4 • ., 

'YIfll1lft 

0.157-0.682 ~9I1/flflJ 
r:I 4 " fll'lflJl'YIU 1tlU'cl::: 40.24 

r:I 4 " 
fll'lflJI'YIU 1tlU'cl::: 63.33 

.4 d I .. I Q,I .4" " ", QI 1 4 
fllfl~:: fltlULUtlm:::ft 111 'YI~lU fl1'.i u '.i 1JtYtl1YiI1Jtl.:J~Uft1Ufl11lJ'.i tlU '.i 1lJ fl1J tY1'.i 'cl:::'cl1U 'lflftUlJ 

1 8ft'.i tlfl 1 'lf~ fitlU~11iiu fll1 'YIft'cltl.:JYil' tllJ~tYlJ'U U:::lfl'1:Itl1l11'.i lu t1~ 11 thU fllfl~::: fltlWgtl m ::ft11:1 
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'" 
lh'Hl!fl 1 il1Clfli'lJ F-ltYlJ'tIU::U;Yll~)1'H11 1 filClfl i'lJ "::tY1lJ1H1F-lil~n1C)j';1m""'~1l'hn11 31.79 

il~1 lICl::F-lil~n1C)j'nl'Ylll '~I' .. hn11 20.12 il~1 

nTH i' Ufi 1 1 ~~lU 1 II fln F-lil~ n1C)j';1 m .... " 1 fl f)lfl~:: fl6ll1g6 m ::fl1ll .... 11 'h f)lfl~:: fl6ll1g6 . ,. ,. 
m::fl1ll 1 ~ll ,,::l~f111lJr6ll 22.73 filCl1~~/i11m fifll~llfhl~'YH4nr~iYll 56.83 1Jl't'lllCl::l~ 

tY11Cl::mulC)j'1~UlJ'jiJfl16fl1C)j'fl86.02 filClfli'lJ ~.:Jfifll~llfill~~lUlf.:Jifll 3,440 1Jl't'l1l~tl11~~lU 
~.:Jflril1tY1lJ1H1ClflCl.:J ,~" 1flm::111ll fln F-lil~lg6 m ::fl1ll'tl6.:J 11.:J.:J1llF-lil~ m::fl1llflri6.:J'tI11 

.9 ,. '" 
1 flUtY111fln~.:Jflril1"::6 dlll111tYn Cl::Cl1 uff~h '1l.:J,,::om;lifll flU11h::111 ull166fl "1 fll!lllWfl .. .. .. 
tYn lflihT.:J 2 'JfUfl66fl"lflnll 1 flull1tY1ll11-d.:Jfl~11 1 llHlll,rll~6ll fll1~lJlg611Cl::t)mhlll1-ct.:J 
tY.:Jthifi ~.:J 1 C)j'1~UlJ'jiJfl16fl 'C)j'fl~tY~ti1ifltY1lJn OllllJ1 l~lllfln't'lflCl6.:J'~ tY1llfl11lJr6ll,rll 

,,:: 1~lJl"lfl 1 6l.f1~i~66fltY1J11 U1 flltYlll,rll ~6ll fln ~ lJlg61'1fll nll ~.:JnPtw 11 flUtY ~lfill""6~6 
~ ~ ~ ~ ,. . 

o ... IQI oII:!I" 4-
fll1ll1lJ llJ 111 tY fl 1 .... 1116 .:J~ll fl 1 fl~ :: f16ll1t16 fl 1 ::fl1'101 
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"'" 'lJ'n'n 5 

" 
'il1flfll1 tYfll:l1'lh :::ff'YIi ftl'Yifll1 ~i'i~n1"1f~1ftl'Yi'il1flfllfl~:::m)l.n.l11ffU 1 1 'I ,m.mi'i~ m :::fl111 

fl~tl'l"111tl ~tluiJ'U J'U'YiU11 UffflUfl1'Yifll1 ~i'i~ n1"1f;1fl1'Yi~ U~ miHO''U' tJ~ llHYfl11:::~1~1 'U 

G-' oQrn~ .4 oQ d! fJ} 

5.1.1 tl~11fll1~(I~fll"lf"tl'1ftl'Yi'il1flfllfl~:::fltl'UWtlm:::fl111 tJnJlW"tl'lU"'Im11lJfl1tlU(I::: 4 

Uij~1 1 fll 1 ~i'i~ n1"1f;1ftl'YillilO'u 0.09 i'i~ 1 I flr lJ"tl'lU~'I1:::111 uyf'l11 lJfl 1 flUU n1"1fUl'YI'Ulti'U 

4 d, QI ~ II,., 1iJ " ,., QI " 

wtlm :::fl111'YI ~1'U flU 1.11 Ufffll'VHU tl'l~'U fl1Ufll1 11 tl 11 lJ'jtl'U 'Yi1 tllJtJ1 U ffftl'Yifl1Uff11"::: "lU 

1 "Ifl~UlJ 1 jiJfl 1tlfl' "If~ ff1lJ1Hl ~i'i~ n1"1f;1fl1'Yiff::: fflJ hi'lJl fl~tyfl 111tl flfllti'U ij ~1 1 fl U ~i'i ~ 
t:'I.do , QI oQ QI d ! .t::1W d ?t '" " 
fll"lf"tl'1ftl'Yil'Yl1flU 0.18 (I~1 ImlJ"tl'lU"'I1:::m U'YI'I11lJfl U(I:::lJfll"lflJl'YI'UllJ'Utl'ltltJ1:::fltlU1tlU(I::: 

3 9.3 7 1 flU'YiU 11 tl'lfl'tJ1::: fltlU" tl'ln l"1fUl'YI'U ~ 1 ~u tl U fl11 fll fl ~::: fltl'Ul~tl m::: fl111 ~ 1 1i ~ 1 'U fll 1 tJ r U 

" " " ..." 1" .Q W d QI .Q QI 

ffftl'Yi11Jtl'l~'U U(I::: "tI'1:::U:::l1m~(I~fll"lf"tl'1ftl'Yimff'U 23 1'U 

5.1.3 'il1flfllmtJ1 ~'Uij~1 1tY1'U fllfl~:::fltl'Ul~tlm:::fl111~tl"U:::lfrll tll11 11 4 ij~1 1tY1'U fitl 

101' 4' oCt, 

I: I, 1:2, 1:3 U(I::: 1:4 'YiU11tl~11ff1'Ufllfl~:::fltl'UWtlm:::fl111~tl"U:::lfrlltll11U I : I ff1lJUfI~(I~ 

n1"1f;1ftl'Yiff:::fflJlJ1fl~tyfl l'~hO'u 7,590 iJ(li'ii'i~1 111tlflfllti'Uij~11fllH.,i'i~n1"1f~1fl1'Yil'YhO'u 
'" ~ d :; ,,"''' od ~ "_I" &1" 0.12 (I~1 /mlJ"tl'lu"n:::mU'YI'I11lJfl U":::lJfll"lflJl'YI'UllJ'Utl'ltl1J1:::fltlU1tlU(I::: 69.99 "If'l "tI' 

JI, ., , 

5.1.4 'il1flflU 'YIfl(ltl'lli'l 3 fll1 'YIfl(ltl'ln~l'U lJHh 1lf''YI1 1U11fffl11:::n111lJ1:::fflJntyfln'il::: 

'" <:I od 1" d.4 0 QI .a "1"" ff1lJ11 fI~(I~fll"lf"tl'1fl1'Yi fllJ1fl'YItyfl tltl tl11 lJlUflfllfl~:::fltl'UWtlm :::fl111fl1Ufll1 11tl11lJ'jtl'U 

~tJW11fJiJ 125 tl'lfr11"lf(l1~Uff l1lJO'UffU":::(l1Ul"1fl~UlJ'jiJ~1tlfl1"1f~ tl11lJl,j'lJ,j''U~tlU''::: 2 
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~QI .Qa.ct QI ~ '" rnd 

'il:::l'YilJtl~11fll1 ~(I~fll"lf"tl'1fl1'Yi U(I::: flU ~fflJflU" U:::lfrll tl111 11 'il:::l'YilJtl'ltl tJ'.i::: fltlU"tl'lfll"lflJl'YI'U 
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~ ~ 

l11 100 ij",iinllJ ihJllJlW'tlij"l1~ ,n;"'HlJ~ 4 ij",iinllJ 
~ ~ 

111 1 ii~'i l'Vilil1J 10
6 ij",iinllJ ihJllJ1W'tl6"11~"11"'HlJ~ 4 x 10

6 ij",iinllJ9i6ii~'i 

100 
~ ~ 

1l'l'il::;\l::;ir'U''UmHI~'''6''\l::;ihJllJlW'tl6''U~''11'''HlJ~ "ilil1J 40,000 ij",iinllJ9i6ii~'i 

,y"J'U l1l1J1wmn~::;n6'U,g6m::;~nl~'~''UnnmjnfmJ'''::; 60 'tI6"l1llJ1~ntl"'H]j'n 
" 

5 ii~'i ~6"ijl1llJ1W'tl6"U~"11"'HlJ~ 3 x 40,000 = 120,000 ij",iinllJ 

~ 

l1l1J1W'tI6"U~"11"'HlJ~ 66.46 
~ q ~ ~ ~ q ~ lJ",,,,mlJ \llnmn~::;n6'UW6m::;~nl 100 lJ",,,,mlJ 

~ 

l1llJ1W'tIij"U~"11"'HlJ~ 120,000 ij",iinllJ \llnmn~::;nij'Ul~ijm::;~ll1 

~ 

m::;~11111"'HlJ~11'i::;lJ1W 180.56 nllJ 

120,000 x 100 ij",iinllJ = 180,560 ij",iinllJ 

66.46 
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... .. .. 
'" .. .. ~W'HlJlI m .. "lfll'n ~W'HlJiJ 

.. .. 
'" .. .. m .. "lfll'n 

lUYI 'n10" 
(O~ftll"iU.rnr) (iJi'lDDft1) 

lUYI 'n10" 
(O~ftll"i'lI.(Ja) (iJi'lDDft1) 

1 8.06 31.5 0 21 7.01 30.1 2,760 

2 - - 0 22 - - 2,760 

3 6.20 31.4 115 23 - - 2,760 

4 6.20 31.3 345 24 7.16 31.4 2,875 

5 6.24 31.0 460 25 7.14 29.8 2,990 

6 6.04 30.9 575 26 7.09 30.2 3,220 

7 6.51 28.6 690 27 6.94 31.3 3,565 

8 - - 805 28 7.12 31.5 3,795 

9 - - 805 29 - - 4,370 

to 6.12 30.9 920 30 - - 4,830 

11 6.43 29.8 920 31 7.32 30.7 5,060 

12 6.62 29.8 920 32 7.31 31.0 5,060 

13 6.51 30.3 920 33 7.50 29.6 5,060 

14 6.24 29.3 1,035 34 7.12 29.9 5,060 

15 - - 1,265 35 7.57 30.2 5,060 

16 - - 1,380 

17 6.47 29.9 1,495 

18 6.73 30.7 2,185 

19 6.79 29.9 2,645 

20 7.05 31.8 2,760 

mm.ll't19J 



lIS 

.. . . . . . . . . . . ... ... ... ... ...... ., ... ., ... ., ... . fl'HYI tl'~YI tl1~YI 

X 
., ... 

S.D. 1'UYI 
., .. tl'~YI tl'~YI tl1~YI 

X 1'UYI S.D. 
I 2 3 I 2 3 

3 2,400 2,440 2,400 2,413 23.09 21 2,720 2,720 2,720 2,720 0.00 

5 8,800 8,800 8,800 8,800 0.00 24 7,200 7,200 7,200 7,200 0.00 

7 3,400 3,400 3,480 3,427 46.19 26 3,400 3,440 3,440 3,427 23.09 

10 3,500 3,550 3,550 3,533 28.17 28 1,360 1,400 1,360 1,373 23.09 

12 3,600 3,690 3,600 3,630 51.96 31 350 350 350 350 0.00 

14 850 800 850 833 28.87 33 300 300 250 283 28.87 

17 4,200 4,200 4,200 4,200 0.00 35 200 150 150 167 28.87 

19 3,840 3,840 3,840 3,840 0.00 

. . .. . . .. . . . . ... ... ., ... ...... ...... ., ... ., ... 
., ... tl'~YI tl'~YI tl'~YI 

X 1'UYI S.D. 
... ... tl'~YI tl'~YI tl'~YI -
1'UYI X S.D. 

I 2 3 I 2 3 

3 56,800 56,920 56,840 56,853 61.10 21 57,000 57,050 57,000 57,017 28.87 

5 53,250 53,300 53,250 53,267 28.87 24 77,450 77,450 77,500 77,467 28.87 

7 41,250 41,150 41,200 41,200 50.00 26 49,250 49,300 49,300 49,283 28.87 

10 64,250 64,250 64,350 64,283 57.74 28 50,950 51,000 51,000 50,983 28.87 

12 53,250 53,250 53,200 53,233 28.87 31 54,100 54,150 54,150 54,133 28.87 

14 53,750 53,700 53,750 53,733 28.87 33 51,100 51,100 51,150 51,1l7 28.87 

17 56,600 56,550 56,650 56,600 28.87 35 37,950 37,950 37,900 37,933 28.87 

19 55,700 55,650 55,650 55,667 28.87 
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. . . . . . . . . . . . ., .. ., .. ., .. ., .. ., .. ., .. 
., .. ft1~1I ft1~1I ft1~1I 

X lUll S.D. 
! 2 3 

., .. ft1~1I ft1~1I ft1~1I 

X lUll S.D. 

• 2 3 

3 195 200 200 198 2.87 21 700 700 700 700 0.00 

5 415 410 410 412 2.87 24 955 955 960 957 2.87 

7 1,430 1,435 1,435 1,433 2.87 26 620 630 630 627 5.77 

10 1,005 1,005 1,000 1,003 2.87 28 395 400 395 395 2.87 

12 1,545 1,550 1,550 1,548 2.87 31 345 345 345 345 0.00 

14 1,620 1,630 1,625 1,625 5.00 33 73 73 73 73 0.00 

17 1,670 1,665 1,670 1,665 2.87 35 41 41 41 41 0.00 

19 1,270 1,270 1,270 1,270 0.00 

. " . 
911H:.Ifi 'V-51l~lJlWtl11lJlil'U~hnj.mlJfl'Utl"fl1n91::ntllHUtlm::fllll (jj"ilnflJ/il91'i) (n = 3) 

. . . . . . . . . . .. ., .. ., .. ., .. ., .. ..... ., .. 
., .. ft1~1I tl1~1I tl1~1I 

X lUll S.D. 
., .. tl1~1I ft1~1I ft1~1I 

X lUll S.D. 
t 2 3 • 2 3 

3 1,860 1,850 1,850 1,853 5.77 21 3,010 3,020 3,010 3,013 5.77 

5 1,970 1,980 1,990 1,980 10.00 24 3,450 3,450 3,460 3,453 5.77 

7 3,410 3,420 3,400 3,410 10.00 26 3,500 3,500 3,490 3,497 5.77 

10 2,290 2,280 2,300 2,290 10.00 28 3,340 3,340 3,350 3,343 5.77 

12 3,900 3,890 3,890 3,893 5.77 31 3,310 3,300 3,310 3,307 5.77 

14 3,880 3,880 3,890 3,883 5.77 33 3,260 3,260 3,260 3,260 0.00 

17 3,900 3,900 3,900 3,900 0.00 35 2,830 2,830 2,830 2,830 0.00 

19 3,100 3,100 3,110 3,103 5.77 



117 

fllfl,..U1fl fl 



3 

4 

5 

6 

7 

10 

11 

12 

13 

3 

4 

5 

6 

7 

10 

11 

12 

13 
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" . 
.c:I do _IQ.I 4" 4. "i"" 

~lnnl fl-I 'WW'!f"tl~fll'jlJ':i 'Uff ftl'Wl'Utl~~'U fllfl~::m)'UWtlm ::~1'W~1fJfll':i l1f111lJH)'UUCl~ 

ffn Cl~CllfJ 1 C)fl~fJlJ '8~':itlfl 'C)f~ritl'Uihl'u'Ufllnl~Cltl~ 

6.87 

6.53 

6.63 

6.74 

6.51 

6.90 

7.12 

7.43 

6.96 

Ul'ji;t::i:l1rJ 

l"l~rJlI 

7.53 

6.69 

6.86 

7.01 

6.76 

7.11 

7.92 

8.21 

7.86 

, ... 
1111flU'i.1'l1i1::illrJ 

7.68 

6.83 

6.84 

6.88 

6.81 

7.07 

7.67 

8.08 

7.66 

... .. 
l'U" 

14 

17 

18 

19 

20 

21 

24 

25 

111tlllll-i'8'U 

6.93 

7.00 

6.97 

7.15 

6.95 

7.01 

6.94 

7.81 

. ". 

'i.1'l1il::illrJ 111tlllll-i'8'U 

l"l~rJlI 
, ... 

1lllflU'i.1'l1i1::illrJ 

'Uin8fl'''~ 1"I~rJlI1uR18fl'''~ 

7.22 7.24 

7.26 7.25 

7.27 7.31 

7.46 7.41 

7.34 7.53 

7.31 7.29 

7.25 7.25 

7.36 7.43 

<4 ~ .... Icw 4" .4 jJ i" " 
~l'n.nl fl-2 ~W l1lJlJ"tl~fll':i lJ':i 'Uffftl'Wl'IJtl~~'U fllfl~:: fltl'UWtl m ::~1'W~1fJfll'j l1 f111m tl'UUCl:: 

ffl':i Cl::cnfJ 1 C)fl~fJlJ '8~'j tlfl' C)f~ritl'Uihl'u'U fll':i 'YI~Cltl~ (tl~flllC)fCll~fJff) 

29.4 

30.9 

29.9 

28.4 

30.0 

30.5 

30.1 

30.0 

31.1 

U11i1::illrJ 

l"l~rJlI 

29.2 

30.5 

29.5 

28.3 

30.2 

30.7 

30.5 

30.2 

30.8 

, ... 
1lllflU'i.1'l1i1::illrJ 

29.3 

30.0 

29.5 

28.8 

29.6 

30.3 

30.1 

30.0 

30.3 

. ... .. 
111tlllll-i'8'U l'U" 

14 29.8 

17 28.3 

18 29.5 

19 30.3 

20 31.1 

21 30.8 

24 31.4 

25 31.5 

'i.1'l1i1::illrJ 111tlllll-i'8'U 
, 

1"1~1I 
.... 

1111flUUUiI::illrJ 

1uR18fl'''~ 1"I~rJlI\'R18fl'''~ 

29.6 29.9 

28.3 28.1 

30.1 29.0 

30.3 30.3 

30.9 30.4 

30.7 30.4 

31.6 30.7 

32.1 31.1 
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, ... 
.ct. .... IQ g.d; .... 1 Q.I ..:9 j} 4 Y 

flTan) fl-3 lJ11J1W f)l'lf'lf1.f) l'YHY:: fflJ'U tl.:jf)l1lJ1mHll'YH'lHl.:j~'U f)ln~:: fH)'ULUtl m ::~11l~1t1 

nn ,,rfl11lJ!tl'Uffn~::ftltll 'lfl~tllJ 'iiJ~1tln ''If~fim.!~hl'u'U f)l:j'YI~~tl.:j (iJ~ftft~1) 

'" .. 1,ytl'l11l~8'U 
\T11i;1:::U10 Y .. IHOll 1,ytl'l11l~8'U1'llln1JallU:::U1O 

'l'U" 
\Jil18tl'''~ Y"IHOll\Jil18tl'''~ 

1 805 345 1,200 

2 1,035 690 1,560 

3 1,380 1,265 2,040 

4 1,725 2,070 2,520 

5 2,530 2,875 3,480 

6 3,335 3,565 4,440 

7 3,910 4,255 5,040 

8 4,485 4,945 5,640 

9 5,060 5,405 6,000 

10 5,405 5,865 6,360 

11 5,750 6,210 6,720 

12 6,095 6,555 7,080 

13 6,325 6,900 7,320 

14 6,555 7,130 7,560 

15 6,785 7,360 7,800 

16 7,015 7,590 8,040 

17 7,130 7,820 8,280 

18 7,245 7,935 8,520 

19 7,360 8,050 8,640 

20 7,475 8,165 8,760 

21 7,590 8,165 8,880 

22 7,590 8,280 8,880 

23 7,590 8,280 9,000 

24 7,590 8,280 9,000 

25 7,590 8,280 9,000 
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f11'iH~ ft-4 tJ~ lJ1W Ci 1 tl~1J tl.:J fln tJf'Ufffll'YH iftl.:J~lJ fll fl~::; fltllJlgtl m ::;~ll'tj~1Ufll'j i..r 
f111lJrtllJ1Hl::;ffUCl::;cnu 1'lfl~UlJi8~'jtlfl ''lf~fitllJ~1ll1lJfllnl~Cltl.:J (iJClilflf1J/il~'j) (n = 3) 

.. . 
_I"" 4 SI 4 " " 

fll'iu'ilJa.fl1't'tllJtl~f1llfllflfl:::fltllll[ltlfl'i:::~nl~1fJft11)J'itlll 

· . · . · . · . · . · . ., .. ., .. ., .. 
., .. fll.:aYl fll.:aYl fll.:aYl 

X 'll.lYl S.D. 
1 2 3 

., .. ., .. ., .. 
., .. m.:aYl fll.:aYl fl'HYI 

X 'll.lYl S.D. 
1 2 3 

3 4,200 4,300 4,300 4,267 57.74 14 4,600 4,500 4,500 4,533 57.74 

5 3,300 3,200 3,300 3,267 57.74 17 3,100 3,100 3,100 3,100 0.00 

7 3,960 3,870 3,870 3,900 51.96 19 1,600 1,700 1,700 1,667 57.74 

10 4,700 4,700 4,600 4,667 57.74 21 1,080 1,080 1,080 1,080 0.00 

12 5,300 5,300 5,300 5,300 0.00 24 900 800 800 833 57.74 

· . · . · . · . · . · . ., .. .., .. ., .. ., .. ., .. ., .. 
., .. m.:aYl fll.:aYl m.:aYl 

X 'll.lYl S.D. 
., .. fll.:aYl fll.:aYl fll.:aYl 
'll.lYl X S.D. 

1 2 3 1 2 3 

3 5,600 5,700 5,700 5,700 57.74 14 5,700 5,800 5,800 5,767 57.74 

5 4,100 4,000 4,000 4,033 57.74 17 3,500 3,600 3,600 3,567 57.74 

7 4,860 4,770 4,860 4,830 57.74 19 2,700 2,700 2,800 2,733 57.74 

10 6,100 6,100 6,100 6,100 0.00 21 2,520 2,520 2,520 2,520 0.00 

12 6,300 6,300 6,300 6,300 0.00 24 1,000 1,000 1,000 1,000 0.00 

.. . 
_I u .4" 4 " ", u 1 ... 

fll 'i u'i lJ tJ ill 'WllJ tl~f1ll fllflfl::: fltl lllfJ tl fl 'i:::~ HI ~ 1fJ ft11)J'i tl II 'i 1)J fllJ tJl 'i il::: ill fJ .1~fJ)J 

'eJ~'itlfl'.~ 

· . · . · . · . · . · . ., .. ., .. ., .. 
., .. fll.:aYl fll.:aYl fll.:aYl 
'll.lYl X S.D. 

1 2 3 

., .. ., .. ., .. 
fll.:aYl fll.:aYl m.:aYl ., .. 

X S.D. 'll.lYl 
1 2 3 

3 6,700 6,700 6,700 6,700 0.00 14 6,500 6,500 6,500 6,500 0.00 

5 5,000 5,000 5,000 5,000 0.00 17 5,000 5,000 5,000 5,000 0.00 

7 5,310 5,310 5,310 5,310 0.00 19 2,700 2,700 2,700 2,700 0.00 

10 7,100 7,000 7,100 7,033 57.74 21 2,700 2,790 2,790 2,760 51.96 

12 7,500 7,500 7,600 7,533 57.74 24 1,300 1,400 1,400 1,367 57.74 
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" 0 .c:t. .... IQ d ... I 41 ~ iI 4:!t " 
flln~n fl-5 lJ 'j" lJ1W ~ tl.:JlI ~.:JlI ~ 111" tl U~ tl.:J fil'j" lJ 'j" 'IJ ff fll'VH'lJtl.:J ~ll fil fl ~ ~ fltllllUtl m ~~ 111~ 1 U 

fil'j" 1M' f111lJ1 tlllll"~ff1'J"~ "1 U i c)H~UlJ 1 ~~'j" tl fl 1 "lf~ ntlll~ WUll fil'j" 'YI~"tl.:J (li "ftfli' lJ!ft~ 'j") 

(n = 3) 
.. 0 

.... IU' 4." 4. " " 
fll'.ilJ'.iUlr.flll'Uutl'lfll.!fllflfl:::flOl.!ltIOfl'.i:::~nl~1t1fl1l)J'.i0l.! 

.. 0 .. 0 .. 0 .. . .. . ... 
001 4 0014 0014 0014 0014 0014 

001 4 
fl'UYI fl'.:.IYI fl1.:.1Y1 

X l'UYI S.D. 
001 4 fl'.:.IYI fl'.:.IYI fl'.:.IYI 

X l'UYI S.D. 
1 2 3 1 2 3 

3 47,900 47,850 47,850 47,867 28.87 14 61,000 61,000 60,950 60,983 28.87 

5 43,850 43,800 43,850 43,833 28.87 17 53,000 53,000 53,050 53,017 28.87 

7 52,450 52,400 52,450 52,433 28.87 19 55,800 55,800 55,850 55,817 28.87 

10 50,050 50,000 50,000 50,017 28.87 21 43,600 43,600 43,600 43,600 0.00 

12 49,050 49,050 49,050 49,050 0.00 24 47,850 47,850 47,850 47,850 0.00 

.. . .. . .. . ... .. . .. . 
001 4 0014 0014 0014 001 .. 0014 

001 .. 
fl'.:.IYI fl'.:.IYI fl'.:.IYI 

l'UYI X S.D. 
001 4 fl'.:.IYI fl'.:.IYI fl'.:.IYI -
l'UYI X S.D. 

1 2 3 • 2 3 

3 43,450 43,450 43,450 43,450 0.00 14 59,500 59,450 59,450 59,467 28.87 

5 40,700 40,700 40,700 40,700 0.00 17 50,850 50,850 50,850 50,850 0.00 

7 45,100 45,050 45,050 45,067 28.87 19 42,550 42,500 42,550 42,533 28.87 

10 45,850 45,800 45,800 45,817 28.87 21 39,100 39,100 39,100 39,100 0.00 

12 45,200 45,200 45,250 45,217 28.87 24 39,550 39,550 39,550 39,550 0.00 

.. . 
_IV 4" 4 " ", 11.1 ~ .cs 

fll'.i lJ '.i U tI.fll 'rilll 0'1 fll.! fllflfl::: flO l.!ItI 0 fl '.i:::~ 1 'Y~ ltlfl1l)J1 0 l.! n)J flU til 1 i:'l::: i:'ll tI'''I1 ~tI)J 

'~~10fl'''~ 

.. . .. . ... 
001 .. 001" .,4 

., .. fl'.:.IYI fl'.:.IYI fl'.:.IYI 
l'UYI X S.D. 

001 .. 
.. . .. . .. . 
001" 

fl1.:.1ij 2 fl1.:.1ij 3 X S.D. l'UYI fl1.:.1Y11 
1 2 3 

3 35,050 35,050 35,050 35,050 0.00 14 129,550 129,500 129,500 129,517 28.87 

5 70,450 70,450 70,500 70,467 28.87 17 60,250 60,250 60,300 60,267 28.87 

7 89,900 89,900 89,850 89,883 28.87 19 58,100 58,150 58,150 58,l33 28.87 

10 78,950 78,950 78,950 78,950 0.00 21 49,450 49,450 49,500 49,467 28.87 

12 68,150 68,150 68,150 68,150 0.00 24 52,000 52,000 52,050 52,017 28.87 



.t 
91l'n~ n fl-6 

(n = 3) .. . 
1.1 '" 4 II 4 " JI fllj jmr.fl1YiIlJt)~91\1fllflft::flt)\llDt)flj::RnIR1Dfl1nnt)\I 

.. . ... .. . ... ., .. ., .. ., .. ., .. 
., .. tn~n ft1~TI ft1~TI 

X 'lOUTl S.D. 
., .. fl1~TI 

'lOUTl 

• 2 3 t 

3 1,690 1,690 1,695 1,692 2.89 14 910 

5 1,825 1,825 1,825 1,825 0.00 17 755 

7 1,725 1,725 1,725 1,725 0.00 19 555 

10 1,350 1,350 1,355 1,352 2.89 21 350 

12 1,110 1,110 1,105 1,108 2.89 24 275 

.. . .. . .. . .. . ., .. ., .. ., .. ., .. 
., .. fl1~TI fl1~TI fl1~TI 

X 'lOUTl S.D. 
., .. fl1~TI 

'lOUTl 
t 2 3 • 

3 1,750 1,750 1,755 1,752 2.89 14 1,100 

5 1,900 1,900 1,895 1,898 2.89 17 950 

7 1,750 1,755 1,755 1,753 2.89 19 805 

10 1,550 1,555 1,550 1,552 2.89 21 675 

12 1,330 1,325 1,325 1,327 2.89 24 600 

.. . 

]22 

.. . .. . ., .. ., .. 
fl1~TI fl1~TI 

X S.D. 
2 3 

905 905 907 2.89 

750 755 753 2.89 

550 550 552 2.89 

350 350 350 0.00 

275 275 275 0.00 

... .. . ., ... ., .. 
fl1~TI fl1~TI 

X S.D. 
2 3 

1,100 1,105 1,102 2.89 

950 955 952 2.89 

805 805 805 0.00 

675 675 675 0.00 

605 605 603 2.89 

_I v 4" 4 " ", cv 1 ... fllj 1J j U tT fl1YiItJ t) ~ 91\1 fl1fl ft:: flt) \lID tl fl j:: R HI R 1D fl11 J.Jj t) \I j 1 J.J flU tTl j il:: ill D .1~D J.J 

'eJ~jtlfl'.~ 

.. . .. . .. . ... .. . .. . ., .. ., .. ., .. ., .. ., .. ., .. 
., .. fl1~TI fl1~TI fl1~TI 

'lOUTl X S.D. 
., .. fl1~TI fl1~TI fl1~TI 

X 'lOUTl S.D. 
t 2 3 t 2 3 

3 2,060 2,055 2,055 2,057 2.89 14 1,400 1,400 1,400 1,400 0.00 

5 2,325 2,325 2,325 2,325 0.00 17 1,250 1,250 1,250 1,250 0.00 

7 2,150 2,150 2,150 2,150 0.00 19 1,050 1,055 1,055 1,053 2.89 

10 1,800 1,805 1,805 1,803 2.89 21 760 765 760 762 2.89 

12 1,650 1,650 1,650 1,650 0.00 24 625 625 625 625 0.00 
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, jJ 'jJ I 

.,. - I'" ~ , '" _ 1 '" "I" "I " 
fl1H,'IYI fl-7 lJ'jlJlWfll1lJllJU~1~VI~'HlJ~'\l6~fll'jlJ'jlJfffl1"'UlJ6~~Ufllfl~~fl6UW6m~~111~lU 

flU 1 11' fll1lJf6UUCl~ff1HI~Cl1U 1 "lfl~UlJ h'~'j6fl '''lf~ri6w;h1l1u fll'j VI~Cl6~ (1iCli1fli'lJ /i1~ 'j) 

(n = 3) 

. . . . . . . . . . . . ., .. ., .. ., .. ., .. ., .. ., .. 
., .. tn~YI tl1~YI tl1~YI 

X 'l'UYI S.D. 
., .. tl1~YI tl1~YI tl1~YI 

X 'l'UYI S.D. 
1 2 3 1 2 3 

3 7,670 7,660 7,660 7,663 5.77 14 3,090 3,090 3,100 3,093 5.77 

5 8,990 9,000 9,000 8,997 5.77 17 2,400 2,400 2,400 2,400 0.00 

7 8,500 8,500 8,500 8,500 0.00 19 1,600 1,600 1,600 1,600 0.00 

10 5,850 5,850 5,850 5,850 0.00 21 900 900 900 900 0.00 

12 3,900 3,900 3,900 3,900 0.00 24 650 650 650 650 0.00 

. . . . . . .. . . . . ., .. ., .. ., .. ., .. ., .. ., .. . tl1~YI tl1~YI tl1~YI 

X ., .. 
S.D. 'l'UYI 

., .. tl1~YI tl1~YI tl1~YI 

X 'l'UYI S.D. 
} 2 3 1 2 3 

3 8,680 8,690 8,680 8,683 5.77 14 5,060 5,050 5,050 5,053 5.77 

5 10,300 10,290 10,300 10,297 5.77 17 3,540 3,550 3,550 3,547 5.77 

7 10,110 10,100 10,100 10,103 5.77 19 2,550 2,550 2,550 2,550 0.00 

10 7,900 7,900 7,890 7,897 5.77 21 1,700 1,700 1,700 1,700 0.00 

12 6,420 6,420 6,410 6,417 5.77 24 1,360 1,370 1,360 1,363 5.77 

. . 
_IIV 4 V 4 " ", u ~ ~ 

fl1 "j lJ "j 11 tI .fl1'n 111 tl ~ flU fl1flfl:: fltl lHrJtl fl"j ~ ~ 1 'Y ~ 1rJfl11lJ"j tl U "j 1lJ flll til "j il:: il1rJ I "It ~rJ lJ 

'eJ~"jtlfl'''I~ 

. . . . . . . . . . . . 
'" .. ., .. ., .. ., .. ., .. ., .. 

., .. tl1~YI tl1~YI tl1~YI 

l'UYI X S.D. 
tl1'1Y1 tl1~YI tl1~YI ., .. X S.D. 'l'UYI 

} 2 3 } 2 3 

3 8,800 8,810 8,810 8,807 5.77 14 6,400 6,400 6,410 6,403 5.77 

5 12,600 12,590 12,590 12,593 5.77 17 5,050 5,050 5,050 5,050 0.00 

7 11,500 11,500 11,500 11,500 0.00 19 3,150 3,150 3,150 3,150 0.00 

10 9,200 9,210 9,210 9,207 5.77 21 2,200 2,200 2,200 2,200 0.00 

12 7,850 7,850 7,850 7,850 0.00 24 1,450 1,440 1,450 1,447 5.77 
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ftlflN'Ulfl .:.J 
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. ., .. 
1\'!Y! 1:1 1:2 1:3 1:4 

., .. 
1\'!Y! ]:1 1:2 1:3 1:4 

1 7.75 7.05 6.94 6.55 16 8.15 8.28 8.16 7.95 

2 7.88 8.08 7.88 7.25 19 7.98 8.13 7.94 7.80 

5 7.84 7.55 7.61 7.12 20 7.95 7.78 7.70 7.57 

6 7.96 7.07 7.13 6.81 21 7.92 8.13 8.27 7.99 

7 8.26 7.59 7.62 7.25 22 8.03 7.83 7.80 7.76 

8 8.39 7.24 7.37 7.28 23 7.83 8.59 8.61 8.31 

9 7.62 7.76 7.83 7.74 26 7.74 8.21 8.13 8.01 

12 7.79 7.72 7.67 7.52 27 7.93 7.83 8.01 7.80 

13 7.64 7.29 7.22 7.07 28 8.04 8.21 8.29 8.14 

14 7.98 7.93 7.75 7.67 29 8.12 7.83 7.95 7.74 

15 7.61 7.56 7.31 7.12 30 8.20 8.33 8.50 8.33 

Vll'il~~ ~-2 ~W l1 fJij,Jt)~fl11l11.h ~\Hi~llti1lHll fl~:: flt)lH~t) m ::~1'joJ~t)'\lV::lfnH)11111 (t)~rYl 

l<)fcuCimY) 

., .. 
1\'!Y! 1:1 1:2 1:3 1:4 

., .. 
1\'!Y! 1:1 1:2 1:3 1:4 

1 29.5 31.3 32.3 31.9 16 30.5 29.6 29.8 29.8 

2 30.9 30.9 30.6 30.9 19 29.3 30.2 30.3 30.1 

5 30.6 30.7 30.6 31.1 20 30.1 32.2 32.0 31.5 

6 29.5 32.5 31.8 31.3 21 30.7 29.8 29.8 29.6 

7 27.4 29.2 29.2 29.1 22 31.2 32.6 32.3 32.0 

8 27.9 32.2 31.7 30.9 23 31.3 30.3 29.9 30.3 

9 29.3 29.2 29.0 29.5 26 31.5 30.5 30.5 30.7 

12 28.4 30.0 30.1 30.1 27 30.2 32.7 32.4 32.2 

13 29.5 30.8 30.4 30.1 28 30.5 30.2 30.6 30.9 

14 29.7 28.4 28.0 28.3 29 31.1 31.5 31.3 31.4 

15 30.5 31.0 30.7 30.3 30 30.9 28.8 29.0 29.3 
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~l"iH~ .:1-3 ,jl1JlWnl9f;'Ul1'Wff::fflJ'\Iij"f11'Hl,j'j~U6~'jl'ff1Uf11fl~::m)lugijm::~1l:1~ij 

'IHJ::lfll:lij111n (iJCl~ft~'j) 

., .. 
l'UYI 1:1 1:2 1:3 1:4 

1 230 1,265 345 120 

2 460 1,265 345 120 

3 805 1,265 345 120 

4 1,035 1,265 345 120 

5 1,610 1,265 345 120 

6 2,185 1,265 345 120 

7 2,530 1,265 345 120 

8 3,105 1,380 460 240 

9 3,565 1,610 575 360 

10 4,370 1,840 690 480 

11 5,060 2,415 1,150 600 

12 5,865 2,990 1,610 840 

13 6,440 3,565 2,070 960 

14 6,785 4,140 2,530 1,080 

15 7,015 4,600 2,875 1,200 

16 7,245 5,060 3,220 1,320 

17 7,245 5,520 3,565 1,440 

18 7,360 5,865 3,795 1,560 

19 7,360 6,095 4,255 2,160 

20 7,475 6,095 4,600 2,520 

21 7,475 6,210 4,945 2,880 

22 7,475 6,325 5,175 3,240 

23 7,590 6,440 5,405 3,480 

24 7,590 6,440 5,520 3,600 

25 7,590 6,440 5,520 3,720 

26 7,590 6,440 5,635 3,960 

27 7,590 6,440 5,635 3,960 

28 7,590 6,440 5,635 3,960 

29 7,590 6,440 5,635 3,960 

30 7,590 6,440 5,635 3,960 
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. . . . . . . . . . . . ..... ... .. ..... ..... ... .. ... .. . tll'1f1 tl1'1f1 tll'1f1 

X ... .. 
S.D. l'UfI 

... .. tll'1f1 tll'1f1 tl1'1f1 

X l'UfI S.D. 
] 2 3 • 2 3 

2 5,800 5,900 5,900 5,867 57.74 19 5,850 5,850 5,850 5,850 0.00 

5 2,700 2,700 2,700 2,700 0.00 21 5,040 5, 130 5,130 5,100 51.96 

7 3,690 3,690 3,690 3,690 0.00 24 4,100 4,000 4,000 4,033 57.74 

9 4,410 4,410 4,500 4,440 51.96 26 3,000 3,000 3,000 3,000 0.00 

12 3,400 3,300 3,400 3,367 57.74 28 2,500 2,500 2,500 2,500 0.00 

14 3,500 3,500 3,500 3,500 0.00 30 1,000 1, 100 1,000 1,033 57.74 

16 2,100 2,100 2,100 2,100 0.00 

u, 4 , 
f)A'lliJ1Ufl1flA~flf)Ultlf)fl'l~~1'YAf)"[J~lft'Yf)1't11'l 1:2 

. . . . . . . . .. . . ..... ... .. ..... ... .. ... .. ... .. . tl1'1f1 tl1'1f1 tl1'1f1 

X ... .. 
S.D. l'UfI 

... .. tll'1f1 tl1'1f1 tl1'1f1 

X l'UfI S.D. 

• 2 3 t 2 3 

2 3,600 3,600 3,600 3,600 0.00 19 1,620 1,710 1,710 1,680 51.96 

5 2,660 2,590 2,660 2,637 40.41 21 1,200 1,200 1,300 1,233 57.74 

7 2,790 2,700 2,790 2,760 51.96 23 630 630 630 630 0.00 

9 2,900 2,900 2,900 2,900 0.00 26 270 270 180 240 51.96 

12 2,000 1,900 2,000 1,967 57.74 28 270 360 360 330 51.96 

14 2,500 2,500 2,500 2,500 0.00 30 270 360 360 330 51.96 

16 500 600 500 533 57.74 
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~l'iH~ -.'1-4 tJ11J1Wc;i6~"6.,'jf)1mlhfh.Hr~11ti1'Uf)1fl~~flmH~6m~~11l~6"tI~lfl"W61'H11 
(iiCliiflf1J/ii~l) (n = 3) (~6) 

. QJ' 4 , 
t)mli;J11Hllfl~:::flt)UlfJt)fl'i:::Al'Yflt)"lJ:::ltnlt)1'H1'i 1:3 

. . . . .. 
"' .. '" .. "' ... ...... fl1.:J" fl1.:J" fl'U" 

X 1lt" S.D. 
I 2 3 

. . . . . . ., ... ., .. ., ... 
., ... fI'H" fl1.:J" fl1.:J" 

X llt" S.D. 
I 2 3 

2 4,500 4,500 4,500 4,500 0.00 19 2,520 2,610 2,520 2,550 51.96 

5 3,780 3,850 3,850 3,827 40.41 21 1,800 1,900 1,900 1,867 57.74 

7 3,420 3,510 3,420 3,450 51.96 23 810 810 810 810 0.00 

9 2,300 2,300 2,300 2,300 0.00 26 360 270 360 330 51.96 

12 5,000 5,000 5,000 5,000 0.00 28 360 450 450 420 51.96 

14 3,500 3,500 3,500 3,500 0.00 30 450 450 540 480 51.96 

16 1 ,200 1 ,300 1,300 1,267 57.74 

. . . . . . . . . . .. 
"' ... ., ... ., ... ., .. ... .. ... ... 

., .. fI'U" fI'U" fl1.:J" 

X 1lt" S.D. 
I 2 3 

fl'U" fl1.:J" fl'U" 

X ., .. 
S.D. llt" 

I 2 3 

2 6,300 6,300 6,300 6,300 0.00 19 1,710 1,710 1,710 1,710 0.00 

5 2,380 2,380 2,310 2,357 40.41 21 2,200 2,200 2,100 2,167 57.74 

7 3,600 3,600 3,600 3,600 0.00 23 630 540 540 570 51.96 

9 2,400 2,400 2,400 2,400 0.00 26 450 450 540 480 51.96 

12 4,000 4,000 4,000 4,000 0.00 28 630 630 630 630 0.00 

14 2,500 2,500 2,500 2,500 0.00 30 630 630 630 630 0.00 

16 400 400 500 433 57.74 



129 

Al'n:J~ -3-5 1111J1W"tl.:jU~.:jU"1,\HHHl"tl.:jf11 'Hl'thFhH)~'jlthUf11f)~:;fHllHttlm:;~1'll~tl 

'UtI:;lfl'lltlll11':i (iJ"~f)i'lJ/~~'j) (n = 3) 

.. . . . . . . .. . . 
"' .. ..... ..... "' .. ... .. ... .. . ftl~TI ftl~TI ftl~TI 

X '" .. S.D. l'UTI '" .. ftl~TI ftl~TI ftl~TI -
l'UTI X S.D. 

t 2 3 t 2 3 

2 57,250 57,300 57,250 57,267 28.87 19 49,800 49,800 49,850 49,817 28.87 

5 35,300 35,300 35,300 35,300 0.00 21 51,850 51,850 51,850 51,850 0.00 

7 42,950 42,950 43,000 42,967 28.87 24 47,500 47,500 47,450 47,483 28.87 

9 49,000 48,950 49,000 48,983 28.87 26 45,700 45,650 45,650 45,667 28.87 

12 48,100 48,050 48, I 00 48,083 28.87 28 41,200 41,250 41,200 41,217 28.87 

14 58,lOO 58,150 58,100 58,117 28.87 30 38,700 38,650 38,700 38,683 28.87 

16 57,550 57,550 57,550 57,550 0.00 

. 
u' 4 , 
8A,)liJlltfl1fl9l:;fl8ltItl8fl"i:;~n'Y9I8"fJ:;lft'Y81'tn'j 1:2 

. . . . . . . . . . .. ..... ..... "' .. "' .. '" .. '" .. 
'" .. ftl~TI ftl~TI ftl~TI 

X l'UTI S.D. '" .. ftl~TI ftl~TI ftl~TI 

X l'UTI S.D. 
1 2 3 t 2 3 

2 16,200 16,150 16,150 16,167 28.87 19 15,800 15,750 15,750 15,767 28.87 

5 14,400 14,400 14,400 14,400 0.00 21 14,550 14,600 14,550 14,567 28.87 

7 22,500 22,500 22,500 22,500 0.00 23 14,950 14,950 14,900 14,933 28.87 

9 16,200 16,150 16,150 16,167 28.87 26 15,900 15,900 15,900 15,900 0.00 

12 16,000 16,000 16,050 16,017 28.87 28 16,000 16,000 15,950 15,983 28.87 

14 15,600 15,600 15,550 15,583 28.87 30 13,800 13,800 13,800 13,800 0.00 

16 18,600 18,600 18,550 18,583 28.87 
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A1H.:In -.:1-5 t.l11J1W'llf)~1l~~1l'll1'H'f)f.l'llf)~fl1mlhfhH1~11thlHllfl~:::ml'Ul~f)m:::~111~f) 

'Ilf.l:::lf1'llfl1l1U (iJtlftflf1J/ft~l) (n = 3) (~f) 

. IV' 4 , 
aA'iUn'Ufl1flA::fla'U1tIafl'i:::~n'YAa'UtI:::It1'Y61't11'i 1:3 

. . . . . . . . . . . . ., .. ., .. ., .. 
., .. tl'HlI tl1"1I tl1"1I 

X lUll S.D. 

., .. ., .. ., .. 
., .. tl1"1I tll"lI tl1"1I 

X lUll S.D. 
I 2 3 I 2 3 

2 14,650 14,650 14,650 14,650 0.00 19 16,700 16,750 16,750 16,733 28.87 

5 12,050 12,050 12,050 12,050 0.00 21 14,400 14,400 14,350 14,383 28.87 

7 19,750 19,750 19,750 19,750 0.00 23 15,200 15,200 15,150 15,183 28.87 

9 13,350 13,350 13,350 13,350 0.00 26 11,700 Jl,700 11,700 11,700 0.00 

12 14,550 14,600 14,550 14,567 28.87 28 13,500 13,500 13,500 13,500 0.00 

14 18,000 18,050 18,000 18,017 28.87 30 12,050 12,000 12,000 12,017 28.87 

16 17,050 17,050 17,050 17,050 0.00 

. IV' 4 , 
6A'ili;T1'Ufl1flA::fla'U1tIafl'i::~1'YAa'lltl:::It1'Y61't11'i 1:4 

. . . . .. . . . . .. 
"' .. ., .. ., .. ., .. ., .. ., .. 

., .. tl1"1I tl1"1I tl1"1I 

X lUll S.D. 
., .. tl1"1I tl1"1I tl1"1I 

X lUll S.D. 
I 2 3 I 2 3 

2 12, 700 12,700 12,700 12,700 0.00 19 15,900 15,950 15,900 15,917 28.87 

5 11,150 11,100 11,100 11,117 28.87 21 14,450 14,450 14,500 14,467 28.87 

7 12,850 12,850 12,850 12,850 0.00 23 12,450 12,450 12,450 12,450 0.00 

9 12,700 12,700 12,700 12,700 0.00 26 12,600 12,550 12,600 12,583 28.87 

12 13,100 13,100 13,100 13,100 0.00 28 12,500 12,500 12,550 12,517 28.87 

14 14,850 14,850 14,900 14,867 28.87 30 12,550 12,550 12,550 12,550 0.00 

16 20,900 20,900 20,900 20,900 0.00 
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fl1'l1-3n 'J-6 1H lJlW n 'Hl 'i~ IlHJ~lll'IJtH fll'i m.h ~'\.Hi~'i lff1'\.Jnl n~ ~nf.)'UI~f.) m ~~ III ~f.) 

'lJlI~lfYllf.)ll1l'i (ij"iinflJ/ii~'i) (n = 3) 

. 
v I 4 I 

tlfl'lltT1'Ufl1nfl~ntl'UlDtlft'l~~111f1tl .. tI~lt1l1tl1'H1'l 1: 1 

. . . . . . . . .. . . 
OJ .. OJ .. " .. . ftnn ft'~YI ft'~YI 

X " .. S.D. lUYI 
t 2 3 

" .. " ... " .. 
" .. ft'~YI ft'~YI ft'~YI 

X lUYI S.D. 

• 2 3 

2 1,250 1,250 1,250 1,250 0.00 19 3,495 3,500 3,500 3,498 2.89 

5 2,580 2,575 2,575 2,577 2.89 21 4,105 4,100 4,100 4,102 2.89 

7 2,245 2,240 2,240 2,242 2.89 24 3,855 3,855 3,860 3,857 2.89 

9 2,750 2,750 2,750 2,750 0.00 26 3,305 3,300 3,300 3,302 2.89 

12 2,450 2,445 2,450 2,448 2.89 28 2,550 2,550 2,550 2,550 0.00 

14 3,425 3,425 3,425 3,425 0.00 30 2,245 2,245 2,240 2,243 2.89 

16 3,100 3,100 3,100 3,100 0.00 

u r 4 , 
tlfl'lltT1'Ufl1nfl~ntl'UlDtlft'l~~111f1tl .. tI~lt1l1tl1't11'l 1:2 

. . .. . . . . . . . . ., .. OJ" OJ .. OJ" ., .. OJ ... 

., ... ft'~YI ft'~YI ft'~YI 

X lUYI S.D. 
., .. ft'HYI ft'HYI ft'~YI 

X lUYI S.D. 

• 2 3 ] 2 3 

2 1,900 1,900 1,900 1,900 0.00 19 245 240 240 242 2.89 

5 1,880 1,880 1,875 1,878 2.89 21 165 170 165 167 2.89 

7 1,935 1,930 1,930 1,932 2.89 23 100 100 100 100 0.00 

9 1,605 1,600 1,600 1,602 2.89 26 100 100 100 100 0.00 

12 1,550 1,550 1,550 1,550 0.00 28 100 100 100 100 0.00 

14 1,000 1,005 1,000 1,002 2.89 30 445 440 445 443 2.89 

16 550 550 550 550 0.00 
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.. . . . . . . . . . . ., .. ... .. ..... ... .. ..... ... .. 
... .. tlnn tl1~Y1 tl1~Y1 

X l'UYI S.D. 
., .. tl1~Y1 tl1~Y1 tl1~Y1 

X l'UYI S.D. 

• 2 3 • 2 3 

2 2,120 2,125 2,125 2,123 2.89 19 1,300 1,295 1,300 1,298 2.89 

5 1,785 1,785 1,790 1,787 2.89 21 845 845 845 845 0.00 

7 1,835 1,835 1,835 1,835 0.00 23 250 250 250 250 0.00 

9 1,505 1,510 1,510 1,508 2.89 26 200 200 200 200 0.00 

12 2,260 2,260 2,260 2,260 0.00 28 150 150 150 150 0.00 

14 1,900 1,900 1,900 1,900 0.00 30 400 405 405 402 2.89 

16 1,660 1,660 1,660 1,660 0.00 

.. . . . . . . . . . . 
"' .. u .. ..... ... .. u .. ... .. ..... tl1~Y1 tl1~Y1 tl1~Y1 

X l'UYI S.D. '" .. tl'HYI tl1~Y1 tl1~Y1 

X l'UYI S.D. 

• 2 3 • 2 3 

2 1,700 1,705 1,700 1,702 2.89 19 660 660 660 660 0.00 

5 1,660 1,660 1,660 1,660 0.00 21 700 700 700 700 0.00 

7 1,650 1,655 1,655 1,653 2.89 23 150 150 150 150 0.00 

9 1,520 1,515 1,520 1,518 2.89 26 150 150 150 150 0.00 

12 1,390 1.390 1,385 1,388 2.89 28 250 250 250 250 0.00 

14 1,495 1,500 1,500 1,498 2.89 30 350 350 350 350 0.00 

16 1,255 1,250 1,250 1,252 2.89 



133 

'" , 
fll'n3n '1-7 UllJ1W fl11lJltlu~hni'll1lJ~'\/tJ~fll111U1 fhHj~11ri1U fll n~::ntJU1UtJfn ::~l'l;l~tJ 

,\/U::lf'rlHll1111 (ii"~ni'lJ/~~1) (n = 3) 

, u, 4 , 

tlfl'ilU1'Ufllftfl::fttl'UllJtlm::ftll1f1tl"O::lftlltll'Hl'i J: 1 

. , . , . , . . .. . . ., .. ., .. ., .. 
'" .. A1~YI A1~YI A1~YI 

X TUYI S.D. 

., .. ., .. ., .. 
'" .. tl1~YI tl1~YI tl1~YI 

X lUYI S.D. 
I 2 3 • 2 3 

2 29,190 29,190 29,200 29,193 5.77 19 26,290 26,300 26,300 26,297 5.77 

5 29,880 29,880 29,880 29,880 0.00 21 26,950 26,960 26,950 26,953 5.77 

7 27,800 27,810 27,800 27,803 5.77 24 24,990 25,000 25,000 24,997 5.77 

9 30,540 30,540 30,550 30,543 5.77 26 22,390 22,400 22,400 22,397 5.77 

12 26,400 26,400 26,400 26,400 0.00 28 20,130 20,140 20,140 20,137 5.77 

14 25,400 25,400 25,400 25,400 0.00 30 17,500 17,500 17,500 17,500 0.00 

16 26,200 26,200 26,200 26,200 0.00 

, u, 4 , 
tlfl'ilU1'Ufllftfl::fttl'UllJtlft'i::ftll1f1tl'lO::lftlltll'Hl'i 1:2 

. . . . . . . . . . . . ., ... "' ... ., ... "' ... ., ... ., ... 
'" .. tl1~YI tl1~YI A1~YI 

X lUYI S.D. 
., ... tl1~YI tl1~YI A1~YI 

X lUYI S.D. 
I 2 3 I 2 3 

2 7,190 7,200 7,200 7,197 5.77 19 8,310 8,320 8,310 8,313 5.77 

5 7,680 7,680 7,680 7,680 0.00 21 8,220 8,210 8,220 8,217 5.77 

7 7,520 7,520 7,530 7,523 5.77 23 8,080 8,080 8,080 8,080 0.00 

9 7,200 7,210 7,200 7,203 5.77 26 8,400 8,400 8,400 8,400 0.00 

12 7,680 7,680 7,680 7,680 0.00 28 8,300 8,300 8,300 8,300 0.00 

14 8,260 8,250 8,250 8,253 5.77 30 8,100 8,100 8,100 8,100 0.00 

16 8,190 8,180 8,180 8,183 5.77 
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~ ~ , 
~l'iHn ~-7 U~lJ1Wfl11lJlr1mhn1.:J'H lJ~'Utl.:J flU 11 U'J" r:¥lH)91'J" lfhu f)lfl91:: fltl'Ul~tlm ::~nl~tl 

'UU::lffl1tll'Hl'J" (iiClftfllWftm) (n = 3) (~tl) 

. u, 4 , 

tlmliJ1Ufl1n~::n6UlfJtln'i::~n'~tl'V[I::It1'Ytll'Hl'i 1:3 

. . . . . . . . . . . . .,'" .,'" .,'" .,'" "' .. .,'" 
., '" ftl .... Y1 fll .... Y1 fll .... Y1 

X lllYl S.D. ., '" fll .... Y1 ftl .... Y1 fll .... Y1 

X lllYl S.D. 
1 2 3 • 2 3 

2 6,970 6,970 6,970 6,970 0.00 19 7,450 7,450 7,450 7,450 0.00 

5 6,900 6,910 6,910 6,907 5.77 21 7,810 7,800 7,800 7,803 5.77 

7 7,020 7,020 7,030 7,023 5.77 23 8,000 8,000 8,000 8,000 0.00 

9 6,910 6,920 6,920 6,917 5.77 26 8,200 8,190 8,200 8,197 5.77 

12 7,400 7,400 7,400 7,400 0.00 28 8,050 8,050 8,050 8,050 0.00 

14 7,010 7,010 7,020 7,013 5.77 30 7,960 7,960 7,960 7,960 0.00 

16 7,200 7,210 7,200 7,203 5.77 

. u, 4 , 

tlmUT1Ufl1n~::ntlUIfJ6n'i::~1'Y~6"[I::It1'Ytll'H1'i 1:4 

. . . . .. . . . . . . ., '" "'''' ... '" "'''' "'''' ., '" . tll .... Y1 fll .... Y1 tll .... Y1 

X '" '" S.D. lllYl 
1 2 3 

'" '" 
fll .... Y1 tll .... Y1 fll .... Y1 

X lllYl S.D. 

• 2 3 

2 4,500 4,500 4,500 4,500 0.00 19 5,110 5,100 5,100 5,103 5.77 

5 4,780 4,780 4,790 4,783 5.77 21 5,700 5,690 5,700 5,697 5.77 

7 4,830 4,820 4,820 4,823 5.77 23 5,300 5,300 5,300 5,300 0.00 

9 4,980 4,980 4,980 4,980 0.00 26 5,600 5,600 5,600 5,600 0.00 

12 5,200 5,210 5,200 5,203 5.77 28 5,500 5,500 5,500 5,500 0.00 

14 4,830 4,840 4,840 4,837 5.77 30 5,660 5,650 5,650 5,653 5.77 

16 5,060 5,060 5,060 5,060 0.00 
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a d .4 
nl'1f'll'1nlYl1Jlnnln~~ntJ'\.mmm~~11l 

.. .. .. .. .. ... . .. ~Wl1lJlI fll.~lll1," '" .. '" ... .. ~Wl1lJlI fll.~lll1," 

l'UYI ,"18~ 

(8~ftll.iU';rnJ) (iiaaafl') 
l'UYI ,"18~ 

(8~ftll.al';OiJ) (iiaaafl') 

1 - - 600 15 - - 12,360 

2 - - 960 16 - - 13,320 

3 7.76 29.6 1,320 17 7.96 30.4 13,320 

4 8.06 31.3 1,800 18 8.17 30.9 13,560 

5 8.09 30.7 3,000 19 8.17 29.2 13,800 

6 8.15 29.8 4,200 20 8.10 30.3 13,920 

7 8.42 27.2 5,040 21 8.01 30.1 14,040 

8 - - 5,880 22 - - 14,040 

9 - - 6,600 23 - - 14,160 

10 8.42 27.1 7,800 24 8.33 31.3 14,160 

11 8.02 29.5 8,760 25 8.13 31.6 14,280 

12 7.79 28.6 9,600 26 7.98 31.8 14,280 

13 7.81 29.8 10,560 27 8.05 30.6 14,280 

14 8.24 29.6 11,400 

.. nm.lll19J 

~l'iH~ 9-2 tJllJlW Ci 1 tJ~hJtJ.:jffm1~~111lJl~ fflJh.l f1l1 flft~ fil'1f~1mYl1Jlnf1ln~~ ntJ"U 

lUtJm~~lll (ihlftni'lJ/ft~l) (n = 3) 

. . . . . . . . . . .. 
"' ... ., ... "' ... "' ... ., ... .... .. 

'" ... fI'~Y1 fI'~Y1 fI'~Y1 

X l'UYI S.D. '" ... 
fI'~Y1 fI'~Y1 fI'~Y1 

X l'UYI S.D. 

• 2 3 • 2 3 

3 8,400 8,400 8,300 8,367 57.74 17 6,000 6,100 6, 100 6,067 57.74 

5 3,800 3,900 3,900 3,867 57.74 19 7,110 7,200 7,200 7,170 51.96 

7 6,750 6,750 6,750 6,750 0.00 20 5,580 5,490 5,490 5,200 51.96 

10 5,130 5,130 5,040 5,100 51.96 24 4,800 4,800 4,900 4,833 57.74 

12 6,100 6,000 6,100 6,067 57.74 26 3,600 3,500 3,500 3,533 57.74 

14 6,100 6,200 6,200 6,167 57.74 
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. . . . .. . . . . . . 
'" .. "' .. '" .. '" .. "' .. ., .. . tlun tl1~Y1 tl1~Y1 

X '" .. S.D. lltYl 
t 2 3 

'" .. tl'f~Y1 tl1~Y1 tl1~Y1 

X lltYl S.D. 
t 2 3 

3 38,100 38,150 38,150 38,133 28.87 17 50,150 50,200 50,200 50,183 28.87 

5 49,350 49,400 49,400 49,383 28.87 19 41,500 41,500 41,550 41,517 28.87 

7 50,600 50,600 50,650 50,617 28.87 20 45,250 45,250 45,300 45,267 28.87 

10 57,600 57,600 57,600 57,600 0.00 24 41,650 41,650 41,650 41,650 0.00 

12 57,250 57,200 57,200 57,217 28.87 26 39,500 39,450 39,500 39,483 28.87 

14 53,100 53,100 53,150 53,117 28.87 

. . . . . . . . . . .. 
"' .. "' .. '" .. ., .. ., .. '" .. 

'" .. tl1~Y1 tl1~Y1 tl1~Y1 

X lltYl S.D. 
., .. tl1~Y1 tl1~Y1 tl1~Y1 

X lltYl S.D. 
t 2 3 t 2 3 

3 1,355 1,350 1,350 1,352 2.89 17 4,140 4,140 4,140 4,140 0.00 

5 1,145 1,145 1,145 1,145 0.00 19 4,170 4,175 4,175 4,175 2.89 

7 3,490 3,495 3,495 3,493 2.89 20 4,055 4,050 4,050 4,052 2.89 

10 2,895 2,890 2,895 2,893 2.89 24 4,475 4,480 4,475 4,477 2.89 

12 3,080 3,075 3,080 3,078 2.89 26 4,115 4,115 4,115 4,115 0.00 

14 4,645 4,650 4,650 4,648 2.89 

. . . . .. . . . . . . ., .. "' .. ., .. "' .. "' .. ., .. 
'" .. tl1~Y1 tl1~Y1 tl1~Y1 

X lltYl S.D. 
t 2 3 

., 4 tl1~Y1 tl1~Y1 tl1~Y1 

X lltYl S.D. 
t 2 3 

3 3,460 3,460 3,460 3,460 0.00 17 38,100 38,090 38,100 38,097 2.89 

5 51 ,550 51,550 51,550 51,550 0.00 19 40,400 40,410 40,400 40,403 2.89 

7 46,710 46,700 46,700 46,703 2.89 20 40,690 40,700 40,700 40,697 2.89 

10 48,920 48,910 48,910 48,913 2.89 24 37,100 37,100 37,100 37,100 0.00 

12 38,120 38,110 38,110 38,113 2.89 26 34,500 34,500 34,500 34,500 0.00 

14 37,480 37,480 37,480 37,480 0.00 
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2. tiaYlll'11a\)laf1 Yl9lf1tl\JPI11J1J1911!1'U TAPPI T 203 cm-99 

3. 1\J~ll'11a\)lflf1 Yl9lf1tl\J9Il1J1I1911!1'IJ T APPI T 203 cm-99 

4. 1I01J1Jll'11t'1~ lnf1 Yl9lf1tl\J9Il1J1J1911!1'U TAPPI T 203 cm-99 

Ii ~'''''I= 
t-liqMn1l'1~\9niJ ll; . • 

~i'\Jltl~ 
~..J <...---

('U1Ulll1fJ 1i~ 101m) 
.. oq, ;. .-

tJ01YlfJlmf1911'lr1tJ1f!1011'l'llf'lll 

71!l~1\1d'i'm!lO(~'I'I1~"tJi1!lti1o;tt,rT1""!lUl"!l1J(iI!l1J(ThJ\lllii'1J'!l~1"tJI11!l8\1fl1rn'71!lm.d\\ln17ttll!lCll1111!lD10i 
li1~i",h!lt1Ji'u7!N",1fJn!ln\lNI'lu."rrifN1J1~th" t"!l1~1,ri'u!l,*1l!1".1nm~iT1!l11'11ft"fuin17(iJ"1'I1!ltrnl!lcl!inl!l7 

m~iT1fnI'l1 ft"i1Jim7 m::m1oiT1!l11'11ft"i u. l'I:aTlflt"tI'lV "'~1 212 
m.1"\.L'I'I 7::'1~il 6 '1,m'i nl~m'l'l 't 10400 l.h::ml'llT1!l 

.. .. 
... ~ , , _Iv ... II 

'Uf)~fllflfl:::flf)UtrJf)fl1:::~n'fll"'"lUft1'iultJiJfln'UlJf)~flU 

139 



11t1~1\4mnltlDJ)1J.,. 

n,~1~~lA-A~'U'r ,I 

140 

LLUU 1ft 
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L521I;ltf(i!Sl y\f_n li" 1 r;;~': d \:' 
. . 

IVflm::fl1\,;;~hlJmn'lflO'U11 

tiflyjll'lfa~ lnt'l 

11J~lI'lffl\'llf1t'1 

Ham1Y1Alf8lJ 

8.9 

93.7 

3.9 ,.. ., 

1I01J1JlI'va\'llf1t'r n "2W''')''(\ tn I"n ,i '7\'J 1J' 

~fl€1~1JlOn 'lJ1.UOmOUlIJ1 11Jai'91U 

}l1r&~bmrn66/14"'~ 3 ~l1JaU'l'lJ~l~ thU)f)U'l\.1~H 
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.. _ .., 1 

W8ltl'l"letlH " Ifl1M'tnntll .. ,1 't'Il.Ilt110 .. t1a,mnn 

latlm::fl111~Nl'Ufl11l'ltlfWll NaOH L521~H ;\r~fFfI':;-\Vf)\ 

nflu\J 

titll'lll'lIn~ 1nff 

HamnlftlY8t1 

4.9 

91.8 

IlJ~1l'.n~ 1ntY 6.4 
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llfl1J1J11'11nt] 1ntT n j ~:Y\ t W~\;;.}\ "; ~ 
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~ ~ ~ 

161i\Jllf11J2552 - 8 fJ1Jfl1fjlJ1i 2553,;:, .';." . j 
_ _ 'I:!) (j'I'fI '" ,WI I" J, 
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1"~M"'nD I fill 

NaOH + Temp, 

",m.llD"tJijUtinl1 

5 , ) 

90,) 

11J~1l'Ifn~ latr 8,3 

ILUU ') 

Ufl1JlJl1'lln~ larr rr~ 6)Y\ n \ 1"'(: ~ I"'~ < 

~fJFj1~1J;fl11 UHtrl1flUlI!1 llJni'~u 
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1"(1 Er\'h~1 . ; 
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(U1Vqfl1iUl'1'1~ff U"~I';;~) 

Ufl1 flvlfntr,,{i1U1lYlJ lilf!\1 ~1 ~'. ~ i~'~ 
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11fl~1~iiilmNl~YI1::i'''lJi1!l!h~m.rmlll!lUlII!lULiiVULThJ~ hji'U1!l~i'''1J111!lil~filmf11Vtl~d't~n11tSllilIllTI1;!lIil~ 
lilll",,[hfltui'U'!l~117!ln!l~1'\UjaL1"L\1!l~Ul~lb~ t"!l1111r,U!l,*CJ/1"'1nmll'iTlV111111"iu1nl110~ft1Vanliloi:enlil1 

m ll'iTlV1111IU,i U1n11 m::m1~'iTl !l1111 11"iL1ft::L'nflt~tft ii 'HUl 2J 

tl~W"'::'1I1ri 6 nlfL'n'i nl~L'n"'1 1 0400 t1,::LTllll "v 

142 



143 

fl1flNt!1fl 'If 

Ntll1fl'i 1::: 'thJ'1 JJ 1 w, t! 1 fI'illlt!,y~'UJVI 



144 

!!W,;,,.t..;;':U-":;tltrllM",,I".~,",.fll r.6 ., tM.,m~niul41;"tnlio 
D~'''7I1l>1V'' 3 ,-':/17111 Uti t32 "4,,1., n1", .. ,n 1033C 1"'0 PotS 8101 022'8 8C32 ),,,u}J (66.' 1 ~5.J 0," 

tICIVIJPJC MID TEOrNOLOGICU. _RAItCH ~ c.Nr1tE CHWALOIIIGKOM UMIIPSlrY 
CHt.C.ALONGKOAN SOl (i2 Pr1AYA·1HAJ RCMD B.4NGK0I{ I(Il;)O 7HAJL.ANO Tn, "'22" "'1". "'22I'.(1(J:J2 FAJI (fi62) lSHJl 

1i'1110~i,,)Olha 

_Qlh:lHft 

IfI~ f)~U8itft' 1:" -- , 1I'l1fl11:l1 

.. I 
HIJIft1);1t 

1 

1 

.. 
5 

6 

~u 

1:1 

.a.(e:1) 

'I8:(I:t) 

NaOII+I 

I. 

~ • I 

7 

8 

9 

to 

11 

12 

1:1 

3:1 

4:1 

NIlOB 

"n1,", , 

~mimllln &Un" 12 il00H 

,iass2JOJ4 

uurrl-m-UllJ l 1lJ"r,,,, 
1m, 1: M'tfi IIlG1' 'Itt ,,, lt11"" 

NlT1tOOF.N ANAL VZER (FP-42S) 

pure oxygen ad ~ by IhcnnaI c:onduc1ivity cictKIor. 

6 "qfftnlDll 25S2 

0.282 0.282 0.295 

0.sS9 O.S96 0.624 

0.146 0.143 0.149 

LOBO 1.374 1.439 

0.03 J 0.030 0.031 

0.067 o.06S Q.068 

0.481 0.506 0.530 

0.551 0.586 0.614 

0.374 0.385 0.403 

0.023 0.022 0.023 

0.000 0.000 0.000 

0.318 0.322 0.337 

%N4 

0.222 

0.468 

0.112 

LOBO 

0.023 

O.OSI 

%N4 

0.398 

0.461 

0.302 

0.017 

0.000 

0.253 

1.l66 

8.561 

8.U5 

1.198 

1.028 

8.062 

0.478 

O.5S4 

0.363 

0.021 

0.000 

0.304 
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IJU,;,,,,ifNijfJ?';S?,,,tn,,,,,,,,,,,,::,,,,,,,rur,,i ,tf'1'Nn,.nfUJM?""nftlJ 
tn"17l1nWU 3 T"-'lNmnJ 71DU 62 "4"11" n7"'''''' 10330 ["'1.0-2218-8101, 0-2218-8032 [mll'l'1 (662) 254-()211 

SCIENTIFIC AND TECHNOLOGICAL RESEARCH EQUlPlfENT CENTRE CHULALDHGKORN UNlVERSfTY 

CHULALONGKORN 50162 PHAYA-THAI ROAD BANGKOK 10330 THAILAND TEL. 0-2218-8101, 0-2218-8032 FAX: (662) 254-0211 

..I 
ntl~l'ULf'I"Yl 87512552 

'1Jti~PiJ1)ril~ 

Lfl"1)~Pi1Vril~ 

~ tI ~ 1f1t} l:tHfl 

.. ... ~ 
Lfl16UJ61Lflll::11 _... ~ 

Jti1Lfln::11 

... , 
fUIlLfll1;;11 

2 In 

.. I 
l1QUUHD011Jlftl1:11 

ll1tY S523629 

.. ....,., 
\Jl~tYl1n'U)JJl 11Jal~'U 

1Lfln::"'t111J1UUilfl''U 1f11nl'U 

CHNS/O ANALYZER (perkin Elmer PE2400 SeriesIl) 

Gaseous products freed by pyrolysis in high-purity oxygen and 

were chromatographically separated by frontal analysis with 

quantitatively detected by thermal conductivity detectoL 

23 i\J1lfllJ 2552 

1.30 1.29 1.34 1.17 1.28 

~~~-
('Ul~t'I'l1V1Jlll 6~t1mWU0'1) 

r: .. ~ .. ~. 
(\Jl~q'U'UYl l~\lmty~'Ut'I'6~) (flfHll, ll'n~ff 'U1JfJf'll'~'U) 

tjilflll::'" 11111 11 lfhu1L flll::'" ~6l'U 1t1mlfJ'lJVLfl~ 6~ij6"1 

111Jlt1Ll:1!l flnnllYlPlt'l'61J~'~i'1JifLU\Jflf'lmlYlPlrr61JL~'nl::~1vrivl~YhnllYl~tY61J\llnf!'U6Lfl~6~ij61~tI 
4 ., .. I ~ 
1YltllffltYfI'HLf'I::mfl1'U 1f'1t1LYl1'U'U 
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,., .. 
Standard 'IO.,'JIll"lUIYI'U 

C-R7A CHROMATOPAC CH=l REPO~T No. =2 DATA=1:tCHRMl.C00 09 / 071'22 08:47:18 

o.o ~~~==================~===================== 0.689 

** CALCULATION REPORT ** 
CH PKNO T I ME AREA HE I GHT MK I DNO 
1 1 0.689 10128650 1387621 E 

TOTAL 10128650 1387621 

CONC 
100 

100 

NAME 

C-R7A CHROMATOPAC CH=1 REPORT No .=3 DATA~ I :@CHRM1 .C00 09/ 07/ 22 08 :49:46 
- o.o ~F====== __ ~-= __ =-________________________ ___ 

r 0.689 

.. CALCULATION REPORT ** 
CH PKNO T I ME AREA HE IGHT MK I DNO 
1 1 0.689 1215993 328934 

--------
TOTAL 1215993 328934 

CONe 
100 

100 

NAME 

Area ~lflml~ Standard l'yilflU 10128650 fi~I~'Uij ·:Jflth::flijU'lJij.,'Jnl'1flh'YI'U~ijU":: 99.95 

Area ~lflm l~fllfl~:: flijlHVijm::~llll'tilflU 1215993 fi~I~'Uij.,'Jfl'lh:: flijU'lJij.,'Jnl'1flh'YI'U~ijU":: 

1215993 x 99.95 = 12.00 

10128650 



iJ.fIll~ 

.4 
1~fllUfJlI (mnfl~n8 .... ltI8n1~~TH) 

tI '" Ji 51 .4 
n11 'iU iJ .fIlYU U 8-3 fI .... n1 nfl~ n a .... 1£1 a n'i ~~ 111 

• 0'" 
ntl .... ~ll ........ m'in~i;ltl-3 

- ,,rfll11J!6'U 

- '~U'l'H'::mtll"lfl~tl1J'1iJ~16n '''lf~ 

- ,,rfll11J!6'Ull1JflU '~U'11~::~ntll"lfl~tl1J'1iJ~16fl '''lf~ . 
tI u IV' ~ , 

n11" 'iH .... afl'i1iJl .... n1nfl::na .... IDtln'i~~111f1a 

'ID~lft1l81't'i11 

- 1:1 

- 1:2 

- 1:3 

- 1:4 

tI '" Ji 51 .4 51 1 51 
m'i 'iUiJ.fI1'W1U8-3f1 .... mnfl~n8 .... ltI8n'i~~111~lDm'i 't'i 

fll1l11tl .... 1lllnUiJl1i;l~i.nDl.IRDli 'U~'i8n'.~n8 .... 

~1Iil .... m'in~i;la-3HiJlI .. D~lft1l81't'i1'i 1: 1 

101' .... 

12.00 

42.20 

45.23 

39.37 

69.99 

67.27 

64.28 

62.78 

63.33 

201' .... 

64.99 

5.53 

7.37 

14.02 

68.41 

84.00 

60.77 

59.95 

42.27 

148 

301' .... 

51.43 

1.72 

3.03 

6.80 

68.25 

53.30 

50.70 

12.10 

24.47 
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." ... 
Standard 'Utl-3fl1"1"IYI'U 

C-R7A CHROMATOPAC CH=1 REPO~T No. =2 DATA=1 :iCHRMl. coe 09/ 07/22 08:47: 18 

O . O ~b~==================~===================== 0.689 

n CALCULATION REPORT ** 
CH P~'l/O T J ME AREA HE J GHT MK I DNO 
1 1 0. 689 10128650 1387621 E 

TOTAL 10128650 1387621 

CONe 
100 

100 

NAME 

C- R7A CHROMATOPAC CH=1 REPORT No.=3 DATA=I :iCHRM1.COO 09 / 07/ 22 08 :49:46 

0.01 F=====-==---=~~-=-------------------------------------I 

** CALCULATION REPORT ** 
CH PKNO TI ME AREA HE I GHT MK J DNO 
1 1 0.689 1215993 328934 

TOTAL 1215993 328934 

CONe 
100 

100 

NAME 

0.689 

C-R7A CHROMATOPAC CH=1 REPORT No. =5 DATA=} :iCHRMl. COO 09/ 07 /22 08:54:44 

o. O't:~==================;===========~= 0.658 

** CALCULATION REPORT ** 
CH PKNO TIME AREA ~EIGHT MK JDNO 
1 1 0.658 6586036 1381907 E 

TOTAL 6586036 1387907 

CONC 
10e 

100 

NAME 

C- R7A CHROMATOPAC CH=1 REPORT No. =7 DATA=I:@CHRM1.C00 €l9 / 01i22 08:59:34 

O . O\~\r-========T=======-~--====-=---=~------====~0. 66 2 
V/ 1. 397 

** CALCULATION REPORT ** 
CH PKNO TIME AREA 
1 i 0. 662 5211422 

2 1.397 4025 

HEIGHT MK IDNO 
1387958 S E 

110 T 

TOTAL 5215446 1388068 

CONC 
99.923 
6.077 

100 

NAME 



C- R7A CHROMATOPAC CH=( REPORT No. =2 DATA=I:8CHRJoIl.C99 99 / le/28 98:59 : 54 

o. 0 1;::r==~~~--------------------- 0. 483 

** CALCULATION REPORT ** 
CH PKNO T I ME AREA HE I GHT MK 10Il10 
I 1 9 . 483 7242496 1387976 S E 

---------_._-
TOTAL 7242496 1387976 

CONe 
le9 

NAME 

C- R7A CHROMATOPAC CH=1 REPORT No. =7 OATA=I : ICHR~I . C99 99/ 19/ 28 99 : 15:16 

O . OF~----------------------------------------------------- 9.474 r 1. 493 

.. CALCULATION REPORT ** 
CH PKNO T I ME AP.£A HEIGHT MK IONO 
I 2 9.474 3958e84 1259498 SVE 

4 1.493 827 193 T 

~ 4 V u 

Standard .. tl~fl1lnlln'U 20 '1'U1I0::: 30 '1'U .. tl~fll'in~Otl~ 

CONe 
99.973 

9.927 

1(.\(.\ 

C- R7A CHROMATOPAC CH= I REPORT No.=2 DATA= I : ICHRMl.C99 99 / 11 129 e9 : 13 : 54 

150 

O . O bp==========-~ __________________________________ __ 
0.558 

** CALCULATION REPORT ** 
CH PKNO T I ME AREA HE I GHT MK I 01lIO 
I 2 9 . 558 7568316 1387799 E 

- ------
TOTAL 7568316 1387799 

.. "'1.1 "" .. '" HO'1lml:::'Htl~fl 'i:::ntl1J .. a~fl1lnJln'U 20 '1'U .. a~fll'in~Oa~ 

CONe 
le9 

lee 

NAME 

C- R7A CHROMATOPAC CH= I REPORT No . ~7 DATA= I :ICHRMI. C99 99/ 11 129 99 : 28: 58 
O.OI~I ______________________________________________________ 9. 552 

** CALCULATION REPORT ** 
CH PKNO T I ME AREA HE I GHT MK 101lI0 
1 2 9 . 552 418943 155349 

TOTAL 418943 155349 

.. ""1.1 .... '" HO'1lfl'il:::'Ha~fl 'i:::na1J .. a~fllcnlln'U 30 '1'U .. a~fll'in~Oa~ 

CONC 
199 

NAME 

C- R7A CHROMATOPAC CH=I REPORT No. = le DATA= I : ICHRMl.COO 09/ 11 12009:36 : 58 

0. 0 I 
1. 832 

** CALCULATION REPORT ** 
CH PKNO T I ME AREA 
I 2 9 . 548 139994 

4 1. 832 792 

HEIGHT MK 101lI0 
48612 v 

74 

CONe 
99.4628 

9 . 5372 

TOTAL 139796 48686 199 

9.548 

NAME 

.ci ~ Jdtl ~~ .4 
.fll'nn Cl-2 HO'1lml:::'Htl~fl 'i:::ntl1J .. a~fllcnun'U .. a~fllnfl:::na'Ul[Jan'i:::~nl 

.. , 1.1'" .;" ~ , " " , ... 
nHl'Ufll'i 'i1J1T.fll'rU1Ja~fI'UH'1r.Jfll'i 'Hfl'11)J'itl'Una'U~11'U'Ufll'in~OtH 



IN.,. "" 
Standard "tHfll'lUIYlU 10 lU"tHfll'iYl~iltH 

C-R7A CHROMATOPAC CH=1 REPORT No. =2 DATA=1 :8CHRWI . coe 09/ 10/28 as : 59: 54 

- O ' ~ ~r==-==--------------------------------------------- 0.483 

u CALCULATION REPORT ** 
CH PK/I.'O T I ME AREA HE I GHT 11K I ONO 
I 1 0. 483 7242406 1387976 S E 

------ ----
TOTAL 7242406 1387976 

CONC 
lElO 

190 

NAME 

C-R7A CHROIIATOPAC CH=I REPORT No. =3 DATA=I :8CHRMI. COO 99 / 10; 28 09 :9l :02 

- o. 0 l:=t ""ij.""Z'"'9""i ---------------------------- ----------- - 0.478 
1. 500 

.. CALCULATION REPORT .. 
CH PKNO TIME AREA HEIGHT MK IONO 
1 1" 0. 297 217 19 

2 9.478 3277555 1377654 SVE 
3 1. 5 795 101 T 

TOTAL 3278566 1377774 

w ~ u u 

Standard "8.,'1fll'lUIYIU 20 lUUil:: 30 lU"8.,'1nT'jYl~il8.,'1 

CONC 
0. 9066 

99.9692 
9. e242 

lea 

NAME 

C- R7A CHROMATOPAC CH=I REPORT No. =2 OATA=I :IICHRMI.CaO a9 / 11 /29 99 : 13:54 

- o. ° bp=~------------__________ 9. ,58 

.. CALCULATION REPORT .. 
CH PKNO TIllE AREA HE I GHT 11K IONO 
I 2 0. 558 7568316 1387799 E 

----------
TOTAL 7568316 1387799 

CONe 
lao 

100 

NAME 

C-R7A CHROMATOPAC CH=1 REPORT No . =9 o.n .... =I :8CHRMI. Ce9 99/ 11 /2099 : 3.-1:10 

O.O lr----------------------_________________ _ 
1. 845 

** CALCULAT ION REPORT ** 
CH PKNO TIME AREA 
1 2 0.545 558411 

4 I. 845 952 

HEIGHT MK IDNO 
20'\869 S 

100 ._ --- --------
559363 204969 

~ J J_I 01 CI u 
Uilllfl'n::'I18.,'1f1lJ'i::n8lJ" 8.,'1fll'lUIYlU 30 lU"8.,'1fll'iYl~il8.,'1 

CONe 
99 . 8297 
9. 1793 

100 

NAME 

C-R7A CHROMATOPAC CH=I REPORT No . =6 OATA=I : ICHRMI . COO 09/ 11/ 20 99 : 23 :28 

0. 545 

O.Or- - ---------- ----------- ---- - -- 0. 555 
1.894 

** CALCULATION REPORT __ 
CH PKNO TIME AREA 
1 I O. 555 229699 

3 I. 894 11 24 

HEIGHT MK IDNO 
85392 

114 
------- ------ -

TOTAL 230733 85507 

CONe 
99 .5129 
e.4871 

NAME 

C-R7A CHROMATOPAC CH=I REPORT No . =7 DATA=I : ICHRMI. coo a9 / J 1/29 99 : 28 : 58 

~ ~ t! "_I 01 .. 4 
fll'nYl '1-3 Uilllfl'il::'I18.,'1f1lJ'i::n8mltl.,'lfll'lUIYlU"8.,'1flln91::n8UlfJtln'i ::~nl . .. 

.,. , _I"" ... II II ~ .,., , <I , D 4 

YlU1Ufll'ilJ'ilJ 11' fll'nllJ 8.,'191U~ltl11'1'iil::illt11 '11~tlU D ~'i 8n '1An8UAll UU fll'iYlAil 8.,'1 

151 



C-R7A CHROMATOPAC CH=1 REPORT No. =2 DATA=I:@CHRM1. C99 99/ 19/28 98: 59: 54 

o. 0 I:::r-==~~=--------------------- 9.483 

u CALCULATION REPORT ** 
CH PKNO TIME AREA HEIGHT MK IDNO 
1 1 9. 483 7242496 1387976 S E 

._--------
TOTAL 7242496 1387976 

CONe 
109 

NAME 

C-R7A CHROMATOPAC CH=1 REPORT· No. =4 DATA=I :@CHRMI.C9a 99/ 19/ 28 99:94:14 

- 0 0 ~r --------------------------
. 1. 592 

** CALCULATION REPORT .. 
CH PKNO TIME AREA 
I 3 9.485 2852839 

4 1.5e2 794 

HEIGHT . /11K IDNO 
1198561 SVE 

109 T 
---------

TOTI\L 2853625 1198661 
w ~ u u 

Standard '1o·unnnYI'U 20 11U1i.1:: 30 1U'IO\lfll'illAi.10\l 

CONe 
99.9722 
9. 9278 

lee 

NAME 

e.485 

C- R7A CHROMATOPAC CH=I REPORT No. =2 DATA=I:8CHRMI.cee 99 / 11 / 29 99 : 13:54 

O.O b~=======-===--------------------------------------

•• CALCULATION REPORT •• 
CH PKNO T I ME AREA HE I GHT ilK I DNO 
I 2 9.558 7568316 1387799 E 

--------
TOTAL 7568316 138,799 

CONe 
199 

NAME 

9. 558 

C-R7A CHROMATOPAC CH=1 REPORT No. =4 DATA=I:@CHRMI.ce9 99 / 11 / 29 99 : 18; 39 

- OOPt---------------------------------------------
. 1. 918 

** CALCULATION REPORT ** 
CH PKNO T I ME AREA HEIGHT !11K IDNO 
I I 9.554 1961921 372434 S 

3 1. 918 1376 ;38 
--- ----

CONe 
99 . 8796 
9.1294 

TOTAL 1963297 372571 19G 
~ J .I_I t:I eI u 

Ni.111tl'il::'t10\ltllJ'i::nOU'IIHfll .. tlIllU 30 1U'IItl\lfll'iYlAi.1tl\l 

9.554 

C-R7A CHROMATOPAC CH=I REPORT No. =5 DATA=I : ICHRMI . C99 99( 11/29 99:21 :14 

9. 558 

** CALCULATION REPORT ** 
CH PKNO TIME AREA HEIGHT MK IDNO 
1 2 9.558 515119 188G17 SV 

----- --------

CONC 
109 

TOTAL 515119 188G17 19G 

NAME 

152 

.::i .q t! c_1 t:I 4 .4.ci , ... 1'" 
fllfiYl "1-4 Ni.11Itl'il::'t10\ltllJ'i::: ntlU'I8\1fll .. tllllU '18\1n lnfl::ntlUIlIOn'i:::Al'YYlN1U fll'ilJ'iU 

.!i v v 'Iv v • ., ~ .. It It J. 0 '" 
i.1' fllfilU8\1flU A10fll'i a 't1tl11tl'i tlUntinU i.1'1'i i.1:::alO a .. IAOtlai'JA'itln a .. AntlUA1IUU fll'iYlAi.1tl\l 
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.. ... 
Standard 1I8'im .. 1JIYlU 

C-R7A CHROMATOPAC CH=1 REPORT No.=2 DATA=I:8CHRM1.C66 69 / 16 / 66 13 : 66 : 56 

O. O I~~==================================================~ F 0. 742 

** CALCULA T I ON REPORT ** 
CH PKNO T I ME AREA HE I GHT MK IONO CONC NAME 
1 3 0.742 16887608 1387449 E 100 

TOTAL 10807608 1387449 100 

.Q. G "'_I fIII,IIflI u 
fn:nlfl,)1~'H8'ifllJ,)~fl8'U"8'im"1JIYlU 1 0 lU"8'im,)YI~U'l8'i 

C-R7A CHROMATOPAC CH=1 REPORT No . =3 DATA=I:tCHRMI . COO 09 / 16/ 06 13:04 : 18 

** CALCULATION REPORT ** 
CH PKNO TIME AREA 
1 1 0.38 549 

3 0. 767 7567928 

HEIGHT 
34 

1387642 

TOTAL 7568476 1387675 

MK lDNa 

E 

.Q. G c1_1 W 4 cv 
fU;nlfl,)1~'H8'ifllJ,)~fl8'U"8'im"1JIYlU 20 lU"8'im')YI~08'i 

CONe 
6 

160 

lee 

0.767 

NAME 

C-R7A CHROMATOPAC CH=1 REPORT No . =4 DATA=I:4ICHRI.Il.Cee e9/ 16/ e6 13:06:52 

- D. a p6 3e7 

** CALCULATION REPORT ** 
CH PKNO TIME AREA HEIGHT MK I[)NO 
1 1 0.307 2951 243 

3 0. 746 7397684 1387771 E 

TOTAL 7466635 1388014 

.Q. C __ I t:II q IV 

flOllfl,)1~'H8'ifllJ,)~fl8'U"8'im"1JIYIU 30 lU"8'im,)YI~08'i 

, 

CONC 
6 

160 

160 

0.746 

NAME 

C- R7A CHROMATOPAC CH=I REPORT No. =5 DATA=I:8CHRMl.C00 09 / 10/ 06 13 :09:12 

D· ~~~e~.5~J~8F==============-==-~-=---------==---------------- 6. 739 

** CALCULATION REPORT ** 
CH PKNO TIME AREA 
1 1 0.538 2619 

2 0. 739 7380812 

HEIGHT 
252 

1387794 

TOTAL 7383431 1388047 . 

!11K IDNO 

E 

CONC 
o 

lee 

100 

NAME 

.. .Q. t! J_I 01 4 _I IV.., , 

flTWYI "-5 flOllfl')1~'H8'ifllJ,)~fl8'U"8'im"1JIYlU"8'im,)UlJ,)flU8f1,)1i;T1U 

4 , 
mflfl~fl8UI[I8fl,)~~l'Yfl8'V[J~lfl1l81'H1,) I: I 
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.. .. 
Standard 'V6~fll"lJlTI'U 

C-R7A CHROMATOPAC CH=l REPORT No. =2 DATA=I:8CHRM1.C00 09 / 10 / 06 13:00:56 

O.O I\-::~======================================================== V- 0. 742 

** CALCULATION REPORT ** 
CH PKNO TIME AREA HE I GHT MK I DNO CONC NAME 
I 3 0.742 10807668 1387449 E 100 

TOTAL 10807608 1387449 100 

C-R7A CHROMATOPAC CH=1 REPORT No . =6 DATA=I :@CHRMI.COO 09 / 10/ 06 13 : 11:56 

o. t: 0. 737 

** CALCULATION REPORT ** 
CH PKNO TIME AREA HEIGHT MK IDNO CONe NAME 
1 3 0. 737 7273416 1387932 E 100 

TOTAL 7273416 1387932 100 

C- R7A CHROMATOPAC CH=l REPORT No .=7 DATA=1 :tCHRMl.C00 09 / 10/ 06 13:14:22 

O' 0p.e 336 

** CALCULATION REPORT ** 
CH PKNO TIME AREA HEIGHT MK IDNO 
1 I 0.336 2022 172 

3 0.755 7227613 1387992 E 

TOTAL 7229634 1388164 

CONC 
o 

100 

100 

0.755 

NAME 

C- R7A CHROMATOPAC CH=1 REPORT ~o.=9 DATA=I :8CHRMI.C00 09 / 10 / 06 13 :19:14 

0.0 F e 210 

** CALCULATION REPORT ** 
CH PKNO TIME AREA HEIGHT MK IDNO 
1 1 9.21 1118 107 

2 9.742 5763686 1387969 E 

TOTAL 5764803 1388076 

. ... , 

CONC 
o 

100 

100 

fllfl9l::fl6'UtrJ8fl'l::R 111918 'VO::lfl1l81't11'i 1: 2 

0. 742 

NAME 
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"" ... Standard 'IIB ..... fl1"Wtlln'U 

C-R7A CHROMATOPAC CH=1 REPORT No .=2 DATA=I:8CHRM1.COO 09 / 10 / 06 13 :00:56 

O.Olt~============================================================= V- o. 742 

** CALCULATION REPORT .. 
CH PKNO TIME AREA HE I GHT MK I DNO CONC NAME 
1 3 0.742 10807608 1387449 E 100 

TOTAL 10807608 1387449 100 

C- R7A CHRO~~TOPAC CH=1 REPORT No.=13 DATA=I:tCHRM1 . COO 09 / 10/ 06 13 :33 :44 

o. Ope 233 

•• CALCULATION REPORT •• 
CH PKNO T I ME AREA 
1 I 0. 233 667 

2 0.75 6950644 

HEIGHT 
54 

1388377 
----- --- ----

TOTAL 6951319 1388431 

MK IDNO 

E 

CONC 
o 

100 

100 

0.750 

NAME 

C-R7A CHROMATOPAC CH=I REPORT No.=14 DATA=I:8CHRM1.COO 09 / 10/ 06 13 : 36 :26 

~.~~==============---~-===--------------------y- 0.742 

•• CALCULATION REPORT •• 
CH PKNO T I ME AREA HE I GHT MK I DNO CONe NAME 
I 3 0.742 6571315 1388424 E 100 

TOTAL 6571315 1388424 100 

C- R7A CHROMATOPAC CH=1 REPORT No . =8 DATA: l :tCHRMl. COO 09 / 10 / 06 13: 16 :42 

0 .0 ~ 8 . 445 

•• CALCULATION REPORT •• 
CH PKNO T I ME AREA 
I I 0. 445 1878 

2 0. 75 5482299 

HEIGHT 
170 

1387971 

TOTAL 5484177 1388140 

folK IDNO 

E 

CONC 
o 

100 

100 

0. 750 

NAME 
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"" .. Standard ,.O·UllcnUYlU 

C- R7A CHROMATOPAC CH=I REPORT No. =2 DATA=l : ICHRMI. C90 09 / 19/ 06 13: 00 : 56 

O.O lt~===================================================== y- a. 742 

** CALCULATION REPORT ** 
CH PKNO TIME AREA HEIGHT MK IDNO CONC NAME 
1 3 0. 742 19897608 1387449 E 190 

TOTAL 10807698 1387449 lElO 

C- R7A CHROMATOPAC CH=I REPORT No.=10 DATA=I : ICHRMI. C00 09/19/ 06 13: 23: 14 

P. 0 t:p:::======================~~~~~~~=~------ 9.750 

** CALCULATION REPORT ** 
CH PKNO T I ME AREA HE I GHT MK IONO CONC NAME 
1 3 0.75 6788486 1388044 E 100 

TOTAL 6788486 1388044 lEla 

C-R7A CHROMATOPAC CH=I REPORT No. =ll DATA=I:ICHRMI . cao 09/ 10/ 06 13:28:52 

O . O ~~=================-______________________ ___ 
y- 0.750 

** CALCULATION REPORT ** 
CH PKNO Tl ME AREA HE (GHT MK ( DNO CONe NAME 
1 2 9.75 6482459 1388190 E 100 

---------
TOTAL 6482459 1388190 100 

C- R7A CHROMATOPAC CH=1 REPORT No.=12 DATA=I :ICHRMI.COO 09 / 10/ 06 13 :31: 16 

- 0.0 f 8.388 

** CALCULATION REPORT ** 
CH PKNO T I ME AREA 
1 1 0.308 1988 

2 9. 743 1308574 

HEIGHT 
175 

457214 
._--------

TOTAL 1310562 457389 

. 

MK IONO CONC 
o 

100 

100 

NAME 

4 ~ J.ttl "" "" tI u u , fllftYi "1-8 FU'l1lml~'t10-3f1 'i~flO1J'IO-3m"ltlIYlWUO-3m'm 'iHUOfl'iUnU 

... , 
mflfl~flOU1[lOfl'i~~1'YflO"[I~lft'Y01't11'i 1:4 

0.743 
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.. ... 
Standard "8~m.1.Ilnu 

C-R7A CHROMATOPAC CH=l REPORT No. =3 DATA=1:8CHRMl . C00 10/01/19 08:36:24 

O.O~r================================--=---------------- 0.529 

•• CALCULATION REPORT ** 
CH PKNO T I ME AREA HE I GHT MK I DNO 
1 2 0.529 7277880 1388131 VE 

TOTAL 7277880 1388131 

CONC 
100 

100 

NAME 

C-R7A CHROMATOPAC CH=1 REPORT No. =26 DATA=I:8CHRM1.C00 10 / 01 / 19 09:26:30 

0.0 ~ 6. ;62 

.. CALCULA T [ON REPORT ** 
CH PKNO T I ME AREA 
1 1 0.302 1098 

2 0.52 4611065 

HE [GHT 
135 

1256179 

TOTAL 4612162 1256313 

MK [DNO 

VE 

Q. d __ I f1tI Cl '" 

HDlltl'il::'HtHflu'i::ntlU"8~m.1IInU 20 lu .. tl~m'in~Dtl~ 

CONe 
0. El238 

99.9762 

100 

0.520 

NAME 

C-R7A CHROMATOPAC CH=1 REPORT No. =19 DATA=I:8CHRM1.CElEl 10 / 01/19 09:16:18 

~P~F=====~===------------------------------------

.. CALCULA T [ON REPORT .. 
CH PKNO T I ME AREA HE I GHT MK I DNO 
1 1 0.524 3078099 847567 

TOTAL 3678099 847567 

CONC 
lEl0 

100 

NAME 

0.524 

C- R7A CHROMATOPAC CH=1 REPORT No.=14 DATA=I:8CHRMl.C60 10/01 / 19 69 :65:00 
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