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SUPHATCHAYA CHONCHANACHAI : BIOEXTRACT PREPARED FROM SLOP 

DISTILLERY WASTE. THESIS ADVISOR: ASSOC. PROF. THARES SRISATIT, 
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In this study, water spinach (lmpomoea aquafica) , pineapple (Ananus comosus) 

.and fresh fish residual are raw materials to obtain the bioextract that used slop distillery 

waste instead of molasses as a carbon source. In the test experiment are divided in to 3 

groups which are control sample (molasses), the second ; the mixed of carbon sources 

(molasses and slop distillery waste) and the third; the carbon source used only slop 

distillery waste that vary volume of slop distillery in 1.5, 2.0, 2.5, and 3.0 times of 

molasses in the fraction. The anaerobic digestion of bioextract has time period 90 days. 

The suitable fraction of bioextracts were sample of water spinach residual 3 kg : 

molasses 0.5 kg : slop distillery waste 2.5 kg : clean water 1 I : EM 0.15 I at 30 days, 

sample of pineapple residual 3 kg : slop distillery waste 2.5 kg : clean water 1 I : EM 

0.15 I at 30 days, and sample of fresh fish residual 3 kg : slop distillery 4.50 .kg : clean 

water 1.5 I : EM 0.20 I at 60 days. The control samples have the general characteristics 

of bioextract more than the sample were mixed of carbon source and samples that used 

only slop distillery waste The macro-nutrients such as nitrogen, phosphorus, and 

potassium found 0.09-1.49, 0.01-0.66, and 0.42-1 .07 percent by weight, respectively. 

The COD of bioextracts prepared from water spinach, pineapple and fresh fish residual 

rather constant at 14, 56, and 63 days, respectively. In case of apply the bioextract for 

agricultural, the optimum ratio that obtain the maximum compost maturity is 1 :250. The 

result of this study provided that slop distillery can be used as a carbon source for 

bioextract process instead of molasses with any raw material. 
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Fl,)1lJ'Vl'l.l~lJUlJ1n"lJ'l.l L'lI'W lJm:rLj;JlJ'e)1n1P1L~U-:lL'lI'e)j;J~n'tl'W1'l.ln~j;J~n'tl'l.l~:r'tlm:r1'l1:r~uuj;J~n'tl'W 

Li-l LL~1fin1:r~-ln~1,) ri~~~'tl~ L~U rl11-ifr,hu1 'l.ln1:rmUFllJ LL~ ~rl11 Yl1 'l.ln1:rL~lJm n1 PI;-l LU'W • ,., ., 
~'l.l'Vl'l.lVi~~lJ1n ii n"'~ n:r~U,)'l.ln1H ~~1\lLU'l.lL~U~ n:r~U,)'l.ln1:r~ (;l :r~~Url1Ut'tl~LL~~~L'tl ~1 'IX . " 



flV~~ 
.. ttB,\3~ c", t-~~ UBBt-~!1tfl141rU1.1..n!T.fl1 ~~flJI-1. Lttr1~ U fl~' t-B!T.L!\~ LUnlJ' t-~ U LI1t-L[lBnlJ'!t'Vl.~U 

• II • I 

L~ ~nLt-t-~1 t-B!T.L~U LU L!\14 }L~~LU ul.fu J:14 ~flC,f!.t-9~~" MLlIC,~14l1~L!\L~~LUn 1. niAnJtl14 ~flC,f!. ~ ~ 

~!!.!!.~, L~~rmlJ' fl}~nLt-U Lk1. ~Ll4 L!\U LUnlA" MLlIC,~~ 11 ~L!\L~~LUn U 1. LI1L~U LU L!\L!\!t't t-~U 
" " "'" ~ 

fl}~nLt-n V1.r-t-~ MLlIC,~14l1 ~L!\L~~LUn 1. ~Ll4 L!\U LUnlA "JI-1. LI1L~U LU L!\L!\~LU ~!1t t-9n~b!!.J: 
" " " " .. n1. L~UUUL~L~~~Ll4L!\ULUUL!!.t-BU'~Ll4L!\L~UULI1~Ll4L!\ULUJI-1.l1flUMLlIC,~14l1~L!\L~~LU 

" I"" " 
n 1.~" U ,ttk1.~LUn 1. ~Ll4 L!\U LUJI-VLUBik1.t-~l4 fl~1 ~Ll4L!\JI-VLU U L!!.LI1!t'tt-~ .l1~lAn~bt-B!T.nLt-t-~M ~ ~, 

t-~k1. ,mlJ' ~Ll4 L!\JI-1. MLlIC,~~ 11 ~L!\~~" U ~k1.r1~ U l4 ~nlJ' ~ Ll4 L!\U LU JI-1. fl~~BIl BU ~B" l4 ~t:l~LU ~ ~ ~ 

'" U L!!.Jtlt~fl~' t-B!T.nlJ' L~U LU L!\~~LU U L!!.~ ~" flLI1U LI1l4 ~ t:l~LU~l4 ~Lntf!1 ~~ LU ~ 14 L~l4 t-BJt-n 1. 
, ~ , 

flLrtk1.L~t-LC,~.lhru,Vl4~t:lB~~LUUL!!.Bik1. Ln HnU1.B~k1.'~~~UL!!.t-B'Hn~l4~t:l~t-~~ \J1A'~~fl 

c'¥'~t ~t:lnc,~~~" u~nc,~ Ln Hn1.flL~k1.fM" t-L[lBJI-VLU~~"l4~t:l~LU~"~W~MLlIC,~14l1~ 

• • L!\n~!!.!!.J: nJtlnlJ' 1'l4~\Jfl L!\1'l4~t-fl~'~LM'~LU fl~'L!\~}L~~LU ~~1~~"t-~m'14}L~nl1t-B[} 
" """ 

l!.~nl11fBllnlJ'JI-1. nf!.' Ln~t-~~~flUl4~B~'H~LU~~" 1!.~r1l1JI-1.~~n!!.14B~l4 l4~t:l~LU~~I1~~U 

JI-1.~r1~ U l4 ~ t-B!T. t-Bim V1"-nl1 t-L~ U l4"JI-1.flt MLlIC, ~~ 11 ~ L !\L!\~ LU~ ~" l4 ~t:l~ L U ~~ !!.nu t-BJt-. 
I I" " I 

~ ~!+'" t-~ fl'L~k1.f M" t-L[lBnl1 JI-1. LI1 L!\~ ~" ~Ll4 L!\U LUr1l1 U ,ttk1.fltnU t-BJt-n U 1. B~k1.'~ ~~nlJ' , ~, 

t-~ 1'l4 ~ !T.~,I;I.\J' L!\W~l4,1;1.U1U L!!.14~' ~nL,ctc,L!T.Lfu ru J:csvnlJ' M.LlIC,~~ l1~L!\ , , ~ 

(900G 'U!8SSnH ~~" !S8qQV 

'bll84>l) 1!.~~Lk1.LBillLg~~".l1~lAn~~L~flc,!t' r1BU~~flL~u LUL!\n 1. U L!!.t-BU' nJtlnlJ' (tOOG ~ , 

'U!lJ8W ~~" 8fJos 'zauaww) I!.~U~fl,.mtl4m~14~ U,ttk1.fl~r1l1l1~t:l fl~L~flB~nL!T.r1l1l1~t:l 

(tOOG 'S8MS!S ~~" aafJaU8S) nlA'~I!.LlJl4~t:lLI1L!\~LU n!J.' L~ULUL!\14~L~~Lun1.flL~JI-1.L~ 
~ 

14 ~flC,f!.~ !!.~t-t:k1.U B~' t-L IAU ~nlJ' t-~.r-l!.fl1 ~~flJI-1. LI1r1~ U L~ U L U L!\ L!\~ Lunr-t-~ (Lt9G' ~ U 
I I " " 

IAnr-~~ .r-l4~WI1~~" WI1l4l4~ ~Ull~U 'I1Lt-~I!.~' JlAntu}) ULI1~B~~L~~Lun1.flL~JI-1.L~fl~'t-BJtI .. 
• t-9~~ru!T.n 1. LfllA~ C,~t-L IA~LUnc,r1~W Bt k1.~~'~L ~ fl c,!t' ~nBU~l4 U l4~ l,U~~flll LB!t't n~ !!.!!.J:n 1. t-~ . 

nB~ t-Uk1.nB'l4n~U~~~ ~L~~l,Ul,~t-BJtI t-~~BB~k1.' t-~ t-9fU k1.1. nc,~n~ flBnL~tt'~L~U L!!.I1JI-' ~Ll4 L!\ 
, ~ ~ 

~!+'" n~Ly., L~t-~k1." ~t-~flB~flB~' I1B,\3~ c", t-~~ C,LlI~I1Lk1.fu J:nlJ' !1t~r1~~~n 1.~Bn!!. t-~L~ 

<:: 
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, , " 
1.2.1 LYl'e.l ~ m~t1-a (;l~1 ~'luY1 L \.nJ1::~~ 1 um~ 1-ifU1 m n~"l'·n n tN~1U~ ~1 LL'VlU • 

" " 
mnu1 (;l1~ 1 um~vi1u1~ n ~;j'lf11Yl 

I II I "' . 

1.2.2 LYl'e.l~m~1I"1ru~~~'1I'e.l~U1~n~;'lf11YlY1L(;l1rJ~~1nU1n1n~1LmmJ • .. , " ...:;I ., 0 ... .0l:Il q.c:lll 0 

L'VlrJumJU1~n~'lI'lf11Yl'VlL(;l~rJ~~1nn1nU1(;l1~ 

, .. 
1.2.3 LYl'e.l~m~1tJ5nhJ1n1~tJ'e.lrJ~~1rJ"l!'e.l~U1~n~;'lf11Ylt~rJ~~1~ru1~1n 

rh;t'e.l~(;l1~~::rJ::L'l~1"l!'e.l~m~~,rn 

'" I '" I 

1.3.1 

-DrJPl1 4'~~1'~UI"1~tJ1>i~ 

u1mn~1Y11-num~,;)4'mtluU1n1n~1~1ntN~1U~~1n~U 'tl1Ul'e.lUI"1~ • 

... 
, " 

1.3.2 m~~m~t1-a(;l~1~'lUY1L~~1::~~1 um~1-ifu1n1n~1~1n h~~1U~~1LL'VlU • .. " 
mnU1(;l1~1um~vi1u1~n~;'lf11Yl ~::1-if~(;ln~'lu~::W"h~LPlM"~n~1'e.lLPlM"tJ~llY~1'e.lLPlM"tJ~1 : 

'" " ... II I 

n1nU1(;l1~~1'e.lU1n1n~1 : U1 : lX'lL;'e.l"~U'Vl1U (Effective microorganism, EM) t~mPlM"~nY1 
, 

., ".... ...." "'" ~ ,,""'., ".... x _ I 
~'lII"1'e.lLPlM"tJm.J~~u (lmpomoea aquatica) LPlM"tJ~ L~'Vl L'lII"1'e.lLPlM"~Uu::~~ (Ananus comocus) 

LL~::LPlM"tJ~1~HLtlULPI~'l ~1~ LL~::l~ "l!'e.l~tl~1 

1.3.3 I"1ru~~~'1I'e.l~~1~n~;'lf11Yl~ L(;l1mJ~1n~1n1n~1"l!'e.l~ tN~1UM1LL~:: • • 
" , 

n1nU1 (;l1~~1 n~ (;ln~'luY1 LL(;ln (;h~ nu~::vi1 n1~~nM"1 r11Yl1nij L(;l'e.lf Fl'e.l 1"1'l1~U1 hh~1 

(Electrical Conductivity, EC) \Ut(;l~L~U (Total Kjeldahl Nitrogen, TKN) yj'e.l~yj'e.lf~ 

(Available Phosphorus, P20 5) tYlLL'Vl~L;rJ~ (Water Soluble Potassium, ~()) fil1fu'e.lU 

~~mJ~ (Total Carbon) LL~:: -a(;l~1~'lumfu'e.lu(;]'e.l\ut(;l~L~U (C/N Ratio) (;l1~~::rJ::L'l~1m~ 
cv d ... 0 .... 

~~nl"1'e.l 30, 45, 60, 75 LL~:: 90 flU (;l1~~1~U 

., 
1.3.4 n1~~1 Lilu\tJ"l!'e.l~tl5mrJ1n1~tJ'e.lrJ~~1mLUUU'e.l1n1 PI"l!'e.l~U1~n ~ 

;j'lf11Yl1um~,;)4'rJ ~::vl1m~~nM"1r11Yl1~1ijL(;l'e.lf Fl'e.l ;jt'e.l~ LL~::Yh'e.l'll ~~::rJ::L'l~1m~~,rn 

Fl'e.l 90 1'u 
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1.3.5 
, 

Ll-J~ (;In':l L~t1':l ~':ltll)fi'Vl (;I~'t)lJ ~'l!~n,)N't) n'lJ't)~ Ll-J ~ ",Yl'l! (;I,)l-J n') 1'Vl "'~'t)lJ"1I't)~l-J,) (;I1STW~tJ~h 

Lm~·(;I1LL~:;'t)Tvn1LL~~'l!,)~ ~'t)~tlmurn Yi .fII .2548 • 

~ ~ 

1.4.1 ~1l-J,)1C1lJ,)lJ')mmh,,')n LN~')tJM,)l-J,) l-ntJm1.yhlJ')~n(;l;':l11,)YiLL'VltJ • 

~ , 
1.4.2 ~1l-J11C1tJflJtJNlJ,)~ n "';':l111Yil ,",ilin (;I't),)~,)1Yh ~l-J1:;~l-J nlJYl'l!l-J1 n • • 

~~~tJL"'t11'~(;ICI~lJ"')nfi11l-J'l!,)~ • 

~ ~ 

1.4.3 LtltJLLtJ':l'Vl')~m1~(;I~tJ'VltJltJm1.yhlJ')~n(;l;':l11,)Yi L(;Itln,)1lenlJ')mn • 
" ~1"')n h~~1tJ~1,)l-J,) 1,LL'VltJmnlJ') (;I')~ ~tJLtltJ'Vl,)~ L~'t)n 1 ~,jl ,",nlJLm~t(;l1n1 • 



d 
'l..I'VI'VI 2 

2.1 J1-..rr";'l1l1'W (Bioextract) 

"" . 
U'1f~n~;,)fl1~ Vl1'a,J1V1~n:n,)fl1~ ~t:l ~11~:;~1m-lf~;JtJYll~~1nn11 

. "" 
VllJ n LfII~Yl"l!Vl1t) ~ (;1tfoi-3Cl ntJt:lu~ ~1U ~')u~~tJY1~~ L~u1 ;J,J1 (;11~Vl1t)n1 nU1 (;11~ LiltJLL VI~-3 

~ . 
~ ~ I ~ 

~~-3~1tJ'jJt:l-3~~tJ'Vl1~ u1~n",:n,)fl1~t:l1~iJ~,J1(;11~L;J~mruYlH'n1nu1(;11~LiltJ~,)VllJn Vl1t:liJ~ • 
II I "" I I II 

U1 (;11 ~~t)tJLijt:l1;JU1 (;11 ~"l!U"'~tJLiltJ~,)VllJ n ~1 nh:;n 'aUYl~u1 tJU 1~ n ~;,)fl1 "r'l 1~ LLn 

~nfi:ulm~1'Vl (Carbohydrates) m"'~tJ'Vl1~ (Organic acids) m~t):;mtJ (Amino acids) m~ 

'5')iin (Humic acid) tlt:lfi:~tJ (Growth hormones) L~tJl"l!,r (Enzymes) 1miiti (Vitamins) 

, LL~:;Ldn1(;1 (Minerals) 1tJill~1ru~LL(;1n(;]1~ntJ;tJt)tJnutJ(;1Cl~u~1.if (flltJ~~11~tJL'Vlfll n1~ 
.. ~.. 'U 

1"l!1n11Lntt(;11. 2549) 

" . 
,J1~ n ~;,)fl1"r'l~1~11Cl LLtl~t)t:ln m~lh:;Lfl'Vl'jJt)~tJ (;1Cl ~UYlU1~11.ifL tJ • 

2.1.2.1 

~~ 1~ Yl"l!~~tJl~1 Lfllttt:l1V111 • 

." " 
VI~1nVl~1U~(;11 LL(;]1tJYlil"l:;un~')t)tJ1~n11.yh,J1~n~:n'Jfl1~'llt:l ,mnJ1"l!1n11Lntt(;11 m:;'Vl),'J~ 

~ 



6 

'" , 
1) \l1~n(;l:n,)fl1YiVl~~j;\~1nL~~~"lltrn ~~1,j' L(;IUn1~\l1L~~ 

'" '" ~'lItrn~1'tl~~1,j'''J1~~iJnu\l1m~ ti1L~~~"lltrn~1'tl~~1,j'i1"1lt.!1(;11~'1l1'"iuLilt.!;t.!L~n1 LL~,) 
~ ~ ~. 

, 4'(;I~u':JLilt.I'i't.!1 L(;IUhu\l1j;\1~~u~iunt.!nuL~~~'lItrn~1'tl~~1,j' tlj;\~1~,)t.!"1l'tl.:J\l1j;\1~~'tlL~~ 

~"lltrn~1'tl~~WL'Vhnu 1:3 ~~m~~"lltrn~1'tl~~lmt.lfl1"llt.!:;~i1~1tl(;l1.hnnt)1.:J 1t.!~fl1YiUJi1 
I ~ ~ I 

'tl1n1~ L;j'tlUn~~.:Jfl1"llt.!:;~uU~'tlmL~')1~(;I~1fl1"llt.!:;\l11tJ~.:JYi.:Jlt)1t.!Vl~lJ tJ~'tlu1,"~~n • 

~'tlhJtJ~:;l-J1ru 3-7 r)t.! ~:;Ln(;l"ll'tl.:JL~~');rt.!~J1j;\1~ i1n~t.!~'tllJ"1l'tl.:J~.:J~~mn(;l~t.! "1l'tl.:JL~~')n 
" Lilt.!\l1~~n~1m"ll~;~"lltrn~1'tl~~1,j' l.J1:;n'tlu~,)uFl1fLUh1L(;I~'Vl LtJ~~t.! m(;l'tl:;int.! lI'tlfLlJt.! 

, '" " 
L'tlt.!L'lI,r LL~:;~t.!1 n1~\l1\l1~n(;l;,)fl1YihJHnu~"ll ';i11~(;Iu\l1LtJLr.i'tl~1.:J~,)Un1~~~lJ,j1~n(;l 

'" ;,)fl1Yi 1 ~')t.!~'tl\l1fi~~lJ(;I1 100-1 ,000 ~')t.! 

'" , 
2) \l1~ n(;l;,)fl1YiVl ~~ j;\~1 n"1lu:;LUU n 

'" HILLrl L~~m~1~ L~~trn ~~L,j' ~1t.!')t.!1 m~nflJ lJ1L~~.:JLt.!5.:J~~n LL~')L~tr,)L:n'tl~~t.!'Vl1tJ • 
~.:JltJtJ~:;lJ1ruL~~ 1 ~')t.! 20 "1I'tl.:JmlJ1j;\~"1l'tl.:J"1lu:; tl(;l~1fl1'l1t.!:;L,"~U'Vl fl1ULt.!L,)~1 10-14 r)t.! 

~:;Ln (;I n1~ti'tlU~~1U"1l'tl.:J"1l U:; LUU nU1.:J ~') t.!n ~ 1U Lilt.!J 1 ~ n (;I:n ,)fl1Yi ~') t.!11 ry~ 1 ~'tl.:J n ~t.!n~n1~ 

, " 
~:;n ~1U Ltlt.!n1n~.:J~1lJ1 ~,,\l1 hJL ft t.I'Vl1.:J Ln~mHI n1~\l1\l1~n(;l;,)fl1YiltJ1-nnu~"llVi11~ 

" , 
L"Jlt.!L~mnu\l1~n(;l;,)fl1YiVl~~j;\~1nL~~~"lltrn~1'tl~~1,j' 

'" , 
2.1.3.2 \l1~n(;l;,)fl1YiVl~~j;\~1nij;\1 

'" , 
1) \l1~n(;l;,)fl1YiVl~~j;\~1ntJ~1 L(;IUn1~1-nLf'I~tJ~1~(;I 

'" ' tlj;\~1~')t.!Lt.! 1 5.:J 200 ~j;\~ tJ~:;n'tlultJ~')m~~tJ~1~(;I 40 m~nflJ n1n\l1j;\1~ 20 nL~nflJ 

~1~Li.:J~~j;\~u~~n 200 nflJ 0fin1~Lj;\1UlJ~1~L~.:J~~j;\~u~~n 200 nflJ (1 'lI'tl.:J) ~:;~1U~1~ 
" '" , 

d.:J~~j;\t1u~~nLt.!\l1tlt.! 20 ~j;\~ rlt.!L,"L<i1nt.! 15-30 '1.I1Vl) \l1L~~tJ~1~(;ILL~:;n1n\l1j;\1~Vl • • 
Lj;\1UlJLt)1~5.:J 200 ~j;\~ LL~:;\l1~1H~.:JVi1t1u~~n~ Lj;\1mJL~r~LL~,) 1~Lt.!5.:J~,)lJnuL~~tJ~1~ (;I • 

'" '" '" '" I 

LL~:;n1n\l1j;\1~ L~\l1Yi'tlvi,)lJ ~')tJ~1 LL~,) rlt.!L ,"L<i1 nt.!~.:JYi.:JHVl'tlru~fln 30-35 'tl.:J ~1L'lI~ L:nU~ . " 
'" hm(;l~1 rlt.!~')t.!~~lJLt.!5.:Jr)t.!~:; 4-5 rlf.:J j;\~'tl(;l~:;U:;L,)~11t.!n1~~~ntJ~:;lJ1ru 20-30 r)t.! L~~ 

'" ,'" 
tJ~1~:;ti'tlU~~1U~lJ (;I L~lJ\l11 '" L~lJ5.:J LL~:;rlt.!1 '" L <i1 nt.!ri'tlt.!Vl~:;\l11tJ1-n ~:;1~\l1~ n (;I;,)fl1Yi 
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., ., ., 
200 ~(;I1 1.um11.-nu')~ri~ii'lI1,)YlriuYl"llrJft:l,n:ml')~ri~ii'1Il1'r~1th~t:l~'N1.uinrit:lu ~t:l m11.-n 

., ., ., 
~!'lviu'Vn~1.u 1.-nU')~ri!'lii'lI1,)Yl 1 ~(;I1 (;}t:lU') 200 ~(;I1 LL~~m11.-n1'1!'lLFlU HfU')~ri!'l;'lI1,)Yl 1 

., 
~(;I1 (;}t:lU') 200 ~(;I1 

I II I II I .... 

'1fiV11 m1Yhu')~ ri !'lii'lI1,)Yl~,) nVlt:lm"llt:l1vi~ ~'lYl1t:l~ LtJ~t:l n U') ~'lVlt:lm"JIt:l1vi~~'l~TVIUVl1t:l • 
I " I ". 

U!'l1. ,x~~L~U!'l~~ H1Vlt:lU L"JIt:l1Yl1t:l~ LtJ~t:ln LL~~U,)~,) n ~'lVlt:lU L "lIt:l1 u')ltJtJ~~riuU') (;I')~ LL~~,r'l 
., ., 

L;t:l~~U'VI1U'U~(;I1'1~'lU 3:3:1 Flu1.,xL-if')riuLL~~u')ltJu11~ 1.uci~VI~n"llu,)!'l 30 ~(;I1 il~~.hVi~H • • 
VI')niJm1LLtJ~iu1.,x~~Ln(;l!'l~')iJn~uLVlijuVl1t:l'W n')iJn~uLVliju1.~~mn~')(;I,)~L~~~ULL~~FlU .. 

., I ., 

1.,x L -if') riu~un~')~~VI,)U LVlijU vl,) L'.rlunL1t:lultJ~un~')~~ hI Ln (;) n,)"JI1.,x L~UUU~'lVlU,)"lIt:l~U,)~ ri ~ 
, ., 
Q... I ~.... .IICIIIo 1.1 Q. 1.1 .... 

Vlt:lU L "lIt:l1 u')~ FlNt:l'1~~~YlU'l,)~ (;I'l VlUt:lU~t:lUuutJ'l VlU') LL~ ~U1 L 'l ru"ll,)~ Cl~I1,)"lIU~U 11~ f'I'l11t:l • 
I '" ,"'' 

~un~,)~'lVlut:lU~~ n~')'l~'l1. VlcY L~~V1 LL~~(;I')ultJ nt:l~')u')~ ri (;)Vlt:lm"JIt:l1vi~ ~'l L~~~~U ~,)~,)1Cl 

u')ltJ1.-iii.~Vl1t:lu')ltJ~(;J,Ju')tJ~~ riu~u~u1 HftJ1~ LU"lIu(;}t:lltJ 

'1fi~ 2 m1vl')~')~ri(;);'lI1,)Yl~')nt,iVlt:lm"llt:li u')t,iVlt:lm"llt:liVl1t:ln~~1'Vlt:lm"JIt:li~,)'VIuVl1t:lU(;) • • 
'" I II" 

1. ,x~~L~U (;)~~l~u')l 'Vlt:lU L"JIt:l1Yl1t:l~ LtJ~t:ln LL~'lu')ltJ tJ~~ rium nu') (;I')~ LL~ ~,r'l L;t:l,~u'VI1u' U 

ti(;l1,)~'lU 3:3: 1 FlU1.,x L-if') riuLL~'lu')ltJVI~n (;I,)~"lIu'lUm1L'.rluL~U'l riu'1fi~ 1 

'1fi~ 3 m1vl')~')~ri!'l;'lI1,)Yl~')nl'Vlt:lm"JIt:liLL~~Yl"ll u')1'Vlt:lm"llt:liVl1t:ln~~1~L"lIt:li~,)'VIuVl1t:l • • 
I ., 

u~ 1.,x~~L~U~LL~~u')ltJtJ~~riuYl"ll~'luV1'tlt:lU1 Vl1t:l~'lUUt:l(;)FI'l,)~U,)'l hlLnu 6 U'l Vl1t:l hJLnu 1 

~u ~iUVl1t:lu(;)~~L~U!'l LL~'lu')l~Vlt:lU~~L~U!'ltJ~~riumn~')m~ Yl"JI~'lU'tlt:lUU!'l~~L~U!'lLL~~ 
., , 

,r'lL;t:l~~u'VI1Ufi11~"JI,)~ 1.Uti(;l1,)~'lU 3:3: 1 LL~'lu')ltJVI~n(;l,)~"lIu'lum1L'UL~mriu'1fiV11 • 

," '" ," 
'1fiV14 m1vl')u')~ri (;);'lI1,)Yl~')n Lilt:lVlt:lm "JIt:l1 U') ~'lVlt:lm"JIt:l1vi~ ~'l~,) rJf~ 1. um~'VI~ U') ~'lVlt:lU 

L"JIt:li~~ ~'lYl1t:l~~~ 1.~ Ln~'ilLLn~ tJ ~~ltJ ~'lU 1. u~,)U'lUYlt:l L VI~,) ~ L ~t:l1.,x L~t:lVlt:lU L"lIt:liLLU n~') n 

tJ d ~" ,J' 0 J' .,J 1. " .col 1. ~ "0 ,J..I .... L ~t:ln ~(;)~,)U"lIULL~~U,)L'UYl,)~LUt:lVlt:lm"JIt:l1~,)U(;) VI~~Lt:lU!'l VI ~!'l~,)U'lU 3 'Ci'lU LYlt:ltJ~~nu 
., ., 

mnu')m~ LL~~,r'l L;t:l~~u'VI1uluti (;I1'1~'lU 3:3: 1 FlU1.,x Lorih riuLL~'lu')ltJVI~n (;I,)~"lIU'lUm1 • 
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~fi~ 5 m~111~1~n~:n'lJ11"""1nL~tl\U)m'll'fi~LL~:;Yl'll~~ ~1L~tl\ulm'lltli~1~r.nnm~~~nu 
, " 

Ln~'flL\~;j'f)U~fiVi 4 ~1U~t~~:;Lt)U~LL~'l~1hJ~~~nUmn~1(;l1~ Yl"JI~'lU'fl'f)UUI'l~:;L~U(?1LL~:; 

I I " " I 

LYim ~~1iJ n~UL \uju'lA1'f) hI ~1 niJ n~UL ~iiut ~ L~~ m n~1 (;l1~ LL~:;';'l L;tl,,~uviTU L~ ~"un~1 
~ . 

" . " 
,,:; L-if L'l ~1'IJ 1UL YiU'ILI'lL ~ ~i m~tru:;~,)~U1"11tl'l~1~ n ~ L'lIUL~U'l num ~111~1~ n ~ 

~ 

" , 
fil'l~H~[;w) 1:500-1 0,000 ~1'f)"1nm~Vl~~'f)ULU'f)'1~U""U~1~(;l~1ViL~~1:;~~ fi')'f) 20 n~~~(;l~ 

~'f)~1 20 ~m ~1~J1~~H1~U1U 7-10 1'U ;UtltJnU'llij~'f)1Um~L"1nIL~UL(;l'il'f)'1~"JILL~~:;"1Iij~ 
" ."k/ 

~1LtluYl'llern l~~'f)nl~lh:;~u 1~~~ l~uu~u Yl"JIH ;J1'l Ltlu~u LL~:;fil'l~~:;lJ~~:;1''1m~ 

~1 hJH~1 ~~1'f)~~~u~'lJYl"JI ~'1 fil'l~L-nL U~ (;1n~'lU~ L~'f)"1'1~1n (~(;1n~'lU~:;~~1'1~1~n ~ 
:n'lJ11""~'f)~1~:;'f)1~~LLU:;~1L~1-if fi')'f) 1 :500 ~1'f) 1:1 ,000) ~fim~t-if~~n~'f)'1,,:;iJ~~~'f)~U 

" 
LL~:;Yl"JI~~1hJn~~1'il~~~UL~ fil,)~L-ifL~tl'll'lUL~1~m~L"1CYL~UL(;1L~nU~u~'lI~1tl'jbUL~1~ 

n"m~~"1I'f)'1'~UVl1uLL~:;~1LtlU~tl'liJLVlfilLUL~UtltJ1'1~U1 L'lIU m~L-if~u~UVl1u ~u~lJn ~1'f) 

~mfiliJL;J1'l1'lU ~'1":;111L~m~L-n~~~~~~~ (;1~tl~"Um~~LL~U~~~tl~"JILU~1U~U1 ~'lU 

, " 
filru~~u'1iLl'lm1'llu'il'f)'1~1~nl'l:n'lJ11"" l~LLri m1~Ltluml'l~1'1 rh • 
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2.1.4.2 f'i,)fil'l')~~')1vh~') (Electrical Conductivity, EC) i1f'i') 

, 0-

2.1.4.4 fi1(;1'tl1~,)~ m~') rufi')(;1'tl1~,)~V1'Yiu1 'W~')~n~;'lJ11'Yi LL~~.:J , . 

... ., 
J1~n~;~n1~~~i~~1n~~ J1~n~;~n1~~~i~~1n~a1 ~1'i1"'L~'il'i 

1) fi1~'tl1~11~~n 

- l'WL(;1'lL~'W (% Total N) 0.03-1.66 % 1.06 - 1.70 % 

- y.j'iltw.j'ilf~ (% Total Pps) 0- 0.4 % 0.18 -1 .14 % 
, 0-

L ..... °1" - 'YiLL'YI~L'EJ~'YI~~~1EJ'W1 ~ 0.05 - 3.53 % 1.0 - 2.39 % 

(% Water Soluble ~O) 

2) fi1~'tl1~1~~'iI.:J 

... 
0.05 - 0.49 % 0.29 - 1.0% - LLfil~L'EJ~ 

... <II:1II .., yJ .. 
- LL~n'WL't.J~LL~~'~L 'iI~ 0.1- 0.37 % 0.1- 0.37 % 

3) fi1~'tl1"'1'lL~1~ 
ct 

30 - 350 ppm 500 - 1,700 ppm - L"'~n 

- Fl~'ilh~ 2,000 - 11,000 ppm 2,000 - 11 ,000 ppm 
, 

.. 1'" - 'iI'W 1 ~LLn 
.. 

~.:Jm'W~ 0- 130 ppm 0- 130 ppm 

'YI'i1.:J LL~.:J tf.:Jn:::~ L1J1'i1'W 

LL~~L~ft1J~,r~ 



10 

I .. 

2.1.4.5 m'IfItl:;mU tJ'hJ1rum'~'tl:;mUY1YnJlull1~n~;rlJl1Yi LL~~~ 

n'1~il~mU ilftini).ll1 00 ni).l 

m'I1lLLtl~l.hf~1"l 346.06 

'""t '"" 'Vlr'ilUU 26.34 
...... 

39.30 'lI~ 

m'l1lflj;J1iil"l 127.45 
" 

hh~'U 1.26 

Lnfl;J'U 13.24 

'"" 91.69 'il:;fl1'U'U 

'"" ... 'lI~j;J'U 17.88 

'"" 55.26 'l1fl'U 

L)JL'Vl ttlu'U 9.37 

Ltl t'll~'l;J'U 26.26 

- ... fl'l'llU 34.30 

.'. L'Vl trll'U 22.14 

~ilfltl:;fl1il'U 4.44 
... _ ... 
t1~j;J~'U 16.28 

Lfl;'U 30.20 

-'"" 'il1r'"l'U'U 18.76 

'Vlltltj;JLw'U 6.22 

I 
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~::;t1::;L'J~1 n1~~,r nr)~ ~ L ~~tl1-if~n~ru::;~ (;11 \J~1l1Yi~ d:J\J"ll'fl-:J L~~'lIOi::; • 

~\J'fl~ nuulOi4't1"lltJ-:J ~1l1Yi LL'J ~~'fl).J LL~::;UIOi4't1"lltl-:Jr)~ ~~1-if1 \Jn1~~,r n ~'JtI ~-:J,r\J UIOi4't1U1-:J 
, ., 

lJ1::;n1~IOi::;u-:JU'fln~-:J1J1::;~'Y(fiIl1Yi~[;l~1n1~U'fltl~~1t1r)~~~,rn (Yi-:J1f Yi~n~, 2548) ;-:Ji1~-:Jil 

, Ltitl-:J1Oi1 mJ~1i1tl-:J ~lJ1::;n'flU"lltJ-:J 'L1h~\JLL~::;~'l\J"1Itl~ m::;(;ImJ~1~-:JIOi::;1'h::;t1::;L'l ~11 \In 1~UtJtI 
" 

J' cJ........ 4 '" ..," I .J 
~~1t1\J 1\J~.n n"ll\J 1 \J"tI ru::;'Yl'l ~ (;I~).J nlOi1 nYi'll1Oi ::;1'u::;t1::; L'l ~ 11 \In 1~~2J n ~\Jn'l1 L \Jtl~1Oi1 n • , ., 
tJ-:J~u1::;ntJU"lltl~r)~ (;I~,r nlOi1n trn LL~::;tJ~ 'hli1W).J1ruL 'Il~~ L~ ~ ~1 \Jtl nlOi1 nil1 \Jr)~ (;I tr n~1tltJ~ 1.~ . " . 

., 
2.1.5.2 1"I'l1).J'fl'JU,J1"lltJ-:Jr)~(;I~,rn • ,., ., 

r)~~~,rnVli1m1).J:n\J~-:J ~1'fl'fl'lu,J11Oi:::Yh1~m::;u'l\Jn11~,rn . " 

ujtl,J1 1.UcJ1\Jn1::;u'J\Jm1~,rn 1 \J~1l1Yi~ d:J\J"tItJ-:J L ~~'l LL~'l 1 \J"lh~ 1-3 r)\JLL1n"ll'fl-l f')11~,rnlOi::;)1 

' 'IltJ-:JL~~'ltltln).J11Oi1nr)~(;I~,rn ~1tlCl1LtI\Jr)~(;IL~~tl1-if1Oi1ntJ~1.~ L"J!\J LL[;l-:JL).J 2J::;~::;ntl • • 
%. .1 ~..., ~... J' .1 .1 r .. r· 'I" 'I 
¥'lUu::;1(;1 LL~::;~).J 'J~(;IL~~1\J1Oi::;).Jm12J"ll\J~-lu1::;).J1ru 70--90 LutJ1L'Il\J[;l 'Yl1 ~~~11~::;~1t1 ~\J . " 

, , 
... ... 'I ., , ... ... 1."'" % r ... 

~tltl ~11~::;~1t1'YlIOi::;(ln~n(;ltJ'fln2J11Oi::; ~"li1::;t1::;L'l~1\J1\Jn'l1Yi'lltJnLL~::;tJ~ 2J L\JtJ-l1Oi1n¥'l[;l'l).J 
" ., , 

tl-:J~u1::;ntlU"tItl-lL2JL~n~iu-ntl\J).J1nn~11\JL'Il~~~"liLL~::;U-:Ji11"1'J1).J:n\J~1n~1L'Il~~~'Il~n~'ltl • 

2.1.5.3 LL~~~tJ1~1~1"I1fU'fl\J"1Itl-lIOi~\J'Yl1-U • ., . 
1 \Jn1::;u'J\Jm~~,rn 1-if,J1 [;l1~ LtI\JLL ~~~m~111"11futl\JVl~1 ~ '11 

., ., ., 
. "tItJ-lIOi~\J'Yl1-t11\Jn11~1Lil\JnlOin112J ,J1 [;l1~~-ln~1'JmlOi 1~).J11Oi1nmn,J1[;l1~ ,J1[;l1~'Yl~1mL(;I-l • ., ., ., 

o 0 '" ell 0 

\J1[;l1~'Yl11t1"t11'J \J1tltltl~(;I ~1'fl\J1[;l1~~(;I 
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., 
'tl'tln; L'"llJLLf'l::1~n1'11 rnfu'tllJ1"''tl'tln 1 '11 ",1lJJ'::~rh:m1J"mrn ~-:J't!lJ~-:J hi f'1':lJ'U '" ~1 ti-:J~,r n 1 ~~UYl 

L ~'tl LUlJn1J'J'::U1U n1"l1'tl'tl n h.l 

2.1.5.5 r11f'1':l1l.JLUlJnJ''''~1-:J 

r11f'1':l1l.JLUlJnJ'",r;\1-:J~1'tlr11YiL'tl'1l ijf'1':l1l.JL~U':l;r'tl-:JllJ 

m::U':llJn1J'~,rm~'tl-:J'"l1nn'"lnJ'J'l.J~'tl-:J'"l~lJYl1U t",umil.J'"l~lJ'Vl1uYl':ln'tl::L"lI~n~1tlLLf'lf'1~n '"l:: • • • , ., 
Uf'l "'U~'tlU nJ''''~lJ'Vl1uYl':lnnJ'''''tl::L"lI~n~1'tl m", LLf'l f'1 ~n vh 1 ~ r11Yi L'tl'1l Lij'tl~lJ~ ",m::U':llJn1J' 

J' 
2.1 .5.6 f'1':l1l.J'1IlJ 

• 

., ., 
llJm::u':llJn1J'~,rn'"l::~'tl-:Jij f'1':l1l.J:nlJ~-:J t",uij n1n~l.Ju11 ~Yi':ll.J 

'lJ 

2.1 .5. 7 'fJru~.1Jij 

'tlru~llijij ~ f'l ~'tluJ':: Lll'Vl"1l'tl-:J'"l~lJ'Vl1U~ L~m;r'tl-:J tlU n J'::U':llJn1 J' 
• 'lJ • ., , 

~,rn m::U':llJn1J'~,rn,hulJ'"l~lJ'Vl1U~L'"l1ru1~lJ'tlru~llijun~ ~1'tlJ'::~~1-:J 30-35 'tl-:Jfil1 
~ 01 Ii ~ 

2.1 .5.8 J'::U::L':lf'l1n1J'~,rn 

J'::U:: L':l f'l1 n 1 J'~,r n.r ~ '" L ~ ~ 'tll if ~ n 'Mru::~ '" llJ~lll Yl~ LUlJ • 

., 
Ln "'UJ':: LU"1ltrLLf'l::UJ'::~'VlfiIl1Yl~-:J~",;:j.;r'tl~'"l1J'ru1 ~-:J~ (Yl-:J~ Yl~n'M1, 2548) 
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., 
m:::U,)~n11~~ n~~~ {;)f'l~ t{;)t1i~ Ln (;llinn ~(;mU1"1l'il~t)~ (;\~~ n'"l:::iJ~1'!11,)f'l(;\f'l~ • • 

I I II II 

LL'ilf'ln'il1l'ilmlf'l(;\f'l~Ltl'il~'"I1n'"l~~Yl1tJ~1Yi')n~~~tn-nU1(;l1f'lL~~'"I~~n1:::U,)~n11 LLf'l:::"I~~Yl1tJ • • 

, 
2.1.6.4 hhJnn!l~'il~ri1"l1mfutl~1(;\'iltlnl"l1~ Ltltl~"I1nn11~1LU~ 

n'"lmnJn1~~n'!l'il~'"I~~Yl1tJiJutltl~1m111iX~'il~ri1'l!l'nfu'il~1(;\'il'ilnl"l1~f'l(;\f'l~ • 

.. 
2.1.6.6 "I1nn11':3LI'l11:::,rYl1~Ll'liJYiU~1U1~ri(;\;,)1l1YiiJl'lru~l.J~Li:l~ • 

... ..... ..1 "L r ..... ~ 
2.1 .7 '"Ift'U'YI~!J'YI'.n.J 'U'U'l~n"'D11l'l'Yf • 

I II II I 

"I~~Yl1tJYlYiU1 ~t:n~ ri (;);h1l1YiiJ~~Yl ~'il~ n11tltln'i L'"I~ LLf'l::: hj ~tl~ n11 • 
'iltln'iL"I~ ~mtl~m:h.jLLUI'lYlL1t1 Bacillus sp. , Lactobacillus sp., Streptococus sp., • ., " . 
~tln"l1n~U~tl1'"1YiUL;'il11 l~LLfi Aspergillus niger, Pennicillium, Rhizopus LLf'l:::~~~ l~LLri 

" , 
Canida sp. '"I1nn11~11,)"ILLf'l:::1,)U1,)~U1~ri{;);,)1l1YiYlLm~t(;l1n1~~(;lLLf'l:::Ht(;\t1~1t!n':34't1LLf'l::: 

, 
.., ~ A 0 .... I .... A .... 

YifN.J~1n11Lm~t(;l1L'!I(;lYl 1-8 n1~,)'l!1n11Lm~(;l1 "I1~,)~ 88 (;l,)'iltl1~ (n'il~"tl~~~U~'l~~1~,)"ItI 
.. 

~1~n11Lm~t(;l1 n1~':3'l!1n11Lmt(;l1, 2547) 1~~f'l~~~ 

2) YiULLUI'lYl~t1n1{;)LLf'lI'l~n1~~1~ri(;\;,)1l1Yi 35 ~,)'ilth~ ii 

~1~,)~'il~1~'ll')~ 1,000-1 00,000,000 L"lIf'l~/ijf'l~~(;l1 ~{;)Ltl~ 40 LtJ'ilfLoj~~"1l'il~'~~Yl1tJ~YiU 
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., 
3) Viuth~j;l'~,j,1t~1i c;);! ')11 ')Vi 24 ~,)'rlth-3 il~,)~,)~'rl~L~"J!,)-3 10-

1 0,000,000 L"l!~~/ij~~~j;l~ ~j;lLtJ~ 18 LiJ'rlfL;~~"Jl'fl-3,,~~Yi1U~ViU 
4) ViU~,) L~~Lt.JL ~~')~ Ii ~;!,)l1,)Vi 16 ~,)'rlth-3 il~')~')~'fl~'L ~"J!,)-3 

10 - 1,000,000 L"l!~~/ij~~~j;l~ ~C;)LtJ~ 27 LiJ'rlfL;~~"Jl'fl-3,,~~Yi1U~ViU 

~ ') n n') ~1 Lfil 1'1 ~\f'rl-3 rfiJ ~~n'rlUYI ')~~ ~;!,)1Y1tJ ') LL~ ~iJ ~~ j;l1 YI tJ,)"Jl'rl~ • ., , ., 
~,)'rlth~,j')~ liC;);!,)l1,)Vi"Jl'rl~ fi\~m4'mL~~!ln'rlU~~ ~')~~~ LL,)C;)~'rl~ ~')~')~ 32 ~,)flth-3 LL~~,j') 

OJ 

., , ., 
1 ) ~ ') ~ ') WL U fil Vl L1 m'; ~ ~ ~ ~ Vl Vi U L ~,j ') ~ Ii ~;! ') 11 ') Vi ill'i ') 'fl ~ 

~~~~,)-3 'WViU (Non Detected, NO) ~~ 1.50x1 0
7 

CFU/ml 

2) Lfil~W'flf~ ~Yi1m~j;l~')~r)~ Fi'rl Total Coliform LL~:: E. coli 

., ." 

LL~~~~')u')~Ii~;!,)111Viilm~iJ~LtI'fl~~1n~~iuci')t.J"Jlfl~ij;lt)L~'rl~~~ ~')nViU E. cOli LL~~~~')il • 
'" "I " 

L'rlm~u~Ltlfl~~')t.J~~~,)~~"Jl'rl~~'t~U~~~1n LL~::'rl')~ilL:n'rlhfilYl,)~L~~'rl')~')~~~1 iJ~LtI'rl~ 

~')tJ ViU~') Total Coliform ill'i,)'fl~~::~~,)-3 hJViU (NO) ~-3 ~1nn~') 1,100 MPN/100ml LL~:: 

E. coli ill'i,)flth::~~1~ hlViu (NO) ~-3 9.00 MPN/100ml 
OJ 

I I " I 

3) U~~LL~::1'1 U~~ LtJ~~~~Yl1UVlViUL~11,),)~Vlil,j')j;l1~~-3'i~ 
• OJ ., ,., 

U~~~::L~,j')j;l1~1~'flci,)-3iliJ~::~Ylfil1,)ViL~~11,),)::Vlil'fl')n')fi\ U~i~::L~,j')j;l,)~L~n1~~~,)-3 

Vii~~')~Yi,)L,xL~~~,)~,)~L"l!~~~ L~~11,),)~"Jl,)~'rl1mfi\ ("Jl,)~'rl'fln;L~~) u~i~::~~n~')j;l,)~Ln~ 
t "I I 

LtJ~LL'rl~nflll'rl~Yi') L ,xiln~~wa~L ~u')~Ii~;!,)l1,)ViVl~~n H~')~Vi'rl~~ fil,)~ LL~~ ~') LtJ~~~~Yl1uVl • 

L"l!~~ L~~;~ LtI~'rl~rfiJ~~n'flu~in"Jl'rl~~'lIm~ci'flt.J~~1t.J~::Ln ~ L ~~l1')')::~ilmmfi\ L~t.JViU~,) 
OJ ., 

o U~iLL~::~1L~,j')~Ii~;!,)11,)Viill'i,)'fl~~::~~1~ 'WViU (NO) ~~ 2.89x10
7 

CFU/ml 

4) 'lIU~"Jlfl-3iJ~~ j;l~Yi') n') ~~ n~') Fi't) Nematode 
., ., 

Nematode L ~~,)'rlci1~U,)~ Ii ~=n,)l1,)Vi"'~~~~ 

, ., 
LLU filVl L1t.JVlVi UL ~u')~ Ii ~;!,)11,)Vi~~1 n~~')t.J~')t.J~~fiilUYlU1Y1L ~m~ • 

I I I" 

ci'flt.J~~')t.Jr)~ ~VlL~ ~m~CJ~ j;l'i~ LtI~r)~ ~tl~Yl1U~1~1 n~~il;!1 j;l"'~~1n~"l! LL~~i (;It) LLU filVl L1t.J • • 
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~Yl'll~Il-Jl1ClUI hJ1-iflh:;LU'lIu1cJ1 '"I~UYi1Un~l-J~ CJ~ Pln1~m~ I'l~ n'"l:;ii~,)uL~m;r'tl..:!'tlth":!l-Jln 1 u • • 
II I ... I 

m:i'CJ~PlUl~nC;)~,)f11YlYi n1:;u')um1CJ~ PliiUl Pll~l-Jl Lnm.;t'tl..:! LLU I'lYi ISU n1C;)LL~ I'l ~n'tl1 ~u'tl~1 u 
I I I ... II 

fi11l-J'lI1 ~l-Jl nl-J1U,"~1 n,"~IU LL~..:! LC;)U L~Yll:;'tlth..:!u..:!1 UYiYiiiUl Pll~'lIUC;) ~1..:!1 LLUI'lYi ISU n ~l-Jtl 

~1l-Jl1Cl~~I..:!n1C;)LL~1'l ~ n n1c;)~'tlfij n Lt'l'VI1Ut'l~ LL~:;l'llfut'lu1c;)'tlt'l n 1'l1 ~ LLUI'lYi L1U,"~IU~IU 

~Ufi~ll-Jl1Cl~ :;~IU Pl:;n'tlu~'tl~ L ~ Pl~..:!v.'lIhl~ll-Jl1Cl1-iflh:;LU'lI'U1 'Un l1LiI'Ut'l1,"11V.'lI1cJ11 ,x • 
I I I ... 

Lu~u'Ut'l~1 'UluYi LiI'Uu1:; LU'lIU LLU I'lYi lSuYiYlU 1 'UUl ~ n C;);,)f11Yl," ~ lU~ lU ~'U1fiiU1:;~ 'VI flf11Yl1 'U 
... , , 

m1tTutT..:!'"I~'U'VI1-uYi Lilu~1 L,"Pl L11'lV.'lIU1..:!'lIUc;) ,.hLLUI'lYi lSuYint'l1 ,xLnc;) L11'l ~1l-Jlffii~Ll'll1:;,r • • 

~ ~ r;lLiI'Ul1 L'lI ~ ffL~U,) l! n'"l:;ii 1U'VI N n ~ l-J'"~t'l1- n 1:;'"11 ui') 1u1 'U .. 
... ... 

fi11l-J'lI1 ~ Ylu1~uuCj') CJ~ 1~ LL~:;1u1~ 1 'UU1~ n C;);,)f11Yl~~ r;l'"l:;," l!n Ul Pll~ LiI'UL'tl~~ LLt1~ nt'lll'tlff 

LL~:;f'nfu'tl'U1c;)t1ttln 1'l1 ~ 
, ... 

11 L~u1u LiI'U'"I~'U'VI1-uYl')nYi r1ft1..:! m1'tl1 m fI\ ~~u'U1 u~ m~ClJ:;'lItl..:! m1l11 • ... , , 
Ul ~ n c;);')f11Yl;..:! LiI'Un 11'" l! nYiiit1'tl n; L'"I'U,J'tl U ~f11Yl~..:! n~I,)~~ hI L ,"l-Jl:;~ l-J ~ 1'" fu nl1 

'" ..., 
L '"I1ru L~U LPl'll'tl~ 11 L~U 1u ~~l! n'"l:;YlUtltlU'UCj,),",Jl'l1'tl~Ul~ n C;)~,)f11Yl'"~tlU'UV.UCj,)f11'l1'U:;Yiii 

~ .. 
... 
U1Pll~~c;)t1tl (nt1~'VI'U~UU~'U'U~I'U~~ucJll'Um1Lm~t(;\1 n1l-J~'lIlm1Lm~t(;\1, 2547) " . . 

" , 
Ul~n C;);,)f11Yliiu1:; LU'lI'U1 UcJI1'U~1~1 (n1l-J~~ L~1l-J flCW11Yl~..:! LL,) c;)~t1l-J 

... 
, 2548; fI\'UU~11~'UL'VIfI\ n1l-J~'lIlm1Lm~:t(;\1, 2549) ~~tl 

" 

'I s-... ... 'i' 
2.1 .8.1 ~'lInuYl'll ~C;)U(;\N 

... 
Ul~ n C;);,)f11Yl'"l:;U1:; ntlU cJI')u~ 11~1~1 LL~:;'"I ~'U'VI1-Utltl Lilu . " ... ... 

~1'U,)'Ul-J1 n ~,,:!U'Urit1'UUl Lt111u1-ifu1:;LU'lI'U~..:! r1f'tl..:!l111,x L~t1'"11~l-Jl n1 Lc;)uiitfl(;\11~,)'UU1~ n c;) 
... ... 

;,)f11Yl~'tlUl~:;'tl1c;)fi'tl 1 :500 n~ 1:1 ,000 m11-iful~nC;);,)f11Yl'"l:;r1ftl..:!iimll-J1:;l!C;)1:;tJ~l-Jln 

... ~ 

LL~C;)~~f11YlL;Jm~c;) 1ULil'Ul!'U ~~u'Um:i'1~~I'l,):i'1-iftfl(;\:i'IL~t1'"11~l-Jlmil'ULnClJ-n ;~~Il-Jl:i'Cl1~ 

1,x LLn ~'Ul~U1:;l-Jlru 3-7 tJ'U~'tlI'l¥~ LL~:;ujt1V.'lI L'"I1'Y~'tl n~ll-J ~1'UL,)~I~'tll-Jltll'"11-if L~t1'U~:;~¥~ 
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" LtntJmHJ~2J~1~rien;'lJ)1YlLu.a(;JnL~'fl'"l1~~tn~U LtntJL'UYl1:; 
II ...... ... II 

LYl~mLiJ~L-nt~CJ~~ ~en~u 3-4 1"11~ LL~'lU~'fltJ~~1%ln 71'u ~u 2-3 1"11~ LYl~mLiJ~'"I:;(;J1tJ 

" 2.1.8.3 L-nritJi(;Jr)L~tJ~ (1riLL~:;~n~) • 
" " LentJH'~1~ric;);hJ)1Yl~1U'lU 20 ~(;J~ 2J1CJ~2JritJ~1~:;'fl1en 20 

~(;J1 ~1'1uL-nL~m1ri~1fl~n~ L~flvi1~1tJ'"I~UYi1U~djUL~fl L11"1 LentJ~fi~~mh'l'"l:;iJM1Yll"1ru"'1 •• • 

L~i(;Jr)LL;j~LLN iJ1Jij~2JriUL~1"1 LL~:;~~1A'CY~UI"1't1n1rihJiJn~uLLfl2JL2JLi1tJ ~~~~CJ~L~rihlLilu 
L~1"1 

" "" 2.1 .8.4 L-nU~:;LtJ'l!u1um~n1r.rtn~1L~mL~:;n1~LYl1:;L~tJ~i(;Jr)~1 
" " ~1~1~ ri en;'lJ)1Yl '1uL -iftJfltJ ~ ~ 1 tJ~U 'Yl~tJ1' (;J 'J'"I1 n LL ~ ~~~1 (;]1~1 

Sol ... I ..." 

L"llU U'fl~1 ~ ~:;~ 1V1iJ~U'Yl~tJ1' (;J (l tJfltJ ~ ~1 tJtJ en L lJ1 ~12J 1~(l L~~1;'lJ)1Yl ~~ 1uL ULL~~~~ 1 
• 'IJ 

" " ~~n~1'l LentJL-n~1~rien;j'lJ)1YlLuti(;Jn~'lU 1 :100, 1 :250 ,"1fl 1 :500 LentJf)tn'"l1nm2J1ru~1Lu 

LL,"~~~1 L"llU m2J1ru~1 1,000 ~'lU L~2J~1~rien;j'lJ)1Yl 1 ~'lU ~'lU~:;tJ:;L'l~1m~tJfltJ~~1tJ 

HL'l~1U~:;2J1ru 1 iuen1~iu1u 

" " LentJCJ~2J~1~rien;j'lJ)1Yl 1 ~'lU (;]'fl~110 ~'lU LL~'l~1entJ1L'lru 

~iJn~u L"llU ~'fl~~'l2J n'fl~'jJtJ:; Y)'fl~:;tJ1tJ~1 "1~"1 '"I~U'Yl~u'"l:;Li~m~tJ'fltJ~~1tJ~U'Yl~U~1~~ • 

" " 2.1.8.6 L'Yl~~ L(l~'l2J,"1'flY)fl~:;tJ1tJ~1~~ 

'"I~U'Yl~U'"l:;'1l'ltJtJfltJ~~1tJ~U'Yl1u~1~~(;JnA'1~"'1L~~'l2JhJL~lJ • 
" " L~'l LL~ :;y)'fl ~:;tJ1tJ~1~~ hI'fl en ~u • 

" L un1 ~L -n ~ 1 ~ ri tn; 'lJ)1Yl iJif'flI"1'l ~~:;1'~ (;] 1~ 1 (~UU ~ 1 ~~ UL 'Yl PI n ~lJ 
" ~'l!1n1nmt(;J~, 2549) ~~i1 
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~ ~ 

2.1.9.2 n1~HU'1~n(;)~,)fl'1YlnuYl'nru1U~hJfOl')~n~UYi~'Url(;l'J!l~ L"llU 
, ~ 

nn1~1~~u"nrn LL~::LfIIMYl"l!LL~~fOl~lJ~uH :n~":h1~n1~1-ihh::LU"l!,r"'1nU'1~n(;)~,)fl'1Yl1.~t.J~~ 

~ , 
2.1.9.3 m~H'U'1~n(;);,)fl'1YlnuYl"J!fOl')~t-n.uti(;ln~,)UYln1~U(;)H 

, ~ 

L Yln::!l'1"n t.J~ L~U ~!lYl"J!1.~ L U'fl~"'1 n f'),)'1lJ LUUm(;)~ 1'fl fOl,)'1lJ L~lJ 1 UU'1~ n (;);,)fl '1Yl 

..a '" r ..... ~ 2.1.10 fi161'!l1,"1'1"'YUJ L UU1. n f1'D'un'n • 

LL~::'tln!lU~lJ~'1U~~LL,)(;)~'fllJ 4'1u')u 32 ~,)!lth~ LL~::~'1~n (;);,)fl'1Yl~n4'1~"hu1uYf!l~(;l~'1 (;) 

~')hJ 4'1U'lU 26 ~,)!lth~ (fllum4'mL~::'tln!lU~lJ~'1U~~LL,)(;)~'fllJ mlJ~~L~1~fOlrufl'1Yl 
~ , 

, ~ ~ 

~~LL')(;)~tJlJ, 2550) YlU~'11UU'1~n"';,)fl'1Ylnfi'1~m~'1~~'1~1 ~~U 

2.1 .1 0.1 fi'1(;lm~'1~~~n , 
, ~ 

fi'1(;lm~'1~~~nYlYlu1uu'1~n(;);,)fl'1Yl 1.~LLri 1.uL(;l~L"U (Total , 
~ 

N) nf'htJ~~::~~'1~ 0.01-0. 78 LU'flfL;U~(;)UU'1~,rn yjtJ~yjtJf~ (Total P 20 5) n f'i'1tJ~~::~~'1~ 

0.0001-1 .32 LUtJfL;U~"'U~'1~,rn LL~::LYlLLYl~L;UlJ (Total ~O) nf'i'1'fl~~::~~'1~ 0-0.66 
~ 

LU'flfL;U(;l1(;)uu'1~,rn 

2.1.1 0.2 fi'1(;l'fl'1~'1~~'fl~ , 
, ~ 

fi'1(;l'fl'1~'1~ffi~YlYlu1uu'1~n(;);,)fl'1Yl Hi'LLri LLfOl~ L;UlJ nf'i'1tJti , ~ 

~ 

U'1~,rn LL~::Ylui~Lyj'flfLumlJ'1ruu!lUlJ'1n"u~~bJYlUL~U 

2.1.1 0.3 fi'1(;lm~'1~L~1~ , 
, ~ 

fi'1~tJ'1~'1~L~1lJYlYlu1uu'1~n"';,)fl'1Yl 1.~LLri L~~n nf'i'1tJ~ 

~::~~'1~ 0-0.11 LU'flfL;U(;l1(;)u~'1~,rn fOl~!lhr;) nf'i'1!lti~::~~'1~ 0.04-5.31 LU'flfL;U(;l1",u 
~ 
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~ ~ 

U1~,rn LL~~mn~ ij"'1flth':;~~1~ 0-0.03 LUflfL~'U(;I1~tl~1~,rn ~~n:;~ ij"'1flU1:;~~1~ 0-
~ ~ 

~ ~ 

0.01 LU'afL~'U~~tlU1~,rn LlJ1'a'U i1"'1'a~1:;~~1~ 0-0.28 LU'afL~'U(;I1~tlU1~,rn LL~:;YllJL~ 

~lJ ~,r~ 1. 'Um~1 C\JtJ'atl~1 n'"l'U()~ "WYilJ L~tl 

. 2.2 J1n1n~1 (Slop Distillery Waste) 

I I t '" 

~ 4 4 ... ~" r 0 

~11 Lu'ULfil1'a~~~Yl ~~'"I1nm1CJ~~LLfl~n'al(fl~ (alcohol) 'U1 LLfl:; • 
~'J'UCJ~~~'U1 L~'a L ~ij1~'lI1~LLfl:;~LL(;In~h~n'Ulu ~n LLtJ~ m~U1:;LJlYl'lltwr (;I'l~lJ~L-n 'Um1 

CJ~(;I 1'JlJ1'J~1t)1J13 U1:;LJlYl (~1~ ':3f11'J1'"111U, 2531) ~'a 

1) ~11~CJ~(;I'"I1m~~c;)firy~'lI (Grain Distilleries) HlLLri ~11 
~ 

U1:;LJlYl ~nfl(;l':3~n (Scotch Whiskey) CJ~(;I'"I1m~~~firyVi"1lvh~1 L-n'U ;r1'JL~ntl'J ;r1'JL~1 

;r1'JlJ1fLflU LU'UIX'U 

2) M1~t.J~(;I'"I1mJfll~ (Fruit Distilleries) L'll'U ~lJU:;1C;) fl~'U • • 

LU'UIX'U lJ1LLri ~nu1:;UlYll'Jtr (Wine) lJ*'U~ (Brandy) LL'lI~LUry (Champagne) 
, ~ 

3) M1Yit.J~(;I'"I1nmn~1(;11fl (Molasses Distilleries) L'lI'U ~n • • 

'tI1'J (Raw alcohol) ~11t.J~~ (Blended liquor) ~~ (Rum) LU'UIX'U 

~ ~ 

n1:;lJ'J'Un11t.J~(;I~n'"l1nn1n~1(;11fl LLtJ~HILu'U 4 i'U(;Ifl'UL~cY1 

LL~C;)~~~1U~ 2.1 (~~'Uj;f Yl'U1U'J~n~, 2528) lJ1LLri 
III " " " 

~ 

2.2.1 .1 m1~2Jnn1nU1(;11fl (Fermentation) 
0-

mnU1(;11fl (molasses) LU'UCJ~(;ICJflL~~fl'"l1nm1t.J~(;I'lIfl~ 

h~~1'U~1 (;I1fl ;~ LU'U~'J'U~hJt'l1~11() (;In t.J ~ n lJ1 [;Jf) lu~n i1~ ~1~1fl~1 Vl1fl L;r~ ijill~1 C\J 

. ~1(;11flf)~U1:;~1C\J~fltlfl:; 50 Lc;)tl~1~,rn ~(;Infil'J1~L;r~;r'U'lIfl~~1(;\1fl~L~~1:;~~L'Um1~2Jn 
'" '" ...., 

th:;~1C\J~f)tlfi:; 16 tc;)tlU1~t!n ~~t!'Um1~2Jn~~IXfl~Lr.;f)'"I1~mmj,1Vl1fl~'Jtl,J1 3 Lvh LL~'J~~ 

'1.,/.1 ., ... "1.".1 ~'i'~" ~ ~~ L'lIfl~~n (yeast) LLfl:;fl1~11LM~ n11~~n 'lIL'Jfi1lJ1:;~1C\J 48 "1I'J ~~~ '"I:; LC;)LLflflnfll(flfl1fltl 
~ 

fl:; 8-1 0 Lc;)tlm~1(;11 ~')'Ut.Jt'l~'tIfl~LLflflnfll(f)~"r11tl~~,m11~2Jnn!Stln~1 Lutlf (beer) ~1flLL~"1I 
~ , , 

(mash)~1f)~1~1 ~~'"I~()n~~[;Jf)luu~~fln~'U 
" 
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~ " "."""""""""""""""""""""""" ............................................................... _ ....... ........ .. ................................................................... ~ 
. .... t' 
~ n1'i\Umn1nU1(;l1~ 

(Fermentation) 
: ",,~ 

------< 
1 " 

, ..... _ .......•....... _ .. _1--_____ -'-

: .:.., ~ 

: n1'inilULl .. 8i1nilllil~ 

-4 ., 
oW1'1HiflLth.! 

. ", ,~ 

(Distillation) 
------< 

: " 

--4 ~1n1n~1 

; 'i 'i' -. -._. -. _. _._. - ._.-.- ._. _. - '- '- ' -~"7: :"" -: :.= : ~~-... -:..:.7' •• .=. .. "7:..= :.-~-:: ~ . . _ .. _ .. _ . . _ .. - . - .. _ .. _ .. - ":-J 

i 'U1Yl~ :., ~ .J ' .. ~ ~ _ .r 
i • - mn.!flNYl 2 L"Ifl"l1~~'ltJ'I.!1lJ1~'V1fi 

.... t' 
n1'i\.nmn1n'l.!1(;l1~ ... ... 

~111J1'l 28 ~m 
(Fermentation) 

o 

t1t~~ nft'l.! LLft~1~ 

., 
! - - --------~ OW1~1~ 'lJ'l ~ 

(Blended Liquor Production) (Raw Alcohol Production) 

. I 

1 · _ · _ · _ · - · -·-·- · - ·- · - · - · - · - · - · - ·- ·- ·- ·- · -'--:::..:~.·..:. ·. 7.:..:' :.~-:- : ~' :: :..: :~.:....-.'. -:..:.. .. _ .. _ . . _ .. _ . . _ .. _ .. _ .. _ . . _ .. _ : 

...; 
'YItJ1 : ~~'W~ Yf\..l11.h~nfto 2528 • • • 
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2.2.1.2 mm~ULL'tl~n'tl!l'tl~ (Distillation) 
" I I I 

~1 ~1 Cl n~-l~ 1U-l~'tl n ~ULLl'n L Yi'tl n ~ ULLtJ n LL'tl~ n'tl !I'tl~'fl'tl n ~1 
" 

L~LL'tl~ n'tl!l'fl~tll':;~1ru~'fltJ~:; 50 ~'lu~;1-l"ll'fl-l~n~UL~~Cl n~1Ltlc.J~ (;J LUU~l'1"l11'l LL~:;~ n~'lu " . 
• I" I ,. 

~~-l~:;~n~-lLtln~uLui'u~'tlLtlLYi'tlLm~LL'tl~n'fl!l'tl~u1~Ylfi~'fltJ~:; 95-97 L(;ltJm~1(;Jl' 

~ 0 

L(;ltJm~1(;Jl' ~1'tl 28° (28 degree) ~tJn~1 ~n"ll1'l ~1n,rum'tl-lLfiI'l=tc.J-lLL~:;~-lL~'tltlU'tl'tln tlt-l 

L""L~~1:;~~LL~:;,j1~1tl~~'tltll':;~1ru 7 r)U LL~'l,j1LtlUl'~"lI'l(;lL~'tl~1~U1tJ~'tlLtl • 

2.2.1.4 ml'c.J~(;J~~1c.J~~ (Blended Liquor Production) 

~1LL'tl~n'tl!l'tl~u1~Ylt"1'fltJ~:; 95-97 L(;ltJm~1(;Jl' ~L~~1nml' • 
I " I " 

n~Ul'lf-lYi~'tl-l~1L~'tl~1-l~'ltJ~1L""iil'l'l1~L;r~;rU"lI'tl-lLL'tl~n'fl!l'tl~1'fltJ~:; 35 L(;ltJm~1(;Jl' ~1'fl 35° 

(35 degree) LL~'lL~~~ ~l.JUL~l' LL~:;~'lutll':;n'tlU~U1 L~'tlLm~n~U~'tl~LL~:;l'~"lI1~(;J1~ 

1'l'l1~~'tl-lml' ~1mrU,j1~1m'fl-lLL~:;tl~~'tltll':;~1ru 7 r)U ri'tlUUl'l'~~-l"ll'l(;lL~'fl~1~U1tJ~'tlLtl • 

~ ~ 

, L~ijtJ'l LUUr) (;JCl ~ULUml'c.J~ (;J LL~:;,j1mn~1 LL(;l-l L~~1nn1l'H' mn,j1(;J1~ LUUr) (;JCl ~1.JLUml' • • 
I .... ..." 

c.J~(;J ;-l,j1mn~1~1n LN-l1U~l'1 Ln'tlUYlmL~-lLutll':;LYl filL YltJ Luu,j1mn~1 LL(;'t-l ii~,j1m~ L;r~ • • 

~1'tl~1 ii~Ylt"LuUnl'(;l LL~:;iil'l'l1~L;r~;rU"lI'tl-lm~1ru~1l';SuYl1u~-l (~1~ ~fiI'l1~1l'Uo 2531) 
~ ~ 

~,j1(;J1~L;r~LU~1mn~1Ln(;'t~1n~'tl-l~1L~(;J~'ltJnu ~'il Ln(;l~1n~"lI'tl-l • 
" I "I " 

1'l1l'1L~~~1n,j1(;J1~"lIU(;l~1-l1 YiiiL~~'tlLUmn,j1(;J1~ ;-lLn(;l~1n,j1(;J1~L~f1.Jm1~~'tlU~1n 

LnuLtlLUl':;~~1-lmnJ~(;J LL~:;~1L~(;J~~'tl-lLn(;l~1n~1l'L~~1U'tltJ~U ~-lLuufi1(;J~iiLUL(;Jl'L~U • • 

o 0 0 I ~.q .., d _.., 

~.J1unl':;U'lUn1l'1.Jn'lU-ll'LL'tln"JIU (browning reaction) ~~'tl L~ ~~1 (;'tl'LL'tln"JIU (mallard 
t .... "" 

reaction) ;-lii~ L ~~'il-l ~-l ~,j1 (;J1 ~ L ;r~ii c.J~y'j1 L "",j1 n1 n ~1ii~,j1 (;J1~ L;r~ ~1l'L~~1U'tltJ ~U 

~-lmh'lLuu~1l'~~ntJ'tltJ~fntJl~mn~'ltJnl':;u')uml'Yl1-l~,)J11~ (4'n1uYlf L~"JIN1~ LL~:;l'lru:;o 

2547) 



21 

l",fj ~~m~'l filCU~uJUi"ll'tl~~'l n1 n ?l'I'~'l n b~~'lt.!~n ~'l~1 L'lIt.! ~~t.!r;l 
~t.!'lth~fJ~ (2528) ~m~nn'l~rh4'~~'ln'ln?l'l~'ln LN~'lt.!~n Ll11u1.frJfiLYlI"I L t.!L~U~L~~'l:;~~ ~~ 

" , ~'l n n1~';j LI"I~'l:;oJ'tl~ r1th:;n'tlu"ll'tl~in n1 n ~'l~U~'l'tl~ r)th:;ntlu~i mtlt.!~'l ~~t.!Yl1tJ fj 1'1'1 I"I'n~ 

Ltlt.!m'I11r;i'l~tJ1:;~'lCU 4.0-5.0 rhULtl~~~th:;~'lCU 29,000-45,000 n~~nf~~'tl~f;l~ rh~Ltl~ 
'IJ 

, " 
90,000-130,000 n~~nf~~tl~j;]~ l"l1UUYlfi n~t.!~I"It.!fi (2528) ~m~nI"lCU~~u~"lItl,nl'ln1n~'l •• • 
~'lnLN~'lt.!~~j;]~n1.t.!tJ~:;LYlji\lYlU ~~LL~~~1.t.!j;]'l~'l~~ 2.3 LL~:;fiL~ji\ ji\1~nj;]tJ LL~:;~~UtJ • • 

I "... I 

~m~~u~ (2548) ~m~t'l n1~tJt.!Liltlt.!'ll'tl~'Il'l n1 n~'l1. t.!~t.!"lI'tl~ LN~'lt.!~~j;]~n~'l~1 ;~l~~mt'l 
" , 

I"lCU~~~"lItl~'Il'ln1n~'l~~LL~I11~1.t.!j;]'ln~~ 2.4 • 

pH 

'rJ{U~1Jij 

COD 

BOD 

Suspended Solids 

Total Solids 

Total Volatile Solids 

Settleable Solids 

Total-N 

PO -3_p 
3 

K 

SO -2 
4 

BOD loading 

BOD loading 

m)J1{u~1L~El 

~~1 : L-JIUUYlfi n~t.!~I"It.!fi. 2528 • • 
~l-J'lm~j;]: * 1 LYl LVltnU 20 ~j;]~ • 

. ." 
fl1Li1fi!l 

3.66 

88.6 

118,098.0 

27,475.0 

11,319.0 

75,829.0 

58,523.0 

26.67 

935.0 

115.2 

4,763.0 

3,718.0 

3,806.0 

2.77 

0.106 

... 
'fJ~fII1L'lIflL'lIU~ 

~~~nf~/~j;]T 

~~~nf)Jffif;lT 

ij~~nf)J/~f;lT 

ij~~nf)J/~j;]T' 

~~flnf2-J/~f;lT 

~~~nf2-J/flj;]T 

~~~nf)J/~(;lT 

ij~~nf2-J/~f;lT 

ij~~nf2-J/~(;lT 

~~~nf2-J/~(;lT 

iit~nf2-J/tj't.! 

nt~nf)JIL'Vl* 

tjnU1f11r1L2-J(;l1/L'Vl 
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. ..a 
A'L~fi!l 

~ .. ~ il~An''1~'' Vt,,,,,. L61il'1 1..1. i""fi'1n~ 4,n61 • 1..1. t1~"'~fi~fi 4,n61 .. • n '1"'~ '1'1Vt~,,,. 61 ~ 

~.1JA'1t1l'" ~.1JA'1~~'1'1A 
~.~::L~~L"" 

pH 2.50 2.43 3.96 

~tl.!l-11Ji1 (OC) 42.0 40.5 31.5 

SS (mg/l) 55.600 21.200 9,450 
. . 

TS(mgll) 91.315 148.520 38,420 

COD (mgll) 118.752 158.340 32.162 

BOD (mg/I) 12,500 71,250 2,000 

Conductivity (mS/cm) 850 150 790 

~ ~ 

n1 ~ 1<if1.h:; LtJ"lI U'"I '1 nu'1 n1 n~'1"1Jtl-l b-l-lTWCJfi In~ 1'1'11 ru:;uij n1~U'1lbJ1<if • 
I I "' ... 

1h:; LtJ"lIUU-l hJ u. Yiil-1~'1mrn L iltl-l '"I '1 n Liltl~'"I'1~ru'1'"1'1 ntl-l f"hJ~:;ntlu'1ltl-lU'1 n1 n~'1'"1 :;YiU~'1U'1 
. I II' I 

n'1 n~'1ijtl-l rfU1:;ntlU j;J'1-l1 YliU'~'tlU ~-l,rUn1 ~Yl'"l:;U '1lJ '11<if U~:; LtJ"lIUVI'1-l ~'1 u, ~ii '.l 1V1 U'1 n ~tl-l 

m~tJ'"IfiuVl1tJ~ij f'l'.l'1lJ~'1lJ'1~rI L~Yi'1:;r;l'.l1 Un'1~~'"I:; 1<if~'1 n1 n~'1'"1'1 n LN-l'1uCJfi In~ ~'1 LtlU1' inri ~U • • • , ., ~ 

LL~:;1,x CJ~ CJfi ln~u1 tlU'1-l L~n In'1lJij ~u '1u'1n'1 n ~'1lJ'11<ifU~:;LtJ"lIUU'1-l ~-l j;JtlLUU 

YiU'1U1~fJ~, 2528; "lI'.lfiln flnUfi~~lJ~fJ~, 2548) 

., 
LYiLLVI~ L;tJlJ tl~U'1-l ~-lijn1~U'1U'1 n1n~'1Lu1<if LtlU~tJ L(;ltJn1~U'1LUf'l~mf'l~'1 nu~uritlUn1~ 

~ , 
U'1 n1 n ~'1'"1:;lu LtlUtl'1l-1 '1 ~ 1 ,x~-lijii1 In"1JU'1 (;l L~ n L"lIU LL Yi~-l rf 

IntlU ~-l'"l:;LtlUtl'1l-1'1nLriu~'1t)nj;Jtll-1~-l 



~t-t'~!ortrat:mlrtG" nil-' raG~u~'t-ra~mb'~~lntt-~k1.'m~'~"t-ra~1c,L~ut-~~~~t-ra~'LrtL~ULU 
" 

L~L~~LUn\n!\t-~ ~~t~ll1~,IiJ~b'~Lun\nGl1jLl!!t-~k1.'mQl,Hu~LrtL~I4lU!f.raL~k1.~~~~L~I1M. 
" " "' . t-~ t-Uk1.nc,nL~raGG~k1.' ~~ll!!~t-t~L~ L~~L~ U LU L~n 1. ULbt-GU 1 
It" " I 

W~'~~!f.m~~111nQ'~~~G~'~~lA.n~~t-ra~'LrtL~uLUL~L~~Lu 8'£'c'c 
• I " " 

rac,~u~L~t;~~~~LUn\nJtlt-1tI~L~nQ'~L~L~uLuJlo1.~L~t;~~~nLt-t-~1 
" "0 no 

U Lb~t~L~U LU L~l1ll,t 1. LrtC,L~U t-~tL U U ~ k1.L~~LU ~LrtG~ rac,~ u~t-~~nc,~14l ~n \ rtra~ 1 ~IA." M.l 
o " 0 

• rtlA.ra~lA.nGra~ Gl!! 14l' raG~M.~~ 14l' t-ra~~'mk1.' L~'~Lun 1. t-~ M., G!f. mQ'!f.1. GM., LnGrtk1.t-Gl1.rtk1.' 
I=" f''' par "=" IP' '" k " k .... "'" 't;Io'.r '" fP ~ '" "k 

L~'t-G~n1.l1tL!tm~c,L~Ut-~t-~'1t-GIT.t-GIT.GU'L~n!\ULb ~n~'jGI1' OS ruLrt~~I1t-~"t-GI1.GU't:~\ 
" " " 

ral4l1 t-~"I4lc,t-nbL~ULUL~W~'~LUL!,A~b t:L!mi,..I1141~k1.t-} n!o~t-Ll1ut;nLt-Nln1. J018Jod81\8 
" 0 0 

t-G~l!!'Jlo1.~LuraI4l1~tL!,At-~ UO!l8J8UPU! ~ L U U ~ k1. Jlo 1. ra 1411 
• no 

ra~t-GIT.I1~n1..n!f.ral~tI1Jlo1.LrtL~uLUL~L!Io~LU L£'c'c 
" 

nJtlnQ' , 

nG~Jlt-~M.'~t-GI1.~Lk1.LGnQ' Gf1n1.nttk1.m~Ul4l~ t-~raG~Gf1n,V~n~' nil-' t-~t-ra~'Gf1n1.M.UJ~ 
o 0 " 

11'!l1rac,Il-t-9t-~U~ l!!tlnllt-G[t~Lun1.rac,1l-n~~~VLk1.LG~L~I1!oI4lt;,~1.L!,At-~»tL~nVLk1.LGraL~~ 
• • raGra~LUn1.rac,IT-nIT-' t-,VG~~!f.ral~tl1nQ'~~~lA.n~bt:L~uLUL~ 

o " 

t-~t-ra~'~LUnu-1. g"£"c'c 
" 

~tnLt-t-~M.t-~k1. ,mQ'Jlo 1. LrtM.LLJC,~IloL.!J~W1. L!,A~b nb' ~UGGJlo l.fttl1l11' M.LLJc,~t-LlA.raL~~ 
no 

raGra~~rac,~I4lDL~l1tL~L~ t-~~Gl~L~t:L~ULUL~ULbt-GU' 
" 0 

M.LLJC,~IloL.!JUl'MLUnu-1. ST'G'G 

I1t c,1tIraL~~~1. Lt-L~tL~ 
• • ra~lA.nij,raL~~raij,ratLun l.rac,IT-~bL~ULU Lnn l.rtlA.ra~lA.n~bij,!f.' LC,!f.I1~ U~ raij,~' IT. c,L~M.~rtral1.~~" , 

... fD' --• • ~ P=l'F''' po ~ .r .... r" .r " 
Uij,~I1' raG~nL!f. nIT-' !f.~.q~mllrt~~I4l!LrtL~ULUL~L~~LU 

" • Ul'k1.ra~L!,ALrtL~~LU V"£"G'G 

~~.qU'~LUt-LIA.~~~t:L~ULUL~ULbt-GU' Lk1.IiJDl4l~'~1.L!,Aftt~t-ra~'t-L!truC,'~I1~t-~n~L~ 
" 0 " 

ULbt-L~~~LUl4l~'L~ t-,!l!! ~ l4lLt~LUG~ n~ S~ ruLrt~~l1l1tn~t:ftt~~" raG~~rtt-Lrarac,~I4lLULU 
" no 

1111 raL~l!I L~ ~t:~bC,~'1 L~U LUL~rac,~ I4l L~ ~t-,! U ~nnu t-GI1.M.LLJ~ 
" 0 

n~I4l~ij,~'t-,!u~nnul4lL~H £T'G'G 

£(: 
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, ~ 

tj~ ~n~'UJ1~Cl L1iiI1'lJ L~U L~ 1~;l ,"~\l1iiI1 mi1mmu ntj~ M\I LtI'WLL \-f~\I Llh~'Wflfln 1t1LL~,)YiU~1~1 

,J '" , "", ""? "" ""? "" ~.!'l.J 'I::,J ~ """ .. mn',·nln..:Jmn'llJfil1U ~fl"'LL~:;'1I ~flln~ "'~\I 1iiI..:J LlJ'Wm~'1I'lU~lnlJ~Jl1'l:; ~'W'W1mn~1 Llnflml1..:J,"'W..:J 

1ii11nm~Liu..:JL~fl S. cerevisiae LL~:; Candida valida 't'W~1mn~1~1lJ1~Cl~~~LtI~~'W1~ 
t1~:;lJ1ru 45 LtlflfL;'W~ 

o ~ t' ..J 
2.2.4 n11U1U,.'U1n1n'tt1 

, ~ 

Lilfl..:J1iiI1 n~1 m n~ 1 't 'W LN..:J1'W~ ~ ~ LL tl~ ntl !.1t)~LL~:;~ ~1vh 't ~ Ln In if 'lJ,"1 
" I II '" II 

lJ~Jl1,):;"llfl..:J LL,,]~1 ii1 fil ~tl..:JVi Cl ntl'WLufl'W 41 L t1'W~tl..:J th'Wi'W~fl'Wn1~t1f1JtlN fil ruJl1 Yi"lltl..:J ~1 
" 'II fII • 

I "" I "... II 

. mn~1Vi d:I'W~1Yi..:J L~witl'W L",umnm n~\I~ ntl~n f;h..:J1 ~~fl "'1iiI'W~~1 ~1~ L;;lJ"llt)..:J~1mn~1U'W 

't ~ihElJ1 ru~ "'~..:JIiiI'Wtl~'t 'W~:;~1J~1,,] fit) 't ~ Ln ",if 'lJ,"1lJ~Jl1'l:; 't 'WLL ,"~..:J~1 

~ 

n 1 ~ ~ n ~ :; n tl 'W ~ ~ 1 n 1 n ~ 1 ~ 'l U ~ 1 ~ L fil il (Chemical 

Coagulation) L",u'tif~1~Lfilil'1lUln~h..:J1 L'lI'W ~1~~lJ ~'W"ll1,) LL~:;LyJflfifilfil~t)h~ (FeCI3) 

1ii11 n n 1~~ m~t1Yi1J~ 1 ~ 1nfilil ~ L ,"lJ1:;~ lJ~ ~ In 't 'Wn1 ~[;] n [;]:;nfl'W~~1 n1 n ~1 ~,)U~1 ~Lfilil ~fl • 

~ ~ 

Fh'tif~1U 1971JTVI r;ltl~1mn~1~'" 1 ~n1J1P1nLlJ[;]~ 'WflnIiil1nilu..:Jil~~m~nm~n'14'In~"llfl..:J~1~ 
~ ~ 

L~lnfil1f1Jfl'W ,"1tlm~[;]n [;]:;nfl'W~,)u~1~Lfilil1J1..:Jtlrh..:J L'll'W LLfllJ LlJ L ilulJi~ L yJ [;] LyJtlfifli~ L yJ [;] 

1!.1LIn ~ LIiiI 'WL t1fl fflfl n I'll ~ LtI'W~'W (n ~lJ ~ ~~Yi ~ '1 ij ~ nfl..:J'i) PI'l n ~~lJ~..:J LL'l In ~ fllJ LL~:;~ Cl 1U'W 

'i)Ylmfll1~[;]fLL~:;LYlfil L'WL~tjLL1A..:JtI~:;LYlPl1Ylu, 2525) 

~ , ~ 

m~l11..:J1'W"llt)..:J~:;1J1JU'1Ulntl~:;LJlYlil~lJIiiI1 n m~~U~1 L~U ch'W 
'IJ 

, ~ , 
L'1I~tffiL~n L[;]11~yf (Electrolytic cell) Viii;') 1yJ.yh1J,)nLtI'UL~,":;;\lyj1t15mm nu1t:1ln1fln I'll ~ 
I"" " 

1flflfl'UViiilJ11ii11ni')1yJyh~u ~1~illiil:;yj1't~Ln"'m~[;]n[;]:;nfl'Wi,)lJ (Coprecipitation) nU~'1L~U 
, ~ 

LL~:;L~,":;wJ'n't'W~t1Vi1,,]~:;~1u~1 ('1I'l~[;] f~'Ufi1~lJ~n~, 2548) 
'IJ • 
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0.., ... 

2.2.4.3 m'::U'JUn1~U1UC;)'Vl1'1"l1'JJl1~ 

n1~u1uC;)~1n1n~1Lc;)u1in~::u'Jun11u1uC;)'Vl1";'JJl1~LC;)U 

' 1'JlJrlUm'::U'JUn1~U1UC;)LLUUUtltln:nL"'IU ~tl n1~~C;)L~tln~1U~U~'~U'VlrU L~LLri Lt1c;) ~1 . ., ., 
LLfl::LLUfilYlL1U ;'IU1-l"llilC;)~1lJ1~Clf114'C;)~'JItl'l~1n1n~1L~ Utln"'l1mruti'lH'm':;u'JUn1~U1UC;) 

. ... 
LLUUH'tl1n1jJ\1'JlJrlum':;U'JUn1~U1UC;)LLUUUtl1n1jJ\L~tlflc;)"hULtl~ ;Ltl;l LLfl:;~lu~1n1n~1 

1'JlJn'ln1nJ~~ri1"l1;'JJl1~L~tl~1lJ11.j{LilU~~'I'I1ut)n~'Ju ("lI'J~~ f~Ufi1~lJ~nfl. 2548) • 

., " 
';jfiuLilun1~Lnurln~1n1n~11uutlLnurln'll'J'I 6 L~tlU 1u~~~u 

...., . 
"'I1mrun~:;u1U~1n1n~1"'11nUtlLnurlm~tlhJ~1mL"''Iuufl1U1u~~LLt\''I 6 L~tlU ~'JlJ 12 L~tlU 

., . 
'ti'~11~::L\mtl~~:;~rj1'1 4-5 iJfl~LlJ~~[;\tl~U ';jfiUHYl~UlJ1n~tl~lJfil'J~ ~tl ~1'J 150 11 ~1~fu 
" ". 
~1L~m.h:;lJ1nJ 400 flnU1jJ\nLlJ~~[;\tl~U ;rtl~'JItl'l';jfiU~tl f'l11;"hu1un1~u'luC;)~1 LC;)U 

OJ 

" " . 
, f'l1Hr.i1m.h:;lJ1nJ 2-3 U1'Vl[;\tlflnU1jJ\nLlJ~~'JItl'l~1n1n~1 LLfl:;HL~rlU~1L~UYlijfil'J1lJL;rlJ;rU 

OJ 

... 
hi41rl c;) th:;ntlurluth:;L'Vl jJ\L'VlUij fil'J1lJ LL",'I LLt\''IlJ1 n 1 u~ ~ LLt\''I~'Iv'h 1 "'n1~~:;L ~U'JItl'lU1 LiluhJ 

L~lJ1 n LL[;\ijitl L~U ~tl !1ftl'l 1 i~~UlJ1 n tl 1"'1 iJif qJ~1 L1tl'l n~UL ~ijU'JItl-l n1"l1Ll!LC;) 1L"I U-nflL yJ c;) 

~'I !1ftl'lUtl'l rlU~'JUn1~L~lJtJU"1l1'J 1 UUtl Lnu rl n 1 U'lI'J'I ~lJ LL~n ~1tl~1nij~1 n1 n~1 c;)1-l ntl1"'1~U 
OJ OJ 

U1 UUtl"'l 1 nUtl m'c;)lJ1Utl C;)1'1 L ~tlyj11",~:;L ~ULLt\''JU1U n~UlJ1Utl n~c;) L~lJL~ v'h l",if qJ~1 n~u 

~lJC;)LtJ (~~u~ ~U1tJ1~flfl. 2528) 

.,., . 
';jfiuLilun1 ~~2T nU1 n1 n ~ 11 U~Jl1'J:; L~tl1 n1 jJ\ L ~tl1 "'''I~u'Vlru • . .., 

yj1fl1u~1~~U'Vlru1 U~Jl1~Utl1 n1 jJ\ ;'1 L~ ~fl~fltluL~djun1"l1;'JJl1~Yl~1LtJ1.j{ LiI'-tIL=iltlL ~~'I L~ 
,.. I '" I ... I 

. tl1"'1~1lJ1'VlC;)LL'Vlu~12TuL~11uLfil1tl'l ih Lilc;) 1'fl~1 LYltl1i1tl~11 Un1m~ULLfl:;n1~~2Tn ~~-l"'l1n 

" n1~~2Tnf'l1UL'fl~"'I:;flC;)fl'ltJ~:;lJ1nJ 90 LtJtlfLeiU~ ~1n1n~1 1 flnU1jJ\nLlJ~~ "'I:;L~ri1"l1iJL'VlU 
OJ . " . 

tJ1:;lJ1nJ 20 flnU1jJ\nLlJr;)~ ;'Il"'fil'J1lJ~tlULYlUULyhrlU~12TuLr;)1 20 ~r;)~ ~fltJ~:;LU"lI,rVlL~"'I1n 
OJ ., . ., 

1:;UUU~tl Liltl~n "h 1 ir.i1ULLt\''J'''I:; L~ L~Ur;)tlULL 'VlUtJ1:;lJ1 nJ 80 U1'Vl [;\tlfl nU1 jJ\ nLlJ r;)~'JItl-l~1n1n 
OJ ., . 

~ 1 n1 ~U1U c;) ~'Ju';jfiilLL~rj 1 f'l1ULtl ~"'I:;fl C;)fl'l LLt\''J LL[;\~'JUYl L ~~tl n ti'l;J f'l'J1lJ L ;rlJiUtl~~'I fil'J 1 

~1LtJU1Uc;)[;\tl~'Ju';jfin1~~mlJ1::~lJ[;\tlLtJ (~~UIR ~U1tJ1~flfl. 2528) 



26 

2.2.4.6 nr::U'llJmrU'l1r~L~U'tm~::ntllJL1-1 

nr::U'llJmrU'11r", L~tJ't-iMfi~::n'fllJL1-1 (Activated Sludge) 
, ., 

~tl-1ij mrL~hJ ~~~1'fl L~~tl'fl n~ L IOllJ LLj;j L~'fl-11Ol1 mJ'1n1 n ~lij fl'll~ L ;r~;rlJ rhUL'fl ~ LL~::;!Ltl ~~-1 

~-1 ~tl-1 L~tJ rh~1 LYHh LL~ ::~lrLf'1ij't lJti ~rl~~-1~1 n ur::~lru 200 UIV1j;jtl~ nUl f'lnL~ ~r'1ltl-1 
" " . ., , 

. Ulmn~1 ;-1"L1U~I~-1lJln (q~lJ~ VilJl1.h~fl~, 2528) 

...... ~ 
2.2.4.7 'lfimrLflmLL~::Lt.J1 

., , 
';)fim rrh4' ",UI m n~IVl LfltJij mr~~I-1 't lJUr::LVI f'l1. V1mL~'l ~tl 

"I " It" 

nlrUIUI nln~l1.u L~tJ'l 't ~LL ~-1 m~1 ~r'1ltl-1UI1Ol::r::L ~tJhJL~tJ nlrL~tJ'l;-1 't -DUI,rlJL~1 LijlJ 

L~'fl L Vi~-1 L~tl'1ltl-1 LL.;i-1 L ;r~'lJLL~'lriUI L'1 L~1 Lt.J1 't ~ Lt.JI1.~,j' fl'lI~~tllJ~ Ln ~;lJ~'llJ~~-1UI1.U't-D 
LillJVi~-1-11lJ't lJ~,j''fl ~~~ rl LL~::tT-1Hlt.J~Vi~'fltJ1.~ L"IllJ ~lm n~ 1~ L~tJ'llOllJLL ~-1LL~'llOl::ijfil ~ • • , ., 
LVi LL V1~ L;! tJ~tl£l~1 n ;-1 ~ 1~lrt)ul1.u~I~~ltJ 't mN-11lJLLn'l1.~ LLj;j t.J~Vi~tltJ 1.~il'bJ,!l~ flU mr " . 
VilJIU'l~n~, 2528) • • 

r 
2.3 n1mJ1~n'ft (Molasses) 

., , 
'f:l~~I~nrr~UI~I~LillJ'f:l~~I~nrr~IOl1nt.J~~t.J~mHn~~rUr::LllVl~~-1 

., , .,., ., 
1) UI~I~~ULYltl~-1tltln UI ~1~il1.~ LLfl t.J~n"1ltl-1UI r;]1~'1ILflr~ .. 

~ .J.o=I .c. ~ ~.cI J' I" .dq ~ I 4 1.1 tt::1I :: d 
'1IlJ~V1~ f'1'lI~Ur~V1fi~1 ~ fl'lI~'l!lJf'1tllJ'1II-1~-1 ~~lJl ~1~'fltllJ~rtl L '11~ ~1~~'1Itl-1mnlJ1 m~ 'l!-1 . .. ., ., ., 
~~ t.J~n~1'fl L~~~'1I'fl-1m mJI r;]1~tl£l UI ~1~V1 rlU ~uilt.J~ ~IOl1n~tlu~1tllt'l ~ nm ~~.'lllJL~tJ ~N . .. 

. L~tJ1-ifnrr~%mmtJn~-1~nurn~1'fl~-1'Wu1~V1ttltlnlOlln~IL~tl~c:l'ltJ';)fimr~n~::ntllJ ~1~1~ • 
" I" r 

V1r1tJ~uil1-DLillJ~~t)~ULYltlt.J~~UI~I~V1rltJu1~V1fi • • 
" .cI .oCto.( I 1.1 

2) UI~I~V1rltJ"1II'lt.J~~IOl1n~tltJL~tJ~r-1 ~f'1'lI~Ur~V1fifltllJ'1Il-1 • 

~-1 ijfl'lI~~lJ~1 1. ~~ ~'l1.c:l flfitl-1 ij~ ritllJ'I~'1II'l~-1;lJ'fl£l fluilJr;]tllJ't lJmrt.J~ ~ ~1 r;]1~ .. .. ., , ., 
U r::LllVlilH't lJ'fl ~~ 1~ n rr~Vi1.aJ mrfl ruIlIVi"1l'fl-1UI ~ 1~ ~-1"L1n . . .. 
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II ...... r 

3) U1~1~~11U~1~u1~~fi ~~U1~1~1t~1~~~~~1~u1~~fi~~ 
... I " I 

~1n ~~~r.nnu1~1~~11U~U~U1~1~1'Umn(t)fin11~1~n1nU1~1~~~~ruJl1~th'Un~1~ • 

" " , 
m::;u~'Un11~~ ~U1 ~1~ LL~::;LL~~n'flll'fl~1~~l1~ n114' Vl n11'D'fl~ L~U~ Ln Vl 

~1nm::;U~'Un11~~~ (Tapas, Sunita LL~::; Kaul, 2002) LL~Vl~;~l1.1~ 2.2 LL~::;n1::;U~'Un11~~~ 

~1 ~1~"1 n~'flU~nU~::;LflU Vl'D'fl~i'U~'fl'U[;]1~1 ;~ [;]~ L1.1il (111 ~'t)'D1't)~tJ1P11~ ~fa~ LL~ Vl~~~ 

~,"n't)~mf1'tJ11'l1nfl~Vl1fi1ij, 2550) 

.q J,I .. '1 .CII 

2.3.1.1 n1n~1U~'fl'flUu'fl'U~n~u 
" 

" " " i'U~'fl'Uijd:l'U, Vl~1 ~ C1jt1'U;U LL1ml~~'lIU~'Un11~ ~ ~U 1 ~1~ 
I ... II I 

~nU~::;~'fl~VlLL~1nMVl LYl11::;d:l'U~Vl~"ll~u1~~11~nVlu1~'flu~1'flU1~1~~1n~'flul~~1n~~Vl ". . 
, "" 

tVlun11LL1.1111.1~~u1~~tl1'U~111~~'lIVl~n~U~1~11Cl~nVlU1~~u~1~U1~1~~1n~'flul~'fltl1~ 
4U " ~ " 

" " 
1 'Ui'U~'fl'Uij~'fltJ~f1' m~nJ::;d:l'U~'fltJ~1~ d:l'UL~'UU1~ ~ ::;LfltJ Vl 

~'fl~~1 n11L~1u~~'tluil'tl'U'lIVl~n~u~::;~1.11::;~~fiI11Yitltl1'U1::;;u~~ Cl1L'lI~~~~u(Jnvh~1u1~ 
fII .. " " 

LL~n Ui1.11::;~1nJ~tlU~::; 80-85 L~i'tl~21~~1-n~n Vl~1~tlU tVlU..t~ L1.1L~ LLri1 Vl~ n~u~~'U1 U1~ 
, ... ... I 

h~~1'Utl1~ H L~1tN~ n VlU1~'tlU LLuu1 ~lJ L1u n~1 ~~Yh L'lItlf (diffuser) LL[;]tN~1'UU1 m~l1~ L1.1 
," I I I 

u~tlu~1-n1 Vl~ n~u~~'U1 en~ ~Vl~~ d:l'ULLm [;]'tl Liltl~ n'U L Yltl"ll~u4'uu Vl.fltlu~il'tl'UL -n1~1 LL~::;~1U 

tl'tlnL1.1 LL~::;"ll~u~nVl~1~'tlU1::;U1u~~n~fu~1~'tlU ~1nn11~nVl~1~'tltJ~::;H\~1~'tlU~L1Un~1 

" , o 1I Q I 11 I ~Q 

'U1tl'tlU1~~~ t·J1'U~::;LLn NLLtJ n ~~ n1 n'tltltJ ~::;(J n ~1'Un 11~~fi 
" 

LLtJ na~~ n1.1m'tltl n~1 L ~ ~ t 'U t~u~1-n;'U'tl~nu n 1::u')'Un11~~ ~~1 ~1~~ntJ LLUU [;]1~1 
... I r I 

n1::;U'J'Un11~ ~ ~U1 ~1~~11tJ ~u,,::;1 -nn11~'t)fi LLtJ n~~ hJu1~~fitl~n ~'JtJn11Vi1 1 ~ ~ n ~ ::ntl'Uen~ . 
1'U~d~::;~1~u1.1~mtJ1~1~L~~LL~::;~~nilVluhJ~~~r)~n11~tln~tVltJ~N 
II... I I 

U1~tlm-n1~,j'~~'UU1~'tltJ1 ~~tlnJ~l1n1.11::;~1nJ 55 tl~fII1 L 'lI~ L;tJ~ ~hJHtlnJ~l1n~~ n LYltl~ Vl~ 
" "'\I , "" 

~ Ln Vl~'U~1nn11~~1tJ ~~~'tl~~1~1~ 1'U~1~'tltJ ~1.fl'tltJ~'U~::;dh ~~~~11.1'U'D1~~~ 1-n m1~ L ;r~;r'U . " 
" ~'U~1'Jtl~1'U"ll~~ 46-84 nf~[;]'tl~~1 n11~~~hJ~~1HL~~1'U1'ULn'U 3 'U1~ mn::;Cl1'U1'Un~1ij 

• ., ".. ~~".... .. . I""" .., ~ " ....r • ., "...:: ..r 
tl1~~1 ~~LnVl¥'i ~Vl~1tlLnVluflmm~1 ~~ ~Vl~11'tl'U'D'ULL~::;~::;~1 ~~~n1n'U1~1~~1n'D'U 



~~'YH~fltl1~ 
------------------, 

>-

n1n~1f1l1~ 

1'f1ltl~1J~1\_1ru 

~f1l~1\_1m''1)Jm'::r;nkt 

28 

---------------------------_. 
I 

(1' f1l tl ~1J~1\_1f1Jn1'1~~ f1l LLf)~nf) £If)ft) 

'" .. n1'l1'11,)I11'Yi 

..; 
"'),11 : Tapas, Sunita LL~::; Kaul, 2002 

(l;fLth.l~tI1j1l~~'I.I 
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, ~ 

t", til; 'l hJ LL~'lIil:::i1 n 11tJ1 ~'ltlti 1~tJ1tltltJlil 1 n~UYl '" ~tl~lJ1Yi 1lJ 
~ , ~ 

nutJ11.h.l"ll1'lH1~1:::~U pH j;)1lJViri1~kl",H LL~'l~~~~~1klL.j[1~~tlr;llJtJ1tltltJ1'IXL~'rl'" (mU~llij 
OJ • " 

1.h:::lJ1CU 102-105 'rl~fil1L'1I~L~m~) LL~'ltJ1hJ~~lJnU~111'l2-Jj;):::ntlkl (flocculants) LL~'ltJ1klL'1 
, , ~ 

O'~1:::U1tJ1tl (flash tank) LYl'rlLLtJn1tl~1'rl~tl~'rl1n1fi1~1tln1'11Vli1tl~1kltJ1~tltJhJ1'IXhJ~~1umkl 

n11j;)n~:::n'rlkl1klO'~j;)nj;):::ntlkl 
~ ~ .. 

n1:::U'lkln11~~j;)tJ1~1~Yl11tJ"II1'l1il:::~11'IXtJ1tltltJU~~Ylfit"'tJ • 
I ...." I 

n11L~2-JL~2-Jn112-Ji)fi~tln~tJ1tltltJ t"'tJn11~'rln~tJ1~tltJ~'ltJn1'11-n~L~tlfl"''rltln1'111''f ,~H)1il1n 

Lj;)1L~1ri12-J:::O'kl~1tlH'n1'11f')1fUtlkl1"''rl'rln1'11~~H'1il1n~~'ln1'11 (flue gas f;itl 1tlL~tJ~tltln2-J1 
, ~ 

~12-J11~tl~1~ Lilkln1'11Vl1~1il1nn11L~11~~"II'rl~tJ121klLL~:::'rl1n1fi1 tl11ili1f')'l12-J~tlkl~~~L~~tltl~ 
, .. " , 

LYi'rlLLtJn~~LmLL~:::LnJ1'rltln 

~ ~, 

'" 0 11 .!'l 0 .dI 
2.3.1.4 n11j;)2-Jkl1tltltlLuklkl1L'1I'rl2-J 

" I I .. 

tJ1~tltJ1~VltJ1kln112-Ji)fiVl~11'IXu~~Ylfi~12-Jn112-Ji)fi~1~1 
I I " I I 

~~ n~1'l'1~ r;lkl 1il:::t1 n ~~ L '1'11 "'~~tl r;l2-J'~~1~1klr;l2-J1::: mtJ ~tl Lntl~lilkltl'rl n2-J1 LUkltJ1 L;'rl2-JVli1 
OJ • 

f')'l12-J L.j[2-J'klm2-J r;l'rl~n11 ~~'rl r;l2-J'1I '" LL1n~1tl1u LL1nIil::: 1-n'rl L~tJlil1n f')'l12-J~tlklLf')i'rl~~ n1n~"llil", • 

1-ntl~1 ~'lkl1 'rl1::: L ~tJ"IItl~~1~tltJ~ Ln "';kl1 kl~~tl r;l2-J'1I '" LL1n~1tl1u LL1nIil:::t1 nUtlklL'1 O'~ 1tl"lltl~ . .. 
~~'rl r;l2-J"II '" ~'rl111 LUklL-rlkl~~tl L~tl~ nkl111lilkln~~~tl r;l2-J"ll "'~ "'Yl1tJ~1tl1u~ "'Yl1tJ t"'tJi)fin11~ 

-. " " " 
~ ~ ~ 

f')'l12-J~tlklIil1nn11mULLklkl1tltJ1 1 nt~nr2-J tl11il1'h:::mtJtJ11~n~ 4 ~1tl 5 nt~nr2-J LYi11:::1tltJ1 
,~ , 

Vl1~1il1n n1 n::: L~tJtJ11 kl~~tl r;l2-J"ll '" LLmtJ1111~11 'IX f')'lU LLklklLL~ :::f')1tJ f')'l12-J1tlklLYltl1fl kln11 • 

1:::L ~tJ~11il1n~1tl'rltJ1 ",0'", 111 n11Yi1~1kl1 kl1 "'~~tlr;l2-J~Iil:::'rl~1l1tJ 1r;l~ cy '1l1n1 fiI L ~tlYi11 'IX, '" 
.... I I...." 

L~'rl "'''IItl~tJ1tltltJ ~1 ~~ LUkln11i1tl~ nkln11L~tl2-J"IItl~tJ1 j;)1~ 1 kltJ1~tltJ 

" I "I I 

tJ1 j;)1~Yl11tJ ~U t",mi'l hJtJ1 L;tl2-JIil:::t1 nUtlklL '1~~tl L~tJ'l t"'tJ j;) N .. 
~1j;)1~·M1tJ~Uf')n.ul1Yi~~LL~:::L~tlL~2-Jf'),)12-J~:::"'')n1kln11L~mLL~:::~klLLtJnLij",~1j;)1~ 1il:::i1n11 . .. 

... I r ". I 

~1tJ1 L;tl2-J 1 'lXu~~ Ylfi L 'UYi1::: n11LLtJ n ~11 hJu~~Ylfir.l1Yi,) n~11"11'rl~ LL;~ LL "II,)kl~tltJ;~ LUklr;lklL ~ j;) 1 'IX •• • 
~ , ~ 

tJ1 L;tl2-J,jkl21') LL~:::i1 f')'l12-J~n",~~ ~'lkln11~~ ~tJ1 j;)1 ~Yl11tJ"II1'l t"'tJ j;)Nlil1ntltltJ LL~:::n1riln11 . .. 
~ .. ~ 

~~j;)tJ1~1~Yl11tJU~~YlfiIil1ntJ1~1~Yl11U~U • 



• f1t B~f1lJ1~~11 ~~f1f1t LttM.B~ ~lA~ Lttf1BB,ttk1.M.L~ 
.. " . f1tM.~B,ttk1.ULbUBB~~LlfILrLtt~LUtsli-BJtlt-~M..rt-~ ~L~~~~t~L~L~Ull~~11~~'M.LL!fUblI1B~'~b~. 

" M.~~~ Llfl Ltt, ~L~IA.~LlfI Ltt~t;tmll flBM.~I1L~bI ts~ \~B~f1L)}I1LlfIlJ~t t-LflB LttL~U U LI1M.B~f1t UBB 
", '" "" " 

" M.~~t-Lf1M.~I1L~bI~tf1BLttBUVLU ts~bM.~1U ~ ~M.~'.fBf1' l-~ t-~!f.M.tflBM.~I1L~bI ts~b~ Uf1 
.. .. .. 

M.~B,ttk1.ULbUBB~~IA.~~f1~L~IA.~LlfILttBtk1.~L~~L~IA.~LlfIL~ 
I I" " ., 

~LlfILM.f1U'~LUB~k1.bUf1f1B~LU 8' ~ '£'l . '" ... " 

M.~B,ttk1.t-~k1.~LlfILttULU~Lf1~~li-B!f.ULbUBB 
, " 

~ k1. t M.1l ~~ 11~~M.~B,tt k1.11~li-11 f11l~ 1A.~f1f1t u BBM.~B,tt k1.~~ li-BULJtM. L~ t-,t\~ f11l Ii-~ u" ~ 1fIM.~" li-L ~k1.~~ 

~Bt-~N U11~1fIf1!t-B~t-~bll M.~'mL~ ~ B~~~'m~B,ttk1.li-W"~lfIM.f1li-L~ ~ t ~LlfI L~~~' li-l1 li-L~U llM.~ 
I I " " 

Uk1.Ii-~~k1.' t-~" ~~,lt' IA.~ ~11" U Lb~~ U ~" ~ b~LlfI LttU LU ~~1 
, " 

M.Lli-L~M.~B,ttk1.~ru ~~ Llfl LttU L U 
, " .. ~Lf1~MT.!k1.L~~l11mlJ' B,ttk1.t-LJf~~ ts l1u~n L~U U ~k1. 1 Btk1.~\;!'UI1~~~k1.~l Btk1.L~U U ~k1.' Btk1.M.B~ 

U~k1.' ~t.,lt' L~~ bU lt~LlfI LttB,ttk1.f1t t.~~~1 ~U!J.~L~k1.f1f1" ~L~k1.tsli-~~LlfI LttM.~B,ttk1.t-B~M.Lli-L~ 
"I I "I 

~LU~,kILB M.,t\ l.li-L~~UU.IA.~~I1'1ULbUBB~LlfILtt~~1UmMLU 
" .. 

~UIA.~LlfIL~~~'U~1m~~LU L' ~ '£'l 
" , 

~L~IA.~LlfILttt-B~U~~UlfI~LUt-B~M.Jtlt-~~bM.IJ'Bt:1-'Ii-L~Uf1~~~~~I1~~bBUk1.'~~LLJ 
"" "I I 

M. \~BIi-~I1B~' LttM. \ 1i-~1fI ~~,~~t-~M.IJ'~ t ~~" Ii-~" f1B~~L~~UIA.~LlfI Ltt~ f1~LU U Lb,lt't Ii-~ ~LlfI Ltt 
I I " t" I" 

B!J.' t-~ ~tl1' ~~1 ~LlfILM.U~~M.U"~ u, k1. \M.~~~Ug~!J.\ LI1M.k1.t-b UL~~t LIA.~WM.!J.~ U'~blA.~LlfI LM. ,f I k ,; $7 "0' " " I'='~ ,.. J=r "0 .r"O' ~ .: 
• • ~~, t-B~BI1~' L~ ~~ LM.~~~11ru LI1iJ1I1b1 f1~bI~ LU~L~M 1 ua~l1~urctM.~bb~ tLUli-BJtl ~ LM.~t-~M.b 

, " 
1fI1 f1lf1m\M.!J.~ U, IA.~LlfI LM.~ 11' t-~~' t-L~Uf1~~tM. \rlBLI1Ii-~M.~I1!J.' I1L~bI~ ~t-b~~" (~~ t-~f1~~~) ." ,f"O'r=' ~~:' ,.. I "" 1="1'1 ,.. 

~lfII1B~ bBM.k1. 1 ~ ~LLJt-llM.!J.I1M 1 I1BU.' LM.M.~I1~' I1L~bI t-1A.~tUM.b~~l!J' li-BlfI~ bt-!J. t-B' LI1M.!J.~LlfI LM.~ m ,..~ IP' P.f-:=' F"';"" ':' r''' r' .r';D 

~\;!'~\W~' B~ ~LlfIL~~t;t1~\;!'~\I1B~'Ltt~~~MLUf1t~~~~l 
I • " I "I I 

~LlfILM.U~~UlfItLU g' ~ '£'l • p 

" 

~LM,{;' ~~, M.~LUM.~f1~~Uf1~k1.L~.j;{,IJ' MM.f1m~ 
~:r ..... 0 "0' lJ; .r 

L~~!:!bI'~L~~,kI LBIi-~U~ LM.~~LUM.~f1~Wtst-9~U LbU BM. f1tM.ll li-L~ UlfI"a~~L~k1.ts~t~!!~l M.l bllA.' 

O£ 



31 

n 1 n ~ 1 j;J1 ~ (molasses) dj~ n 1 n ~ LL[J n Hi' fOI f~~ (;)"'11 mL~:;hJ t1 mj 1 . " 
" I I " 

n~u1uL~~n1:;u~~n11~~j;Ju1j;J1~~11[J~n LU~~~1nL~~~~~~1~~1~11t1j;Jn~~nU1j;J1~1~ 
~ . 

~nvl~hJ n~~1~1~f{U11'11~L.;r)J n~(;)~~~m)J1ru 4-5 LU~fL;~t;l"1J~~m)J1ru~~[J~HL~m1 
~ ~ ~ 

~~j;JU1j;J1~~n[J nm)J1ruu11'11~'fl~U1:;)J1ru~'fl[J~:; 50 L(;)[JU1~t!n (~n1~~f L~'l!N1)J LL~:; 

fOIru:;, 2547) LL~:;L~j;J1n~~ 2.5 1~LL~(;)~~~fOIru~)JU~L(;)[J.,r~1u"1J'fl~mn~1j;J1~~~~j;J~1ni~ • 
~ 

' U~L~U1:;L~PI~LU~ ~~il 

pH 

COD 

TS 

VS 

TSS 

Acetic acid 

Alkalinity (CaC03) 

Kjeldahl nitrogen 

Total phenols 

... 
~~1: Jimenez LL~:;fOIru:;, 2004 

, , 

• ..I 
fl1L~fi!l 

5.2 

80.5 

109.0 

79 

3.6 

8.5 

6.0 

1.8 

0.450 

~ , 

nfW~j;J1 

nfW~j;J1 

nfl-J/~j;J1 

nfl-J/~1ij1 

nfW~j;J1 

nfW~j;J1 

nfl-J/~j;J1 

nfl-J/~j;J1 

mnU1 j;J1~ L-D L~~Lm~~r)j;Jt1 ~U~n11 fOI1 t1 n LL~:;L~)J1:;~)J vl~ . " 

..c:I .. ,. ~ '" 
LL~:::LfOIffi~(;))JLL'fl~n'fltl'fl~ Lu~j;J~ 

'qj;J~1~n11)Jn11~~ j;J L ~~1 LL~:;LL~~ n'fl tI'fl~L~~LL ~~~L ~'1i~ 
" '0-

~'fl~ m1n1 nU1(;l1~ L~~r) j;J ~ ~u~ 1 ~ '1)L ~'q j;J~ 1~ n 11)J tJ ~ ~~ (;l~1~~1 n n11~,r n m nU1 j;J1 ~ 

1~LLri L~~~LL'fl~n'fltl'fl~ U~fi~LL'fl~n'fltl'fl~ 'fl1;Lj;J~ nr(;);j;J1n n~L"lI'fl1'fl~ (glycerol) LL~:;U~t;l 
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, , " 
fl,)1ih:;ntlut)'lJY;1~"'I')nmnnrnmn~'wl1~ 1~LLfi L'tlfi~m;.DL(;1Yl u')fi~m;L(;1Yl mii~tl,);L(;1Yl 

~')~),Ifl')tJ'1I LL~ :;~n fu'tl'IJ 1!n'tl'tln I'll c;)LL ~~ ~') L~~')~1'tlufl(;1~ (;1')mL~,)"'I,) nm1~ ~ (;1 LL'tl~ n'tl tl'tl; 
" , " " 

LU'IJ~~~~tltJ1M~~,) hJYhm~') 1i (;11" 'IJ'tln"'l,) nnm n~') (;1')~U~ 1·h;')ufl ~~,)~~U";,)'lJ'IJ),IiJ~ LL~:; 
~"'" Q ~ oQ.J _ .. ,,~..t \t"" 

L~~,)~!n !n'ltJ tJfl (;1U,)~'1I'IJ!nYl1 mU1(;1'IJfl~fil'tl Torulopsis utilis nfl')),I,)1m~tJ~'lJ'IJ),I') ~!n"'l,) n 
" 

" " n')n~')(;1')~ ~~:;n')n~')(;1')~fl')),I,)1n~')),I')";')n1!nLu'IJ~~fil~n1~~~~,)"'I:;";')1~~tltJ),I')n 

(4'n1'IJYlf L~'1I1~,)),I LL~:;filru:;, 2547) 

0-

u~ n1tJ ') n ') 1th U!n ~ ') L~ tJ hi ~ ') "'I:; d:1 'lJLL U U 1 -if tl'tl n; L"'I 'IJ ~1'tl hi1-if 

" " 
'tltln; L"'I'IJ ~'l'IJLLj;);:j n~ 1n~'IJln'IJi')),I n'IJ mh') ~'tll'l~ f'i LU'lJunmtJ') Lfil;:j LLUUtl'tln; L!ni'IJ-1~ni'IJ 

~ " ~ 

~1tlu~mtJ')1!n'tl no! ~~ LU'lJU~mtJ')~;:j m nhtJ L Yl~ L~ n (;11'tl'IJLn !n~'lJ1:;~~,)~fl,) 11 '" LL~:;fl') 1~U 
" , 

~ L~n(;11tl'IJ fl,)1~'lJYl1u~1tl),l~fl,)11 'lJu') L~tJ"'I:;Lu'lJfl,)11 ~L~ n (;11tl'IJ (Liltl~"'I')n;:j~ i~~,)'lJtltJ1 'IJ 
" 

~'lfl~) LL~ :;fl') 1'tl tJ')~~ 'IJ~tltJ1 'IJ~,) LU'lJfl ') 1~U~ L~ n (;1 1tl'IJ fil ')')),1 LL(;1 n j;)')~ 1:;~~')~umi1tJ ') 1-if 
"" . 4J 

~ L~n(;11tl'IJLU'lJtltln~ L"'I'IJ u~mmri LU'lJLLuu1 -if'tl'tln~ L"'I'IJ n')fl,)1~u~ L~ n(;11'tl'IJhi1"litltln~ L"'I'IJ 

LLj;) Li1'IJfil')rotl'IJ1!n'tl'tln 1 '11 c;)~1tl1 'lJL(;11(;1~ffioi~ LvJ(;1 u~mmri LU'lJLLUUUtltln~ L"'I'IJ 

e e 

_1....1 _1"'-'" ~ 0 .... r ~ 
l1J'n 2.3 1Ji)n'5'tJ1'5'j;I'iln'lf LUn1'5'tJ1tJflU1L1ttJ 
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" L~nm' Jl1~1 ,xnlJ (;1::n!lu~u."i~u (!l 1 "'I Luu,~u.,,1u~1!l~11~U"'i~tJ11'l1 nUl) LL~::U1Ul'llJ1 L~tJ 

L~!l~"'I11ru11 W1f1Un11U1U I'l~i I'lrof m::lJ'lUn11 L1!l!l n; L"'Iu2!n LUU~'lU~~~~~1 LUU'1J!l~1::lJlJ 
" . . 

U1U I'llJ 1 L~ tJ Vl1,yh ~1tJ ~ 11~U .,,1tJ1 U(;1 ::n!lu~i I'lrof~~ LUU~ ~ ~1"'11 n n 1 1L"'I1OJ L~lJ L(;1'jJ!l~ 
. " 

"'I~u.,,1u Li1!l~"'I11ru11u~1un11U1Ul'llJ1L~tJ n1::lJ'lUn11U!l!ln;L"'Iu2!muum::lJ'lUn11 • 
" . " 
iu~uVlHf~ I'lf'l'l1lJ L'lJ'U'1J!l~~11~U.,,1tJ1 UlJ1 L~tJ1,x L ~~!l,J!ltJ~~ ri!lU~~~!l 11J1,x m::lJ'lUn11 

." . 
H!l!ln;L"'IU111n11fi14'1'l~11~U.,,1U~'lUVlL~~!l i)fin11L"lIuil"ll'ltJtJ1::~UI'l~i~~1ULL~::~11Lf'liJVI 

" .. 
1iiLUn11U1Ul'llJ1L~tJt~~1nLL~::LuuVltJ!l~flJnul1'l1t1 . 

n 1::lJ'l U n 11H!l!l n; L"'I uiJ i n'1'!ru:: L~ ~ 1::j;) 'l ~~ LL(;1 n ~1~"'I1 n 

" 
n1::lJ'lUn11LL lJlJ1'!l!l n; L"'IU!l U1~ Lj;)ui I'l~~ 1tJtJ 1:: n11 i n'1'!ru:: L~~ 1::j;)'l L ~~1il~ 'lU~lJ 

, L ti!l~lJ1"'11 ni n'1'!ru::~lJ~"'1~;1'l Lf'liJ'jJ!l~n1::lJ'lUn11 L1!l!ln; L "'IU tJ n j;)'l!lU1~ L"lIU 

1) n 1::lJ'l U n 11H!l!l n; L"'I ut~ n 1'l! iJ L VlU LUU~ ~ ~ I'lYl1tJ 'jJ!l~ • 

. 
4:iII .... '" .... ... 0 

2) lJ!l(;111n11~11~(;1::n!lU~~I'l"'l(;11~1n 

3) t2J~1lJ11tl~l'lf'l'l1lJL,~;rU'jJ!l~~11~UVl1tJ1,xL~~!l~1~1nt~ 
. 

"" "" 0 4) ~L~tlm'Jl1~(;11 

5) ~!l~n11tuL(;1n"'lULL~::~!l~~!lf~~1 

in'1'!ru::i'l ttJJl1tJ 1 u5~tJ~mtJ1~1!l5~u!ltJL1!l!l n; L "'IU ~11tJ1::n!llJ 

~U.,,1U'jJU11'l L~ n"'l::tl n'1JU~~cJ1UL'1 ttJ1 UL 'l!~~LlJ~ LlJ1U'jJ!l~ LLlJ f'lVI L1tJt~ L~tJ ~'lU~11tJ~::n!llJ~ .. 

. " . 
t~ Li1!l ~ 11~U .,,1u !lu1 U L'l! ~ ~ LL~ 'l "'I:: tl n!l!l n;tl'll;{~ ~1 tJ f'I f~ "'I u1 U VI ~ I'l n ~ 1 tJL U U .... . 
" . 
iU(;1!lU~~LL~I'l~1u1tJVI 2.4 .. 

" 
Utln"'l1 nilLLlJ f'lVI L1tJlJ1~j;)'l~1~11tl Hf n11'l~u.,,1u'jJu1I'l1 ~ rY ~1!l 

~11~u.,,1miu1un11~h~n11'l!l::L'l!~n ~l1flJ!lutl'l!l!lnt'l!c;i LL~::ttlLI'l1L"'IU tJ~mtJ1~~1lJ11tl 

~~1~ttlLI'l1L"'Iut~"'I1nml'l~u.,,1u'jJu1I'l1 ~rY L1tJ n~1 ttlLI'l~L"'Iuil;~ (Hydrogenesis) Lti!l~"'I1 n 

LLlJ f'lVi L1tJ~ ~ h~ttltl'l1L"'Iu2! n~ ~1~ n 11'l~u.,,1tJ1~ LL~ j;)'l~ ~ ~1~ n 11'l t~!l1"'1 hJ ~1 ~11tl~h~ 

ttlLI'lH"'IU uni)Vlm f'\1~ (;1~~tl!l~1 LLlJ f'lVi L1tJ~~~1~ ttlLI'l~L"'IULtlU'l!UI'l~rt~'jJ!l~ LLlJ f'lVI L1tJ~~ h~ 
" '. 

n11'l LLlJ f'lVI L1tJl1~~!l~'llUI'l!l1"'11'llJ L1tJn t~~1 LUULLlJ f'lVi L1tJVit2J~~1~iJ LVIU (Non-Methanogenic 
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Bacteria) LLlJr1Yl L1tJ~mJ~::LJ1Yl~il~~~1l-J1~mjf)m'HntJ1t1L~~L"U r11flJf)u1~f)f)n I'll ~ m~ 
Yl'tlfijn LL~:;m~'fl:;L'II~n L ~f)~~1~ri1'11ii LYlU LLlJr1Yl L1m.h:;LJ1Yl~~~~L1tJn~1 LLlJr1~iL1t1~h~ 
iiLYlU (Methanogenic Bacteria) 

n'1(;1yjflfnn 

n'1(;1fl::L'!!~n 

<OJ 

rJi'fl ,m11L flU 1 '!!lf~fl~m EJUfln L'!!ftff 

(L~nL'!!L'!!ftftft1f Lflul'!!lf) 
~ 

~LYlU 

Uft:: mfuflU l~flfl n I'll c;\ 

I I .. ..." " - ~ " " ... L~~"IJ1~ (Obligate Anaerobes) LL~:;'Vi')nYl ~"l!f)f)n'llL"U~~lJ1~ (Facultative Anaerobes) 'II~ 

LLlJ r1Yl L1m.h:;LJ1Yl LL~nii~1U,)Ul-J1 n n~1th:; LJ1Yl~~~~~1tJ~lJ Lyi1 L ~'tl~"1n Ll-J mlJ'tl~;l-J"1J'tl~ 

LLlJr1YlL1m.h::LJ1Ylhl\'l~1~iiLYluiiHI~~1mLlJlJ ~~tJBmtJ1~1~~~LtJuhJ1~1'i1~1 U1U1 ~~ 

tJBmtl1~LtJULl-JL~fl~'tlth~~1tJ L"1lU I'l1flJ'tlu1~f)'tln1'11~ lt1L~~L"U m~yJ'tlfijn n~~f):;L"l!~n 
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LLUr1Vl L1U~~ 1,)--1iJ LYltJ"I:;L~uLj;J L~-n ')),J') n LL~:;U--1 LiltJL"l! ~;~~~~ tltJ1 tJ 

m~L~'fln"l!Urn'flT\.n ~),J') nLL~:;U'flUU,)--1 L 'lItJ hJm"lYltJ~'fl'fl'fln~ L "ItJLL~iJm),J') n.lL YlU--1 L~ mJ'flU 

Vl1t:l hlt:l')"1 L"I1cy L~U L~ L~~ L~'flt:l~I1,)UtJ'fln'll'l--1Yl L 'fl"l!~:;VI~,)--1 6.8-9.2 LiltJ~tJ LLU r1Vl L1U~~1,)--1 

iJ L YltJLLU--1t:lt:l nLiltJ 2 "l!urn "l!urn LLTn ~1,)--1iJ L YltJ"I,) n rh"l! r1,) fU'fltJLrnt:lt:l n L"l! c;fLL~:;LlILrnn"ltJ 
~ ~ 

L1Un~1 Hydrogenotrophic Methanogen Vl1'flL1unitJ1 ~1 Hydrogen Utilizer LLUr1VlL1U"l!UrnU 
II Sol I I 

~1),J1~t11-n n~rn~t:lfij n LiltJiu~ L~~j;J L~ ";--1UL tlt:l--1 "I 1 n),J 1"1 1 n~') mrn~'flfij n~'))J11rl LtJftutJLiltJ 
, 

LlILtn~L"ItJ LL~ :;r11 fUt:ltJLtnt:l'fl n L"l! tn1~~ 1U "l!UtnVl ~t:l--1~ 1,)--1iJ L YltJ"I 1 n n~tnt:l:; L"l!~ nL1U n~') 

Acetoclastic Methanogen 

~ ,~ 

itJj;Jt:ltJj;J1)J~')~U (~tJVl 2.5) ~--1U 
" 

~ 

LiltJitJj;Jt:ltJn1 ~tJ'flU~ ~ 1U ~ 1 ~tJ~:;n'flUL)J L~ fl ~ 1 VI qJ L'litJ 
~ 

. r11flULlILrn~j;J LtJ~~tJ LL~:;L'1l24tJ 1,xn~')miltJ~1nh:;n'fluL)JL~n~L~n L'litJ \l1m~ n~tnt:l:;ij • 
L tJ LL~:;n ~rn L '1l24tJ"l!UtnU1'l j;J'))J~ 1 ~U itJj;Jt:ltJ~~'))J')~mn tn~tJLcJlI11UtJt:lnL"l!~ ;LLU r1Vl L1U LtnU 

m~UL'fltJL"l!,r~LLUr1VlL1utJ~t:lu'flt:ln)J')H1tJm~tJ'flu~~1U~--1n~1'l 

2.4.2.2 m~~1"I--1n~rn (Acidogenesis) 
~ , 

~~~~j;J"I')nitJj;J'fltJVl1 "I:;t1mLUr1VlL1U~~1--1mtntnrnen)J L,1LtJ1 tJ 
" " 

L"l!~; L~t:lLtJ1-nLiltJ'fl1V1,)~LL~:;QnLtJ~utJLiltJn~tnL'!I24tJ~:;LVlU (Volatile Fatty Acid) L'lItJ t:l:;L"l! 

~ n U'lL Yl1n L ~ ~L ~ Lt:lUn LiltJ~tJ LL~ :;~~ j;J LlILtnn"lwiu r1')fU'fltJLtn'fl'fl n L"l! c;f'flt:l n)J 1 ~'l U 

... ... .J ... x" " tJ 'i' .. ... 
n~:;U')tJn1~Yl1--1"l!'l Lr1)JYl Lntn'1ltJ ~tJ~:;VI'l,)--1n,)~Ut:lU~~1U~1~ ~:;n'flU ~)JL~n~L~n LL~:;"l!tJtn'!l'fl--1 • 
~~~~j;J~lcJl~tJt:l~nuif"l{u 2 tJ~:;n1~ fl'fl 'l!Utn'1l'fl--1iU~Lj;J~j;JLL~:;r1'l1)J~tJ~~fL=ntJ~'1lt:l--1 

. LlILtn~L"ItJ~ Ln tn~tJ U n ~'lt:ltJ,)--1 L'lItJ n ~tn 1 '1l24tJ'l!UtnU1') t1 ntJ'fltJ~~1tJ n~ 1miltJ'fl:;L"l!~mL~:; 
" 



, .... 

~ 
LCFA -l 1 

s u ar 

.-

I Acetogenic bact. J 
~ruTCid 

I I. 
Acetic Butyrrc Propionic 

~ ~ ~ 

I Acetogenic bact. I 
• ~ 

I Acetoclastic Methanogen J l H2 utilizer Methanogen 

Acetic + °2 H2 + CO2 I I I I 
I I 

CH4 CH4 

+ + 
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Hydrolysis 

Acidogenesis 

Acetogenesis 

J 
Methanogen forming 

'Vl~'1: McCarty, 1981 

2.4.2.3 m~~h.m~f'l'fl::L'lI~nr.nnm'f'l1'l1,rlJ~::mtl~lJ1 (Acetogenesis) 

LLU I'IYl C~t1'fl:: L'lIL[;l L"Un (LLU I'IYl L1t1~ ~'1-:J'fl:: L'lI L[;l'Vl) ih.J'VlU'1'Vl 
,., ., 

~'1 ~'1!1 lJm~LtllJ~,)L=i'fl~~::~~'1-:JilJ[;l'fllJm~~~'1-:J n~(;l LL~::ilJ[;l'fllJm~~h-:Jij L 'VllJ m~~~ [;lij L'VllJ 
., 

L(;ltILLU I'IYl L1t1~~'1-:Jij L'VllJU'\Jllf'fl-:J m~iu~ L[;l~[;l~'1 LYi'1::L"'1::"-:J~'1n HILLn n~f'l'fl::L'lI~n mf'l~'flf 

i'ln It:1Lf'l~L''lJ L~fi'1lJ'fl~ LL~::L~fi~'1ijlJ (Methylamine) n~f'll'l1,rlJ~::L~t1~ijl'l'1fu'fllJ~'1nn~'1 2 

'fl:: [;l'fl~ hJ'fl'1~ HfLtlt!i U~ L[;l~[;l1 lJn'1~~ ~ [;lij L 'VllJl~f'ltl [;l N LLU I'IYl L1t1'fl:: L'lIL[;l4iUn (~~ ~ [;l 



37 

1 'i' 1"1'.... "0 1 '" ..I...... 0 lJ ~(ML'"IU ~!.'1'lU) 2.Jfil'l12.J~12.J1Hl ~Un11U'tlU~~1Um'~ '1I2.JU1:;L~U'Vl2.Jfil11Ut)U2.J1nn'l1 2 

t):;(;I'tl2.J t~n~1mtlufil1fut)u1~t)t)n1'l!~ 1lJL~1L'"IU LL~:;m~t):;L'l!~n I11UH1~111'l:;~1lJL~1L'"IU 

iJfil'l12.J~U'VnfL;U~~1n~1 2x10-3 
U11U1n1f'1 LL~:;~1n~1 9x10-3 

U11U1n1f'1 ~1~fUn11ti'tlU 

~~1un1~u'l1'Vl1n LL~:;m~LYi11YiL'tltln (;I12.Jih~U 

" 0 0-

iU(;I'tlUn11~h..:J m'~'tl:;L'l!~ n'"l1 nn1~ 1'112Ju1:;L~U~U1 n'"l:; 

Ln ~~u1~ L~Yi1:;t U~111'l:;~1lJL~1L '"IuiJ fil'l12.J ~UYi1fL;U~ ~1 L'Vh~u m~ 1 '1I2JU1:;L~uhj~12.J11Cl 
ti'tlU~~1Un~1uLtlun1~'tl:;L'l!~n111utr1f~111'l:;~1lJL~1L'"IU)Jfil'l12.J~UYi1fL;U~~..:J 

" .... . 2.4.2.4 n11M1..:J2.JL'VlU (Methanogen Forming) 

n1~'tl:; L'l!~ n LL~ :;1lJL~1L'"IU'"I:;Cl n LLU filVi L~Ut -if ~ ~1..:J n1'l!)J L'VlU 
" 

o 0 

Ltl~UULtlUiJL 'Vlu1~~u (;IN LLlJ filVi L1U'"I:;r1f'tl..:J Ltl~uun1~~u'Vl1tJ 1:;L ~U ~1..:J1 t ~ Ltlun1~'tl:;L'l! 

~n~1'tl1lJL~1L'"IUL~uri'tlU~..:J'"I:;t-ifc.J~ (;I)J L 'Vlu1~ U'tl n'"l 1 nm~t):;L'l!~n LL~:;1lJL~1L'"IULL~'l LLlJ filVi L1u 

'tl1'"1t-if~U~L(;I1(;1 'tlti1..:J~1U;am~U..:JUJ~'l!tl~tUn11c.J~(;I)JL'VlU L"lIU L2.Jfi1Ut)~ m~~'tlfi1n 

0-

LLlJfilVl~u~h..:J)JL'Vlu~1LLunlr1l\t1u 3 'l!tl~ ~..:Jn 

1) Obligate Acetoclastic Methanogen ~12.J11CllJ1Lnfil 

m~'tl:;L'l!~n1~L~m'tlti1..:JL~m L~ut-ifLtlULL~~..:JYi~..:J..:J1U 
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2) Obligate Hydrogenotrophic Methanogen (H2 

Utilizer) LihJLLtJ~Yl ~U~~1)J'Wt1 CJ~ ~iJ L Ylt.!L~';1n LtlL"'rL ';t.!L ~u~'tl£h~ L~U,) 1 t.!n1Ci1~LtlL"'rL"'lt.! 
Lilt.!Yti~~1t.!LL~:;iJ ~1ftJ'tlt.!L",'tl'tl n L '11 ~Lilt.!LL\~fl~ ~1 ftJ'tlt.! 

.... 
3) Hydrogenotrophic ~r'fl Acetoclastic Methanogen 

, 
Lilt.! LL tJ ~ Yl L1uYl ~ 1)J 1 rt1 ~ 11~ iJ L Yl t.! H,,; 1 n n r "''fl:; L '11 ~ n ~ 1'tlLtl L",r L"'l t.! LLt;!'; :;'1I'tltJ LtlL'" 1 L "'l t.! 

)J1nn~1 

• .,j .. 

2.5 n1~!I'!l!l~'it1!1"~~tJ~(U (Compost Maturity) ... 

n11U'tlU~ ~ 1U'1l'tl~~t.!Yl1utj ~ t1 1 t.!n11~l! n ;~iJ ~,)1)J~1 ~ ill ritJu1:;~YlfiI11Yt'1l'tl~ n1rU1Lutj~ '" . ., . 
, , " 

~2!n Hfu1:;tU'1l,J tj~ ",~l!nYlu~hhn "'n11U'tlU~~1UYl~)JtJ1nr,;:;iJ CJ~ LU~U ",u~ i "''1l,)1~ . ~ . 
., I I ... 

. L ~mit.!~n~'1l'tl~ m1~l!nYltJ~tJ'fl n L~~1 m:;tJ')t.!m1~l! n L~ L~~';~t.!LL~,) 

L~'tll11 n11~2! n~t.!Yl1utj ~ 'l 'fl~111 ~'1lt.!1 '" 1 ~ '1i"'l:;~ nU'tlU~~1U"'lt.!iJ 
'1lt.!1 "''tl~111 ~ LL~:; t~N~ 11~ L~ n ~~';t.!L~'tl~111 ~~ "'vhU~Yl'1l~1 )J11t1U1 ttl 1 -nur:; LU'1lt.!1~ L"lIt.! 

fi1~'fl1~11Yl'1l ~11~t.!Yl1ut;!1~1 ;~L1un~1 ~u ~U~Ln"'n11U'tlUMnu~~)J\!1nrLL~,)"'l:;iJn11 

~1 L Ut.!n"'l n11)J'1l'tl~,~t.!Yl1u t;!1~1 -n1~~ 'tl~111~~U'tlU~ ~1UL~~1U"'l:;~ nu'tlu ~~1U n'tlt.! 

'''It.!m:;~~L~~'flL~m'tlt.l111~~Uf)U~~1UL~u1n mri~Ln~im~tru:;Yl1~n1UI11Yt'1l'tl~t1uu1n~,;:; • • 
" , 

tJf)nL~~1t1mrt.!Ln"'m1U'tlU~~1UYl~)JtJrnrLL~')~~~'tl~fl1~um1Yl"'~tltJt;!'tlLU . .. 

iJtl~rit.!ij1 ~fi1 ~'tl1~11 1 t.!1U~11'tlUt.!Yl1u t1 n ~1~ 'I. ~'tlu'l. t.!1U'1l'tl~~11~t.!Yl1u (I mmobilization) ;~ 
III" "" " 

, " 
Ln '" t",u,~t.!Yl1u1. t.!~t.!'I. -n~11tlUt.!Yl1uL Yl'fl n11L,;1'11 L~tJt~ ~~Ut.!ill)J1 ru'tl'tl n; L';t.!LL~ :;~1'tl 

L t.! t~rL';t.!'I. t.!~t.!';:;~ "'~~ L iitl~';1 n n r:;tJ')t.!n11~ nfl1'))J 1~l11 1 ~Yl'JjL~ftJ CJ~ n 1:;Yl tJ'; 1 n n11'1l1 '" 
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fi1~'fl1~11 'flti1-.1L1ri(;l1).J t)~~~~n~u-.1hlLn(;\n1nJ'fltJ~~1tJ~~).J\!1nrriihh:;LtJ"lIl.I1\.m11L~).J 

. ~l.I'Vi~tJl'(;l{) 1""~l.I~'!l1 ""fOI,)1).J'fl"").J~).JU1n.l1~ (Bio-Logic Environmental Systems. 2001) . . .. 

'!l'fl-.1L).J~(;\Yl"ll (germination index) Ltll.l':lfin11~~1).J11{)1'(;\~11~~(;]'flYl"ll (phytotoxic 

substance) ~j;lnA'1-.1'fl~1l.1~tJ~~nl~(;\tJ(;lN U'LLri LLn~LL'fl).JL).JLiltJ LL~:;n1(;\~l.I'Vi1U"llU(;\(;]1-.11 

;-.1 Ln (;\~l.I1l.1n 1:;U,)l.In11~,r m1tJ~il n11U'fltJ ~~1tJ hl~).JU1nr ~\.I')tJ~l' (;\ ~1l.1,) n.lrh Ltll.lLU'flfL eDl.I~ . .. 

2.6 fnJ;t'a1~1'i (Nutrients) • 

fi1 ~'fl1~11Ltll.la-.1~1 Ltll.l~1 ~cy n11L"-;'CY L~U L(;lLL~:;~ ~l.I1 n11'!l'fl-.1Yl"ll L ~'fl-.1"1 n 

fi1 (;lm~11Ltll.l~,)l.IU~:;n'flU'!l'fl-.1'fl1~11 Ltll.l~,) l.IU 1:;n'flU'!l'fl-.1 ~ 11~l.I'Vl1tJ1l.1'!lu,)l.In 11i-.1 LfOI n:;~ • 
LL~-.1 LL~:;n11~1tJ 1" LL~ :;Ltll.l~,)l.IU1:;n'flU'!l'fl-.1J1U'fltJ 1l.1n" n11).J n11i-.1 LfOIn:;~LL~-.1 LL~:;n11 
~1tJ1" ~~mnn.l"~1;nl.ln11~"11n.l1~1LLifi1(;l1(;\4'(;\Ltll.lfi1(;lmwl1'!l'fl-.1Yl"ll (i-.1f01).J L(;l"ll:;L~ntJ1. • • 
2550) ~'fl 

" 
... 1) fi1 ~'!!l.I~'fl-.1il fOI,)1).J~1 Ltll.l(;]'fln11L"-;'CY L~UL(;l LL~:;~ ~'l..11n11 LL~:;n11 

. 
~U~l.If"ll'fl-.1Yl"ll lh'!l1(;\fi1~~U-.1fi1[;J1"" ,,:;';h1""n1~L"-;'CYL~UL(;lLL~:;~~l.I1n11 LL~:;n11~U~l.If 

2) 

., 
3) fi1~Lmht!l.I~'fl-.1il~~ L(;\tJ(;lN(;]'fln11L"-;'CY L~UL(;lLL~:;~~l.I1n11 LL~:;hl 

Ltll.l~ 1 L ~ (;l~'W"'11 ,xfi1 (;l"llil(;\~l.ILn (;\ fOI,)1).J L ~).J1:;~).J ~1'fl Ltll.ltll.l(;l11tJ (;]'flYi"ll . . 

" . 
i,m:;~ fOI~'fl1l.1 LU1'fll.l LLfOI~LentJ).J l.I'fln"1n\t)'Vlmn11~~tJ1~~U-.1A'l.I~U~1U-.1il~n~~1tJfi1(;lViil . 
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~~n~1tlfil ~'fll'\.nrr'fl.:l "'l ::~'fl.:l~"'lIHU1"'l1 n~"lI LL(;]f'l ::"lIU~ L;:h.l~1 ~ cy L ~tl.:l"'l1 n1Vlt.J1 n1 r • 
~:rtJ L ~tl n~t1~t1r)1 fil ~tll~1 r~"lItll.:1"l1U~'fll"'l LUUfil ~tll~1 rr'fl.:lL U~"lI"lIU~~~.:I LL(;]tll"'l LUUfil ~ • • • 

t I I ~ 

'fl1~lr~~nLU~"lI~n"llu~~\l.:ln1~ n~l.J"lItl.:lntJ=.n'flfil~'fll~lrYlr::tI"h.:l~UU'fl1"'lLL1.ke!'fln1~LUU 2 • • • 

2.6.1 61j;1'!lI\11'i\1.ftn (Macro-nutrients) • 

2.6.1.1 rnftltlu 1~L~rL"'l'\..l LLf'l::tltln;L"'lU (Carbon, C; Hydrogen, 

H; Oxygen, 0) 
... ... 

filj;Jm~lr~~m;.:I 3 U LUUtl.:ll"ltlr::ntltl"ll'fl.:lVln~lnh::n'fltl • • 
. L~m.Jr::ntltlnULUu~lrtlr::n'fltl hydrocarbon LLf'l::VJm"llf'l~"lI'fl.:l~"lI L~mUU~,)U(;]I.:11Lur::~t1 

L'1If'l~ fil~.,r.:l 3 ~"lI:rn ttl"llI~LLf'1f'lUL~n::~Il.JlrmL~,).:I~11~Ltl.:l"'lln'fl1n1f'1 • 

2.6.1.2 1UL~rL"'lU (Nitrogen, N) 

LUUtl.:ll"ltlr::n'fltl"lltl.:l~1 rtl~::ntltl~UVl~tl 1~ LLri m~tl::m U 
... 

LtI~~'\..l nr~u') f'1~~f'1 Ult1tltJ LLf'l::f'1f'ltl bYlf'l~ nl'l11~fil ~1 UL~rL"'lU~'1I"'l::1tl L"'l1ru L~t1 L~ . ~ 

, . , 
'fl1n1~~h~tJ nr)1 chlorosis L~tJLtlLLri"'l::LtI~tlULUU~ L~~tl.:l LLf'l::~f'lc;)1,).:IhJ ~,)ULtI'iltlUU.:l f'1.:1i1~ • 

-. '" I " I 

L1m L~n::filj;JULf'1~tlU~It1"'llnLtlLLri1t1U.:ILtI'il'flULUtll.:1f'1t'.:I~"lIYi"llIC;)filj;J1uL~rL"'lU~,)U"lI'fl.:l~1 • • 
~U fl1ULtlLtI~I.:11 "'l::i1~"lIl.J~~.:Itl').:I L~~I::~::~l.J~lr anthocyanin HLUu41U')Ul.J:1n LL(;]nl~'1I 

· 1~t't11uL~rL"'lUl.Jlmnu1t1 ~'1I"'l::i1n1rL"'l1CYL~t1L~Vll.:1~.:ILtll.Jln LtlYl"ll"'l::d~Ju~L1mLLri ~1~U 

'f)')t1~')U ~::l.Jtlnn ttl L"'l1cy L~t1 L~ LLf'l::L-ifl~r::tJ::n1rL"'l1cy L~t1 L~Vll.:1n1r~t1~u(-iflf'l.:l 

2.6.1.3 yJ'fl~yJtlt'~ (Phosphorus, P) 

~1~ih~LUn1rUl~~.:I.:I1U (ATP, adenosine triphosphate) 

LLf'l::LUU'f).:Il"ltlr::ntltl"ll'fl.:l~lr~UVl~tl~i1yJtl~LyJ~ L"J!U sugar phosphate, nucleotides, nucleic 

acid, phospholipids LLf'l:: coenzymes t11.:1'11UC;) yJ'fl~LyJ~Lf'1~'flu~hJml.J~,)U(;]I.:11 "lItl.:lYl'1l1~ 



41 

, , ., 
fi1 ~yJ'rl~yJ'rlf~":;LL~ ~~'tl1n1~VI'lUVI L,,1'kl LL~'l Vl'l!,,:;i1~1 ~t.!LLFl~:;LLn~t.! i1~ L;m LLri U1~ Flf~ LUt.!~ 

~'l~"1nn1~~:;~lJ anthocyanin 

2.6.1.4 L'WLL'Vl~LentllJ (Potassium, K) 

Fl~1t1't t.! L~~L"t.!LLfl:;yJ'rl~yJ'rlf~ ~1lJ1~(l LfI~'rlt.!tJ1t1"1n 'lu LLri'ttJ 

U~ 'lUtl'rlt.!'t~~1t1 LLr;)L'W LL 'Vl~ LentllJ't~ LUt.!'rl~ rl1.h:;n'rlU"1I'rl~~1~1.h:;n'rlu~t.!'Vl1tJ L'W LL 'Vl~ LentllJli1 
, ., 

~,J1V1 LUt.! coenzyme ~1'rl ~'lm:;~t.!n1n11~1t.!'tJ'rl~ Lt)t.! 't'l!,J~fl1t1"l1Uc;J 'l t.!Vl"llLtI L~t1~ 1"1" :;LL~ c;J~ . ~ 

.caf cJ . .J I'" I ~ ,;" 't .... 
'tl1n1~1c;Jfi1~L'WLL'Vl~L'1ItllJ'Vl 'luLLn'Vl'rltlc;J1t.!fl1~ Lc;JtI":;Ln~ chlorosis m:;"1t1'Vl'l tl ~'lt.!'W'lnYi"ll . ~ 

"I I I I I 

'lu L~m L~m L '1Ifl;Vltlfl1t1 'lu LLfl:;'1J'rlU 'lU":;~1t1 ri'rlt.! LL~'l LLeJ'ttlU~ L '1Ifl~'lt.!~t.!VI'rltl ~1fl~ 'ttl 
~ 

...... 
2.6.1 .5 LLlJnt.!L'1ItllJ (Magnesium, Mg) 

LUt.!'rl~rltl~:;n'rlU~~1 f>1 'kl'tJ'rl~ flfl'rl h~fl; 

Flfl'rl L~~fl; L-rit.! 'l t.!nn LLlJn\lL'itllJ,,:;'ttlm:;~t.!Lt)t.!'t'1llJ1 ~~~ L'rl1'W~~~1t.!'rl'rln"1 n ATP • ., , , 
t.!'rln"1nULLlJ nULentllJU~ LUt.!'rl~ f'1tl~:;n'rlUVI~1 f>1 'kl'tJ'rl~ ribosome 'l t.!n1~~ ~1~ Ltl~~t.! Vl"ll VI "11 1 ~ 

fi1~LUJnULentllJ":;LL~ c;J~'tl1 n1~ chlorosis ~U1L'lruL~t.!'lU"1I'rl~ 'lULLri • 

2.6.1.6 L~~n (Iron, Fe) 

-ri'ltl m:;~t.!n" m~lJ'tJ'rl~ Lt)t.!L 'lIlJ1 t.!n1~~h~ I"lfl'rl h~ fl; LLfl:;i1 • 

~'lt.!'l t.!n1~'W1~ L~n ~~'rlt.! (electron carrier) 'l t.!"1IU'lt.!n1~~1t1 hLLfl:;i~ LM1:;'lfLL~~ Lc;JmUt.!~'lt.! 

~;1~ 'l t.! LlJ Lfl~fl"1l'rl~ cytochrome LLfl:;LUt.!'rl~ rltl~:;n'rlU"1I'rl~ Lt)t.!L'lI,J ferredoxin ~li1~,J1~ LUt.! 

electron carrier LLfl:;Lt)t.!L'1I,J nitrate reductase 'It.!n1ntl~t1t.!~tlLt.!L~~'VlLUt.!LL'rllJLlJLUtI n1~ 
" 

I I '" I 

"1I1~fi1 ~ L~~n":;vh 'l ~ Ln c;J chlorosis VI L~t.!'lU"1I'rl~ 'lUtl'rlt.! L\j'rl~"1nfi1~ui1n1nfl~'rlt.!tJ1t1L~tI1 n • • 

... . 
2.6.1.7 LLflflL'1ItllJ (Calcium, Ca) 

,,:;'ttl~'llJ~'lnu pectate 'It.!~'lt.! middle lamella "1I'rl~~.nr~L'lIfl; 
, ., , 

vh 'l ~ ~,r~ L'1Ifl;~:;~~1~ L'1Ifl;L;'rllJ r;)'rlnt.! t.!'rln"1nUU~ LUt.!'rl~ rltl~:;n'rlUVI~1f>1 'kl'tJ'rl~ Lt)t.!'t'll,J a-
, ., 

, amylase 'It.!n1~tl'rlmLll~~~:;~lJ'rl~ n1~'1J1~fi1~U"'1'l~~1~L,,1'YLLfl:;"'1'l~tlfl1t1~1n~1t1't~ 
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2.6.1.8 n12.J:;t1l.! ~1'flif'l LvJflf (Sulfur, S) 

d:Jl.!fl~ I"1th':;n'flu'll'fl~ 'bh~l.!1.11~'JIilC;)~~1 ~ ry ~'fl coenzyme A 
,~ ~ 

;~H1.l.!'JI1.1'll.!m~~1tJ1." l.!'fln"1nilif'lLvJ'flftJ~Vi1.11.l.!~(;l1nl.! thiamine LLf'l:; biotin Lijl.!(;ll.! m~ 

'lI1c;)fi1(;lif'l LvJflf":;LL~C;)~fl1h1~ chlorosis ~1.1.1tlfll.! LVi~1:;if'l LvJ'flfW LfII~fll.!~1tJfl'fln"1n 1.1.1m) • 

2.6.2 fi191'il1~1n'il~ (Micro-nutrients) • 

2.6.2.1 LL2.J~mil~ (Manganese, Mn) 

m:;~l.!Ltll.!1.'JI~~f'l1tJ'JIilC;)L~fli~ LfII~1:;,rn~c;) 1. 'lIlTl.! (fatty acid) , • 

DNA, RNA Uf'l:;Ltll.!1.'JI~~1.f1.l.!t)D~mLfII~ui (Kreb's cycle) 1.l.!"H1.1'll.!m~~1tJ1." LLf'l:;L~m;r'fl~ 
~ ~ 

Lc;)tJ (;IN n1.1m~i~ LfII~1:;,rLL~~ Lc;)tJ Lill.!~'lVi1~ L~ n (;l~'fll.!" 1 n m nL(;l n ~'l'JIfl~,J1 l.!'fln" 1 niltJ~ iJ 
,~ ~ 

1.1'Vl1.11'Vl1.l.!m~~ ~1~ fIIf'lfl h~f'l~ Yi'JI~;"n c;)fi1 (;lil":;Ln c;) chlorosis ~~ 1.l.!1.1.1 LLn LLf'l:; 1.1.1tlfll.! LLf'l:;Ln c;) • 
~ 

Pl2.JLLc.Jf'l~,J1(;l1f'l (necrotic lesions) 1.l.!1.1.1 • 

2.6.2.2 'Vlfl~LLC;)~ (Copper, Cu) 

yj1~,J1~1.l.!m ~Vi 1~ L~ fII (;l~fll.!LLf'l:; Lill.!~ 'll.!U~:;nfl1.1'lIfl~ L tll.!1. 'JI~ 
~ 

. 1.11~'JIilc;) l.!'an"1 niltJ~ Lill.!~'ll.!~1 ~ ry'llfl~ enzyme nitrate reductase 1.l.!n1~(;l1~ 1.l.! L(;l~L"l.!"1 n 
,~ 0-

fl1 m f'I (nitrogenfixation) Yi'JI~'lI1 c;)fi1 [;Jil1.1.1tlfll.!" :;iJ~ L; m LLn LLf'l:;U c;) dJtJ'l~ 1'fl lui1~ 1.1.1 ~ c;)u n ~ 
" yj11.~ Ln C;)LLc.Jf'l~,J1(;l1f'l Lill.!'c;)1 yj11. tn1.1tlfll.!'lIfl~~2.J LL ~~ (;l1tJ"1ntJflC;)f'l~2.J1 (die back) 

2.6.2.3 L2.J~1.1~,r2.J (Molybdenum, Mo) 

yj1~,J1~1.l.!m ~Vi1~ L~ n (;l~fll.!LLf'l :;iJ1.1'Vl1.11'Vl1.l.!m ~(;l1~ 1.l.! L(;l~L" l.! 
, " , 

"1nfl1mf'l Yi'JI~"H1 c;)fi1 (;lilLL~ c;)~fl1 m~~f'l1tJflth~ L"Ill.! m~~"IlflC;)'fln hlLill.!m:;" mLf'l:;U 'Vl~ C;)fln • • 
ufltJflflmill.!Li\'l.!1 (whip tail) "Jj'a~n:;~~1C;)fln LLf'l :;1.1~flfllLfII~ ~m~tru:;1.1.1Lill.!'C;)~L~~fl~ (yellow 

spot) 'lIfl~i\'2.J m~Ln c;) chlorosis 1.11-L'l ruLi\'l.!1.1.1"Hfl~ 1.1.1 LLn LLf'l:;1.1.1~fl~nf'l1~~1 ~l.! LLf'l:;~ nf'l12.J1.u 

n~ 1.1.1tlfll.! Lill.!~l.! 
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2.6.2.4 i~n:;~ (Zinc, Zn) 

~1LrhJ~'e1n1~~~1~el'afL2-Jhl L'llhl IAA LL~:;d:Jhl~')iJ~1~'1!'~'a~ 
, ., 

Lilhll 'li,r,"~1tJ'li\l~ Yi'liVl'lJ1 ~fi1 ~t1":;LL~ ~~'a1 n1~ lu L~ n~~ LL~:; lu Ln ~~,)2-J d:Jhln ~:;" n (rosette) • • 
L~~1:;tl~'fl~ (internode) hm~~') '1I'flulurlhl (distored) LL~:;~,)hlL;J1,"1nhl (puckered) Yi'liU1~ 

'1I\l~'fl1" Ln ~ chlorosis u1L')ruLi\'hlluLL~:;~1~hlL,,1'11 L~U L~'ih 

... . 
2.6.2.5 fil~'fl~hl (Chlorine, CI) 

, 
vh,"u1Vll hln1~m:;~hlm~i~ Lfil~1:;trLL~~ L~tJ d:Jhl~,) m:;~hll '" • • 

if I" I 

U1 Ln ~ n1~LL~ n ~')tl~ ~tl~'fltJ'a'fl n=h"hl Yi'1lVl'li1 ~fi1 ~t1":;LL~ ~~'fl1n1 ~ lu d~tJ') Ln ~'fl1 n1~ • , ,., 
chlorosis LL~:;1uLtl~tJhlLtlhl~"lI1')~:;n') ~1n,,:;ihlLL~t1()'W U1L')rutl~1tJ~1n":;U,)2-J~'fl~'fl'fln 

2.6.2.6 LlJ~'flhl (Boron, B) 
, ., 

'll')tJ 1 hlm ~'lihltJ 1tJ'a1,"1~~:;~2-J Yi'li Vl"ll 1 ~fi1 ~t1,,:; LL~ ~~'a1 m ~ • 
.:~ oQ 011 J'.J .... 4 I oQ 

1 hl~,)hlL hl'fl LtJ'fl L"1'1! (meristem) 'li'fl~~1 ~hlLL~:;n n L~mhl'a LtJ'a":;LLtJn,,1n nhl ~'liLL~~:;'lihl~":; 

LL~~~'fl1n1~1~fi1~~LL~n~1~nhl L'llhlli\'Lu1 (heart rot) lhl~')ncrnn1C;),x') UYl ~1~hlLL~n (stem • 

crack) lhl~hl~1tJ LLnhl,x'J4i1~1 (water core) 1hl,x')crnm~ LL"'~Ltlhl"~1 (drought spot) lhl 

LL'fltlLiI~ Ltlhl~hl 

~1~1 2-J1nLnhlLL~~~1hl~1n~~ 2.6 ;~n~1,)~~11tJ~:;L~tJ~'li'fl~'fl1n1~~Ln~nuYi'liL~'flYi'li"ll1~fi1~ 
., 

'fl1,"1~ LL~:;m~1~;:ufi1~'fl1,"1~~.J1nLnhlltl ~~t1 • 
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LUL(;I1L~U (N) 
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... 
)'l1mnu 

il1n1'1~1P161P1il1"'1'1 • 

n1n~1CYL~1.JL(;l~~l-1EJ~~~.rn LL~~t1.Ji:i~ Vi~ i:i ~ L;JtI 'l L'~ ill ~ n1.Jt) 1 n11L1l t) t1.J 

L l-1 ~t)-3;1 ~ ~ 1 n n 1 I'll 1 ~ ~ ~ 'il h~ ~ ~ 1~1.J1.JnntJfi41n~ tu~u~f-3~~ihr'lL~n 

L~tIL'tl.,.n~1.J1L'ln.!t1.J LLfl t1.J'fi'ilU~~U-3M ~-3 n11'fl'fln~'fln'fl'flnc.J~'tI'fl-3W~~~'1~-3 

i:i~L;JtI'lU1Un~1 tuVi~Vi'ln;r1'l LVi~ LL~~ (W~ uri'ih) 

~~L;'flLVlf'! ~1~U ?huLu n'lt1.J~hu£i1-3 

LtI~tlULtJuihl'l-3L~ 

~'fltwl'ilf~ (P) W~~~uf'l1~unluLL~~mh;JtI'lL'~ i:in11 1.J1-3~f-3'fl1n11~t111n!J~~~~1t1n1.J 

~~~~fl11~'tI'il-3 U'flU LVI L ~tI111u 'fl1n11 'fl1n11't11~fi1~VI'il-3 U~-3 LL~~~-3n~~ l-11n 

(K) 

(Mg) 

., 
'tI1~LU'fl-3~U~~Ln~tut1.JUnLL~~Yht~Vi~ L~f1.J~'fl~~'flffl~1mnuLtI 

~ t1.J~~i:i~;I~ tU1~tI~j;j'fl~1~~Vi1.J'~~ LnuLtI tu~~ c.J~~~~~i:i~'ll-1t111.J Lri'flVi~ 

L;r~~L~'fl t1.Jt;11t1m~~1tlLtlu,~ tuVi~t1.J ~~ HLVi UVlfl L;ltI~~~1mnuLtI~~iml1 
., . 

Lfttl-3L~tI'll-1~1t1~1l~1.J1L'ln.!t1~1t1t1.JU~~ t ~ Vi~ i:i 'fl1 n 1 I'll 1 ~ LL~ n ilL;I tI ~ U ~ ~ 

hl~'fltl"~Vi1.J~1mrn U~t11Ln~'il1n11 ~~n11L~1CYL~1.JL(;lU~~'tIU1~'tI'fl-3t1.J;-3 

'tI1~t~tI~'lLtlt1.J~n~~i:iam~'fl-3 L~tlLn~ tl1nj;j'fln11~-3Ln(;l 1.J1-3~fn~1.J~1 

Ln~'fl1n11;1~tu~U~L1.J~'fl~1~l-1~1-3L~U 

t1.J tU'tIn.!~~L~Ut1.JU-3~-3L;JtI'l'il~ 'fl1n11 

;I~" ~ Ln~~t1.J~u~1.J1L 'l n.! tn~ L~un ~1-3 
L1.Jn'ilUU~'l~1~LtI~t1~1t1'l1.J L~tlLn~LU 

L1.JLLnri'ilU 

L~1CYL~1.Jt(;l u~~t1~1m1n~~(;l1t1 ~~ tl1n1ntlun'l!t'"l1nf'l111.J'flLU(;l 

Ln~ tuLmi'flun'flUL1.JLLn LL~~L~U'l1.J~~ 

ij~Li1t1'l i:i'~LL~-3mtl'tl'fl-3'l1.J 
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LM~n (Fe) 
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.. 3.l1mnu 

., . 
tlr1n!lLth.lLilfiLUflij~1tJLtI't.I'~1 

luijfl1n11L~m Ut\''lflfltJ 1L~~'tl-3LLt\''l tl~1tJlu~i~ Li\''l.!lul ~JJ LtI'l.!~Urfl'l.!'i 

Vl1mtl'l.!~1~U~1'tlU1~filf~ij~ur'tl'l.!iL~'l.! lUL ~6f1~ U~ :;lu i'l~ LL~ :;~1~ fil *~;l ~ 
r1n.,:;fI'tltJ LLfil r:; LLm'l.!LL~:;u1~~~lnt\' '1I'l.! 1 ~ lu L~ n~~tl VI n mrL.,'1cy L~U LVI 

LL'Nn1il~ (Mn) fI1n1rurmrn.,:;;lVlVlNr:;~~1~ Li\''l.!lul'l.! U1~fil¥~ij~;!Vl1 fl1n1rfilt\'1tJrlU'1I11il1l1[;J 

LUrfl'l.! (8) 

i~n:;~ (Zn) 

VlfI~U~~ (Cu) 

lu'tifl'l.!~1f1 LLri~'l.!f1~rlmlil~~'1I LUJ~ L~~nl'l.!iutl:;rVl ji)fI fil~flb~~~1lJ 
L nfl L~'tl Vl1tJ LL~ :;lui'l~l 'l.!L'l ~ 1 j;] f1l-J 1 m:;"1m;1'ln1rL"1CYL~ULVI~~~~ 
P\~fI Lr'Vi~1~VI'bJvh~1'l.! 

., . 
Lilfl LUfi L"'1cytl~1m'1mrnVl1tJ tl~1tJ "1ntl~1tJlu~1'tl Lt\''l.!lultltX~un'l.!lu 

'" . 
r1mrnU'll-Jij~;! Vll'l.!Lilfi LUfI~'1IlTnij~;l VI 

hjvh~1'l.! (bfillULt.i1'11f1~Y;VI) ~'l'l.!lu 

U~~~'tl1mrj;]1~ ltltlr:;nflu;;'ltJluu1~ 

LLVln~1tJ (~) lu~~n L~mL~1LL~:;LtI'l.!'VI 
~;!~ 

., 
Lt\' 'l.! lulTnil ~m1f1 rl'l.!U1~fil f~;l Vlr:;~~ 1~ 

lu 

m11l1 IilVlfl~ LL~~ 1 'l.!~1l1'Vinrl-J'1I1 ~~1 n"11L.,'1cy L~U LVI~ VltNVl1l-J;;'ltJ~;lVl"1n 

mnlutitl'l.!ij~L;JmLLriLLfl:;t1V1~1tl~"'ltl LM~mtl'l.!~H Ufilr:;um'l.! ~"'n1ruVln~l-J 

ltlu~:;lTn'Viu'IilLLc.JflVl1tJu'l.!lu 11nij~dfl-J u~:;m~~Vltln~ 

. 
Lt\''l.!nfl1~lul'l.!luuri filt\'1tJrlUtl1mr L ~ ft tl ~ VI fI ~ n t\' 1 n:; ~ th VI tl n.,:; 

'1I11ill'l.!LVlrL"'l.!u1~filf~un'l.!lul~JJLn1tJl-J Ltl~tJ'l.!LtI'l.!~'h~~VI 

Vll-J1: fI1,r~ ~'l.!L'1I. 2551 
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tS'~~Lf'lM~"llVI1-lm~Lm~~~'"l:;;j~1nh:;n'tnJmfu't)\J~~1~C1J 3 "ll\l~ 1~LLri 

L'I!~~"L~~ L!'lijL'I!~~ L~~ LL~:;~n\l\! '"l1nm~tl~:;Lii\!tl~~1m~U'tlU~~1UtS'MI[;J1-l"ll\l(;lL~'tl~~~ " . 
~mnrnYiU~1~12-11~mL1.J-ltS'~VJ'tl'tln1~LtI\! 2 n~2-I ~12-1fOhtl~~1~'l\!mfu'tl\![;J'tl1\!L~~L~\! ~'tl 

m:i2-l~;jtl~11~'l\!fO)1fU'tl\![;J'tl1 \! L~~L'"l\!2-I1 nn~1 100: 1 4' (;lLtI\!tS'~ (;l1.h:;LJ)Vl~U'tlU~ ~ 1UU1 n • • 
~ I I I 

1~LLri mn.a'tlu ;h~'tlu LL~:;LLn~u ilnm:i2-l~il~4'(;lLtI\!tS'~(;ltl~:;UlVlY1U'tlU~~1U~1U ;jtl~11~'l\! • • 

Fl1fU'tl\![;J'tl1\!L~1L'"l\!,J'tlun~1 1 00:1 1~LLri Yh~;r1'l Lf'lM~\!;r1'l LYi(;l ;r1'lYh~ Lf'lMtl'tl ~\!5'l 

[;J1-l1 LL~:;~n~U"ll'l1 

, ~ 

L tj'tl~'"l1 n,,! ~\!Vl 'iu ~'tl~ m ~ 1-ifi~ f011 fU'tl\!LL~:;1 \! L~~L'"l\! 1 \! m~L'"l1C1J L~U L~ LL~:; 

~~1~ L'I!~;[;J1-l1 tl~11~'l\!f011fu'tl\![;J'tl1 \!L~~L'"l\!1 \!'lh~ 20-30 ,r\!~nYl'"l1~ru1~1 L~2-I1:;~2-I [;J'tl 

L1'tl\!1 '11 m~~2! n 1 \!~J)1'l :;L1'tl1 m f'I L ~'tl~'"l1 n~1 n f011'ti ~11~'l\!m fu'tl\![;J'tl1 \! L~~L '"l\!~~ Ln\!1tl 

'"l:;hhi1tlDmu1 [;J'tlriUf011fu'tl\!~ L~~'tl1 \!tS' ~~ ~m111,xtl~~1tJ~ ~~ ~n1'1!~1 ~1n f011tl~11~'l\! 

f011fu'tl\![;J'tl1 \! L~~L '"l\!~1 Ln\! 1tl 1 \! L~n '"l\!'"l:;t1 ntl~'tlu'tl'tl n 2-11 LL~:;~ :;~2-I1 \! nJ'1I'tl~ LL'tl2-1 L2-I L iJu 
" " 

, 1984) 

"1l'tl~~u~\!Vl1u Yi.f'I .2548 n1~\!(;ltl~11~'l\!f011fU'tl\![;J'tl1\!L~~L'"l\!1.n~lLn\! 20/1 ~'tl~u~\!Vl1u~ 

~f01'l1i1tl~11~'l\!"1l'tl~f011fU'tl\![;J'tl1\!L~~L'"l\!~1n~1~1'tlLvhriu 20/1 ~1~fuilu~\!Vl1u;j'ti~~1~'l\! • 

f011fU'tl\![;J'tl1 \!L~n'"l\!2-I1nn~1 20/1 '"l:;Ln(;lm~U'tlU~~1U1 m.lLd'tl1~1\!~\! t111-if1\!~\!~~;jm1 
~ 

1:;u1ml1 hJ~'tl1'"l LtI\!tl\!~~1U [;\'tl~"ll1~ 



, .... 

..... ... 
~lJltl"tJ • 

2JiHiI~ 

).J~I'lU .. 
1J~ 'lri 

2J~U'Yi:; 

).J~~m .. • 
).J~un:; .. 
2J~t)'l 1'l'l1tJ 

a'n!;1lJ"lI'l1 . .., ... .., 
!;1'll"ll~'Yi"ll !;11:;n~ m .. 

., 
lJ~"lI1~ .. 
Lf'lM'LlJt)'lltJ 

LtI~'lln;r1'l tVi~ 

Yh~;r1'l 
.., ., 

!;1'll"ll~"lI1'l 

Yh~;r1'l~1~ 
., . ....... 
"lIL~'lltJ 

l'l).J1 : Karki LL~:; Dixit, 1984 

-..,.... ..; 
2.8 IJ!J'!lUfI'!J (Organic Fertilizer) • 

~1Jl'n~~U C/N 

8 

8 

10 

12 

18 

19 

24 

25 

29 

43 

55 

60 

70 

89 

90 

> 200 

, , .. 
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'Yi .f'I.2518 ~).J1tJti~ "t1tJV11t1\r,nn~ul'l1tJt)!;1t1;-:J~~!;1t1\(mm'1lJ':)fi~11wnu ~U u'" ~arn i'llU ~1'll • • 
,:)fin11~U1 LL[;JhJl'lltlml'l;J" ~'lUfil')1).J~).J1tJYl1-:J':)'l!1n11t1\1utlfiml'ltJ1 t1tJ~Ul'l1u ~lJ1tJti~ 

• .u • 

lI~tJ~1t1\r,nn~ul'l1u~11~~~!;1~ut"'tJn11).J,:)fi[;J1-:J1 hJ~1'"l:::~11w}u ~U U(;l ~arn i'llu LL~:::ri'llU~ 

'"l:::u11t11.j{t11:::ttJ'l!,r[;J'll~'l!'"l :::~'ll-:J ~.hun 1:::U'lUn 11LtI~tJULLtI~-:J [;J1-:J 1 l'l1-:J1I'lJl1'Yi ri'ilU" ~tJ 



48 

" .. 
~\J'Yi1uYl~1~n.JVfuLih!'~1'.lhJ H1LLn ~mnrn ~tJr1'fln ~tJYl"llM) ~m11".,rmh~1 LLfI:;n11~MJ 

UtJ Lr1i:h;]1 hJ1 \JUtJ~\J'Yi1U"'l :;l111 ,xUtJ~\J'Yi~U~\J"'l:;nfl1tJ LtI\JutJ~\J'Yi~ULr1rJ~~ n'fl~1 LtluUmr1rJ 
.. III .. III " 

j;]1~Yf1:;11"l1Un.J~~tJ Yf. PI .2518 

LtI\J\J LtJU1mltl~f:U1f1~"'l:;~~ L~1~1,x Ln'lij;]1nnl~ j;]~tJ~\JYi1tJ1-if Ltl~ 
~ ~ ~ I I 

hl~1"'l:;LtI\J~tJ".,rn ~tJr1tln ~tJYl"ll~~ ~m11".,rn(;h~1 'f1~ihYltlL~~m~1nJ~\J'Yl~tJt)~~1\J~\J 
~ ~ '" iI ~~ _ .r .... ~ .dI I ,J t.I A 

UfI:;L Yftll ".n111 "lIUtJ Lr1~~tJ1:;~'YlfiI11Yf~1 n"!l\J 'M\J\JLn'lij;]1n1"'1'tlnfl~ Ln'li(;)1n1'Yl ~tl~n11~fI j;] • • 

0-

U"'l'1U\JrJ ~ ~ ~ j;]~tJ~\J'Yl1u'.l1~~1m.htJ1 \JYftl~ j;]fl1 ~~1 n ~1tJ rJ'f1~ LLUU 

Lil~ ~~ LLfI:;~1 ~~YfU~1~'.l\J"'~~LtI\JUtJ~\J'Yl1wi~rJr1nJI11Yf~1 -rr~m~1nJ~\J'Yl1tJt)j;]t) •• • 

I~ ~ I 

n I'll LL Yf~ Lm~(;)1n1Yi;tl~tJ~\J'Yl1UL "'~1il".1tl~tJYiL ~'linJ1~ 1 LtlU~tJfi11~"lI1 ~ ~h~1 "'l:; hl'Yl nu 

n~r1'.l1~A'~ri1"11tl~nr11nuwl.btJfi1j;]tl1"'11Yl"lll\JutJ~\J'Yl1U ".1tlLL~n1:;.,r~tJ1:;LtJ"lI~~"'l:;1~"'l1n • •• 

1'1 nJ~~~1\JL1tl~m~1 nJfi1 j;]tl1"'11~1 n~1".1tlutltJ n~1UtJ Lr1rJ~1 n LL~~1~1\J'.l\J,ilC;)"1I'fl~fi1 j;] 
.. , III I .. .. , 

' tl1"'11"'l:;rJ~1nn~11\J~mr1rJ ~~il LYltlLtI\Jn11n1"'\JC;)LnnJovl~1j;]1:1\J"lItl~~tJ~\J'Yl1U n1~ 

~"lI1n11Lm:tj;]1~~'fl'flntJ1:;n1P1n1~~'1n1nn'lij;]1 L1'fl~ "tJ1:;n1f'1~1j;]r"i1\JUtJ~1.!'Yl1t1n1~~"lI1n1r .. . 
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. ... ." - ~ . 
ft1J;t1.JYJ fUUftJJ1.J " Ln"''rIn1~UJ;t • 

1 lIU11Jl1lfl..:J~tJ hhn'W 12.5x12.5 il~~Ll-l~1 

2 ml-l1(u1"l'l1l-l~'WLL~:;~~~1:;L,...tJl~ hlLnu 35 LtlflfL;'W~YlJltJ~1,...,rn 

3 ml-l1(u~'W u~:;m'l~ 1I'W1~1myn~1 5 il~~Ll-J~1 u.hn'W 5 LtlflfL;U~ .. 
Y~mj1,...,rn 

4 Yl~1~~n Url'l1'~~iJRl-l LL~:;y~,...:;tl'W1 ~tl..:Jhjil 

5 ml-l1(U~uvi1tJ1'~O hhJtltJn~1 30 LtltlfL;'W~YfltJ~1,...,rn • 
6 rhR'l1l-lLiI'Wm~-~1..:J (pH) 5.5-8.5 

7 'fi'ln11~'l'WR1f1JtlU~'tll'WYln1L~U (C/N) hhnu 20: 1 

8 rhm1-u11~vh (EC) hhnu 6 LIJl;;Ll-l'WILl-lln1 

9 tI1l-l1(ufi1lntl1""11l-l~n -luYln1L~'W (Total N) hjUtltJn~11 .0 LtlflfL;U~ • .. 
Y~tJ-U1,...,rn 

- ~fl~~tlf~ (Total P205) 'WU'tltJn~1 0.5 .. 
LtI'tlfL;U~ YfltJ-u1,...,rn 

- Y'V'lU'Vl~L;tJl-l (Total K20) hjufltJn~1 0.5 .. 
LtlflfL;'W~ Y~tJ-U1,...,rn 

10 
o ... .. 

m1tJfltJ~~1tJ'Vl~l-l\l1(u l-l1nn~1 80 LtlflfL;'W~* 

11 ~11""'W (Arsenic) hhn'W 50 il~~nfl-lfriY~nfl-l .. 
LLR~LiJtJl-l (Cadmium) 'WLn'W 5 il~~nfl-l/m~nfl-l 

YR1LiltJl-l (Chromium) hhn'W 300 il~~nfl-l/m~nfl-l 

'Vl'tl..:JLL~..:J (Copper) hhn'W 500 il~~nfl-l/m~nfl-l 
0 

In:;n'l (Lead) hhn'W 500 il~~nfl-lrnY~nfl-l 

t11fl'Vl (Mercury) hiLn'W 2 il~~nfl-l/m~nfl-l 

Yil-l1: n1l-l~'l!1n11Lm~t~1o 2548 

""l-l1m,...~ : * n11tifltJ~~1tJ~~l-l1J1nr'Vl(;l~'tl1JL(;ltJ~fi'Vl(;l~fl1J~'l!Un1Nflmlfl..:JLl-J~(;lYl'l! 
• 'II 
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_ ........... r .. r -"'!5 
2.8.3 u!l'8U'YI'i!lU1Wi'8U1~nfl'D'Ul1'n • 

~'a~ij'1ru~~n~1'l1~~1LL'W:;-W1~11'l1~1'W'Vl1~~"l!1n11'tl'a~~t1~U'Vl1u ~t1 

;!,)1l1Yi LL~:;ilmLifi1I'lfi11~"l!1~ m:;'Vl1,)~Lm~tI'l1LL~:;~~nnw Yi.fII .2548 (rltl~:;Liltlf;lLLM\~1'W • • 
" ..,~ 

111fi\~'W')n 'tl-2) (;\~'W 

2.8. 3.2 ~'a~ 'W Lr.j'au'W~')t1~mfi\ij1~1 

2.8.3.3 1:;~UI"i1n11-W11vHh (Electrical Conductivity) ~'a~hJLn'W 

10 L~on;!L~'WIL~1'l1 (dS/m) 

2.8.3.4 m~1ru\'WtI'l1LIiil'W1iil1n~~I'lJiru-n~"l!hlLn'W~'atl~:; 2 1iil1n 
0-

~~I'lJiru-nil'l11~Ln'W ~tltl~:; 3 t~t1-W1~Un 

2.8.3.5 1:;~Ufi\,)1~Lu'Wn1(;\Lu'Wc;h~ (pH) \~Ln'W 4.5 

2.8.3.6 ~tl~tJ~'a(;\JitlIiil1n~11~~~Lu'Wti'Wl'lntlr;l'a~'WMU il'lt) LL~:: • 

2.8.3.7 

" ~~'W(;) Yi'W1tJ1~~~ (2528) ~n~n11nl~~-WIn1m'hliillntN~I'W~nt~t11ft3fi 
I ,.. I II 

L'Vlfi\t'Wt~uvh~~I::~~ ij 4 ~fi ~~n ~fiVi 1 ~tl Lriu-W1n1n~1 6 L~tl'W 1'W~~~'W1'WtJ'aLriunn 
0- " 

(Storage Lagoon) IiillnUU~~1:;UIt1-WIn1n~11iil1ntJtlLriunn\tJU~~1'Wl'l1n1'W~~LL~~iln 6 L~tl'W 
, " 0-

n1 n ~IVi n'WtJml~~tl~tJtl~ 1~11n-w 1 \tJ1-if LU'WU1:; ttl"l!il"'Vl1~ n11Ln~1'l1 \tJl LLr;l~1 n 1 ~fintl1liilij 

iJru~IL~tl~n~'W ~fi~ 2 ~tl -W1~1n1n~1L'Vl~~1'W'W1;rI')ritl'Wv'hn11U~n;r1')t(;\t1\nfi\~nLfi\~1nU 
'" " . 

0-

~'W tiI'l11n111-if-wIn1n~l~tl 10-50 ~nUlf11nL~1'l1i\j ~1tl'\.ifnu~"l!crn~,)ufi\f') \~U1::~U \~ 
" 

~~ \,m'W~'W YiU~I\~~~~~I'lL~~;U ~fi~ 3 ~tl H~lnln~111~n'W'W~nf~L~tl~~cl'W n'W'WIiil:: " . 
" , 0-

ij~1lIYifi\~1t111~tJl')t1t11~~:;l'ltlmL~:;\~ijcl'W\tJ 15 1'W r;ltln1111 ~ 1 fi\f~ ~fiVi 4 ~'a H-WIn1n • 
~1~(;\'\.'Wn11Lttl~U~I~~~ YiU~ltiI'l11~m~I::~~~";I'\.""U~I~~~LIiil1'lJL~utl'l~1n~~(;\ ~tl 0.6 

0- " , 

, ~')'W'\.'W~u~')ut~t1m~11'l1 r;l'a 2 itJ(;\l~ ~1~futJ'aL~mtJ~I'tl'WI~ 1 H ~n 1 L~1'l1 11~ 4 ~fiVi 
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........ • I 

n~1'llJ1ilL~t1,"l1H'~'w1tJm~n1r.t(;lU1mmhtl1:;~nru 2-20 t11Yl/~mJ1~nLlJ~~ ~~LiltJnrnYi 
" 

., 
':lYltl1 L'VI~nhu~ (2546) ~1tJ':lr.ttlilLiltJm~~m~t1tJ~~tl~~I~L1~ Yl(;l .-1 LL~::; 

,.. I I " 

~1 nh::;ntltll tJ L~~L.,tJj;jtln1~tJtltl ~ ~1 t1;j L~tltll,j't11~Yl1 n L ~tl1-n tJn"I~L Yl1:; L~ t1~ L ~ ~tJ1~ ~lJ 

Lt'lmLU~tltlmiltJ 6 ~Jl1'l::;m~Ylt'l~tl~ ~tl ~Jl1'l::;m~Ylt'l~tl~tJtltl~~ltJ~hjijmn~lJ~1~1(;11 ~~ 
., , , 

1tJ;jL~tltJWm~Yl1n LL~::;~JlI'l::;m~Yl(;l~tl~tJtltJ~~ltJYiijn1~L~lJ~l~d~ Yl(;l.-1 0.15 LtltlfL~tJj;] 
., ., 

Lt'ltJUI'V1tin LL~::;~1~m1tJ1tJt[~~I~')tJ 0, 0.5, 1.0, 1.5 LL~::; 2.0 LtltlfL~tJm~tJUI'V1tin 
" ., , , 

(;l1lJ~I~U YlU~I;jL~tltJl,j'tJl~YllnYiijn1~L~lJ~I~L1~ Ylt'l.-1 1,)lJnutJL1tJ 0.5 LtltlfL~tJj;] LL~::; .. ., ., 
'VI,rmiltJ~:;tJ::;L'l~1 9 1'tJ L'VIlJl::;~lJ j;jtlm~uI1t11<if LiltJ~1 ~~~ ~tJ1 tJ~ ~~tll'V11~LYlI::;L~tJ~ L~ (;I 

" 
I "I I 

tJl~~lJ LL~::;"1 n mnmtJu LYitJU tJ ~ tJ~ ~t'ltln L~ (;I Lijtl1.if;j L~t)tJl,j'm~YlI~IYihj ~hum~'VI,rn LL~::; 
., , 

~.hum~'VI,rn 9 1'1..1 L(;ItJijm~L~lJ~l~d~ Ylt'l.-1 LL~::;tJL1tJ 0.5 LtltlfL-nUj;] Ylu~lm~1.if;jL~tltJl,j' " . 
I ... ... II 

, tJl~YllnYihJt.hum~'VI,rn~llJl~n1~tJ~tJ~f;lt'ltlm~t'I~lu,)U 5 11..1 UI'V1tim,)lJ\i'~~u 344.6 • 
" ... I I II I I 

nt~nflJj;jtlntltJL;tl;jL~tltJ 1,000 ntlU LL~::;Lijtl1.if;jL~tltJYiC.hUn1~'VI,rn 9 1'1..1 ~llJl~n1~tJ~tJ~f;I 

t'ltlm~t'I~ltJ')tJ 61tJ ~1'V1tim,)lJ~~~tJ 499.1 nt~nflJj;jtlntlUL~tl;L~tltJ 1,000 ntlU • 

" "I I " 

thU(;lUIL~tJ"lnh~~ltJtJ~f;lLLtl~ntllltl;'VI1tlUlmn~I:n~L'VI~tl"lnmm~UMI 1tJm~Yl(;l~tl~U • ., , 

.,::;1-nUI mn~IYiullJl"l n LN~IUtJ~ f;I LLtl~ntllltl; tl~ rlnl~~n r.t~'VI1' (;I~::; L:n~ L Yln L(;ItJ1-n • ., , 

L;tl,,~uYl1cl'Yi1-num~thut'I~tl Trametes versicolor 1Un~UIU(;ILLUUL~lJtllm~ Ylu~lf'h • ., 
f'),)llJ~ntl~n~(;)~~ L(;)tJijf'iI€~f'I11~il~~(;)~~ 40 LtltlfL~Uj;] f'ilm(;)l':11,ru~::;L'VItJ~ltJ~(;)~~ 

93.85 LtltlfL~U~ f'iIULtl~~t'I~~ 98.68 LtltlfL~U~ f'i1~Ltl~~(;)~~ 78.46 LtltlfL~t.l~ mlJlru 
., 

':IItl~LL;j~LL':II')u~tlmL~::;mlJlru':lltl~LL;j~\i'~'VIlJ(;)~(;)~~ 79.34 LL~::; 91.34 LtltlfL~U~ (;l1lJ~I~U tJ~ 

"lnn1~f;lnf;l::;ntlU~')tJ~I~Lf')ij~')tJmnll"lfLYl~mt'ltJ~lnf')ij~1-n~tl Lv4tlfinf')~tlhc;) LL~::;t1fu 
." ., 

f'i1f'),)llJLilum(;)-I;h~~,)tJtltJ':IIl,) YlU~IUlmn~IYi~lm~ulu~~')m;tl Trametes versicolor 
" , ,., 

~llJl~nYi"::;~lm~f;lnf;l::;ntlul~LijtlilmlJlruulmn~Ij;j'tlmlJlruLv4tlfinf')~'tlh~L'Vl1nu 100 

ij~~~f;I~/3 nflJ LL~::;f'iIf')')llJLilun~(;)-~h~~L'VIlJl::;~lJj;jtlm~f;lnf;l::;ntltJL'Vhnu 6 ~~,ru~~t11~ • ., ., , 
~IL;'tl Trametes versicolor ijf'),)llJ~llJl~n1un1~~t'lf'),)llJ~ntlm':lltl~Ulnln~11~~ :n~ 

nl ~~ m~n ~~ n ~1,)~ IlJl ~nuI1t11-n1 un 1 ~L ~lJtI~::;~'VI fiJlIYl'1l'tl~ ~::;UUUIU t'I~1 n1 n~ 1., 1 n 

tN~IUtJ~f;lLLtl~ntllltl~1~ 
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fiL~Pl Pl1~Ci~u LL~:;~"ilu r1m~1mJ (2548) LflNn1~n1~~1~'J"n",~tJuLfltlU • • 

~'tl'lJ1n1n~1tu~U~'tlU1 ~Lriunnn1n~1~'tl'lLN'l1U~ntuL~~1l1fln~1'l 3 4''l~1'", 1~LLfl 
U1MYI ihJ1fi~n" ~1nc;) 4''l~')C;)lJfl~~'J~~r1 'tl'lr1n1~M1 n~lJM~Yl~1ij~ 4''l~.)(;l~:;L:n'lLYI~1 LL~:; • • 

U1MYI tJ~:;lJ'J~ t.J~ ~1n'" 4''l~')'''Ufl~tJ~lJ ~'lH\l11n1~~m~t1 FJru~lJDi~tl'ln1n~1LL~:;LriU 
., ., .,j 

~'JtlU1'lU1ij'J~U U1t~~U LL~:;~U "1nu1L'Jru~tlU1 YlLnUnnn1n~1~tl'lLL~~:;4''lWr",tlJq~LL~'l 
., 

· LL~:;n c;) ~lJ LL~:;U1lJ1';) Lfl~1:;~ flrull1Yl ~'J'tlU1'l ~1~fu~'JtlU1'lU1l11n1~';) Lfl~1 :;~~1 r11V; Ltl'l! "I ~ • 
... 

tlru~llij "1Itl'lLL;'lLL"1I'JU~tltJ (Suspended Solids, SS) "1Itl'lLL;'lyj'l~lJ'" (Total Solids, TS) . ~ 

... 
"1Itl'lLL;'l1:;L~tJ1~yj'l~lJ'" (Total Volatile Solids, TVS) ;Ltl~ u'Ltl~ ~ r11fl'J1lJU1LvHh 

... 
(Conductivity) ~UYl1Ufl1fUtluyj'l~lJ'" (Total Organic Carbon, TOC) ~L~:;~1~fu~'JtlU1'l~U 

... , 
l11n1~';)Lfl~1:;~~1tJ~:;LJ)YI~1'tl~miru:;~tl'l~U LL~:;:alJYl1ufl1fUtluyj'l~lJ'" LL~~'l!ilyjtflUn1~ 

... ... ... 

Yl"1~ru1n1~tJULUtlU~'tl'lU1n1n~1,,:;Yl"1~ru1"1 n r11;'L 'tl ~ ULtl ~ LL~:;:aUYl1u fl1fUtluyj-l~lJ '" 
.... I.... I .... 

~'JlJyj-l n1 ~L~tl n" ",yj l11 n1~~ (;l L" 1:;ti'tlU1U1 c;)1~ LL~:;~U 1~l11 n1 ~L~tl n" ",yjhliJ n1 ~tJULtJtlU • • • 
I .... I .... 

"1mL~~-lri1LUC;)~lJ1 LL~:;d:luu1L'Jru~PlYl1'ln1~1~~~1lJ~'tl'lU1t~~U L~'tl~1n1nJuLU'tllJ"II'tl-l 

~1 n1n~1YlU~11. un ",cJlJ~U1MYI tJ~:;lJ'J~ t.J~ ~1 n c;) 4'-l~') (;lUfl~tJ~lJ Ln c;) n1~tJlJLn'tlU"II'tl'l n1 n~1 
'I~ ~ 

~titl~1ij'J~U~1-l"1mJtlLnUnnn1n~1 3 LlJ~~ LL~::ti'tlL"1::~n 20 LlJ~~ ~-l~1'l"1ntitlLriunn 
· n1n~11tJYl1'l~Pl1.~ 100 LlJj;\~ tl'lr1n1~M1 mlJM~~~1ij~ 4''l~')C;)~:;L:n'lLYI~1 ~Un1~tJlJLn'tllJ~ • 

., 
fi~nfiil ~1n'" 4''l~')'''Ufl~~'J~~flliJYlUn1~tJULU'tlU • 

... ., , 
JlYln 'J'l';~lJfinlJ~ (2548) n1~~n1=t1flf'lil iJ.)~t1tJ~:;~'lr1L~'tl~1tJ~:;~YlfiIl1Yl • 

I ...., I 

n1~YI"'~'tl~'tltlmtllJ 4 'l!'" 1~LLri 'l!c;)yj 1 LPl'M~mL~:;tu'hlLL\'~~ULL~:;U1n~U 'l!"'yj 2 LPl'M~mL~:: • • • 
l.ula!LL1X~~uLL~:;EM1 ("1nu1MYl ~Li1lJ ~'JL'l! ~1n"') 'l!"'~ 3 L~'M~mL~:;1.u1a!LL~~~ULLt'l::EM2 • 

(fiil1n~fiiln.~Utl~u'J'tlU~) 'l!"'~ 4 L~'M~mL~:;1.u1a!LL~'l~ULL~:;DMO (fiil1nmJtI'l Ln'M~~n~lJ'l!1~) • • 
.... I .... I • 

· t.J~n1~~n'M1"11tl'ln1~Yl"'~'tl~yj'l 4 1'" Lijtl~lJ~"'n1~~,rnyjL'Jt'l1 45 ')lJ ~U~1~ru~1Jij1.un'l~,rn 

'tlu1.lJ'l'J~ 21.7-22.2 'tl~ Pl1L"lI~ L;U~ fl'J1lJ LiJlJm",r;l1~fiil::tlU1.U'l'J~ 7. 71-8.01 r11~ ~n~'JlJ 
~ ~ 

I I I I 
crI ~ I ~ I _ '" q ~ I ,q I .... '" 

1.35: 0.11 : 2.36 "lI"'Yl2lJfl1L~~mYl1nU~'tlU~:: 1.26 :0.14:3.36 'l!c;)Yl 3lJfl1L~~mYl1nU~'tlU • • , , ... 
~:; 1.35 : 0.17:2.78 'l!"'yj 4 iJr11L~~myhnu~tlu~:: 1.26 :0.19:3.30 ~'JUfl'J1lJ:nU"IItl~c1~~,rn • 
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, 
'"l:;~nFl'ltJ~lJHYl~:;~tJ1fltJfl:; 50-60 Fltl.l:;04'tJ1~~~1.JrJ1'~tl.,.i1U DMO ij1.J~:;~Y1fiJ)1'W1tln1~ 

., 
Lflfl~Y1U fiI~l.JCYc;'tl~ LLfl:;Fltl.l:; (2548) ~n~1.J~:;~Y1fiJ)1'Wn1~ihuc;)U1L~tJ'"l1n 

., ., 
c1~'1nr n 1i1'i1;'lJ)1'W nl~U1 n1 n ~1 ~'ltJ~fi; 'l LFlij Lc;)tJU 1U1 n1 n ~1'"l1 n c1~'\.Ur n Ih'il;'lJ)1'W'nfl~ 

LN~1tlCJ~[;]LLflfl n'tlt1fl; 'tl~ rfn1~~n 4'~~t)C;)~:;L:n~ LY1~1 lJ1vi1n1~U1U(;I1 tlc1~U1U(;lLLtJtJ L~lJ • 

., ., 
'ilC;)U1U(;IU1n1n~1'"l1n c1~~l!nri1'i1;'lJ)1'W ~'ltJ~fi:lh LFlij ri'tltln1~U1U (;IU1 n1 n~1ij ~1 FI'l1lJ djtl • 

., 
1.J~:;lJ1tl.l 90,000 - 130,000 nfl~nfw~[;]~ 'WtJrJ1n1~U1U(;IU1n1n~1'"l1nc1~~l!nri1'i1;'lJ)1'W 
'" J' ~ 4Q .:... 0 ..... ,.c:.I 
(;I'lUL'ilfl Trametes versicolor Y1~J)1'l:;L[;]lJfl1n1fi11tl~:;tJ:;L'lfl1 120 'iI'lLlJ~ ~1lJ1~CltJ1tJ(;IFl1'i1 

Lfl~ ULfl~ LLfl:;'nfl~LL;~LL"lI'ltlflfltJ1~~~~(;I ij1.J~:;~Y1fiJ)1'Wn1~U1U(;I 70.00 95.14 LLfl:; 51.40 • 
L1.J'tlfL~tlvl [;]1lJ~1~tJ L~flU1lJ1U1Uc;)t;]'tl L(;ItJc1~mtlLLfl:;[;]n [;]:;n'tltl~'lUL~'tlfinFlfl'tl hvf 'WtJrJ1 

1.J~:;~Y1fiJ)1'Wn1~U1UC;)~1;Lfl~ UL'tl~ 'n'tl~LL;~LL'n'ltlflfltJ LLfl:;FI'l1lJL;lJ~ L~lJ~tlLUtl 94.77 
., , 

98.02 98.88 LLfl:; 97.55 L1.J'tlfL~tlvl [;]1lJ~1~tJ U1L~tJYl~htln1~[;]n[;]:;n'tltl'"l:;Clnu111.Ju1U(;I 
" 

t;]fl L(;ItJm:;tJ'ltln1~m'tl~ ~'ltJY1 ~1tJfl:;L~tJ (;11 tlc1~ m'tl~Y1ntJ 'WtJrJ11.J~:;~Y1fiJ)1'W 1 tln1~U1UC;);L'tl 

~ ULfl~ "lIfl~LL;~LL'n'ltlfl'tltJ f'I'l1lJL;lJ~ LLfl:;FI'l1lJ"tl ij~1 97.53 99.07 99.64 98.12 LLfl:; • 
99.41 L1.JflfL~tlvl [;]1lJ~1~tJ Lc;)tJijFl'l1lJLUtlmC;)~1~~ 6.97 n1~[;]~'l'"l~'tltJmlJ1tl.lL~~n~~~ 

~1tlm:;tJ'ltln1~[;]n[;]:;nfltlLLfl:;n1m~'tl~'WtJrJ1ijllilJ1tl.lL~~n 0.3328 LLfl:; 0.0196 1lJLFI~nflJI 

~[;]~ [;]1lJ~1~tJ LLlJrJ11.J~:;~Y1fiJ)1'W1tln1~U1UC;)'lJ'tl~'ilc;)U1UC;)~1n1n~1'"l1nc1~~l!nri1'i1;'lJ)1'W • , " ., 
'"l:;~~ LLt;] ~1;Lfl ~ LLfl:;ULfl ~Yl ~1tlm:;tJ'ltln1~~ (;I.yhULL~'lti~ij ~1 LntllJ1 [;]~~1tlU1l1~ ~'tl 3,250 .. . ... 
LLfl:; 325 mg/l [;]1lJ~1~tJ 

I '" I '" I 

n~tlLLflfl nfl t1fl;'"l1 n n1 nU1 [;]1fl.a'tlm'llJ n~n1~U1'nfl~ L~tJn ~tJlJ11-n '\.UJ ;~U1 n1 n~1Yi1~ij ~1 

. FI'l1lJLUtlmC;)~1~ 4.0--4.3 fihUL'tl~ 52-58 kg/m
3 ~1;L'el~ 92-100 kg/m

3 LLfl:;ti~ij'n'tl~LL;~ 

LL"lI'ltlflfltJ (Suspended Solids, SS) 2.0-2.5 kg/m
3 vi1n1~~m~t1Lc;)tJ1-ir)fin1~U1U(;I 3 ~fi 

1~LLri ~fiLL~n vi1n1jU1U(;I Lc;)tJ Anaerobic fixed film reactors '"l:;1~ri1'i1;'lJ)1'W~~~1lJ1~ClU1 
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n~uhJHfLiltJ"'Hr~,ntJ1t11 "1fi~ 2 Vhn11U1UrnLrntln1nJ1hheJ1~1'I'l1~1'tltJ~~ ~fi~~1~11t1 
U1urn 1~~1 n~~ 40 LU'tlfL;tJj;f LL~1-iffj~~~1tJ1 tJn1n111'1'l1~~'tltJ~~ !If'il~;11r1,)1~~:;'il1rnti~ 

OJ 

UDmtl1uj'tl~1LiltJn11~1tJ1u 120 i,)L~~ ~n~~u~!lf'tl~1-n~11Lr1n1tJn11;111'1'l1~~:;'iI1rn ;111~ 
, ." 

LnrnrhHf~1t1~~ "1fiY13 U1u1Y1~1tJn1:;U')tJn11U1Urn"l1n"1fiLL1nhJeJ~~nun1n~,j''iln1'i1~''l1n 
OJ 

." , 
n1:;U')tJn11~n eJ~nU1 ~1fl LYl'tl;11~tI'\.nrn'1t1 ~t1Y11~ni rn~')tJ''iI~ Fl1fU'iltJ~'il1 tJ L~1L"ltJ (C/N 

Ratio) 1tJL~1L"ltJ 1.5-2.5 LU'ilfL;tJj;f ~'iI~~'tlf~ 1.5-2.3 LU'ilfL;tJj;f LiltJ"1fi~;111~Lnrn11t11t11 

~ I ... I 

'iI'iIn;L"ltJnUn1nU1~1flY1u~'W~1tJn1:;U')tJn11~l!nLL'tlfln'il1l'il~ LLfl:;n1nU1~1flY1~1tJn11~,rn 

. LL'tlfln'tlll'il~LL~,) (~1n1n~1) LrntlL-n Penicil/um decumbens ;11n11Ylrnfl'il~1tJstirred tank 

reactors ~tJ1rn 1 ~~1 u1:;n'ilu1ut1I')t1,rnFl')Uf'l~~1~nn11U11,~')nfl1~ n~UDmtl1~Un, 

Saponite (Magnesium silicate) LLfl:;ti~U11' Esmecite (Aluminium silicate) r1,)Uf'l~ 
, ., , 

'ilCU~J1ijY1 35 'iI~Pl1L'l1flL;1t1~ rh;1L'iI~''iI~n1nU1mflY1iJ~1~~1tJn11~,rmL'ilfln'il1l'tl~ 80.5 nf~1 
• OJ 

~~1 LLU1LU~t1tJm~1~11tJ'lh~ 12-140 ijfl~~~1 rh;1L'iI~''iI~~1n1n~1 23.0 nfW~~1 
LLU1LU~t1tJm~1~11tJ'jh~ 43-304 ijfl~~~1 fjU~1L~'ilrh;1L'iI~flrnfl~m~'iI 1-7 nf~/~~1 "l:;;11 

1~rhr1~~''tl~n11~1LiltJuDmtJ1ri'iltJ;r1~r1~~ ti~uDmtl1~U11' Saponite ~1~11t1flrnri1;1L'iI~ 
1t11~1nn~1ti~~u11~ Esmecite LLfl::n~r1,)Ur1~~1~th~U LLfl::n1'l1nLYltJ~Lnrn"l1n~1n1n~1nri1 • • , ., 
~1nn~1~hnrn"l1nn1nUlmflU1:;l-J1CU 35 LU'tlfL;tJ(;] 

Bouallagui LLfl::r1CU:; (2005) ~m~nu1::~YlfiJ11fj''iI~n11U'iltl~fl1t1LLUUU 

'iI1n1 Pl1 tJn11U1 LP\,;-ej n LLfl:;Lp\MeJfl1,j'n~u~11 n tJn11eJ~ ~n1'l1n LYltJ ~~ LP\,;-ej mLfl:;Lp\';-eJfl1,j'~ 
., 

Ul~11-ifnri1''iI~LL;~'t1~\nJrn 8-18 LU'ilfL;tJj;f "1l'il~LL;~1::L~t1 86-92 LU'ilfL;tJj;f m~1CU 

~11~tJYl1u 75 LU'ilfL;tJ(;] 't1~nn11il'tltJ~11~tJYl1u 1-6.8 nf~''iI~LL;~1:;L~t1/.rtJ "l:;;111~Lnrn 
., 

n1'l1n LYltJ 70-95 LU'ilfL;tJj;f fjU~1;r'il~1n rn'lJ'tl~n11U'iltl~fllt1LLUUU'il'iln; L"ltJll~'iln11~h~n1rn 

, ., 
LLUr1Y1 ~t1U1:;LJ1YlY1~~1~n LYltJ ~~,rtJ n111-nn~UDmtl1LLUU~'tl~ L~~ (Continuous two-phase 

system) LrntILLtJn n~~ Ln rnu~nhJ1 n11~h~ mrn LLfl:;n11~rl~nl'l1n L YltJ'tl'tln"'!1 n ntJ "'!:;vh 1. 'IX 

u1:;~YlfiJ11fjn11~~1~n1'l1nLYltJ~;tJ ~'tl r)1''tl~LL;~1:;mtJ 95 LU'ilfLontJj;f 't1~11n11il'tltJ 

~11~tJYl1u 5.65 nfl-J'lJ'tl~LL;j~1:;L~t1/.rtJ ~:;;111'IXLnrnn1'l1nLYltJ 420 ~t;11/nLflnfl-J'lJ'tl~LL;~1:;L~t1 
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.. , 
Hati LLfi::ftru:: (2006) ;1m~t'l~fi'JItl,mI11-ifulmm'hYlii~tlf'lru~m~tru::'Jl'tl~~U • 

LLfi::'el Inn m n~ 1n.J L~lJ LIn'JItl~~'JIl ulh::L 'Vl f'I~UL~U L(;1ul~;1 n~1 nlJm nJ~ n 5') L ~~tl~~~lJ nlJ 

m1t1~n'I,)~I~ L(;1mLtJ~'(;1m1'Vl(;1fitl~tltlnLUU 6 ,(;1 l~LLri '(;1f'l,)lJ~lJ ~tl hJ~n'WL~lJ~U 

' LfiU m1t-if NPK lu~lnn~')u 30.0 : 26.7 : 24.9 nLfinflJlLelf'lLLlnf nlJ5,)L~~tl~ LLfi:: 100 : 26.7 .. 
: 24.9 nLfinflJlLelf'lLLlnf nlJ'I,)~I~ ~~lJnlJiluf'ltln 4 LlJnn::nflJ/Lelf'lLLlnf m11-ifulmn~1 • .. , , 
L YlU~tlth~L~U,) Li1IU"lm1L'VlUlmn~l~h::~lJft,)llJ~n ~1~1 'JItl~ ~U l~LLri 

... .. 
'Vlf'l')llJfin 2.5 

, , , 
..,.dI 4I:l1o Q,Q. ..... ".-=Id 44 Q 4I:l104I:l10 ......... 

mmfitl~LLfi:: 1.25 L'JIUInLlJIn1 ~ln~')(;1UnlJ'il1,)~lfi 'Vlf'l')llJfin 5 L"lIUlnLlJf;]1 ~ln~')(;1UnlJm 

" tj')~UnlJ.;rI,)~I~ YllJ~In1H~lJUIn1n~I"11~rh~11~U'VlrUf'llflJtlU (Organic Carbon) ,fi 

;YlL u~u LLfi::rh f'l')llJUI1vHh (Electroconductivity : EC) 'JItl~~UL ~lJ;UL~'El LYlUlJnlJ1 (;1 

.Qo .... ~ A:: ..J .a:I -f ct.c::.l " 

f'l,)lJ~lJLLfi::n11LlnlJ NPK ~~lJnlJ~U f'ltln U~ LlnlJUIn1n~I'Vlf'l,)llJfinlJln'tlUnlJ~fi 1 mfilJl ru 

Organic Carbon 'fi;Yllu~u LLfi::rh EC lU~UL~lJ~U LL~n~lJhJii~fi~'Elf'l,)llJluun1(;1~I~ 
" , 

'JItl~~U ~,)U~fi~lnn11L~lJUIn1n~IYlLn(;1nlJf'lru~n~ru::'JI'El~~UL(;1U1,)lJ"11~f'lruJ11Yl'JItl~~U~ • • 
" I " I 

~U Li1IU~,)LLtl1Yl"lm1~n~ ~'El UI~,rn'JI'El~Lij(;1~UL(;1m~~U (Mean Weight Diameter : 
I I " " 

MWD) fllf'l,)llJUI1yj.yhLijtl~U~lJ~,)~,)UUI (Saturated Hydraulic Conductivity) n11nnUI 

(Water Retention) LLfi::mlJlru'JI'El~~11u~u (Water Content) LL~f'l,)llJ~UILLUU'tltl~~U (Bulk 

Density) LLfi :: fllf'l,)llJ;lJcJIU'JItl~~U (Penetration Resistance) fi(;1fi~ lUn11'Vli1lfitl~L~mnlJ 
" , , 

~ 1n11 n11L~1n.J L~lJ LIn'JI'El~~'JI YllJ~1 n11L~lJUI n1 n~1 hJii ~fi ~tl n1H ~lJmlJl ru~fi ~~ 1n'JI'El~ tl,) 
, " 

L~~tl~ ~,)u~fic;itln11L~lJmlJlru~fi~~In'JItl~'I,)~I~,rU n11L~lJ NPK ~~lJnlJilUf'ltln"11~ • 
I I " I 

'1,)~I~ii~fi~~lnlJlnV1~(;1;~ln~L~U~nlJnln~lJUIn1n~IV1f'l,)llJ~n 2.5 L'JIU~LlJIn1 ~lntj')~u • 

Khaliq LLfi::f'lru:: (2006) 

t11::~'VlfiJ11~ (Effective Microorganism 

L~1n.JL~lJL~'JItl~~U~IU L(;1mLtJ~1(;1nI1'Vl(;1fi'El~tltlnLUU 8 ,(;1 l~LLri n111-if~11~u'Vlru 

(Organic Materials : OM) LY;mtlth~L~U,) n111-if EM LY;mtlth~L~U,) n11t-ifi~ OM LLfi:: EM 

nl1t-if NPK (170 : 85 : 60 nLfinflJ/Lilf'lLLlnf) LYlmtlth~L~U,) nl11-if Ii NPK nlJ EM nl11-if Ii 

NPK fllJ OM LLfi:: EM n11t-if NPK nlJ OM LLfi:: EM LLfi::'JI(;1f'l')lJf'llJ~llJt-if~11tll~111(;1LfiU • • 
, , " 

YllJ~In11t-if~11~U'VlrU OM ~1'El EM LYlu~'Elth~L~m"11~~U~lm~1n.JL~lJLlnllJf'l~V1 LijtlH'~~ 

OM LLfi:: EM "11~~~fi~~IJl~lni1fu~lm~lJ~U 44 % nl11-if NPK LY;u~tlth~L~U,)"11l''Ln(;1~fi 
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~~[;l~-.1~~ ~~-.1~-.1~1Pi~n1~'Hf ~ NPK nu OM LL~:; EM ~-.1HI1J1~1ru~~~~[;l~ln~L~mnu~1n 

Pi'fl 2,165 LL~:; 2,091 nt~nf~/Le'lrlLL[;lf [;l1~~1~U LL~n1~H' EM L~m~tl1-.1L~tJ')niuvhl,x 

1~~~~~[;l~~"'~-.1 ~,)Un1~1Lrl~1:;~~~Vl1-.1L~~~l~1~[;lf~U~1n1~H ~ NPK nu OM LL~:; EM 
>-

~:;lh:;~tT~n1~l-rtut[;l~L~Ul~-.1 50 LU~fL;Ur;l ~-.1t!U~-.1~1~1~ClMU1~~1n1~H' EM ~:;~11,x • 

u~:;~VlfiI1TYi"1l~-.1n1~U1 NPK LL~:; OM luH1.u~"1IL~~~U 



1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

, 

d 
\JVIVI 3 

.."" "'" Lfi11tl~'li?l'r1tlJWJ~ (Thermometer) 

Lfi1itl~r) i?l ~h m1~,j11 yjYh (Conductivity meter) 

UV spectrophotometer 

Elemental analyzer 

Atomic absorption spectrophotometer (AAS) 

Hot plate 

10) Magnetic stirrer 
, .. , 

11) Lfi11tlWnm 

12) L(;\1~~~ • 
, 's-

od .,0 .... ~ 0 I 

13) Lfi11tl~"lI~'U1W,.mYlpj'UU~ 4 (;\1LL~'U~ 

14) m:;i?l1Mn1tl~ 

.. "" .. 16) L'ltl1L'UU1 

17) lhn~u 
, 

CJ "" "" 18) L~~i?lmL"jJU'l (Vigna radiate seeds) 

19) n~tl~Lyj~ 

20) m:;i?l1M"ii11:; 



1 ) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

LPlMtrn~~~'W (lmpomoea aquatic) 

LPlM~utl:;r~ (Ananus comosus) 

LPlMtI~1 

., 
,J1~:;'tl1~ 

"~'W'Vl1u~i1tlr:;~YlfiI11Yi (Effective microorganisms. EM) • 

ti~Yi~1~~nYi~'il~~1tl~'Il'W1~urr" 20 ~lnr • 

1 0) nr':ltlYi~1~~n 

11) nr:;U'ilnln':l~ . .., 
12) LfOl1'il~i~,J1\nrn 5 m~n;:~ 

.... .... 
13) ~~LL~:;L'Iltl~ 

14) LfOli'il~~'W'tl1~1r 

., ., 
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" ~r1 LL Yl'Wn1 n,J1 1n1~ 1 'Wn1r,yh,J1 ~n ~;':l111Yi LL~ :;~nM1tl~mtl1n1nJ'iltl~~1t1 LLUUU'il'il n; L"'W 

'Il'il~~1~ n ~;':l111Yi Lc;)tl1-if~1n 1 n ~1" 1 n LN~1'W~ r14'~~rj C;)'WfOlrtl ~~ LL~ :;,yh n1 r-;S 4'tI~ . .. 
,x'il~tln~n1r~~~'iltl ~,.btl-;S4'tln1n4'~n1r"1l'il~L~tJ'ilIn~1~nrr~ 111fOl-;S'li1-;SPl':lnrr~~~LL':l~~'il~ OJ ~ • ., ., 
fOlru:;-;SPl':lnrr~Pl1~lnf "'ri1~~nmr~~1-;S'VltJ1~tI Lc;)mLtJ~n1rYl~~'il~'il'ilmtl'W 6 i'WIn'il'W ~~\l 

1) 

2) 

3) 

4) 

• 
. ., ., 

n1r~ nM1 fOl ru~~U~-.1':l ttl'll'il~ n1 n,J1 1n1 ~ LL~:;,J1 n1 n ~1 LL~:;n1r • 

., 
n1r~nM1tl~mtl1n1rU'iltJ~~1t1LLUUU'il'iln;L"'W'Il'il~,J1~nC;);':l111Yi 

n1r~nM1fOlN~~~vt':lltl'll'il~~1t'lnC;);':l111Yi • 



I 0-

5) n1~~mnn1~u'tluMnuVi~~tJ~nr'll'tl-lU'l~rij;)'ii,)fl'lYH)tJLl.J~j;)Yl'll Lj;)U .. 
.t:::/rIo4 .... .cI CI' .:::I 

'lDYlj;)~'tltJ~'lI\lmN'tln'll'tl-lL~fl~~'lI 

6) n1~~m~n~(;)~'l~'l\.l'll'tl\ln1J'U'l~'l~ri~;hfl'l~hJH'ritJ~'lI 

I ~1mm'h I 
I 

~ Lf'l11::,r~ru~)'J1jiii'llu Yl111ij L[;1tlf~ Lf'l11::,r 1~ uri 

- pH - EC - BOD - COD - TS - SS - NPK - Total C 

J_ 

I '.nfi'U111ri'l\.l~1~ri~~'lmYl~HI1.\.Imf)4'tI I 

• 
~Lf'l11::,rm1Lii~UDmtl1m1Utltl~~1t1LLUUWtltln=nL"\.I 

'lltl~~1~ri(1l~'lmYl Yl111ijLUltlfVlrlLf'l11::,r l~LLri - pH - COD 

- NPK - EC - Total C - C/N Ratio 

I I 
I I 

59 
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f ~ ~ I 

3.2.1.1 ~ Lfi)n::,xfi)n.I~iJUi'fi'lhJ'1Itl..:ln1n~"1I;11~ ~~::inw' n~1 ~..:I • 
y'hm!i'~mi1Vi1!i'1ilL(;ltlf~1..:11 1rJlLLri YlLtl'l1 (pH) fi1'l1iJinhHh (Electrical Conductivity, EC) 

""'i' "" ""'i' "" U ~tl~ (Biochemical Oxigen Demand, BOD) "l! ~tl~ (Chemical Oxygen Demand, COD) .. .. 
'!Itl..:lLL;j..:l'fi..:l~iJ~ (Total Solids, TS) '!Itl..:lLL;j..:lLL'!I'ltJ~tlU'fi..:l~iJI'l (Total Suspended Solids, TSS) 

1tJL(;l!i'LfiltJ (Total Kjeldahl Nitrogen, TKN) yJtl~yJtlf~ (Available Phosphorus, P20 5) .. , 
LViLL'VI~L:nUiJ (Water Soluble Potassium, ~O) LL~::rl1fUtltJ'fi..:l~iJ~ (Total Carbon) ~..:I 

nU~::L~UI'lm!i'~Lfi)n::,xLL~"'..:I~..:I(;l1n..:l~ 3.1 LL~::nJ~ 3.2 LL~I'l..:l!i'tJn1n~1(;l1~LL~::~1n1n~1~ 
" " 

- ~ 
_ .. - ~ 

~U'l!J 'W1r1t1 Lj;I'il"i 'lfin1"i'lLflrI~~ 

pH pH meter -

Electrical Conductivity (EC) Conductivity meter dStm 

BOD 5-days BOD test mgtl 

COD Close reflux method mgtl 

Total Solids (TS) Dried at 103-105 °c mgtl 

Total Suspended Solids (TSS) Dried at 103-105 °c mgtl 

Total Kjeldahl Nitrogen (TKN) Macro-Kjeldhal method % 

Available Phosphorus (P2OS) Spectrophotometer % 

Water Soluble Potassium (~O) Atomic absorption spectrophotometer % 

Total Carbon Elemental analyzer % 

, .. 
3.2.1.2 ~Lfi)!i'1::,x'ti(;l!i'1~'ltJ~h::iniJ11fttJm!i''f11,J1~nl'l~'lJ11Vi LI'lU 

, 
~1..:1~..:IiJ1fil1 n~ (;l!i''!I'B..:In!i'iJ~lij.JtJ1Y1~tJ n!i'::'VI!i''l..:lLmi(;l!i'LL~::~~nmr Vi. PI.254 7 

" 



- - ----

.. ==~ 
./-' 

/. . 
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'l 
0 ~ ~... ~ ..J'l ".. ...." ... 

3.2.2.1 'Wn1~Yl1'W1~nc;J'll,)fl1Yl L~1!t~nYl 'llFltlL~1!t~m-J~'"l'W L~1!t 

~fl 'hl~'l~~tl L~1!t~Utl::~c;J LLfl::L~1!ttlfl1~'l~Ltl'WL~~,) 1,.n~ LLfl::1.~ 'lJtl~tlfl1 

..J 
Yl 3.3 
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3.2.2.3 Lf;11tJlJfl,)u~tu.J'Jh~1 l~LLfi LIP1Mtrn LIP1M~~l~ LIP1MU~1 

mnJ1(Jl1~ J1n1nfl1 J1 LL~::~,)L~tl'~UYi~'u (Jl1lJt1(Jlr1fl')u~rhVlUc;}H 

3.2.2.4 ~~lJfl,)U~~lJ(1\1~1 (Jl1lJt1(Jl11flf)u~n1V1UC;} H~~lurl~VllJn~~ 

,)1~1~U~ilJ rw ~rwVl1Jij~tl~ f1Ufl,)u~~lJlurl~VllJnl~L;hnu ~~LL~c;}~lultl~ 3.4 LL~')tlc;}~h 

rl~VllJn ~~rl~VllJnJ1~nC;}~,)fl1~~1-rlun11";j4'tJ LL~c;}~lu~~ 3.5 
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~ ~ 

3.2.3.1 Lnu~'Jt)th-:j,j'H~nv);'Jf11Yi~1mi,nurn LV)m11n1~f'lU,j1~nV) 

;'Jf11Yi1u5-:j~,rnL~wit)u 

~ , 
3.2.3.2 '3Lf'ln~\ff'lrw~~Ui'llt)-:j,j1~nv);'Jf11Yi1l.lLL[;]~~t1(;lnfhu;-:j 

Vhn1~~m~t1Yi1~1ijL(;l£)f[;]1-:j1 't~LLrl ;nLt)~ LL~~YiLt)"l! L~t)~m~t1UDnhJ1n1~tlt)tJ~~1tJLLUUU 
~ 

t)t)n;L~U'llt)-:j,j1~nV);n'Jf11Yi (;l1~~~tJ~L'J~1n1~~,rn ~t) 90 rJu 

~ 

3.2.4.1 Lnu ~'Jt)tl1-:j,j1~ n V);hf11Yi LL[;]~~t1(;ln~'Jl.l~1n 5-:j~,r n LV)tJ 

vh n1~f'll.l~1~n v);'Jf11Yi1l.l5-:j~,r nL~tJ rlt)l.l L'J~11l.ln1nnu ~'Jt)tl1-:j~1~ n"';'Jf11Yi ~t) 30, 45. 

60. 75 LL~~ 90 t)l.l 

LL ~ ~ ~ 1 n 1 n ~ 1 ~ -:j l11 n 1 ~ ~ m~t1 Yi 1 n ij L (;l t) f [;] 1-:j 1 't ~ LL rl f'I 'J 1 ~,j 1 'tvHh (Electrical 

Conductivity. EC) 'tl.lLj;)~L~l.l (Total Kjeldahl Nitrogen. TKN) ~t)~~t)f~ (Available 
~ 

Phosphorus. P20 S) LYiLLVl~L;tJ~ (Water Soluble Potassium. ~O) f'l1fut)l.l1'1-:j~~V) (Total 

Carbon) LL~~t1(;ln~'Jl.lf'l1fut)l.l[;]t)'tl.lL(;l~L~l.l (C/N Ratio) ~-:jLLM1-:j1l.l(;l1n-:j~ 3.2 

,~ , 

3.2.4.3 LmtJu L VitJuf'l rw~~~l'1'J hJ'!It)-:j,j1~ n v);'Jf11YiVi L(;l1tJ~~1 n • 
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- .. -- - .. I 

,"1'i1~L"''iI'i 'J6n1'i'UFI'i1::'" "'U'J!J 

Electrical Conductivity (EC) Conductivity Meter dS/m 

Total Kjeldahl Nitrogen (TKN) Macro-Kjeldhal method % 

Available Phosphorus (Pps) Spectrophotometer % 

Water Soluble Potassium (~O) Atomic absorption spectrophotometer % 

Total Carbon Elemental analyzer % 

t1m,nJn. 2548) • 
~ ~ 

3.2.5.1 LLfl1UlJ~11~:::~1U,J1fHi(;l;'J1l1V'1 t(;lUVhn11L~'fl'"l1~,J1~ri(;l 
~ I 

;'J1l1V'1lu,J1n~'IJ l'IJtiLfln~'J'IJ 1: 1 0 L'1Ith l~dhri'IJ 

3.2.5.3 'J1~ LlJ~InYl'1lU'IJn1:::(;l11'!n1'fl~'ll'fl~~::: 1 LlJ~ In 1'JlJ 1 0 LlJ~ (;l 

~'fl'"l1'IJLV'l1:::LlJ~1n "'1'flti1~tJ'flU 4 ~1 t(;lmlJ~(;lYl"ll~,J1lJ11-ifVlIn~'flU ~'fl LlJ~(;l5'JL;;m 

~ . 
3.2. 5.4 1~ ~ 11~:::~1U,J1~ ri (;l;'J1l1V'1Vi LLfl1ulJ 't 11 'IJ'"I1'IJ L V'l1 :::LlJ ~ (;l '"I1'IJ 

~ I 

3.2.5.5 1~inn~'lJl'IJ'"I1'IJLV'l1:::LlJ~(;lf'1'JUf'1lJ '"I1'IJ~::: 3 ~~~~Lfl1 • 

. 
LiI'lJL'J~1 48 i') tlJ~ 

3.2.5.7 
. ~ . 

(LtI'flfL ;'lJr;l1")'J1lJ~'fln) LL~:::r) Inm1lJU1'J'1I'fl~nn LL~~:::LlJ~ InVi~'fl m1~~lJ (;lLL~'J~1 r11 L~~U (f'1'J1lJ 

tJ1'J11n) 



" 3.2.5.8 ~1U')ru~1~"llilfl1 NtJn"llt)'1 L2.J fi ",YJ"ll 'L",u 1. if ~f1l1~'1il 

BXD 
A=--X100 

CXE 

'L",u~ A = ~"llilfl1Nt)fl"llt)'1L2.Jfi",YJ"ll (LUt)1LeOUI'f) 

" B = FI,)12.J'It)fl1.UlJ1f'Hl"'~,)111~ (LUt)1LeOUlJi) 
" , 

C = Fl'J12.J'It)fl1.UlJ1fl~U (LUt)1LeOUtJi) 

" o = FI,)12.JU1,)rlfl1.UlJ1f'Hl"'~,)111~ (L'IlU~L2.Jf1l1) 
" , 

E = FI,)12.Jm,)rlfl1.UlJ1fl~U (L'IlU~L2.Jf1l1) 

" 

65 

3.2.6.1 Lf1l1U2.J~11ft::fnUlJ1f'Hl"'~,)111~1.Utrf1l11~,)U"'1'111::~~1'1 
" " o _.... I 0 .. 

U1~fl"'''ll,)111~f1lt)U1~::m''' FIt) 1: 1 ~O, 1 :250, 1 :500, 1 :750 LLf'l:: 1: 1 000 

" ~n"'~,)111~nUL2.Jfi",~"ll 'L",u~"'~t)U~"llilfl1Nt)fl"llt)'1L2.Jfi",~"ll I'l'lLL",;rt) 3.2.5.2 n'l 3.2.5.8 
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()),)flUl ,ml~LnuJ'1tIHl~~,)1l1Yil'Wnl~f)4'u U.~~'1!1l'llU~ 3. 7 ~'1{)),)flUl'1Jl~n~ 
~,)1l1Yil'Wt1lJlrl~,)'W!Jll'11 ~1~'"llnnl ~Yl~fifl'l'"l ~tJn LnU L ~flUll.J1f) LI"l ~1~vfp;lIYil ~lij LlJlfl f!Jl 1'1 1 

n 1 ~ L n 1J ()) ') fl U 1'1 L ~ flU 12-J If) Ll"ll1 ~vf p;l11"l ') 12-JU 11 yJvh (Electrical 

Conductivity, EC) 1'WL(;]~L'"l'W (Total Kjeldahl Nitrogen, TKN) yJfl~yJflf~ (Available 

" Phosphorus, P20 S) LYiU.Yl~L~U2-J (Water Soluble Potassium, ~O) I"llfufl'WYf'l~2-J~ (Total 

Carbon) LLfi~t1(;]~I~,)'Wl"llf1Jfl'W!Jlfl1'WL(;]~L'"l'W (C/N Ratio) '"l~Y]lnl~LnU{)),)flUl'11''W~ 30,45, 

60, 75 U.fi~ 90 1''W ~fl\l~~U~L,)filnlrn2Tn 
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, ,s-
CI .... I dlo I ~ ~ 0 .... 

n1 ~ LnlJ rWltltl'1~ L Yl'Bk! '1 )..lTVl (;1 ~tllJ n '1 ~tltltl~ fi '1t1Yl ~ )..l\J~n.!"1!tl~k! '1 ~ n (;1 

Q 0 Cl.... I .., ~ .... ... 

"ll'l111Yl '"I::Yl'1m~LnlJt;l'l'BtI1~'lk!Yl 30, 45, 60, 75 LLfi:: 90 'lk! "1!tl~~::tI::L'lfi'1m~~)..ln 

:.hI11YlL~tl~nM""It1t;l~'1~'lk!"1!'B~m~'I11~'1~n",;hl1'1YlhJ1ojfnlJ~"ll '"I::~'1m1LnlJ~'ltlth~1'k!~ 30, 

45, 60, 75 LLfi:: 90 1'k! "1!'B~~::tI::L'lfi'1m~~,rn 



cI 
'U'VI'VI 4 

~fin1'i'VI flfi'!l~ LLfi~'!l.ih.l'i1!J ~fi 

I '" "" 

nl1':34' U L1tH nl1 Hi' til nl n ~ 1'1l'il~ L1~~ 1 \J~ 11L \In 11~lti 1~ n ~;'lJll"r'ltl • 
I'" II II 

iit) V1m.h:;~~ rlL~'iIn11tiltil n1 n ~1l-J1L-n LL 'Vl\Jn1 nti 1 VI1flL \Jn11~ltil ~ n ~:n'lJll"r'l LmUU L ViuU • 
~ I '" II 

~ru~l-JU~'1l'il~til~ n ~:n'lJll"r'lVi LVl1mJ '"I 1 n nl ntil V11 fl LLfl :;til nl n ~1 LLfl:;~nh"ltJnmUl 
., 

n11{;)lLil\JltJ'1l'il~n1:;U'l\Jn1nl'ilu~fllU LLUUU'iI'iln; L'"I\J l~tJfl ~~U 

I IJ ... I 

rl ru~l-J~~'lltJ'1l'il~ n1 nti 1 V11 fl LLfl :;til n 1 n ~ lVil~~l n 11~ nh"l':3 Lrln:;lfLL~ ~~ • , ., 
.......:::.1 .... ...:.1 

~~V11n~'Vl 4.1 (Jl1rltJ\J'ln rl) ~~\J 

... ~ 
.. .. • \hn1nft1 ,"1'rUJL~'tI~ n1n\l1~1fi 

pH 5.16-5.21 4.18-4.20 

Electrical Conductivity (dS/m) 108.30-108.45 72.50-72.60 

. BOD (mg/l) 72,000-76,000 34,000-38,000 

COD (mg/l) 193,600-197,472 151,008-154,880 

Total Solids (mg/l) 107,960-109,620 97,808-98,208 

Total Suspended Solids (mgll) 35,620-36,360 72,340-73,260 

Total Kjeldahl Nitrogen (%) 0.93-0.96 0.73-0.77 

Available Phosphorus (%) 0.12 0.35-0.36 

Water Soluble Potassium (%) 4.16-4.21 4.72-4.80 

Total Carbon (%) 27.58-27.81 5.43-5.83 
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., " 
YltJ~1mm11 (;11~iJ rl1Yl1 niJ L(;1~f~h\l1 ~1 n n~1u1 mm'h 
., " " 

· l~LLri YiL't)"J! nL't)~ :nt't)~ ~~\lLL;j\l'l'1\1V1~~ ~'t)\lLL;j\lLL"1J'l'W~'t)rJ'I'1\1V1~~ LL~:;rl1ftJ't)'W'I'1\1V1~~ LL~ 
, " 

m~1rul 'W t(;1~L"'W yj~~yj~f~ LL~:;t Yl LLYl~ L:nrJ~ ~\I LU'WLdfi1 ~~1V11~1'WmnU1 m~ilm~1 ru 
Sf I II , " 

i('t)rJn~11 'Wu1mmh Lti't)\I~1"1nU1m mh LU'W~'t)\I L~rJ"1n n~:;tJ'l'Wm~~~ (;1~nVlil m nU1 (;11~ • 

I" I " 

mrn,rnLU'Wmn1.J~rJ'WU1(;11~VlilLVI~~'t)tl1'Wn1nU1(;l1~hJLtI'WL~Vi~LL~~n~1l~~ 
" 

(C2HsOH) LL~:;rl1ftJ~'Wl~'t)~nl'l1~ (C02) t~rJ~~~ "1nm~~n"m'~~'lI~\I~~~~1~1~ClLtI~rJ'W 
s.. " " , II 

U1 (;11 ~ 1 ~ LU'WL ~Vi~ LL ~~ n~ 1l~~1~,r'Wfl\l ~~ 1 ~m~1 rurn ftJ~'W'I'1\1V1~ ~Vlil1 'WU1 m n fl1i(~rJ n~ 1 

" "" 1'WmnU1m~ LL~:;U\li1~~~~rl1iJt~~LL~:;:nt't)~~~\lU1mnfl1~'lrJ ~\I,r'Wm~n1V1'W~t1(;1nfl'l'W 
J,t I II '" I 

. 'lI~\lU1~ n ~=JhJ11Yl~\I ~'t)\I L ~~m~1 ruU1 n1 n fl11 ~~1 n n~1 mnU1 (;11 ~ LYl~Yl ~LL Yl'WLL Vlfi\l~1V111 

~'lI1~11.J 

o "'.J' ,",,0 "I~ 0 r ..,~ 
4.2 n''in'''''U~'!I(;I'i'·ft'l'U61'~ 1 'VI'll''''' L"d L'Un''i'VI''U'~n~'D'lIl''W 

t1 (;1nfl'l'W~~\I~1~ n (;l:n'lJ11Yl~ L(;l1-rJ~" 1 mpj~a n (Lpj~anU\l~'W) Lpj~~~ 1~ • 
I II I'" 

(Lpj~~tJ1.J:;~(;l) LL~:;Lpj~t1ft1 VlH1'Wn1~~{rJU LL~~\l1'Wm~1\1Vl 4.2 U1~n~:n'lJ11Yl~'l~tl1\1 
II I II I 

W1-W7 LU'WU1~n~:n'lJ11YlVlil Lpj~anU\I~'WLU'Wt)(;1()~tJ ~'l't)tl1\1 P1-P7 LU'WU1~n ~:n'lJ11YlVlil • • 
" , 

Lpj~~tJ1.J:;~~ LU'Wt) (;1 () ~tJ LL~:;~'l'tltl1\1 F1-Fl LU'W,J 1 ~ n ~=J1'lJ11 YlYlil Lpj~1.Jft 1 LU'Wt) (;1() ~tJ • • , ., 
t~rJt1(;1nfl'l'WFI'ltJFI~~'t)\lt)(;1()~tJLL~ft:;'lIil(;ll~LLri ~'l't)tl1\1 W1, P1 LL~:; F1 ~'UU'WU1~n(;l • • 

, 
~1\1~\I~1"1nnnJ-W~'W1Vl~'W m':;Yl~'l\l Ln~(;1nLft:;~Vlnnw Yl . pj .2547 

II I II II 

W2-W4, P2-P4 LLft:; F2-F4 LU'WU1~n(;l=J1'lJ11YlVlilfl'l'W~~~Lu'WmnU1m~LL~:;U1n1nfl1 

t~m;1m~FI'ltJFI~m~1run1n~1(;11ft1~FI\I~LLft:;LL1.J~L~~rJ'Wm~1ru'll~\I~1mnfl1 fl'l'W~1~n~ • 

II II I I II II 

LYim~tl1\1 L~m 'I'1\1,hYl~~n~1t1 (;111fl'l'WVl L VI~1:;~ ~1 'Wn'l~U1U1 n1 nfl1~1 Hf LL Yl'Wn'l nU1 (;11ft 1 'W 

n'l~Vi1~1~n(;l=J1'lJ11Yl LllirJtJLVlrJtJrJru~~~'lI't)\I~1~n~~lhJ11Yl LLft:;~n~11.JDmmn'l1~1Lil'W 
" lt1"1J~\I n 1:;tJ'l'Wn 1~tJ't)rJ~ ~1rJ LLtJtJ U't)~ n; L "'W'lI't)\lU1~ n ~=J1 'lJ11Yl 
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., ., ., 
n1ml11J11ft 111mm., 

0 EM .., 
"" ;il~'lilti1~ 

'U1 
'llJltlf;l'U • (kg) (kg) (I) (ml) 

W1 1.00 - 1.00 150 

W2 0.50 1.50 1.00 150 

W3 0.50 2.00 1.00 150 .., "' .. 
Lflf1!tl:.ln'U~'"I'U • 

3.00 kg/~'l'tlU,)-3 
W4 0.50 2.50 1.00 150 

W5 - 1.50 1.00 150 

W6 - 2.00 1.00 150 

W7 - 2.50 1.00 150 

P1 1.00 - 1.00 150 

P2 0.50 1.50 1.00 150 

P3 0.50 2.00 1.00 150 
Lflf1!tft'UtI::~f;l 

3.00 kg/~'l'tlU,)-3 
P4 0.50 2.50 1.00 150 

P5 - 1.50 1.00 150 

P6 - 2.00 1.00 150 

P7 - 2.50 1.00 150 

F1 1.50 - 1.50 200 

F2 0.75 2.25 1.50 200 

F3 0.75 3.00 1.50 200 
Lflf1!ttlft1 

3.00 kg/~'l'rlU,)-3 
F4 0.75 4.50 1.50 200 

F5 - 2.25 1.50 200 

F6 - 3.00 1.50 200 

F7 - 4.50 1.50 200 
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, " " 
~1nn11~Lf01n:;~f01ru~U.Ju~";'lhJ"1Itl~mn,J1[;J1~LL~:;,J1mn~1'fjU~1f'hUL'tl;; • 

" " , 
"1I'tl~,J1mn~1i1f'i11.h:;~nru 36,000 mg/I LL~:;mn,J1[;J1~i1f'i11.h:;~.J1ru 74,000 mg/I :n~f'i1UL'tl;; 

"1I'tl~n1n~1[;J1~i1f'i1~1:;~1ru2 L~1"11'tl~~1n1n~1 ~~~~1~~[;J11~'l~~1~n~;'ln1'fj~1~ 
1~m114'tl~~~:;1-if~1mn~1~1mtl~ 1.5, 2 LL~:; 2.5 L'Vh"1l'tl~mn~1[;J1~1~~[;Jn~'l~f01'lUf01~ • 

"1I'tl~ ~'ltlth~~1-ifr! [;Jt) ~U LtI~LfI\'M'~ nU~~~LL~:; LfI\'M'~U~ :;1~ ~'l~~'ltlth~~1-if LfI\'M'~ ~ 1 dj~r! [;J t) ~U • • • 
" " " ,r~1O!:;H',J1mn~1~1mtl~ 1.5, 2 LL~:; 3 L~1"11tl~mn,J1[;J1~1~~[;Jn~'l~f01'lUf01~ • 

Ltitl~1O!1 n n11'Vl ~~'tl~ LtI~LLUUYl~:;L 'Vl (batch) 1 ~n11Lnu ~'l'tltl1~ L~tl,J11~ 

~Lf0111:;~f'Jru~~u~[;h~1 vi11~~[;Jn~'l~Li~~~ (1O!1n[;J1n~~ 4.2) L~~tl~LL~~~l~ ~~i1 
., 

ntl~:;Liltl~~~j;Jtll~u 

1) m1LnU~'ltltl1~L~tl1Lf01~1:;~f'i1;Ltl;; 1O!:;vi1mnnU~'ltltl1~f01~~~:; 5 ii~~~[;J~ 

L~'tl~~~~'Vl~~tl~LL~:;'Vln 7 r!~ 1O!~f01~UL'l~1mnUrn 90 r!~ ~'l~LtI~~1~'l~m~LnU~'l'tltl1~ • 
J;- "II II 

.,;~~~~ 14 f'lt'~ ~~,r~m~1ru~'ltltl1~YlLnul~";~~~~Fltl 70 ii~~~[;J~j;Jtl~[;Jn~'l~ 

2) n1nnU~'l'tltl1~L~'tl1Lf01n:;~f'Jru~~U~j;J1~1 l~LLri 1~L[;J1L1O!~ yj'tl~yj'tlt'~ 

L 'fj LL'Vl~ L;tl~ m~1ruf011fu'tl~~~~~ ~ LL~:;'Vl ~~tlUn1ffitltl~~1tl~~~Umr ~:;.yh mnnu ~'ltltl1~ 
" 

L~tl~~~~'Vl~~tl~LL~:;~L'l~1n1~~l!nf'l~U 30, 45, 60, 75 LL~:; 90 r!~ 1'l~LtI~~1\.l'l~n11LnU 

. ~'ltltl1~~~~~~ 6 f01~~ L~tlLnUf01~~~:; 30 ii~~~[;l~j;Jtl~[;J~1~'l~ ~~~~m~1ru~'l'tltl1~YlLnul~ 
~~~~~Fl'tl 180 ii~~~[;J1j;Jtl~[;Jn~'l~ 

., 
10!1 n n1~Lnu ~'l'tltl1~i1~ ~~vi11 ~m~1 ru~'ltltl1~~ ru L~tll~";~~~ ~ 250 

" '" 

ii~~~ [;J1j;Jtl ~'ltltl1~ ~~ L~tl~ ~ LtI~~tltl~:;'1ltl~m~1ru~'l'tltl1~~ L~tll~1O!:;1~ ~~ ~~ [;J111~~ 4.3 

LL~:;1O!1 n [;J1n~'fjU~1~tltl~:;"1Itl~ ~'l'tltl1~~~ n I L~tll~1O!1 n n11LnU ~'ltltl1~ i1 f'i1tltl~:;~~1~~tltl~:; 
,,'~ " 

, ., 
Lij'tlLYitlunum~1ru";~~~~LL~:;titl~1tltl~t'ultJl 



W1 

W2 

W3 

"'" .. "..... 'VILn~"l1nn1'iLn1J~1'il!J1~ 

)J1~ 

J1ftn{;t;'i11l1Yi 

. " n'ilULn1J 

~1'il!h.:J (kg) 

5.15 

6.15 

6.65 

,n)J11*1'i 

J1ftn~;11l1Yi 
)J1~ 

J1ftn{;t;'i11l1Yi 

"'" " 'VItlmmJ ... 

0.25 0.26 1.04 5.03 

0.25 0.25 1.02 4.14 

0.25 0.26 1.02 3.85 

72 

1----1--------/------+--·-----+ -------+-----1 
W4 7.15 0.25 0.26 1.02 3.57 

W5 5.65 0.25 0.25 1.01 4.45 

W6 6.15 0.25 0.25 1.02 4.14 

W7 6.65 0.25 0.26 1.02 3.84 

P1 5.15 0.25 0.26 1.03 5.02 

P2 6.15 0.25 0.26 1.02 4.16 

P3 6.65 0.25 0.26 1.02 3.84 

P4 7.15 0.25 0.26 1.03 3.59 

P5 5.65 0.25 0.25 1.01 4.48 

P6 6.15 0.25 0.25 1.01 4.11 

P7 6.65 0.25 0.25 1.01 3.80 

• F1 6.20 0.25 0.26 1.04 4.20 

F2 7.70 0.25 0.26 1.03 3.34 

F3 8.45 0.25 0.26 1.03 3.03 

F4 9.95 0.25 0.26 1.04 2.60 

F5 6.95 0.25 0.26 1.02 3.67 

F6 7.70 0.25 0.25 1.01 3.28 

F7 9.20 0.25 0.25 1.01 2.75 

'1.nJ1EJLl1~ : 1 F1,)1~l1'Wl LLl.h..l'lltl,n11flnl'l;!,)111Vi (kg/I) = ~,)fl'l11flnl'l;h111ViYi~mnlJ~htl[h-l (kg) 

m~lmJlflnl'l;!')111Vi~~mnlJfff')tl[h_1 (I) 
" . 2 .... 0 ..,.. .... a IV I 

1tltlfl::n11fll'lM'lltl_1~,)fl = ~,)fl'Wlfln~'l!,)111Vi'Vl~mnlJ(;1')tltl1_1 (kg) X 1 ~O 

~,)ftJ1fl ri ~;!,)111Viri'tl'WLnlJfff,)'tl[h_1 (kg) 
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., " 
n1~~m~t1unnhJ')n1~u'iltJMntJLLuuH'il'iln~L"'IlJ~'il,nl1~nC;);!'lJ)1.,.nrlJ "'I::vh 

, ,., 
n1nnU~'l'ilU1-l LYl'ilU1lJ1~ Lf>1~1::~~h;!L'il~LL~::Yl L'il'l! ~-li'1 ~~~ LM1::~ ~-l ~'illuu 

4.3.1 ~'a n1'1 Lft '1::,.".1 Dn1!11 n1,!i'il!l~'a1!1 LL U U1f'il'il n:a L"l U'll'il~ 

J1~ n ,.;1,;)/'11'" LfI!lvt"l1'W1"l1 n fl1=aL'il;i 

., 
n~::U'llJn1~U'iltJ~~1tJLLuuH'il'iln~L"'IlJ~'il~U1~nC;);!'lJ)1Y1Lc;)tJ~"'I1~ru1 

"'I1n~1;!t'il~ tc;)tJl11n1~LnU~'l'ilU1~L~'il,J1lJ1~Lf>1~1::~Yln 7 t)lJ (J)1f>1~U'ln ~) i'1~~n1~~Lf>1~1::~ . . ., 
o ~-l~'illUU 

, ., 
n1nU~tJlJLLU~-l~'il-l~h;!L'il~"'~'ilc;)"li'l-lL'l~1n1nU:rn~'il-l,J1~nc;) 

;!'lJ)1Y1~i'1LM'Ii~nti-l~lJLUlJt)"'Cl~ULL~C;)-l1lJ~U~ 4.1 YlU~1LLlJ'l L,jlJ~1;!L'il~~'il-l'Vln~'l'ilU1~ (W1-.. "'\J q 

W7) LuuhJ1lJYiM'Vl1-lL~mnlJ fii'il i'1~1~C;)~-l'ilU1-lJ''lC;)L~'l1lJt)lJ~ 0-14 ~'il~L'l~1n1J''\.n:rn LL~::~lJ 

f>1-l~1lJ"li'l-lt)lJ~ 14-42 "'I1mrUi'1~1~~~lJ1lJt)u~ 49 LL~::L~lJFl-l~~nf>1f~L~'ilt)U~ 63 "'IlJm::~~ .. 
I I I '" 

t)lJn 90 ~~LUlJt)lJ~C;)Y11tJ"II'il,:m1~~lTn "'I1nnnyJYl1J~1~,)'ilU1~Fl,)1JFll..J W1 ~~LUlJ,J1~nc;) . . 
, ., , 

;!'lJ) 1Y1 nl11"'11 n n1 n,J1 "'1 ~ L YltJ~'il U1~ L~tJ'li'1 ~h;!L'il ~~~ n ~1 ~'l'ilU1~~lJ n~l..J J''il~~~l..J 1 fii'il .. . 
I "'" I I I 

~'l'ilU1~ W4, W3 LL~:: W2 ~-ll11lJ1"'11nn1nU1"'1~LL~::U1n1n~1 LL~::n~lJni'1~1~L'il~~1Yl~C;) • • , ., 
fii'il~'l'ilU1~ W7, W6 LL~:: W5 ~-ll11lJ1"'11n,J1n1n~1LYlm'ilU1-lL~m 

,., , 
"'I1nn1J'U'iltJ~~1tJ~1J'~lJ'Vl1uni'1'ilu1lJU1~nC;);!'lJ)1Y1Yl~~"''''I1n .. , ., 

LM'Ii~nti~~'il-l"'l~lJ'Vl1UYli'11lJU1~ n C;);!'lJ)1Y1 l11 1 ~ Ln c;) n1J'~ C;)~-l'jJ'il~ ~1;!L 'il ~1lJ"li'l-l LLJ'ml'il~ n1 J' • • ., , , 
~lTn'ilU1~J''lC;)L~'l "'I1mrU~-l~C;)~-l'ilU1-l-n11 Li1'il~"'I1n~1J'~u'Vl1un~1lJ1J'ClU'iltJ~~1tJ1~~1tJ ~'il 

., ., , 
n1 n,J1 "'1~ LL~::U1 n1 n ~1 1~U'iltJ~~1tJ1u LUlJ~'llJlJ1 nLL~'J L ~~'il L YltJ~LM'Ii~nti-l~lJ~-lU'iltJ • 
~~1tJl~tJ1 n n~1 L ll'il-l"'l1 n L "JI~~ L~ ~;-l LUlJ~'llJuJ'::n'ilu'jJ'il~Yl"JI ~-l,rlJ~1;!L'il ~~~~ C;)~-l'ilU1-l-n11 
"'IlJLn'il1JFI~~ LL~::Lf'I'Ii~n~~~L~~flfl~~~~n1~~lTnih.J1l..J1ru~fltJLL~::i1'jJu1C;)L~n~~l..J1n 
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200,000 

180,000 

160,000 

140,000 
- W1 

120,000 -'N2 -a 100,000 W3 

E - W4 - 80,000 
Q -ws 
0 
U 60,000 - VV6 

40,000 
-.--W7 

20,000 

0 

0 10 20 30 40 60 60 70 80 90 

L'l.1 (l'U) 

" , 
4.3.1.2 U1e\n"'~'lIl1~Yl~~1)l1il1mf31~utl::1'" 

n11Ltl~m..!u.tl~--1~~--1fii1~L~~I)l~~"'-rl'l--1L'l~1n1'M2Xn~~--1J1e\n", 
~'lIl1~~il Lf3I~~Utl::1'" Lih,l'1l)ln~u LLe\"'--11'W1tl~ 4.2 1il1nn11yJ~U~1 LL'W'l LU3Jfii1~L~~~~--1 . .. 
YJn~'l~th--1 (P 1-P7) LU'W ltll'W~f3IY11--1 L~fJ'ln'WL -rl'WL~fJ'lnuJ1e\n"'~'lIl1~~~ ~1)l1il1 n Lf3I~cr n~--1~'W 

~~ ilfii1~"'~--1~~fJ11il1nt)'WLLmlil'Wm'::i--1t)'W~"'Vf1fJ~~--1m'M2Xn ~--1LL!1lt)'W~ 0-35 fii1~L~~~"'~--1 
I I" ~"'I J' 4I..,,J .., ... ::, ...... 

~m--1I)l~L'W~--11il1n'W\..U..JFl1~--1~'WU.~::~--1~"'L3Jm'WY1 49 ~~~n11V13Jn VI~~1il1n'W'WIil~~"'~~~nu.~:: 

t)'W~ 63 ~~~n1'M2Xn~~~"'~~~th~if111il'WLn~UFl~~ 1il1nn11yJ~u~1fii1~L~~~~~ LL!1l~::~'l~tJ1--1 

~'Wu.tJ--1~~nLU'Wn~3J1 ~tJ1~ L~'Wl~cfl'", L"'fJ~'l~tJ1~FI'lU"l3J P1 ~~ LU'WJ1e\n"'~'lIl1~~vi11il1n 
n1nJ11)l1~LYlfJ~~tJ1~L~fJ'lilfii1~~~~'" n~3J~ilfii1~L~~1~~~--13J1~~~'l~tJ1~ P4, P3 LL~:: P2 

~vi11il1nn1nJ11)l1~u.~::J1n1nt'h u.~::n~3J~ilfii1~1~"'~~~'l~tJ1--1 P7, P6 u.~:: P5 ~vi11il1n 
~ I I ~ 

u1n1neh LYlm~tJ1--1 L~m ~--11'WLL!1lf"l::nfi3JIil::i:Jfii1~L~~~~e\'" Lij~ilm3J1rl..!U1mn eh 1'W~'l'W~ e\3J • \J • 

oJ "'I~ ::.J 
3J1nY1~",u.~::~Fl11)l1f"l~~11)l1~m3J1rl..!'W1n1n~1Y1f"l"'f"l~ 



240,000 

220,000 

200,000 

180,000 

160,000 

140,000 -~ 120,000 

E 100,000 -Q 
0 80,000 
U 

80,000 

40,000 

20,000 

0 

0 10 20 30 40 60 80 

L'ltil1 (1U) 

- P1 

-P2 

P3 

- P4 

-P5 

~ -P6 
-"-P7 

70 80 90 

75 

n1 ~fl '" fl~~tl~ f'i1~Ltl ~eLn "'1il1n n1 ~rJtlU~ fl1U ~ 1~t)UYl ffi~ii 
luJ1 ~ n "'~'J111~~~ ~'JU~rJtlU ~ fl1U~ 1U~tl ~1~t)uYl1u~iil un 1nJ1 [;I1fl LLfl ::J1 n1n~1 
~'JuLpf~£futl::~",,rUrJtlU~fl1U ~U1n L ~tl~1il1n Lpf~LLfl:: Ltl~tln£futl ::~",tl ~::ntlu ttl Jl'JU L'tl fltJ Lfl ~ 
~~U1nlJ1tln1~rJtlU~fl1UL"'UIil~UYl1u (Panichnumsin LLfl::Flrw::, 2000) LLfl::rJtlutJi'u1nn~1 • 
Lpf~an~~Yhl~f'i1~Ltl~L~~U~~n~1J1~n"'~'J111~~t.J~[;I1il1nLpf~an~~ UtlnIil1n,ruLpf~utl::m 
~ L~fttltl~~ft~mn,,~n bJ LL[;In1J11~"'l1nritlU~~n LflU 

n1ntl~UtJLLtlfl~~tl~fi1~Ltl~[;Ifltl"''Il'J~L'Jfl1n1n,,~n~tl~J1~n'" 
~'J111~~iiLpf~fl1LUUt)[;ItJ~u LL~"'~luttl~ 4.3 ~U~1 LL U'J LUl.Jfi1~Ltl~~tl~'YJncJl'JtlrJ1~ (F1-F7) 

.... , " ..: J' .'"1 ..J ".. ~~. I ~ , , .... <j'.... ...I 
l.Jmfl"'fl~ LLfl'J L ~l.J~ULuull'J~1 tlU1~ [;ItlL utl~nu LLJ [;I fltl '" ~::U:: L'J fl1n1 ~~l.Jn LL[;I Fl1'tl Ltl '" L~flU 

:: ...... ... ~" ., ..... I"'.J ... 01:IIII "" I~ 
~tl~U1 ~n "'''1l'J111~ Ll.Jtl L~l.J[;IUn1~~l.Jnl.JFl1 ~~n'J1'JUYl 90 ~tl~n 1 ~~l.J nL ~U~ LflnUtlULYl1UU 

~~fi1~Ltl~~fl"'fl~~tl~J1~n"'~'J111~~t.J~[;I1il1nLpf~tlfl1L~tlFl~U~::U::L'Jfl1n1~~~neUtlUn~1 
m~fl"'fl~~tl~f'i1~Ltl~~tl~J1~n"'~'J111~~t.J~[;I1il1nLpf~an~~~ULLfl::Lpf~£futl::~'" LLfl::~1l.J1~fl 
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t{'Hn[1l1~~Iji)I~ttl~"11tl~r;i'.ltl~h:!Fl'.lU~~ F1 i1ji)I~~~~(;l rtl~fN~IFitlr;i'.ltlth~ F4, F3 LL~:: F2 

~~Lth..l~It'H1(;l~'.l111~~YiI~lnnln~I[1l1~U~::~lnlnt'h u~::n~~r;i'.ltl~l~ F7, F6 U~:: F5 

Lilu~lt'1n(;l~'.l111~~YiI~ln~lmnt'hL~tNtl~I~L~tJ'.ldjun~~~~i1ji)I~ttl~~I~~(;l 
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nlrL~~~uLilu1l'.J~1 "11tl~ji)I~ttl~,rU t{Uil1!tS1U~ILn(;l~lnm~ 
•.• I ~ J!... , ..." ~ 1'-'- , .. ~ I'" co ... ,,/.,J 

L~h.:ru~1 Wl m(;lnlmtltJt'I~IHY1~::UtlU "II~111tJ un~V1~n~U'.lILfillnJ~I~"11UI(;lL~n~~ U~::~n'.lU'Yl 

Lilu1 "11,ru~tltJt:l~UU~'.lV1~I'tJ tl~~1 t'ln(;l~ '.l111~ L dtl~r.nn 1"11 ,rUlL~:: Li1tlL~tl'tJ tl~t{[1l rfYi11 ~ Ln (;l 

mffit:ltJt'I~ltJcJl'.JtJ,~u'Ylffi1tJlifIYil1~ji)I;!ttl~~(;l~~~tltJ LiitlL YitJunuji)l;!ttl~ L~!1fU 

4.3.2 ~fin1~~h"'M~"'tlDM!J1n1~!i'il!J~fi1!JLL \J\Jl;'il'iln.L~'UI!I'il,ni1 
~n~;~n1~t~!J~~1~1~1n~1~L~~ 

" nr::U'.lUmr~t:ltJt'I~ltJLLUUUtltln;iL~U'tJtl~tllt'1n(;l;!'.l111~t(;ltJ~~ln1.n 

~lnji)I~Lt:l"ll ~tJYilnI1Lriur;i'.ltl~I~L~t:ltll~I"fjLFlr1::"rYJn 31'u (111Fl~U'.ln ~) i1~~nlflLFlr1::"r 
" ~~lJitlhJi'l 
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" , 
4.3.2.1 U1t'ln~~,)111~Yle-lfi(JlLI'IMcrn~~~\J 

n1~Ltl~~\JutlfNtltl~f'i1~Ltl'n(Jlfitl~"1l,)~L,)fi1n1~lTntltl~~1t'ln~ 
~,)111~~i:l LI'IMcrn~~~\JLU\Jt)(JltJ~U Ut'l~~ 1\Jxtl~ 4.4 ~u~1ffi'')tl!h~F1')urJlJ W1 ufi:::n~lJffi'')tl!h~ 

W2-W4 ~~i:ln1n~1(Jl1filU\J~,)\Je-It'llJ1\J~1t'ln~~,)111~1\J"1l')~ 0-3 t)\JLL~ntltl~n1ru~ni:if'11~Ltl'n 
I W :::. ... t.r.J ..: l' I 11 ...J... I .. ... 

fi ~ fi~tltJ1 ~ ~') ~ l1,) ~ 1 n\J\JlJ U \J') L \JlJ'Yll ~lJtI\J ~\JF1tl\J1J 1~ F1~'Yl (Jl')tl ~1~ F1 ')U rJlJ W1 '!l~ lJ 

mn~1(Jl1filU\J~,)\Je-It'll-Jl~~~tl!h~L~~')i:if'11~Ltl'ntl~1\J"1l')~ 4.0-5.0 1\Jt)\J~ 21-60 t1tl~n11~~n 
,col 1 ' 1 - ..J ... .... I ...rot.... ~ 

Ufi:::F11~ Ltl'n \J'n,)~ 4.5-5.0 \J')\J'Yl 63-90 t1tl~n11~l-Jn (Jl')tl~1~ W2-W4 '!l~lJn1n\J1(Jl1fi Ufi::: 

" " ..,J ihmn~1 LU\J~,)\Je-It'llJi:lf'i1~ ltl'ntl~1\J"1l')~ 4.5-5.0 ffi'~ LltJIt)\J'Yl 24 ~\Jn~t)\J~~Vh~t1tl~n11~~n 

~,)\Jffi'')tl!h~ W5-W7 ~~ lU\Jffi'')tl!h~~1t'ln ~~,)111~~n~1n1n~1 LU\J~,)\Je-It'llJ L ~mtl!h~ L~~,) 

nU\J,)LUlJtltl~f'11~Ltl'nL~lJ~~~\J~1nt)\J~ 0-60 t1tl~n11~lTn ~~UtJlt)\J~ 60-90 t1tl~n1':~~n 
I ... t" ..J '1 ' F11~ ltl'n~:::F1tl\Jm~ F1~'YltlfJ \J'n')~ 6.5-7.5 

8.0 

7.5 

70 

6.5 

6.0 

5.5 

i 
5.0 

4.5 

4.0 

3.5 

3.0 

0 10 20 30 40 60 70 80 90 

- W1 

-'W2 

W3 

- W4 

-'W5 

- VV6 

--W7 
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o 0 ., 

.d I IV I .... I .ct 1...:.1 0 4 1.ti:iI .oC:iI 

'MMI ~'tl'l'(l·UJ1fOl'tlmu.JIW.l'tlm'l W2-W4 LL'(l~IW)'flm'lI"l'lUfOl2J W1 2JmViL'fl"l!j;]'H~1n "l!'IfOl1ViL'tl"l!'W " ~, " .. 

ijfOl,)12J~2J~'WfinujOh~t'fl~ ~'fl L~'tlr-11~t'fl~'(lI1'l'(l'l ~L'tl"l!"'I~ijr-11L~2J;'W Lti'fl'l"'l1nm~U'fl[J~'(l1[J"1I'tl'l 
o .,. 

"'I~'WYl1-tJvh 1 ~ Ln Inn~I1'I~'WYl1-[J1 'W'lI'J'I 1S2J ~'W"1I'tl'l n1 n~,rn "'~'I"'I1 mr'Wn~In"'l~'1n HltlLI1'I[J n"'l m~2J 
• • ou 

., 0 

4.3.2 .2 U1~nl1'l~,)Jl1ViVlI:.J~j;]LfilM~Utl~~11'I 

o ., 

m ~Ltl~[J'WLLtl'(l'l"1l'tl'l r-11~ L'tl"l! j;]'(l'fl c;)'jI'J'I L,) '(l1 n 1 ~",,r n"1l'fl'lU1 ~ n In 
o 0 ., 

LL~ In 'I r-11~ L'fl"l! L~~ [JVlij1 'WU1~ n (;1~,)1l1Vi 

I '" I II II 

n~2J j;J')'tlU1'1 P2-P4 ~'I LU'WU1~ n (;1~,)Jl1ViVlijn1 nU1 j;]1'(l LL'(l~U1n1 n~1 • 

LU'W~,)'WI:.J~2Jij r-11~ L'tl"l! r-1'tl'W;J1'1 fOl'l~1 'W'jI'J'I 4.0-4.5 ~'I LL~t)''WLL~n''1l'tl'ln1~''',r n"'l'W~'It)'W~ 48 

"1I'fl'l n 1~"',r n L 'lI'WL~[J ') nu j;J') 'tlU 1'11"l'l U fOl2J "'11 n'!'Wr-11 ~ L 'tl"l!~'1 r-1'tltJ1 L ~ 2J~ 'W'flU1 'W'lI,)'I 4.3-5.0 
• ou 

~')'Wn~2Jj;J,)'flU1'1 P5-PJ ijr-11~L'tl"l!tl~~2J1ru 4.0-4.2 1'Wt)'W~ 0-12 "'I1n'!'W~'Iijr-11L~2J;'WL1'tl[J1 
I II I '" 

1'W'lI ')'1 t)'WVl 12-60 "'~'I"'I1mr'Wr-11~L'tl"l!~'IfOl'lVlilnfOlf'l L(;1[Jijr-11tl~~2J1ru 6.5-J .0 

o 0 ., 

'flU1'1L~'Wl~;(;1tl~~2J1rut)'WVl 30 "1I'fl'lm~",,rn Ll1'ItJn~2Jj;J,)'tlU1'1 P5-PJ ;'IU1~nl1'l~,)Jl1Viij • ., 
~,)'WI:.J~2J'!I'tl'lU1 mn~1 L ~m'tlU1'1 L~[J')ijr-11~ L'fl"l!~'1~ 11'1 ~')'Wn~2Jj;J,)'flU1'1 P2-P4 LL'(l~j;J,)'tlU1'1 

ou • • 
I I I II 

fOl,)U fOl2Jij r-11~ L'fl"l! ~1 n ~ 1 LL'(l ~"'I1 n n1~Vl~utl~~11'I LU'WI:.J '(ll~Vlij n~(;1~'WYl1-tJyJ 11 ~ij~~ Lm[J') . . 
o 0 

. (Panichnumsin LL'(l~fOlru~o 2000) r-11~L'fl"l!IS2J~'Wij~'Ir-11~1 
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nI1Ltl~UUU.tl~\I~t)\I"hri Lt)"II [;l ~t)"'"l1'l\l L'l fnnl '1mrn~t)\I~It'Hl'" 
... ..I.... .• , .'"1 ~.. f) ~ ,..I o....J ..I"'f) !' ~... ..I -
"II'lfll~Yll.J LPh!l'LJ~1 LLJtJ'l[;ltJ"'U LL~"'\I ~tJ:;LJYl 4.6 LL~ "'\I f11~ Lt)"II L'tl~UYll.J ~tJtJl ~n"'''II'lfll~Yl~ ~[;l 

o ., 

~lnLPll!ttl~1 ~U~Ir;i''lt)tJl\1f1'lUfiJl.J F1 u.~~n~l.Jr;i''lt)tJl\1 F2-F4 ~\lilnlmjl[;lI~LtltJ~'ltJ~~l.J 
., 

LtJUI ~n"'~'lfll~il,.hrl Lt)"II~'" ~\lt)tJl\1'1'l'" L1'l~tJil,.hrl Lt)"IItl1~l.Jlrw 4 .0 LtJ"l1'l\l 0-3 r)WL1n 

~t)\lnI1~lTn ~lmrtJil u.tJ'l LUl.J L~l.J;tJ'"ltJ"h~ Lt)"IIL tJr)tJ~ ",Yhtl~t)\lnl'1~lTn~t)r)tJ~ 90 ilFiI 
0" ., 

t)~LtJ"l1'l\l 5.5-6.5 ~'ltJn~l.Jr;i''lt)tJl\1 F5-F7 ~\lil~'l~~l.J~t)~:nnln~1 LrlU\lt)tJl\1 L~U'lLtJUI~n'" 
... ... 0 ... J' ... 0 of)..I 'i' _ f),..1 .,.J ~ 
"II'lfll~l.Jfll~Lt)"II~\I~tJ~\Jl..Jfllt)~ ~tJ1J'l\l 6.2-6.7 WIU ~tJ1J'l\l'ltJYl 9-42 ~t)\lL'l~lnl~l.Jn~Il.J11f1 

., 0 

L~tJfI'lll.J LL[;lntJil\1~t)\lFiI~ Lt)"IILtJUI ~n"'~'lfll~1~-n'" L~tJ~\ln ~l.Jr;i''lt)tJl\1 F5-F7 ilf'iI~\ln~1 

r;i''lt)tJl\1f1'lUfiJl.Ju.~~n~l.Jr;i''lt)tJl\1 F2-F4 U.tJi~ft\l~lnr)tJ~ 45 ~t)\lnl~lTnr;i''lt)tJl\1~I~n",ii'lfll~ 
., 

ilf'il~ Lt)"IIL tJ"l1'l\l 4.5-6.8 LL~~hl ~1l.J11mLtl\lt)t)mtltJn ~l.J1~t)tJl\1-n", L~tJL ~ijt)tJnUUI ~n '" • 
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nI1flCFIfl~'tJtl~ ,.hi=htl'tl LnCFI~lnn 1CF1flUyi~6 (n1CF1L 'tJ~u[Jh~1 LLfl ::n1CF1 

tl::irLU) ~t-Jfi[J]Lc11r.nnn~n11l.J'tJtl~LLufOlVlL1-u~hi!1ftl~m1tltln;jL~u LCFlULLUfOlVlL1U~11~n1CF1~r;)~l.J 

~lnh::ntlu ll.J LflfJfl L~n L;h hn'WL 't!fltf L ~tl hJ1-D' LUUtll~11LLfl ::\In Ltl~U'WLUUn1r;) L'tJ~U1:: mu 

(Volatile Fatty Acid) L-rlU tl::L't!~n u,)LYl1n L~1L~LtlUn LUu!1fU LLfl::t-Jfi[J]L~Lr;)1L~unu 
.. ~ ~.." ... .....,J "" J' 1 ' , 

fOl11UtlU Lr;)tltln L't! CFltl tl nl.J1 r;) 'lU n 1::U 'lun 11YlI~'tl') LfOll.JYl Ln r;)'tJu u 1::~'lI~n 11UtlU ~ fllU 
., ., 

~11tl1::n tlU Ll.J LflfJ fl L~n 1UtJ1 ~nCFI~,)1l1~~utlDmu In11UtlU ~ fllU LLUUUtltln~ L ~Utll~~:: 

hJLnr;)tlDmulnI1~11~ilLYlU Ldtl~~lnJI~nr;)~,)1l1~ilFiIf'l,)Il.JLUun1r;)~~ LLfl::1unl:miu 

1Ji'') tlUI~ Lc11iln 11fOlU~ ')ut-J ~l.J1 UJI ~ n r;)~,)1l1~ ri tlUvll1lX~ 111')::1 un~~~n hJUtl tl n~ L~U 
., 

lCFIU ~UL =n~~~ hi L ~l.JI::~l.J"'tl ~1l1')::nI1LnCFIil L YlU 



81 

~ , 
t(;1tJ~iOll~ruliOll n rh;1t tl ~ LL~:;~ Ltl'll'll'El,nJl~ n (;1;1,)fll~ 1 Ut1 j;]1i ~')u~h~1 ~1J~1 Liltl~:;tJ:; L,)~ 1 

n1~~,rn L~tJ;U ~1~n(;1:O,)fll~iOldjfh;1ttl~~ (;1~~ LLj;]rh~ Ltl'll n~1J~~;U (;)'~ ~')tlth~ r1.,)ltJitJ~ufi 
" 

~ ~ ~ 

. ~:;~~1~ rh;1ttl~LL~:;~ Ltl'll'lltl~Ul~ n (;1:O,)fll~Yl Lj;]ftJtJiOl1 nt) j;]'l~1J'lIij(;1j;]1~1 (;)'~~ 

rl,)1JrltJ W1 • 
I" I" I 

~~ LtlUU1~ n (;1:O,)fll~Vl ~ ~tJUI nl n ~1 L ~tJ~'Elth~ L~tJ') 1 umtJl ru~~ ~ (;1 L ~tl L mtJ1J L VltJ1J " . 
, ~ 

fh;1t'El ~iOl:;~ (;1~~tlth~~') (;1L~,) L-rluL~tJ')n1Jfh~ L'El'll Ll1tl~iOll nUl~ n (;1:O,)fll~ Ln (;1nl~tJ'EltJ~~ltJ 

mh~~') (;1 L~,)iOll niOl~uYlfu~ij1 U~,)U~~tJ (EM) LL~:;iOl~UYlfUiOll nfintJ'lI'1 ti~ti (;1tJl n1Jt) j;]" ~1J • • • 

Vi 1 nl~tJtltJ~ ~ ltJ ~1 ~~UYlfU'lIUl (;11 ~ qJ1 '"" L~ n ~~iOlU~ltJl~" ~~ cJ1UL' l1u1 UL.'lI~ ~L ~tl1-if 
· 1un1~LiOl1'1!Lti1Jtj;]1~ Vil1,""rh;1ttl~~(;1~~ 1u'lIru:;L~mnuri~~j;]m(;1~UYlfuj;]I~1 Yil1,""rh~L'El'll 

~(;1~~ ~~~iOllmrurh~Ltl'lliOl:;ijLLU')t,JtJ~~;ULntl~iOllnn~(;1~UYlfUj;]I~1 ~nH1ut(;1tJniOlm~tJ 

'lI'El~iOl~UYlfULL~:;Ln (;1n1~~:;mtJVil1 ,",,~:;1J1JUf1JL '1~~tJ (;1~~ rh~ Ltl'll Ltlun~l~ . " . 
~ 

iOllnmlyJi~Lnj;]1~~IUl~n(;1:O,)fll~~,)'Elth~rl,)1JrltJ W1, P1 LL~:; F1 • 
I t I " 

ijrh~Ltl'llL~~tJ~ln~I~')tltJl~ W7, P7 LL~:; F7 Ll1tl~iOlln1u~')tltJl~rl,)1JrltJ1~~~tJn1nulj;]l~ • 
~~ijmtJl rurllf1J'ElutJ1 n n~I~1 nl n ~IVil1 ,""UDm-tJl nl~tJ'EltJ~~ltJ LL1J1JUtl'El n; LiOlULn (;11~ 
~tJ1J~nrtJlnn~1 tin~~rJ~Vil1,""fil:ottl~'lItl~~')tl~I~rl')1JrltJ W1 P1 LL~:; F1 ~~n~I~')tJ 1u-rl')~ 

" ." 
I '" I I 

~~~iOllnt)UVl 63 'lI'El~n1~~,rn ~1J~lfil:ottl~LL~:;~Ltl'll'll'El~Ul~n(;1:O,)fll~L1tJijn1~LU~tJULLU~~ 



--CODW1 - CODWl - pHW1 - pHWl 
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4.7n) 

4.7111) 

4.7") 

~tl;l 4.7 "'11~tl~~UB1'::~~1-3,j1i(tl;;LLfi::Y4Ltlll"1~1'::!l::L'1fi1n11'~~n.tl-3'lr,~n" 
;'1111Yi 

4.7n) 'lr,ftn";'1111Yi;le.Ji,,4t1m"\terntl'-3~U (.r'1tlUl-3 W1 Ufi:: W7) 

4.7111) J1~n";'1mYi;le.Ji,,4t1m"\ttl1.Jtl::1''' (.r'1tlUl-3 P1 LLfi:: P7) 

4.7") J1~n";'1111'W;le.Ji,,4t1m"\ttlfi1 (.r'1tlUl-3 F1 LLfi:: F7) 
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.... I..J , ~'i' - - ., 1;' .... Iinn,uYl 4.8 LL~~"m'D Ltl~u~:::Yml"1l~1lJ~:::tJ:::L'l~1n1~vnJmJtl"kn~n~ 

~'lfl1Y-l~'ltltl1"Fl'lUfiJlJ~~~~~1nL~1!t~n~"~l..l (W1) L~1!t~Utl:::~~ (P1) U~:::L~1!ttl~1 (F1) 
~ I ~ I 

Y-lU~1 Pl1~Ltl~~tl"tJ 1~n~~'lfl1Y-lYl ~ ~ ~~ 1n L~1!ttl~1n Pl1 ~"n~ 1tJ1~ n ~~'lfl1Y-lYl ~ ~ ~~ 1 n 
" , 

L~1!t~Utl:::~~U~:::L~1!t~n~"~l..l ~1lJfh~U thl..lPl1WLtl"1l~tl"tJ1~n~~'lfl1Y-lYl~~~~1nL~1!ttl~1 

nPl1tl~1l..l-ri'l"~ ~"n~11'~tJ~U~l..l Ltltl"~1n ll..l~~1"iln ~~fll..lYl1u~1n~1Yl"1l LL~:::~~ 1~ (lJ~ m 
'lLn1tJ u~:::tl1ffi~~ "N~tlr:::fl1~, 2551; ~ffi1 ~1~l..l1nn~, 2551) • 

- COD W1 - COD P1 - COD F1 - pH W1 -pH P1 - pH F1 

300000 
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~200000 

8 150000 1 
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100000 

50000 

o 
o 7 14 21 28 35 42 49 56 63 70 77 84 90 

~?m (-rlJ) 

14 

12 

10 

8 pH 

6 

4 

2 

o 

!t1;i 4.8 ,j1it tl ii LL In:;; L tllll "" II 'i:: !I:: L 'lfi1n1'i'l4 ~n.tl~ J1~n ";'l111"" .r'ltl!h~ PI'lU '2 II 
VI~i"~1mflfHrrn,j'~~1J (W1) LflfHlutl::,,, (P1) LLfi::LflfHtlfi1 (F1) • 

.J .., ..J .., '" 
LlJtl'll..lYl 30, 45, 60, 75 LL~::: 90 ~tl"L'l~1n1~"'lJn rA''ltltl1''tJ1~n~~'lfl1Y-l 

'" .. 0 - .. , .... ..J -'1 1;' ....:l .,,,, ., 'i' 
~:::\lnLnu LY-ltll..l1lJ1'l LFl~1:::"'Fl11:i1!Jjtl1"'1r",~nYllJ Ll..ll..l1~n~'D'lfl1Y-l L~ un Ll..l L~1L~l..l (Total 

Kjeldahl Nitrogen, TKN) Wtl~Wtl1~ (Available Phosphorus, P20 S) LL~:::LY-lLLYl~L~tJlJ (Water 
, " 

Soluble Potassium, ~O) (fl1Fl~l..l'ln ,,) ~"U1l~~n1ijLFln:::vf~"il 
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., I 

(W)lJlJ1 ~),~1k1mlJ1 ru 1 kI t~n "klL kI U 1~ n v);'lJl1YiVi ~ ~~" 1 nfl"ll LLf'l:;~ ~1 
., I 

~'a-.1i1 .. hh1Lnkl 2 LLf'l:; 3 LU'afLeikl~1v)tJU1\nrn~llJ~1~U n1),LU~tJklLLUf'l-.1mlJ1rul'\Jt~),L"kI 

(Total Kjeldahl Nitrogen. TKN) 'n'a-.1~1~nv);'lJl1YiLL~v)-.1L'\JlU~ 4.9 LV)tJmlJ1rul'\JL~n"kI~YiU 
" . . 

lk1U1~nv);'l111YiVic.J~~"lmPi'ft~n,j'-.1~kI LPi'ft~UU::),'" LLf'l::LPi'ftUf'll LL~"'-.11'\J),uVi 4.9n. 4.9'n . ~ 

" . 
LLf'l:: 4.9f'1 ~llJ~l~U ~'l'a[h-.1f'1')uf'llJ W1. P1 LLf'l:: F1 'lJ'a-.1U1~nv);'l111Yii1mlJ1rul'\JL~n"kI . . 
lJ1nn~1~'l'a[h-.1~1~n ~;'lJl1Yi~kl1L '\Jt)'\J~ 45-90 "ll'il-.1 L'lf'l1n1nu1n LLf'l:;mlJ1rul'\JL~),L"'\J 

~-.1~~'n'il-.1~'l'arl1-.1f'1'lUf'llJ F1 i1mlJ1rulk1L~),L"kI~-.1~~v)LYhnu 1.49 LU'afLeikl~ L~'at)kI~ 90 
.. .. .. tJ 'II 

I I I I 
..dI I ... .. ..... ... I ... d ..... Q ... 

)''il-.1f'l-.1lJ1f'1'il W1 LYl1nU 1.07 LlJ'a'lklYl 90 LLf'l:; P1 LYl1nU 0.46 LlJ'il'lklYl 60 'n'il-.1n1),,"lJn 

~llJ~l~U 

mlJ1rulk1L~n"kI~YiULkI~1~n~;'l111Yi~c.J~~"lnLPi'ft~n,j'-.1~klLL~~-.1LkI • 

)'U~ 4.9n YiU~1~'l'arl1-.1 f'I'lUf'llJ W1 i1LLkI'l LUlJmlJ1rul klL~),L"kI~-.1~klL~'il L'lf'l1n1)'m1m~lJ;kI " . ~ 

LLf'l::i1 .. h ~-.1~ ~ L~'ilt)kI~ 90 ~-.1 LtJklt)kI~ ",Yl1tJ'n'a-.1 m )',"21 n milJ ~'l'ilrl1-.1~1 ~ n ~;'l111Yi~il 
" 'IJ 'IJ 'II 

~ ~ I ~ 

n1n':n~1f'lLLf'l::U1mn~lLtlkI~'lklc.J~lJ W2-W4 i1 .. hlk1L~n"klf'l~f'l-.1"lnt)klVi 30-60 ,"~-.1"lmrkl 

~-.1il fOh L ~lJ~kI ~'lklt)n n~lJ ~'il ~'l'ilrl1-.1~1~ n ~;'l111Yi~il~1 n1n~l LtI'\J~'lklc.J~lJ L Ylri-.1'ilrl1-.1 L~tJ'l • 

LPi'ft~UU:;),~ YiU~1~'l'arl1-.1f'1'lUf'llJ P1 ilLLkI'l LUlJL~lJ~kI"lnt)kI~ 30-60 "1 mrkl~-.1i1fOi1M)f'l-.1 • 
" I '" So> 

n~lJ~'l'ilrl1-.1U1~ n~;'l111YiVii1 m nU1mf'lLLf'l::U1m n~l LtI'\J~'lklc.J~lJ P2-P4 il LLkI'l LUlJ'lJ'il-.1 • 

mlJ1 rul kI L~),L "klL ~lJ;klL kI-D'l-.1 LLm LLf'l:;Ln'ilU f'I-.1~L kI-D'l-.1~ ",Yl1tJ'll'il-.1 m)',"21 n LLf'l::n~lJ ~'l'ilrl1-.1 • • 
" . " 
U1~ n~;'lJl1YiVii1U1n1 n~l LtlkI~'lklc.J~lJLY;m'arl1-.1 L~tJ'l P5-P7 il LLkI'l L UlJ'n'a-.1mlJ1rul klL~),L"kI 

". . 
mlJ1 rul kI L~),L"kI'lJ'il-.1U1~ n ~;'l111YiVi c.J ~ ~"1 n LPi'ftUf'll LL~ ~-.1L kI),uVi . " 

. 4.9f'1 YiU~lmlJ1rul klt~jL"'\J"ll'il-.1 ~'l'arl1-.1f'1'lUl"llJ F1 ilLLkI'l tUlJ~-.1~klL~'atJ1 "klm::i-.1~kI~ '" 
L'lf'llmj,"21n~ 90 t)kI ~'lkl~'l'ilrl1-.1~1~n~;'l111Yi~kl1 ilfOi1~-.1~kllk1-D'l-.1t)'\J~ 30-60 LLf'l::f'l"'f'l-.1 

lk1L'lf'l1[;J'illJ1 t~tJi1fOi1mlJ1rulk1t~jL"kI~-.1~~~~'ilt)kI~ 60 'll'a-.1n1j,"21n " . 
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L~fi1 (-lU) 
~ -----

n.l;t 4.9 tA~1wl 'Ut"'lL~'U;I""1.ll 'UJ1ttn";'lm .... 
" 
4.9n) J1ttn";'l1l1 .... ;t~i,,~mfl(1:t~m.r~4;'U (.r'ltl!h~ W1-W7) 

4.9tt1) J1ttn";'lm .... ;I~i,,~mfl(1:tft1.Jt.I::'l" (.r'ltl!h~ P1-P7) 

4.9") J1ttn";'l1l1 .... ;t~i,,~mfl(1:tt.ltn (.r'ltl!h~ F1-F7) 
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, " 
LuhnJ L VlmJ ~')'tlth-.1 'l un~ ~ ~')'tlth-.1 L~U,) nUYltJ~l Lij'tliim~l ruUl n1 n~ 1 'l U~')U~fl ~~ 1 n,,:;ii • 

, " 
m~lru'tULlnn"U~lml1~'ttJ~')u m~lru'tULlnn"u'lu1'uVl30 '1I'tl-.1n1nUrn'1l'tl-.1~')tltJl-.1UlflnC'l 

;,)fllY1~ ~ ~ In" 1 n LP'I M1' In t1 ~tJ L~U ') n u" :;iiill~ 1 ru't U Lin n" U 'In ~ L~ U-.1 n U 't U Lin ~L" U LUU • 
.. 0..... 4Q, CIIII.-::aI I CII.J..:.I.J.Q.t 

'tl-.1 Flu~:;n'tltJfll FI C1J'1Itl-.1 n~C'ltl:;~ L U LLtJ FI'Vl L~U":;U'tlUfl~l U LUULLtl~ L~ LUU'lI-.1 LL'tl~ L~ L UU'Vl Ln (;)'1IU 

,,:;~ n'tltl n~'t(;)iLuU't u'tml1LL~:; 't ULIn~'Vl 'l Uflfll,) :;Utl'tln~ L"U 't ULIn~'Vl":;~ n"'ltJ~mu11~ n.ru 
" I " I 

n~tJ'ttJ Li1u't u'tln ~l1LL~:;nl'11't U Lin ~L" U ~-.1,rum~l ru 1. U Lin ~L "uVlii'l UUl fl n (;);,)fl1Y1~-.1 hI FI-.1V1 
, " 

LL~:;LU'tl-.1"lnn1~'VlC'lfltl-.1'tffiLFln:;~"nL"(;)lfl~1uLIn~L"ULYh,ru~-.1hjfll~1~t1~lm~lru'tu'tIn~l1 
, " 

LLfl:;nl'l1't U Linn "uVlii't UUl fl n (;);,)fllY1 1.~ 

'lUttJ'tlilU'Vl1U~'tlflL~In~Yl'llfll~1~t1Ul1.tJ'l'tJ~:;LU'lI,r1.rJl (~'VlUl L~~n~~fl, 2550) 

" " 
o n1~LtJ~UULLtJfl-.1m~lru~tlfl~'tlfflVlLUU1.h:;LU"lI,r (Available Phosphorus, P20 S) '1I'tl-.1UlflnC'l 

;,)fllY1LLfl(;)-.1'lu~tJ~ 4.10 
OJ 

LP'lM~nU-.1 YltJ~l~')'tltJl-.1F1')tJFI~ W1 iim~lru~'tlfl~'tlffl~ln~flC'lLLfl:;fl-.1flC'lLYhntJ 0.21 
.." ~ .. 4It 

LtJ'tlfL;U~ L~tl1'U~ 60 '1I'tl-.1n1~~l!n LC'lu'll')-.11'u~ 30-60 m~lru~'tlfl~'tlffliiLLU,) L,J~L~~fl-.1~U 
OJ 

~,)U~~-.1"ln1'u~ 60 iirilfl(;)fl-.1 LL~'lU1'U~ 30 LLfl:; 90 iim~lru'ln~L~U-.1nU n~~~')tltJl-.1~ii • 
" " ~')U~fl~'1I'tl-.1n1 nUl Inlfl 'l UUlfl n C'l;,)fllY1 W2-W4 ii LLU') t ,J~'1I'tl-.1m~l ru~'tlfl~'tlfflfl C'lfl-.1"U!i-.1 

1'u~ 90 '1I'tl-.1n1~~l!n t(;)U~~')'tltJl-.1 W4 iim~lru~'tlfl~'tlfflfl-.1fl(;)L~'tl1'u~ 30 LL~~')'tlth-.1 W2 
OJ • 

LLfl:; W3 fl-.1fl(;)L~'tl1'U~ 60 LLfl:;n~~~')'tltJl-.1~iif{,)U~fl~LUU~1n1nf{1LYlm'tltJl-.1L~m W5-W7 
OJ • • 

. nitJ·iim~lru~'tlfl~'tlf~fl(;)~-.1'lu'll')-.11'u~ 30-60 LLfl:;L~~;U'lU1'u~ 60-90 . 
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L1tl1 (;U) 

~;t 4.10 tR~CU~iltl~ilftl;t'W1J 1 \A\11t1n ";'1I11'W 
4.1 on) J1t1n";'lm'W;tui,,4t1mflfH~n,j~~1J (.r'lfl!h~ W1-W7) • 
4.1 0,,) J1t1n";'l1l1'W;tui"4t1mflfHtr1JtI~ .. ,, (.r'lil!h~ P1-P7) 

4.10 fit) J1t1n ";'l1l1'W;t ui "4t1mflfHtlfi1 (.r'lfl!h~ F 1-F7) 
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I ~ ~ 

LL~:;mh.J(;]')t)[h~V1i:in1ml'wl'1~LihJ~,)~~~lJ P2-P4 i:irh~~~~LL~:;",it~~1mr~i:imlJ'HLJ~C;)M . " . 
L~'f)U1 Lc;)u(;]')mh~I"'I')t1~lJi:i~h~~~C;)LVhntl 0.16 LL~:;n~lJ(;]')'f)th~~i:i~1n1n~1Lil~~,)~~~lJ 
L Ylmtlth~ L~U')i:imlJ1ru~'f)~~tlf~ L~lJ~~L ~'lh~t)~~ 30-60 ~tl~ n11",,r n LL~:;",it~~1 mr~i:i ~h 

mlJ1ru~'f)~~tlf~~Y/t1L~~1~nC;);,)J11y/~~~1rl~1nLPI'rtU~11~LL~~~L~ 

nJ~ 4.101"'1 Y/t1~1Vln(;]')'f)th~ F1-F7 i:imlJ1ru~tl~~tlf~~",~~ LC;)u~,)tlth~ F4· i:imlJ1ru " . 
, f " I 

. ~tl~~'f)f~lJ1nV1~~LVhntl 0.66 LL~:;L~m'U~mL~')~'f)~~tlf~L~U1~nC;);,)J11y/V1~~1rl~1mPl'rtU~1 • 

i:iililJ1 rulJ1n~~ ~ 1'f)~ ~~lJ1 ~tl~1~ n C;);,)J11y/~ ~~ 1rl~1 nLPI'rt~ n~~~~ LL~ :;LPI'rtitlu:;1C;) 

1rl1lJ~1~t1 

I ~ I 

on~ L y/ LL Vl~ L;U lJijLU'WLdfi1Irltl1",11V141 LU~~1",ftlY;'lI • 

I I" I 

~1mUVl4.11 n LL~c;)~mlJ1ruLy/LLVl~L;UlJVlY/t1L'WU1~nC;);,)J11y/Vl~~1rl ., 

90 Lvhntl 0.82 LUtlfL:n~~C;)U~1",,rn (;],)tlth~I"'I')t1l"'1lJLL~:;n~lJ(;],)tlth~ W2-W4 ~~i:i • • 
~ ~ I 

n1nU1m~Lil~~,)~~~lJL~U1~nC;);,)J11y/L~-Jl')~t)~Vl 30-60 "jJtl~n11",,rni:imlJ1ruLy/LLVl~L;UlJ 

I"itl'W;r1~ I"'I~~ ",it~~1nt)~~ 60 mlJ1ruLy/LLVl~L;UlJi:iLL~,) L i(lJ~~~~ ~~LLlrln(;h~ntln~lJ(;],)tlth~ ., . 
W5-W7 ~i:imlJ1ruLy/LLVl~L;UlJl"i'f)~;r1~1"'I~~~~LL(;)t)'W~ 30-90 "jJtl~n11",,rn ~~LL~C;)~L"'L~~~1 

n~ n11lJ n11tj'f)U~~1U~ 11~~Vl1U"jJtl~ LLti I"'IV1 L1U~ c;)~~yj1 L "'ililJ1 ru Ly/ LL Vl~ L;UlJ~'f)~J11UL 'W 

~lrln~t1nnu~C;)u~tlU'f)tlnlJ1i(tlU~~ . " 
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" 0 

UhJ'lruLViLLVl~L~UlJLlJU1~n(;)~,)fl1ViVltJ~IW~1nLjJ\~~u1.J:;~(;)LL~(;),:)LlJ~1.J 
" 

~ 4.11"11 ViU~11if,)'ElU1':)fiI,)UfillJ P1 ihElJ1ruLViLLVl~L~UlJlJ1n~Mm~:;i1~h~,:)~(;)· Lri'Elt)t.l~ 60 
~ l1li" .. 

"1I'EI':)n1nuj'mvi1nu 1.02 L1.J'ElfLojlJj;]1(;)u~1'-ll!n L(;)UmlJ1ruLViLLVl~L;UlJ'"I:;L~lJ;lJ'tlJ'lI').:)t)lJ~ 
30-60 LL~:;~(;)~.:)r,mC1.:)t)lJ~ 90 "1I'EI':)n1~'-ll1'n ;.:)i1LLlJ')L,JlJL'lIt.lL~U')nulif,)'ElU1':) P7 lJ1n~~(;) 

~'EI':)~':)lJ1iii'ElIif,)'ElU1':) P3-P5 LL~:;Iif,)'ElU1':) P2 LL~:; P6 i1mlJ1ruLViLLVl~L;UlJL~lJ~lJL~n,J'ElU 
" 0 

LVi1l!lJj;]~'EI(;)'lI').:)t)lJVl 30-90 "1I'EI':)n1~'-ll1'n 

o " 0 

'"I1n nJVl 4 .11 fiI ViU~1U1~ n (;);')J)1'YiVl tJ~ j;]'"11 nLjJ\~1.J~1i1mlJ1ru 
" 

LVi LLVl~ L;UlJL ~lJ~':);lJj;]~'EI (;)'lI')~t)lJ~ 30-90 "1I'EI,m1~'-ll1' n 't t.l1if,)'Elth.:) fiI')UfillJ F1 LL~:;n~lJ 1if,)'ElU1':) " . . 
I II I I 

Vli1n1nU1j;]1~ Li~llJ~,)lJtJ~lJ F2-F4 ;.:)mlJ1ru L Vi LL Vl~ L;UlJLlJlif,)'ElU1':) fil')U fillJYii1 f'i1~':)~ (;) LVi1 nu . " . 
I II "I 

1.07 L1.J'ElfL;h.!~ ~,)lJr.~lJ~,)'ElU1':) F5-F7 ;.:)i1u1n1n~1LillJ~,)lJtJ~lJl!lJLlJ"ll').:)t)t.lYi 30-60 i1r·h • 
'I.J ov.J "'. ~ ~ '" J' 

~ (;)~':)LL~:; ~ t.lll').:)')t.lVl 60-90 lJu~lJ1ru ~ViLL Vl~ L"lIUlJ~':)"1It.l 

" 0 

L(;)U~,)lJ LL~,)Vi UmlJ1 ru L Vi LL Vl ~ L ;UlJ"1I'EI':) U1 ~ n (;);,)fl1ViYi tJ ~ j;]'"11 n LjJ\~ 

1.J~1~':)~~(;) ~'EI':)~':)lJ1iii'ElLjJ\~~U1.J:;~(;) LL~:;LjJ\~~nU.':)~lJ j;]1lJ~1~U " . 

4.4.4 f\'l1"'~"''''ufi'i::'Wl1.:Jfh 1 ut(;'t'iL~U yj'tl~yj'tli'~ u~::t" Ufl~L:a!l'" 
;i"\J"luJ1~n(;'t:a'l1l1" 

'"I1m1.J~ 4.12 LL~(;)':)fiI,)1lJ~lJ~lJfi~:;'-l~1.:)~hllJLj;]n'"llJ ~'EI~~'Elf~ LL~:; 
" 

I II I ~ 

LViLLVl~ L~UlJYiViUL t.lU1~ n (;);,)fl1'Yi 1if,)'ElU1':) fil')U fillJYitJ~lJn1nU1 j;]1~L~U':)'Elth':)L~m (W1, P1 • 
o " 

LL~:; F1) nUIif,)'ElU1.:)YitJ~lJU1n1n~1L~U':)'ElU1':)L~U')LlJmlJ1ru~.:)~(;) (W7, P7 LLfi:; F7) 'YiU~1 " . 
. ~1~ n C;);,)fl1'Yi1if,)'ElU1':) I")')U fillJ i1mlJ 1 ru~.:) n~1llJ Lj;]~L'"IlJ ~'EI~~'Elf~ LLfi:;L 'Yi LLVl~ L;UlJ~.:)n~1 . " " 

I II I " 

1if,)'Elth.:)YitJ~lJU1n1n~1L~m'ElU1':)L~m LLfi:;~'EI~~'Elf~YiViU'tlJU1~nC;);,)fl1Vii1mlJ1ru,J'ElUn~1 
o "0 

llJLj;]~L'"IlJLL~:;LViLLVl~L;UlJ tc;)U~1.JYi 4.12n LL~:; 4.12fi1 LL~ c;).:)'t"'L~t.l~1U1~nC;);,)fl1ViYitJ~j;]'"I1n .. 
LjJ\~~nu':)~lJLLfi:;LjJ\~iJ~1i1mlJ1rult.ltmL'"IlJLL~:;t'YiLLVl~L;UlJ~':);lJ Ltl'El':)'"I1n'"l~lJVl1u1lJ~1~nc;) . ". 
; ,)fl1 'Yi l~u 'ElU ~ fi 1 U ~ 1 ~~lJ Vl1U-LL~ ') iJ fi C;)1.J ~'EI U fi1 Pltl1 '-l1 ~j;J1~ 1 tltl n lJ 1 LLj;J€ j;] ~1 n 1 ~ 't-if 

yJ'EI~~'Elf~"1I'EI~'"I~t.lVl1U1t.l~fl1'):;Utl'Eln;L'"IlJi1,J'ElUlJ1n (COD:N:P Lvi1nu 100:1 :0.2) Lri'ElLYiUU • 

nul t.l tj;]~L'"IlJ Yl1 'l 'IX LL lJ,) L ,JlJmlJ1 ru~tl~~tlf~"1Itl~ lif')tlU1~fi C;)fi~,JtlUlJ1 m"lllJL~m nlJ LL~:;~1.J~ 
" 

o 0 " 

4.12"11 '"I:;i1mlJ1rult.lLj;]~L'"It.lLLfi:;LViLLVl~L;UlJ~~M1Yit)lJYi 60 "1Itl~n1~'-ll1'n LL~:;'-l~~'"I1nl!lJ'"I:;i1 " . 
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r,'I1nnJ~ 4 .13 LL~In~tI'hJ'Irul\!L(;1~LIil\! ~'t)~~'t)f~ LLfi~LViLL"'~L;mJ 
" , ~ ~ I 

VI Vi u 1 \! tJ'I ~ n In; 'l11 'I Vi (;1 'I aJ ~~u ~ L'l fi 'I n'l nu1 n Vi u r) 'I Lin U ~'l aJ LL~ 'l tJ 'I ~ n In; 'l 11 'I Vi VI e.J ~ (;11il'l n 
, ~ 

Lf'I~llfi'lillaJ'I rufi'l (;1't)'I~'I~M ~ In L il't)~Iil'ln51illaJ'I rul \!L(;1~LIil\!LLfi~~'t)~~'t)f~ ~~ nr)Tib~ n In 
tIj '" III '" 

;'lI1'1Vi~e.J~(;11il'lnLf'I~tJnU~~\!LLfi~Lf'I~~utl~~1n LLfi~1\!~'lf.lth~f')'luf')aJ W1, P1 LLfi~ F1 YiU • • 

illaJ'Irufi'l(;jm~'I~Llnm'laJ~~nr)'I~'lf.lth~~\!1 LLfi~~'lf.lth~ W4, P7 LLfi~ F7 Iil'lnltl~ 4.13n, 

. 4.13; LLfi~ 4 .13f') (;1'1aJ~'I~U ViUill~'Irufi'l(;1m~'I~Llnm'laJLlnm'UYi'l~tI'hnruL\!L(;1~LIil\!~~nr)'I . " 
I • " .... I 

~'l't) th~ ~\!VlhJ1-rl ~'l 't)th~ f')'lU f') aJ ~~,r\!~'lf.lth~ ~~ n~ 'I'ltl 'Ilil ~ LU\!,J. 'I ~ n In; 'l11'1YiVl51ti (;1~'I ~ 'l \! • 
" " 

L ~~'I~~~ 1 \!m~ 1-ntJ'I n1 n ~'I LL.,,\!n1 n,J.'I (;l1fi 

, " 
~\!.,,1u f')'l~51 fi'lt1(;1~'I~'l\!f'1'lru't)\!~'t) 1 \!L(;1~LIil\!hJLn\! 20/1 ~1't) 20 ~~,J.'I ~ n 1n;'lI1'1Yi1 \!n1~~r.rU 

" , 
51maJ'Iruf')'Iru't)\!l1~Vi~ In LLfi~t1 (;1~'I~'l\!f')'IrU'fl\!~'t) L \! L(;1~LIil\!~~LL~ 1n~1 \!~tlVl 4 .1 0 LLfi~ 4.11 

" 

I " I " 

Iil'lnrtlVl4.14n t1~ 4.14f') LL~In~maJ'Iruf')'IrUf.l\!l1~~~InVlViU1\!tJ'I~nln 
" 

;'lI1'1Yi~ e.J~ (;11il 'InLf'I~tJ nU~~\! Lf'I~~Utl~~1n LLfi~Lf'I~tlfi'l (;1'1~~'I ~U Iil'ln nr'l~Yiur)'ImaJ'I ru • 
.. .... I ~ .... .q .... I.QI.J .... .c::..t ... .c:J 

f')'1 ~Uf.l\!'1lf.l~(;1'l't)U'I~\!'I ~ n 1n"ll'lI1'1Yi'" n (;1'l't)U'I~~ f'1'lfi Infi~ L~f.lL 'lfi'l n1 ~~aJn L YiaJ'tI\!Iil'l m\!." 30-• ," , 
90 Lil't)~~'IIil'lnLLUf')VI ~u1 \!tJ'I~ n In; 'l11 'IYi1-n f')'Iru't)\!1 \!~'I~~\!.,,1u ~'I~1 VI LU\!t) (;1'1 ~u1 \!n1~Vh 

~'I~n 1n;'lI1'1YiaJ'I LU\!LL~~~Yi~~~1\! ~~l1'11 ""m~'Iruf')'IrUf.l\!fi Infi~ 

," ~ 

Iil 'I n n 'I ~~ Lf') ~'I ~im~ 'I ru f') 'I ruf.l\!VI 511 \!tJ 'I n'l n ~'I LLfi ~ n 'I n tJ'I (;1'1 fi 

" " " 
Yiur)'I1 \!tJ'In1n~'ILLfi~n1ntJ'I(;l1fi51m~'Iruf')'Iruf.l\!l1~~~ In 5.63 LLfi~ 27 .68 LUf.lrL~\!l1iLlnU 

~'I~,rn (;1'1~ih~u L~f.l~~U~L'lfi'ln1~~21mh\!1tlLu\!L'lfi1 30 t)\! maJ1ruf')'IrUf.l\!~L~~f.l'flti51 
" " ~ 

LViu~ 1.6-7.3 Ltl't)rL~\!c;lL.,.h,r\! LlnU ~'lf.lti'l~ f')'lU f')~'tI't)~tJ1~ n 1n;'lI1'1Yi."ntl~~LI1.,,51m~'I ru • • 
I I"" 

f') 'I rUf.l\!aJ 'I n nr) 'I ~ 'l 't)ti 'I~ ~\! 1 ~f.l~ fi~ aJ'I ~'t) n ~ aJ ~'l 't) ti 'I~ VI 51 n 'I n tJ'I (;1 'I fi LLfi ~tJ 'I n'l n ~ 'I L U\! 

~ 'l \!e.J ~ aJ LL fi ~ n ~ aJ ~ 'l't) ti 'I~ ~ 51 n'l n ~ 'I (;1 'I fi LU\!~ 'l \!e.J ~ ~ LVi U~ 't) ti'l~ L~U 'l LL fi ~ 1 \!LL~ fi ~ n ~ aJ • • 
, " 

~'l't)ti'l~51m~'I ruf'1'lrUf.l\!aJ1 n dj't)51tJ'I n1 n~'I1 \!~'l\!e.J~aJ LU \!maJ 'I ru~'I n 
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, .,., 
t1mL1fi1 f;\fi~~2.J"ll1 ~ m:;'Vl ~(N LnMf;\nL~ :;~"mHW VUl.2544 1l.!L1tl-.1t1tJ~l.!'Vl1~,j1,l~tl,j1~ n '" • • • ., ., 
~lhI11.,..'l~LL l.!:;,j1 H~1t1tJ~l.!'Vl1~,j1 m~i'hR2.J1 ruf'nfUtll.!2.J1n n~1 5 LUtlfL;l.!f;\1"'tJ,j1\n!n • 

~l.!'Vl1~ f'l1fUtll.!~1~ ~-.1 'lu1l.!~l.!iJ eJ ~ ~tl n1 ~LU~tJl.!LLUM"lltl-.1m2.J1 ru'll.! Lf;\~L'"Il.! Yltl~Yltlf~ LL~:; 

L.,.. LL 'Vl~ L;tJ2.J 1l.!~l.! ~tl n1 n ~2.J~l.!"ll tl-.1 m2.J 1 ru~l.!'Vl1~ f'l1 fUtll.!iJ eJ ~ ~tl n1 n ~ 2.Jm2.J1 ru fi1 j;jtl1~1 ~ 
I " " I 

1l.!~l.! (Yusran, Rate and Abbott, 2008) ~-.1'"11nn1~~r.ltJn""u~,)'flci1-.1,j1~n(;1;1,)111""YliJrh 

ili2.J1ruf'l1fu'fll.!~-.1n~12.J1f;\~tj1l.!~ri1~l.!(;1H 'l~LLri ~')tlci1-.1 P1 L~tlt)l.!~ 30 ~')tlci1-.1 F1 Ldtl " .. , , , 
t)l.!Yl 30-90 '1I'fl-.1n1~~,rn LL~:; ~,)'flci1-.1 F2 L~'flt)l.!Yl 30-45 

, ., 
'"11 n ~UYl 4.15n LL ~ "'-.1,g f;\n ~ ')l.! f'l 1 fUtll.!~tlll.! Lf;\~L'"Il.! '1Itl-.1,j 1 ~ n (;1 

" . ., 
;I')111.,..Yl eJ~ f;\'"11 nLf'lM~ nU-.1~l.! ""U~1,j1~ n(;1;1,)111"" ~')tlci1-.1 W1-W7 iJ,g f;\n~,)l.!f'l1fUtll.! • 

f'l1fUtll.!~'flll.!Lf;\~L'"Il.!i1";1tlcill.!·lh-.1 3-17 1l.!~')tlci1-.1f'l,)Uf'l2.J W1 LL~:;n~2.J~')tlci1-.1 W2-W4 ~i1 " .. ., . 
n1 n,j1 f;\1 ~ LtJl.!~ ,)l.!eJ~2.Ji1,g f;\n~ ') l.!f'l1 fU'fll.!~tl1l.! Lf;\~L'"Il.!~ "'~-.1 f;\~tl ",'li ,)-.1t)l.!Yl 30-90 ~') l.! 

n~2.J ~')tlci1-.1 W5-W7 ~i1~1n1 n~1 LtJl.!~,)l.!eJ~2.J n~ui1,gf;\~1~,)l.!f'l1futll.!~tlll.! Lf;\~L'"Il.!~-.1~l.! . " 
I 11 I II 

'-.1";1 L ~~1niJ f'l,)12.J~2.J~l.!finuili2.J1 ruf'l1 fUtll.!LL~:; ll.! Lf;\~L '"Il.!Yl""u 1l.!,j1~ n (;1;1')111"" 

., . 
tfl f;\ n ~ ') l.! f'l 1 fu 'fll.! ~ tlll.! L f;\ ~ L'"I l.! '11 tl-.1,j 1 ~ n (;1; ') 111.,.. Yl eJ ~ f;\ '"I 1 n 

Lf'lM~UU:;~"'LL~"'-.11l.!lU~ 4.15"ll ""u~1~,)tlci1-.1 P2 iJtflf;\~1~,)l.!f'l1fU'fll.!~tlll.!Lf;\~L'"Il.!2.J1 nn~1 . ., . 
20 ,-.1 Lnl.!";12.J1 f;\~tj1l.!t1tJ~l.!'Vl1~ f;\~tl ",11-.1'li')-.1 t)l.!Yl 30-90 LL~:;~,)'flci1-.1 f'l,)Uf'l2.J P1 LL~ :;~,)'flci1-.1 .. . . 

. ., 
45 1n12.Jih ~u ~,)l.!~')tlci1-.1fil.!1 iJtfl f;\~1~,)l.!f'l1futll.!~tlll.! Lf;\,~L '"Il.!UtltJn~1 20 11-.1~2.J (;1 

~eJ~(;l'"l1nLf'l1iU~1 ""u~1~,)tlci1-.1 F2 LL~:; F3 iJLLl.!')LU2.Jtflf;\~1~,)l.!f'l1fUtll.!~tl1l.!Lf;\~L'"Il.!L~2.J~l.! 
L"'tJt)l.!~ 60 "lltl-.1n1~~,rn~')tlci1-.1 F2 i1,gf;\~1~,)l.!f'l1fU'fll.!~tlll.!Lf;\~L'"Il.!Lvhnu 20.4 ~-.1i1";1 

' 1n~\ji)m nU2.J1 (;l~~1l.!2.J1 n l.!tl n'"l 1 n,rl.!~')tlci1-.1~l.!1 i1tflf;\~1~,)l.!f'l1 fUtll.!~tl1l.! LmL'"Il.!UtltJ n~1 

20 .,r-.1il.!L"'tJi1";1tl~1l.!'li')-.1 4-20 
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" ". 
, LL~::~mdfi1nJ'lI'I~ m::'Yl),'.l~LnM~1LL~::~~mru Yi.PI.2544 ~u~u'Yl1uu'I~1~nl'l~n",;!'.lI1'1Yi 

!If'tl~iifl'lI"1'.l'llJU'I 'tvHh hlLnu 1 0 L"';~LlJ'U/LlJ~), (dS/m) fl'ln'l),U'I L ~yh djUfl'l~LL~",~1 ~'YlnU 

Ci~mlJ'I rul"1'.l'llJ L.jflJ;rU'1l'tl~ LLifi'l ~~'Inh::n'tlu'tluu'Yl1U ~h~1 ~~::~ 'IU ),'.llJ'tl~1 U'1l'tl~ L ~~'.l chii 

fl 'I1"1'.l 'IlJU 'I L ~~'I ~~ LL~ "'~~ 'IiimlJ'I ruLLifi'l ~~::~ 'IU'tl ~ lJ'I n (n'tl~'YJu~'I!u ~'tU~'IU,;)4' U 

~'IUn'l),LnM~), n),lJ';)'lI'In'l1LnM~)" 2547; ~'I!U'Yl'l 'lIlJI1U'1I, 2546) . '" 
" , 
U'I~n"'~'.lI1'1Yi"::tlnLnu~'.l'tlth~1u1'uVi 30, 45, 60, 75 LL~:: 90 1'u 

" 
'1I'tl~n'l)'~,rn L~'tlU'IlJ'I~'Ifl'lI"1'.l'llJU'Il~~'I L"'U)'iJ~ 4.16n Ci~ 4.161"1 LL~"'~fl'lm'llJu'Il~~'I 

" " , 
'1I'tl~U'I~n"'~'.lI1'1YiVi~~~"'InLPlM~mj'~~'W LPlMiuiJ::)'", LL~::LPlMiJ~'I ~'IlJ~'I~U (11'11"1~'W'.ln ~) • 

", , 
fl'lI"1'.l'llJU'I L ~~'I'1I'tl~U'I~n ",:n'.lI1'1YiVi~~ ~"'InLPlM~nU~~uLL~ ",~1 \l)'iJVi 4.16n . " 

' YiU~'I~'.l'tlth~muf'llJ W1 iifl'lI"1'.l'llJU'IL~~'I,J'f)U~~"'L(;1uiifl'l'f)~1u"J!'.l~ 0.70-3.40 dS/m 
, " " 

n~lJ~'.lth~ W2-W4 ;~iim nU'I~'I~LL~::U'Imn~'I LiJu~'.l'W~~lJiifl'lm'llJu'Il~~'I1n~Lf;iu~nu 
, " 

L(;1uiifl'l'tlU1u"J!'.l~ 1.50-6.30 dS/m LL~::milJ~'.l'f)u'l~ W5-W7 ;~iiU'In'ln~'ILiJu~'.lU~~lJ " . 
1"1'.l'llJU'IL~.yh~~n~1n~lJ~'.l'f)U1~~U1 L",uiifl1'f)~1u"J!'.l~ 0.80-14.33 dS/m ~~iifl1~~n~1 
lJ1~),~1U1u1'u~ 60 LL~:: 90 '1I'f)~m)'~,rn 

L~u'.lnufi'f)iifl1L~lJ~'W1u"J!'.l~1''W~ 30-45 '1I'f)~m)'~,rn LL~'.l~(;1~~1'W"J!'.l~1'u~ 45-60 '1I'tl~m)'~,rn 

' ''1mru~~iifl1L~lJ~UL~'f)U1 "u1'u~ 90 '1I'tl~n1)'~,rn L(;1uiif'l1m'llJU'IL~~'I'f)~1u"J!'.l~ 1.13-
I '" I " 

10.03 dS/m ;~ fl11"1'.l1lJU1L ~Yl1'11'f)~U1~n",:n'.l111YiVi ~~~"1n LPlMiuiJ::)'(;1uii f'l1 hlLnu"J!'.l~ 

", , 
f'l11"1'.l1lJU1L ~~1'11'f)~U1~n (;1:n'.l111YiVi~ ~ ~"1 n LPlMiJ~1 LL~ (;1~1 u)'iJVi 4.161"1 

'" 

" , 
1"1'.l1lJU1L~~1LnUlJ1~),~1'W~~LL(;\1'uVi 75 '1Itl~m)'~,rn 
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[;1'UJW) [;1~~1'U~U~'UVl1u1~ n1 ~'U'" BtJ1 n 1~tJtlUfl ~1 U~ f\l./1J ~rufil,) ~iJ 1"11 

"J1nntJ1 80 LU'flfL~'U[;J (t"'Un1~Vl"'fltlU~'lU~fi~"l!nn1Ntln"l!tl~L).J~"'~"l!) ~~mn~~ 4.4 
, ... I I 

(111 fil ~'U'l n ~) 1~ LLfl ",~n1 ~tJtlUfl ~1UVlfl ).JU~ru"l!'fl~~1fl ri "';'l111YiVl't-nt 'Un1 ~~4'u~~.yh n1 ~ .. 
, ~ 

~Lfil~1:;i~'ltltJ1~'t'Ur)'UVl 30, 45, 60, 75 LL~:; 90 UI~n1~~~n YiUtJ1Vln~'ltltJ1~~1flri"';'l111Yi • 

L,)Il1 

(-lu) 

30 

45 

60 

75 

90 

L')a1 

(-lu) 

30 

45 

60 

75 

90 

L')a1 

(-lu) 

30 

45 

60 

75 

90 

W1 

97.8 

98.1 

98.9 

99.7 

100.0 

P1 

100.0 

100.0 

100.0 

100.0 

100.0 

F1 

100.0 

100.0 

100.0 

100.0 

100.0 

W2 W3 

82.6 91 .8 

83.2 92.3 

84.7 93.9 

84.9 94.2 

85.2 96.1 

P2 P3 

83.7 100.0 

84.6 100.0 

85.5 100.0 

86.7 100.0 

88.1 100.0 

F2 F3 

82.8 85.8 

84.5 87.4 

85.9 89.7 

88.1 92.5 

89.8 95.1 

W4 W5 W6 W7 

94.1 100.0 100.0 84.7 

95.3 100.0 100.0 85.8 

95.8 100.0 100.0 87.2 

96.4 100.0 100.0 88.6 

97.6 100.0 100.0 89.4 

P4 P5 P6 P7 

100.0 98.5 100.0 100.0 

100.0 99.4 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

F4 F5 F6 F7 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 

100.0 100.0 100.0 100.0 
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, ., 
~(;)~'H~'.l~VlL\.u.J1:;~lJ1~n1nj,1t11~ri{;l:a'.l111VihJHfri1JVl'll~Lf)~1:;,n{;ltJ1.j{n1nj'fltJ 

... • ........... ..J. "I. of ...... ~ ...... 
j;l111~" 4.5 n11!J'f)!J'I~1!J"'lU..l\!1W'!l'f)~'f)j;l11l'11Uj;l1~ 1 un11U1U1'1nj;l'D11l1'rt"~~j;I 

"nnLfII~~n,r~~ul,n,rntJYf'!l • 

... L'lfi1 n1iD~D.fi1D~.~tJini~i~l~~1~(%) 
L~~~1~ " 

(iu) W1 W2 W3 W4 W5 W6 W7 

30 119.0 125.3 117.7 107.7 106.7 102.3 100.6 

45 121.4 126.1 118.4 108.2 107.3 103.5 101.6 

1:100 60 122.1 126.7 119.1 108.9 107.9 104.4 102.2 

75 123.5 127.2 119.9 109.4 108.2 105.0 102.9 

90 123.8 127.8 120.3 110.0 109.4 106.6 103.4 

30 282.9 291 .0 279.8 255.7 270.6 253.8 268.9 

45 283.6 291 .7 280.3 256.2 271 .2 254.1 269.1 

1:250 60 284.3 292.4 281 .1 256.9 271 .8 255.7 270.6 

75 285.0 293.3 281 .8 257.4 272.0 256.2 271.4 

90 285.7 293.9 282.2 258.0 272.5 256.8 272.5 

30 148.3 176.5 165.6 162.6 142.3 136.6 132.4 

45 149.0 177.6 166.4 163.6 143.6 137.6 132.8 

1:500 60 149.8 178.2 167.1 164.3 144.9 138.4 133.1 

75 150.4 178.8 167.9 164.9 145.6 139.5 134.4 

90 151 .1 179.3 168.1 165.5 146.4 139.9 135.7 

30 129.8 137.9 152.8 148.5 133.7 142 .. 1 134.5 

45 130.5 138.4 153.4 149.0 134.5 142.8 135.0 

1:750 60 130.9 138.7 154.0 149.6 135.4 143.4 135.6 

75 131 .3 139.4 155.1 150.3 136.3 144.6 136.2 

90 132.0 139.9 155.7 151 .5 136.9 145.3 136.8 

30 114.3 103.7 109.6 116.3 111 .0 101.2 101.7 

45 115.6 104.3 110.0 117.4 111 .7 102.1 102.0 

1:1000 60 116.2 104.9 110.6 118.3 112.2 102.9 102.5 

75 116.9 105.3 111.2 119.5 112.8 103.1 103.6 

90 117.4 105.8 111 .9 120.0 113.3 104.4 104.2 



101 

..a , ..a .. u ..J ' .. 0 r u ~ ..a_ 
~1'1~'VI 4 .6 n1nJ'elfl'l4'if1f1'V1~UI\!'W'!l'eWilj;l'1·II'n.l~1~ 1 ~un1'U1U1'l4n~'D'l1l1"'VI~'ifj;l 

~1mPl\!tI'UtJ::'j;l1,n,rn\J'n~ 

.. L1fi1 n1~a~~.fi1~~.~u~w~~~l~~1~(%) 
L~~~1~ 

u 

(~'U) P1 P2 P3 P4 PS P6 P7 

30 227.4 224.7 201 .3 192.6 204.9 170.3 195.4 

45 228.1 225.2 202.0 193.5 205.5 171 .0 196.1 

1:100 60 228.9 226.0 202.7 194.1 206.2 171 .6 196.8 

75 229.3 226.8 203.5 194.8 206.7 172.5 197.5 

90 230.0 227.3 204.2 195.4 207.3 173.2 198.3 

30 319.1 318.1 310.8 315.8 326.3 324.2 315.9 

45 319.9 318.7 311 .5 316.6 327.1 325.3 316.2 

1:250 60 320.5 319.4 312.2 317.1 327.9 326.0 316.7 

75 321 .3 320.2 313.0 317.8 328.3 326.7 317.0 

90 321 .8 320.9 313.7 318.5 329.0 327.5 317.8 

30 177.6 185.0 168.5 174.9 177.5 170.5 178.2 

45 178.2 185.5 168.9 175.3 178.1 171.2 178.8 

1:500 60 178.9 186.6 169.4 175.8 178.8 171 .7 179.3 

75 179.4 187.3 169.8 176.2 179.4 172.5 179.9 

90 180.0 189.2 170.1 176.9 179.8 173.2 180.4 

30 166.8 143.8 160.5 144.7 134.4 115.8 112.8 

45 167.2 144.5 161 .3 145.1 134.9 116.3 113.5 

1:750 60 167.8 146.0 161 .8 145.6 135.5 116.9 114.0 

75 168.4 146.6 162.4 146.2 136.0 117.2 114.6 

90 168.9 147.1 162.9 146.7 136.5 117.7 115.2 

30 86.7 81 .5 94.6 85.5 98.6 77.4 83.0 

45 87.1 82.0 95.3 86.1 99.0 78.5 83.7 

1:1000 60 87.8 82.6 95.9 86.7 99.4 79.1 84.4 

75 88.3 83.1 96.4 87.3 100.2 79.8 84.9 

90 88.9 83.7 97.0 87.9 100.8 80.3 85.2 
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. . . ....... ..J., or IV~ .... 

~1Tl~'VI 4 .7 n1'ifJ'£lfJ~~1fJ'VIiUJ\!'iW'Jl'£l~'£lj;l'i1~';IU~1~ 1 Un1'iU1U1~n"'D';I111"'VI~~" 

"nn LfI'l!ttJ~11,n,rn1.JY4"lf 

.. L'l'il1 n1,B~a.a1a~.~~,ar~~~\~~1~(%) 
L~~~1~ 

u 

(~u) F1 F2 F3 F4 F5 F6 F7 

30 119.0 125.3 117.7 107.7 106.7 102.3 100.6 

45 119.6 125.9 118.5 108.4 107.4 102.8 101 .5 

1:100 60 120.3 126.6 119.1 108.8 107.9 103.3 102.4 

75 120.8 127.1 119.8 109.6 108.5 103.9 102.7 

90 121 .5 127.7 120.4 110.2 109.3 104.5 103.3 

30 282.9 291.0 279.8 255.7 270.6 253.8 268.9 

45 283.4 291 .6 280.5 256.4 271 .7 254.5 269.4 

1:250 60 283.8 292.2 281 .1 257.0 272.4 255.3 270.5 

75 284.2 292.7 281 .9 257.6 273.1 255.9 271 .3 

90 284.4 293.3 282.3 258.5 273.6 256.2 271 .8 

30 148.3 176.5 165.6 162.6 142.3 136.6 132.4 

45 148.7 177.1 166.3 163.4 142.8 137.5 133.0 

1:500 60 149.4 177.8 166.9 164.5 143.4 137.9 133.6 

75 149.9 178.5 170.5 165.1 144.0 138.4 134.3 

90 150.3 179.0 171 .2 165.8 144.6 139.0 134.8 

30 129.8 137.9 152.8 148.5 133.7 142.1 134.5 

45 130.5 138.5 153.3 149.2 134.5 142.7 135.3 

1:750 60 131 .1 139.1 153.9 149.8 135.2 143.5 136.0 

75 131 .7 139.8 154.4 150.6 135.8 144.0 136.7 

90 132.3 140.4 155.2 151 .3 136.3 144.6 137.3 

30 114.3 103.7 109.6 116.3 111 .0 101.2 101 .7 

45 114.9 104.3 110.2 116.9 111 .7 101 .8 102.5 
I 

1:1000 60 115.5 104.9 110.8 117.5 112.4 102.5 103.1 

75 116.1 105.6 111 .3 118.2 113.1 103.4 103.8 

90 116.8 106.2 111 .7 119.0 113.9 104.5 104.3 
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~1nJ;1111~~ 4.5-4.7 LL~C;)~n1~rJ'flU~f'l1U~~~\!~nr"'rl~~[;I11~'l'\.l!;h~1 

1. '\.In1~~1~1 ~n c;):jhfl1Yl~ ~~ [;I~1 nLPI~crn,j'~~'\.I LPI~~Utl::~c;) LLf'l ::LPI~t1f'l1 lt1Hf nU~"ll , . 
. [;I1~~1~U ;~'VI1~cn4'ul~':nn1~'Vl(;)~'rlUn1rrJ'rlU~f'l1U~~~u~nr~1t1~::"n[;l'-nt'\.ln1~~LI'I~1::\f 

~ ~ ~ 

" "t '" 
~1~[;I11~'l'\.lL~'rl~1~1l1~ n VI;'lfl1Yl f;]'rl1l1~::m C;)l1 L~~1::~~1. '\.Im~1l1111~ n VI; 'lfl 1 Yllt11. -n nU~"ll 

L(;)U~~ Ln [;I~1 n LtI'rlfL ;w;ln1rrJ'rlU~f'l1U~ ~~urnr~~~~ VI L ~'rl dj'\.lmm~ VI~ 1'I'l1~ LL[;I n f;]1~ LLf'l:: 
OJ ~, 

~ ~, 

1~~1~ Lc;)Ui1~ [;I11~'l'\.lL~'fl~1~"'rl~1l1~ n VI;'lfl1Yl f;]'rl1l1~ :: 'rl1 Vll1'1.-nt '\.In1~~4'u 1~ LLn 1: 1 00, 

1 :250, 1 :500, 1 :750 LLf'l:: 1:1 000 LLf'l::Yhmr'VlVl~'rlu'I.'\.It)'\.I~ 30, 45, 60,75 LLf'l:: 90 t)'\.I 

"lI'rl~L'lf'l1m~~,rn 

" I " I 

111~ n VI;'lfl1Yllt11. -n nu~"lI YlU~1 L~ml'llt1 LL~'l1l1 ~ n VI;'lfl1Yl ~'l'rlrJ 1~ l'I'lU I'I~ LLf'l ::~'l'rlrJ 1~l1 ~ ~~ , 
~ ~ , 

. mn1l1[;11f'lLLf'l::1l1mn~1 i1LtI'rlfL;'\.I~m~rJ'rlU~f'l1Ul1~~u~ru'n~Lf.1mli'\.l LLf'l::~1nn~1~'l'rlrJ1~ 
~ 

, ~ 

l1 ~~~ ~'lU~1 m n~1 L Ylu~'rlrJ1~ L(;\U'l 

, ~ 

~1 n n1 r~ LI'I 11 ::\f~ [;111 ~'l'\.ll1 L ~~1::~ ~1. '\.In 1~1l1111~ Ii VI; 'lfl 1 Yllt1'1.-n nU~"ll 
~ ~ ~ 

"lI'rl~~1~ n VI;'lfl1Yl'Vl ntl~:: Lfl'VlYlU~1~[;I~1~'l'\.lL~'rl~1~1l1~ n (;);'lfl1Yl f;]'rl1l1~::'rl1 VI L'Vb nu 1 :250 , 

'I.,x f'l1 LtI'fl fL;'\.I ~ n 1~rJ'fl U ~ f'l1 U ~~ ~u rnr~ t) Vll~~ 1~ ~~ ~ VI Lrl'rl Lmu U L l1 U U n1 ~rJ 'flU ~ f'l1 U 
OJ " , 

..J,-.... ... t.J .... ~ J' _ I I .J ... ~ J' 
'Vl~~\!~runu L'lf'l1 mr~~ n YlU'l1 L~'rl L 'If'l1 m~~~ n L Yl~"lI'\.I~::~ I'll m~U'rlU~f'l1U'Vl~~\!~ruL Yl~'tI'\.I 

~'l U LLf;] L ~ ~;'\.IL Yl U~ L~ n,J'rlu L 'Vh~'\.I LLf'l:: Lrl'fl Lmuu L l1 uun 1~rJ'rlU ~ f'l1U~~~U~nrnu~ [;I11~'l '\.I 
OJ 

L~'rl~1~YlU~1~[;I~1~'l'\.l 1 :100 iJf'l1n1rrJ'rlU~f'l1U~~~U~nr,J'rlUn~1~[;I11~'l'\.l 1 :250 LLf'l:: 
~ 

~[;In~'l'\.l~L~~'fl~'rl 1 :500, 1 :750 LLf'l:: 1:1 000 iJf'l1m~rJ'rlU~f'l1U~~~U~nrf'lVlf'l~[;I1~~1~U 
~ 



r -t or...,~ 
n1nu1~1~~un1'~1u1~n~~~~1~ 

, " s-

Lum 1L~!l nt1' ~Wl ~'lUYl L \UJ'l ::~lJ 1 um n1'ltl 'l ~ n m;'lfl'l'YiUU'"l ::~'"l'l1ru'l 
I ,... 

'"l'l mJnnitJ'l m 1tl!lU ~ ~ 'l U LLUU U!ltl n; L'"lUYl ~ lJ\j HlJLL~::~ ru~ lJum"ll!l~tl'l~ n m;'lfl'l'YiYl ~'lU 

lJ'l [;l1~'lU~ L~mi!l-l H1LLr1 r1'l LL u::tl'llJ'l [;l1~'lUYl'l~':S"l!'l m1'l1tl~ilu~uYi~tl ilU;'lfl'l'Yi LL~::·1mL1 
4j ~ ~ ~ ~ 

fi11lJ"l!'l~ m::Yl1'l-l Lm~t[;l1LL~::~~nHlJ 'Yi. PI.2544 LL~::[;l'llJth::mPlmlJ':S"l!'l m1Ln'rt[;l1 L~'tl~ 

lJ'l [;l1~'luilu~uYl"1tl 'Yi . PI . 2548 '"l'l n c.J~m1':S LFln::~1~t1' [;l1'l~'lU'lI!l~~'l~ n Vl;'lfl'l'Yi~ L~lJ'l ::~lJ ... . 

1) ~'l~nm=ihfl'l'Yi~c.J~[;l'"l'lnLPlMtJnu~~u t1'[;ln~'lU~L~lJ'l::~lJ • , ,,0-

Yl~m"'l'lnmij~u ~!l LPlMtJnU-l~U 3 nL~nflJ : mnu'lm~ 0.5 nL~nflJ : U'lmn~'l 2.5 nL~nflJ • • 
: ~'l 1 ~[;l1 : "'I~UYl"1tJ~ihJ1::~Ylfifl'l'Yi 150 i1~~~[;l1 ~L'l~'lm1~,rn 30 t)U • ", , 

2) tl'l~ n m;'lfl'l'YiYl c.J~[;l'"l'l nLPlMiuu::1m ~ [;ln~'lt.iYl L~lJ'l::~lJ 
I ~"I 

Yl~m"'l'lnm1':S~U ~!l LPlMiuu::1Vl 3 nL~nflJ: tl'lmn~'l 2.5 nL~nflJ : tl'l 1 ~[;l1 : '"l~UYl"1tJYliJ • • 
u1::~Ylfifl'l'Yi 150 i1~~~[;l1 ~L'l~'lm1~,rn 30 t)U 

3) ~'l~nVl;'lfl'l'Yi~ c.J~ [;l'"l'l nLPlMU~'l ~[;ln~'lU~ L ~lJ'l::~lJ~~ m • 

" 
FI ru~ lJ um 'lI tl-lU 'l ~ n Vl=ii'lfl 'l 'Yi '"l::C1 n U 'llU Lmuu L Yl U U nu lJ'l [;l ~~'l U 
" " ..... 

. ~ L~U'l.;r!l-l HlLLr1 r1'l LL U::U'llJ'l [;l~~'lUYl'l-l':S'lI'l m~'lI!l-l·1u~UYl"1tJ ilU;'lfl'l'Yi LL~ ::ilmL1fi11lJ"JI'l ~ 
u ~" " 

m::Yl1'l-lLnM[;lnL~::~~nHu 'Yi. PI.2544 ;~'Yi'lni1L[;l!lf~Yi'lm~LmUUL YlUU~!l ~'lY; L!l"JIhlLnu 
" , 

4.5 ~'lm'llJu'l1vHhhhnu 10 dS/m mlJ'lruluL[;l1L"'IU'lItl-ltl'l~nVl;'lfl'l'YiYlc.J~[;l'"l'lnYi"l!LL~:: 
" , 

LUtlfL ;lJ(;j1mutl'l~un [;l'llJih ~U LL~::ill'lJ'l ruFl'lfU!lUl2J ~'l n~'l 5 
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vh n'l ~L tl'hnJ L YltJU~ 1 1'1 ij L(;l'fl fiii'fl 'ei (;l 1'1 ~ 'It.!Fl1 fU'flt.!~'fll t.! L(;l~L'"l t.!!1f'fl~ 'bJLrhJ 20 

n1~tl'fltJ~~1tJ~~l-JU~ru!1f'fl~l-J1nn~1 80 LU'flfL:nt.!c;l L(;ItJ~1l-J11n~1ul~~~(;l11'1~~ 5.1 
~ . 

.. 0 

1) U1~n(;l;'lJl1~Ylt.J~(;l'"l1nLf'\~~mj'~~t.! ~UD1(;l'fl1~11~~n • • 

t ~ ~, 

~~1tJYl~l-JU1ru L(;ItJrh~111ijL(;l'flfL~fhntJ1t.!l-J1(;l1fJ1t.!r;i~LL~t)t.!Yl 30 '!J'fl~n1nnrn rhYiL'fl"l! 
~ ~ 

tJ1t.!l-J1(;l1~1t.!1t.!·lh~t)t.!~ 0-30 '!J'fl~m1~21n r11Fl'l1l-JU1LvHh tJ1t.!l-J1(;l1~1t.!1t.!"lh~t)t.!~ 30-45 
f 

'!J'fl~n11~21n ~'lt.!ml-J1ruFl1fU'flt.!hjtJ1t.!l-J1(;l1fJ1t.!(;l~'fl(;lL'l~1m1~21n 
~ 

.. 0 

2) U1~n(;l;'lJ11~Ylt.J~(;l'"l1nLf'\~iuu:;1'" ~ult.!L(;ln'"lt.! 

yj'fl~yj'flf~ LL~:;L ~ LL'Vl ~ L;tJl-J r11 Fl'l1l-JU11 yjvh 'ei(;ln~'lt.!Fl1fu'flt.!~'fllt.! L(;l1L'"lt.! LL~:;n11tl'fltJ 
I '" '" 

MntJYl~l-JU1ru L(;ItJ r11 L ~fhntJ1t.!l-J1 (;l1fJ1t.!r;i~ LL~r)t.!Yl 30 '!J'fl~ m1~21 n r11Yi L'fl"l! tJ1t.!l-J1 (;l1fJ1t.! 
~ ~ ~ 

o .. 0 

1 t.!"lh~r)t.!Yl 0-30 "lJ'fl~ n11~21n ~'lt.!ml-J1ruFl1fu'flt.! tJ1t.!l-J1 (;l1fJ1t.!L1l~1:;U1~ n (;I;'lJ11~Yl L(;l'1tJl-J 
~ 

.. 0 

'"l1nn1nU1(;l1~YitJ~'fltl1~L~m1t.!r)t.!Yl30 '!J'fl~m1~21n 

.. 0 

3) U1~n(;l;'lJ11~Ylt.J~(;l'"l1nLf'\~U~1 ~ult.!L(;l1L'"lt.! yj'fl~yj'flf~ 

LL~:; L ~LL'Vl~ L;tJl-J 'ei (;ln~'lt.!Fl1fu'flt.!~'fll t.! L(;l1L'"lt.! LL~:;m1tl'fltJ~~1tJ~~l-JU1ru L(;ItJ r11 L~~1e 
~ 

.. 0 0 

tJ1t.!l-J1(;l1~1t.!r;i~LL~t)t.!Yl 30 "lJ'fl~n11~21n r11YiL'fl"l! tJ1t.!l-J1(;l1~1t.!1t.!"lh~t)t.!Yl 0-6 "lJ'fl~m1~21n 

r11Fl'l1l-JU11yjvh tJ1t.!l-J1(;l1fJ1t.!1t.!"lh~t)t.!~ 30-75 '!J'fl~m1~21n ~'lt.!ml-J1ruFl1fu'flt.! tJ1t.! 
~ 

~ ..,.CI .J.c:.I :: CiI 1.caI .... 

l-J1(;l1~1t.!L1l~1:;t.!1~nl'l"l!'lJ11~'VlL(;l1tJl-J'"l1nmnt.!1(;l1~~m'flm~L(;Im(;l~'fl(;lL'l~1n1~~l-Jn 

o 0" 
Lij'fl LmtJULYltJU Fl ru~l-J~vi'l hJ'!I'fl~U1 ~ n "';'lJ11~ LL~'l~U~1'!1 (;I'Vl "'~'fl~ • • 

" " . ," 
mnU1 (;l1~t.J~l-J nUU1m n~1 LL~:::1 (;I'VlI'l~'fl~Yl L(;l'1tJl-J'"l1nU1 mn~1 LYitJ~'fltl1~ L~tJ'l (;l1l-J~1 ~u 

I ," I I 

LL~:;'"l1n (;l111~Yl 5.2 LL~ (;I~ Fl ru~l-J~vi'l hJ'!I'fl~U1 ~ n (;I;'lJ11~ 1 t.!'ei (;l11 ~'lt.!Yl L ~l-J1:::~l-J'"l1 n;)'flYl • 
5.1.1 LL~:;LL~(;I~~~r11~1nijL(;l'flf~1~1 ~tJ1t.!LL~:;hJtJ1t.!l-J1(;l1~1t.! LL~:;Lii'fl~'"l1n~1~n(;liE'lJ11~ 

ilr11Yi L'fl"l!r1'flt.!;h~~1'"lt.!'fl1'"l Li'Jt.!'eit.!(;l11tJnu~"l!1~~ Fl'l1L~'fl'"l1~ 1 t.!'ei (;l11~'lt.! 1 :250 ri'flt.!U1 hJ1, 

'" ... 
nU~"l! 
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J1.n";~ln.., ......... 
UIfJUU::'1ft LfII1!tUft1 JJ1P1'll1'U LfII1!t~nu~~'U • 

pH S4.5 3.45-7.62 3.83-7.01 3.71 -6.77 

EC (dS/m) S10 0.70-14.33 1.13-10.03 0.13-16.20 

S 2 (~') 0.10-1.07 0.09-0.46 
N (%) 

S 3 (~j;\1) 0.17-1 .48 

p (%) - 0.01 -0.21 0.05-0.15 0.26-0.66 

K (%) - 0.42-0.82 0.43-1.02 0.42-1 .07 

C (%) ~5 1.68-4.07 1.61-5.39 2.93-7.28 

C/N ratio S20 3.59-30.78 6.26-37.84 2.64-17.21 
, , 
n1r£itltJ~~1tJVi~).J\!rnr (%) >80 ~ 82.6 ~ 83.7 ~ 82.8 

...... 
LfIIJUU::'1ft LfII1!tUft1 

J1.n";~1l1'" 
LfII1!t~nU~ • JJ1P1'1l1'U .... ...a .... ...a .., ...a 
(~'UYI 30) (~'UYI 30) (~'UYI 60) 

pH S4.5 4.35 / 4.51 / 6.45 X 

EC (dS/m) S10 4.30 / 3.20 / 0.50 / 

S 2 (~') 0.57 / 0.34 / 
N (%) 

S 3 (~j;\1) 1.29 / 

p (%) - 0.13 - 0.10 - 0.44 -

K (%) - 0.47 - 0.46 - 0.50 -

C (%) ~5 4.07 X 4.08 X 3.40 X 

C/N ratio S20 7.16 / 11.99 / 2.64 / 
, 

n1r£itltJ~~1tJVi~).J\!rnr (%) >80 94.1 / 100.0 / 100.0 / 
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~ ,~ 

m~tltltJ ~~ltJ'Iltl'lUl ~ n c;t;'lfllYl LUULLUU Utltln=i L"U ;'1 rh;L tl ~'Iltl'lU 1 

~nc;t;'lfllYl~I1I~'IL;ltl'l"ln,,~uvi1u~ijU~:;~YlfifllYl (Effective Microorganism, EM) ''In • 
~ , 

~'lU~~)-I";1 m ~tltltJ ~ ~ ltJ~ 1 ~~UVi1tJ1 UUl ~ n c;t;'lfll Yl"Urh;Ltl ~ LU~ tJUUU ~'IUtltJ)-I1 n,.., '1fl 
t , I ~ ... I 

, r1tlU.;Jl'1I'1'1Vl;'IU'IUtln ~'I~:;tJ:;L 'l~IYi L "")-Il:;~ )-I'Iltl'l m ~,..,21 nUl ~ n c;t; 'lfllYl Lc;ttJU 1 ~ n c;t;'lfllYlVl 

~~Ul"lmPl'liermj''I~U LPI'Ii~UU:;~c;t Lt~:;LPI'liU~1 ijr11;Ltl~r1tlU.;Jl'1I'1'1~~L'l~lm~""21n 14, 56 • 

LL~:; 63 tJU m)-l~1 ~u L ;ltl'l"1 n~I~~uvi1U~~I)-11~t)tltl[J~~ltJLr1i'~ltJLr1i't)ntltl[JLU"U"")-I c;tLL~'l 
" , ~ 

L""~tl L~tJ'I LPI~ Ult)~UVlijtlUf111'1'1lUl c;t 1,..,n 1";11 ~"~UYl1UtltltJ~~ltJLr1i'ojh Lc;t[J LPI'litJ Ult)~U L,..,fl1il 
~ T' -t.t 'III 41 

, ~, 

ti'l~I)-11~t)U1LUH'LUU~'IthN~uL~nr1i''l[J LL(M:;tJ:;L'l~lm~,..,21nul~nl1l;'lfllYlVlm)-lI:;~)-I"ln • , ~ 

nl ~':l4'tJLr1i'~"IHU11'l)-l nu fil ru~)-Iu~~u1 'Iltl'lUl ~ n c;t;'lfllYl r1i''ltJ ";11 ~~:;tJ:; L'l ~1 nl ~,..,21 n 
II , I I .... 

Ul ~ n c;t;'lfllYlVl L "")-Il:;~)-I LL~:; L'l~IVl r11;Ltl ~ I'1'1Vl LLUln c;il'1 nu LL~ :;r11;Ltl ~'Iltl'lUl ~ n c;t;'lfllYl 

~~~Ul"lmPl'liernU'l~u LPI'Ii~UU:;~c;t LL~:;LPI'liU~1 (;I~tll1lL'l~lm~,..,21n~c;t~'IU~:;)-Ilru 62, 75 • 

II ... I II 

c;il'11 L'lluL~tJ'lnum~1ojj'n1nUlm~ L~[J'ILLc;ilojj'Uln1n~11um)-llruVl)-llnn~ln1nUl(;l1~Ull)-1 
I I I II I 

~Uln~'lUVl LLU:;Ul LL~ :;"1 n~ (;I n~'lUVl m)-lI:;~)-I LL~:;1'1 ru~)-IU~Lc;tm;'lLU'Iltl'lUl~ n c;t;'lfllYlVlLr1i' • 
~ ., 

nfll'lLU LL~'l~ 1)-11~t)~ ~ULr1i'~I~ 1)-11~t)U1Ul n1 n~I)-111 ojj' LUULL ,..,fl'l m fUtlULL 'VlUn1 nUl Ull~ 1 U • 

5.2.1 

LI1ItJlojj'tJ (;It) ~u~ LUULL ""fl'lr11futlULL~:;~I~~uYl1u~1 ""ill (;Itl1""I~ HtLLri L U LmL"u vltl~vltlf~ • • 
.. ..r::.I Q, ~ J' .J '" 
LL~:;LYlLLYl~L"J!tJ)-I )-I1'11L'YmM'IlU L'llU ,..,tlm"J!tl~ LUUUlU 

" 

, 
~c;t~:;tJ:;L'l~11um~,..,21n L'llU m~L~)-Itlru""flijm~,..,2Jn . .. 



I I" I 

nnJ-A'~"nYl~u. n11L-n'~U'VI~UL~'tlc.J~lJI~U~u'Vi~uU1"'1n'1lU::~"' . m~-A'~U1Y1~U m::'VI1'N 

Lm~tlJlmfl::~~nnU, 2547. 

~'tl-.l~1lJ11~1U"lU~U'VI~6 YU1.2548. nNL'VI~~~1UFl1 : ~1,rn~~.,{Flru::f~~UlJI~LLfl:: ~ ~ ~ ~ 

11'11n ...... 1UL1.Jn~, 30 rlUU1UU 2548 : 9-10 . • 

, 

m::'VI1'N'VIf~U1 n1fi11~"l!1 ~ LLfl::~-.l LL'J Vl~'tl~ , 2548. 

m~M1~~1ijlJl n'tl-.l':3M'Jnn~~-.lLL'J"'~'tl~ LLfl::~muu':3'V1U1M1~lJIfLLfl::L'VIFlLULflULL'tA-.l1.h::L'VIM 

1'V1tJ. LLU'J'VI1-.ln11ri1~"'~1n1nfh"'1nLN-.l1UM1m~~11~~1nlJl : lJI'llU~ 2 ~1U~fl 
" " ., 

n11~n~'VI"'fl'tl-.lri1~VlU1n1n~11u,x'll-.lU~U~n11. nt-.lL'VI~~~1UFl1 : ':3'V1U1M1~lJIfLLfl:: 

L'VIFl LuLfluLL'tA-.lU1::L'VIM1'V1U, 2526. 

., 
.. .... <Q_ '" oICiIrio '" <Q ,-0_ 
n'tl-.l'Ylu~UU~'tU-.l1U'J"'U ",1Un1~Lm;'lJI1 nnJ'J"l!1 n11Lm~tlJl1 . '1I'tl~fl'VI1-.l'J'VIU1 M1~ lJI1 U1~~ n 

I ., I ." 

:a'J111~ (lJI'llUYlH ~~.,{Flf-.lYl1 . nNL'VI~~~1UFl1 : Fl':3mJru-n'll'llyh;'VI, 2547 . • 

n'tlULnU1~ 1~M1flL ... 1C1J LLfl::t)fl~U 'tl~1~fl . ~u~1u::~i-.lvl11,x~uL~'ll~L'VI1~ ... 1-.l~1'tl. 

n~n1 79, 1 (~m1Fl~ - ~~111-A'ufi 2549). nt-.lL'VI~~~1UFl1 : n1~':3"l!1n11Lm~tlJl1 

n1::'VI~'J-.lLm~tVl1LLfl::~~nmr, 2549. 

~n1u'VIf LYi'1lN1~, n~~n~ fVlVl~ru LLfl::~rufVlU ~1,rU'VInfl. n11thu"'~1n1n~1LLuu:a'JLFlij'1l'tl-.l • 
L~-.l-.l1Uc.J~VlLL'tlfln'll1l'tlff. 'J11~11':3~mLfl::!In'llU1~ ~mUUL'VIrl tutfl~h1"l!~-.lrlfl 3 

(~~1=t'111rl~ - ~-.l~1Fl~ 2547) : 51-59. 
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1 "llUUVlfi n~"LJ~ fO)"LJfl. m~~m~nfO)'l'UJ LtJ"LJhJ1rrL"LJm~~~ (;1 L~tl LYi~~ LLtl~ntllltl~~'l mr"LJ~'lu:::,"i~: • • ., ., 
m~ih4' VI~'l~~~tl~ LN~'l"LJ~~ (;1 LLtl~ ntllltl~. nN L VlYi2-J,"'l"LJfO)~ : ~m~"LJil4'u • 

., 0 

~Yi'l~nw ~Vlfif~~~~f'l. ~u,")j'n ~"LJ,")j' n LL~:::~U~'l;'lI1'lYi: LVitlm~ufuUl~~"LJ LVlUilfi LnM(;1~ 
., 0 

fi~~l-J"ll'l~. ~W,{fO)f~Vl1. nNLVlYi2-J,"'l"LJM : ~'l,rn~l-JYi1tlL~U"LJ~L(;1f. 2542 . • 

o ., 0 

fiL~f'I f'l1~n(;1tJ LL~:::~~titJ ~m~1u2-J. LfO)Nm~~'l~'l~m~U"LJLtltl"LJ'lltl~mn~'lL"LJ~"LJU1L'lru~tlU1 VI 

LnUnn m n~'l"lltl~ LN~'l"LJ~ 11 L "LJL"lI (;111'l fO)mn~ 3 4'~wr VI. nm'l"LJil4'u~UU~l-JU~ruo . ~ 

o ., 

UqJiJ ntl~~l-JU~o ~~M{ ~2-J L~U LL~:::ilL;U~ ti"LJ~tl"LJ. m~L-nU'lmn~'l~'ln LN~'l"LJM'ltlUfiU'lL"LJ .. ...... .. '" 

m~u~n;h'l LYiVlLL~:::~'l L;U'l. mqJqJ'lUYi"LJfi ~m~"LJLVlfO) L"LJL~~h'l"lll-J~fO)~ ~VlmL"lI(;1 

., ., 0 

Yi~'; Yi'lnM'l. ~mL~:::~'l~nVl;'lI1'lYi. ~l-J~fO)f~VI 2. "LJ"LJVl'l.i~ : ~'l,rn~2-J~titltl"LJtIfO)iJL~Uo 2548. 

J1Vln 'l~~"LJfinl-J~. nm'l"LJm~il4'u ~tl~m~,"'lu~:::~Vlfil1'lYim~tltlU~~'lU~'lffi"LJVl1tJ~'lmf'lM 

~ mL~:::Lf'lM LU 1~ mX~~tl~~~"LJVl1tJLi~i1u,")j' n. ~'l"ll'lil"ll'lil f'I'l m~l-J~~ LL 'l VI~tl2-J f'1 ru::: 
if .. 

2-J~m ilL~iu LL~:::u'l1ir;w ,"~~U~:::I1'l~. tl~r1U~:::ntlU"lItl~~mL~:::~~W. 

http://www.swu.ac.th/royal/book5/b5c2t3.html.2-J.".lilVlmiUf.l1"LJfO)1"LJVl~ilL~~ 0 

2551. 

I II II I .... .q.... .. ,4.Q .. 0 4 ...... q 0 ... A .. 

2-J"LJ~"LJ (;1~"Yl~L'lf'l2-J . fO)2-Jtl'lLfO)n:::,"fO)ru.t1'lYi"LJ'l. Yi2-JYifO)NVl 4. nNLVlYil-J,"'l"LJM : ~'l"LJnYil-JYi 
"II .... "II 

~li'l~~m(\hm'lilVlmiuo 2543 . • 
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I II II I 

,rlJ~lJ ~~'Vl~L'lfillJ. L'Vlr1LlJL~~m1U1U(;l\!1L~U!lj;]~1V1m'nJ. L~lJ 2. ~lJlfr1f~Vi 1. • • 

., 
lJ1~ ~fII'l1"'11t1. m~L,tl1:;LU'llU"'1n\!1mn~1 LN~1lJ~n llJm1~~j;]rh"ll;'l111YL ~'VlU1UYllJfi • 

m'1!'1!1lJVl1UCW-n j;] ~VI~1"ll1~'VlU1 f111~ j;]f~111'l:;LL'l (;l~!llJ uru-n j;]~'VlU1~iJ 

,..'t1"1~~n~rulJVl1~'VlU1~U, 2530 . • 

~ ., , 
lJn(;l1 ~"ll~t)~~t ilU~lJ'Vl1t1. ~lJlfr1f~Vi 2. nNL'VlYllJVl1lJr11 : U1lJLL~:;~'llJ, 2545 . 

.., q 1 .., 

., , 
;'l111Yl"ll!l~\!1 m n~1 ~'lU%:n'l Lr1n . mry ry1UYllJfi 111 r1~'lI1~ fII'l m'1lJ~~ LL 'l (;l~tllJ 

r1CW:;~fiI'ln~1lJLL~:;L'Vlr1 LlJL~~mnm~' j;]~ lJVl1~'VlU1~m'Vl r1 LlJL~~n'lllJ~r1~fi'1!1.Jl 2548. 

'" II I I 

~'VlU1 LVI~nlV1~. mnYl1:;L~(;llJ1~1lJUlJn!llJL;!lih~!luVirlnutlu~~1UL(;lum~VI,rn . 'l11~1~ 
'" 

fIIlJmr.rmL~:;1JntlU~lJ ~1lJ~~ LL 'l(;l~!llJ n1lJ~~ L~1lJr1ruJ11Yl~~LL'l (;l~!llJ. Lr1Nm~~ (;JJlJ1LL~:; '" . ., 
~~ L~1lJ m~ L ,1.11:; LU'lIU"lltl~ L~U;'llJ'l~: nnn~m~niluVI,r mL~:;\!1~ Ii (;l;'l111Yl . nm 1lJ • 

2550. 

~ ~ . . 
~lJU~11~lJL'Vlfil m'lJ'l'll1mnnMj;]1. http://www.doa.go.th/th/ShowArtlcles.aspx?ld=174. 

.. "" 
~lJU~11~lJL'Vlfil m'lJ'l'll1m1LnMj;]1, 2549 . 

., , '" 
~lJlfr1f~Vi 1. nNL'VlYllJVl1lJr1~ : r1~nmlJ'f.l'f.l~L;'Vl , 2548 . • 

., , 
~~lJj;f YllJ1tl'l~n~ . m1n1r.r(;l\!1n1n~1"'1n L1-N1lJM1 L(;lul-ir5fiL'Vlr1 LlJL~~Vi LVllJ1:;~lJ . .., .., .., q 

~fiI'lm'1lJ~11 38 (nlJI11~lJfi 2528) : 93 - 98 . • 
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" " ..I ql!lJYl1 "ll~1Jil"ll. lItlfl~lJ~"llLL~::fi1f?Jtl1'\.n~~'lI1lJu1'l,nrn=ihIl1"'i. ~~vifO)f~Yl 2. nt~LYl~~~1lJfO)~ : 

n~~~"ll1n1~Ln~~~. 2546. 

" q1m ~1~lJfnn" . ~UU1=.i!'lJ)1~ . http://www.organicthailand.com/article?id=959&lang=th. 

~1mYlfO) tlJt~U=.i!'l1l1~ ~mUlJ~4'u~Ylmfil1~~fLL~::LYlfO) tlJt~ULL~~tJ~::LYlfil1.YlU. 2551 . 

ml!l ~lJt"ll . ~::lJlJn1~tJ~n~"lIU~lJ . J)1fO)~"lI1Ylf~mm~lJLL~::~~LL'l(;)~tl~ f')ru::~~~m~~n1~ 

Ln~~~ ~~1~YlmiumJt~. 2551 . 
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1l1f1tJ'U'ln n 

n1~tl't)m'Hnu~ ~l.J\!~ru''t).:J~m.nr n rl '" 1~ ~'lu~fiYl ",~'t)u ~,ijn1N'il n,'t).:J Ll.J~ '" 

. Yl, (germination index) (;11l.Jl.JI(;1~~It1~tlFl'1Lm~t(;1~LL~:;'t)I,"I~LL~.:J"JII~ ~'t).:J~u,",rn 'Yu1.2548 

~.:J Ltlt!~fin1~~~Il.JI~tlrl "'~I~~~(;]'t)YJ, (phytotoxic substance) ~ (;1nFlI.:Jt)~1 tI~u,",rn 1~ 

L"'U(;1N l~LLriLLn~LLt)l.JLl.JLijtJ LL~:; m"'~t!Yl1u''l'''(;]1.:J1~.:JLn''';t!1t!n~:;u'lt!n1~,",rn~u~iJn1~ 
tlt)u~~luhJ~l.Ju~ru,"\.i'lu~rl '" ~1t!'l ruf'h Ltlt! LtJt)~L;t!~ 

" 

" , 
1.2 Uln~t! 

1.3 IijIt!L'Yn:;Ll.J~"'"1It!I"'L~t!c.ht!fi'\t!Un~l~ 9 cm 
" 

1.4 m:;"'I~m't)~LU't)~ 42 'lIt11'" 9 cm 

1.5 ~'l't)tll~tltJ,",rn • 

I '" I II 

2 .1 ~n"'~I~~:;~lutltJ,",rn i~~'lt)tll.:Jtlu,",rn 1~1t!Uln~t! L",uiJ~"'~'lt!''t).:JUI,"Unilu •• • 
'" I '" I 

(;]t) ml.JI(;1~Uln~t! 1: 1 0 L,tlltJ~:;l.Jlru 180 f'lf~(;]'t)tll~ tilt! 1 i'l Ll.J~ LL~'lm't)~~'lUn~:;"'I~ 

" 2.3 'l1~Ll.J~"'~tI~crn"ll't)~~:; 1 Ll.J~'" ~'ll.J 1 0 Ll.J~'" (;]t)IijIt1L'Yn:;Ll.J~'" YiIt)tll~Ut)U 4 oftl 

" 2.41~UI~n",ilu,",rn1t!IijIt!L'Yn:;Ll.J~'" 1ij1t!~:; 3 ml • 
" , 

2 . 51~Uln~tl1t1lijlt1LYn:;Ll.J~"'f'l'lUf'll.J 1ij1t!~:; 3 ml • 

" 2.7 L1iu~'lU~'ll.J''t)l.J~ ~~(;]'t) hJij 
" . , " 

1) fi)IL~~U~It!'lt!Ll.J~"'~~'t)m1~,"l.J"'(;]t)IijIt! (,"~'lmtlt!Ltlt)~L;t!~i) 
, " , 

2) rl"'f'l'lIl.Jm'l"1l't)~~lmL(;]~:;Ll.J~"'~~'t)m1~,"l.J"'LL~'l,"Ifi)IL~~u 
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1l1fUlu';}n "11-1 fi1UU::'h)J1(;l'jl1U~1~~'!I1n1'j"ll'il~~!Jiu~1!1 ~!J;r,;}1l1'W Ufi::~!JU1 

fi1(;lfi'j'j)J'!I1~ n'1::~'j,;}~LnH(;l'jUfi::f4\11n'jW 'W.A. 2544 
• 

o 0 .., 

1. F\1~1n"F\,;}1)J 

1.1.1 iJmnrn 'VI~1U~,)1~~1 iJu~1~"'l1n1'~(1)~'W'Vi1u ~-lc.J~(;l~')un~~~'1fiYh • •• 
" L~;'W iu U(1) i'il'W L(1)mh'Wm~~'1fi'Vllrn'iltl1-l~~U~ru LL~hjL'lliJm~ii(;l1~ YD.U. iJu 2518 ". . 

" " . 
1.1.3 iJU~'W'Vi1U\l1 'VI~1U~,)1~~1 iJu\l1VlHI"'l1nn1~'VI~n1'~(1)~'W'Vi~u hj~1 • • • 

" !')"" ""% .. ",, ..-"" %r "'l:;Lu'WYi"l! 'VI~!l~(;l') 'VI~'tl~,)lJ'Vl-lYi"l!LL~:;~(;l') 

1.1.4 iJu~!ln 'VI~1U~'J1~~1 iJu~'W'Vl1u~Hl"'l1n~~LL~:;~-liuci1u"'l1ni(;l1" · . " 
1.1.5 

.. 
, LYi1:;L~m L(1)un~~~'1fi'Vl1-l'1'Vlm Pl1~ (;lf~1'V1fuc.J~ (;liJU:n'Jfl1Yi • 
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o .:..t 
~~j;J tUntlFl';l12-.J11 V11 L'W1:;L~tI'IL".IIfl 1';lUr';l)..! ~~)..! LLlh~1l1'W 

Ut..:lLL~..:I LU~mJll1"J1'W:;U1r., Vl1tl~u~tlU1r";..:I~t1 

1) 

2) ~j;Jr1~';l'W".II'tl..:lFl1fUtl'W~'tll'WLj;J1L~'W ~tl..:l'WLn'W~'tltl~:; 20 ~fl1 

3) 1:;~uf'hn11~11vlYh (Electrical Conductivity) ~'tl..:lhlLn'W 3.5 L(;l;;i 

L)"!'W/ L)..!j;J1 (dS/m) 

4) 1:;~UFl';l1)"!LU'Wm(;lLU'Wv)1..:1 (pH) ~'tl..:l'tl~1'W'll';l..:l 5.5-8.5 

5) m)"!1rufi1~fl1V111V1~n".llfl..:lYl"JI1'WLj;JrL~'W (N) yJfl~yJflf~ (P 20 5) LL~:; 
0-

L'WLLVI~L;itl)..! (~O) ~'tl..:lhJtJ'tltln~1~'tltl~:; 1.0-0 .5-0.5 L(;lmhmrnj;J1)"!~1~U 
" I I .... 

6) Fl';l1)..!:n'WLL~:;~..:IYlr:;LVltll~ ~fl..:lhJLn'W~fltl~:; 35 L(;ltl~1V1,rn 

7) ~'tl..:l;:j".ll'W1(;leJ1'Wj;J:;LLnN1tl'W'll'tl..:l~ LVI~t1)"!".II'W1(;l 12.5 x 12.5 ij~~L)..!j;Jr 

8) LfiI'rttj~(;)~'W1 ~hJ~'tl..:ln1r l~LLri ~'W m';l(;l V1r1t1 LfiI'rt'W~1~~n "1~'1 
., 

~tl..:l 'W Ln'W ~'tltl~:; 1 0 L(;ltl~1V1,rn 
, , 

9) ~'tl..:l'W;:jtj~(;l~'Wj;Jr1t1 L'll'W LfiI'rtLLrl';l tj~(;lLL\H'l)"!Fl)"! LL~:;L~VI:;ti'W YlLU'W • • 

, 
%.. ~ " '(ij;J';l LL~:;~..:ILL';l(;l~'tl)..! 

11) ~'tl..:lU~'tl(;l.ntl~1n"~'WVl1tJ~ri'tl1~'Ln(;l LrFl~'tl)..!~1ffi' ~j;Jr) LL~:;Yl"JI 
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" 2.1.2 i1!1i'U,,;t1~~UJU-ifi1"fi'1'1)J~1~ iJf'tN;jrmJ~).J~ ~~ll • • • 

1) 

2) iJf'tl~'b.lL~'tlthJ"''ltJ~ml'l;jlt'11 

3) 1:;~1Jri1n11U11YHh (Electrical Conductivity) iJf'tNhlLn'U 6 Lt'I;~ 

. L).J'U/L).J1JI1 (dS/m) 

4) 1:;~1J1'l,)1).JLtJ'Un1t'1LtJ'Ur;h~ (pH) iJf'tl~'tl~t'U-n')~ 5.5-8.5 

5) m).J1rufi1(;j'tl1~11~~n"ll'tl~Yl"lll'UtIJl1L"'U (N) ~'tl~~'tlf~ (P205) LL~:; 
" tV.LL'VI~L~tJ).J (~O) ~'tl~hJU'tltJn~1~'tltJ~:; 1.0-0.5-0.5 tt'ltJU1~,rn 1J11).J~1~1J 

" " 
6) 1'l'l1).J~'U iJf'tl~hJLn'U~'tltJ~:; 20 tr;)tJU1~,rn 

, , 
7) iJf'tl~;j"ll'U1t'1~1'UIJI:;LLm'~i'tl'U-n'tl~~m~tJ).J"ll'U1r;) 12.5 x 12.5 ij~~L).J1JI1 

8) LPI~t)~f;J~'U1 ~hliJf'tl~n11 l"'LLri ~'U n1'lt'l 'VI11tJ LPI~v.~1~~n "1~"1 

iJf'tl~hJLn'U ~'tltJ~:; 1 0 tr;)tJ~1~,rn 

ilJl1 LL~:;~~LL')r;)~'tl).J 

11) iJf'tl~t1~'tlt'lntJ"1n"~'U'VI1u~ri'tlt,xLnt'lt11'l[;j'tl).J'Umr ilJl1 LL~:;Yl"ll • • 

1) ;j~'U'VIffiI'l1fu'tl'U (organic carbon) hJ~1n~1~'tltJ~:; 5 tr;)tJ~1~,rn 

2) iJf'tl~hJL~'tltl'U"''ltJ~ml'l;jlr;)1 

3) 1:;~tJri1n11U11~yh (Electrical Conductivity) iJf'tl~hlLn'U 10 Lr;);~ 

. L).J'U/ L).J1JI1 (dS/m) 

" 
hJLn'U ~'tltJ~:; 3 tt'ltJU1~,rn 

5) 

6) 

7) 

1:;~1J1'l,)1).JLtJ'Un1r;)LtJ'U~1~ (pH) hlLn'U 4.5 

iJf'tl~t1~'tlt'lntJlinn~11~~~LtJ'Ut1'U1JI11tJ[;j'tl).J'Umr ilJl1 LL~:;~~LL'lr;)~'tl).J • 
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., 
2.1.4 i1!JA'fln iJi'tl~iJrlCl.l~l-J~ ~~~ • • 

1) iJi'tl~bJL~tllh.l~'lu~mf'liJ1~ 1 

2) f:;~1Jfihmf,j1'lyJyh (Electrical Conductivity) iJi'tl~hlLn~ 10 L(;);; 

Ll-JW Ll-Jr;)f (dS/m) 

., 
L'YiLL'Vl~L;Ul-J (~O) iJi'tl~12Ji(tlun~11tlU~:; 1.0-1 .0-1 .0 L(;)U~1~oJn r;)1l-J~1~1J 

4) 

5) 

6) 

I ., • 

ml-J1ru~~'Vl1ut)r;)t112J~1n~11'elU~:; 35 L~u,j1~oJn~'tl~tJ~r;)nruorl • 

7) LfiI~~~~~1 ~'l2JiJi'tl~mf I.~LLri nf'l(;) 'Vlf1U Lfil1;"'Yi~1~~n ~~~ iJi''tl~ 
., 

12J Ln~ 1tlU~:; 1 0 L(;)U~1~oJn 

Ll-JW Ll-Jr;)f (dS/m) 

8) 

9) 

1) iJi'tl~12JL~tlu~~'lu~mf'liJ1~1 

2) f:;~1Jfihn1f~1'lyJyh (Electrical Conductivity) iJi''tl~12JLn'W6 L(;);; 

3) 
., 

LL~:; L'YiLL'Vl~L;Ul-J (~O) iJi'tl~'l2Ji(tlUn~11'tlU~:; 1.0-1 .0-1 .0 L(;)U~1~oJn r;)1l-J~1~1J 

4) 

5) 

6) 

I ., 

ml-J1ru~'W'Vl1ut)r;)t1'l2J~1n~11tlU~:; 20 L(;)u,j1~oJn~'tl~tJ~r;)nruorl • 
f:;~1Jf'l'l1l-JLtI'Wm(;)LtI'Wr;)1~ (pH) iJi'tl~tlu1'W'lb~ 5.5-8.5 .. 

... I I '" 

f'l'l1l-J;'WLL~:;~~Y1f:;mu'l~iJi'tl~'l2JLn'WrtlU~:; 35 L(;)u,j1~oJn 

7) LfiI~~~~'W1 ~'l2JiJi''tl~mf 'l~LLri m'l(;) 'Vlf1U Lfil1;"'Yi~1~~n "1~"1 iJi'tl~ 
., 

12JLn'W1tlU~:; 1 0 t(;)U~1~oJn 

8) 

9) 

iJi''tl~U~'tl(;)nur.nn~1fW1;"~ Li~J'W.a'Wr;)nuj;jtll-J~mJ ~r;)1" LL~:;~~LL'l (;)~tll-J 

iJi''tl~U~'tl ~nU~1 n~~~'Vl1u~ri'tl1 ~ Ln (;) Lff'lj;j'tll-J'WmJ ~ r;)1" LL~:;Yi, • • 



2) 

3) 

4) 

5) 

6) 

7) 

1) 

2) 

3) 

4) 

5) 

6) 

7) 
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~:;1J"l!il~"l!'f)~.r~ ~~'f)~f1J (Carrier) • • 
~ ~ 

Fl'l'UJ;lJ ~'f)~hlLnlJ~'f)u~:; 10 Ll'lmhl,.,1n 

~'f)~tJ~'f) I'lJiU'Ol1 n~1~~~~ d:JlJ'ellJ(;I~1U[;J'f)~lJmr i (;11" LL~:;~~LL'J ~~'f)~ • 

~ , 
tJ~:;n'f)1J ~'Ju L;'f)'Ol ~lJ'Vi~tJ tJ~:; UlYlYlU'f)U ~ ~ 1 U~lJ'Vi~u.r (;I Cll~~ LL~:; d:JlJ • • 

~ 
4Qo .ell 4Q q r 

~:;1.J"l!lJ~"l!'f)~ L "l!'f)'1 ~lJYl ~U 

~:;1Jr.i1lJ'JlJ'Ol~lJYl1tJ L~'f)~')~nlJLL~'J~'f)~hJ~1n~1 10
8 L"l!~~ [;J'f) 1 • • 

~:;1J"l!il~"l!'f)~.r~I'l~'f)~f1J (Carrier / 111LtllJ"l!il~~~) • • 

Fl'l1~~lJ ~'f)~'WLnlJ~'f)U~:; 20 LI'lU~1"n1n (1l1LtllJ"l!il~~~) 
~'f)~tJ~'f)I'lJiU'Ol1n~1j~~LtllJ'ellJ(;Inu[;J'f)~lJmr i(;l1" LL~:;~~LL'JI'l~'f)~ • 

~ , 
tJ1L~lJLLmJLiim LL~:;'Ol~lJYl1lliilJ LtllJ~lJ • 
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1 ) lh-:;n~U~'JtI~'1V1i1t1~~1 L~ULLmJ L~m~ (;1'1.:) LU L(;1rL~UL~ 

2) 1:;1.J"lIil~~~.:) ~'1V1i1t1 ~~1 L~ULLmJ L;m~ LtlU~,:) f'ltl1:;n~U~'a.:)~t1;(lfn.,.. 

3) 1:;1.J~'1u'Ju~1V1i1t1~~'1L~ULLmJL;t1'J~.:)i1f~.:)hl~'1n~1 10
5 

L"lIfli ~~ 1 

4) 

5) 

6) 

7) 

8) 

1:;U"lIill'l~~.:)1'~~1'a.:)fu (Carrier) • • 
~ ~ 

rl'J1tl;U i1f~.:)hlLnu1'atlfl:; 20 LI'lmJ,1V1,rn 

ij~m~tn.!:;LtlULij ~ 'lIU1 I'l L~uc.h ~UUnfl'l':) 2-6 ijfl~ Ltl(;11 .. 

, ~ , 
1) ;~L;~hL"lILiJtltlt1'J 

2) tl1:;n~u~'JtIL~~hL"lILiJtltl~1V1fu5'J 1umtl1n.!hl,j~t1n~'1 10
7 

L"lIfli 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

ij1'~~1~.:)fu~cJ1U(;1:;LLnN'lIU1~ 80 L~"lI (mesh) ~ULtl • 

1:;~Url'J'I~LtlUn1~Ltluc;h.:) (pH) i1f~.:)~~1u"lI'J':) 6.5-7.0 

ijrl'J1tl~U1'atlfl:; 40-50 LCiltI~1V1,rn 

U1N 1 Ut1':)""fl1~~ntlCil~ilYl • • 

i1f'a.:)tlfl'al'l.ntl~'1n,~u"'i~u~ri~ 1~LnCil L1rl~~tl~mr ~(;1t) LLfl:;~"lI 
, ~, 

rl'J11fbJ,j~t1n~1 200 nrtl ~~m1rlflnUJ~Cilt1'Jtlfln1u~uVi 1 H . .. 

, ~ , 
1) ;~L;~hL"lILiJtltlt1'J 



3) 

4) 

5) 

6) 

7) 

8) 

9) 

123 

......... .J, J'~.I 
~'J~(;l~{l-.l~Ul'lc.J1t.!(;I::LLnN"1It.!1(;l 80 ~'ll (mesh) "1It.!~u • 
~::~UfI'J1~Lilt.!m(;1Lilt.!(;h-.l (pH) ~{l-.l{l~1t.!'ll'J-.l 6.5-7.0 

J' ... 'i' ~ ... 
f')'J1~'llt.!~'flU~:: 40-50 ~(;)Ut.!1"'t.!n 

~{l-.ltl~{l (;lJ1ur.nn~1~~~ Lilt.!~t.!(;I~1U ~'fl~~mr ~ (;11" LL~::~-.l LL')(;l~{l~ 

~{l-.ltl~{l(;lJ1ur,nn'~t.!l'l1fJ~ri{l1,xLn(;) L1f')~'fl~~mr ~(;I1" LL~::~'ll 
, ", 

f')'J~1-nl.lu{lunrh 80 nf~ ~{ln11Hf')~m~~(;)5'Jtl~n1t.!~t.!~ 1 H . .. 
" " " 

2.2.2.3 L~f)hr'J1LfJmJ'J1i:J1'1t11 rJf'fl-.liJf')ru~~~ ~-.ltl • 

, " , 
1) ;'flL;{lhL'llLUU~r;)'J 

" , 
2) tl~::n{lu ~'Jm;{l h L 'll LUU~~1",fu5'J 1 t.!ill~1 ru'll.lU'flU n~1 10

8 
L 'll~; ~'fl 

ij~~~ (;I~ 'fltl1 t.!t)~ (;)~'fl-.lfU'llU(;l m~'J .. . 
3) 

4) 

5) 

6) 

7) 

1 ) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

rJf{l-.ltl~{l (;lJ1ur,n n"l~t.!l'l1fJ~ ri{l1,x Ln (;) L~f') ~'fl~t.!mr ~ (;11" LL~::~'ll • • 
, " , 

f')'J~1~U{lUn~1 80 ~U.'ll~. JJ{lHf')~m~~(;)tl~n1t.!~t.!~ 1 H . .. 

.J oQ .... ....J,Q J' '1 '1 I 

'll{lc.J~(;Illru"l'l~L'll{l ~~Lf') ~~'ll1 

1::1.J'llU(;)"1I'fl-.l L~{l ~ Lf') h'll1 
" ill~1ruL;{lLl.lU{lUn~1 25 ~tl{lf ~'flt)~(;)~'fl-.lfu 1 nf~ • 

~::1.J'llU(;)"1I{l-.lt)~(;J1{l-.lfu (Carrier) 

f')'J1~~t.! rJf{l-.lLl.lLnt.!~{lU~:: 20 L(;)U~1",,rn 

1t.!ltlc.J-.l1,xiJ"1It.!1(;l'll.l~1n~1 60 L~'ll (mesh) LL~::1t.!ltlLij(;)~iJ"1I\J1(;)L~t.! 
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" 2.2.4 iJ!J,..i'Uvi;!lfi'tl!J'a~'a1!J~'tl~ L ~ (;l ~'tl'li1 filru~~Uii ~'1t1 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

• • • 

T::U'1lU"'''1I'tl'l1'~'''T'tl'l¥U (Carrier) • • 
" " i1fil'l'm;'-lu.lLn'-l~'tltJ~:: 10 t",mhwun 

~tl'ltl~tl "'ntJ~1 n~1T~'rt~ d:J'-lt1'-l(;lT1tJ ~'tl~~mr i(;lr) LL~::~'1 LL'l "'~tl~ 
~'tl'ltl~tl"'ntJ~1n~~'-lvi~u~ritl1~Ln'" LTfil~tl~'-lmr i(;]r) LL~::~'11 • • 

" 
2.3 iJ!JLL';fi'i'i~"1i1~ ~tl'lijfilru~~Uii ~'1t1 • • 

1) ~tl'lUJL~tltl'-l~mfilij1"'1 

2) m~1rufi1(;J'tl1'\.nT~~n"1ltl'l~il'-lt(;]TL~'-l (N) yJtl~yJtl¥~ (PzOs) LL~:: 

tYiLL'Yl~L;tJ~ (Kz0) ~tl'lu.J,jtltJn~1~'tltJ~:: 1.0-0.5-0.5 t"'tJ~1~,rn (;]1~~1~U 

~(;]T (dS/m) 

3) 

4) 

5) ~'tl'ltl~tl",.ntJ~1n~1T~'rt~ dj'-l'fi'-l(;lr1tJ~tl~~mr i (;]r) LL~::~'1LL'l "'~'tl~ 

6) ~tl'ltl~'tl",.ntJ~1n'~'-l'Yl1-m1ri'tll~Ln"'tTfil~'tl~~mr i(;]r) LL~::~'1I 
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" - uhJ'm.l1J~~"'LiI'Wth\nrn~'Vlfi (L'W~::1J1JLlJ[;l1n) • • 
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rJI'lUUtOj,U'W i1 m~~~ L~1).J1,x Lm~tlJ1~m1-n~u~'Wvi~u1. 'Wn1~tlfutll~u1l~ ~'W 

1J1~~(;ltOj'Wi1n1~~1LVlfi'lL'WL~ti;hfl1YiL;r1).J1H1'Wm~tlfutll~U1l~~'W L~).J"lrufOh'~~fi1~m~1~Yi"ll 
~11,xi1 n1~CJ~ lJ1i1u~'WvirtJL ~).J).J1n;'W ~~~1 LiI'W~th~~~~ ~~~i1 n1~fi'l'lU fi'l).J).J11J1~~1'Wilu~'WVl1tJ 

fI fI ., ~ 

m).J1 rufO)'l1).J~'WLL~:~~~1:L ~U 

lrJ1 

(C/N) 

!' 

hiu~un~1 ~o Ltl~fL;'W{;]L~lU~1~t!n 

~ f'hn1~~11vHh(EC : Electrical 'b.hn'W b L(;)~;L).J'W/L).J(;I~ 

Conductivity) 

., 
L"'U~1~t!n 

-w~~w~f~ (total P205)'Wu~un~1 o .<t-
., 

Ltl~fL;'W(;IL(;)U~1~t!n 

-LYiLLVl~L'ilU).J (total ~O) 'b.ju~un~1 o .<t-
., 

Ltl'flfL.:n'W(;IL(;lU~1~t!n 

(0)0 
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Gi)Gi) ~11~lJ (Arsenic) hlLnlJ <to ~~~nftJ/m~nftJ 

LLf'l(;lL~tJtJ (Cadmium) hlLnlJ <t ij~~nftJIiiL~nftJ 

Lf'l~L~tJtJ (Chromium) Ll-iLnlJ c;noo ij~~nftJ/iiL~nftJ 

'Vltl..:JLL(;l..:J (Copper) hiLnlJ <too ij~~nftJ/iiL~nftJ 
I 

V1::n') (Lead) UJLnlJ <too ij~~nftJ/iiL~nftJ 

tl~tl'Vl (Mercury) hlLnlJ III ij~~nftJ/iiL~nftJ 

I I 
~ ~ ~ ~ 

1fl . !O) "lItlm1f'l1LL~::Lf'l~tl..:J~tJ1tJm),f'l1 

1fl .1D "lIU(;l"1ltl~C.J~In.riru.,] 
.. 

III. c;n mtJ1ruu~)'" LtllJu"'mt!n~'Vlfi (LlJ),::UULlJln'jn) . . 

III. <l' )'::u1'~ (;l~H' C.J~ InLL~::tl In)'1fi,)lJ~H' • • 
.... .J A .... cal 

Ifl. b ),::U,)lJ'VlC.J~ V1LL~::,)lJ'Vl~lJ (;ltl1tJ • • 

L~tlLlXLtllJhJj;l1tJYi),::),1"l1U'Y~~tJ ru\. 1fl<l'!O)~ lJ11n),1 <l'<l' LlX~C.J~V1~tJ 
~lJ'Vl1tlL ~tl m),fl1 ~tl..:J LL~..:J n ~lJ";)"lI1 m ),Lm~tln), LlJfi,)lJ~ L~tJ');rtl..:J nutltJ~lJ'Vl1tl L(;ltJ LL~ (;l..:J~tltltJ • • 
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111F1eJ'U'ln FI 

J11'n~~ FI-1 Fhi=h'!l"ll FI'l1~nhl~Yh m'!lil =aL'!Iil U'il~m~1CUFl1itJ'!I'U,f~'lUJfI'!I'!I~ 
n1nJ1J11'i1U'il~J1n1n.1 

5.16 108.30 74,000 197,472 ·27.64 

0- 2 5.21 108.45 76,000 197,472 27.81 
mmh[;l1~ 

3 5.20 108.35 72,000 193,600 27.58 
, 

." 

5.19 108.37 74,000 196,181 27.68 LfJfW 

4.20 72.50 38,000 154,880 5.62 

~1mnri1 
2 4.20 72.60 34,000 154,880 5.43 

3 4.18 72.50 36,000 151,008 5.83 

..J 
LfJftEl 4.19 72.53 36,000 153,589 5.63 

"" . '" ~ '" ~ r. J11'n~f1 FI-2 Fl1'!1'!1~U'!l~f1~~~~U'il~'!I'!I~U'!l~U'!l'l'U'iI'!I~f1~~~~'!I'!I~'U1n1n 1 · 

1 36,360 73,260 109,620 

:;- 2 36,140 73,100 109,240 
mn'U1[;l1~ 

3 35,620 72,340 107,960 
, 

." 

LfJftEl 36,040 72,900 108,940 

21,240 76,704 97,944 

.. 2 21,256 76,952 98,208 
u1mnri1 

3 21,104 76,728 97,832 
, ... 

LfJftEl 21,200 76,795 97,995 



129 

1 933.33 0.93 117.80 0.12 4190.56 4.19 

" 2 947.33 0.95 118.82 0.12 4160.48 4.16 
0 

mnU1(;11S 

3 956.67 0.96 120.18 0.12 4210.61 4.21 . ... 
L~SU 945.78 0.95 118.93 0.12 4187.22 4.19 

774.67 0.77 353.86 0.35 4802.10 4.80 

J1mn~1 
2 760.67 0.76 351 .82 0.35 4762.00 4.76 

3 728.00 0.73 355.22 0.36 4721.90 4.72 

.J 
L~SU 754.44 0.75 353.64 0.35 4762.00 4.76 
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111f1&:JU1n ~ 

19-Jan-07 0 189,412 130,588 145,882 147,059 114,118 115,294 128,235 

26-Jan-07 7 174,545 112,727 127,273 136,970 94,545 100,606 110,303 

2-Feb-07 14 96,000 66,667 77,333 101,333 37,333 45,333 53,333 

9-Feb-07 21 89,333 69,333 80,000 94,667 52,000 57,333 66,667 

16-Feb-07 28 83,871 69,677 81,290 87,742 50,323 56,774 65,806 

23-Feb-07 35 85,333 70,667 84,000 91,333 36,000 50,667 62,667 

2-Mar-07 42 86,667 68,667 76,667 86,000 44,000 56,667 64,000 

9-Mar-07 49 115,556 98,413 102,222 109,206 65,397 78,095 81,270 

16-Mar-07 56 61,290 39,355 48,387 50,323 44,516 58,710 69,032 

23-Mar-07 63 53,115 28,197 38,033 38,689 32,131 46,557 54,426 

30-Mar-07 70 48,667 30,000 36,667 38,667 29,333 42,667 53,333 

6-Apr-07 77 46,667 36,667 40,000 40,667 32,667 40,667 50,667 

13-Apr-07 84 41,311 29,508 32,787 34,098 24,918 37,377 42,623 

19-Apr-07 90 49,180 33,443 36,066 38,689 30,820 38,689 45,902 
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...a • ~... r.., !! ..,. 
6I1'11.:1'Y1 .:1-2 fl1"11 ~'a6l'll'a.:l1J111 n 6I'D11l1Yi6l1'a!J1.:1 P 1-P7 

25-Jan-07 0 225,882 161,176 174,118 178,824 130,588 154,118 160,000 

1-Feb-07 7 218,305 138,305 143,729 145,085 93,559 98,983 123,390 

8-Feb-07 14 201,333 124,000 129,333 138,667 77,333 80,000 101 ,333 

15-Feb-07 21 198,710 114,839 127,742 136,774 60,645 70,968 96,774 

22-Feb-07 28 170,667 112,000 112,000 126,667 53,333 62,667 96,000 

1-Mar-07 35 145,333 100,667 106,667 109,333 52,000 62,667 68,000 

8-Mar-07 42 166,349 140,952 147,302 148,571 44,444 57,143 73,651 

15-Mar-07 49 180,645 157,419 162,581 162,581 68,387 67,742 74,194 

22-Mar-07 56 123,279 106,230 108,852 108,852 45,246 48,525 62,951 

29-Mar-07 63 123,279 82,623 87,869 97,049 41,967 43,279 58,361 

5-Apr-07 70 114,667 78,667 80,000 92,000 37,333 41,333 58,000 

12-Apr-07 77 108,000 69,333 76,000 88,000 34,667 37,333, 56,000 

19-Apr-07 84 113,333 74,667 80,000 90,667 37,333 39,333 58,000 

25-Apr-07 90 118,033 70,820 72,131 91,803 38,689 39,344 57,705 
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20-Jan-D7 0 201.739 147.246 153.043 154.203 112,464 118.261 120.580 

27-Jan-07 7 194.783 141,449 148,406 155.362 120.580 127.536 134,493 

3-Feb-07 14 192.000 122.667 130.667 133.333 104.000 117.333 128.000 

10-Feb-07 21 237.333 152.000 157.333 170.667 105.333 105.333 113.333 

17-Feb-07 28 253.333 173.333 177.333 180.000 124.000 129.333 133.333 

24-Feb-D7 35 240.000 144.000 156.000 174.667 110.667 126.667 126.667 

3-Mar-07 42 222.667 128.000 129.333 140.000 82.667 85.333 98.667 

10-Mar-07 49 233.962 160.000 161.509 173.585 104.151 114.717 117.736 

17-Mar-07 56 218.065 150.968 157,419 166,452 112.258 117,419 118.710 

24-Mar-07 63 198.033 104.918 106.230 127.213 62.295 66.885 76.066 

31-Mar-07 70 205.902 116.721 120.656 141.639 81.967 89.836 101.639 

7-Apr-07 77 213.770 115,410 121.967 137.705 87.869 97.705 107.541 

14-Apr-07 84 205.333 105.333 106.667 125.333 80.667 86.667 94.667 

20-Apr-07 90 186.667 98.667 106.667 133.333 84.667 84.000 90.667 



133 
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19-Jan-D7 0 5.53 4.53 4.74 4.68 4.70 4.64 4.63 

22-Jan-07 3 3.65 3.53 3.56 3.52 5.97 5.25 4.53 

25-Jan-07 6 3.46 3.53 3.54 3.58 5.34 5.54 4.48 

28-Jan-07 9 3.51 3.64 3.72 3.61 5.16 5.33 4.69 

31-Jan-07 12 3.45 3.93 3.88 3.78 5.00 5.14 4.82 

3-Feb-07 15 3.73 3.80 3.74 3.84 5.27 4.83 4.56 

6-Feb-07 18 3.73 3.74 3.72 3.73 5.24 5.15 4.81 

9-Feb-07 21 3.98 4.11 4.28 4.16 5.40 5.56 5.64 

12-Feb-07 24 3.97 4.45 4.55 4.43 5.54 5.44 5.40 

15-Feb-07 27 4.10 4.64 4.53 4.19 5.44 5.42 5.62 

18-Feb-D7 30 3.96 4.63 4.46 4.35 5.55 5.48 5.54 

21-Feb-07 33 4.02 5.01 5.11 4.63 5.65 5.52 5.54 

24-Feb-07 36 4.24 4.67 4.91 4.71 5.69 5.61 5.63 

27-Feb-D7 39 4.63 4.40 4.83 4.88 5.86 5.77 5.61 

2-Mar-07 42 4.31 4.49 4.74 4.75 6.37 5.89 5.59 

5-Mar-07 45 4.12 4.76 4.62 4.79 6.75 6.12 5.65 

8-Mar-07 48 4.30 5.02 5.14 5.02 7.08 6.45 5.80 

11-Mar-D7 51 4.25 4.95 5.11 4.87 6.96 6.54 5.97 

14-Mar-07 54 4.31 5.08 5.09 5.02 7.20 6.89 6.26 

17-Mar-07 57 4.17 4.89 4.72 4.96 7.41 7.26 6.74 

20-Mar-D7 60 4.06 4.96 4.53 4.75 7.62 7.48 7.25 

23-Mar-07 63 4.45 4.73 4.49 4.61 7.29 7.12 6.55 

26-Mar-07 66 4.62 4.57 4.64 4.88 7.35 7.48 6.82 

29-Mar-07 69 4.79 4.68 4.76 4.72 7.13 7.33 6.71 

1-Apr-07 72 4.68 4.79 4.95 4.87 7.24 7.29 6.58 

4-Apr-07 75 4.85 4.62 4.83 4.90 7.37 7.45 6.83 

7-Apr-D7 78 5.02 4.71 5.07 4.84 7.16 7.21 6.79 

10-Apr-07 81 4.93 4.64 5.16 4.93 7.01 7.04 6.94 

13-Apr-07 84 4.86 4.69 5.12 5.08 7.09 7.17 7.02 

16-Apr-07 87 4.94 4.82 5.20 5.15 7.12 7.28 6.87 

19-Apr-07 90 4.91 4.79 5.38 5.11 7.20 7.40 6.80 
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25-Jan-07 o 4.36 4.14 4.15 4.16 4.05 3.96 3.95 

28-Jan-07 3 3.97 4.18 4.11 4.20 4.02 4.09 4.03 

31-Jan-07 6 3.83 4.16 4.10 4.19 4.07 4.11 4.17 

3-Feb-07 9 4.03 4.26 4.22 4.24 4.15 3.98 4.18 

6-Feb-07 12 3.91 4.22 4.08 4.26 4.06 4.09 4.13 

9-Feb-07 15 4.12 4.19 4.14 4.26 4.28 4.37 4.28 

12-Feb-07 18 4.19 4.23 4.16 4.30 4.33 4.38 4.30 

15-Feb-07 21 4.12 4.31 4.25 4.34 4.44 4.43 4.41 

18-Feb-07 24 4.08 4.29 4.23 4.28 4.36 4.58 4.38 

21 -Feb-07 27 4.11 4.29 4.29 4.31 4.37 4.57 4.45 

24-Feb-07 30 4.06 4.13 4.18 4.25 4.45 4.84 4.51 

27-Feb-07 33 4.12 4.27 4.33 4.29 4.42 5.13 · 4.66 

2-Mar-07 36 4.09 4.11 4.21 4.33 4.59 5.18 4.87 

5-Mar-07 39 4.17 4.24 4.27 4.21 4.71 5.22 4.93 

8-Mar-07 42 4.14 4.27 4.24 4.25 4.77 5.25 4.89 

11-Mar-07 45 4.10 4.15 4.09 4.37 4.83 5.51 5.24 

14-Mar-07 48 4.09 4.21 4.17 4.22 5.11 5.32 5.59 

17-Mar-07 51 4.25 4.29 4.22 4.31 5.54 5.87 5.72 

20-Mar-07 54 4.46 4.37 4.26 4.44 6.02 6.40 6.00 

23-Mar-07 57 4.34 4.46 4.31 4.52 6.36 6.48 6.41 

26-Mar-07 60 4.22 4.35 4.29 4.63 6.29 6.63 6.58 

29-Mar-07 63 4.35 4.42 4.37 4.57 6.35 6.51 6.43 

1-Apr-07 66 4.41 4.53 4.44 4.69 6.48 6.56 6.52 

4-Apr-07 69 4.39 4.61 4.48 4.74 6.37 6.49 6.47 

7-Apr-07 72 4.27 4.64 4.41 4.85 6.52 6.67 6.61 

10-Apr-07 75 4.46 4.58 4.35 4.71 6.44 6.52 6.49 

13-Apr-07 78 4.42 4.41 4.43 4.93 6.49 6.58 6.50 

16-Apr-07 81 4.34 4.37 4.46 4.86 6.53 6.74 6.64 

19-Apr-07 84 4.29 4.39 4.52 4.90 6.71 6.65 6.68 

22-Apr-07 87 4.31 4.46 4.74 4.82 6.68 6.83 6.87 

25-Apr-07 90 4.33 4.53 4.69 4.87 6.74 7.01 6.92 
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20-Jan-07 0 5.20 4.74 4.72 4.47 4.62 4.59 4.58 

23-Jan-07 3 3.95 3.99 3.79 3.80 4.83 4.65 4.54 

26-Jan-07 6 4.33 4.28 4.41 4.46 5.67 4.83 4.50 

29-Jan-07 9 3.71 4.05 4.08 3.90 5.56 5.04 5.04 

1-Feb-07 12 4.22 4.18 4.11 4.09 5.61 5.19 5.39 

4-Feb-07 15 4.16 4.21 4.35 4.07 5.55 5.16 5.37 

7-Feb-07 18 4.04 4.47 4.52 4.03 5.53 5.20 5.32 

10-Feb-07 21 4.32 4.43 4.20 4.11 5.63 5.21 5.31 

13-Feb-07 24 4.70 3.88 4.25 4.38 5.70 5.18 5.28 

16-Feb-07 27 4.50 3.91 4.29 4.50 5.73 5.21 5.32 

19-Feb-07 30 4.58 3.85 4.34 4.48 5.71 5.21 5.31 

22-Feb-07 33 4.66 3.87 4.51 4.56 5.82 5.29 5.44 

25-Feb-07 36 4.79 3.94 4.73 4.64 5.76 5.37 5.52 

28-Feb-07 39 4.93 4.00 5.11 4.78 5.89 5.40 5.55 

3-Mar-07 42 5.21 4.12 5.29 4.95 5.98 5.46 5.61 

6-Mar-07 45 5.57 4.41 5.35 5.43 5.81 5.54 5.68 

9-Mar-07 48 5.82 4.83 5.43 5.53 5.53 5.47 5.76 

12-Mar-07 51 5.69 4.76 5.37 5.61 5.77 5.32 5.69 

15-Mar-07 54 5.74 5.00 5.45 5.67 5.95 5.20 5.83 

18-Mar-07 57 5.88 5.27 5.51 5.74 6.12 5.51 6.22 

21-Mar-07 60 5.91 5.18 5.70 5.90 6.24 5.63 6.45 

24-Mar-07 63 6.05 5.11 5.62 5.88 6.36 5.77 6.31 

27-Mar-07 66 6.12 5.24 5.65 6.06 6.42 5.74 6.29 

30-Mar-07 69 6.17 5.16 5.79 6.13 6.48 5.68 6.05 

2-Apr-07 72 6.23 5.42 5.54 6.25 6.43 5.71 6.14 

5-Apr-07 75 6.29 5.39 5.67 6.17 6.57 5.76 6.26 

8-Apr-07 78 6.34 5.57 5.73 6.21 6.67 5.83 6.17 

11-Apr-07 81 6.21 5.63 5.71 6.34 6.58 5.90 6.28 

14-Apr-07 84 6.42 5.51 5.78 6.42 6.64 6.02 6.33 

17 -Apr-07 87 6.58 5.74 5.92 6.39 6.71 6.14 6.42 

20-Apr-07 90 6.77 5.62 5.86 6.51 6.69 6.25 6.48 
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W1 5 0.50 7.50 7.40 7.45 7.45 389.20 0.39 

W2 5 0.50 7.75 7.80 7.80 7.78 407.40 0.41 

W3 5 0.50 8.50 8.45 8.50 · 8.48 446.60 0.45 

W4 5 0.50 10.60 10.65 10.70 10.65 568.40 0.57 

W5 5 0.50 7.45 7.50 7.50 7.48 390.60 0.39 

W6 5 0.50 8.20 8.10 8.15 8.15 428.40 0.43 

W7 5 0.50 9.85 9.90 9.80 9.85 523.60 0.52 

P1 5 0.50 4.55 4.50 4.55 4.53 225.40 0.23 

P2 5 0.50 3.75 3.60 3.75 3.68 177.80 0.18 

P3 5 0.50 4.30 4.35 4.35 4.33 214.20 0.21 

P4 5 0.50 5.65 5.60 5.65 5.63 287.00 0.29 

P5 5 0.45 3.15 3.15 3.15 3.15 151.20 0.15 

P6 5 0.45 4.70 4.65 4.70 4.68 236.60 0.24 

P7 5 0.45 6.55 6.50 6.55 6.53 340.20 0.34 

F1 5 0.50 9.40 9.45 9.45 9.43 499.80 0.50 

F2 5 0.50 8.80 8.80 8.80 8.80 464.80 0.46 

F3 5 0.50 9.15 9.10 9.15 9.13 483.00 0.48 

F4 5 0.50 9.90 9.85 9.90 9.88 525.00 0.53 

F5 5 0.50 8.45 8.45 8.45 8.45 445.20 0.45 

F6 5 0.50 9.90 9.80 9.85 9.85 523.60 0.52 

. F7 5 0.50 10.30 10.15 10.20 10.22 544.60 0.54 
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W1 5 0.50 13.75 13.80 13.80 13.78 743.40 0.74 

W2 5 0.50 7.50 7.40 7.45 7.45 389.20 0.39 

W3 5 0.50 7.80 7.80 7.80 7.80 408.80 0.41 

W4 5 0.50 10.10 10.05 10.10 10.08 536.20 0.54 

W5 5 0.50 4.40 4.40 4.40 4.40 218.40 0.22 

W6 5 0.50 6.70 6.65 6.70 6.68 345.80 0.35 

W7 5 0.50 7.75 7.70 7.75 7.73 404.60 0.40 

P1 5 0.50 5.65 5.60 5.65 5.63 287.00 0.29 

P2 5 0.50 3.15 3.15 3.15 3.15 148.40 0.15 

P3 5 0.50 3.80 3.80 3.80 3.80 184.80 0.18 

P4 5 0.50 4.70 4.65 4.70 4.68 233.80 0.23 

P5 5 0.45 4.20 4.20 4.20 4.20 210.00 0.21 

P6 5 0.45 5.05 5.00 5.05 5.03 256.20 0.26 

P7 5 0.45 5.85 5.85 5.85 5.85 302.40 0.30 

F1 5 0.50 18.90 18.80 18.85 18.85 1027.60 1.03 

F2 5 0.50 9.90 9.80 9.85 9.85 523.60 0.52 

F3 5 0.50 11 .00 11 .00 11.00 11 .00 588.00 0.59 

F4 5 0.50 13.20 13.25 13.25 13.23 712.60 0.71 

F5 5 0.50 16.00 16.05 16.05 16.03 869.40 0.87 

F6 5 0.50 14.00 13.95 14.00 13.98 754.60 0.75 

F7 5 0.50 15.10 15.15 15.15 15.13 819.00 0.82 
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W1 3 0.10 10.70 10.70 10.70 10.70 989.33 0.99 

W2 3 0.10 1.15 1.15 1.15 1.15 98.00 0.10 

W3 3 0.10 1.80 1.80 1.80 1.80 158.67 0.16 

W4 3 0.10 2.10 2.10 2.10 2.10 186.67 0.19 

W5 3 0.10 3.70 3.70 3.70 3.70 336.00 0.34 

W6 3 0.10 4.20 4.15 4.20 4.18 380.33 0.38 

W7 3 0.10 5.00 5.05 5.05 5.03 459.67 0.46 

P1 3 0.10 5.05 5.00 5.05 5.03 459.67 0.46 

P2 3 0.10 1.10 1.10 1.10 1.10 93.33 0.09 

P3 3 0.10 1.35 1.35 1.35 1.35 116.67 0.12 

P4 3 0.10 1.50 1.50 1.50 1.50 130.67 0.13 

P5 3 0.20 2.85 2.80 2.85 2.83 245.00 0.25 

P6 3 0.20 3.40 3.40 3.40 3.40 298.67 0.30 

P7 3 0.20 3.50 3.50 3.50 3.50 308.00 0.31 

F1 3 0.20 14.90 14.85 14.90 14.88 1369.67 1.37 

F2 3 0.20 7.20 7.20 7.20 7.20 653.33 0.65 

F3 3 0.20 8.15 8.15 8.15 8.15 742.00 0.74 

F4 3 0.20 8.55 8.50 8.55 8.53 777.00 0.78 

F5 3 0.20 11 .65 11.65 11 .65 11.65 1068.67 1.07 

F6 3 0.20 12.70 12.70 12.70 12.70 1166.67 1.17 

F7 3 0.20 14.00 14.05 14.05 14.03 1290.33 1.29 
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W1 3 0.50 11 .50 11 .60 11.55 11 .55 1031.33 1.03 

W2 3 0.50 3.30 3.15 3.25 3.23 254.33 0.25 

W3 3 0.50 3.90 3.90 3.90 3.90 317.33 0.32 

W4 3 0.50 4.70 4.70 4.70 4.70 392.00 0.39 

W5 3 0.50 2.40 2.45 2.45 2.43 179.67 0.18 

W6 3 0.50 3.80 3.85 3.85 3.83 310.33 0.31 

W7 3 0.50 5.20 5.25 5.25 5.23 441 .00 0.44 

P1 3 0.50 4.85 4.70 4.80 4.78 399.00 0.40 

P2 3 0.50 1.80 1.75 1.80 1.78 119.00 0.12 

P3 3 0.50 2.20 2.40 2.30 2.30 168.00 0.17 

P4 3 0.50 2.40 2.35 2.40 2.38 175.00 0.18 

P5 3 0.45 3.15 3.15 3.15 3.15 252.00 0.25 

P6 3 0.45 3.30 3.20 3.25 3.25 261 .33 0.26 

P7 3 0.45 3.60 3.60 3.60 3.60 294.00 0.29 

F1 3 0.50 15.60 15.40 15.50 15.50 1400.00 1.40 

F2 3 0.50 4.95 5.00 5.00 4.98 417.67 0.42 

F3 3 0.50 7.15 7.00 7.10 7.08 613.67 0.61 

F4 3 0.50 7.60 7.70 7.65 7.65 667.33 0.67 

F5 3 0.50 10.30 10.15 10.25 10.23 907.67 0.91 

F6 3 0.50 9.55 9.65 9.60 9.60 849.33 0.85 

F7 3 0.50 11 .05 11.00 11 .05 11.03 982.33 0.98 
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W1 3 0.15 11 .65 11.60 11 .65 11 .63 1071.00 1.07 

W2 3 0.15 4.60 4.50 4.55 4.55 410.67 0.41 

W3 3 0.15 5.25 5.30 5.30 5.28 478.33 0.48 

W4 . 3 0.15 6.70 6.80 6.75 6.75 616.00 0.62 

W5 3 0.15 1.65 1.80 1.75 1.73 147.00 0.15 

W6 3 0.15 2.30 2.10 2.20 2.20 191 .33 0.19 

W7 3 0.15 2.55 2.50 2.55 2.53 221.67 0.22 

P1 3 0.20 4.35 4.40 4.40 4.38 389.67 0.39 

P2 3 0.20 1.80 1.75 1.80 1.78 147.00 0.15 

P3 3 0.20 2.40 2.50 2.45 2.45 210.00 0.21 

P4 3 0.20 2.85 2.80 2.85 2.83 245.00 0.25 

P5 3 0.20 2.70 2.75 2.75 2.73 235.67 0.24 

P6 3 0.20 3.20 3.10 3.15 3.15 275.33 0.28 

P7 3 0.20 3.60 3.55 3.60 3.58 315.00 0.32 

F1 3 0.20 16.15 16.05 16.10 16.10 1484.00 1.48 

F2 3 0.20 2.05 2.00 2.05 2.03 170.33 0.17 

F3 3 0.20 4.60 4.80 4.70 4.70 420.00 0.42 

F4 3 0.20 5.45 5.60 5.55 5.53 497.00 0.50 

F5 3 0.20 7.75 7.70 7.75 7.73 702.33 0.70 

F6 3 0.20 8.30 8.20 8.25 8.25 751 .33 0.75 

F7 3 0.20 8.80 8.90 8.85 8.85 807.33 0.81 



1.00 0.746 0.746 0.746 0.746 

0.80 0.596 0.596 0.596 0.596 

0.60 0.446 0.446 0.445 0.446 

0.40 0.305 0.305 0.305 0.305 

0.20 0.156 0.156 0.156 0.156 

0.05 0.045 0.045 0.045 0.045 

Standard curve of available phosphorus 
1.2 -y-------------------------

y = 1.359x - 0.011 
R2= 0.999 

1.0 +----------------------~-

0.8 +--------------------:;.,c...-----

Q. 0.6 +-------------~I::...----------

0.4 +-----------:::l/fF---------------

0.2 +----~fIC-------------------

0 .0 +---,-----y----,-----.------,----,----.-----, 
0.0 0.1 0.2 0.3 0.4 0.5 0 .6 0.7 0 .8 

%T 

141 
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W1 0.510 0.510 0.511 0.510 0.682 170.59 0.17 

W2 0.321 0.321 0.322 0.321 0.425 106.36 0.11 

W3 0.349 0.349 0.350 0.349 0.463 115.87 0.12 

W4 0.407 0.407 0.408 0.407 0.542 135.58 0.14 

W5 0.079 0.079 0.079 0.079 0.096 24.00 0.02 

W6 0.184 0.184 0.184 0.184 0.239 59.68 0.06 

W7 0.398 0.398 0.397 0.398 0.529 132.30 0.13 

P1 0.463 0.463 0.464 0.463 0.618 154.61 0.15 

P2 0.430 0.430 0.430 0.430 0.573 143.29 0.14 

P3 0.355 0.355 0.355 0.355 0.471 117.80 0.12 

P4 0.357 0.357 0.358 0.357 0.474 118.59 0.12 

P5 0.297 0.298 0.298 0.298 0.393 98.31 0.10 

P6 0.354 0.354 0.354 0.354 0.470 117.46 0.12 

P7 0.300 0.300 0.300 0.300 0.396 99.11 0.10 

F1 0.50 0.719 0.719 0.720 0.719 0.967 483.25 0.48 

F2 0.50 0.685 0.685 0.685 0.685 0.919 459.57 0.46 

F3 0.50 0.725 0.725 0.725 0.725 0.974 486.87 0.49 

F4 0.25 0.496 0.497 0.497 0.497 0.665 664.62 0.66 

F5 0.25 0.416 0.416 0.416 0.416 0.554 553.94 0.55 

F6 0.25 0.388 0.389 0.389 0.389 0.517 517.46 0.52 

F7 0.50 0.646 0.646 0.646 0.646 0.866 433.18 0.43 
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W1 0.597 0.597 0.596 0.597 0.800 199.93 0.20 

W2 0.365 0.364 0.364 0.364 0.484 120.97 0.12 

W3 0.370 0.370 0.370 0.370 0.492 122.89 0.12 

W4 0.392 0.392 0.392 0.392 0.521 130.37 0.13 

W5 0.074 0.074 0.074 0.074 0.089 22.30 0.02 

W6 0.126 0.126 0.125 0.126 0.159 39.86 0.04 

W7 0.248 0.248 0.249 0.248 0.326 81 .55 0.08 

P1 0.404 0.404 0.405 0.404 0.538 134.56 0.13 

P2 0.361 0.361 0.361 0.361 0.479 119.84 0.12 

P3 0.349 0.349 0.349 0.349 0.463 115.76 0.12 

P4 0.308 0.308 0.308 0.308 0.407 101.82 0.10 

P5 0.311 0.311 0.311 0.311 0.411 102.84 0.10 

P6 0.363 0.363 0.362 0.363 0.482 120.40 0.12 

P7 0.350 0.349 0.349 0.349 0.463 115.87 0.12 

F1 0.50 0.618 0.618 0.617 0.618 0.828 414.15 0.41 

F2 0.50 0.557 0.557 0.557 0.557 0.745 372.68 0.37 

F3 0.50 0.645 0.646 0.646 0.646 0.866 433.18 0.43 

F4 0.25 0.485 0.485 0.485 0.485 0.648 647.62 0.65 

F5 0.25 0.393 0.393 0.392 0.393 0.523 523.24 0.52 

F6 0.25 0.382 0.382 0.382 0.382 0.508 507.60 0.51 

F7 0.50 0.649 0.649 0.648 0.649 0.871 435.33 0.44 



144 

W1 0.630 0.630 0.630 0.630 0.845 211 .26 0.21 

W2 0.417 0.418 0.419 0.418 0.557 139.21 0.14 

W3 0.424 0.422 0.423 0.423 0.564 140.91 0.14 

W4 0.368 0.368 0.368 0.368 0.489 122.21 0.12 

W5 0.049 0.049 0.049 0.049 0.055 13.80 0.01 

W6 0.073 0.074 0.074 0.074 0.089 22.19 0.02 

W7 0.085 0.086 0.085 0.085 0.105 26.15 0.03 

P1 0.366 0.366 0.366 0.366 0.486 121.54 0.12 

P2 0.334 0.333 0.333 0.333 0.442 110.43 0.11 

P3 0.345 0.345 0.345 0.345 0.458 114.40 0.11 

P4 0.261 0.261 0.261 0.261 0.343 85.85 0.09 

P5 0.351 0.350 0.350 0.350 0.465 116.21 0.12 

P6 0.364 0.364 0.364 0.364 0.483 120.86 0.12 

P7 0.377 0.377 0.378 0.377 0.502 125.39 0.13 

F1 0.50 0.552 0.552 0.552 0.552 0.739 369.29 0.37 

F2 0.50 0.448 0.448 0.447 0.448 0.597 298.48 0.30 

F3 0.50 0.563 0.563 0.563 0.563 0.754 377.10 0.38 

F4 0.25 0.472 . 0.473 0.473 0.473 0.632 631 .76 0.63 

F5 0.25 0.392 0.392 0.392 0.392 0.521 521.31 0.52 

F6 0.25 0.371 0.372 0.372 0.372 0.494 494.24 0.49 

F7 0.50 0.651 0.651 0.651 0.651 0.874 436.80 0.44 
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W1 0.597 · 0.597 0.598 0.597 0.801 200.15 0.20 

W2 0.244 0.244 0.244 0.244 0.320 80.07 0.08 

W3 0.329 0.329 0.330 0.329 0.436 109.07 0.11 

W4 0.215 0.215 0.215 0.215 0.281 70.22 0.07 

W5 0.065 0.065 0.066 0.065 0.077 19.35 0.02 

W6 0.128 0.127 0.127 0.127 0.162 40.42 0.04 

W7 0.129 0.129 0.128 0.129 0.164 40.88 0.04 

P1 0.360 0.360 0.360 0.360 0.478 119.50 0.12 

P2 0.311 0.312 0.312 0.312 0.412 103.07 0.10 

P3 0.294 0.294 0.294 0.294 0.388 97.07 0.10 

P4 0.249 0.249 0.249 0.249 0.327 81.77 0.08 

P5 0.243 0.243 0.243 0.243 0.319 79.73 0.08 

P6 0.302 0.302 0.302 0.302 0.399 99.78 0.10 

P7 0.351 0.352 0.352 0.352 0.467 116.66 0.12 

F1 0.50 0.434 0.434 0.434 0.434 0.578 289.08 0.29 

F2 0.50 0.508 0.508 0.507 0.508 0.679 339.49 0.34 

F3 0.50 0.565 0.565 0.565 0.565 0.756 378.12 0.38 

F4 0.25 0.457 0.457 0.456 0.457 0.610 609.56 0.61 

F5 0.25 0.383 0.383 0.383 0.383 0.510 509.76 0.51 

F6 0.50 0.718 0.719 0.719 0.719 0.966 483.02 0.48 

F7 0.50 0.601 0.601 0.600 0.601 0.806 402.93 0.40 
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W1 0.554 0.554 0.555 0.554 0.742 185.54 0.19 

W2 0.077 0.077 0.077 0.077 0.093 23.32 0.02 

W3 0.280 0.280 0.280 0.280 0.369 92.31 0.09 

W4 0.066 0.066 0.066 0.066 0.078 19.58 0.02 

W5 0.075 0.075 0.075 0.075 0.091 22.64 0.02 

W6 0.210 0.210 0.210 0.210 0.274 68.52 0.07 

W7 0.188 0.187 0.187 0.187 0.243 60.82 0.06 

P1 0.356 0.356 0.356 0.356 0.473 118.14 0.12 

P2 0.292 0.292 0.292 0.292 0.386 96.39 0.10 

P3 0.221 0.221 0.222 0.221 0.289 72.37 0.07 

P4 0.235 0.235 0.235 0.235 0.308 77.01 0.08 

P5 0.147 0.148 0.148 0.148 0.189 47.33 0.05 

P6 0.252 0.251 0.252 0.252 0.331 82.68 0.08 

P7 0.272 0.271 0.271 0.271 0.357 89.36 0.09 

F1 0.50 0.388 0.389 0.389 0.389 0.518 258.95 0.26 

F2 0.50 0.543 0.543 0.543 0.543 0.726 363.06 0.36 

F3 0.50 0.619 0.619 0.618 0.619 0.830 415.17 0.42 

F4 0.25 0.456 0.456 0.455 0.456 0.609 608.65 0.61 

F5 0.50 0.700 0.700 0.699 0.700 0.940 469.99 0.47 

F6 0.50 0.702 0.702 0.702 0.702 0.943 471 .69 0.47 

F7 0.50 0.520 0.521 0.521 0.521 0.696 348.10 0.35 
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W1 0,0518 0.0515 0.0517 0.0517 0.1036 517.97 0.52 

W2 0.0416 0.0421 0.0418 0.0418 0.0839 419.39 0.42 

W3 0.0445 0.0445 0.0441 0.0444 0.0890 444.79 0.44 

W4 0.0463 0.0463 0.0461 0.0462 0.0927 463.50 0.46 

W5 0.0459 0.0454 0.0454 0.0456 0.0914 456.82 0.46 

W6 0.0450 0.0450 0.0437 0.0446 0.0894 446.79 0.45 

W7 0.0473 0.0473 0.0472 0.0473 0.0948 473.86 0.47 

P1 0.0455 0.0456 0.0456 0.0456 0.0914 456.82 0.46 

P2 0.0470 0.0473 0.0472 0.0472 0.0946 472.86 0.47 

P3 0.0509 0.0512 0.0505 0.0509 0.1020 509.95 0.51 

P4 0.0521 0.0519 0.0521 0.0520 0.1043 521 .65 0.52 

P5 0.0442 0.0450 0.0446 0.0446 0.0894 447.13 0.45 

P6 0.0421 0.0432 0.0425 0.0426 0.0854 427.08 0.43 

P7 0.0459 0.0456 0.0458 0.0458 0.0918 458.82 0.46 

F1 0.0600 0.0605 0.0601 0.0602 0.1207 603.52 0.60 

F2 0.0422 0.0423 0.0420 0.0422 0.0845 422.73 0.42 

F3 0.0454 0.0459 0.0443 0.0452 0.0906 453.14 0.45 

F4 0.0484 0.0485 0.0485 0.0485 0.0972 485.89 0.49 

F5 0.0798 0.0790 0.0795 0.0794 0.1593 796.34 0.80 

F6 0.0829 0.0831 0.0834 0.0831 0.1667 833.43 0.83 

F7 0.0844 0.0844 0.0846 0.0845 0.1694 846.80 0.85 
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W1 0.0521 0.0524 0.0520 0.0522 0.1046 522.98 0.52 

W2 0.0422 0.0420 0.0425 0.0422 0.0847 423.40 0.42 

W3 0.0447 0.0445 0.0448 0.0447 0.0896 447.80 0.45 

W4 0.0485 0.0479 0.0481 0.0482 0.0966 482.88 0.48 

W5 0.0461 0.0460 0.0465 0.0462 0.0926 463.17 0.46 

W6 0.0441 0.0445 0.0443 0.0443 0.0888 444.12 0.44 

W7 0.0477 0.0472 0.0480 0.0476 0.0955 477.54 0.48 

P1 0.0725 0.0718 0.0720 0.0721 0.1446 722.82 0.72 

P2 0.0496 0.0495 0.0492 0.0494 0.0991 495.58 0.50 

P3 0.0553 0.0557 0.0554 0.0555 0.1112 556.07 0.56 

P4 0.0560 0.0559 0.0565 0.0561 0.1126 562.75 0.56 

P5 0.0534 0.0530 0.0531 0.0532 0.1066 533.01 0.53 

P6 0.0485 0.0482 0.0479 0.0482 0.0966 483.22 0.48 

P7 0.0658 0.0655 0.0660 0.0658 0.1319 659.33 0.66 

F1 0.0731 0.0730 0.0734 0.0732 0.1467 733.52 0.73 

F2 0.0467 0.0465 0.0468 0.0467 0.0936 467.85 0.47 

F3 0.0505 0.0505 0.0505 0.0505 0.1012 506.14 0.51 

F4 0.0540 0.0547 0.0539 0.0542 0.1087 543.37 0.54 

F5 0.0593 0.0594 0.0590 0.0592 0.1188 593.83 0.59 

F6 0.0624 0.0630 0.0625 0.0626 0.1256 627.92 0.63 

F7 0.0655 0.0658 0.0651 0.0655 0.1313 656.32 0.66 
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W1 0.0535 0.0534 0.0536 0.0535 0.1073 536.35 0.54 

W2 0.0425 0.0429 0.0428 0.0427 0.0857 428.41 0.43 

W3 0.0450 0.0451 0.0452 0.0451 0.0904 452.14 0.45 

W4 0.0504 0.0496 0.0503 0.0501 0.1005 502.27 0.50 

W5 0.0463 0.0468 0.0468 0.0466 0.0935 467.51 0.47 

W6 0.0434 0.0437 0.0437 0.0436 0.0874 437.10 0.44 

W7 0.0484 0.0485 0.0489 0.0486 0.0974 487.23 0.49 

P1 0.1018 0.1019 0.1025 0.1021 0.2046 1023.25 1.02 

P2 0.0509 0.0510 0.0512 0.0510 0.1023 511 .62 0.51 

P3 0.0618 0.0615 0.0616 0.0616 0.1236 617.89 0.62 

P4 0.0607 0.0611 0.0614 0.0611 0.1224 612.21 0.61 

P5 0.0604 0.0603 0.0609 0.0605 0.1214 606.86 0.61 

P6 0.0501 0.0504 0.0500 0.0502 0.1006 502.93 0.50 

P7 0.0880 0.0879 0.0884 0.0881 0.1766 883.23 0.88 

F1 0.0904 0.0919 0.0905 0.0909 0.1823 911 .63 0.91 

F2 0.0481 0.0499 0.0478 0.0486 0.0974 487.23 0.49 

F3 0.0548 0.0553 0.0545 0.0549 0.1100 550.05 0.55 

F4 0.0612 0.0618 0.0611 0.0614 0.1230 615.22 0.62 

F5 0.0444 0.0447 0.0444 0.0445 0.0892 446.12 0.45 

F6 0.0425 0.0425 0.0425 0.0425 0.0852 426.07 0.43 

F7 0.0497 0.0492 0.0495 0.0495 0.0992 495.92 0.50 



151 

W1 0.0658 0.0657 0.0658 0.0658 0.1319 659.33 0.66 

W2 0.0560 0.0561 0.0561 0.0561 0.1 124 562.05 0.56 

W3 0.0583 0.0582 0.0581 0.0582 0.1167 583.47 0.58 

W4 0.0602 0.0602 0.0602 0.0602 0.1207 603.39 0.60 

W5 0.0484 0.0483 0.0483 0.0483 0.0969 484.52 0.48 

W6 0.0476 0.0476 0.0476 0.0476 0.0954 477.20 0.48 

W7 0.0505 0.0505 0.0505 0.0505 0.1012 506.01 0.51 

P1 0.0843 0.0842 0.0842 0.0842 0.1689 844.26 0.84 

P2 0.0519 0.0517 0.0518 0.0518 0.1038 519.14 0.52 

P3 0.0549 0.0550 0.0550 0.0549 0.1102 550.79 0.55 

P4 0.0561 0.0562 0.0561 0.0561 0.1125 562.68 0.56 

P5 0.0533 0.0534 0.0533 0.0533 0.1069 534.65 0.53 

P6 0.0508 0.0508 0.0507 0.0508 0.1018 508.85 0.51 

P7 0.0635 0.0635 0.0636 0.0635 0.1274 636.84 0.64 

F1 0.0925 0.0925 0.0924 0.0925 0.1854 926.94 0.93 

F2 0.0736 0.0736 0.0737 0.0736 0.1476 738.23 0.74 

F3 0.0750 0.0751 0.0751 0.0751 0.1505 752.56 0.75 

F4 0.0761 0.0762 0.0761 0.0761 0.1527 763.32 0.76 

F5 0.0684 0.0684 0.0683 0.0683 0.1370 685.19 0.69 

F6 0.0673 0.0673 0.0672 0.0672 0.1348 674.13 0.67 

F7 0.0704 0.0705 0.0704 0.0704 0.1412 706.15 0.71 
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W1 0.0813 0.0821 0.0818 0.0817 0.1639 819.40 0.82 

W2 0.0694 0.0695 0.0693 0.0694 0.1392 695.75 0.70 

W3 0.0710 0.0720 0.0712 0.0714 0.1432 715.80 0.72 

W4 0.0730 0.0731 0.0737 0.0733 0.1469 734.52 0.73 

W5 0.0496 0.0490 0.0492 0.0493 0.0988 493.91 0.49 

W6 0.0485 0.0482 0.0485 0.0484 0.0970 485.22 0.49 

W7 0.0502 0.0499 0.0501 0.0501 0.1004 501 .93 0.50 

P1 0.0600 0.0599 0.0596 0.0598 0.1200 599.84 0.60 

P2 0.0507 0.0503 0.0504 0.0505 0.1012 505.94 0.51 

P3 0.0521 0.0524 0.0521 0.0522 0.1047 523.32 0.52 

P4 0.0558 0.0556 0.0562 0.0559 0.1120 560.08 0.56 

P5 0.0499 0.0501 0.0495 0.0498 0.0999 499.59 0.50 

P6 0.0492 0.0495 0.0495 0.0494 0.0990 495.25 0.50 

P7 0.0510 0.0509 0.0507 0.0509 0.1020 509.95 0.51 

F1 0.1069 0.1067 0.1068 0.1068 0.2141 1070.70 1.07 

F2 0.0920 0.0918 0.0925 0.0921 0.1847 923.33 0.92 

F3 0.0954 0.0956 0.0957 0.0956 0.1916 958.08 0.96 

F4 0.0969 0.0965 0.0964 0.0966 0.1937 968.44 0.97 

F5 0.0915 0.0912 0.0910 0.0912 0.1829 914.64 0.91 

F6 0.0901 0.0907 0.0905 0.0904 0.1813 906.62 0.91 

F7 0.0938 0.0934 0.0934 0.0935 0.1875 937.70 0.94 
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W1 4.149 4 .008 3.874 4.010 0.39 10.23 

W2 3.475 3.471 3.270 3.405 0.41 8.39 

W3 3.795 3.361 3.765 3.640 0.45 8.13 

W4 4.034 3.912 4.266 4.071 0.57 7.20 

W5 3.123 2.958 2.576 2.886 0.39 7.41 

W6 2.223 2.156 2.240 2.206 0.43 5.12 

W7 2.541 2.465 2.713 2.573 0.52 4.94 

P1 5.374 5.382 5.413 5.390 0.23 23.76 

P2 4.639 4.556 4.582 4.592 0.18 25.23 

P3 4.661 4.445 4.385 4.497 0.21 21 .13 

P4 4.027 4.040 4.055 4.041 0.29 14.01 

P5 2.923 2.945 2.909 2.926 0.15 19.35 

P6 3.276 3.454 3.368 3.366 0.24 14.14 

P7 3.986 3.997 4.250 4.078 0.34 11.94 

F1 7.244 7.300 7.306 7.283 0.50 14.61 

F? 5.870 5.909 5.804 5.861 0.46 12.61 

F3 5.001 4.837 4.841 4.893 0.48 10.10 

F4 4.978 4.867 4.960 4.935 0.53 9.38 

F5 4.227 4.000 4.216 4.148 0.45 9.32 

F6 3.628 .3.656 3.268 3.517 0.53 6.68 

F7 3.694 3.682 3.416 3.597 0.55 6.55 
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W1 3.941 3.980 3.978 3.966 0.39 10.12 

W2 3.197 3.203 3.204 3.201 0.41 7.89 

W3 3.485 3.463 3.467 3.472 0.45 7.75 

W4 3.850 3.849 3.862 3.854 0.57 6.81 

W5 2.612 2.635 2.603 2.617 0.39 6.72 

W6 2.115 2.143 2.167 2.142 0.43 4.97 

W7 2.354 2.335 2.320 2.336 0.52 4.49 

P1 4.839 4.865 4.828 4.844 0.23 21.36 

P2 4.261 4.250 4.241 4.251 0.18 23.36 

P3 3.952 3.917 3.929 3.933 0.21 18.48 

P4 3.661 3.847 3.795 3.768 0.29 13.06 

P5 2.723 2.745 2.709 2.726 0.15 18.03 

P6 2.778 2.768 2.735 2.760 0.24 11 .60 

P7 3.497 3.506 3.490 3.498 0.34 10.24 

F1 6.520 6.513 6.544 6.526 0.50 13.09 

F2 5.100 5.125 5.116 5.114 0.46 11 .00 

F3 4.715 4.709 4.721 4.715 0.48 9.73 

F4 4.779 4.764 4.780 4.774 0.53 9.07 

F5 3.875 3.873 3.875 3.874 0.45 8.70 

F6 3.462 3.456 3.470 3.463 0.53 6.58 

F7 3.510 3.507 3.518 3.512 0.55 6.40 
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W1 3.884 3.867 3.743 3.831 1.07 3.57 

W2 2.955 3.069 3.024 3.016 . 0.42 7.26 

W3 3.213 3.263 3.171 3.216 0.48 6.76 

W4 3.651 3.547 3.622 3.607 0.61 5.90 

W5 2.477 2.364 2.450 2.430 0.14 17.36 

W6 2.025 2.051 2.044 2.040 0.20 10.17 

W7 2.160 2.192 2.155 2.169 0.22 " 9.68 

P1 4.592 4.517 4.494 4.534 0.39 11 .71 

P2 3.541 3.533 3.520 3.531 0.15 23.65 

P3 3.603 3.596 3.611 3.603 0.21 17.55 

P4 3.395 3.408 3.402 3.402 0.25 13.75 

P5 2.254 2.296 2.195 2.248 0.23 9.64 

P6 2.496 2.467 2.371 2.445 0.28 8.73 

P7 2.940 2.992 2.899 2.944 0.32 9.28 

F1 6.070 6.033 6.047 6.050 1.49 4.06 

F2 3.548 3.516 3.524 3.529 0.17 20.44 

F3 4.613 4.662 4.730 4.668 0.41 11.37 

F4 4.498 4.509 4.515 4.507 0.49 9.20 

F5 3.722 3.750 3.761 3.744 0.70 5.31 

F6 3.360 3.385 3.362 3.369 0.76 4.46 

F7 3.394 3.408 3.405 3.402 0.80 4.24 
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W1 3.790 3.795 3.786 3.790 1.07 3.53 

W2 2.985 2.970 2.982 2.979 0.42 7.17 

W3 3.164 3.159 3.160 3.161 0.48 6.64 

W4 3.428 3.415 3.425 3.423 0.61 5.60 

W5 2.233 2.240 2.215 2.229 0.14 15.92 

W6 1.996 2.011 1.990 1.999 0.20 9.96 

W7 2.035 2.086 2.117 2.079 0.22 9.28 

P1 4.357 4.322 4.350 4.343 0.39 11.21 

P2 3.114 3.126 3.128 3.123 0.15 20.91 

P3 3.471 3.418 3.391 3.427 0.21 16.69 

P4 3.159 3.203 3.124 3.162 0.25 12.78 

P5 2.063 2.015 2.010 2.029 0.23 8.70 

P6 2.235 2.242 2.215 2.231 0.28 7.97 

P7 2.517 2.601 2.580 2.566 0.32 8.09 

F1 5.506 5.505 5.510 5.507 1.49 3.70 

F2 3.384 3.380 3.405 3.390 0.17 19.63 

F3 4.431 4.430 4.428 4.430 0.41 10.79 

F4 4.229 4.230 4.230 4.230 0.49 8.63 

F5 3.585 3.591 3.589 3.588 0.70 5.09 

F6 3.302 3.295 3.297 3.298 0.76 4.36 

F7 3.288 3.286 3.285 3.286 0.80 4.09 
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W1 3.690 4.107 3.743 3.847 1.07 3.58 

W2 2.867 3.118 2.905 2.963 0.42 7.13 

W3 3.031 3.263 3.058 3.117 0.48 6.55 

W4 3.213 3.614 3.258 3.362 0.61 5.50 

W5 1.830 2.046 1.852 1.909 0.14 13.64 

W6 1.852 2.164 1.884 1.967 0.20 9.80 

W7 1.576 1.864 1.604 1.681 0.22 7.51 

P1 3.745 4.039 3.740 3.841 0.39 9.92 

P2 2.965 3.238 2.983 3.062 0.15 20.50 

P3 3.003 3.131 3.023 3.052 0.21 14.87 

P4 3.198 3.217 3.230 3.215 0.25 13.00 

P5 1.544 1.697 1.595 1.612 0.23 6.91 

P6 1.699 1.760 1.711 1.723 0.28 6.15 

P7 2.084 2.021 1.994 2.033 0.32 6.41 

F1 5.047 5.003 5.065 5.038 1.49 3.38 

F2 2.942 2.892 2.962 2.932 0.17 16.98 

F3 4.314 4.362 4.337 4.338 0.41 10.56 

F4 4.007 4.024 4.028 4.020 0.49 8.20 

F5 3.617 3.645 3.510 3.591 0.70 5.10 

F6 3.202 3.130 3.267 3.200 0.76 4.23 

F7 3.247 3.245 3.148 3.213 0.80 4.00 
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W1 3.10 3.10 3.10 3.10 

W2 3.70 3.70 3.70 3.70 

W3 4.10 4.10 4.15 4.12 

W4 4.30 4.30 4.30 4.30 

W5 5.30 5.30 5.30 5.30 

W6 6.00 6.05 6.00 6.02 

W7 6.40 6.40 6.40 6.40 

P1 4.00 4.05 4.00 4.02 

P2 1.80 1.80 1.80 1.80 

P3 4.40 4.40 4.40 4.40 

P4 2.30 2.30 2.30 2.30 

P5 4.30 4.30 4.30 4.30 

P6 1.20 1.10 1.10 1.13 

P7 3.20 3.20 3.20 3.20 

F1 0.95 1.00 1.00 0.98 

F2 1.10 1.10 1.10 1.10 

F3 4.00 4.00 4.00 4.00 

F4 4.10 4.10 4.10 4.10 

F5 10.90 10.90 10.90 ·10.90 

F6 9.50 9.50 9.50 9.50 

F7 9.80 9.80 9.80 9.80 
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W1 1.70 1.70 1.70 1.70 

W2 1.50 1.55 1.50 . 1.52 

W3 1.50 1.50 1.50 1.50 

W4 2.00 2.00 2.05 2.02 

W5 1.90 1.90 1.90 1.£0 

W6 1.20 1.20 1.20 1.20 

W7 0.80 0.80 0.80 0.80 

P1 4.70 4.70 4.75 4.72 

P2 4.60 4.60 4.60 4.60 

P3 4.10 4.10 4.10 4.10 

P4 4.90 4.90 4.90 4.90 

P5 4.80 4.80 4.80 4.80 

P6 5.30 5.30 5.30 5.30 

P7 6.10 6.10 6.10 6.10 

F1 1.00 1.00 1.00 1.00 

F2 1.10 1.10 1.10 1.10 

F3 2.30 2.30 2.30 2.30 

F4 '0.60 0.60 0.60 0.60 

F5 1.00 1.05 1.05 1.03 

F6 0.40 0.40 0.40 0.40 

F7 0.50 0.50 0.50 0.50 
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W2 5.70 5.70 5.70 5.70 

W3 6.30 6.30 6.25 6.28 

W4 6.00 6.00 6.00 6.00 

W5 12.50 12.45 12.50 12.48 

W6 14.30 14.30 14.30 14.30 

W7 14.35 14.30 14.30 14.32 

P1 3.10 3.10 3.10 3.10 

P2 2.60 2.60 2.60 2.60 

P3 2.50 2.55 2.50 2.52 

P4 2.30 2.30 2.30 2.30 

P5 2.20 2.20 2.20 2.20 

P6 1.80 1.80 1.80 1.80 

P7 1.80 1.80 1.70 1.77 

F1 1.20 1.20 1.20 1.20 

F2 0.30 0.30 0.30 0.30 

F3 0.20 0.10 0.10 0.13 

F4 0.60 0.60 0.60 0.60 

F5 1.30 1.30 1.30 1.30 

F6 0.60 0.60 0.60 0.60 

F7 0.50 0.50 0.50 0.50 
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W1 0.70 0.70 0.70 0.70 

W2 1.50 1.50 1.50 1.50 

W3 2.00 2.05 2.00 2.02 

W4 2.30 2.30 2.30 2.30 

W5 7.90 7.90 7.90 7.90 

W6 8.70 8.70 8.70 8.70 

W7 6.70 6.70 6.75 6.72 

P1 5.70 5.70 5.70 5.70 

P2 3.50 3.50 3.50 3.50 

P3 3.50 3.50 3.60 3.53 

P4 3.70 3.70 3.70 3.70 

P5 3.60 3.60 3.60 3.60 

P6 4.10 4.15 4.10 4.12 

P7 4.70 4.70 4.70 4.70 

F1 8.50 8.50 8.50 8.50 

F2 7.70 7.70 7.70 7.70 

F3 5.40 5.40 5.40 5.40 

F4 5.80 5.80 5.80 5.80 

F5 5.70 5.70 5.70 5.70 

F6 6.00 6.05 6.00 6.02 

F7 6.20 6.20 6.20 6.20 
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W1 3.40 3.40 3.40 3.40 

W2 5.70 5.70 5.70 5.70 

W3 6.30 6.30 6.30 6.30 

W4 6.00 6.00 6.05 6.02 

W5 12.50 12.50 12.50 12.50 

W6 14.30 14.30 14.30 14.30 

W7 .14.30 14.40 14.30 14.33 

P1 8.50 8.50 8.50 8.50 

P2 4.30 4.30 4.30 4.30 

P3 4.70 4.70 4.65 4.68 

P4 6.60 6.60 6.60 6.60 

P5 7.80 7.80 7.80 . 7.80 

P6 8.60 8.60 8.60 8.60 

P7 10.00 10.10 10.00 10.03 

F1 16.20 16.20 16.20 16.20 

F2 14.20 14.20 14.20 14.20 

F3 13.50 13.55 13.50 13.52 

F4 11 .10 11.10 11 .10 11 .10 

F5 9.60 9.60 9.60 9.60 

F6 10.10 10.10 10.20 10.13 

F7 12.40 12.40 12.40 12.40 
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1 2.2 100 

2 2.2 100 
Blank 2.17 100 100.00 

3 2.3 100 

4 2.0 100 

2.2 100 

2 2.0 100 
W1 2.12 100 . 97.81 

3 2.2 100 

4 2.0 100 

1.6 100 

2 1.9 100 
W2 1.79 100 82.58 

3 1.9 100 

4 1.8 100 

2.0 100 

2 1.9 100 
W3 1.99 100 91 .81 

3 2.0 100 

4 2.0 100 

2.0 100 

2 2.1 100 
W4 2.04 100 94.12 

3 2.1 100 

4 2.0 100 

2.1 100 

2 2.4 100 
W5 2.26 100 104.04 

3 2.1 100 

4 2.4 100 

1 1.8 100 

2 2.6 100 
W6 2.22 100 102.54 

3 2.2 100 

4 2.3 100 

1.7 100 

2 1.9 100 
W7 1.84 100 84.66 

3 1.8 100 

4 1.9 100 
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2.4 100 

2 2.2 100 
P1 2.30 100 106.11 

3 2.3 100 

4 2.3 100 

1.3 100 

2 2.3 100 
P2 1.82 100 83.74 

3 1.9 100 

4 1.8 100 

2.6 100 

2 2.2 100 
P3 2.38 100 109.80 

3 2.4 100 

4 2.4 100 

2.3 100 

2 2.6 100 
P4 2.42 100 111 .65 

3 2.5 100 

4 2.3 100 

1.8 100 

2 2.5 100 
P5 2.14 100 98.50 

3 2.1 100 

4 2.2 100 
• • 2.3 100 

2 3.1 100 
P6 2.68 100 123.41 

3 2.5 100 

4 2.9 100 

2.9 100 

2 2.5 100 
P7 2.66 100 122.49 

3 2.7 100 

4 2.6 100 
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1 2.3 100 

2 2.4 100 
F1 2.32 100 106.81 

3 2.3 100 

4 2.3 100 

1 1.8 100 

2 1.8 100 
F2 1.80 100 82.81 

3 1.9 100 

4 1.7 100 

2.2 100 

2 1.7 100 
F3 1.86 100 85.81 

3 1.6 100 

4 2.0 100 

2.8 100 

2 2.7 100 
F4 2.59 100 119.49 

3 2.4 100 

4 2.5 100 

2.1 100 

2 3.0 100 
F5 2.55 100 117.42 

3 2.3 100 

4 2.7 100 

2.1 100 

2 2.8 100 
F6 2.43 100 111.88 

3 2.2 100 

4 2.6 100 

2.2 100 

2 2.2 100 
F7 2.19 100 100.81 

3 2.2 100 

4 2.2 100 
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1 3.3 100 

2 3.0 100 
Blank 3.13 100 100.00 

3 3.1 100 

4 3.1 100 

3.0 100 

2 2.9 100 
W1 3.07 100 98.08 

3 3.1 100 

4 3.3 100 

2.4 100 

2 2.7 100 
W2 2.60 100 83.20 

3 2.7 100 

4 2.5 100 

2.6 100 

2 3.0 100 
W3 2.89 100 92.32 

3 2.9 100 

4 3.1 100 

3.1 100 

2 3.1 100 
W4 2.98 100 95.28 

3 3.1 100 

4 2.6 100 

3.3 100 

2 3.2 100 
W5 3.25 100 103.92 

3 3.4 100 

4 3.0 100 

3.2 100 

2 3.1 100 
W6 3.20 100 102.40 

3 3.3 100 

4 3.2 100 

2.7 100 

2 2.8 100 
W7 2.68 100 85.76 

3 2.4 100 

4 2.8 100 
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3.5 100 

2 3.2 100 
P1 3.35 100 107.28 

3 3.2 100 

4 3.6 100 

1 2.3 100 

2 2.9 100 
P2 2.65 100 84.64 

3 2.7 100 

4 2.7 100 

3.2 100 

2 3.4 100 
P3 3.44 100 110.16 

3 3.6 100 

4 3.6 100 

3.5 100 

2 3.6 100 
P4 3.53 100 112.88 

3 3.7 100 

4 3.4 100 

3.6 100 

2 3.1 100 
P5 3.11 100 99.36 

3 2.8 100 

4 3.0 100 

3.7 100 

2 4.0 100 
P6 3.90 100 124.80 

3 3.9 100 

4 4.1 100 

4.0 100 

2 4.0 100 
P7 3.89 100 124.48 

3 3.8 100 

4 3.8 100 
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1 3.4 100 

2 3.2 100 
F1 3.39 100 108.48 

3 3.6 100 

4 3.4 100 

2.6 100 

2 2.6 100 
F2 2.64 100 84.48 

3 2.6 100 

4 2.7 100 

1 2.5 100 

2 2.9 100 
F3 2.73 100 87.36 

3 2.7 100 

4 2.8 100 

1 3.7 100 

2 3.9 100 
F4 3.82 100 122.32 

3 3.7 100 

4 4.0 100 

3.6 100 

2 3.7 100 
F5 3.74 100 119.60 

3 3.8 100 

4 3.8 100 

1 3.6 100 

2 3.5 100 
F6 3.59 100 114.80 

3 3.5 100 

4 3.8 100 

3.2 100 

2 3.1 100 
F7 3.24 100 103.60 

3 3.2 100 

4 3.4 100 
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1 2.7 100 

2 3.0 100 
Blank 2.79 100 100.00 

3 2.6 100 

4 2.8 100 

1 2.8 100 

2 2.6 100 
W1 2.76 100 98.92 

3 2.9 100 

4 2.8 100 

1 2.4 100 

2 2.6 100 
W2 2.36 100 84.74 

3 2.3 100 

4 2.2 100 

2.6 100 

2 2.6 100 
W3 2.62 100 93.90 

3 2.7 100 

4 2.5 100 

1 2.7 100 

2 2.6 100 
W4 2.67 100 95.78 

3 2.8 100 

4 2.6 100 

2.9 100 

2 2.9 100 
W5 2.92 100 104.67 

3 2.9 100 

4 2.9 100 

1 2.8 100 

2 2.9 100 
W6 2.89 100 103.68 

3 3.0 100 

4 2.9 100 

2.3 100 

2 2.5 100 
W7 2.43 100 87.16 

3 2.5 100 

4 2.4 100 
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1 2.8 100 

2 3.3 100 
P1 3.01 100 108.17 

3 3.0 100 

4 2.9 100 

1 2.6 100 

2 2.1 100 
P2 2.38 100 85.46 

:3 2.4 100 

4 2.4 100 

1 2.8 100 

2 3.0 100 
P3 3.10 100 111.40 

3 3.5 100 

4 3.1 100 

1 3.1 100 

2 3.3 100 
P4 3.18 100 114.18 

3 3.0 100 

4 3.4 100 

2.8 100 

2 2.7 100 
P5 2.84 100 101.80 

3 3.1 100 

4 2.8 100 

1 3.3 100 

2 3.7 100 
P6 3.50 100 125.58 

3 3.2 100 

4 3.9 100 

3.5 100 

2 3.5 100 
P7 3.52 100 126.30 

3 3.5 100 

4 3.6 100 
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1 3.2 100 

2 2.9 100 
F1 3.06 100 109.78 

3 2.8 100 

4 3.4 100 

1 2.1 100 

2 2.6 100 
F2 2.39 100 85.91 

3 2.2 100 

4 2.6 100 

2.1 100 

2 2.8 100 
F3 2.50 100 89.68 

3 2.4 100 

4 2.7 100 

1 3.5 100 

2 3.4 100 
F4 3.48 100 124.78 

3 3.4 100 

4 3.5 100 

1 3.3 100 

2 3.4 100 
F5 3.41 100 122.26 

3 3.6 100 

4 3.4 100 

1 3.3 100 

2 2.9 100 
F6 3.25 100 116.52 

3 3.7 100 

4 3.2 100 

1 2.9 100 

2 2.9 100 
F7 2.96 100 106.10 

3 2.8 100 

4 3.2 100 
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1 2.2 100 

2 2.3 100 
Blank 2.20 100 100.00 

3 2.1 100 

4 2.2 100 

2.2 100 

2 2.1 100 
W1 2.19 100 99.66 

3 2.3 100 

4 2.1 100 

1.8 100 

2 1.9 100 
W2 1.87 100 84.87 

3 2.0 100 

4 1.8 100 

2.2 100 

2 2.1 100 
W3 2.07 100 94.20 

3 2.1 100 

4 2.0 100 

1 2.0 100 

2 2.3 100 
W4 2.12 100 96.36 

3 2.1 100 

4 2.1 100 

1 2.2 100 

2 2.4 100 
W5 2.31 100 105.23 

3 2.2 100 

4 2.4 100 

1 2.1 100 

2 2.6 100 
W6 2.31 100 105.12 

3 2.2 100 

4 2.3 100 

1 1.8 100 

2 2.1 100 
W7 1.95 100 88.62 

3 2.0 100 

4 2.0 100 
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1 2.6 100 

2 2.3 100 
P1 2.40 100 109.33 

3 2.4 100 

4 2.3 100 

1 1.7 100 

2 2.3 100 
P2 1.91 100 86.69 

3 1.9 100 

4 1.8 100 

2.6 100 

2 2.3 100 
P3 2.49 100 113.31 

3 2.3 100 

4 2.7 100 

1 2.7 100 

2 2.6 100 
P4 2.56 100 116.27 

3 2.5 100 

4 2.4 100 

2.1 100 

2 2.4 100 
P5 2.25 100 102.50 

3 2.1 100 

4 2.4 100 

2.6 100 

2 3.1 100 
P6 2.78 100 126.39 

3 2.6 100 

4 2.9 100 

1 3.2 100 

2 2.7 100 
P7 2.83 100 128.78 

3 2.8 100 

4 2.7 100 
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2.3 100 

2 2.5 100 
F1 2.45 100 111.60 

3 2.3 100 

4 2.7 100 

1.8 100 

2 2.3 100 
F2 1.94 100 88.05 

3 1.9 100 

4 1.8 100 

1 2.2 100 

2 1.8 100 
F3 2.03 100 92.49 

3 2.2 100 

4 2.0 100 

1 2.9 100 

2 2.7 100 
F4 2.77 100 126.05 

3 2.8 100 

4 2.7 100 

2.7 100 

2 3.0 100 
F5 2.77 100 125.82 

3 2.6 100 

4 2.8 100 

2.6 100 

2 2.8 100 
F6 2.62 100 119.31 

3 2.4 100 

4 2.7 100 

2.4 100 

2 2.3 100 
F7 2.39 100 108.87 

3 2.4 100 

4 2.4 100 
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2 2.9 100 
Blank 3.16 100 100.00 

3 3.2 100 

4 3.2 100 

1 3.2 100 

2 3.0 100 
W1 3.20 100 101.27 

3 3.3 100 

4 3.2 100 

1 2.8 100 

2 2.7 100 
W2 2.69 100 85.19 

3 2.6 100 

4 2.7 100 

3.2 100 

2 2.8 100 
W3 3.04 100 96.12 

3 3.0 100 

4 3.1 100 

2.9 100 

2 3.3 100 
W4 3.08 100 97.62 

3 3.0 100 

4 3.1 100 

3.2 100 

2 3.6 100 
W5 3.39 100 107.28 

3 3.3 100 

4 3.5 100 

3.3 100 

2 3.5 100 
W6 3.36 100 106.49 

3 3.2 100 

4 3.4 100 

2.7 100 

2 2.9 100 
W7 2.82 100 89.39 

3 2.8 100 

4 2.9 100 
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3.7 100 

2 3.4 100 
P1 3.50 100 110.77 

3 3.5 100 

4 3.4 100 

1 2.5 100 

2 3.0 100 
P2 2.78 100 88.12 

3 2.9 100 

4 2.8 100 

3.8 100 

2 3.5 100 
P3 3.59 100 113.54 

3 3.4 100 

4 3.6 100 

3.6 100 

2 3.8 100 
P4 3.74 100 118.53 

3 4.0 100 

4 3.6 100 

3.1 100 

2 3.4 100 
P5 3.26 100 103.17 

3 3.3 100 

4 3.2 100 

1 4.0 100 

2 4.2 100 
P6 4.07 100 128.87 

3 3.9 100 

4 4.2 100 

1 4.3 100 

2 4.0 100 
P7 4.10 100 129.73 

3 4.2 100 

4 3.9 100 
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3.8 100 

2 3.6 100 
F1 3.55 100 112.27 

3 3.4 100 

4 3.5 100 

2.8 100 

2 2.8 100 
F2 2.84 100 89.82 

3 3.0 100 

4 2.7 100 

3.1 100 

2 3.0 100 
F3 3.00 100 95.14 

3 2.9 100 

4 3.0 100 

4.3 100 

2 4.0 100 
F4 4.09 100 129.53 

3 3.9 100 

4 4.2 100 

1 3.8 100 

2 4.3 100 
F5 4.07 100 128.74 

3 4.2 100 

4 3.9 100 

3.8 100 

2 4.1 100 
F6 3.88 100 122.72 

3 3.7 100 

4 3.9 100 

3.5 100 

2 3.7 100 
F7 3.47 100 109.74 

3 3.4 100 

4 3.3 100 
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Blank 3.16 100 100 

1:100 3.76 100 119.00 

1:250 8 .93 100 282.90 

W1 1:500 4.68 100 148.30 

1:750 4.10 100 129.77 

1:1000 3.61 100 114.33 

1:100 3.96 100 125.34 

1:250 9.19 100 290.97 

W2 1:500 5.57 100 176.48 

1:750 4.36 100 137.93 

1 :1000 3.28 100 103.72 

1:100 3.72 100 117.74 

1:250 8.84 100 279.81 

W3 1:500 5.23 100 165.56 

1:750 4.83 100 152.81 

1:1000 3.46 100 109.58 

1:100 3.40 100 107.68 

1:250 8.08 100 255.74 

W4 1:500 5.14 100 162.63 

1:750 4.69 100 148.54 

1:1000 3.67 100 116.31 

1:100 3.37 100 106.73 

1:250 8.55 100 270.63 

W5 1:500 4.49 100 142.28 

1:750 4.22 100 133.65 

1:1000 3.51 100 111 .01 
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1:100 3.23 100 102.30 

1:250 8.01 100 253.76 

W6 1:500 4.31 100 13.6.58 

1:750 4.49 100 142.12 

1 :1000 3.28 100 101 .21 

1:100 3.18 100 100.63 

1:250 8.49 100 268.88 

W7 1:500 4.18 100 132.38 

1:750 4.25 100 134.52 

1:1000 3.21 100 101 .66 

1:100 7.18 100 227.40 

1:250 10.08 100 319.08 

P1 1:500 5.61 100 177.59 

1:750 5.27 100 166.75 

1:1000 2.74 100 86.70 

1:100 7.10 100 224.70 

1:250 10.05 100 318.13 

P2 1:500 5.84 100 185.04 

1:750 4.54 100 143.78 

1 :1000 2.64 98 81 .52 

1:100 6.36 100 201.27 

1:250 9.81 100 310.77 

P3 1:500 5.32 100 168.49 

1:750 5.07 100 160.49 

1:1000 2.99 100 94.62 

1:100 6.08 100 192.64 

1:250 9.97 100 315.76 

P4 1:500 5.52 100 174.90 

1:750 4.57 100 144.73 

1:1000 2.77 100 85.46 
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1:100 6.47 100 204.91 

1:250 10.30 100 326.29 

P5 1:500 5.61 100 177.51 

1:750 4.24 100 134.36 

1:1000 3.11 100 98.57 

1:100 5.38 100 170.31 

1:250 10.24 100 324.15 

P6 1:500 5.38 100 170.47 

1:750 3.66 100 115.84 

1:1000 2.45 100 77.43 

1 :100 6.17 100 195.41 

1:250 9.98 100 315.91 

P7 1:500 5.63 100 178.23 

1:750 3.56 100 112.75 

1:1000 2.62 100 82.98 

1 :100 3.76 100 119.00 

1:250 8.93 100 282.90 

F1 1:500 4.68 100 148.30 

1:750 4.10 100 129.85 

1:1000 3.61 100 114.33 

1 :100 3.96 100 125.26 

1:250 9.19 100 290.97 

F2 1:500 5.57 100 176.48 

1:750 4.36 100 137.93 

1:1000 3.28 100 103.72 

1:100 3.72 100 117.66 

1:250 8.84 100 279.81 

F3 1:500 5.23 100 165.56 

1:750 4.83 100 152.81 

1:1000 3.46 100 109.58 
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1:100 3.40 100 107.68 

1:250 8.07 100 255.66 

F4 1:500 5.14 100 162.63 

1:750 4.69 100 148.54 

1:1000 3.67 100 116.31 

1:100 3.37 100 106.73 

1:250 8.55 100 270.63 

F5 1:500 4.49 100 142.28 

1:750 4.22 100 133.73 

1:1000 3.51 100 111.01 

1:100 3.23 100 102.30 

1:250 8.02 100 253.84 

F6 1:500 4.31 100 136.58 

1:750 4.49 100 142.12 

1:1000 3.20 100 101.19 

1:100 3.18 100 100.55 

1:250 8.49 100 268.88 

F7 1:500 4.18 100 1.32.38 

1:750 4.25 100 134.52 

1:1000 3.38 95 101.69 
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Blank 3.13 100 100.00 

1:100 3.80 100 121.44 

1:250 8.86 100 283.60 

W1 1:500 4.66 100 149.04 

1:750 4.08 100 130.48 

1 :1000 3.61 100 115.60 

1:100 3.94 100 126.08 

1:250 9.12 100 291 .68 

W2 1:500 5.55 100 177.60 

1:750 4.33 100 138.40 

1:1000 3.26 100 104.32 

1:100 3.70 100 118.40 

1:250 8.76 100 280.32 

W3 1:500 5.20 100 166.40 

1:750 4.80 100 153.44 

1:1000 3.44 100 110.00 

1:100 3.38 100 108.16 

1:250 8.01 100 256.24 

W4 1:500 5.11 100 163.60 

1:750 4.66 100 149.04 

1 :1000 3.67 100 117.44 

1:100 3.35 100 107.28 

1:250 8.48 100 271 .20 

W5 1:500 4.49 100 143.60 

1:750 4.20 100 134.48 

1:1000 3.49 100 111 .68 
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(;l1'1.:Jv1.:J-40 n1'!i'el!lj(il1!1v1j()J\!,w''U~(;l'1.'l'U~1.:J '11'Uv145 'II'el.:Jn1,,..,j'n (vl'el) 

1:100 3.24 100 103.52 

·1:250 7.94 100 254.08 

W6 1:500 4.30 100 137.60 

1:750 4.46 100 142.80 

1:1000 3.27 100 102.10 

1:100 3.18 100 101.60 

1:250 8.41 100 269.12 

W7 1:500 4.15 100 132.80 

1:750 4.22 100 135.04 

1:1000 3.19 100 102.00 

1:100 7.13 100 228.08 

1:250 10.00 100 319.92 

P1 1:500 5.57 100 178.16 

1:750 5.23 100 167.20 

1:1000 2.72 100 87.12 

1:100 7.04 100 225.20 

1:250 9.96 100 318.72 

P2 1:500 5.80 100 185.52 

1:750 4.52 100 144.48 

1:1000 2.63 100 81 .98 

1:100 6.31 100 202.00 

1:250 9 .74 100 311 .52 

P3 1:500 5.28 100 168.88 

1:750 5.04 100 161 .28 

1:1000 2.98 100 95.28 

1:100 6.05 100 193.52 

1:250 9.90 100 316.64 

P4 1:500 5.48 100 175.28 

1:750 4.54 100 145.12 

1:1000 2.76 98 86.11 
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~1'l1~;\ ~-40 n1 .. rj'!l!l~~1!1;\.JJ\! .. tuLU~IR"1~'lU6h~ 1 1U;\45 '!I'!l~n1 .. ~irn (j;}il) 

1:100 6.42 100 205.52 

1:250 10.22 100 327.12 

P5 1:500 5.57 100 178.08 

1:750 4.22 100 134.88 

1 :1000 3.10 100 99.04 

1:100 5.35 100 171 .12 

1:250 10.17 100 325.28 

P6 1:500 5.35 100 171 .20 

1:750 3.64 100 116.32 

1:1000 2.45 100 78.48 

1:100 6.13 100 196.08 

1:250 9.88 100 316.24 

P7 1:500 5.59 100 178.80 

1:750 3.55 100 113.52 

1:1000 2.62 100 83.68 

1:100 3.74 100 119.60 

1:250 8.86 100 283.44 

F1 1:500 4.65 100 148.72 

1:750 4.08 100 130.48 

1:1000 3.59 100 114.88 

1:100 3.94 100 125.92 

1:250 9.11 100 291 .60 

F2 1:500 5.54 100 177.12 

1:750 4.33 100 138.48 

1:1000 3.26 100 104.32 

1:100 3.70 100 118.18 

1:250 8.77 100 280.48 

F3 1:500 5.20 100 166.32 

1:750 4.79 100 153.28 

1:1000 3.44 100 110.16 
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j;\1rl~;I ~-40 n1'l!iil!l"'~1!l;l"'~\!'lw"''U-aj;\rlft~'U'h~ 11'U;l45 'llil~n1'l~~n (A'iI) 

1:100 3.39 100 108.40 

1:250 8.01 100 256.40 

F4 1:500 5.11 100 163.44 

1:750 4.66 100 149.20 

1:1000 3.65 100 116.88 

1:100 3.36 100 107.36 

1:250 8.49 100 271.68 

F5 1:500 4.46 100 142.80 

1:750 4.20 100 134.48 

1:1000 3.49 100 111.68 

1:100 3.21 100 102.80 

1:250 7.95 100 254.48 

F6 1:500 4.30 100 137.52 

1:750 4.46 100 142.72 

1:1000 3.18 100 101 .84 

1:100 3.17 100 101 .52 

1:250 8.42 100 269.44 

F7 1:500 4.16 100 133.04 

1:750 4.23 100 135.28 

1:1000 3.37 95 102.52 
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.",,;:~~jE~~:,ij i~~7:::~··"'~.:~~ .. . ~t1~~' ~~i'~ "" .. . ~::r~l,~·;. (f . b~:.·· . ~~ 
,', " " .,,:,.;,';': ,Ji' " .. ,~\., '" , "J', 1;1';"", {~" 

Blank - 2.79 100 100 

1 :100 3.40 100 122.08 

1:250 7.92 100 284.29 

W1 1:500 4.17 100 149.82 

1:750 3.65 100 130.88 

1:1000 3.24 100 116.16 

1:100 3.53 100 126.66 

1:250 8.14 100 292.37 

W2 1:500 4.96 100 178.19 

1:750 3.86 100 138.69 

1:1000 2.92 100 104.94 

1:100 3.32 100 119.12 

1:250 7.83 100 281 .06 

W3 1:500 4.65 100 167.06 

1:750 4.29 100 145.04 

1:1000 3.08 100 110.59 

1:100 3.03 100 108.89 

1:250 7.16 100 256.91 

W4 1:500 4.58 100 164.27 

1:750 4.17 100 149.55 

1:1000 3.30 100 118.31 

1:100 3.01 100 107.90 

1:250 7.57 100 271 .81 

W5 1:500 4.04 100 144.88 

1:750 3.77 100 135.37 

1:1000 3.13 100 112.12 
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j;J1'J1~vi ~-41 n1'Jti'il!J~in!Jvi~)J\!'JtuLUij;J'J1~1Uj;h~ '1 ,yuvi 60 "U'iI~n1'J~irn (~il) 

1:100 2.91 100 104.40 

1:250 7.12 100 255.66 

W6 1:500 3.86 100 138.42 

1:750 3.99 100 143.36 

1 :1000 2.87 100 102.87 

1:100 2.85 100 102.24 

1:250 7.54 100 270.56 

W7 1:500 3.71 100 133.12 

1:750 3.78 100 135.64 

1:1000 2.86 100 102.51 

1 :100 6.38 100 228.90 

1:250 8.93 100 320.47 

Pl 1:500 4.98 100 178.90 

1:750 4.67 100 167.77 

1:1000 2.45 100 87.79 

1:100 6.30 100 226.03 

1:250 8.90 100 319.39 

P2 1:500 5.20 100 186.62 

1:750 4.07 100 145.96 

1:1000 2.36 98 82.62 

1:100 5.65 100 202.69 

1:250 8.70 100 312.21 

P3 1:500 4.72 100 169.39 

1:750 4.51 100 161 .76 

1:1000 2.67 100 95.87 

1:100 5.41 100 194.08 

1:250 8.83 100 317.06 

P4 1:500 4.90 100 175.76 

1:750 4.06 100 145.60 

1:1000 2.48 98 86.73 
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j;l1'i1~" ~-41 n1~!i'il!J~~1!l"~~\t~cu'Ui61~1~lru~h~., -l'u;i 60 "ll'il~n1~~3l'n (~'iI) 

1:100 5.74 100 206.19 

1:250 9.13 100 327.92 

P5 1:500 4.98 100 178.82 

1:750 3.77 100 135.46 

1:1000 2.77 100 99.37 

1:100 4.78 100 171 .63 

~ :250 9.08 100 326.03 

P6 1:500 4.78 100 171.72 

1:750 3.26 100 116.88 

1:1000 2.20 100 79.08 

1:100 5.48 100 196.77 

1:250 8.82 100 316.70 

P7 1:500 4.99 100 179.26 

1:750 3.18 100 114.00 

1:1000 2.35 100 84.38 

1:100 3.35 100 120.29 

1:250 7.90 100 283.75 

F1 1:500 4.16 100 149.37 

1:750 3.65 100 131 .06 

1:1000 3.22 100 115.53 

1:100 3.53 100 126.57 

1:250 8.14 100 292.19 

F2 1:500 4.95 100 177.83 

1:750 3.88 100 139.14 

1:1000 2.92 100 104.94 

1:100 3.32 100 119.12 

1:250 7.83 100 281 .06 

F3 1:500 4.65 100 166.88 

1:750 4.29 100 153.86 

1:1000 3.09 100 110.77 
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1:100 3.03 100 108.80 

1:250 7.16 100 257.00 

F4 1:500 4.58 100 164.54 

1:750 4.17 100 149.82 

1:1000 3.27 100 117.50 

1:100 3.01 100 107.90 

1:250 7.59 100 272.44 

F5 1:500 3.99 100 143.36 

1:750 3.77 100 135.19 

1:1000 3.13 100 112.39 

1:100 2.88 100 103.32 

1:250 7.11 100 255.30 

F6 1:500 3.84 100 137.88 

1:750 4.00 100 143.54 

1 :1000 2.86 100 102.51 

1:100 2.85 100 102.42 

1:250 7.53 100 270.47 

F7 1 :50() 3.72 100 133.57 

1:750 3.79 100 136.00 

1 :1000 3.02 95 103.10 
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' .... ~. '. . .;i:!r.Zt]~:~f l''!!":'''.' . '~'_ . '" '~i.4i;;~I!J~JI6'~]\,,..;,.~~ .... .' ,.~ l;'?]i: IfI~"- ~~~lg~ . .' ;;; 

Blank - 2.20 100 100 

1:100 2.71 100 123.49 

1:250 6.26 100 284.98 

W1 1:500 3.31 100 150.40 

1:750 2.89 100 131.29 

1:1000 2.57 100 116.89 

1:100 2.80 100 127.19 

1:250 6.45 100 293.29 

W2 1:500 3.93 100 178.84 

1:750 3.06 100 139.36 

1:1000 2.31 100 105.29 

1:100 2.64 100 119.91 

1:250 6.19 100 281 .80 

W3 1:500 3.69 100 167.92 

1:750 3.41 100 155.06 

1:1000 2.44 100 111 .15 

1:100 2.41 100 109.44 

1:250 5.66 100 257.39 

W4 1:500 3.62 100 164.85 

1:750 3.30 100 150.28 

1:1000 2.63 100 119.45 

1:100 2.38 100 108.19 

1:250 5.98 100 272.01 

W5 1:500 3.20 100 145.62 

1:750 3.00 100 136.29 

1:1000 2.48 100 112.80 
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~11'Hv1 ~-42 n11!i'el!l~~1!1v111)J\!1tl.t1.U-B~11'1hU~h~, 1uv1 75 '!J'el~n11'l.urn (r;l'el) 

1:100 2.31 100 105.01 

1:250 5.63 100 256.20 

W6 1:500 3.07 100 139.48 

1:750 3.18 100 144.60 

1:1000 2.32 98 103.05 

1 :100 2.26 100 102.90 

1:250 5.97 100 271.44 

W7 1:500 2.95 100 134.36 

1:750 2.99 100 136.18 

1:1000 2.28 100 103.64 

1 :100 5.04 100 229.29 

1:250 7.06 100 321.27 

P1 1:500 3.94 100 179.41 

1:750 3.70 100 168.37 

1:1000 1.94 100 88.28 

1:100 4.98 100 226.79 

1:250 7.04 100 320.19 

P2 1:500 4.12 100 187.26 

1:750 3.22 100 146.64 

1:1000 1.87 98 83.08 

1:100 4.47 100 203.53 

1:250 6.88 100 313.28 

P3 1:500 3.73 100 169.80 

1:750 3.57 100 162.40 

1:1000 2.12 100 96.36 

1:100 4.28 100 194.77 

1:250 6.98 100 317.75 

P4 1:500 3.87 100 176.22 

1:750 3.21 100 146.19 

1:1000 1.97 98 87.30 
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. (;11'11~;I ~-42 n1'l,j'il!l.~1!1;1."'\!'ltu'U-a(;1'11.1UJ;h~ 1 -ru;l 75 'lI'il~n1'l".,rn (J;l'!l) 

1:100 4.54 100 206.71 

1:250 7.22 100 328.33 

P5 1:500 3.94 100 179.41 

1:750 2.99 100 136.01 

1 :1000 2.20 100 100.23 

1:100 3.79 100 172.47 

1:250 7.18 100 326.73 

P6 1:500 3.79 100 172.47 

1:750 2.58 100 117.18 

1 :1000 1.75 100 79.75 

1:100 4 .34 100 197.50 

1:250 6 .97 100 316.95 

P7 1:500 3.95 100 179.86 

1:750 2.52 100 114.56 

1:1000 1.87 100 84.87 

1:100 2.66 100 120.82 

1:250 6.25 100 284.19 

F1 1:500 3.30 100 149.94 

1:750 2.90 100 131.74 

1 :1000 2.55 100 116.10 

1:100 2.79 100 127.08 

1:250 6.43 100 292.72 

F2 1:500 3.92 100 178.50 

1:750 3.07 100 139.82 

1:1000 2.32 100 105.57 

1 :100 2.63 100 119.80 

1:250 6 .20 100 281.91 

F3 1:500 3.75 100 170.53 

1:750 3.39 100 154.38 

1:1000 2.45 100 111.26 



1:100 2.41 100 109.56 

1:250 5.66 100 257.57 

F4 1:500 3.63 100 165.07 

1:750 3.31 100 150.63 

1:1000 2.60 100 118.20 

1:100 2.39 100 108.53 

1:250 6.00 100 273.09 

F5 1:500 3.17 100 144.03 

1:750 2.99 100 135.84 

1:1000 2.49 100 113.08 

1:100 2.28 100 103.87 

1:250 5.62 100 255.86 

F6 1:500 3.04 100 138.40 

1:750 3.17 100 144.03 

1:1000 2.27 100 103.41 

1:100 2.26 100 102.73 

1:250 5.96 100 271 .33 

F7 1:500 2.95 100 134.30 

1:750 3.00 100 136.69 

1:1000 2.40 95 103.75 
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r' ::t. . . . r" 'n'i!"'~7 -,: \'. .ll~~.:;,"~~~;~ I'ilf>-~TC~_,j~';~~ 
:'''! I,~,._ '~:~i' , 1'1i:-~; .,., "'. , .~:, ... , ~ :;.';'~ii . .,'~ I ~;~'.a",!;" ' .. • .. 'n ' . ', .. c,"} ' . ',ii,. _ ' .' 

Blank - 3.16 100 100 

1:100 3.91 100 123.83 

1:250 9.02 100 285.67 

W1 1:500 4.77 100 151 .07 

1:750 4.17 100 131.99 

1 :1000 3.71 100 117.42 

1:100 4.04 100 127.79 

1:250 9.28 100 293.90 

W2 1:500 5.66 100 179.33 

1:750 4.42 100 139.90 

1:1000 3.34 100 105.78 

1:100 3.80 100 120.27 

1:250 8.91 100 282.19 

W3 1:500 5.31 100 168.09 

1:750 4.92 100 155.74 

1:1000 3.53 100 111 .88 

1:100 3.47 100 109.98 

1:250 8.15 100 258.04 

W4 1:500 5.23 100 165.48 

1:750 4.79 100 151 .54 

1:1000 3.79 100 119.95 

1:100 3.46 100 109.42 

1:250 8.61 100 272.53 

W5 1:500 4.62 100 146.40 

1:750 4.32 100 136.90 

1:1000 3.58 100 113.30 
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. ~11'H;I ~-43 n1nj'rl!l.il1!1;1."'\!1CU''Ui'(;l11~1'U(;h~ 1 -l'U;l90 '!I'rl~n11\11~n (~'rl) 

1:100 3.37 100 106.57 

1:250 8.11 100 256.77 

W6 1:500 4.42 100 139.90 

1:750 4.59 100 145.29 

1:1000 3.38 100 104.37 

1:100 3.27 100 103.40 

1:250 8.60 100 272.45 

W7 1:500 4.29 100 135.71 

1:750 4.32 100 136.82 

1:1000 3.29 100 104.20 

1:100 7.26 100 230.01 

1:250 10.16 100 321 .77 

P1 1:500 5.68 100 179.97 

1:750 5.33 100 168.88 

1 :1000 2.81 100 88.92 

1:100 7.18 100 227.32 

1:250 10.13 100 320.90 

P2 1:500 5.98 100 189.23 

1:750 4.65 100 147.11 

1:1000 2.71 98 83.68 

1 :100 6.45 100 204.20 

1:250 9.91 100 313.70 

P3 1:500 5.37 100 170.07 

1:750 5.14 100 162.87 

1:1000 3.06 100 96.99 

1:100 6.17 100 195.41 

1:250 10.06 100 318.53 

P4 1:500 5.59 100 176.88 

1:750 4.63 100 146.71 

1:1000 2.85 98 87.93 
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~1~'HI;l ~-43 n1~!i'el!l~'il1!1;l~)J\!~cu1.u-aj;l~'lhu(;h~ 1 1u;l90 "JI'el~n1~'\.Urn (~'el) 

1:100 6.55 100 207.28 

1:250 10.39 100 328.98 

P5 1:500 5.68 100 179.81 

1:750 4.31 100 136.50 

1:1000 3.18 100 100.79 

1:100 5.47 100 173.24 

1:250 10.34 100 327.47 

P6 1:500 5.47 100 173.24 

1:750 3.72 100 117.66 

1:1000 2.54 100 80.29 

1:100 6.26 100 198.26 

1:250 10.04 100 317.81 

P7 1:500 5.70 100 180.36 

1:750 3.64 100 115.20 

1:1000 2.69 100 85.19 

1:100 3.84 100 121.54 

1:250 8.98 100 284.40 

F1 1:500 4.75 100 150.28 

1:750 4.18 100 132.30 

1:1000 3.69 100 116.79 

1:100 4.03 100 127.71 

1:250 9.26 100 293.27 

F2 1:500 5.65 100 179.02 

1:750 4.43 100 140.38 

1:1000 3.35 100 106.18 

1:100 3.80 100 120.43 

1:250 8.92 100 282.34 

F3 1:500 5.41 100 171 .18 

1:750 4.90 100 155.19 

1:1000 3.53 100 111.72 
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j;\1~1~vI ~-43 n1~ti'il!Jf4~1!JvI~UJ\!~w''U~j;I~.1'U~h~ '11'UvI 90 '!I'il~n1nnrn (~'il) 

1:100 3.48 100 110.21 

1:250 8.16 100 258.51 

F4 1:500 5.24 100 165.80 

1:75Q 4.78 100 151 .31 

1:1000 3.76 100 119.00 

1:100 3.45 100 109.26 

1:250 8.64 100 273.56 

F5 1:500 4.57 100 144.58 

1:750 4.30 100 136.26 

1:1000 3.60 100 113.94 

1:100 3.30 100 104.51 

1:250 8.09 100 256.22 

F6 1:500 4.39 100 139.03 

1:750 4.57 100 144.58 

1:1000 3.30 100 104.51 

1:100 3.26 100 103.33 

1:250 8.58 100 271 .81 

F7 1:500 4.26 100 134.76 

1:750 4.34 100 137.29 

1:1000 3.47 95 104.33 
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