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This study quantify the effect of different filter media on phosphorus removal from domestic 

wastewater using vertical flow constructed wetland. Thus, a marble-filled wetland, a red brick-filled wetland, a 

shell-filled wetland and a block-filled wetland were operated over two phases. The first experiment was also 

ascertained the phosphorus removal efficiency of the 4 materials. Then, two materials were selected to use for 

the performance of the second experiment. Both of the experiments were planted with Heliconia psit/acomm cv 

'Lady Di' and operated identically with synthetic wastewater, containing COD 185.2-192.2 mgll, TKN 46.6-

51.5 mg/l and TP 7.6-8.2 mg/l at a hydraulic loading rate of 5 cm/d, intermittently. In the first experiment 

results, the block-filled wetland was showed the best phosphorus removal efficiency. In the second experiment, 

the block-filled wetland was showed the best phosphorus removal efficiency rate at 93.09 % compared to the 

brick-filled wetland at 89.53 % alter 2 months. In a block-filled wetland, the phosphorus removal mechanism 
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u " q" ft 

~ 1 fl ~ N~ i'*1 'W tj ~ U ~ ~~1J 1 , ~ ~ fl 1 '*1 ~ ~U i' 'U U ~ -3 fl ~ , fl fl1'.i tl1 ~ ~ vJ ~ ""VJ ~ i' "" 1 ~ fJfll'.i 

IPlfllPl~fl~'WI!~~fl1'.i~~CJf'U 'W~fl'iJ1flm1~!!~~'Vl~lfJ!!~1 iJ~U~~fl~'U~1fJ 11'WU'W 11'Wl'lf~ f)lflui .. .. 
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d .... 1 .. .I I d ~ do d" 
,\Hl.:JUf1"19HJlJTI~:rtY1TI~ (Zhu U"~f1ru~, 1997) tH)n1l1nU'H'I1"n U~"lJl'WJlJ U"~Uf1"19HJlJLL"1 

OJ 

" , 
f111lJ{Y1lJ1HI 1 '\..If11Hl~~UyJ U{yyJ ~1{YV.:J(l nf1TIJf1lJ l~tI~lY; lU'b''\JU.:J1P11nm.:J U"~~'\..I Vi~1 1 '\..If11'l 

OJ OJ' 

" , , cv .4 d.c:r. Q,J d Q.I .ct .c:::::.. 

~~C))'u (Zouboulis U,,~ Prochaska, 2006) 'Vl'\..ll'lH1lJ1n1{y~1l~lJ"nfJru ~"~IUtI~ {Y11J1';j(lI'VllJ 
OJ • 

f111lJ{Y11J1';j(l 1 '\..I f11';j~~~UyJU{YyJU1{y (U,,~ti1~~) u9i~mllU1 I U-fff11';jU~IP1'\..1 lf1 
OJ OJ • 

" " 
nu 1 ~tlii 1 ~ '\..I f11';j ~nfJlU 'l ~ ffl'l1l .fll'VlU "~n" I nf11 'l ti 1 ~ ~YJ U {yyJ U 1 {Y1 'U U 11 iY tI'lflJ'If'U 1 ~ tI . 

," .14 4 ""1""1 " " " nU{Y'lNU"~1fffJ1LJ"Un'l1UtI 'Vl'lfl'l 'lff1~~'Uf11lJfJ.:J (Heliconia psittacorum cv 'Lady Di ') 

" 
1. ~nfJ1U"~lm tl1J1'¥itlUU';j~ff'Y11l.fll'Vl 1 'U nl';i ti1~~yJU{YyJU1 {Y1'U U 11iYtI'lflJ'b''U 1 ~tI1J.:J . 

II II . " 

nl';i 1~tliiltJ'U nl';i~nfJ 1U" ~-W\PJJ'U 1f11'l 'lhu~ U 11 iYtI'lflJ'If'U 1 ~tlu.:JU ';j ~~fJ tu UUU 11 '11" 1f1 . .. 
~1~'U 1 'UU 'U 1~.:J 1 ~tI~nfJ1H"'\JU.:J f11 'l 1 tlP11nm.:J f1';j U.:J ~u~n9i1.:J fl'U U'\J UU 1'\J~ '\J u.:Jf11';j~nfJ1 

1. vi1f1l';j1~tll~tl1 tUUU~l"U.:J';j~~uH' u.:Ju5,r~nl';i~ffrl.:J~'U ~'If~1 ~1 'Unl';i'Y1~"u.:Jfiu 
" " " ~ d d1 "1 d : d ~'Uf11lJfJ.:J (Heliconia psittacorum cv 'Lady Di') 'Ul1{Ytll'l 'If 'Uf11';j'Y1~"U.:JLtJ'U'U11{ytI'l!lJ'b''U 

a.:Jlm1~,.r ~.:Ju~l;lu~ 200 iJ"iin1lJ9iuii~';j l'U l~';jlll'U 50 iJ"iin1lJ9iuii~'l u,,~yJU{YyJU1{y 8 

iJ"iin1lJ9iuiim 
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lilIP.!V-3rlU'J::mlU (The Elemental Compositions), fll'Jm::1Jltl'U'Ul~ (Particle Size Distribution) , 
" . cv I I I ~ .r:::t..<E::It. 0 .:::t 

V~'Jlff1'U'lfV.:j1N (Void Space), 'W'U'YIH11J11vn:: (Specific Surface Area) ll(l :: VHV'lf (pH) 

" . 
3. iJV'Ul.hiftl(y.:jlml::"'Yhi'mlfll'J::U'JnJtl'Yll.:j'lf(lrrlff~1 (Hydraulic Loading Rate: 

HLR) ~ 10 l'll''U~llJ~'Jfivl'U VVl-3i,jfiVl~V.:j (l~lJ 2 i'11lJ-3 11t1~ 2 i'11lJ-3) • 

4 . ~1'Wl'JllJl~v1~ftmllillllO VtlmfllJ VlLV'lf 1vm1Vl U1lJlru'UV.:jll~-311'U1'U(lVtI 9fiV ~ 
• OJ 

" " uiv~ Vilf1l6'U yjvmyj~yjvffyjvfff ll(l::yjVffyjvfffl1.:j11lJ~ 1 'UUl 

1. l~'U.u'm.!(llf'Ull'U 1 'Ufll'J~\PlJ'Ul'j ::uuu.:ju'J::~fJi~lJtll'J' 11(1 1 'Ull'U 1~.:j ll(l ~ l~Vl~'U 
" 'YIl.:jl~Vtll11,jl 'UtlWUl1j'~u 1 lfftl'lflJ'If'U • 

2. tll'JU 11ff~lrrfJ 111 ~V 1 ~1J ltltll'J oVfff l.:j ll(l :: lfffJ 1 U ~ Vtl11 Vtltl~1JlJll ~U 'J:: itl'lf,sl11,j • " . . 
1~tlUllJll~I~'UI,11tl(ll.:jm fl.:j 1 'Ufll'J'IhU~Ullfftl'ltlJ'lf'U i~tlu.:ju'J::~fJiVilJtll'J' 11(1 1 'Ull'U 1~.:j'1I 

fl VNlJ U 'J:: iY'YI U fll'W 



" 

.,j 
'U't1'tl 2 

o ~ 

2.1 'W1UnJ'Il'J'if'W (Domestic Wastewater) 

., ., . 

4 

lhiYv"lJ'lfU (Domestic Wastewater) '\1lJ1V~~ thiYvYilfi~\)1f)fi\)m'nJlh:;~11lJ'\JV~ 
, ," , 

lh:;'lfl'lfUYiVlffvv~iU"lJ'lfU u,,:;fi\)m~lJYiltluVl:;h'l i~wi UlliYvYiln~\)lf)f)1nh:;f)vum'\1l~ . ., 
u":;'lfn:;~1~iY~ffmJmvl~'\1"lVflltJiuflf1IjVU Im:;mfll'nh:;!.fl'Yl~N "l ltlmi'u \PIl~N~ 2.1 

., 
Uff~~~~~mlf)1~lfi~'\.hiYviufllfl~l~"l 'lJV~lh:;!'Ylffl'YltJ 

QI ~: d ~ QI 

fllfl fl\PI~lf)1~!f)~'Wl!fftJ ("m/flU-1U) 

2536 2540 2545 2550 2555 2560 

f)"l~ 160-214 165-242 170-288 176-342 183-406 189-482 

<!I 
!'\1U fl 183 200 225 252 282 316 

... '" <!I 
264-291 \PI:;1uvvm,W~!'\1Ufl 200-253 216-263 239-277 291-306 318-322 

i~ 171 195 204 226 249 275 

d ~ ~ 
'YllJl : V~~U1i lm:;mu:; (2545) 

.. 
<V 0 ~ 

2.1.1 "01:1 W:; 'W lUTfJ'lfJJ 'if 'W 

:d A fI I .c::i t .c:::i i"d 
UllffV'lflJ'lfUlJ[)~fllh:;f)[)U\PI1~"l Uff~~\PIllJ\PInl~'Yl 2.2 ff1U\PI1~1~'Yl 2.3-2.5 Uff~~ '\1!'\1U • ., 

~~"f)fj ru:;thiYtJ~l~ "l 'IJ [)~'l1lJ'lfU '\1" ltJlh::tfl'Yl i U U ~:;I 'Ylffl 'YltJ 
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, ~ 
.d, 4J 0 d 

~l'JN'Y1 2.2 "fl'l:lW:;lJlt~V'lflJ'Ij"'W • 

"" " I " " Yll'Jlllt~V'J 'I1lJ 1V fl11llt 'Ull 'U lJ 

" 'LhlJflm'l lJVV lllfl 

~ :, 
l.'UU'lU'U\I'Y1\1'11ll~ (Total Solids) llfl./" . 390 720 1230 

~ : 
'UV\lU'U\I":;"lVlJl (Dissolved Solids) II fl./". 270 500 860 

~ 

'UV\lU'U\lU'U1lJ(lVV (Suspended Solids) llfl./(l. 120 210 400 

2.111ll1W~:;flVlJ'I1lrfl (Settleable Solids) ll" ./" 5 10 20 

3.tilinv~ (Biochemical Oxygen Demand;BOD) llfl./(l. 110 190 350 

4.ti19nV~ (chemical Oxygen Demand;COD) II fl./" . 250 430 800 

5.1lJ l~m)lJ~\I'I1ll~ (Total as N) II fl./". 20 40 70 

UlJ'Y1~6ilJ lmt\llJ (Organic) llfl./(l. 8 15 25 

UVll llltUV (Free ammonia) II fl./". 12 25 45 

llJ lmn (Nitrites) llfl./" . 0 0 0 

llJt~'J'Y1 (Nitrate) II fl./". 0 0 0 

vJ vJ '" :, 6. my V'J~'Yl\l'l1ll~ (Total as P) II fl./". 4 7 12 

"" do " ~l'JVlJ'Y1'JV (Organic) II fl./". 1 2 4 

"" do " 'ffnVlJlJ'Yl'Jv (Inorganic) II fl./". 3 5 8 

i " (I) 7. fl"V 'J~ (Chloride) II fl./" . 30 50 90 

'" vJ (I) 8.clmt ~ (Sulfate) II fl./". 20 30 50 

9.fffl1Y1~1\1 (Alkalinity as CaC03) II fl./". 50 100 200 

1O.i'll1JlJ (Grease) II fl./". 50 90 100 

II.Total Coliform Bacteria MPN/I00ml 10
6
-10

8 
10

7
-10

9 
10

7
-10

10 

, , , .. 

.yj1J1 : Tchobanoglous U":;flW:; (2004) 



, , " 
~1'j1~Vi 2.3 ~lm~tI'\Jtl~~f)Eltu~l.'hLfftl'lilJ'lf'U hJ1h~l'YIffi 'YW 

'lflJ'lf'U • 

" o Y 
- 'U 1'ff1lJ 

" , 
o '" a 

- 'U1L'fftlU'U 

" ..k h ~ U':i lJ i'U '11 'U ~ 

'I1UoWf) 

" o Y 
- 'U1'ff1lJ 

" o '" - 'U1L'ffti 

h ~'VW1'U1Cl 

t1~~lm'j 

, 
od ... 

'YllJ1 : 1i~'lftl (2545) 

110 

151 

190 

123 

75 

170 

919 

1,123 

81 

220 

285 

311 

1,290 

135 

282 

1,785 

2,242 

224 

84 

666 

29 

69 

401 

551 

61 

, , " 
~ 1':i1~Vi 2.4 ~ 1m ~tI'\Ju~~f)Eltu~1.'hLfftl'il1f)U1'UL~ tl'U i 'U f)~ ~l'YI'VilJ'I11'U fl':i 

'lflJ'lf'U iJlu~ 9flu~ Ltl 'ff L tl 'ff 
• 

y 
'ff1lJ 695 1,350 480 

Ul'U 170 285 57 

... " 92 250 51 CJ)'f)Cl1~ 

... 
fl':i1 

'" - lJ~~um~ 500 925 200 

- i '''' lJlJ~~Uf)H 1,600 2,550 1,080 

, 
Vim : 1i~itl (2545) 

'" 

40.8 

21 

23 

32.9 

19.2 

27.6 

55.1 

53.9 

66.8 

d 
'YlLf"Htl'U 

295 

13.5 

12 

18 

100 

1.3 

2.1 

1.8 

6.8 

3.9 

2.9 

3.2 

4.0 

10.1 

~u'ff~tlf'ff 

24 

3.3 

17.2 

12.7 

87.2 

6 
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. " 
V1l';iTll1 2.5 ~nllru~ '\.hi1tJ1J1nh·~ lfl'Yl i 'U,.h ~ l'Vlfl'L 'Vw 

ijlu~ Ciflu~ 
od d 

vl mY'rJ U i' ff 'lflJ'lf'U LUmtlff 'YllflLU'U • 
h ~'VW11J1" 

- lll~mnn~'nh~l'Vlfl' 116 237 - 42.2 9.2 

- I ~" fI 11lJ'U 111:::1 'U'j'UtJ"~50 92 200 - 40.0 -

" 'l!lJ'lf'U'H1tJ'\J11~ . 
od - Ill" tJ 117 513 82.5 26.0 -

- I ~" fl11lJ'U11l~1 'U'j'UtJ"~50 80 330 - 20.0 -

h~mlJi'Ufll~V1 .. 138 277 46.8 25.3 3.1 

,,<!Cdi d 
1J1'Ul'j'Ul~W1 'UfllnV1 .. 

" 
o " - 'U1ff1lJ 1,000 2,688 1,720 400 23.0 

" od .,j 0 

- 'U11fftJtI'U 121 297 59 31.0 9.0 . 
od '" 'Ylm : 1i~'lftJ (2545) 

" vltlffvltli'ffi 'U'j.j11i1tJ'lflJ'b''Uiim1lJl.,j'lJ.,j''Uth~lJ1ru 6-10 ii,,~ni'lJi1itl~m' ffnlh:::ntlu • 
" " '\JtI~vl t1ffvl t1i' ffi'U U 11i 'j' 'W'lf1~11"~lhi1tJtI~i 'U! ui1i N'l n'U '\Jtnvltlmvl V1 Lf11lfl utl{hvl t1mvl V1 

. " 
11"::: l'Yi~vlumvlV1 nlJn'Uu'j':::mru 70-90% l1l'H~m)~1~'UV'U'Yl1tJvltlmvlV1 hWvltlfflvlV1l'Hri1ijll~ 

1l1nflllm'j'lJi1i1~'l 

Uffff11~ 

" ffnci'nvlun~l~'Ull'Hri .:Jtl11U ~'\J t1~vl t1mvlV1 i 'U 'j.j 1 l~tJ'YiU 11 i 'U ffn ci'nvl t1niivl t1ffvl t1i' ff 

lh~ntlumhh~lJ1ru 12-13% 'H1U 1'Yi~vltlfflvlV1mnn11 50% fil'j' ii'ff1'j'ci'nvltln i'UUllll1l'Uii .. . 

u'j'~l'Ylfl'i 'YltJ i i'ffnu'j':::ntluvltlfflvlV1'H ~n '1 i'U flllm'j' lJfftl.:Jll'H ri.:J i 'H t1j '1 ;i tI ~ mlfl ::: 

~V1ff1'Hm'j'lJ (,h'Hi'UH~V1t11'H1'j'ffV1{ ffnci'nvltln tI1'H1 'Hhl~1l!U lfl~t1.:J~lJ 11" ~tI1'Hn 'Yl ~1fl 
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II 

l~ tI ,nHlJlru \llfllJlfl , lJ'I11"j' ~tI\91llJ~ 1fl'U 1 f1mhrl mY'w~f m.,)l \llfl9h~lJ ~:a 'Vlfl'lii~'lJli,:j'l1lJfI 

35,000 ~uhtiJ YUU535) vJmyvJ~fmrlmh'lJitl1Juilti m\ltlm~h1~ilJh;'I1lJfI llCl~\l~tlfl . .. .. 
,,: " OQ,l' d 4"'i Q i ," ,J ~~'U1t1Cl,:jffll'l1Cl,:jU11U'I1U1~U ff1'11'J'UfflU'Vltlfl'V'l'lf1'lf lJfl\l~ lJff~fflJ~tl1UIPlU 1'U f1~fl f-m 9$,:j .. .. .. 

II 

1l'l1~,:jU1 '~l'lfUfiU 

• II • 

IPlnNl1 2,6 llfffl,:jlJ~lJ1ruvJ~ffvJ~fff1Ull'l1~,:jU1~1,:j'l~~,:jlJ'J~l'Vlft'ivW fflUlPln1,:jl1 2.7 

II fffl,:j lJ~ lJlru vJ ~ ffvJ ~f ff~ ~ ~ 'Ultl \l1 flll '11 ~,:j n 1114 1Pl~ 1,:j '1 ~ ~,:j lJ ~ ~ l'Vl ft'i 'Vl tI 1 ~W'V'l 'U 1111 '11 ~,:j n ll'U fI 
• • II 

vJ~ffvJ~fffl1ff1Ti'tufi ~fln IflfJm m'JlJ (~~tlCl~ 65.6) fflUvJ~ffvJ~f ffl1lJ~~tI\llflU lliftl'lflJ'lfUI1JU 
u • 

• II II I 

l~tI,:j ~ ~tlCl~ 14. 7 ~~,:jlJ~lJlruvJ~ffvJ~f ffl1 ~~'UltlCl,:jU1l'i,:j'l1lJfll'illJ'J~I'Vlft' 1 u~ru~~lJ~lJ1ru 
II 

vJ~ffvJ~fff\llfl~,:jiflvJ~flfifll1JUbYflfflUl~tI,:jr ~tlCl~ 24-26 ~~,:jvJ~ffvJ~fff1 UU 1Iiftl'lflJ'lfU mll,:j h 

• II 

1Pl1~1,:jYi 2.6 ~lvJ~ffvJ~fff1Ull'l1~,:jU1~1,:j 'l1ulJ~~I'Vlft"'Vltl 

Y 9 

lllJU 11 ~1'V'l ~~ til (~~1i tI1~.:jlJ1flllliu1) 
II 

, 0 ~ t ~ I .dl I V I 

Il'l1Cl,:jU1\lflflClN'lflJ'lfU l'lfU mllflUUm llCl~'U,:j'Vl,:jff~l,:j (~~UllflU) • • 
~llPl~fl~,:j (um'J1'lfiflJ1) 

flflCl~,:j 1 UflHI'Vl'V'llJ'I11Um .. . 
II 

IlliU1'Ul,:jlJ~fl,:j, IlliflCl~,:j, 'Vh~u 

II 
I .r:!I o.dl Q.I 

'Vl11 ~ ~u 1Cl flll '11 CllJll 'U,:j 
II 

V1,:jln'UU1~U 1f1l~fl i u~~ullIiUllCl~lJ'I11ffnfl1lJ 

l1lJl : 1i,:ji'tI (2545) 

• 

0.02 

0.1-0.5 

5.9-36.2 

0.01-0.39 

0.014-0.086 

0.0}-0.015 

l.631U'I1"j'111~,:j 

0.27 1U'I1"j'1~U 
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, 0 ... 
tJ1lJl ru vJ v ffvJ V f ff 

y 
lI'11Cl'lf)1I'U~ 'HltJ 'I1lJ1tJ1'11\9l • 

(n1ClflflJvJvffvJvfff9ivil) 
Cl:: 

-: '" 1. 'U1!ffV'b'lJ'b''U • 
" - flHI'VIYllJ'I11'Um 5,320 - - ihlffVi 'U fl~ 'Il'V1YllJ'I11'UfI~ii • 

l1Cl:: tJ1lJ ru CV1 Cl vJ myvJ V ffflJ 1fll1 'l'UI'U\9lt'U "1 

- i1tJ~::!'V1i'Y 31,226 14.7 - ~~~h'UvJmyvJvfff~lJl~llmY1~ 
GIrl ICV'" ttffl Vfl1'V11fl'U~VVCl::24-26 

" 
'U V fl111 mT 'U lJ 1111 flf)1 ~ tJ~:: flV'U 

y 
m'l1 1~ UCl::ff1lJ 

2. tJi'Y~\9l1 33,116 15.6 • 
3. V\9lff1'11m~lJ • 8,500 4.0 - l1flvJVffvJvfffri1'U~tJ1'tJi,*i'U 

... 
'Q\9lff1'11m~lJm'l11~ , ffllttffl 

vJ ... ~ y 
Ufl11Cl::m'l11~ ff\9l 1VVflllCl1 

4. 1fl'l:l\9l~m~lJ 138,966 65.6 - 1l1fl~11Cl'UtJ11'lr1ilV (2533) • 

nlJ 211,808* 100 

'" ... 'VIlJl : Ti'l'b'V (2545) 

vJ V ffvJ V f ffl ~ 'U Ti 1\9l ~ ~ 11 ~ 'U ~ fl Ti 1\9l '11 cl'l ff1 '11 f'U fl ~ ~ iJ 1f1 ~ fl fl IICl:; I~VIlJlJ I 'U ~ 'U 'U V 'I IttfCl ~ • • 
JI " I I 

~1lJvi':l1uYiYll 'UlttfCl~ ~'IU'UvJVffvJV f ff~'Il ~'U if 'I rl1T1UJ ff1 '11 f'U 1'111 ~;i\9l 'UV'I if 'Imr:i\9l 'VI flV (h'l~ 1V 
u • 

." . 
l'lf'UfilJ mtJYi 2.1 vJvffvJufffU ~!'I11iV'Ufi'UfI1{'U U'UUCl::' 'U 1m l11'U Yi 11:; II tJ m~'U hJlJl~:;'I1 lH 

'U'U 

nJ fl'U 'VI ~ VI1Cl:; ~ tJ viJ'U 'VI ~ vu9i 11:; hi !'I11iv 'U n'U' 'U 1 \9l ~ 111 'U ~ vJ V ffvJ V f ffl1:; mit 'U ~ 'I II 1~ f{ VlJ ~ 
'U 'U 'U 

I "" to! , JI 

ff()1lJ:;111Cl'U~ +5 t'vhu'U vi'lU viJ'U'VI~vvJvffvJvfff~h'Ul'11t1iv~l'UttJYihiCl:;mvtJl fim~lJ 
.... ...... '" '" '" d, 1.1 II) '" i ~ 

LflClV'UV'IU::~lJlJlJ UflCllttfVlJ UlJfllJlttfVlJ UCl:;I'11Clfl 1'b''U 'UtlJ'UU'l !~~~VflttfV:;Yll 'VI\9l 
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" .1 " 
(Variscite, AlP04.2HP] hHJfl~~lf11'Hl::CllV'H~fl ili(l::Cllml1\J'Ufl~f)1J~!fl'lf\JtJ~Ul U~ ~il'U'YI~ V 

,JI • JI 

1J 1 ~ '1$1411 (l'llJ1 HH! U (I~ ~ U tJ i1 'U 'YI ~ v-w fl(l'-W tJi' (l'n'li (I:: Cll VU1! 1] 'U tJ tJ {11i -w tJ m -W~ Vi (I :: (11 VUl i ~ 
'" 

1'U\Jru::~llil'U'YI~v~f)f)~lJ !'If'U U1JflVi!~V (!'If'U B. Subtilis , Arthrobacter) !!flf)ViI'Ulj'v~Vi'1;1 (!'If'U • • 
Streptomyces) U(I::YJ~ill (l'lf'U Aspergillus, Penicillium) ll::(I'llJntHU~V'U'1;1nU~ :: f)tJ1Jfl'U'YI~ V 

-W fl '1;1-W fl i' (l'1,r! ~ 'U fl tJ {i1i -W fl (I'! -W ~ ~ (I:: (11 mi'l i~! 'If'U f)'U ~ ~ -W tJ (I'-W fl i' (1'1 'U ~ U (I:: Cll mi'l if 11 :: tl f) 
'" '" " UVi (I~n~fl'U 'Vi'~Vi'lfU(I::a~1Ul i u1 ~!~'U 1il~fll'Hn~fl i U ri1'U llil'U 'YI~ V~f)f)~lJ'1;11lJl~tlU U(I~~U 

.. q 4 'U 

-W tJ '1;1-W tJi' (I' 1li (I:: (l1VJ1~ (1':: (l'lJ ~1tJ ~~ n''U J1 1 M' f)(lltJ! ~ 'U fl'U 'YI ~ V-W tJ m-w ~ ~ (I:: (11 mi' 1 ~ ~ Vi 'If,1'U "l ~ 
1l::U1 1 u1 '*1 'U f11~ a ~ !m1::M!C)f(l(11 'Hli~'U i~ ..f~ifu 1JflVi!~ tJ!!(I::YJ ~ i llBflll!~'U ~ ~ij:jfl~'H "f)~ 

• I • 1 •• 1 • .1 '" 1 Y '1 . I oJ -'t ... do" , .,j • I 11 u (I ~ t un fl '1;11"1 tJ ~ (I' 'H fl~ 'U t u C)f ~Vi 'lfU (I:: ~ (I 'U'YI ~ tJf) '1lJ tJ'U '1 (1'1111 ~ tl fl tJ f)lJ 1111 f) (l'n u ~:: f)tJ 1J 
, " 

-WmY-Wfli'(I' U~1U1fl'U'YI~V-Wfl(l'!-W~Vi i~ii1U1,*u~:: ItJ'lfu~tJ itl 

LLlJflfiL1U 

carnivores 

lq)[J 

'\1iiul1~rr 'i~\~ij: Ca '2, At3
, Fe'~ . , 

_ M" 

~::nfl"e.I~nfln\Ul~rr 

vl flffL vli1 

~fl"rl"W li1::mm 

~A%MWA'I"III~II,NIAVI.I'III'I~'&?IM'.N..MUI~ 

, ,,, 
tUn 2.1 1!l~m-WtJ(I'-Wfli'(I'1 'U ft ~U111~tJlJUl (1i~i'v, 2545) 



II 

~ ~ . 
YhHyvJfJfffhnhuu,:Jm)fl1~h.JfffJ,:Jfl~lJh,t1j '1 ~fJ'b'U~"~"lml1U":;'b'u~VifJQ"u 

llJI"fl" ~'e) 'e)fJ{hvJfJfftvJ~ l'Vl~vJufflvJ~ Im~fllJ'V1~vvJUfflvJ~ 1~tlllfl~m1/1uu{hlm ~ 1'Vl ~ . 
" " " ,.. 

vJ'e)fftvJ~ ~~,,~ "ltllht~lJ rillJ hi t1j rillJ fllJ'V1~ vvJUfftvJ~irlJ ~~,,~ mtll1 ~ uu 'UllJ" 'e) tin '1,)' ll.:J U 
~ 

l'Vl'n~fllJl'1~vvJuffvJufffirlJ~~'Vlu'1,)'1lJIC})'mhlluuu~N '1 l'lflJ 1lJ1C})'ml~iilJl'1~v 1lJ.w'b'~fl 1lJlJ" .. . .. 
ff~1 ..,,,.., fll'll1lvJUffvJufff"~"lV'I1~UfhlUff-W (Soluble P, SP) ,j'flvh 1~tJfll'lmU,:J~lmh.:JJ1 

~ ~ 

~llJm~~1'l:lmU,:JllJlJ1U'llJ"~IUV~'UlJ1~'l 0.45 ilJmulJ ll,:JUUl~mU.:J~llJm~~l'l:lmU.:J GF/C 
OJ 

lJlnfJlJ l~u'Yh 1'11"iliu~~lJ~m~~1'l:lmu,:J 0.45 '1lJmfJlJU"~fll'lmU,:J't11,:J1lJ '1,)'~lV~lJ rillJfll'l • 
l1lvJ 'e)ffvJfJf ff1 lJ 'l1l'U U,:J U~.:J n111 '1,)'1 ~tll1lvJUffvJ fJf ff~.:J'I1lJ~'I1~ uVi-w (TP) 1 ~ V '1li,)'fJ,:J fl H }.:J .. 

~ ~ 

~ lmh.:J111 L",~111~111,:JfffJ,:JlJ1"UfJfJfl 'i11flO'lJ 

~ 

l11flij1i 1~ U111l'l '1lJ 1 ~'l I 'i1lJU"~1'I1 ~ uvJ fJffvJ uf fflJ1fl10lJ '1111 lJltl1 ri.:J 111U ~ l'lflJ U1 .:J . 
lnuJl'l1~fJl'1~"'fflU 11~U'I1lJU.:Jtj,:J~ijnmO'flJ1lJ1flfli1 20 1lJ n'i1~10~lhU111tJ 11'1'lYJ'fli'lJ~lJ '1,)' " .. 

~ . . 
't11 1,r l1l11'l~lllijfliilJ flll'UfJ.:Jffl'l111V '11 ~ fJllm~ltl 1 lJ'lfl,:Jflm.:J~lJ (Vi iliijfll'l ff ,:jIm l ~ ,rU ff .:JU" ~ 

~ 

~1~ 1 U"~",:J 'i1lJ~,:Jl!!lJV) ~11ml~ (Critical Value) 'UfJ.:J '1lJ 1~'l l'i1lJU,, ~ vJfJffvJfJf ff1 lJltl1ri.:J111 
~ 

l'YhO'u 0.05-0.2 iJ"iiflflJ~fJii~'l U"~ 0.007-0.03 iJ"iiflflJ~fJii~'l~llJ"W1U l1lfl10lJ~lUU~ln'i1 ~ 
... 1 0' :.1 '" "'I '" ~.I .J l' ~ '" 11]" 

ffllJl'lmfl~U'llflUfll'lru "lJ1'UlJ".:Jffu~r 'I1'lU red tide UlJ1UlJ t ut1UU'I1lJ.:J'UfJ,:JQ l'l'll1lf1'b'lJ I~ 

~ ~" ~ .J cv 11)"''' cv • .dt c:. : mlJml'1~"'fflU~lJ C})'n~ 1~~lVfJ~'llffllJ V:A 'UfJ.:Jl'1~I"fflU (tlJU V = 1l 'l lJ1m'UfJ.:JlJl I"' ~ A = 

~ A : "", " Q ~ d 
'VllJmlJl) mlJUVfll1 5 IlJ~'l 1"'1 1fJfllmfl~llJlJ'V1~mfflUQ l'V1'lYJlfI~ (Eutrophicated lake) fl . ~ 

l~lJ i lli,)'lJlfl ~nNVi 2.8 Uff~,:J~llJlm!llJ'UfJ,:J 1lJ 1~'l1 'i1lJ1", ~ vJfJffvJfJf ff1 lJ1ll1ri,:J111U~'UfJ.:J . ~ . 
ll'l~1'V1ftqj~lJ ~~I ih/l,)'i1lJ1~'l !llJ 'U fJ,:JffU.:J1i 1IPJU ij~l~llJlfl ~,:J llifll'lllri fJtJ1i llPJ fJ 1'I11'l fffJ.:J'b'U ~ 
~ ~.J ~ ~ 

U",:JUl1 ri,:J111U~ lm~l~lJ Uflll1~f-m'l1lJ .:J ':hflnfh')~ 1lJ 1~'l1 'i1lJl",~vJUffvJfJf fffJfJfl'i11fll1llilvir lJij • 
mllJ~ll~lJ1"'~~hfi'w~fJ~ ,:Jul~~fJlJ1 lJ1J~'i1UlJlJlfl1-WV,:J 1~ (Mi'v, 2545) " . 
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, ." 

\Pll) l~li 2.8 m\Pl)! llJ' lJ 1\Pl) I ~lJtnl~l'IeH,.l'Ifli' "",llJ u 'I1ri~u ltJ\Pl'IJfl~lh ~L'Yl f1t1j~lJ 

mi1 V lJfl ft fli' lJl'i flft\Pl) 

I d : 
'Vl ~ I fl"",l 'U U fl ~ fl H Ifl 'U lJ 1 

GI ~~" Q 1" 1 ., I fllJ)fl1:l"",~U1~flfllJ'Vll~1inlJ'lfl\Plllfl~f11) 'lf~llJ lJ)~~'U II-V • ., ., 
II )~'U'U~ft\PlUl1h~lhi'lJ 1 2 UCl~ 3 (tlf1l~lJ'lfij~VlIff1:l) 

., 
f11)lh~lJ~ oHlJ 1 tn'll Ufl~fll'.il,*~llJllJ'j~~'U III-V 

., ., 
III '.i~'U'U~ft\PlU1th~lhi'lJ 3 ('lfij~VlIff1:l) Ufl~f11'.il,*~llJllJ)~~'U 

IV 

V 

IV-V 
., 

f11)lh~lJ~ oHlJ 2 Ufl~f11'.ii,*~llJilJ)~~'U V 

I fl'4i'flEr#~U1~~fllJ'Vll~1inlJ'lfl~Ufl~fl1'.i i ,*~llJi lJ)~~'U II-V 
., 

II f11nh~lJ~i'lJ 1 f11'.itn'U UCl~f11)l,*~llJllJ'.i~~'U III-IV (VflI~lJ 
., 

f11)lh~lJ~oHlJ 2 IICl~ 3) 
., 

III f11nh~lJ~i'lJ2 UCl~f11'ji,*~llJilJ'.i~~'U IV (tlf1l~lJfll'.i'lh~lJ~ 

., 
IV f11n.h~lJ~i'lJ 3 ~\Pl"",l'11m'.ilJ UCl~f11)fl'4i'fl'lrlmri~tnffV'Vl1~ 

, ., 
1inlJ'lfl~ffl'11i''UiY ~ij:jf1\PlllJU1'Vl~m 

, ~ 

'I1mtJI'l1llJ : 1. l~lJlJlm!llJffl'11i''U~lIl~~Vl1~tJ 

0.1 

0.2 

0.4 

0.6 

0.2 

0.3 

0.6 

1 

0.005 

0.01 

0.03 

0.05 

0.1 

0.02 

0.03 

0.05 

0.09 

2. 1 ,*n'U'Vl~m"",1'U'I11mh ~1~'UJ1'111 fl'Vl~m ~ fl1 ~iHJ UJ '111 "",1'11 ~ lV' l'I1\PlIlYi fl~ n\Pl fllJ 
OJ ., , 

3. m\Pl) jllJ' lJ l\Pl)I~lJ 1 ,*n'U'Vl~lfl"",l'Ullfl~eh~I~'Uu lViii' lJ 1\Pl) t~lJt~lJ 1illlJ ~ln~ 

ffl'11i''Ufl1'.l t~'U l\Pl'IJfl~' l'I1\PlIlYifl~n\Pl fllJ 
., , 

4. m\Pl) j llJl'I fl"",l'Ifli' "",U~fl 'U i tn'Utm ri~1.h~ flf11) tf11:1\Pl) 

Vim : 1i~i'v (2545) 
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" " . 
11"~vJ fl1:YvJflf 1:Y1 'U U 1Y1.:JYi \J~'j~U1t1flflf) 

")1 "" 
'Ufl.:Jf)1'jU1U11'Ull'l1ci.:JU1 itJl~ nmtlf)U1'Ufl.:JIl'I1ci.:JU1tl~ " " fl11lJl~ 1'Ufl.:J m~ll1:YU 11 'U ~ 1U 1 

". " 4!!l ~.do I 0 

'U'U 1~ '11 'j fl'Yi'U 'Yl'U fl.:J "lJ'U 1 • tJ~lJ1W 1i1~fl1'111'j \J1f)II'I1ci.:J' ~ ~~ ~'U '1 
" " " t 

tJ~lJlWUl'Yh 'I1~flU11 'U~lU1Yi\J~lJlI\1fl\JH1i1~fl1'11n\J'U i~ln~uty'l11 "I ""I 1 'U1:Y'I1fl mlJ~f)1 m 
. " 

'U1~1 ll"~flfl1:YI~'jI~tI 1jlJ1~'jl1'UYill~f)~1.:Jtl'U itJ1'Uu~,,~f!u,,~u~"~~lJU1 ll"~ 1 'UUl.:Jmw~.:J 

lltJ'j ~'U~llJq~f)1"flf)~1lJ mil.:J i 'jn~llJ~ .:J~lllJi'~nfifltJ'j~I'Ylff~H'l ~11"m~i M'fl11lJ1:Y'U htllJ 

, ~ ~ d " ~ ~ 0 Q.I d 
uty'l11 \J1f)1i1~ fll'l11'j l'I1"l'U ll"~ \J~flflf)f)tl'l1'j fllJ1~ 'j ll'U 'Yl1'UlJ.:J1~ l'YilJ'U'U~ llJm~U ~ n1.:J 'Yl 2.9 

" " , " 
1 ~ 'U ~ 1 fl~ H'U fl.:J lJl ~ 'j ll'U 1i 1~ fl1'l1 n 1 'U U 1Y1.:J Yi tJ ci fl tlfl fl f) \J 1m ~ U U,j 11J~ U 11 if tI'JtlJ 'l5'U Ul.:J 'JtlJ 'l5'U 

I " " " 

~n1.:JYi 2.9 lJ1~'j ll'U i 'U l~'jI\J'Ulm~vJfl1:YyJfli'1:Yl1mlJ~ 1 'UU1Y1.:J (ii"ilf)flJ~flilm) 

i'U 1~'j1\J'U vJfl1:YvJflf1:Y 'I1lJ1m'l1~ 

" " '" '" 'Yl.:J 'I1lJ~ 'Yl.:J'I1lJ~ 

5 1 
: d. d. 

'U1L1:YtI'JtlJ'Jf'U, flflm~'jmtl 

" 15 4.5 
, 0 .c:l od. 

m"l.:j"l~, 'U1L1:YtI 'JtlJ'Jf'U ,flfl1:YL~'jmtl 

3 1 i'lvJ"fl~~l 

6 2 U~~'Jf lmrlJLUtI, m'U1~1 

5 1 
!lI .. .. 

'I1'U1'11'U11, flnlf1'UCJJ'fl1:Y 

5 0.05 
. " 

ThYi~fl.:jf)ni~, U1'Jf"tJ'j~'Yll'Ui,*'j~tJ~lJl1 (l00 iJ) 

15 - ." " 
~lYitlfllJfu i~, U1'Jf"tJ'j~'Yl1'U i,*~~tJ~iY'U (20 iJ) 

20 1.0 ~11:Y.:j1:Y~, L~lJu.:j1'i'ui,*flU 1 H,j1U~ il1~ Lrlfl 11lJ'I41t1'U 2542 " . 
flU 1 'j .:j,j11J~lf11trlfl 1 ~"lf1lJ 2542 • 

120 16 
JI I" " , 

U11ifmh,rf).:jl'U'I1~fllH.:jl'UYitJcifltJUllifmn'U 50 "f)UlffmlJ~'j~fl .. 
" 

1'U l~'Um~,jllJ~'Ii'U~'Ufifl'U tJcifltJ".:j~v1m'YlffUl"f)~.:j 1~LfilJ1 

8 1 i 'U1:Y'I1 f!flllJ~m lJl~'j ll'UUtJ'j~'U i tJ~llJ~ fl.:j~'U, fl11lJ1:YllJ1HI 

10 
" , , " 

'li'flLL'U~Ul'li'U~h (fl~~lJflci1t1) 'Ufl.:jf)~lJ1:Y'I1m'Yi~ htJ l;jflY1~".:jll'l1ci.:j 
" . 

ulYi1jmlmifl'U i'l11~flUf.lJ'I11t11 'mYllf1i''U 
u .. 

d. '" 'YllJl : 1i.:J'Jftl (2545) 
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" f11 'j fi 1 ~ fl vJ myvJ fl i' ""fl fl fHJ1 nth iY tI"" llJ l'Hll!h , Ii' Ii' ';w 'H.l '1lJ 1 m f11 'j hI \1i '1 fi fll fl tll~ L:;; 'I 

" do .c:t QJ A )J "l"" GJ' Gt Q,I Q..I ,., 

'lf1fl1'VmCl~LfllJ 'j1lJ'Vl'lfl1\llJf11'j~·.mlJ""fl'lmmf11'jL'Ul L1fl1t1f)'U L'UClmHU~Yi'U'Vl1'1 (Hybrid) fl1t1 

u~nu'U 11 UlJ flVNlJlf)1n~'U'U;hfl1Yifil"'1 ili'i''UfI11lJU tllJt~lJ~'U\PIllJ~Wl'U tYi'j 1 ~t11 \PI HCl 3 . 
lh~f11'j ili'uri 1) u~mw """fl ~ \l1f)'j~'U'U'1 fil~flvJfl""vJfli'ff'Vl N;f1fl1YinU fltlf)11 2) flW ~ l'Vll'1UtI . . 

" 
'Ufl'l"""fl ~;1fl1Yinmf)f)11tYi'jl~nfffl,h'U'Ufl'lvJfl""vJ fli' ",,1 'U """fl ~mf) UCl~ 3) thiYtltfl'lL~'U 

1\P1Q~'U 1 'U f11'jfil~flvJ flmvJ\PI 'Vll'1;1fl1Yi iii' ""~Uf)'j~'U1'U f11'j~N'l ~1 i'O'U fl~1 'U tI \l ~ U'UU ""fl'l 1 'U 

'jU~ 2.2 
OJ 

.,h~flWOA"WOi'A" 

£lEh.JL~V1 

.. ~ 

LOffU011 

..t ~ t; 
rl'9~t1~ 

ht~'H~\4Ufl::WDA"WOi'ft 

lmfl Dni'ifl Uti1 

u,fLflulw TIoI 

'ulEl~iuhlM 

V'iiiiUfl::L8lJtJ-nYi 
~ 'II 

ilElw 
LDR1J1nf 
10TH{:: TI.l 
__ n4 
1t1 2 

f'jvhUDn.n 

'ju~ 2.2 l~f)nfil~flvJtl""vJtli'mt'U'U~l'1 '1 
OJ 

, 

lim : 1i'1'~tI (2545) 
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o CV ... .1 ... .1 IV " ~q .c:t 
2.1. 7.1 fll·ml'il~yttltJyttl·n"~1[J1lilfl1.J 

fHl iflfll'jfll\lflvl ~1;Yvl~i'1;Y~1tJ1ti Iflihh::fl~1J~1tJuiin1 {J1\P1flf-j~ fl(Precipitation) U iin1 {J1 

1 flll~flQI'i'li''U ll'i'l:: fll'j t1fl~fl ph (Adsorption) 1;Yl'j Ifln~ 1;YllJl'j() 1 i'1 'U fll'j rh \lflvl eJ 1;Yvl eJi' 1;Yi~llf1 
V. <!I <!I. • <!I cl I 

1;Y111;YlJ (Alummum Sulfate 'I1'j~ Alum) 'I1'j~ SodIUm Alummate Ifl'i'l~'lJeJ~l'I1'i'lfl 1'lf'U FeCI3 ll'i'l ~ 

~lJ'lJ11 (Lime) 

fll'jl~lJ1;Yl'j Ifln~~fl~1111::l11 1 M'lnfluiin1tJ1\P1fl~~fl'IJ~~vleJmvl\P1 1 lJGU~l~'1 l'lilJ AIP04 , 

<!I <i • .1 •. 1 1.1 ?t .. Q oJ '" '" '" clt 
FeP04 '11 'j eJ CapH(PO 4)3 ~'i'l fll1 ~1;YIl1 \P1l'11 rl1lJ III 'U fl ~'i'l 'i'l ~tJfl'IJ 'U 1fll'i'l fl 9l' ~ 1;Y1lJ 1 'j () 111J\P11fllJlll lJ 

•• 1 v v • I ......... 1 '" ... .1 • .1 '" '" 
11 'i'l ~ fl fl1tJu {] m tJ1 flll ~fl QI'i'l'lflJ 111J 1J Sweep Coagulation fl ~ 'i'l 'i'l ~ tJfll1 eJ m 11 \P111:: Ifll:: l11Jfl1J 

1;Y 11 U n fl ~ 1J vl eJ 1;Y I vl \P1 (~I n fl111 fl U ii n1 tJ 1 \P1 fl ~ ~ fl) l11 1 M'i ~ yJ ~ eJ fl 'IJ lJ 1 fl 1 '11 tY 1;Y 11 fllJ i'l ~ V 
yJ~1;Yvl eJi' 1;Y11::()flflfl~flH1'IJeJ~vl'tl'~fl~lnfl~'U (,1lJ fflJ, 2542) 

" " 

I ~ 

IU ~I~ lJ 1;Yl'j ~lJ'i'l ~ i u1 'U U 1 11:: InflU iin1 tJ11 fl n 'j:: '11 i1~ 1;Yl'j ~lJ ll'i'l:: 1;Yfll'Vl ~ 1 ~ '11 ~ eJ HC03 
~ . 

1lJU1l111M'lnfl~~fl'IJ~~ AI(OH)3 ~~1;YlJfll'jYi 2.1 

2-
2AI(OH)3 + 3S04 + 6C02 (2.1) 

(2.2) 

U iin'j {J1.ij'NlPi'lJI~lJ fll'j til \lflvl ~mvl\P1~eJfl111flJ1 AI( OH)3 ~Infl~ lJ 11:: 'li1tJ 1 M'1 lJ fl1 'j ti 1 \l fl 

1;Yn II 'IJ 1lJ 'i'l ~tJ'IJ'U 1fll~fl~ ~I ~'U fl ~'i'l 'i'l eJtJv1~ ~~1 'U J11 fftJ '11~ eJl ~ 'U fl ~'i'l 'i'l eJtJv1 AIP04 ~ Infl 1 lJ 
~ 

fl1tJ'I1 ~~ U1lJlW 1;Y1'j ~lJ 11::1Pi' ~~nlJ1fl'Vl eJlTItJ~ n1'11 i' 1JU ii n1 tJ1li~ 1;YeJ~.ij' l~vi'lJ mlJ i'l q fj ~ 11::vi' eJ ~ 

l~lJfleJ~'U A13
+ U'j::lJlW 87-100% 'IJ~~U1lJlWyJeJ1;YlyJ\P1~vi'~~flnti1\lfl tl11;Y1'j~lJij A1

3
+ 9% 

11::vi'eJ~1,*1;Y1'j~lJU'j::lJlW 9.5-11 ij'i'li1flflJ~~i1\P1'j 1~~ti1\lflyJeJmyJ\P1 1 ij'i'li1flflJ~~i1\P1'j ~vNi'jn 
I ,,,, I 

\P11lJ IUeJ~111fl1;Yl'j ~lJl1::l11uiin1tJ1n1J HC03- Yin~~\P11lJUfl~1 lJU 11fftJ U1lJ1W 1;Yl'j ~lJYiIPi' ~~ 1 i'1 'U 

fl1'jti1\lflvleJmyJ\P1~~~ ~fli1~1~vi'eJ~fl1'j\P11lJi'lqfj~l1;YlJ~ 1 'Ui'1l~Uii,r~fl1'j l~lJ A1
3
+ U'j::lJlW 200-
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ufifi~ V1tfl ~~tfi~ ~u 1 U f11'Hi 1 ~~tl v~tlv i'~;{ 1Vtl1 ~ f) (t'lf'U FeCI)) fl~ 1 Vfl ~ ~ tl'IJ ,\HI ~ 
~lH1'lJ tlvmtl~lI~~f)H~f)l'U~U'\J~~ FeP04 ~llJ'YlqlJaU)1f)!rj111~~~~1~ Fe 1.8 iJCl~f)i'lJ~~ 

~~) l'Uf)1)fh~~ P ~f)'l 1 iJCl~f)i'lJ~~~\pn U~1'U'Yll~ufi,r~1I~~~~t~Wl1~f)h1'1llf)f)11fh~llJ 
" 'YlqlJa hJU'~Vf)11 1 0 iJCl~f)i'lJ~V~m ti111i''lJf11)ti1~~tl~~tl~i'~1 'Ul.J1tiYV,!!lJ'b''U 1I~~~~ 1 ~tl1~ f) 

U)~lllru 15-30 iJCl~f)i'lJ~V~~) (rviltl'IJ FeCl3 45-90 iJCl~f)i'lJ~V~~)) trt~ti1~~tl~~tl~i'~hn;{ 
"" 1 '" "."j 'I " • .1 " d •. 1 •. 1 liJ " I J 80-90% fl1)tlPllJ 'WCltlJVm'W Ll1l"jCl~fl'\Jv~mClf)l"j~ml"jIPl~f)IPl~f)~'U L~~ltJlJ1f)'\J'U 

~'U'\J11li1Ufifi~V1tlmHll'W~1~ HC03- 1'Ulf1tiYmtCl~~rNl1'U~'U (CaCO)) ~~~llJnt1 
ti1~~yJ~~yJ~i'~'~fl~~lJf11)~ 2.3 UCl~ 2.4 ~~{htl~mtl~t1f)ti1~~~~f)1J11'U)U'\J~~ Calcium 

~ ~ 

Hydroxyapatite (CapH(P04))) 

CaC03 + Hp + OH (2.3) 

(2.4) 

f)1) til ~ ~tl ~ ~tl ~i'~;{ 1V~ 'U '\J 11iJ';{tfi~~'U 1 ~ V~ 1ffVU fi fi~ V1'1i' H ~ 'U t vi 1J'U 1 'W ~ 
yJ~LYtyJlPl ~11I~f)ti1~~ 1~vm~'lJ1'Uf)1)~~~~~h (Adsorption) '\J~~ Hydroxyapatite ~tfi~~'U 

" I , f 

'U ~f) 11 1f)Ut)jVYitV'b'1P11f)11 11.5 yJ ~~YJ ~i' LYV~ LY1lJ 1)t1 ~~ ~1'\J V~l1U ~'U 1;{~f);{ 1m U ~ H 1f) 

: I d~A odl~JiV~ 
fl11lJLY1lJnt11 'U f11)Cl~Cl1V'U 1'\J~~ Hydroxyapatite Cl~Cl~~V1~)1~r.i1tlJVYHV'b'lJmL'W'JJ'\JU ~~'U 'U 

U)~ iY'Yl~ fll'W 1 'U f)1) ti l~~tl VLYtl ~i' LY~~ LY ~~'U \P1llJ~ l'\JV~Yit~'b'~r~lJ ~'U tl1l1f)ri11 1;{ ':h ~ v{h 
~ 

" . 
yJ~myJ~IPlf)H~f) i~l1~l1lJ~t)jvYim'b'LY~f)'h 11 .5 

~ 

LY1) tfl ~ ~ 1 ~ti 1 ~ ~tl V LYtl ~ i' ~V 111 t~lJ l,r tl'IJ) ~ 'IJ '\Jt m V ~ i;{~ 1P11U 1111 ~ ~ H'l fl V tl ~ 
" " 1Plf)~~f)V'U,j'U~u UCl~tl~t~lJtl1f11ft' UVf)1I1f)U f11)ti1~~yJ~LYyJ~i'~ (UCl~''U l~)tll'U) tl1l1l1~li1 
" " 1 ~ VD 1,r~ thVi ~ L!~ Y{ 1V'\J ~~) ~ 'IJ'IJmt ~ LY;{ 1V) ~ 'IJ 'IJ tfl~ ) ~ 'IJ'IJ ti 1 ~ ~tl ~ ~YJ ~i'~;{ 1vlli t fl~ LY1 lll) t1 
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" " . " ".1 
N~1'l 14 1V1-:l Vi lJTI EHYTI fl1 ff1lf~m_h ~ lJ 1tu 1-3 iJ" ~ f)1 lJ~ fl ~ I'l 'j 11-:l U 'U 'U fl ~n'IJ'b'U fl'U fl-:l ff1 'j tfl lJ U" ~ 

" ~lUrnl-:lt~lJff1'j IfllJ 'I11f)~fJ-:lf)1'jtl1 ~flTIflffTIfl 1 ff' rr11{ lJlf)f)llU 11~~ fl-:l' ~11-:l f)'j fl-:ll{ 1V 

, .c:1 4.::t 4C:\ ,,~ d, "Q.J "QJ ..:::to, " "" 
'U f)'j tu 'YllJOl'jll'llJffl'J fflJ'I-1 'j flm" f) '1-1 f)'IJ 'j ~'IJ'lJlfllflff 11~l'lfl-:l n 1-:llJ '1-1 If) fll'l ~ f)fll-J 

U 'U1'U "flv111mJafl~ V1lfllJlJlmfl'U 1 U U"~~fl-:l llJlflflTI 11 flfllfllJlJlf)f)11TIl1flfl;1fl1Vi (u 'lJfl Vit~ v) 

. " 
iJ 'il ~ V~l-:l"l Vifl111141lJ1ri 11l'Jtu l' 'U f)1'j flflt~flf)'lfUfl'U fl-:l ff1'j tfllJlJ~-:lU 

" . 
2. U~lJltuTIflffTIfl1ffl'lf)A1-:l' 'U14 1Vivh'U f)WtilUfl 

'" 4. 'j1fl1'Ufl-:lff1'jlfllJ 

~..::t Q.J Q.I tld.Q .1 
5. 1 Ti1J fl f)1 'j ff"fl11 'Yl tf)fl 'U'U 

6. fI11lJ ff~fl1f)' 'U f)1'jfl1'IJfllJtm~t~'U 'j ~'IJ'IJ • 
.,j .... i" 7. fl11lJl'lffltW fl'Ufl-:l'j~'IJ'IJ 

8. N" f)'j ~'Yl 'IJ~lflfl11 1 f) f) l'J' -Nff1 'j I fl lJ I 'If'U N" f)'j ~ 'Yl 'IJ 'U fl-:l cif" t TI 1'l11 1 f) f)1 'j t~ lJ ff l'J ff'lJ '1-11 fl 

. " " 
fl"fl1'j~'il1f)f)1'jI~lJ FeCI} I~'U~'U VilJ~flI1lfri-:l1'IJ141V1-:l 

" U1lJltuU"~ 'lfU fl'Ufl-:lffl'J Ifl lJ fl1111'l 'J111 fffl'IJ 11{1 fl VOl 'j Vi1 Jar Test n'IJ14 11 iYv 'il ~ -:l' 'U rr fl-:l 

UaU~f)l'J ff1lJ1'j m'h'U 1tu U~lJ1tu ff1'j IfllJ Il{flV1-:lWJ11"l 111f)'Ylq1;Ja'l-11fJ~I'l'j ~lJll'U~14 l' 'U~ l'J 1 

. " 
U~U~lJ1tu ff1'j Ifl lJVi un' 11~ -:l 11~'111 II{ 111f)f)1'j'Ylfl fffl'IJ Jar Test' 'U rr fJ -:l U a U~f) l'J I viluiJ f)1 'j 'Ylfl fffl'IJ 

" " . 
, -NN~I'l14 1V1-:lVilJU~lJltu TIflffTIfl1 ffl'lf)A1-:l'j~~'IJ~1-:l"l 

" " f) l'J I~ V-:l IVi 1~ I :Jfflll 'IJ 'IJ IlJ' -Nfl fJ f)elfl11 'U 1'l1lJ I{ 1 V 11-:l U'IJ 'IJ' -Nfl fl f) elf 111 'U '1-11 fllW1 'j U fl Vi l' r1' Ifl fl 

f)l'Jflfl~'U £11 'lJflViI~ V'lfUflri1ff1;J ~ -:lff1lJ1'Jf1 ~'lJTIflffTIfl1 ff i I{ lJl f)f)'hu~ lJ1tu ~ 19m"~ fl-:l f)1'j'~' 'U • 
" f)1'jI11~tyl~'IJ 11'l ~f)1;Jtu~UI~Vf)ll Luxury Phosphorus Uptake 1flVUf)~I9f""I1'IJflViI~V'il ~~fl -:lf)1 'j 

" TIflffTIfl1ffU'j~lJltu 1.5-2% 'Ufl-:l141'1-1Um1111r1'-:l l1~f)'jru'Ufl-:l Luxury Uptake 11'IJflViI~Vff1lJ1'Jf1~'U 
" "" 

TIflffTIfl1ffil{ 4-12% 'Ufl-:l14 l'1-1U m1111r1'-:l ~-:lU'U f)l'JV1-:lff~fl ~ ~-:llviln'IJff1lJ l'J()tl1 ~flTIflffTIfl1 ff 
" Il{lJlf)f)1l'J~'IJ'lJTi'j'jlJfl1 2.5-4 Ivil l1'IJflViI~ V'lfUflrill'l'1;JU il{wi Acinetobacteria fl1flll'UlVG -:l f)" 1 f) 
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., ., 
f)1';j Ln~ Luxury Phosphorus Uptake l1~~ 'H)~lUi;)':H~tI~L';tJLl1111 1 j UUf)c}lL ~lJ ~:;iJuBn~ tllll 1111 

~.£:It. .c::t. Jt::Jd' .c::t. .de:.to d'" I ~,,~ 
Fermentation C)f ~HMlf)';j ~ UlJ 'Yl';j tI';j:;m tI (VF A) 'll'lJ ~'YllJ ~ llJ llJ fll';j 11 UlJ lJ UtI'l l'll'lJ f)';j ~ lJ l~lJ '\1 ';j U 

A.::t .r:::),.c::t. ~ Q.I I "~ ... I 1 0' 
Acetic Acid (HAc) ll11f1'Yll';jtl'll'lJ~VHft'lHI:;~llJ1';jf:l~~9l'lJ VFA ~~f)~111'\Jl Luflltl lJl9l'~~Lm :; .. 

~ . 1. 1 '" .... " 1 ~:;~lJl11lJU1'I1n~1';jU~ lJ~u PHA '\1';jU Polyhydroxyalkanoates ll11f1'Ylt'WllU~tJUf)l1H lJf)1 ';j 

~:;~lJ PHA l~tllcM'W"~~llJ~lf)f)1';j~~ltl~l'\JU~ ATP ~~~lJf)1'J~ 2.5 

ATP ADP+P (2.5) 

., ., 
~~UlJ~~iJf)1';jtil~~ BOD (~~ VFA ~lm.Jll'U'l1Ul~11HllJ~119l'~") 'WjUlJ'l tl11f)1'Jfllti P 

., ., 
1lJ t1~I~tlW;Ull 1111 1 jUUf)c}ll ~lJ 

_ ________ ~-1!~'1v . _ _ _ _ 

-1-·--···-·~'l'~ · --1 
~ I 

p \ I 
I . 

p , 

""Ui 
~1IaiVlA~ 

~u~ 2.3 f)~ 'f)f)nln~ Luxury phosphorus uptake 
o 0 

VilJ1: l1lJi1lJ (2542) . .. .. -

'" ., '" 1 "II) " 0'1' '" & ",.11 0' f)';j:;ll11f)';j:;m~lL~:;'Yl1f)1';jtlUtI~~lt1 PHA l'WU '\1 L~I9l'~~ '\1lJ UUf)9l'I~lJ~:;\Jf)~~I'\Jl u lJL9l'~~ 

'" '" II) 0' ~ • 1 "II) " 0''1 ," '" d 11)" '" " l'WUUf)9l' 1~9l' PHA 111lJH~'Yl1 '\11~ CO2, Hp lL~:;I9l'~~ L'I1lJ 'W';jUlJ'l f)lJf)ll:; 1~'W~~~llJ~lt1 

'W"~~llJ~:;\Jf1l~11HllJ~U ATP l~tlf)1';j~~ P ~lf)flltllJUf1l9l'~"lJ1';jllJtl11 ADP ~~~lJf)1';j~ 2.6 

ADP+P ATP (2.6) 
., 

~~,rlJflltlllJt1~lltJ 1 ';j-Ufl 1111f1Vil~tI~:;~~vlu~lvl1l1.ul 1 ul cM~j l~'W"~~llJ UV1~';jl~l~lLl~:; 

IlJ ti~lJ1ru~lJ1f)f)11f111lJ~tJ~ f)nl~ U 1 cM~j 1~ 19l'~ ,,1 mJ ';ju~ 2.3 U ~11 ltll M'l if lJ () ~ f) nu riUti .. 
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. . " 
m~UTU fll'iyj1 i'n l,)flvJ mrvJ el1 ""'I'1N~b~fll'Viyj -cYlrlty"l 1 14 11 ~ U14 lJfi'-lU 

~':w5-l11e1 1 'iUfl111e1e1e1flcifl ~ -llJ~m~ Ufltl14Li1 'Vil~ 114 ""111 jmlJ'ffll~fleltiN 11'J ~uuw lei itJv-l5-l 

" " " 
I1U14 ltel hu fl~';ltJ tJfl~lI~l;r14V1 Um1-l ""u-lfiull U14ltU h UflllL1~ lIU hu m:r 14 tl flll U -l eleIflI ~ 14 5-l .. 
tiUU"l 'lJ14lflL'Yil "1 tl1411L11U "1 1u ltL1~lI~L1~1uViNllJL~14LLUUfll14""lJ\!'iru (CSTR) ~~ml14lIuu 

" " . 
U'4 mlJ thVl-lYi elUfl1l1m~UU"I 1l~iJ~rufl1'Vi i 14 lI~ 'lJU-lvJ eI""vJU1 ""~lJlfl 

J ., Q 11m. 0 11)£) 

r---+ 
UD14UfJ 1 run u£lhiln 

QR .... ---

d ... 

'I'1lJl : lWIW (2545) 

i 14 fl14 ~ 1l 'f -lll~l'i~UUvJU""'I'1 'ftJ hii 'lffll1nl,)flvJu""vJ U1 ""'1'1 N~hfll'Vi ~lI Y( 1l 'f -lU fl 

L'Vi'i l~ iJfll1 1 i'~14 'lJ 11lJl 'lflUn UV1~ fl U14 N~ fl'lJ U-lvJ U ""VJ U 1 mL L1 ~ 1llJ~ lU eI fl 1 tJ 1 14 ~ tJ 'lJ U-l11 fI L119fUlJ 
" . 

vJumvJV1 lI~ m~Ul14 fll'iU nV-lUlffumi'flfll'iyj 1l ii14 '1'1~ 6tJciuuvJu""vJ U 1 ""u UfllJl 1 14 fl11 ~ l1e114 ltU 1 'i • 



a-aYliLflil 
(~fnJtil!J~ El H~ El ftl) 

... , , 
, u .. 

: HAfl 'il 

Vim : 'MiV (254 5) 

20 

~ ~ 1J 1J IV ~ij U 1 {if ~llJ U mj llJ 11 oM'I1'U 1 M' n 1 ~ ~ yJ U ~YJ U i' ~'Y1 1'1 ;f 'H11'Yi' ~1 ~ v ~ U 'I 

n1l'1 'U ~ 1 M' V1~~" ~ ~'lJU'I ~~1J 1Jn~ 1~1 '1 II ~ ~ ~~ 1 M'n~'U\'H)'U llU'U llU hiJmiu'U II U h iJ fl1 'U ll ~ 
~~lu~m ~'1tU~ 2.6 

Mill··· .. . · .... . · ..... . .. . . . · ..... . · . . . · .. . · .. · ... . · . . . . . 

Vim : 'MiV (2545) 

Mill·· .. . · . . .. . · .. . . . . . . ' " · ... . . . . ... . · . . . · . . · .. ,. · ..... 

D 

I ~oooij':n::~n" 
l~ 1J111mfl 
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'" '" "" .-,d... .r I'Ll"" ~ """ "" "'" ""'... "I" l' 'J::U1HlU'VHll'i'YI'YIWl'W1'\J'W luflfll1~:: l~lJf11'ill~'YI::LUV'W'C1''YIliUIPl'i 1111'11 

"" • I .J '" 1 "'" ""':::1 ... TM "'" ""':::1 ... d", 0 i " "'" flfl t uI1UUl1Wlflfl'i::UU fl11'C1':::'W11Pl'il"lLfI'lf'W (l1lJ1VLl1~J: 'W1ml"lLfI'lf'W flflfl fll'i'Yll l1Lfl~ 
SI • 

U1L'YI1 V'W~111fl'C1'l'ifl1l1l'i i'Wmruii) f1.:J t l1-vi 2.7 11'C1'~.:J i ,rL'M'Wm'l'W.f11'Y1fll'i 111~'\Jfl.:Jm::u1'Wfll 'i 

lfl 'C1'1 1:: 

n~hJ1tJn'l'O') 

uohiin I uahfln 1/ UEl",an~n uElhiin III 

r----,'hOWL"r----''--, OR 
14---------------'----pQWAS 

-vim : li.:Jiv (2545) 

<'S 11 "" " 2.2 'U..:j ~::vl'll! (Constructed Wetland) 

SI • . 

'i::UUU..:jl1'i::~fJi L~'W 'i::uuihU~thLiYVI1UUfllffVli'i'i lJ'lfl~-vifh~.:J 1~i'ufll'i-WWl'W 1 i ~ 
• SI 

miN fl11.:J'\J11 ·m1fl.:J 111flfll'infl 'C1'f l.:JI1~::flflflI1UU hjiu~fl'WU m1.:Jfll'i~ 11~ 'i:: uu hj~ tl.:J fllffV 
'U 

L'YIfll'W 1 ~vmmr fl 11~::~ 1 i ~~lV i 'W fll'i1i1LU'W fll'iU mJ 'W tlfl111flr1 'i:: uuu.:Jl1 'i ::~fJ i iJ~L ~ 'W 'i ::UU 
SI 

~1~i'Ufll'JVtllJi'U11L,rltiU~ .:JLL1~lltllJ 1~~ L'YI'il::L~'W fll'i 1 ~li'i 'ilJ'lfl~'\Jtl..:j ~'W ~'W lU' U 1 11~ ::: 
SI 

11 fl'W 'YI1vl 'W fll'Jt11U~U1L iYv • 

~.I ""'.-~ """ ""' '' .r 1 ""... "'" .1 U..:j u 'i::~fJ! LU'W fll'J 'C1''i N mv'W I1UU li 'i 'i lJ 'lfllPl\] fl'C1''J 1.:J'\J'W ~ VlJfI'W '\J tlU ~ 'W ~.:JU 'i::lJ lW 1 
" , I ,.. SI ,,, 

LlJlPl 'i l~vVt'W -vi ti'Wu..:jl1i' U i ,rl~'i::f1UL'C1'lJflti'WL'Wfl.,j'-l U 1 ~'WVt'W fl1'J]jfJ W 'C1'lJU~ -vii,r Vt'lfU 1 V~Lfll :: 

~l1qlil U1 flfl 8fl <1M Vt'lf~~flVfl~U'Wr:hJl l'lf'W lltlfl 1111'W Hfl1PlU'lf11 11~::Vt'lf~~flvfl~l'W 
SI 

Ul l'lf'W 'C1'1l1~lV l~'W~'W 



22 

,. . 
u-:Jlh~~Eli ~nu llJ 1 i 'If'dJu ';j~UU' u nu ihuflU 11 ffV lflV111 i UViu'.il~llJ1';j (ln1,)fllH1 

,. 
~l';j~H'l if1'UV1-:Jiiu';j~iYl'&f)lVi 1U';j~UUijlJC'I~1';j~nfh')fllflVm~U1Uf)lHll-:Jf)lml1Vi lflii 

LlC'l~:jhfl1Vi ';j1lJiu~-:Jm~U1Uf)lHln~~nUU f)l';j~fliunum.pnmJu-:J~u nuu1iu1'lf'lflV-W'b' 

LlC'l~nulu~vu';julflV11ilu'Vl~ 6 .uU~'UU-:J';j~UUU-:J U';j~~EI ~1 u nuihuflJ11ffv fl U~lrlU~rl-:J .. . .. 

-:J1U 1 u n U~ 11 UU f)1mC'l~f)1';j l~ U nu U ';j~U Uiifl11lJ Vfll1 ~U ~ -:J lrlU~ nm ~'VlU m~I'Yiuu 111nf)l ';j 

lU~VULlUC'I-:J'UU-:Jfl1';j~U';jHJn~l-:J'l ~llJU(lfl1UfJlJE -:J1l1flaUlJ~1-:J'l 'UU-:JU-:J if1' ';j~UUrjn~W1U 

E-:JlnflaUlJUV1-:JlJ1nl1~Uf)l';j'VlflC'lU-:J1'lf'nu-w'lf~iifJW~1'Vll-:Jlft'';jEljn11 ';j~UUU~u';j~~EliUUf)!~U 2 

U';j~I.tl'Vl flU 

.. 
4 _. .Q,' 0 \4 ~ Q 

2.2.11J~lJ'.i~V111!1l1J1JUl l'tHI1JUH1V1U (Free Water Surface System: FWS) 

So''' , " 
U-:JU';j~~ElillUUU1 i 11C'1UUH1~uijU';j:;nuu i Uf1'1V l1u~uYiu 1 i l1C'1ci1lJC'I-:J~u if1't!uv 11 :; 

iiUVl1C'11Vl1U11-:Jl~V-:J'UU1UnU ii')~~Uf)11lJ~nU,)~lJlW 10 - 60 19l'U~llJ~,) ~-:Jll~fl-:J1u')u~ .. .. ,. 
'I • I' • d !Ii • I' 'I !Iii '!Ii '!Ii. !Ii ... ... 

2.8 lUf)l')uC'lUVU11~m'U1,)~UU f)1')uC'lUV l'I1 11C'1C'1-:JUVH'lf1'l H1Uf)lUm~UVi'b' Ll(1 ~,) lnVi'b' 

~1-:J '1 ~-:Jl~U~U~UUl1"n~l11f)l';jU1UflJ11ffV'UU-:J,)~uuci' f)l,)l~lJUlf)lft'1 U'):;UUlJl111n-W'lf (1lJ 

QI Q.I ~ J' Q.I : d ,J I .c:j<r d I" ~ i ' 
Vifl llC1:;f)l';j~-:Jlm1:;l1Ll~-:J ,):;UUU1l1lJ1~~lJnUU11~V'Vlmfl1';j:;u IUflflUU'UHU1Un(11-:J 9I'-:J lJ 

f)1,)lnU 6 ni'lJ'UU-:JinU~/(~1';j1-:JllJ~';j-1U) fl1')iil1(111~UnnU';j:;lJ1W 4 - 15 1U Ll(1~ii~lfl1';j ~ 
rI I CLI 0' Q.I d Q.I ~ 

'If(1ft'1~ml'Vl1nU 0.01 - 0.05 C'lnUlft'f)!lJm/(~UNllJm -1U) (lmV-:Jft'nfl ,2539) .. 

nuuunllUU lflv~1 i uU';j:;nuuf1'1v U-:J~iifl11lJn11-:J 3 - 5 llJm 1l(1~fJlilJlnnl1 100 
,. " 

llJ~ ') nn U1UflU11ffV11:;I~U i u1 U" nElW:;~llJVl1 U(1nf1' 1V-W'lfYiii ';j 1 nlf)l~~ U ii ri1u Yi 1 Hri.wU H1 .. 
"" ,,,, t 

U 1 nnU1UflU11ffmnfl111mhu'Uu-:Jvru-W'lfYi 11lJUV1 UU 111C'l:;9I'1n-W'b'Yil1U(llJYiH111 t! l~U 'lhv 1,.r .. . ,.. 
~ilu'Vl~ 6lJl')Ull(1:;I\l~tyl~U 1~ ll~~hu ~hfttyYi~flfl1')fi1{j-:J~-:J~flU U 11ffVUl1111:;i' 1UUn111fl'VlH 
,. ,. 

U 1 lVi,)l~-WU~Uf1'lU ri N ill if1'~f1'1v1~flnuci1lJ 
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• v 

~tlVi 2.8 'i::'U'Uii.:Jtl'i::~h:jiu'U'UU1imltJ'Ufh~u . 
VilJl: Vymazal (1998) 

.. 
4tl "'" ., 'IV"""" 2.2.21N 'l'::V1l1!lI1.J1.JUl 't'iilIVlN1V1U (Subsurface System, SFS) 

~ Cl tI : i 1"~ Cl J ~ cv .;. 1" ~ ~ tI 'U.:Jtl'i::~nj!u'U'Uu1 ml VlWJflUU \J::'Un~'b'UVl1fHlHI'YH) 11'i1fl'V'l'b'tlfllf11:: ';U~1flCll.:J 
• v 

Vil,*1~uri MU'Ufl m1fl 'YI'i1t1 IICl::~U iifl11lJl1U1'Ufl.:Ji'U~1flCll.:Jtl'i::lJlO! 60 - 70 19l'u9ilmn 
• • v 

~luriHmfl~1t1~ul11ihJ1 1Cl'~nuCiflJuu "1 111fl~~1t1W.jU 1'V'l~lfliiCl~U l~m~fl.:Jnu1111M'u1 
I " So' I tI 

f1CiflJ 1 tltlUIUflUU 111Pi'~u tY1ufi'uii.:J lM'iifl11lJmVl';Ulh::lJlO! 1 % l~fllM'u11 mHl.:J 1fltl hiiJ 

fll'i n mj'.:Jlnfl~U UCl:: 1 U 'U~ nO! n1t1J1 \J::ii vi fll~ml111 U 1~ 'i 1'U 'i 1lJU Cl::f 'UJ1flflfl \J 1m::'U 'U Jl 

liYtI\J::~m'hufllrlfl111 {If·hu ~1flClH lu Cl'fil'V'l 1 f flflflclfll1U IICl:: 111 Cl~lU 'i1fl'U fl.:J~'b'J1~tl ~fl 
'i ::'U'Uif fllfftlf11'i 19i1Jfll fllfY~1t1'i 1fl~'lflilu 11 "fl ~.:J flfl flclfl \JU \J1fl 'i 1fl~'b'\J ::'lf1V 1 U fll'i f1l'i .:J;iVl 

• • v 

1 '" itltl "tl ""tl " """ 1 ,,,. .1 " , " fll'iflflflU'U'U fltI'YI1 'i::flfl'Ufl1t1U Cl.:J'YI ~flfl1t1V1U'V'l'b' HCl'V'lUU1 UCl:: \lfl1UCll.:Jfl1V 
I , SI tI , 

1Cl'flnuCiflJ l~m~fl.:JnUfll'if1CiflJ 1tltlUIUfluu 111Pi'~u ~1flm.:JVil '*1 U 'i::'U'Ufl1\Jlilu~u m1fl • 
tI Sol , II 

111 fl'YI 'i1t1 iifll'i 111 Cll UU U 1U flU \J 1 fl \JflU 11,j' 1 ~1 U.;U ~ 1flCll.:J 11Cl:: 111 Cl flflflVi 11 fl U 1flfl fl ~.:J • • 
I I tI )I 

U Cl'fl.:J 1 U ttlVi 2.9 1 U 'lf1.:JViu 11iYtI i l1Cl ~lU';U 'i 1fl~'b' \J :: lnfl fll'i,j1UfllJCl Cl'1'i 1M' ClflU flVCl.:J i fi' 
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. 
VilJl: Vymazal (1998) 

, " "" I 

nJVi 2.10 f1l'.i ~hft'lcih.Jt'l.:J'lf'U~1nm.:Jllt'l~f1l'.i 1 M't.hlllJlJTli'.:Jm11 ~~'l11m~l.Jflfln9fl~'U 1 Mllri~'U'~ .. 
" 

lJlnnilf1l'.i i 'I1t'l911l.Jll'U1'U fl'U'11 mmvh 1 'U'l11.:Jf1l'.i 1 MU 11.,j'l'.i~lJlJ mf1lfl'~~I~l.Jl.,j'llJliJ.:J~fl.:Jil.:J 

1 'U~'U ~.:Jl~'Uf1l'.il~l.Jflfln9fl~'Ul Ml1ri~'U t.:J i unilJ'Uf1l'.i11'Wi'IJfl.:Jflfln9fl~mh'U~'UI~l.J 1 M~~'U i~ 
" 1 'U'l11.:J'I1~91f1l'.i 1 MUl 

..,. ~ '" 1"""'" , ,.,. ..,. .1 
f1l'.iflflf111lJlJllt'l::f1l'.iI91'U'.i::lJlJ lU'Uf1l'.i~91 'I11n91fffll'Wl.Jmf1lfl' llt'l :: l.Jl.Jfl1f1lfl'1f191'IJ'U 

ff~lJti''Ul~flm~~'U1Mln91 ''U91~VJ1Tl<M'U (Nitrification) ~i'U91~VJ1Tl'lf'U (Denitrification) llt'l~f1l'.i • 

, ", I 

!UVi 2.10 '.i::lJlJii.:JU'.i::~fjil1lJlJUl i 'I1t'll~th~'UViiJf1l'.i' 'I1t'l911l.Jll'U1~.:J 
, 

VilJl : Vymazal (1998) 
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~ ... i "'" ~... ~ -I "'" "1 "et "" '" -I "'" "'" lJ ~ ~ U'W ~lJ fll'H1fl'\olWH'1J'W n:::u U U'llJ'J:::~ '\oll 'I1lJ fl'11lJfll1'11 'W 1 1L~::: lJ lJ 'J::: ffl'lli flll'l 

~ ~ ~ ~ 1 Id d , 4 .... 1 .c::t. tI .J dod t 

tI.:j'U'W ~.:jLfWI'J:::UU 'I1lJl'll'Jtlfl'11 "U.:jlJ'J:::~'\ollUUUHfflJHff1'W" 9f.:jlJ'U~m1lJff1lJ1'J()~.:jfl'1n:::uu 
, II , 

"hu'J:::~'\ol iVi1 -MU umh'l1 ~ 1~~b~'W' 'WU 'W '1'W ~'W '111 ~1L 'W '1~.:jLVlv.:j mh~L~V'1 

ci oQ" J' ~ .dl C\ tid 4 Q" : , " 
U.:jU'J:::~'\ol jUUUHfflJHff1'W'W LU'W'J:::UUU.:jU'J:::~'\ol jl'l'J'1lJLmU.:jU'i:::~'\oll UUU'W 1 11~ i~ 

~'1~'W 1 'W U'W '1'W ~'Wlm:::1L'W'1~.:jL,r1Ihm)'W 

~lflflnfffl'\olllJlflfl11 13 iJ 1'W~ hU1Lff~~ 1 Mn1'W11 'J:::UUfll'J il1~ 1 WL 'W '1'W~'W ff1lJn() 

fh~~ii 1 ~~u~:::'U~.:ju~.:ju'U'1'W~~v '~~~NijU'J:::iYl'l~flll'l U~'llff1lJ1'J()ri 1 tlLl'lflflflciL ~'W '~1 'W 

fl~'J1~LVltl.:jl'l~~~fll'JLfi~' 'W~~l1Lfl';'W '~hWfflJ\!'Jru ri'1'W'J:::UUfln' '11~ 1 'WU'W '1~.:j i~~fl~\JlJ'W1 
lJ1flfl11 11 iJ l~mLO" 'U,r~~ln~~Lfi~~'Wf)Ufll'J i 11 ~ 1 'WU'W'1'W ~'W 1'W flnmmUUUff1lJ1'J() 

~~flci'~CJf'u~lJ 1lJLiivi'W 1~'JL~'W i~LtJ'W~~l~~ 1L~:::v.:jn1~~ii1~~ i~~fl~'1V u~iju'J:::iYl'l~ flll'l i 'W 

JI JI t I 

1~v'J :::UUfll'J i '11~ i 'WU 'W'1'W~'WLl'I'J1:::U~lJlf.U mmciL ~ 'W()fln1~~ 1 'W'J :::uuii ~:::ij~'WViViij ffflll'l .. 
II .J " 

U~'W 'W ~flciml1v 1 'W';'W~ '1fl~l.:j 9f.:j ff1lJ1'Jmv~ii1'W '1V~ ~fll'JLfi~ m:::u '1'W fll'J ~, 'W~ ~l1Lfl';'W 

, , " 
~'lfVii-M1'W'J:::uuu.:ju'J:::~'\oliri'1'W1mYL~'W~'b'Vi1H~~'Wl-i1 L 'li'W~uq1ii (Cattail: Typha), 

" "'" ... 1 flfl (Bulrush: Scirpus), ~~ (Reed: Phragmites) u~:::my11'1Hm:::Ll'lVlJ (Sedge: Carex) ~.:jUff~.:j 'W 

tU~ 2.11 LL~::: 2.12 ~.:jff1lJ1'Jm~~t1JL~U 1~ i~~1'Wffflll'lUJ~~fllJ~N"l ~LU~V'WUU~.:j 1 'W'liJ.:jfl11~ 

fl.:jUff~.:j1'W~1'J1.:j~ 2.10 



. ~ ~ 

~l1'n~ Vi 2.10 fJ tlHYlJ,j~ '\I tl ,n'ii 'b' 1 ~ ci.w tJlhlfU fllPi 1-:J '1 1 U f)1 ~ 'ti 1,j fllh iY (J 

~ 
. .... 1 .. 

'b'tlff1lJW U'lHN'VI 
" 

Jt ~ fI 
('b'tl1'V1(J1f1'lffm) 'V'l1J 

~uq1ii ..t11"fl 

(Typha spp.) 

~tl ..t11"fl 

(Phragmitesconnunis spp.) 

flflfl"lJ ..t11"fl 

(Juncus spp.) .. 
..t11"fl fl fl ff1lJ 1'H" (JlJ 

(Scirpus spp.) 

" " ..t11"fl 'I1W111'111'11lJ 
" .. 

(Carex spp.) 

'I1lJ1m'l1~ : * ppt (part per thousand) . .. 
'VIlJ1 : Reed lm:;mu:; (1988) 

~tlmfJijO C1f 

.. " ~fl1~ -:Jtltlhi 'VI~tl-:Jf)1~ .. 
(Desirable) (Survival) 

10-30 12-24 

12-33 10-30 

16-26 -

16-27 -

14-32 -

26 

d 
. .... .. .. 

~ :;fl1J fl11lJlf1lJ YUtl'b''VI 

.. "" i " ff-:J'VI'V'l'b''VIU fl .. 1'H lJ1:; fflJ 

(ppt)* 

30 4-10 

45 2-8 

20 5-7.5 

20 4-9 

- 5 

~ ~. .J 
~lfl'\ltl-:JYl'b' 1~ci.wUthUU1~U rhu Vi~hrltylPitl~:; 1J1J,j-:JU~ :;~EJi C1f -:J~:;1\1~ty1~1J l(>ltl~ 

,., , , , 

1)1(J1 U'ifu~uVi~:;~m'hfll1~h~u 50 1C1fU~1lJ(>l~ 'I1~tllJ1flfll1 lfl(J111 i U\1:;fff H~wi'U1m:; 1 1J1 M' 
~ 

a'lJ H fftl1J til f)1 fI' 11":; U~'\1 (J1 (J~ 1 fH 1":; ~:; 1J 1J ~ 1 flYl 'If.f11 (J 1 ~ olfU ~ U 
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. " 
lUVi 2.11 .w'b' lHri~'UtJ1 (Emergent Plant) . 

VilJl : Thayalakumaran (1994) 

. . " 
1uVi 2.12 d1'Uu1~oeliJ'I1~mHl~.w'b'VilHri~'UtJ1 
'U 

d 
'VIlJl : Thayalakumaran (1994) 

, SI I SI I 

i'U 1 ~iJiJU~U1~~1Ji.w'b'Vi lHri~'U tJ 1ii'l1 U' 1Virl1ftt\j i 'U 011U1U~tJ 11iYlJ ~ ~11 rr~~ '1 'U \91111~Vi 

2.11 elelOelill1'U \l 0t1 1m 'VI ~1'U iel~-jW\1 el ~ i iJ 11"~" 1~ 'U i Uv~ 110 11"~1 ~iJiJ 110.w'b' 1 ~ fJf11 111 'Vi ~ 
" 11" ~ 1 ~ fJf11 ';i i'l1" 'Vi 1'IJ el~ ell 01 ff el elOelill1 'U iJ N d1'U () 0 U" ~ U ri ellJ 111 m ~ iJ iJ 11 0 el el 0 di'U 11 o.w 'b' 

'U 'U 

l~fJ';i tliJ fitl i ,rln~rrm'Viii tltl o eli 111 'U lm~i1fHrr~lJ i 'U 011 t.itlfJrrmlJfl'U'VI~ Vrr1';i 11lJi1 ~ 011 

111 ~t\jl~ iJ 1\91'IJ tl~ i 'U \91 ~ rh llJfl~l1 iJflVi 1~ fJ (Nitrifying Bacteria) fl\9111 011 t1 1m 'VItlel oelill1'U 'IJ tl~.w 'b' 

" " . 
1'I1ri1ijtl~i'Ui1~U1~lJ1ru 5 i1~ 45 oflJ'lJel~tleloelill1'U/(\91nNllJm-1'U) 'lJtl~.w'UViH1'IJtl~U~ 
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• SI. 

flll!ft ~ tll...1 ~ 1'U 'IJ fl 'I fl flflcJf! ~ 'U ~lflih~ 'U U'I::tl rimlflfl fl ~ 1 fli'U II fl~ 'lf~:: 1 tl! YllJ tll:: iY'Vl ~ fl1'Yi 1 'U 

fln ~mJ'I'mv'IJ fl'l ~ii'U 'Vl~ 6 u'l::!'vim)~llfllllfi~ 1 'U ~ ~yj Ifti'U I!'I ::1~lJtll:: iY'Vl ~ fIl'Yi i 'U fl n 

~fl~::flfl'U~ll~'UyJfl'l'yJflf'l' (Cooper 1m:: Boon, 1987) 

• SI 

'tY1'UVifl~'1~'lh 

SI SI 

'1 ... '1'" 'U'lf'U~::flfl'U ~'U1 

. 
Vim : Brix (1997) 

. 
" ""'1 • ... '\1'U1'Vl 'Um::'U1'Uflll'Ul'U~ 

• 'I~m1lJI~lJ'lJfl'lUff 'l1~m~hl'lfi'Ufllll~~qjl~'U l~'lJfl'll yJl~U'Yi'l'l~fl'U 

• ilfl'l fl'U U'Vl~'Yi 'I ~ 1fl'l' fIl'Yifll fllff'1 'U q ~ '\1 'U 11 
SI 

• 'I~~'Ifll::'Vl'U~lfl'llJ~fl~1U1 

• '1 " • 'Vl1 '\1l::'U'UlJfl'l~ff1V'lllJ 

• ff:: 'l'lJ '1'1 Hll '\11'j 

SI 

'lJfl'l~::flfl'Ul~U1 

• 11:l'U~'lf~~1ff111f'Uflll~'U~1'IJfl'l1'U 1 flyj~lJ 

• flHJ'l~::flfl'U'IJ'U1~ '1mu " u 

• tl 'I~tl riflVflflflcJfl ~'U!~ flflll ff'l!m1:: 'l111'l' 'I 

hWflflflcJfl~'U 

• ~~~'Uff1lfll'\11l .. 
SI • '1 "co '1 ,., 0 , cv Q.I ,., 

• 'Vll '\1m~::flfl'U ~'U1fl~~1 ~flfl~!C)f1::'UflV 

. 
'1f1 mYllJ fl1'j ~fl Vff'l 1V 

• iltNfl'U~1fl'l1'lfl~~'U'1'Ul::'U'Uflll ''\1'1 i'UU'U1~'l • 
• tl'l~tlriflVflflflcJfl~'UI~flflll ~flVff'llV U'I::fllllfi~ 1 'U~~yjlfti'U 

• ~~~'Uff1'jfll'\11,) .. 
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" " fl'm lfll<Hi1~~ ffl'HIl'H 1'l'IJu~TI'lf'l.h,r'Uiiu'Yl'lJ lYlbhr1'ty 1 'U fll) til ~ ~ ffl) U1'H 1'l1 'U) ~uu U~ 

lh~~fji ~~i~l1ri i'U l~m)'U ~Uff~ui'ff ml~U~rllh~f)uutWl 1'UJ1LiYtJ L'lf'U l~'H~'H'\.rf) 
ffl)~'U'Yl1 V~til~~ i~tJ1f) '1 ~'1 ~~l1ff~~ 1 'U91l)l~~ 2.12 fl'm lfllTUlffl) U1'Hl) hll ~l~tJTI'lftlf) 

'U 

til~~ l~tJ~'U mhi'ufl'91)lfll)L~1tUL~U 191'IJU~TI'lf TI'lf~U~f) flJllJL~lJ~'U'lJU~ff1'l U1'Hl) 1 'UL'crmt[) 
'U u 'U 

" " 'IJ[)~TI'lfI1~~~f)fjW~'IJ[)~91~f)[)'UI1~~,hLiYtJ fllHJ lffl)U1'H 1'l i u1 ~l~tJTI'lf 1r-lci~'U U liiu1lJlW ff ~ 
" 

I I , " I 

1'UTI'])'ViL'w~L1mllfllnhu~ 'Hl[)ii[)l~U[)tJ (lJlf)f)':h 2.5 f)i'lJ~un1~f)flJ'IJ[)~Lumv[)) u~~~ 

UUtJ~~LrlUTI'lfJ'U'~~1'UlJl'Ul'U'H1U 191L~lJ~ (Reddy U~~ Debusk, 1987) 

... .d1 ," V91)lfll)~~~lJ 1 'UTI'])' ,.{..,ji" .; d ... 
W'lf'Yl r-l~W'U ffl)U1'Hl) 'UI'UUWU lJ lJlrt/W'U'Yl r-l~r-l~91 .. 

" . 
i'U 191)1~'U ~Vff~ui'ff i'U 191)1~'U ~Uff~ui'ff f)f)./Igf) 

... 
'Ul 'lJU~W'lf 

f) f)./( HJf1 
.I 

f)f)'/(Hlf1ll91'.i . f)./f)f) . 
.I 

f) ./f) f). 1191) f)f) ./Igf) 

.Iii iI) .I 
11m. ) 1191) 

UUf)lii 600-630 75-403 5-24 0.54 4.3-22.5 8-61 . 
d 

f)f) ffllJl'H ~ tllJ 125 18 8-27 1-3 - -

" 225 35 18-21 2-3 6-35 10-60 uu 

.d 
'YllJl : Reddy 11~~ Debusk (1987) 

to' " " I 

f)1'lfllm~1'H m~'U fll) )llJtl'U 'IJ[)~ fll)) ~I'H tI~lf)TI'U ~lU 1 11~ ~U lVi ffWlilti ~ 1 f)TI 'If 1 r-lci~tJ 
... u 

Jl![)~ (Kadlec, 1987) fll)flltl)~l'HtI~tJ[)~tlUU~~tI~fn1JfJlJ l'lftJ I1ff~I1~~ rtlJ fllllJ~tJalJ~'Y11r 
" . 

11~~~W'H1JiJ'lJU~[)lfllff (Hammer 11~~ Kadlec, 1983) ulVi~tyliYtJ~lf)f)1n ~ l'HtJ''Uf)~f[)tJ ~~l1l 
" " • I " I 

1 M'U1lJ1W ul1 tJ'l.hiYtJVi [)~, 'Uu~u'.i~~fji~~ ~~ 11~ ~ l1l1 M'fl lllJl ~lJ~tJ 'lJU ~ ffnViu'Ulil [)'U Vi V~fl~ 
'1 : ~ d' .f • 1 " .... d : .c: .f &... ... .f 11)" 

mJ 'UtJ1tJ'UlJfllff~'lJtJ 'Y11 'Hnmf)f1If)1JtJllWlJ'lJWb'~U1~~ ~ lf)~ffml ~ 'lJl~[)Uf)"lil\1tJ'IJ'U I~ (Reed 
" " 

" 

'
''~ d • , .... , "II) ".... II) 

11~~flW~, 1988) 'Ufllmf)uty'Hlfll)~tylff{l'Unlf)fll'.imtl)~l'Htll1\P1tJ~fl~ 'H l~U\P1)lfll) 1'H~\P1llJ 
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I )I t , )I 

rhVimlflll UU' ~fl1'j ~~U 1U 1YiuUf)~lm~UUU1-:jri114 f)~Ul'ii'llJ1' 111.1' 14 t)~Il"'-:jYiiif11'j~tyl iYvu 1 

1~14U1lJ1tulJ1f) (Tchobanoglous ll(l~fltu~, 2004) 

. " 
~lf)U'j'j V1f11fl'~114ll(l~" 1~ 14Yiu,il'l1-u UU 1 i 11 (I (I-:j ri'j 1 f) i ~ UU f)9fl ~14 ~ ~f1 flU (I ftU~ U VU Uf) ~ 1m 1 f) 

~ ~ ~ 

" ,SI • 

ll(l~ fff HoM14 YiiiUUf)9fl ~14 ~-:jU 14' 14 19f14'UU-:j~14 ~~iifffl11~Yi iiUUf)9fl ~ 14ll(l~ hiiiuuf)9fl ~14 u~ 
" ~'lf h-l~.w14U1ff1lJ1'jfl{)lVl'VlVtJf)9fl~14 i~'14'lh-:j 5 ~-!I 45 f)i'lJ'UU-:jVVf)9fl~lJ!(~1'J1-:jllJ~'j -114) 'UV-:j 

':.d~ ~ <Q d'1tJ"~ J 141 I ~ QJ ~ d.c:t I Q 

'W14'Vl f-l1'U u-:ju-:ju'j ~ ft1:lj Lft9f -!I'U14 U~f)Ufl11lJl114 11114 14'U U -:j'W'lfll (I::; 'j ~ft1JUtJ f)9fl ~14 'VllJU~' 14 ft 14 

(Cooper 1m::; Boon, 1987) 

'" 2.2.5 ~u 

ff1'jml11'J~~ U-:jf11'jLY1l1 i'Uf11'jl~1tyl~U l~'Uu-:j~'l1 ri114' l1tY ~~ i~i'UlJ1~1f)~14Vf1l~14 

m{UU14 ~14 1141i'j'jlJ'ln~~~Ut)liiu~~~ii~f)1:Itu~I~14 lfl(l14ll~ri114' l1tYll'" 1~'l1ll::;11l1tyl~U 1~' 14 
. ." 

vl1f)(l1-:j (Media) Yill~f)~Hn14 'lfU-:jlH' 14~1411~Uvl1f)m-:j'lfijftfl14 ~~ 1-M'1~14 'lfU-:j'Vll-:jU 1 i 11 (IllY) 

'j ::;UUJ1 1~~14~iif11'j i l1(1(1-:jril1fU-:j~ 1-:j~-:j ~~iif11nj 111ft 1 ftv~ii14 'Vl ~ 6~lf11~~ft UV~ 'j 1 f)~'lflm::;~ 14 
~ . ~ 

JI I I I • 

~14 m~ ll::;f1f) 1 -M'i ,rl~14~14Yi'Uu-:jvl1f)m-:jdju~v-:jf11'jYi~~n1~m~uff~ui'ff l-UU-:j1l1f)f11'j .. 
n1 ~ ft -W V ff-W V i' ffri114 i 11 tY ~ ::;In ft ~14 ~i14 ~14 ll~ V VH i 'j ~~ llJ ~14 ~ ii flf) Vfl1'W 114 f) n n 1 ~ ft 

., i" "?t Q d.c:t ~ d : ~ , '" '" ~ ~ .J -W my-W tJ'j ff ft ff -:j ~ ~ ft V-!ll 11 14 ft 14 'VllJ 114 V(I~ lUVftlm~14 1ff1lJ1'Jfl9flJ f-l114 L ft~ 1f1-:jU 114 f)(l1-:j9f -:j m 11 ~ ~ .. 
" 1~14 vl1~ 1 nft fI11lJ ~'Vl1a(lfl'lff~{'UV-:j~14~14 ri114 ~ l-!1114'j~uu1j -:ju'j~~1:Ifl~ 

'" q" 2.2.6 ~"U't1'W 

" " 
114mru 'Uu-:j~'l11f-l~.w14U1 i14'j~UUU1 i l1(11~~h~14 

I tI ,"''', 

~ii14'Vl~61l~1~1tyl~U 1~ i~114ri114'Uv-:j~'lfYi~lJtJ~114U1 ('j1f)ll(l~~14 Yi lllJv~l~u 1) '14 i'14~::;f)V14Yi 
. " . 

V~~114~1-:jll(l~U14r:hvl1f)(l1-:j (Thayalakumaran, 1994) ff -:jmrj~11-:j'W1f)Yiiim~~f)~1411 ~-:jll(l~ hi 
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lf1V~1 "UllaTu~tI~::~fj1~iion I lHl'\Jfl~Jl ilPi'~1~14 i 141114 114 fl14 ~::tI~::Ofl1J I tlfi' 1V-J fl~ 
Vl1 11~fl1jfl~~~tJ'UNril~fi'1V1ff~~Jl hhnlJnmh14 lfi' l~m'jfl~n14 Onf1~lJ llC1::mvi 14 

., oJ i """ 1 ," : #t!i. ~ ~ 1 "1" Q.I .di" d ~ .:!I.Q d q 
U~~~1I10C11~9f~ 11'Vi'li HC1'Vi14141Vfllf)1::1m::l~~t1Jll1U 11 Lfl 1I10C11~'YI 'li~::lJl114l1~fll114Ufl'YIlJ 

1~14~,h14ij'146oC11~ 10 - 15 19f14~llJlI-:i m1f11m::~14tI~::lfl'YI~N'l ~~mVi14Uflfl1~~::U~~~ 

" I"" U l1rrV~:: I 11C1f'h141Pi10C11~UC1::()mhufi i 14 -:i::11 '.h~Yi ~lJ~ffnUW14 ~1'\J fl~1Pi 10C1NllC1::i14 .. 

i 14 ffm'Vi~i14llC1::1~lJ I tlfi'1Vfffll1::~~lJIPi1'\Jfl~Jl i 14-Jfl~~~ lliiion f1~mj'1~ril~BlI-:i 1 

m-:ilt1~V14lltlC1~ l~ lf1~iiO~fll1cl~11l.hVf111lJVl1 ~::()OfflJlJ~i li'ltl14r111lJC11f1i14 ~fl~~14U fl ~~ .. . 
ffllJl-:i()111BlI-:ilf)1-:iil"mifi'1I1lJfflJf)1-:i~ (2.7) (Reed lIC1::flW::, 1988) 

Q K, * A * S (2.7) 

Q BlI-:i1 f)1-:i111 C1 

K, ffm'ViUl'Y11~'liC1fflffll{ (Hydraulic Conductivity) 

" . ~ d "Q.I 
A 'Vi14'YI1114ll1f1 

s UlI -:i lm~ lt1~V14ll tI M'\Jfl~ i ~ ll1-:i iitl~ flllcl ~11l.hVfl11lJV11 

~h/~L 



"1 I I " 

tlfl ~ ffllJl~ tl'\1l~lJ Vim! 1~~Vifffl11~ UlJ~ 1't1 V ,n.j 1 ~ 1 fHllJ f)1) (2.8) 1~11'JlJ 

ac 

S 

ac 

Q 
Ks* S 

8,6 

Ks 

(2 .8) 

(2.9) 

,., I" " 
~lJVi'l1,rl~~'tIV'IUV~'I~ lfln'Ul1ft''Y11'1f)1) h'fl'tlV,nil (lJ.

2
) 

.::t I I cv 

11fl~lJml1'1lfl'U d l x WI 

" fI11lJ~fl'tlV'Ith 1 lJUV (lJ.) 

" , fllllJflll'1't1V'I'UV (lJ .) 

32 

~"o d Q.I ~ d Q ~ ~ tI 
11 fl ~ llJ V~ V 'I f)1) flllJ 1 ill 'I1111fll1 fl 'U fl fl11 fl ~ 'W lJ l'l H 1't1 V 'I'U nh ~ ~ 11 j 11 'U 'U SFS 

ffllJ1)tlflllJlill i~~lflfflJf)1~ (2.10) 11fl~ (2.11) 

L*W*Y*n 

Q 
(2 .10) 

A, L * W (2.11) 

..; d ., ., 

llJV nfl11fl'Uflfl , llJ 
, 

L fI11lJV11'tlV'I'UV , lJ . 

W " , fI11lJflll'1't1V'I'UV , lJ . 

" , 
As 

~.d. Q I 2 
'WlJl'lHl'tlV'I'UV , lJ 

Q 

" y fI11lJ~fl'tlV'Ith1lJUV , lJ . 

n Tilf111lJ'W~lJ'tIV'I~lflfl1'1 1lJUV)jfhvQ) ~w;h'l 0 .25 - 0.45 

.1 ,., 1"" 'tIlJVVfl'U'tIlJl~'tIV'Im1~ m~~ ~~lfl~nl'11'1 2 ,13 
" 'U 



o ., 

~l'JNYi 2.13 ~1mh~flw fflJ,j~'\Jfl~~1flC11~ i U'j:;1J1JU~th:;~iJiuU1nj 1 I 11 C1 hiH1~U 

... ., ., d . " '}j'U~'\Jfl~~1fl"1~ '\JU1~fflJqVlTi 

VI'j1tm:;lUtl~lhUflC11~ 1 

VI'j 1£.111 t111J 2 

fl'j 1~ VI'j 1£.1 3 
0 

'" VIm : Tchobanoglous UC1:;flW:; (2004) 

(2.12) 

BODout 

BODin 

T 

fl11lJ'W'jU ffm'WU1V11~'}j'Mt'1ff~'j(Ks) • 
3 2" 

lJ. f(lJ. -1U) 

0.42 420 

0.39 480 

0.35 500 

~ 1f1 ~ ~'\J fl ~ u B fl~ til ~ 1~ 1J 11 cl ~ ~ ~'U fl ~ tl1J 

flWl1filJ, Y)fllU . '" 

~Wl11JiJiU'j:;1J1J, °91 

L 

KsS 

(2.12) 

(2.13) 

(2.14) 
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~o 

1.84 

1.35 

0 .86 

., ., 
fl~'j1fll'j i l1"'\Jfl~U 1fl1'l i ~~lt1U l~U i U fll'jfl11JfllJfll'j 111" i,r ri1U flU 11 fliifl11lJ C11~'\J fl~ 

• .. d ...;. i": 1IJ 1IJ'''''' ., ....1 • ~ .... " 
1JflU'j:;mw 11Ufl'j19i'U~ 1YW · 11U1 Ll1C1C1~ l~t1llJlJfll'jflfl'\J~lfl~'lJU ff1'UtlU1Jfl1J'jl1WUmtlVl1t1 

" I "" , I 

U1'IJ tl~ 11 fl 11 :;ii'Yi fl,) fl1 11 1:; ~ 'j tl1J'Yi flll1 tli'1JU 1Yi~ fl fl fl 11 1fl 'j:; 1J1JU ~ U 'j:; ~iJ i 111u fl1'j 11 ~ fl1~t1~Yi 11:; 
., 0 0 

'j1Jfl1U 1 m ~ ffr N'lJfl ~~ 1flC11~ UC1 :;iu 'j 1fl'IJ fl~l1'}j'UC1 :;1l1 fl i M'u '\.ji 11 i ~ '.i1iil1C11 i 'U fl1 'j fflJ ~ ffYi 
., 

1i1t1~'Wfl'thl1i'1Jfll'jU1,j~ ~1f111lJ1~1'IJtl~fll'J I 11"'lJfl~U1~lU'j:;1J1J lUfl1'j1fl'U 8.6 1lJ~'j6u i U 
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~ I 41"" <v "" 41 oJi" i"l fllHHlnUUUfl11lHln'Ufl.:jUfl f11d~:;HH)n lH"fl~f1"fl.:jnU'jf'U~'Ufl.:j'Vi'l!' 'Ud:;UU"lI.:j ~Uff~.:j 1 'U 

~ldl.:jVi 2.14 

o ~ 

~ldl.:jVi 2.14 fhlff'UflH'U:; 1'UfllH)flnUUUfl11lJ~mY1l1fud:;uu;jnh:;~'I:liHU1Jt11 i 11" l~r:b~'U 

"" 4 ~ I 

'b''U~'Ufl.:j'Vi'l!' f111lJ"f)'Ufl.:j'Ufl, "lIlJ. 

d 
nf)ffllJl11CWlJ 76 

" 60 tlfl 

~Uql1j 30 

'" lun Reed u,,:;mu:; (1988) 

~ ~ ~ 

1'U flld flflfillUUd:;U1J1hu~thlffVH UU;j.:jUd:;~'I:l i ii'\J'U~fl'U 11~n~.:jl'ifl i UU 

JI I I I " 

1) ~ ~ld OJ lf111lJ1111J1:;fflJ'Ufl.:jyj'U Vi Vi ~:; 1~fln1 ~lyjflflld'lhu~1111ffV 
)I" " , , 

~ I d OCVOACV .c!tcvd I do 0'" 

2) f1n'l:l1dlf11 d~:; lJd :;UU U1U~'U 11 ff V'U 'U 11 d nH":;11 dfl'U'U 1'1 fffl.:j n fl'U 1'1 ~:;'U 11 'U lffd:;U U 
ou 

~.I "" " 
U.:jud~~fl! 

3) v'ilfll·H~fln'l!'ij~'Ufl.:jyj'l!'~ ~:;u'Jn1 'U;j.:jUd :;~'I:li 
~, OCV:d ~ ~~ 

4) fl'n'l:l1'l11 fIlfll d fl fl fill UU d:; UUU1U ~ 'U 11 ffVH UUU.:jU d:; ~ 'I:l j 

o ~ I 1 ~.I "" " 
5) 'Yllflldfl'n'l:lld:;UUmU~lJHlJ".:j~N'l 'UU.:jud:;~fl! 

~ 

6) tnlf1U uu d 1 V,,:; lV V~ 'U fl.:j d:; uuihu~ 1111ff VH U u;j.:jU d :;~'I:l i 
~ ~ . 

7) ~ ~ 1 d OJ 1 ~.:j nld ~ ~ ~.:j fftllU ~ d 1 ~ ffflU U d:; ~1'1 Ti.fll 'Vi 'U fl.:j nl d U 1 u~ 1111 ff V11U U U d:; ~ fl i 

.flld:; Ud d 'YJ nffld fl'U 1'1~ viti i~l ~'U ~ 111 U d~ fi 111 'U ~~ lin q~ 1 'U nl d fl fl nllUU d:; uu;j.:j 

Ud~~'I:l i ul'il~'U~l~n~ffflu 1 MHu1 ~ ':h l~r:h~'Uiiflfln~l~'U'VifllYlV.:j 1~vi1 i Ull~1yj'l!' If-1~~'U 
~ ~ 

111ffllJ1dmi.:j~hutltln~1~'Ui~1'U'lh.:j 5 - 45 nflJ'Utl.:jtltln~1~'U/(llJ~d-1'U) 'Utl.:jyj'Ur:h;j.:j 

~.:j~djtl.:jn'Uflmlflldln~tltln~1~'Uri1l1fuyj'l!' iti1MlJ1nf1':h 20 f). 'Utl.:j O/(~ldl.:jllJ~d -1'U) 

ri1l1i'u~lH'U:;111~1~1'UflldtltlnHUU SFS i~11L"~.:jH1'U~ldl.:j~ 2.15 
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. ., 
1Pl1'i VIYi 2.15 fi1LLU ::-w1Yii oMi U rn'HnJflLL'U'U'j::'U'Uii,nh::~fli1l1J'U-w 1 i m'l ilP1'~l~U 

.. ....Ji" I 

'V'l1'j1111IPlm'VI 'I1flflflLL'U'U '11 'U 1tJ 'j::'U'U SFS 

d '" (HRT) '" - ld"llf1'Uflfl 1'U 4-15 
., 

'" 0 - 'j::~'UU1 11. 0.3-0.8 

'" .. "' .. .. '" - fl IPl Hrn 'j:: 'U 'j Hl fl fl U 'VI 'j tJ flfl.l(HlflUIPl'j -1'U) <68 

'" .. 
11.

2
/(11.

3 
-1'U) - fl IPl 'j 1 m 'j:: ')$" ff1 ~ m 0.014-0.047 

., . 
l~flLLIPl{ / (10

3 
/11.

3 
-1U) 

... "' .. 0 - 'V'l'U'VIHd~ll'V'll:: 2.14-7.16 
. .. 

'VI1I1 : Tchobanoglous llCl::mu:: (2004) 

., 
1~tJff1U i 'I1t1jl m ~~~VI'\Jfl 'n::'U'U-W1' '11" ilP1'~l~'U ihtflflW::lm:: 'j1fm::lfltJ~~1~'l l'lfU 

., 
fl1111~fl'\Jfl~-W 1LL"::~lfl"VI ')$i1~'\Jfl\l~lflm\l fl1111m~<MU'\Jtl\lfl1111~fl 'j::~'U'\Jtl\lfll'j'lhu~ i U 
., ., 

,JulP1'u 11"::'lfi1~'\Jtl\lYi'lf i U tl~IPl'j ::'U'U-W 1 i'l1" ilP1'~1~Uff1'U i 'I1WiifllPl'j 1ff1U '\J tl \I fl 1111 tJ11~ tlfl1111 
u ., 

,,~ ... , i 0 i i ".... .. -'i '" U fl1V1 1 UU 10:1 ,\Utl1l1flfl11 'U'j::'U'UU1 '11" IPlfn~U~::lIfl1111"fl'\Jtl\l1Pl1fl"VI 'j::1I1W 0.3 -
., . ., 

0.76 ll1lPl'j lm::i'*'VI'j1tJ m1~ MU ~U~lfl"l\1 YiuYiff1uriVliifl1111"1lPl<MU 0 - 1 % 'j::~'U-W1m'j 
f JI ,.. I 

~::~ 1fll1YiU ~l'UU '\Jtl\l~ 1fl"VI LL ,,:: ~1111'i ()fl 1'Ufl1/'j::~ 'U-W 1 i~~ Vi 'VI VI tlflfl (Reed LL":: Brown, 

1992) 

.. 
o IV IV v 

4) fll'I'Ul1JVJ'U'\.JPl'\.J 

J1IfffJ~l.un::'U'Uii\lu'j::~fI;i'LL'U'UJ1 i'l1" ilP1'~l~'U mlVlu flfJfl1'j ~lUfll'jth'l1lPl~uIP1'U1I1 .. 
Otl'U LL~ 1 ~ \I tll ,Hl:: ~lU tJ mm fl:: t1\11'l fll'l::flfl'U flln'h'l1lPl~u lP1'u LL 'U'Uli nlllPl1 '111 tlt1\1U Bfi1 fJ1'~ 

" :'".J '" 0' .. .. .. 0 d i : .. 
i'lftllfllff'\JU 1'l'U C))' \llI::lIU 'j:: lfJ'lfU i 'U fll'j "1Pl ~1'i tl'U 'VI'j tJ 1m:: \llU 1U '\J tl \ILL '\J \ILL '\J1U" tlfJ 'U U 11 ~fJ 

\llfllH~lUfll'l~l'11m'jll'~ • 
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~ , , ,,~ "d • el #:l tI 0 cv.c:l d 

\11flf11'jf1mn i~tJff1'UhfflJ'~'lfhm1'U11 lJ ,nl1::~~ElrCY1lJ1'jflfll\1~U ifl~ ff1'jU'U1'UeHW 
.. .. 

ff1'jtnl1l'j i en1~'I1tJfl UC1~l;ffl hfl \11mhlihJ'\1C11fl'l1C11tJ'lftJ~ 1~ 'UU~1JlW ff.:J flC1 'flfll'jihu~ 
" 

I " I I 

ffl':ifl'U'Yl16Viih1 l'11tJ fllJ1fl\1~~flfh~~flfh.:J'j1~1~ 1 i 'Ufffll'ViVi ff .:JlJtJ.:J i ~ fJfl 'j ~lJ 1'Ufll 'j ... . 
~ fl~~ mnJ11C1~fll'j mfl.:J ffl':iU'j~flfllJfl'U'Yl ~ 6\1~flflVflfJffC1 1fJl1.:J i 'U fffll'Vi-n ij mfl1fl'11 C1 ~ ff ill'Vi Vi i ~ 

'U 

ijtllf11f11~fJ Heterotrophic bacteria 

. " 
flC1 1flfll'j'Vi1~19l' (Convection) UC1~fll'jf 11'11 C1'Ufl.:J flflfl9fl \1'U \11m~lJlJ 'j1fl~ 'If ll.:JtJ 'U U 'j ~ -ff'Yl ii m'Vi 

i'U fll'j tl1 ~ ~ff1'j fl'U 'Yl16 ~'U fl~nlJfl11lJl.,j'1J'\j''U 'Ufl.:J flfl fl9fl \1 'U i 'U'5''U,;' 1flC1l.:J ff1'j fl'U 'Yl16 \1 ~ ~ flVfl tJ 

ffCl1tJ'Yl N:Jhm'VilrJ'U mrfl ~h'U fll':i i '*ffl':ifl1'111'j l~fJ~'lfffnJl'jfllJfl.:J.,j'llJ 1 U 1t{ (Korkusuz UCl~ 

flW~, 2005) 

. .... .. 
2.3.2 fll'Hllilmn'.i"8.:J11".:J11"1'HU1U 

d 0 cv liIl' 'd .c:t..c:::t. i 4 .c:::t. 0' ~ d 
'Ufl.:J11'U.:J11'U1'U C1flfJflflf11 \1~ 19'1flf.Jl.:JlJU'j~ff'Yl1i m'Vi 'U 'j~lJlJm U'j ~~El ~ l'U fl.:J \11 fl11Cl11fllJ 

'U d 

ntl (HRT) ~f.Jl1'U1'U lm~ijffm'Vi~ff.:JlJii.:J f11'j~tl~~flfl'U l~mh'Ui'l1\1j'Uel.:J'Uel.:Ju~.:Jln~~'UmfJi'U 
)I I" t 

• " q ~.I ' ... " "l'" 1" d • i" 2 - 3 lJ. 11':ifl\11tl'YlN'U11'U1 (Reed llC1~flW~, 1988) fJ.:J lufl11'U'U~'U'Vi'lflJl1'U1 'UlJ'Yl\1~'Yll '11 

d : d .d" ~ I )I "i", f c:" ~ .J I Q 

fl11lJl'j 1'U el.:J 'U 11 ff fJ'Yll 'U1lJ 1~ 1 Cl.:J 11 Cl ~ 'lf1fJm ~ \11fJ'\.hl 'U 1 u 'Yl1'Yl.:J 'i ~ lJ lJ 9l'.:J 'lf1f.J1 ff'j lJ fll 'j 

jJd~ .I tI d d i 1 0 cv t " 

~ tl~~tlfl'U i '11 ~tJ.:J'U 'U (Gray, 1989) 'Vi 1flfl flC1 C1 flfJ~l1 C1~'U el.:J11 'U.:J'Yl lJ~ fl~ ~ fl fl'U ~ tl fll \1 ~ flfJN 'U elfJ 

ff1'U'I1C.:J l~fJfll'i ~lJ~~nlJlllJflVil1fJ fll'j'lf'Un'U fll'j 1 '11C1 i unlJn'U llC1~fll'i~~~f)nlJlcy~g'U '1 
10)14"" p' Q oCV d 

1'1f'U m~'U'Vi'lfm'U'UNl1C1~tl'U'ifl.:J~'U (Kessomboon, 1990) fll'ifll\1f)'Ufl.:JU'U.:J11'U1'UC1flfJ UCl~f11'j .. 
VelfJffmfJlJ1C1CY1'j lrJ'\.Jf·miMlnf)i''U'Uel.:J~~tlel'U (Sludge Layer) CY~CYlJi'Uifl.:J (Hammer UC1 ~ 

I I J/ I 

Kadlec, 1983) fll'i l.yjlJU'i~-ff'Yl ii fll'Vi i 'U fll':itl1 ~ f) 'U fl.:J 11 ~.:J 11 'U1'U C1 flfJ vh 1 t{1 f) fJfll'j l.yjm~'U Vi ~1 i 11 
J d: ~ 

lJ 1fl'U 'U , C1f) fl11lJl 'i 1'U fl.:J 'U 1 11 C1 ~ 1 'Vi lJ fll 'i ~ tl~ ~ fl fl'U 11 C1 ~ fll 'j m fl.:J i'U 'j ~ lJ lJ 'j 1 tl (Korkusuz 1m ~ 

flW~, 2005) 
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II 

tlf)~i U 1~~I\lu iUlhtffmJ::{)~iultlrrn~u'VI~ 6 ,LL{)l1 l11lutJ, i U if! ~11', i Ulf!~'VI LLfl::~lCb' 

iu If!~I\lU ~~I~u~hutl~::f)flU\lfl ,:Ii!l~m iu hnl\lu tl~lJltu rrlnh::f)flU i U lf1~ I\lU l~tJm Yil :: 

LLflll 111 I U tJ rrlll 1 HILL rr~ ~ ~ ~ fl1111,)' ()~ m ~ (){) f) cifl \lU \I () ~ m:: U 1U f11 ~ i U fI ~YI I fI iu LL fl:: V~ I ~ U 
II 0 

rrll'l1~ i,r!fl~ Eutrophication iUU11~~'.h !~U-WlJ~{)iY~ii;if! (Korkusuz Ufl::fltu::, 2005) 

. '" ~ 1 : od i ~.I "" """ .1 ~ • ~ 1 ~.I 
m~m\l~ LU f!~!\lU\llf1Ul!rrtJ U~::UUU~u~::~lJ!If1~\IU\llf1f1fl Lf1m~Ul LU f!~!\lU LU 

i "I.o!1 d .d '" 1 od '" 1 od 'b' ~tJYi'b' LLfl::f11~1f1Ulf1tJ1f\1tJ11fl~ f11n::L11tJ\lfl~LL{)l1 lllUtJ f11';i~~C))'UU{)l1 lllUtJ m::U1W)1~ 

iUf!~Yllfliu llfl::m::U1Um~~iu~~YI!fliU (Roger Ufl::fltu::, 1985) f)flif)11crf1iuf)ntil~~ 

i U 1 f! ~ I \lU fi () f) ~:: U 1U f11 ~ i U fI ~Yllfi iu (Nitrification) U fl:: f) ';i:: U 1U f11 ';i ~ i U f! ~YI! fI iu 
(Denitrification) (Korkusuz Ufl::fltu::, 2005) m~ihu~ i U lmlllu l~tJ~1 hJll::~Ufl~fiu ~f!~l 
f\1';i::'b'flfl'lrrf!{ (Hydraulic Loading Rate) f)fl imhfltyiuf)nihu~ iu If! ';i !\lU ~ufl~fiultJuUU 

, "" " 
\I fl~ i U If! ';i !llU ii{)~i U U l! fffJl1u'l U ()f1\llf1UV~,)' fl~fhu ~ ~~tl~ lJltu m{u flU fltu 111J ii f! fl fl~ \lU 

II 

~f! ';ilUfl::';i::tJ::nm i Uf1ntl~fltJU llfftJI.u1~~::UUU1U~ 

II II 

';i:: U uii~ tl ~::~ 1,1 i rrlll1';i fI til ~ ~VJ fl rrvJ fl i'rr i ~ -n ~ i U ';i:: v:: -ffU U fl:: ';i:: tJ :: tJl1 tl f)~i U ';i::U U 

'" o'od" i '" , 1" .o!I .o!I 1 unfl'U llf11111f!fl~m';irrl~fl1111~ urr~rr1U llfln\lfl~ C:N:P flfl 106:16:1 11~fl 41:7:1 ( ~tJ 

ll1fl) m';il~l1~U\I{)~Jl!ffV\l::vh i ,rlfl~fl1111 hjrrll~fl6\1{)~rrl';i fl1111';i vJ{)rrvJfli'rr"uii~tl';i::~lJ 1 
~f){)~i U l'urrl~fl:: flltJ II ~ Ti1~vJ flrrvJ{)i' rrLLfl:: ~u 'VI ~ 6vJ fl rrvJ fli' rri U l tJ\I fl~1L ~~ i U rrl ~ fl ::mtJf11 ';i 

cv Q ctft' .1 leu '.c:S cv ~ 
Uf!f)f!1\1fl~m::fJfl{)UU'VI';i V\l::\IU{)~f1UmYim'b' (Kadlec 1m:: Knight, 1996) urr~~~~u 

HP0 2
-

4 

<=> 

<=> 

<=> 

(2,15) 

2- + 
HP04 + H (2.16) 

(2,17) 

" " , I 

~tJUUU!11~lUm::\llVfl~iuUliifltu111Jii 25 fl~fl'lIC))'fll;vrr ILrr~~~~ltJii 2,13 
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HPO~-

4 5 6 7 8 9 10 11 12 

pH 

, I " , 

'a/Vi 2.13fl1'jm~~lV'lJD~1l'j~f)ClDi1UVI~6'VhH,..rJDi'ffVirilTi'rui uU1ViDru l1 nlJ 25°C 
cu " u ~ IU 

.,j . 
VllJl: Kadlec UCl~ Knight (1996) 

.. 1 . .1'" i C/. I ... 0', " ... " '" •. 1 . .1 "" • Ii" 'N~'j'IJD~TIDffTID'jff U1J'llJ'j~~EliTflDU'lJN9l''U9l'DU UCl~lJTIDffTID'jffDVl1mV'jlJ fin 'b' 
~ ~ ~ 

ffn ml1 n l~vYi'b' illfl1'jU llJl i i'1~ ~1l'jlfl1H;l~~vJ D ffvJ Di' ffi U 'j ~'U'U L1jD~ ~ If)vJ UffvJ ui' ff~ 
" ff~ fflJ i U Yi'b'~~()f)l1 rlflVMffU l1rl~u 1 i U m ~ 'U1U fin VflVffCl lVVI H;1fll'Vi f)l'j ff~ fflJ 'II U ~ 

~ OJ . " 
vJu ffvJ ui' ff'j ~ V~ V111 ~U HCllJl ~lf)f)n ff~fflJ'lJU~9l'lf)Yi'b'U Cl ~ ff ~ ij ;11l1~ f)'l 'j 1lJl1 ~ f) Ul1 U() lJ'IJ U~ 

vJ U ffvJfli'ff~ u~i U fflnh~f)DU~VUVffCllVVlf) (i11f11 , 2544) 

i u'j~u'Uijnh~~Eli~ijf)U i l1Cl i~~1~U f)Cl If)mif) i Ufl1'jfh~~vJDffvJui'ffftU f)n~~ci'u 

(Adsorption), f)ln11i,rI~'Uffl'jll'j~f)flU (Complexation), fl1'j1lf)1l~f)fl'U (Sedimentation) UCl ~ 

f)UVflVffCllVVll~;1fll'Vi (KorJ.aIsuz UCl~flru~, 2005) f)Unl~~vJDffvJUi'ff Ifi~'illf)fl1nilll~fi~Vl 
.ct Q,J Q.I .J ~ ~ 1 d i "1 .:!t Q,I oCl d tI 0 G.I 

IfllJf)Umf)ClN 9l'~If1~'IJUDV1~'j1~1'j1, f)U 'b' ~V'Vi'b' UCl~fl1'j'j1lJ1l1'IJfl~lJ1Cl~Cl'UVI'jV 1l1lJCll~U 

(Zoubolis UCl~ Prochaska, 2006) 

f1U'U l~Vfl1'jl~lJ Aluminium Polychloride Iftf)U'Dvi'Ui)~\9lf)\9l~f)U'U (Brix UCl~ Arias , 2005) 

- I ...... 0 ... _.I _.1 '" 0 i" J 1 i " 
lJ 'j ~ ffVl1i fll'Vi f) n f)l ~ ~ -n U ff-n U 'j ffffllJl 'j () Vll l1 ~ ~ 'II 'U ~ V f) n 'b' By-product ~ 1 f) 

~\9lffll1m'jlJ UCl~1fffJVlN1i'j'jlJ'b'1~ 1'If'U -H'U~'U (Limestone) , m1~ (Grave!), U~lClCllff1\9li'Uli' 
.ct o..:!t' dd" " 4d 

(Wollastonite), 'II U ~ Iff V ~ 1 f) f) nVllll1lJ fl~ II 'j II Cl~ VI 'j lV VllJfl11lJ I'll lJ 'II 'U 'II U ~ II fI Cl 19l' VlJ (calcium), 

D~CllJUlJ (Aluminum), IICl~Il1~f) (Iron) U,iff~ ff1'U'lJU~Yi'b'IICl~'il~'UVl16 ~\9llVCl~'il~lili,rll~lJlru 
" ~ " q 

• .1 •. 1 '" i .d J 1" 'IJfl~-nflff-nfl'jff 'U'j~'U'UI'VilJ'IJ'U ~ (Korkusuz IICl~flru~, 2005) 
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J 'cv Q,.I 

'\J 'U ~~n1J nl'j ~ 1\ 9f1J 11" ~ nl 'j 

1 ." d '" .. .. ~n~~n~'U 'U'jUl11J1J~l ·Fl'\J~.:jl'11"n ~~mJl'UVlJ U"~Ufl"I9fVlJ (Dunne l1"~flW~ , 2005) 
~ ~ 

I ", , )I I I 

f1l'j1\1\i1J 1 'U Viii lnv11v.:jl1.:j nl'l 1\1\~1\ 1J'U H1'\J~.:j'\J~.:j11~.:j 11"~nl'l1\1\~1\H1Vi !U~V'Ul1 U".:j 
~ ~ ~ 

III.' ' d '" .. d," '" , .,j '" 
lu\!fffll1~'\J~.:j11'\J.:j'\J~.:j~~~lJ!'UVlJ u"~m"n~~n 9f1\ 'I1'j~U'j1iWJ~UC'l m~1J1'Uf1l'j~1\9f1J\l~ 

.1 '''' ,.. '" '" '" 1 ~ '·'1 '" '\J'U~Vn1JflWH~')f U"~~mlf1l'j!f11\m~1J1'Uf1l'j1\1\9f1J~~"1\".:jmlJ!1"1 1\V'Yl1 u 'U1\'U 
~ ~ 

'" .. d," " .,d1' .oil '" 1 1v 
~~~lJ!'UVlJ l1"~m"n~~n 9f1\~~~~ 'U~u'Yl lJ~nfl"n (Amorphous) ~~!f11\ 'Ufffll'Vi 'jmf1lfl' u,,~ 

~u~~nfl~n (Crystalline) ~~If)1\1'Ufffll'Viiifllf1lfl' 1'Uf1l'j~1\i1J'rJ~ff~~i'ff ~~~ljliiVlJ u"~m~n . .,. 
~~n 1 9f~Vi hj~ nfl~n l1f11!ff1\.:jUUf)~ VlO'm-:;'UH1lJlnn11~Ul11J1JVi~nfl~ n 

n 'j ~ 1J 1'U nl'j ~ n~~ n ~'U l~v1.ff ~.:j O'1J nl 'j fi 1 ~1\~ ~ ff~ ~ i' ff~ ~ n ~ 1 n ffl'j" ~"l V 11\ vnl 'j 

'j1 lJ~1O'1Jl~~~'U1J1n'\J~.:j~~"lj!'UVlJ (fflJf1l'j~ 2.18) m~nl1"~Ufl"!;VlJ ~n~~n~'U!~'U'\J~.:j!!~.:j 
OJ 

'jul11J1Jhnj 
~ 

PO )-
4 (2 .18) 

. ., 
~~ff~~i'ffU~lJltlrU'~v ~~\l n~1\~1\H1 1 'U 'j~v~mn l1\V1f)1\uUm vlViYi'UH1'\J~.:jl1fl" 19f11 

~llJ~1Vf1l'j~n~~n~'U'\J~.:j!!fl"!;vlJ~ii~'U 1i~O'1J~~ff~~i'ff (fflJf1l'j~ 2.19) 'Vi1n 1~~~ 'U1J1n 

!'If'U 1C}fl~VlJ (Na) 1uu~ff!;VlJ (K) u"~l1lJnii!;vlJ (Mg) ~~iifl"~~f1l'j~1\~1\H1'\J·~.:j~~ff~~i'ff 

l1\V\l~' U!fl~~'U~lVUfl ,,!;VlJ 1 l1'!~'U flff'j~ m~1J 1'U f1l'j~ n~~ n~'U '\J ~.:j~ ~ff~ ~ i'ff1 'U 'ju~ 1li 

HPO 2-
4 (2 .19) 

~ 

Isothenn '\J~.:jf1l'j~1\i1J~~ff~~i'ff iiu'j~ 1V'b'U1'Uf1l'j'j~'4U~lJlw'\J~.:jm~1J1'Uf1l'j~1\i1J 

~~ff~~i'ff l1\v~'Uu"~~~n~'U ~.:jl1n~~l1\ l1\Vf1lmfflJ~'U'I1~~~~n~'U~iu~lJlW O'1Jffl'l"~"lV~ 
ifl11lJ!.fflJ.ff'U'\J~.:j~~ff~~i'ff u~1'Vh1l1'fflJf.l" 11\V1~!fl~~.:j Shaker !~'U!fl~~.:j 24 ,111lJ.:j ~ 

., 
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. "1'" Q,J' , i" 1 Adsorption Isotherm l'l 'lftl'lHJlJl'lll'Yfl,\Hl1t1 ~llfl Langmuir, Freundlich ll" ::; Tempkin 

oJ. I "" " 1" ..: model 9f-:Jufl~llm1\l::; 'b' Langmuir ll"::; Freundlich modellJ1fll'lL!~ 

.. " '1".1':! ...\ .. '" .... 1"" Langmuir model lJ'Ufl ~lu~tIlHlJflll'ltlUflU Freundlich model flfl (1'llJ1HI 'I1'UfllJ" 

'Vj nlijl~lfl{'Ufl-:Jfl1~~~~UyJ fl(1'r/fli' (1''1~lJ1flfll1 (1'1lJ1~tl'l111 ~tI 1 ,*(1'lJfl1~~ 2.20 

q xlm abc (2.20) 

1 + bc 

1~tI~ q flfl U1lJ1W'Ufl-:Jr/fl(1'r/tli'(1'~iJfl~~~U (ij"~fli'lJ~tln1"fli'lJ) 

x fltllJ1"'Utl-:Jr/tl(1'r/tli'(1' (fli'lJ 'I11tl ij"~fli'lJ) 

m fltllJ1mrtl-:J~1~~~U (fli'lJ 'I11tl n1"fli'lJ) 
'U 

. 
.... 1 .. 

a lW::; b fltl fIlml'l 

Freundlich model (1'1lJ1~tltl~Ultl1U~UllUU Linear ~-:J(1'lJfl1~~ 2.21 
'U 

LogS log K + n log C (2.21) 

.a I d,4i:t, '~~Q,J 

n flfl fIlfl-:Jl'l (Mn~fllJ""mlJ) 

C fI fl fI11lJI,jlJ,jU'U tNr/fl(1'r/fli' (1'1 u (1'1~ ,,::;mtl (ij,,~ fli'lJ~fl~m) 

. . 
I I Q.I..::t Q Q.I ~.a " d " 

(1'lJ fl1~ Kinetic tltlN-:Jltl~ -:Jl'l flliUlti lJ flll::; H~'Ym l~llJ fllfllrm'Ufl-:J 11m! 'UllJ1lfltl1'Utl-:J 

(Dunne ll"::;flW::;, 2005) 
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" 0 

Yoo Lm::flW:: (2006) 1~ffmn~\I"flflW::fll'Hlfl~UU"::fll':ifhiflyJmyyJeJ~'ff l'U-w'UVi'lflJ 
v • 

" 
U 1 \9l ':i "HI 'ffflU flW 'fflJ U~'YIl\I fll tlfll'YH fllj'U fl\l ~ 'U fI:: flfl'U, ~ l'l lih\9l fl {fll ':i fI fI ~U yJ fl 'ffoW fl ~ 'ff"::" 1 tI • v 

(SRP) L'lf'U fllfll':i~fI~UyJfl'ffyJfl~'ff~\I~fI (PSmax)' 'fflJ~"fl11lJL,j'lJ'Ij''U'Ufl\loWfl'ffyJfl~'ff (EPCo) U":: 

fl11lJ'fflmHll 'U fll'lnf)L~UyJ fl'ffoWfl~'ff'Ufl\l~'U \9l::mru fll':iflfl~U 1 fI tI~'U \9l::flfl'U ljmlmYlJ~'U £ nu 
v 

~tlu UU~ 1~lllflp.j~fl'U fl\lL'H ~ fl Lm:: fl::~iJLU tllJfl~l\1lJlfl ff1'U ~tlUUU~\9l flp.j~ fl ~::ljtl1mwti fltl 

1", ~ "'i. I'" ... .d'" ~ 1 ~ 
Zoubou1is LLt1:: Prochaska (2006) fI'YIlfll':it1flfl1U\lu':i::flflj'YIlJfll':i L'I'm 'UU'U1f1\1 1f1t1 

I Sol " I 

l-M~1fl"l\1Vip.j'fflJ':i::'I'dl\l'YI':ilt1 Lm:: Dolomite l'\.Jti'Ill':il~h'U 10:1 (U1'I1Ufl~flUll1Ufl) L-Wflfllifl 

o " 0 

fll':iilfl'U fl~l\1 '~~flL'W fl\l 2 fl:: ulViHl'U fll':i1.J1UflUtl'1\)::'¥11fll':i -1f1fl lyJflmyJlll t1::t11t1 1 'U 'lf1\1Ldt11 

mfl fli1 3 L~fl'U '¥11fll':i -1f1tl':i::ff'YIn fl1~ 1 'Ufll':ifhiflyJfl'ffyJfl~ 'ff'~ 45% fll':i 'ff:: 'fflJ'U fl\loW fl 'ffoW flf 'ff 

1 '" 1 "'i. 1 ... ... '1 ' '" '" '" .d '" , ,~ "1 " & ~.f fltlIll1flt'l1\1 'UU\lu':i::flfljfl~ 'U'lf1\1 6.5-18.0% L'YItlUflUIll1flt'l1\1'Y1t1\1 lJ Lfl 'If\ll'U 9)'\I~::L~lJ'U'U 

~ ~QI .c:. dCV"Wt" dl~J 
\9l1lJfl11lJt1fl'Ufl\l'lf'U\9l1flt'l1\1Ut1::fl1':i::U':i':i'VJfl tl':ilJ1W'YI'ffflfl LfI'Ufl\l Ca Mehlich-III lJmmlJ'U'U 

U'fffl \I~ \I fll'lnliflyJ fl'ffLyJ\9l1 fltlfll':iflfl~fI~h'U fl\l fleJ {1liyJ fl'ffLyJlll 1 flflfl'U U'ULL fl "!;tllJm{ Ufll'U\9l 
v 

LL,,::/l1 ~ tl fll':i nlJ~ 1'Ufl\l fleJl1 lioW fl moW III , flfl fl'U nULLfl "!~tllJ 1 flflfl'U III fl\9l::flfl'U! ~'\.JlL fl"!;tllJ 

oWtl moW \9l 

" 0 tI QI 4:!f. d 0 cv QI Q,I ~ 

'YIl\1'lf",~'l'ff\9l':i'Ufl\l'lf'Ufl':i fl\l lm::L~fl111'Ufi \)lfl\9l fll':i ':i U flmlfll'l ::U':i ':i'VJf)Lfl'U (hydraulic overloads) 
o " "'1 _"t 0 d Q,I ~ ~ 1 "" fl11lJtl 'Ufll':iUfl'U'U1L'fftl (Batch feeding frequency) LLt1::flmlfll':iL~':ityL\9lU \9l'Ufl\l\9l'Uflfl 

(Phragmites australis) 1f1t1'¥11fll':i 1m lJWVitlU'fffl11::'Utl\lfll'lilfl'U LLt1::fllHf ~fI~fl fll':i ~fI~'U'U fl\l 
" "1 I 

oM'U ~1fl" l\1!~'U i:l ty1111 'U ':i::tI::lJl1'Ufl\l ':i::UUU LLt1::fll'lVifufl\9l':ilfl1':i ::U':i ':i 'VJ f)Lf)'U '¥11 hlL iYtI\I~fl 

fllHJfI~'UL 11~ 'U fll':i ~ flfl1'fffl1~~ljflflfl9fL\) 'U fl1Uf]lJfll':il \) 1tyL~U 1\9l 'Ufl\l ~,,;~uuu Lfll::~fI Lm:: 

fll':i\9lfl\9l::flfl'U~~111ti l,r'Ufl':ifl\l lrJ'U ~ \I~'¥11 l}h::u uljtl ':i ::ff'YIn fl1~ Lm::fll':imUf]lJfll':i 
I ", 'I I ,., 

\9lfl\9l::fltl'U 'ff:: 'fflJ Vi ~111ti loM'U f)':ifl\l ljjflmllJ~'U fl\lfll'l il fl'U~'h ~::ljfll':i':i::1J1lJU 1 flflfl 1~~, flWfll'Yi • 
", I I' I 

U lViflflfll9i 1, flmlfll':i9flJH1'U ~ \I Lm::fll'lnl iflfl 1; 1 fl~l9il Ljj flfl11lJ~'UeJ\I fll'lilfl'U ~ \I ~::ljfl1':i 
" JJ , , 

':i::1J1lJU lflflfl 1~ti fltl, flWfllYiU lViflflfl~, fllll ':ilfll ':i9flJ Hl'U I9il, fll'l l-Mfl flfl9fL ~'U LrJ'\.J'U'fl~ fltl'Ufl\l • 
':i::uu Ut1::fll':inliflfll;1fl~~1 
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'\Jtl~~-Jtlm~ hJ tllHlflCJf1J tll1 ~1J111tltll111l fll1l~fltllJyJmY'yJtlf ff~l.,j' n ~1J1J tll1 fh~ fl yJ tlffyJtlf ff~ ... 
.J 1 ~ .." 1 " .,fA A .... d, ~"f , d ~ .,; 

lJlfl'\JlJ lJ1Jnh~fllJitl1'il'il~ 'lI'Yl11tJ'YllJUfHW1HJlJ 'I11tlllHlfltlQlJlfl tll1f1'fllJllJ~~lh~ll1llJ nJ'Yl 

tllnh~lijlJ~11ff~~ij!!fH'lI;tJlJ~~~1~ltJlJ~1ml1~ 1 lJ fln~1Jtl1JyJtlffyJtlfff '~!!ri lIfH'l iCJfll 'Yl11(J 

!!"~11Hi tlfl'l1 tltJ'illfl'Yl~m tll1'YlI1l"tl.:j 'il~'I11fJtlJ fflJU~'YlNtlltJ.fll'Ym"~lflij'\J tl~ lff~, Equilibrium 

Q.I d'~1" .J I ~ I d ,& 1 
isotherm !!"~fltl"lJlJ'Yl 'b''Ylfl''tl~ CJf.:jfl1 Equilibrium isotherm 11JlJfI1'Yl1J.:j1Jtlfl()~fl11lJffllJ11() lJ 

tll1~~CJf1JyJtlffyJtlfff'\Jtl.:j~1flm~ ().:jU,j''il~ij.,j'tl~ltl~'\Jtl.:jtll1'111~1' lJ fln Full scale u~lff~ 1 lJ 

fl tl ~ lJtffiu ff~.:j ().:j fl11lJffllJ11() , lJ fl11 ~1Jtl1J yJ tl ffyJ tl f ff i ~ 

Heal !l"~fltlJ~ (2005) i~fffllJlfl11'~ Ochre (ijtltlfl iCJf~'\Jtl.:j!'l1~fl!tJlJ'I1~fl) ~'~'illfl 

!'I111tl~U ~ ~ .:jijfl11lJff1lJl1 () , lJfl11~~CJf1J1-JtlffyJtlf fflJ1flfl11 26 ij" i1flflJ~ tlfil" fl f lJ , '*, lJ1j~ 

111 ~~lJ il~tl!~lJfl11lJff1lJ11() i lJtll101~flyJtlffyJ tlfff 1 lJ tll1'Yl~" tl.:j Ochre 01 ~flyJtlffyJ tlf ffi~ 
"d" : ~ Q.I t .c::1 

90 nJtl11CJflJI1l 'il1fllJ1IfftJ'I1".:j'il1fl!'\JtJ1 (Shaking) 15 lJ1'Yl 

" 
flow constructed wetland) 1lJtll1'\hu~lh!fftJ'l[lJ'lflJ'\Jtl~ Campus of the Middle East technical 

University (METU), Ankara, 'lJth~!'Ylf1'~1fi l~tl'l11111~iY'Yltl.fll'YItll1thufl'\Jtl~tll1 1 ,*~1flm.:j~ 

Ul1lfl~ l~tllJ '~uri ~1fl"1.:jtllflU~'il1fl!11l1'l1 "tllJ!'I1~ fl (slag-based) U"~~1fl"1.:jm 1fl (gravel-based) 
,., Sol t " , " 

11.:j 2 1~1J1Jij~lJYhVhtl1J 4.5x6.5xO.6 IlJI1l1 (fl~NXtJ11X~fl) ~lJl1~1 30 11l111~llJ11l1 .wlJ~1.:j~~1(J 
~ ~ GI & .. 1 ~ ",., & ... 1 ~ tI 

Polyethylene 'I1lJ1 1 lJ""llJI1l1 fl11lJ'b'lJ 1 % 1J~u1~~lJium1Jn~fl1tJ slag U"~'Yl11tJ mu1~~lJi 

~fftl.:j1Jn~~1tJ gravel u"~m1tJ 1'*vltl PVC m~'illtJlf1Iff(J,,ri1().:jlvl1tllJ ~'lf~1~I~lJ~lJfl'tl 
" , " a I"" 0 do I Q.I dQ.l 0 do 

(Phragmites australis) lJfl11lJ'I1lJ1U lJ lJ 9 I1llJ flt'! 1/11ln1~llJ11l1 ~1JlJ 1IfftJ'illfl1J tl'YI fl'Yl11JlJ 11fftJ 
"1 II 1 

'lflJ'b'lJ!!"~lh~lJ , 11l1()~111 fll1l~fltllJ 2 ()~ 'W llfftJl1 rhlJ tll1I1lfll1l~fltllJU~ 1 'il~I.,j'Tff1j .:j111~~lJ ~ 
• ... d 

" , 
flf~/llJ VI1l11tll1i'l1" 3 ~fllJlft'nllJI1l1/ilJ l1Vml.fll'j~'lI"ft'lffl1l{ 0.1 IlJl1l'j/ilJ 

" ~"tll'j'Ylfl"tl.:j 'W1lfftJ ij~l COD:BODs ratio Ivl1tl1J 4.3 .,j'mJ"'Yll.:j~~utJlJi'YltJlUlJYifl!tJlJ 
I II SI I 

~lm~tJ~tll;jtllJ'\Jtl.:jtltlJ'I1flij, l1~lJltlJ'Wl~lJ U"~VI1l'jlfl1n~!'I1tJ 11~ 21jnh~~wi' l~lJ~lJfl11lJff.:j 
4 " ..l '" , 

A.:!t .::It. " & 0 Q.J 

mov'\Jtl.:j'YI'lf 40±9 ICJflJl1lllJm (n=20) 'YlltJ~~'\Jtl.:jtll'jft'fllJlff1'1111J slag U"~gravel system fl11lJ 

ff~m~tJ'\Jtl.:jl1'lf 149±23 ICJflJ~llJl1l'j u,,~ 120±28 ICJflJ~llJl1l'j Vmltll11'il~tIH~1J 1111 Lvl1tl1J 2.72 
... u 

ij"i1llJI1l1I1lJ U"~ 2.0 ij"i1LlJI1l1I1lJ 11l1lJ~1~1J th~iY'Yltl.fll'YI1lJtll'j01~~m~tJ'\Jtl~ slag u,, ~ 
& ~ tI Q.J ~ + 

gravel 1lJ1J.:j11'j~~lJ!ufffl.:jfl.:jlJ TSS (63% u,,~ 59%), COD (47% !It'!~ 44%), NH4 -N (88% !l"~ 
3- d ~", 

53%), TN (44% !l"~ 39%), P04 -P (44% !l"~ 1 %) !l"~ TP (45% !l"~ 4%) 'il~!'I1lJ 1~11 
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m~1J1'Ufll)'lhU~'IJtl~ slag-based ~f)11 gravel-based i'UL'YIfllJ'lJfl~fll)ih~~yJfl~yJflf~ Lm~fll) 

~i1~i'UL~n~ 

i'l1Cl~ij~"~mlmHU~'lJfl~nCllLn'Unf) (Residence time distribution; RTD) ~~ RTD L~'U~~~rllflty 
" 0 '" 0 1 "'l.1 "'" " 0 i 'YIl~'b'''fl'1~~) (Hydraulics) ~l'I1 )'Ufll)'YIl lJL~ClU"~fll) flflmL'U'U'U~lJn~E1 i fltJl~l'I1lJl~~lJ 'U 

~ ~ 

fll)fff)E11U ili'u ~~~ i lfL~'U 11 fI11lJ~f)'lJfl~Ul~llJ1H)ri ~ ~Cl m~'YI'U~ fll1)~ iY'YI~ fll'Vi'YI1~'b'''fl'1~~{ 
d",,J 0 ... .1 ... "'l~ .1 ~ dl 

(Hydraulic efficiency) nCllLn'Uf)f)'YI'Ul'Uml'il~lf)~'IJ'ULlJ flfl11lJ" m'VilJlJlf)'IJ'U u,,~ LlJ'U ~"~1iI fl 

m~'U1'Ufll)ihtr~ 

Molle U"~fltu~ (2003) ili'fff)EIlfl11lJ~llJlHI i 'Uf)n~~i'U'lJfl~lLfI" i9f-n U"~flfl'Uf)11i1'U~ 

Yilfll) 'YI~"fl~U'U'Uf)~ u,,~u 'U'U~ flL clv~ flfl'U f)11i1'U~ijfl11lJ i 1 i 'U fll) 1iIf)1iI~f)fl'U yJfl~yJflf ~ u~n 

Yililffhfl11lJUliyJ~1 (Conductivity) u"~fhYi1fl'b' (pH) i'UJ1~Hl'Ufll)Ultr~"!~~'U 
_( ~ ~ ~ tI .I lev tI " IV .d..::::. 
lJ) ~ ~'YI1i fll'Vi 'IJ fl ~u fI" 19f'YI 'iI ~ 'IJ'U fl~f)'U~lJfl" tJ'IJ fl ~ fIl) 'U flL 'U iii 'IJ fl~ ~n" ~"l tJ fll) ~ ~ Lnfl 'YI WJ'IJ fl~ 

ILfI" i9f-nll ~~~ i lf1~'U ~~ fll)1iI f)1iI~f)fl'UyJ fl~yJflf~i 'U tl1 ~~f) m ~'U 1'U fll)1iI f)~~ f)~ L 'I1iifl'U 'iI~ l~'U 

f)Cl if)mif) i'Ufll)nl~~yJfl~yJfli'~mh~'I1rt~ 

Arias l1"~fltu~ (200 1) mh111fll)~~i'UyJfl~yJfli'~ l~tJ'YI)ltJ 1~'U f)Cl if)mlf) i 'Uf)nnl~~ .. 
yJfl~yJflf~i'Uu~l1)~~E1i~ijfll) i '11" i~~b~'U 

~ 

i'U fll )fff)EIlU Yi lfll) 'I1lTi lfl11lJ ~llJlHI i 'U fll) 

ih ~~yJfl~yJflf~'lJfl~'YI) ltJ 13 U'I1 ri ~ fflJ~'U £ n'UfJtu ~lJtr~'YIl~flltJfll'Vi -Lflij fJtu ~lJtr~ fll)nl~~ 

yJfl~yJflf~'I1l'illf)Til Isotherm fltu ~lJtr~~~hTi'UJ'lJfl~'YI)ltJi 'Ufll)nl ~~yJfl~yJflf~ · Mifl111lJltu 
• u 

U fI "1 ~mJ 111lJl tul1 fI ClL~tJlJ~ ~ ~ 11 f) 'iI ~ iii f)1iI ~ f)fl'U n'U yJ fl ~YJ fli'~" ~"l tJL ~ 'UU fI" L ~tJlJyJ fl ~L yJ ~ i 'U .. . ~ . 
~fll1~YiL~'U ~ NUfl'U'l 'lJfl~Ul1fftJ i 'U Mn1~ fll)Ultr~Yi1 ~'Um~ 111lJltu 'IJ fl~l'I1 ~mLCl~fl~ ~ih UtJlJ 

ijfl11lJ rllfltylJlf) i 'U fll)IiIf)~~f)fl'U f)nl1)~lJltu Tilfl11lJ~llJl)fl , 'U f)n~ ~i'UyJ fl ~yJflf ~"! ~ ~~ 

i " .k Il] Oil]" 'i· ., . .1 • .1 '" Il] " I 
'iI~ 'b' Langmuir Isotherm 9f~ llJ l~m'Uflf)fl11lJ~llJl)fl 'Ufll)fll'il~l"ifl~l"ifl)~'lJfl~'YI)ltJ l~ lllil 
~ . 

:Jii ML~'U ~~ fll) Ti'~1~flf)911f)" l~Yiijfff)tJfll'Vi i'U fll)n l~~yJfl~yJflf~ 

"'l i" 0 1 Il] " OJ '" i "'l Brooks U"~fltu~ (2000) fl'f)E11fll) 'b'l1nfl"m~ 1il1'U'YI (Wollastonite) llJ'U1il1f)"N 'UlJ~ 
,.. I ,.. I 

11)~~E1 i i'U fin nl ~~yJfl~yJ fli'~"~ClltJ'illmhL fftJYi Hl'U) ~'UlJUltr~'I1'UYi~fl~ fll) 'YI~ Clfl~ 'iI~ i ~ 
cv tI.d -=I "1 .I i ~ .d.ct d G.I Q.I t ~ 

flfl"lJ'U'YIlJfll) m,,'IJ'U 'UU'U1~~ (Vertical upflow) 'YIlJnmlf)'Uf)f)1111m'U)~'I111~ 15-180 'tn llJ~ 
~ 

flfl~lJUtJl1 1.5 LlJm 1n''UHlfl''U6f)m~ 15 19f'U~LlJlil) U1LfftJflf)ilfl'UL'li'lri 11 flfl~lJU 1n'U911mh~ .. .. .. 
411 1'U ~llJl)flnl~~yJfl~yJfli'~ili'lJlf)f)11 80 111fl{L~'U1'i' fl11lJ1'li'lJ'li''U'lJfl~yJfl~yJflf~~flflmllf) 
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>I 

Sakadevan 11":: Bavor (1998) f1mn01'jl~1j'nh::~lJiihu~tJllfftJ l~mH'u,j~~01'jl~ 

~ 1fl" N~1'I1lJl:: ~nJ fffllJlfl1111tYllll'j fll 'U O11~~cMU'VhH1"yJ vi' tY'UV~ ,)1fl" l~~ 'U ltY~ VVI tY1l1 m 111 .. . . 
2 'b'ij~ lI,,::tlflvlml Freundlich 1m:: Langmuir Isotherm l~l'U01'jv~U1mlfllJw::fll'J~~cMU'UV~ 

')1flm~ Langmuir Isotherm l~l 'Ufll'Jfll'U1W'I11r11fl1111nlll11f1l 'Ufll'J~~cMuvJvtYvJvi'n~ ~q-~ 
cv I ...:6 4I!t , ..::1" 
1tY~~V1tY1l1m111VtJlm'U~flV O1flllHllfl1V11'l1"Vll (Blast furnace slag) llfl1111tYllll'JfI L'U011~~ 

cMUvJVtYvJvi'tY~~q-~ lvilnu 44.2 fli'llvJVnvJvi'tY~vfil"fli'l101fl1d 1V~"~lJlflV~'U 4.2 ()~ 5.2 

vJVtYvJvi'tY~vfihfli'll~'U tlflv 1"yj'~~cMuvJvtYvJvi'tYl~ 2.15 fli'll~vfihfli'll 

>I 

1111nU1::UU0111::1lW 1~tJ~'b'1'U01nhu~tJllffmjl'U11V'U l~tJ,j"fl~'UTinlli'fllJl (Heliconia .. 
psittacorum cv'Lady Di') lI"::~'Ul~ll (Ixoracoccinea, L) hJf1~~~011hml'UII'U1~~ Im::lu 

o >I 0 

m::u::Vi~011 1'11" l'UII'U1'Uv'UVI11JCh~u l~vl ~IIUU~l"V~ 1 'U'j::~ul1' V~,jBU~011 tJ llffvVil ~1'U 
" I" I 

011 'Yl~" V~ltJ'UtJ 11ffml ~ ~ ~ lfl11V~flij ffVlVi~l'U 011 ihu~ 'Ii''U~'U1I~1 ~1fl" l~ Vil ~1~lIri'Yl 'j lV,j'U 

ll'U 1~tJ";1011,ji'Ul,j~V'UVVl11fll1::U11'Ylfl'YlN'b'''fl'ltYVI{~Nn'U 2 r11 1~lIri 8.23 II":: 16.46 • 
>I 0 

19f'U~I11m ~ Vl'U Im::1,jIlUU O1'l 1l1'tJ11 ffm,rlri'j::UU~lflO1'l ll1'lIuu~ m i1 V~ltJ'U O1'l i l1'IIUUltJ'U .. .. 
o >I 

'l::V:: I~Vl,j~ VUIVivu,j'j:: ff'Yl ~ fll~ i'U flWU lU~ tJ llffV 
o • >I 

~lmm01'l'Yl~"V~~Ul1 ,j'l::ff'Yl~fll~tY ~tY~'UV~f1~Vi~01'l' 11" i 'UII'U 1~~ '~lIrifll'J i l1'tJl .. . 

~d t/ 0 IV .a ..:::::t .c:t cv i":' 
63.45 64.92 88.00 88.16 1m:: 17.64 I,jV'lI9f'UVI VI111m~u IllVI,j'lVUmVUflU01'l 11'Ul 

,j'l::ff'Yl~fll~i'U01'jU1U~ tlflv~ iilv~ 'UV~1I~~11'U1'U"VV Vilf1IV'U IIVll l11luvl'U hmll'U II" :: 

vJVtYvJvi'tYl'vilnu 62.06 63 .67 67.92 83.24 82.93 1m:: 18.23 I,jV{l~'U~ V1111th~u 11"::~Ul1 

,j'l::ff'Yl~ fll~ i 'U O1'lU1U~"~ "~I~VVVI 'llfll'l::U'l'l 'Ylfl'Yl N'b'''fl'ltYVI{ tY ~~'U lI~vth~ h ~VI111 Jl~ . .. 
>I >I 

~1'Ufll'JU1U~II~1~r11 iilv~ 'UV~II~~1I'U1'U"VV VilfllV'U v~i 'UlflW cvllJlmil'UtJl'Yi~~lflmfl1'l 

,j 'j:: Ifl 'Yl fl. 

"h'U ,j'l::ff'Yl~ fll~'UV~ 'l::UU u~,j'l::~lJi~~01'l 111" i~~h~ 'U 1111nu 'l::uu 01 n:: I'll v hw 
I ", , , 

~'b' Vi~fll'J i l1'tJllffVvth~~mi1v~VitiVl 11fll'l::U'jn'Jfl'Yll~'b'''fl'ltYVI{ 8.23 19f'U~lllm~Vl'U ll1'rm 

l'lf'UI~V1nU,j 'j::ff'Yl ~ fll'Yf'UV~f1~~~01'l 111" i 'UII 'U 1~~ ff1l1i'U,j'l::ff'Yl ~ fll'Yf ~ ~ q-~'Uv~'l ::uu 1~LLri 
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fl1li,rJ1U1J1J1~lJl~{l~ ~fl~llml~UlHJf)'Vll~'IH'lfYlff~{ 8.23 t"lflJ~tlJ~l~tl1lJ~nh~iY'Vl1im'Vi 
ilJfl1lihU~ ~1tl~ U1tl~ ~tl~U~~tt'\J1lJfttlV VitfltfllJ UtllJ 1lJtUVllJ 1~lt\llJ Uft~yJtlffyJtli'ff 

, Q.I _I tI d tI 0 QJ 

t'Vllf)U 91.81 92.0891.0598.27 96.48 Uft~ 96.67 tumt"lflJ~ ~llJftl~U 
. " 

fl~llfl1ll~tl1V'\Jtl~l~UUn~lm~Vt'vhnu 21.68 ~~l~tl1lJ fl~llfl1lfWI~mjliui~ '\Jtl ~ ., 
)I I I Y , 

~lJt~lJtl~ilJ'lh~ 2.50-3.17 iift~~~l~tl1lJ '\JlJl~'\Jtl~YllJViVi\l~~fl~~l~U1J'U~Ul~~fj1Vinfl1l 111ft 
" . 

i~~b~lJ i')lJnUl~UUfl1ll~tl1 V 1flVYl'lf ffll1i'UUl lui~nuullJ~f)mffV\l~ i i'YllJViUl~lJlru 78 



.d 
'U't1't1 3 
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f)1lf1ll'UlJf)1l1~VYh hw1oMu-nh~~El1~iinn i 11C1 hi'Hl~lJ llJtLlJl~~ 1~mhu~Jl1fYV 
" , , 

'l[lJ'JflJ a ~lml~,.r 1 ~vli 1f)1l11m1~,.r IPlltl~NlhVi,r tl~tJ B'I1~f)1l fllfl 1'lf11rnnn lJ iY ~111~~ tllJ 

3.111ff'-'fIl'i't1~~M 

" " f)1n1~ ~ tl~ijl illJ f)1~ffnEl1H~'U tl~lPlln~ N~ flf)1l tl1~~vJ tl ffvJ tl 1 ff1lJ tJ 11 fYV'lflJ 'JflJ 1 ~v 10M • 
I' ", 

u~tJl~~El1Yiiif)1li'l1~llJlllJl~~ f)1~'Vl~mfl~ll1j~fltlf1tillJ 2l~V~ vi~ 2 ~~v~llJ'lh~11lJ~lJi~li1 
.1 '" "" .., <!I ."" 1 .~ l' :.,., .., '" "'1" "'" f)1~1~v~'W'Jf1mllJlflVntll~tl'U1N'l.h~~Ell" ~V1JtllJ~nVlJ11J~~1J1 15 llJ 'W'lf'Vl 'lfU',lnflflfllJ 

" l' "'d l"d..,., "'.., f)1lJfJ~ (Heliconia psittacorum cv 'Lady Di') 'VllJ'UlJ1~ n~lflV~nlJm~1J~~lJ1W 2 l~tllJ 'I1~~~ln 
JI " I , I 

UlJli1f)1~iJfllJtJ1IfYvff~lm1~..r 2 i'11lJ~ 'I1~~iJtllJ 2 i'11mfftltlnlJ Yi5m1flll~'Jf~fY1fffl{ 10 

19l'lJ ~llJfll~ tlllJ 11lJ i tJi)~f)1l1Im 1~..r flW fflJ'I1~'V11~ f)1Vfll'W ·lflii'Utl~ l1lJln~~ Ul"!l~ ~ Uj tl ~ tln 

!l~~lU ~ tln'l1tlV 

, " 
1 ~ Vl~ v~Yi 1 lillJ f)1l IU~ VtJlYiVtlUl ~iY'Vlfi fll'W llJ nn tl1~~vJflffvJtl 1ff1lJ ihl fYV'JflJ'JflJ • 

1~VU~Ul~~El1~iinn i '11~ llJl!lJl~~ ~iinn loMlPlln~N!lfln~l~nlJ 4 'lfij~ i~l!ri l1lJ!f1~~ Ul"tL~~ 

IU~tln'l1tlV!I~~u]tl~tln ffllJl~V~Yi 2 m~li1~tl!litl~~1f1tvJff~ lillJf)1lltJ~VtllYiVtl 
" . 

tJl~ iY'Vlfi fll'W llJ f)1~tl1~~vJtl ffvJ tl1 ff1lJ tJ 1IfYV'I[lJ'JflJ tL~~ffnEl1n~ inf)1l tl1~~vJtlffvJtl1 ff 1 ~VU~ 

U~~~El1~iinni'l1~llJlllJl~~ 2 l~tltl l!~~IYilJ'I[~flltlfllJ~hji~tJ'JnYl'lfJ~ 2 ~~tltl ff~U 
tLHlJH~'Utl~f)1~'Vl~~tl~lPl~tU~ 3.1 
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" . .. UlltYU 

iltl'U ~ Ifi.R 5 'll'.lJ .l'l'U 

1911.1 2 YlJ.l1QfI 2 'l1'lJ . 

l 
"" 11 Q tI ~::1Jm.H ~::fll:I! 4 ~~fll~'YIf1fltl~ . 

.c:I.d 01 q 

'YIlJ,nmm 4 Wfl 

.. 
l~a.fmfJ" I 

I 

d &I , !'.J 
1nml1tlV1~'Ul'tltltlm:nfl~::1J1J 

A " : 
11tln::l1fJtlI1l1l'lUlt)tJflU~:: 

l.h::ffYl~tl1l'lfl1lfh~flyJt)tYli{)!tY 

. 
4 dOl .ct._I ~ 4 

Hltlm::lJlJYI~1n(ll~lJlJl::tYYl1itl1l'l 

t!~tlfllUfl1~fh~f1Y/tltYyjtli'tY 

<Roo fA 4 SId .... ': 
lfl'Ul::1JU9ltHUtN 2 'f1tl'Ull"11nlJ~1VlJHUlt)t)n 

ltll::Rfll:llflll 'flfl11 rhiflliv tYY/a! tY 

Adsorption Isothelm 

, y 

!tJYi 3.1 UH'l.Hr'l'\Jfl'lfll'~'V1~'HHf11 ·njlu~tilliYlJ l~lJi ,*n1J1Jij'ltJ'j~~lli 
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~ y ,Y 

lwtl1'j1~rJii 1~'U~'lu'j~~EJ1u1Jmh i"", 1~~h~'U 1'UU'\.n~'l 1 -Mo'lul1 Yi~W'Yl~"~'U 
I , " I 

... 1 do d. 4. ", a" ..:2 4. d c:.. 

'ju'YlHm,,-mmmw-n lJ'U'Ul~fl11'l 0.4 llJm rJ11 0.6 llJ~'j "f) 0.7 llJlPl'j U"~Yi'U'Ylrl1 0 .24 IPlUl'l 
'" J/ • 

llJlPl'j 1J'j'j~~1rJ~1f)m'l4 'If'Ui5rJ'l~m)'UUff~'l~'l!UYi 3.2 

J/ J/ • 

'If'U1J'UfflPl1Jn'il~1rJm1~'U'Ul~ 10-20 ij"illlJlPl'j 11'U1U'j~lJ1W 5 lC)f'U~!lJlPl'j 1~'U'lf'UYi1-M • • 
" ". 

1'Utl1'jm~'illrJU11iYrJ 'If'UYi 2 1Jn~~1rJ'Yl'jlrJ"~lflrJ~'U'Ul~ 0.15-0.60 ij"illlJlPl'j 11'U1U'j~lJ1W 15 
" . . 

lC)f'U~llJm 'If'UYi 3 ~1f)"N (Active layer) 11'U1U'j~lJ1W 30 lC)f'U~llJlPl'j 1J'j'j~~1rJ~1f)m'lYi1-M 
J/ 

lmrJ1J1YirJ1Ji~uri 11'U1f)~~ V!U~'l V!1J~flf) U"~lUftflf)l1flrJ 'If'U~1'l"'l~ 1J'j'j~~1rJm1~'U'Ul~ 10-
J/ • J/ 

20 ij"illlJlPl'j 11'U1U'j~lJ1W 15 lC)f'U~llJm 1~'U'lf'UYi1,*1'Utl1n11J'j1lJU1!iYrJflflf)'illm~ 1J1J ff1'U 

.1" , "1.1 "" .... 1"1 
~ u'Yl 3.3 Uff~'lmYimrJ'Ufl'l'j~1J1J1J'lu'j~~EJj'Yl 'if 'Utl1'j'Yl~"fl'l 



1.4 .. 

r 

1.111 

14 u. ~ I 

r- -

kJ 

'--

11+4-------- 1.1 .. 

f4-- 1.2.. ----+l 
-.t u..t'! 14-

r-

"- I 

II 
-

• • 
flltl1: t1Ulh 

• 
flm11B 

49 

~ 
1.1511 

r 
1.15 11 

1.1111 

j 



50 

" " ,., ,., ,., 
fl. VllJ flllJ fl-:l 

• d 

-:I . fflVV1-:lm:;~lVlJltffV 
, • d 

~ . 'YItl11lJ11lJlJltffV • 
tm:; 'Y1tltJ1fllft" 

, 
3.2.2 'l:::IJIJ't'H1 

" , , 
i o.ct " 'GI& i" d. , I Q.I 

lJ fll1m:;~lVlJ ltffvt'\JU:;lJlJtlV1-:1'Y11fN~:; 'b'fflVV1-:l'YIt ~ l:;l 1:;V:;111-:l'\Jtl-:llt'YIlfllJ 20 
, I tI, 

tt.}$lJ~llJVl1 1tff~-:lfl-:lpH; 3.3 (-:I) 'Y1tlViii'11lJ11lJUltltlflVi~llJfll11J1U~1tcl'1 ii''Y1tl~1;'\JlJl~ 1 

" . " ih 9itll~mrmltudi'1-:1t1'l1 l~l:;l~lJ~'\JlJl~ 5 iJ"~llJVl1 ~"tl~1tlJ1'Y1tl 11-:lVii'lJm1~~llJcil-:l~llJ 

lIlJ1lJtllJ Uff~-:lfl-:lfl1y/~llJlJlJilJ1t1~ 3 .2 U" :; 1t1~ 3.3 (~) tlmv'Y1tl~llJllJ9itJfllJ'Y1tl~1;'\JlJl~ 
" " " " . 

3/4 ih ilJl1lJ1v1-:11.wtl1:;1JlVtJ1fllft" 
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3.2.3 ~lnt'lH 

1ff'.j~1~1~uvi1mn~1\Jfl1'mflfJU1VifJui~un l1U1f1~fl fl!Ufl~ U(l~fl!U~um:fu.yhtl11 
" ~ fll1llJlllltl flU fl11ff'.j nUfffl~ 1 14 ~~111fl~1~Ufllff~U~1i fJl ff1UltJ ti Utll1 UVU 14 l'tJ wtJ tiUfl 

11 UVUfll ~ llltl~~111fl'lf(l'4~ 114 tl111fl ~ VlJvi1tl(l1~lm fJulVivu l~lJ~U ll~Yi ltl11 ~ lflU M ~vi 1tl(l N 

" l~Umn 3 114 ~UllltlUUYiltl11Uflfl!Ufl~ fl!U~Utl U(l~ltJtiUtll1UV lflvl-M~uuuflu~1Yiltl11 

ri'flltiUtl1fflJvi1tl(lN~'\JUlflltl~1~fJ~nUl1U1f1~fl u~1Yiltl11~1tl11M~vi1tl(lN~ i~Vtl 3 114 lflv 
" .. 

vi1tl(l1~11~l1lJfln'\JU lfltJ l~lJlru 2-6 n(l~llJ~l vi1tlm~Vil-Ml UflWVlfl (lU~l~fJ~Vi 

1~uvi1flm~'ltfll~V1nU Ufffl~vi~ttJ~ 3.4 
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... .d1"1 ~ " " " 1 ...... 'Vi 'If'Yl 'b' lJfll~'Ylfl'W.:J1UlJlPllJflllJ~.:J (Heliconia psittacorum cv 'Lady Di') fltlTlflHWf1 
.. " "'..::1 ... J a ..::1d 0 " 1 "d Q.I , d 1 

IPllJ'Ylfl1~u~~1J1ru 2 lf1 fllJ 'YllJ'\J'U 1f1UCl~m1lJ~ .:J'\Jfl.:JCll\Pl'U f1CllTltl.:Jf1'U1Wf111 'U fllJlm l~IClt1.:J fltI 

" .1 ... 1 .... 1"...... ...... "" ".1 1 <9 
uClf1'IJ'UfI'Uu'J~lJ1ru 2 trUfl111 l1Cl.:J 11 1 f1'U 'U TlfllClflf1IPl'U flllJf1.:JlJluClf1'IJ'U'Yl~ 1 tI 'U ~~'IJ'lJm .. . .. 
... 1 ~ cJ'.d1 "1 0 " I I I !oJ ... 1 ~ 
U 'J~fI'l:Il'Yl 'If 'Ufll~'YlflClfl.:J1I1'U1'U 6 \Pl'UlPlfl~~'IJ'IJ 'J~tI~111.:J~~1111.:JIPl'Uu'J~1J1ru 20 19l''UlPlllJlPl':i 

. " 
m1lJ'I1lJ1ut1'UU'J~1J1ru 25 ~'U~flIPl1':i1.:JllJlPl~ Utrfl.:J1Pl1lJ~UVi 3.3 (Tl) rifl'U~fllJU11iYtl1I~.:J1I~Yl1fll':i 
.'l " ~. 1 • I' • 1 .....,j 1" ... J!... J! 1 .d Ufl'Ufl1t1'U1u'J ~u1f1fl'Uu ~~1J1ru 15 1'U l'Vifl 'I1'Vi'b'tl'U lTltlf1'IJtrfll'ViU 1f1"C1fllJ 'U f1l~'YlflClfln~(J~'Yl • . . 
1 l1Cl~'J~(J~Vi 2 hj'~1,*~'If'l,ffll~tl1nlJ 11~11'11ri.:JVilJl'\Jfl.:Jvt'lf (~.:J111f1'Vi~~'Umff1tl~1itl1) l1Cl~ 

: .c( QJ J 
3.2.5 Umn.ltJ.:jlf1'l~'t1 

: I!:t .::i Q.I ".1 ~ Q.I : d d1 ,,_'-t "I .dl ... I .c:a e' ..;. 
lJ 11trtl'Yltr .:Jlm1~11'\J'U lU'U\Pl111'Yl'U'\Jfl.:J'U 11trtl'l,flJ'If'U'Yl 'lfU tl'Ul '\J 1~'J:: 'IJ'IJ'IJ.:Ju'J~fI'l:I j mtl 

" Q.J tI: d I 

1 'I11Pl ~Clfl1'U tr'\Jm'Vi m1lJUCl tlflfW l1Cl~Clflm1lJl1 U ':iU'J1'U '\Jfl.:Jfl.:J TlU~ ~ f1fl'IJ 1 'U 'U 11 trm~'I111.:J f1n • • 
: d cv d' e::t r _"t" I 1 tI ~ .d 

'Ylfl Cl tl.:J 'U 11trtltr .:Jlm1~'I111~()f)11Pl ~ (JlJf1tl'U fll':iutl'UI '\J1tr~ ~'IJ'IJ fltlf11'J ~trlJfl.:J TlU ~~f1tl'IJ 3 'If'U fI'Yl .. .. 
111Plf1~1.:Jn'U i~l1ri ifl19l'UClf1200 UCli1f1i'lJ (1'1f~'U'Yl{ l1Cl~i'ViiYj, 2543) NH4Ci 191 UCli1f1i'lJ l1Cl~ 

" " 
KH

2
P0

4 
35.1 UCli1f1i'lJ ~.:J,r'U \hiYml.:Jlm1~M1I~U'J~f1tl'IJiU~1t1~1~1fl~ 200 UCli1f1i'lJ~fli1IPl'J 

" VilTllg'U 50 UCli1f1i'lJ~fli1IPl'J l1Cl~vlfltrvlfli'trl1~'I1lJfI 8 UCli1f1i'lJ~fli1m 

1 
.d .d d: d Q.I tI.c:l ·~ ~ 

'Uf1l'J'YlflClfl.:J~~(J~'Yl 1 l1Cl~'J~tI~'Yl 2 f11':illPl'J(JlJ'U11trtltr.:Jlm1~'I111~lmtllJTlHCl~ 40 ClIPl'J 

_"t : <d .q • Q.I .:6 1 ""1 " ... f QJ o · f Q.I' A1 '" '" d 
Utl'U'U11tr(J 12 ClIPl'JlPlfl1'U 9l'~ 'If lf1u~~1J1ru 3 1'U l1Cl~1I~'Yl1f11'J~1Pl'J1111f1m9l' flfl 'YllTlIfl'U l1Cl~ 

" " vleJtrvleJi'trl1~'I1lJfI -aUfl1MCl~ 1 Tli'.:J 

. " 
v .1"'" ....... 1 "''' <9 1 1 ..... '" "''' , 3.3.1 Vl1Uu'6tJ'~ TlflIPl111u'J'YllPlfl.:Jf11':ifYf1lJ1UCl~tr'U 11 'U.:J1'U111t1'U Lfll1f1 

l. 'lfi1f111Cl~'\J'U1f1'\Jfl.:J,)1f1ClN 

2. f111lJtr11J1'J() 1 'Uf1nflfl~'lJvltltrvl fli' tr'\Jfl~')1f1Cl1~ .. 
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. ." 
3.3.2 gJ1mhflTt'iUVI fi~~1mhYi~f)l)mufllJl,r~ri1fl~Yi\pHH)~f)l)1,)tJii if1un . 

1. \ltJ1~\I~~)~UU 

2. 'b'iJ~\I~~lPi'tJ'~ 
" 

3. fl11lJff~\I~~i'tJ~1f1ClH .. 
" . 

"''' OAoII:I)J' 4. fl11lJl\llJ\ltJ \I ~~tJ 11fftJ'I'l1 \l1ff) ~ UU 
'" " . ... i 0 .c:t .ct " 5 . ~91)lf)l) l1Cl\l~~tJ11fftJ'I'l1\ln~UU 

. " . 
3.3.3 gJ1mhVlUJ fi~~1mhYiIPi'~~11m1~Ml11ri1~lmhYi~ltJf)l),hU~ if111n 

.. 
-~Wl1fllJ . '" 

'" d - 'I'llfllfltJ 

" - yJ~ffyJflfffn~l1lJ~ 

" 
2. th~~'I'lnfl1'V'If1wlhu~'\.hliYtJ\lfl~)~UU 

.. 
OJ "" OJ 

3.4 'lIUVlf)Ufll'l11U.I 

Q ~ tI .. 1 <Q d A Q 

1) 11m1~l1Ti11PJ~~flu)~f1flU (The Elemental Compositions) \lfl~l1tJlf1Cl91 ~jll91~ ~j 

U~flf111Cl~lU~~f1l1fltJ 1~tJ',* X-Ray Fluorescence Spectrometer (XRF); Oxford Model ED 2000 
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~"fI .. 1 ..:::::t. d 
2) 11ml::m"fll1::'lJV~lil~V~flu'j::ml1J (The mineral phase compositions) 'lJV~l1lJlflr:1ll 

'" ... d _I'"' L 1" Villll~ Vj1Jr:1Vfl llr:1::1ur:1Vfll1VV llV 'Jj' X-Ray Diffractometer (XRD); Bruker AXS Model D8 

~ d 4'=::t. ~ d 
3) l1lflnfl'j::~llV'lJlJlll (Particle Size Distribution) 'lJV~l1lJltlr:1ll Vjllll~ Vj1JMlfl llr:1 :: 

lUi1Vfll1VV LllVflWVh Sieve Analysis 11ml:: l1'LllV College of Engineering Rangsit University 

4) 111rilvml~hlJ'liv~ 'h~ (Void Space) 'lJV~'I1lJlfl~ll Ulllll~ Uj1J~Vfl llr:1::1Ui1Vfll1VV 
, JJ , , 

LllVl1~fltll'jl1'Yl'UViuwi~'juVi 3.5 llr:1::ffllJlHIl11ril'~ 'illflff)Jtll'jVi 3.1 ... 

, .. , .. 
fl. 11lU1lJlll 'jl)jvlriu 1 fl . 111 U1 lJl Ilmliv lriu 1 

, , .. 
'juVi 3.5 tll'jl1lVmlri1lJ'liv~iN LllVtll'jl1'Yl'UVi'IJV~Ul .. 

.. , 

Void Space U1lJlll 'j Ull)jV1J'J 'J 'illPi' 1flm~ • (3.1) 

.. , 
5) 111rh-W'UVir:b~l1'vn:: (BET Surface Area) 'lJV~'I1'Ulfl~ll Ulllll~ Uj1J~Vfl 1lr:1 ::1Ui1tJfl 

l1VV LllV1i N2 Gas Adsorption 'jlV~1'U~r:11~'U\P11'jl~1)Jm~Vflf)J 11ml::l1'LllV Micromeritics 

A A <do "A Q,I 

Instrument Corporation fllfl1'Jj'11fflfl'j'j)Jlf1)J ~Wlr:1~fl'jru)J11l1'YlVlr:1V 

.. , 

1Pi'1flm~1J1l 10 ijr:1i1i1\P1'j n1JUlfl~'U 25 ijr:1i1il\P1'j (Adam llr:1::flru::, 2007) 
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., ., , 
I 0 <do , 

1) Yilfl1:i~rl~UUU~l~tl~ tl,jmw~lm.hiYtIl'li'lri:i:::UU 11~:i:::UU'Yltl:ilU:illJlJl'YlmlJ . ~ .,., , 

fl1n:hu~ nlJli~fl1:i~~!~v~i'lJ~-Jfml~~l~ ~~t,jYi 3.3 

.... di" ~", " " " 1 0 2) 'Vi'lf'Yl 'll''Yl~~tl~ L~Uf1 ~lJ fl1lJfJ~ (Heliconia psittacorum cv 'Lady Di ') ~V'Yllfl1:i 

fi~!i1tlf1~l~lJ~n~lJl~U~:::mllJ~ ~ imr!fiv~nlJ lhlJl,j~f1 i lJUUU~l~tl~~!~~mJ' ~ ~~ll:::Yilfl1:i 
~ ~ 

, " JI , 
""" 0 "' .... " •• 1 . 1 .... i " .... ".., l' ddt 

~l:il~!lJ~:i !1lJ~lJ 11::: 'Yl lfl1:i !M~'Vi'lf~lVlJ lu:i :::ul !'Vi tl '\1'Vi'lffJlJ!fWf1U~.f1l'Vi!n~ (I tllJ'Yl!UlJ 'Yl :ilV 

ntllJ ,j:i:::lJltu 15 llJ 

3) Yilf1n~nll~tlUfl1:i~~1~1l1~tln:::UU (Tracer test) l~vi,*l'1f!~VlJfl~tlh~ (NaCt) ~ 

mllJ!,j'lJ'Ii'lJ 10 f1i'lJ~tlii~:i n,j~lJl~:i 1 ii~:i iJtllJ!'Ii'1~1:::uuu~,j1:::~iJi~nf1ni'\1~~tl~ 
: ... 1 _I ' ,.;. "0 d: ..:t 
lJlu1:::ultlVN~tl!lJtl~ U~1'Yllfl1:i!f1UlJltltlf11l1m:::UU'Ylf1 5 lJl'Yl • 

, ", I 

4) !~lJ!~lJ:i:::UU iJtllJU1!iYmY~!ml:::MYi HLR 5 !'1flJ~!lJm~tlllJmjl~ hJ~tl!i1tl~ (l~lJ 2 

i'11lJ~ '11~~ 2 i'11lJ~) 

., ., 
5) fl1:i!~u~lmh~Ul ll:::Yilfl1:i!~U~ltlcil~U l!iYmY~!ml :::M a,j~lM~::: 

6) l!ml:::M~l'Vinl)j!~tl{~N"l '~un ~tu'\1tJ)j VlW'll' ltltll{Vl ,j~lJltu~tl~U~~U~llJ~ ~W 
., ." 

~ltl~ 1iltl~ Yi!fl!~lJ -Wtl~!-W\P1-Wtl~-Wtli'~ U~:::-Wtl~-Wtli'~li~'\1lJ~ ilJUl !Yltlftf1iJl~~.f1l'Vi:illJ~ tl~ 
., , , 

fl1:iihU~Ul!iYV'l!lJ'lflJ 1~fJU~,j1:::~iJ1Yinfl11' '11~ ilJUlJl~~ 
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.. 
CI QJ , 0 

1) 1l~Hf)1JVllij[JHUl 

" " " " fl1:i'Yl91~U.:Jij \l::~11i1'Wfl1:il~ulPi'''mtil.:J:i1lJn.:JiY'W 2 \l91 i'WO.:JU1IiYmY.:Jlml::11 IrJ'W\l91I~U 
, " , 

l1 l11fl1:iI~1JlJ fmi'.:Jl11911 VlJnu'W ilU'WI~l~:i::UU 
~ _I ~ 0' '" _I.d 

:i::uuU.:JlJ:i::m:Jj 91.:JZlJ'Yl3 .6 

'" tl·nhnv 

tY-llf1S1::H 

d .:. 
~~1f)'U1'l 1 

• • 
ri1'W \l91I~U~ 2 IrJ'WJl i 'Wi;).:J~mfl~UUf)\llf) . 

d .. 
1f1101J112 

, " 
nHb .6 U~91.:J\l~I~UIPi'1Util.:JUl 
~ . 
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. " . .... _I ~.... 0 .of 

2} V11UlJ'mt1~ f111lJtlllHll'l11fl';i 1~'t1'U 1 't1 ~H)fHl1 fl'l~tJtJ 

I ,II I 

~l1':n~l1 3.1 mYfl.:l~1U'l.hu{l~mllJoilJm':i1Lml~Mlhl166fHl1m~UU 

~1UtJ':i 
.d 

rl11lJfI .. 
6tu't1fllJ A • .. 

pH A 

ORP A 

SS A 

COD A 

BOD B 

TKN B 

PO --P 
4 A 

TP A 
, " 

't1lJltH'HVI: A fi6 'Vil':iliJLVl6{Vi1Lml~M 3 rli'.:l~6ffUfllM • 
4f!!I q d'~..::. d':: I Q.I d' 

B rl6 'Vil':illJLVl6':i'Yl1Lrl':i1~'H 1 rlHVl6 2 rrUflll1 

, , >I 

V11':il.:ll1 3.2 Urrfl.:l11il1i~1Lml~M\Jl~16dl.:l 

~1m.h """' .. " 1Ti11ml~l1 

... 
Thermometer (Mercury filled thermometer) 6tul1 fllJ . .. 

pH Electrometric pH meter method 

ORP Electronic ORP meter with platinum electrode method 

SS Dried at 103-105°C 

COD Dichromate closed reflux method 

BOD Azide modification method 

TKN Macro Kjedahl method 

PO --p 
4 Vanadomolybdophosphoric acid method 

TP Vanadomolybdophosphoric acid method 
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U Wi1tlCll-3 1 uii-3'h:;~'I:li~n ~Cl'\Jfl-3th :;ff'Yliiml'ltll'Hl1 ~~yjmYY~ vi' ff1J -3~ ~~ \) 1tl tll'l 

'Yl~ClU-3 i U 11 1.u'V 3.4.2 lJ1fftl'l:l1tlCl i tltll'l fh~~yjVffyjUi' ff'\JU-3 'i :;tJtJ 1 mJtll'i111 fflJ~ CllJCl ffl'l 

P influent P emuent + P remove (3 .2) 

P remove P adsorb + P plant + P microbe + Pother (3.3) 

l~v~ P influent flU U~lJlruyjflffyjfli'ff~!.u'l~'i:;tJtJ (iJCl~tli'lJyjUffyjUi'ff) 
P .muent flV U~lJlruyjmyyjui'ff~VVtl\)lm:;tJtJ (iJCl~tli'lJyjVffyjVi'ff) 

P rmIove flV U~lJlruyjUffyjfli'ff~iJtln1~~ (iJCl~tli'lJyjflffyjVi'ff) 

• 

P adsorb flV U~lJlruyjUffyjfli'ff~iJtl~~~tJ 1~mi1tlCll-3 (iJCl~tli'lJyjflffyjVi'ff) 
P plant flV U~lJlruyjVffyjVi'ff~Yi'b'U1 iu1,* (iJCl~tli'lJyjVffyjVi'ff) 

P microbe flV U~lJlruyjVffyjVi'ff~~tlfh~~ 1~V~~U'Yl~6 (iJCl~tli'lJyjVffyjVi'ff) 
Pother flV U~lJlruyjVffyjvi'ff~~tln1~~ l~VtlCl itl~U'l (iJCl~tli'lJyjUffyjVi'ff) 

i~ tll'i~i i'i U tll'il11~ 1f111lJ ff1lJl'ltl i U tll'i~~~tJyj Vffyj vi' ff'\JV-39i'1tlCll-3 flV Adsorption 

" " .do IV a" M::t 

Isothenn test lJ'\JUlIVUlI-3U 

1) 111~ tJlJ9i'1tlCll-3~nfl11lJ ff1lJ 1'i tl 1 'Utll'i n1~lIyj Vffyj vi' ff1J -3 ~ ~1I lJ1UtJ!1 '11' -3~ ~ru 11 iJiJ 
. " 

105 V-3fl'WlfCl!~tJff ('\J'U1~I~tltl11 5 iJCl~!lJm) l1Cl:;i-3lhl1l!tllJl 8 tli'lJ iri'tl111'iU .. 

2) l~lJffl'iCl:;ClltJyjVffyjVi'ff 250 iJCl~~lI'i ~fI11lJl.u'lJ.u''U 0 4 8 2040 80 160 llCl:; 320 

iJCl~tli'lJ~V~m li1~lfl~V-3 Shaker ll1u11Cl1 24 ,711lJ-3 
" I " , 

Shaker llCl:;mV-3U1!Yivn1~~9i'1tlCll-3~-3 VVtlU 1Ul'Yim V-3ll~1 i Ul11~l 

. " 
4) 111~ltll'i~~~tJyjVffyjvi'ff1J-3~~ 1~tJfi1U1ru\)ltlfflJtll'iVi 3.4 ~-3ij 
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q (3.4) 

hw~ q = tJ~lJlru'lJU~~Uff~tli'ff~\lfl~fliu~elln.hfl'lJU~~·)f1m~ (ii(1i1fli'lJ~Uff~tli'ff 

~ ufil (1 fli'm11fl(11.:j) 

C j = Tllfl11lJl,rlJ,r'l-H~lJ~\..I'lJtl~~tlff~tli'ff (ii(1i1fli'lJ~ui1IPl'j) 

C f = Tllfl11lJl,rlJ,rtHlfln'lfl'lJ tl~~ tlff~tli' ff (ii(1i1 fli'lJ~tli1IPl'j) 

V = tJ~lJ1IPl'j'lJU~ffl'i(1::mfl~tlm~IPl~I~lJ11..1'lJ1fl'jtJ'b'lJi) (0.250 i1m) .. ., 
" 

M = ,hWWfl11M'~'lJU~~1flm~ (0.008 fil(1fli'lJ) 

CV CLI .c:!\ ~ 4 
3.5.2 fll'i1vU1Vl'ilfll'HVllJ IVI'lJfH'Vt~ 

" . 
1) lflfl11lJff ~11(1::,hl1lr fl'lJU~~'b'I~lJlPi'l..I 11(1::11..1 IPlUUn'ltJ'lJU~fllnlfl (1 u~ ., 

2) mtJ~lJ1ru~ tlff~ tli' ff~~'b'U 1 i tJ1 i' 1 flflfllHnTll1JlfllJ 1(1'lJU~~ tlff~ tli' ff~tltlml1fl 

'Iffl fl1UfllJ (1 u~ 1tJlJ1(1 'lJ tl~~ U ff~ tl i' ff~ tl U fl1J 1 fl 'j::U U ~ tJ(1 fl-W'b' . . ., 

. " 
fll'jmtJ~lJ1ru~ tlff~U i' ffVitlfl~tlm1(1::flfl91lJ 1 flfl1J i1l..1'Vl'1vuu 1J::111fll'iftflin 1 1..I1Pl tll..l n'lfl ., ., . 

fll'j'Vlfl(1tl~'j::fl::~ 2 lflm~U~1flm~1Jlfl'b'flfl1UfllJYf~ 2 'j::UU~'j::,rUfl11lJ~fl1Jlfl~1'11U'1 25 35 • • 

i ."j "'",.f i " , 
fl(1 fltll..l'l 'Vllflfl'lJl..I fl11fl fll'jlPlfllPl::fltll..l (Yoo J.H. 11(1::flru::, 2005; Zoubolis 11(1:: 

Prochaska, 2006) 3.5.1 

91lJ lflfl~i11..1'Vl'1v11..1,r1,rtl 3.5.3 ~ffllJ1'jtlmTll~tlff~tli'ff~\lflfil~fllflflfl(1 ifl~l..I (Pother) i~1Jlfl 

fflJfll'j 3.3 



. ... 
1J't1't1 4 

~ ~ 

f1 n 'YlfHl U-:J Ul1J1.J f1l';j' fff1'l:j 1~~ 'UU-:J~ 1f1~ 1-:J~ Uf11'i ill ~f1vJ U ffvJ fl1' ffl 'U U 11 i1tJ'pJ'b'1.J 1 f1 til oM 

<!i "" .. .d", ~, ~ • ~ Z 'I' ~,,~ " 0 Unh~f111!'YllJf11'i Ll1~ 1.JU1.J1f1-:J fll'i'Ylf1~fl-:JUU-:Juumu1.J 2 'i~tI~ 'Yl-:J 2 'i~tI~ L1.J'b'1-:Jl'ilJ~1.J Lf1'Yl1 

d 4 "" CI.I & ~ tI 1 _Si " : G.I a d,\" 4" fll'ilCw-:JYl'b'h'fl1.Jlfltlf1U'i~UUU-:Jtl'i~f111! f1t1UU1.Jf11t11.Jltl'i~tll 15 11.J Yl'b''Yl L'b'tl~f1flU~1.J 

" " ci.c::t G( SId cv tl '" '" f11lJfJ-:J (Heliconia psittacorum cv 'Lady Di') 'YllJ'U1.Jlf1 Lf1"lfltl-:Jf1'UU1~ 'i~lJltu 2 lf1U1.J 'H~-:J\)lf1 
v ~ I I I 

U1.J-nlf11'iilU1.JU11iYtlff-:Jlml~11 2 i'11lJ-:J 'H~f1ilu1.J 2 i'11lJ-:JffclUtl1.J Vhi'~'ilf11'i~'b'~fl'lff~{ 5 

lctf1.J ~llJ~ 'i~ Ul1.J 'i 1lJ i tlo-:Jf11'i 11m 1~ l1fltu fflJl1~'Yl1-:J fllt1f11Yl-lfl U 'Ufl-:J11 'U1f1~f1 V! llf1-:J V j U ~ flf1 

U~~ltl~Uf1'HUtI 

. 
tl

'" "" d tl.d d ~"o QI a .c::tQl.c:ttl "" "" 
1 ~flf1'HUmm~fl!U~Uf1 ~~f11'il 'itlUl'YltlU Lf1'Yl1f11'iflf1mUf1 2 'i~UU'Yl~1f1m-:JlJ 'i~ff'Yllif11Yl 

f11'itil~f1vJfl ffvJfl1'ff~ -:J ,!f1 ifi'un V!U~ Uf1U~~ Vj Uf1-:J l~flfff1ll1f1~ i f1f11'i til ~f1vJ fl ffvJ u1' ff~fl i tl 

ri1'U'i~tI~~ 2 f1'i~-nl~fllclu-:J\)lmvJff~ 1 11l1.J fll'ifff1ll1tl'i~~'Yl~f11Yllm~f1~ if1f11'itil~f1 
" I I I • 

vJuffvJfl1'ffl 1.JU11iYtI'lIlJ'b'1.J lf1t1U-:Jtl'i~~lliViuf1n i 'H~ 1 1.JU1.J1~-:J 2 'i~uuViUf11'i 1 oM~1f1~ Nlll1.J Vj 

d Q ~ .d 111 "" a,t.J It!l U~flf1U~~U!Uf1-:J U~~IYllJ'lIf1fl1UfllJ'Yl LlJ f1tl~f1Yl'b''Yl-:J 2 'i~UU ctf-:J\)lf1~~f11'i'Ylf1~fln~UUU-:J . ~ 

tl 'j ~ ~ll i Vi1 oMV! U ~ fl m1J'U ~ 1f1 ~ NUtl 'j~ ~'Yl ~ f11Yl11.J f1 n ti 1 ~f1vJ fl ffvJ fl l' ff~ -:J ,!f1 \) 1 f1U 1.J ~ -:J-n lf1 n 

1 ~ flf1 'i ~U U U -:J tl 'j ~ ~ll i ~ 1 oMVj U ~ fl mll1.J ~1f1 ~ 1-:J lJ lfff1111 f1 ~ i f1 f11 'j ti 1 ~ f1vJ fl ffvJ U l' ff 

fll'i'Ylf1~fl-:J11.J'j~tI~~ I -nlf11'ilnU'lj'UlJMf-:Jll~l1.J~ 25 1i1.J11fllJ 2549 t1-:J 31 lJf1'ilfllJ .. 
2550 'i~UU1,j'lrifffl11~fl-:J~ 'Hcl-:J\)lf11~1.Jnuuifi'tl'j~lJltu 24 11.J 11~~11.J'i~tI~~ 2 lnU,j'UlJ~ .. .. 
! fQ..l d Q.I & CI.I tI " , d ~-:Jll~11.J'Yl 3 li'U11fllJ 2550 ()-:J 1 f1lJfl1Yl1.Jli 2551 'i~UU1'Ulfffffl11~fl-:J'Yl 'Hcl-:J\)lm~1.J'i~Uu'fi' . .. 
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(The mineral phase compositions) lf1t1 X-ray 
., 

diffraction (XRD) ~fi'.:Jij 

11'Utfl~flih~fHlU~1t1 Calcium Carbonate (CaCO), Quartz (Si02), Stishovite (Si02) 

flil1f1.:JU1~f)flU~1t1QUartz(Si02),Phengite2Ml, Fe-rich, heated-K(AI,Fe)2AISi30 lo(OH)2 

fliU~flf)U1~f)UU~1t1 Calcium Carbonate (CaC03), Quartz (Si02), Silicon Oxide (Si02), 

Stishovite (Si02) 

1i HI fl.:Jrl U 1 ~ f)UU~ rilri'tlJ~l tl 'U f)l1 fIfi ~U l1Cl~fI f) ~~ f) U'U i~l1n 11 fI Cl !;mJ !'\1 ~ f) l1Cl ~ . " ... 

fl~ lj! ij mJ (Zhu !l Cl~fHU~, 1997) !l fl Cl!;tllJ! ~ 'U 1i l~ ~ ~U 'YlU 1'Yl !~'U ~ ~fI l'U f)l1 ~fI~U!l Cl ~ 
.. 0' 0'.1 

~f)~~f)fl'U (Korkusuz l1Cl~flru~, 2007) HClf)l11!ml~'I11il~fl.:Jflu1~f)flU (The elemental 

q d ~ .... 1 a .q d 1 
compositions) 'IJ U.:J '11 'U! f) Cl fl fl! 11 fI.:J ! u Cl fl f) '11 fl tI 11 Cl ~ fl i U Cl fl f) fl tI X-ray fluorescence 

.d ,oCto d ... I" , QJ " 

spectroscopy (XRF) (m'Jl.:J'Yl 4.1) 'WU11l1'U!f)Clflu'J~f)flUfl1t1 CaO !!Cl~ Fep3 !'Yllf)UnW"~ 90.1 
., . . 

11"~ 0.13 lflm.hm.Jf)~llHhfi'u fli!lfl.:JU1~f)flU~1t1 CaO ~l!l'llnU~fltlCl~ 1.47 1!~~ AlP3 ~fltl 
~ ~ ~ I 

,,~ l1.4l!!Cl~ Fep3 ~UtlCl~ 6.461f1mhm.Jf) 'UUf)1l1f)ijfli1!fl.:JV.:J~fil'~'UVi~1~lml~!l'llnU 14.75 

~nl.:J!lJ~'J~flf)flJ ~.:J~ .:Jf)lHi'1f)Cll.:J~'U'l lU~flf)'I1flmf'UU1~f)flU~1t1 CaO ~ .:JlJlf)!l'llnuffltlCl~ 
: QJ' .q d ~t::i" .:1" : QJ 

99.44 lfltl'Ul'l1'Uf) ff1'UfliUClflf)'U'UlJ CaO 1fltlCl~ 79.99 !lCl~lJ Fep3 1fltlCl~ 1.39 lfltl'Ul'l1'Uf) 

., . 
'Uflf)1l1f)ijm'Jl.:JVi 4.1 i~1!'fffl.:Jf)l1!U~tlU!VitlUfilfl~11ri1'U'lffl.:J ··,h.:J (Void Space) fil 

" I .. .. 

TI'UVi~1~11'Wl~ (Specific surface area) 'IJ'UlflfflJ(]'Yli (Effective size) D lo ' D60 filfflJU1~iY'Yli 
~ , .cI QJ ~ ~ & 

fl11lJfflJl!'fflJfl (Uniformity Coefficient: UC) !lCl~m'W!fl'b' (pH) 'lJfl.:J~1f)"N'Yl.:J 4 'b''Ufl 9l'.:J'IJ'Ulfl 

'lJfl.:J1P11f)ClNll'llnU 0.2-1 ljCl~!lJ~11!Cl~filfflJU1~iY'Ylifl11lJ'ff~11'fflJfl~filU'fltlf)11 3 !~'Ufil~ 
o QJ ~ ... I .Q d' 

!'\1lJl~'fflJ'ffl'l11UU.:Ju'J~fl'l:li (Zouboulis !!Cl~ Prochaska, 2006) 
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1il~fl.:Jri',jl::fu)'U (% by wt.) '" d '" l,j~mmmJ '" d 
'HtJlfl'M'l fliu~<:j fli'U('Iflfl 

MgO - - - 0.34 

Alp) 0.04 11.41 - 0.41 

Si02 0.06 74.93 - 3.23 

SO) - -0.18 0.10 0.50 

~O 0.14 2.68 - 0.23 

CaO 90.1 1.47 99.44 79.99 

Ti02 - 1.15 - 0.16 

Mn°2 - 0.26 0.03 0.02 

Fe2O) 0.13 6.46 0.12 1.39 

srO 0.04 - 0.31 0.25 

zr02 - 0.11 - -

BaO - 0.22 - -

Void Space 0.55 0.65 0.63 0.60 

Specific Serface area (m2/g) 0.57 14.75 0.75 3.24 

Effective size: DIO(mm.) 2.6 3.0 1.3 2.5 

Effective size: D60(mm.) 5.7 7.0 4.7 6.0 

Uniformity Coefficient: UC 2.2 2.3 3.6 2.4 

pH 9.73 8.60 9.54 10.15 

" . 
14 11 fftlff.:J Iflll::M Vi il fl'U 1 ~ nil::'U 'U91 ('I fl ~ flll 'Y1 ~ ('I fl.:Jij flll fl1'U fllJ 1 M' 'Y1 fll'llllij 191 fl{ij fl 1 .. . . 

lm1'I~tI.:Jti''Ul'U'Y1flflll'Y1~('Ifl.:J ~.:Jijfll~1fl~m~tll::l1iN 185.2 ~.:J 192.2 ij('l~flflJ~tl~~l fllVilfi • 

" . . 
8.2 ij('l~flflJ~tl~~l ci'flEJW::14llfftlff.:Jlml::MVili''Y1~''tJ.:Jl'Ul::tI::Vi 1 llC'l::'J::tI::Vi 2 m"~.:J 
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~ u Cl ;19. tf Cl tfdl"~ C\ 

I 
. ~:;1.J1.J'l}:I ~:;~l'I:jj1.J~ ~:;~l'ljj'YI 'l!'911flClN 4 'If'\.J~ 

d 

fI1!\HW± SO. 
d .... .... 

! 11 i\ flf1'lHW 
.... d 

'H'\.J!flCl~ VjU~~ Vj1.J~Vf1 

VUJ'HfliJ (V~ffW'lf~!CifrnY) 29.2 ± 1.3 29.2 ± 1.3 29.2 ± 1.3 29.2 ± 1.3 . ... 

pH 6.3 ± 0.1 6.2 ± 0.1 6.2±0.2 6.2 ± 0.1 

ORP (mV) 80.5 ± 6.7 82.1 ± 6.1 82.3 ± 10.6 82.3 ± 8.4 

SS (mgll) 22.8 ± 7.3 22.4 ± 5.2 22.1 ± 5.7 23.2 ± 6.7 

COO (mgll) 186.2 ± 17.9 186.3 ± 53.0 192.2 ± 45.4 187.1 ± 57.9 

BOD (mgll) 109.2 ± 6.4 108.7 ± 14.8 109.8 ± 13.0 109.8 ± 15.7 

TKN (mgll) 47.3 ± 9.4 51.5 ± 5.3 46.9 ± 7.6 48.8 ± 8.0 

TP (mgll) 8.2± 0.2 8.2 ±0.2 8.2±0.2 8.1 ± 0.2 

'HlJltJ1'H91 : n = 6 "1mh~ • 

, "1' 
9l1~1~li 4.3 ~f1fjw:;~n"u~'\Jv~lhiYtJ~~!ml:;Mlil,*l'\.J~:;tJ:;li 2 

19. tl Cl (/4 11 Cl lid,9IQI C\ 

~:;1.J1.J1.J~ ~:;~fjj1.J~ ~:;~fji'YI 'lf911f1~1~ 2 'If'\.J~ 

I 
. 

d d .... .... 
fllm~tJ± SO. 'lf~fI11.JfllJ Vj1.J~Vf1 'l!'~fl11.JfllJ Vj!!~~ • • • • 

.... d .... 
Vi1.J~Vf1 ViU~~ 

VW'HfliJ (V~ffl!9f~!Cifm;,.) 29.9 ± 0.6 29.9 ± 0.6 29.9 ± 0.6 29.9 ± 0.6 . ... 

pH 6.2 ± 0.1 6.2 ± 0.1 6.2 ± 0.1 6.2±0.2 

ORP (mV) 81.5 ± 5.6 80.1 ± 6.1 81.4 ± 7.7 81.5 ± 9.6 

SS (mgll) 22.5 ± 5.9 23.6 ± 8.0 24.8 ± 6.7 22.5 ± 6.3 

COD (mgll) 185.2 ± 24.2 190.8 ± 12.5 191.5 ± 24.5 191.2 ± 19.1 

BOD (mgll) 114.3 ± 18.0 110.8 ± 8.4 115.4 ± 19.0 112.1 ± 17.9 

TKN (mg!l) 46.6 ± 5.9 47.2 ± 6.5 46.9 ± 6.5 47.6 ± 5.7 

TP (mgll) 7.6 ± 0.3 7.8 ±0.2 7.8 ± 0.3 7.8 ±0.2 
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~ ~ . 
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d <Cl. d.c:t, , .c:t.d Q 
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. " q 4Q ,c1, I .ct q .c1 d 
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un~lLl~uf1l1uuij~n::l1i1~ 27.5-29.0 fl-.3ff119l'(ll~Uff (m~u 28.12 fl-.3ff119l'(ll~Uff) l1(1:;'j::UU~ 
~ d d I I .ct d d.J ... Id 

U'j'j~uiU(lUmm1'j:;1111-.3 27.5-29.1 fl~ff119l'(l19l'Uff (mM 28. fl-.3ff119l'(l19l'Uff) 9l'-.3'il1f1~lJ'YI4.1 

JI " , " 
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4.4.2 fll'VfUl'll' 

,,,, I I 

~hVhfl'b'1\l ~tI'IJfl ,nh iYtHY' ':Ilfl'n::M'lli1flw,r l'j:: UUii~l'Vllfl'b'1\l ~t1fl~'j::'wh:J 6.2-6.3 hw 
.4 : t::t I ~ .. I "::' 0'" I did ~.::i G.I t d : ~ 

1'lJ fl 'U llfftlm'U 'j:: U 11m 1J 'j:: fllJ lllCl1OWU11'lJ fllOW lfl 'b'''! ~ 'IJ'U 'YH'I' fl11:: fI.:j fl1f1lOW lfl'b''IJ fl.:j 'U 1 'Yl.:j ~ 1 fl 

.d. Q d ct., d. ~ oQ. ctl I 

'j::uU'YlUn~'I1Ulflrlfl'lJfIl'j::'I111~ 7.15-8.15 (L~Wtl 7.64) 'j::UU'YlU'j'j~fllllfl.:j'lJfIl'j::'I111.:j 7.45-

8.82 (1\l~t1 8.27) 'j::UU~U'j'j~liJi1flfl'l1fWii~l'j::W;)N 7.39-8.85 (Lu~t1 8.22) llrl::n uu~u'j'j~U! 
, 1)1 ", t 

U~flflii~1'j::'1111.:j 9.32-9.48 (1\l~t1 9.42) ~.:j~iJll 4.2 lhn.:j~lm::'Uullun~UlU~flflii~lVlw'b' 

1~'lJ~Uff.:j 1l~iillU11,r'lJrlfl".:jfll'lJI1"111rl::ii~1f1.:j~iJ'j::'lJ1W1'U~ 17 'lJfl~fl1'j'Ylfl"fl.:j fIlfl11 ., 

fJW ff'lJU~ml'lJlrl'U U'VhrJfl{'lJfl.:j~1flrll.:j,j 1~:: rlflrl .:jlrl fliifln 1 -M'.:jl'U 1 iJl~ fltl'l J;h'U~ lVlW'b''lJfl.:j 

12 
10 *-

.A. --~ r> 8 
S 

... .... ~-....- -"T ....... 
1IJ: 6 ,.... 
-co: 4 

2 
0 

1 3 5 8 10 12 15 17 19 22 24 26 29 31 33 36 38 

. .... .... 
11H11flU 

... d 
--+- 'I1lH neWl -VjU~H -.- lU~f.ln'l1tHJ ... '" -*- f.lj'UClf.lf} 

t ~ q 

4.4.3 HHIl 'l'Vf 

I ", JI I , 

II fffl11::fI.:j~ 1~11 flfll {Vl'IJfl.:jihn.:jllflflfl ~lm::uu;j .:jiJ'j ::~lJillu'j 'j ~'11 'Ulfl~ flii~1'j::'1111.:j -23.1 

~.:j 31.0 iirl~11r1~ 'j::uu~un~U~llfl.:jii~1'j::'I111.:j -54.3 ~.:j 11.1 iirl~11r1~ 'j::UU~U'j'j~liJi1flfl . .. . 
A I , .:9 .Q Q 0' .J..::. d d I I ~ 

'I1fltl'lJfIl'j::'I111.:j -59.3 ().:j 18.0 'lJrIrI 11r1fl U" :: 'j :: 11U'YlU'j'j~fl~Urlflfl'lJfIl'j ::'I11 1.:j -100.9 ()~ -94.1 . .. . " . 
ii,,~11"~ ~.:j'jiJll 4 .3 ~11flfll{V1'IJfl.:jUl11flflfl~lm :: UU'Ylm::uuii~lmi1'U'lh.:j -150~.:j 50 fIlfl ., .., . " . 
11'j::UUfl~1 'Ufffl11::11flUl1 flfl;fl flnllUl~lm::UUllU'j'j ~UjU~ flflii~11flfll{V11rl'U (-) fIlfl11 

'j::11Ufl~1 'U fff111::11flU 11 flf);m 'If'U fl'U 
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"lU'I1ln1J 

co d 
-+- l1'U1ntlFl - ~iIlFl.:J ---.- 1 t.l~~fl1H)tJ 

co t:I 

--*- ~j iJtl ~fI 

, " , I 

tUn 4.3 1 tHl1{Yi'\Jtl .nj 1ntltlfHllm::1J1Jij.:JU'l ::~iJ fni i'\Pi1fl"1.:J~1.:J"l 

.. 
4.4.4 'lJe:J.:JU'IJ.:JU'lJllHle:Jtf 

.c:::i, 1-=1 d ~.d QJ I d :~d 
'YI Nl'U 'l:: 1JUYl1J 11lJ '\J tl.:J LL '\J.:J 11 '\J TU" tltJlPl1lJ 1 fl 'YI '" 11 11:: f1.:J 1PI1f11'\J tl.:J LL '\J.:J LL '\J 1 'U" tl tJ'\J tl.:J 'U 1 'YI.:J 'YI tl tl fl 

,nm::1J1Jij.:Ju'l::~iJf~1J'l'l~11'U1fl~~iiri1'l::'wh.:J 3-5 ii"i1fli'lJ~tli1~'l (m~tJ 4.00 ii"i1fli'lJ~tl . .. 
Q d c:lt. .ctl I AQCVIc:lt. d Cltoc:lt.CVI..c::t. d 

nm) 'l::1J1J'YI1J'l'l~tllLL~'1lJfI1'l::111N 2-3 lJnnmlJlPltl"IPI'l (mntJ 2.40 lJnnmlJlPltlnm) 'l::1J1J'YI 

1J'j'j~IU~tlfll1tltJiiri1'l::11')N 2-3 ii"i1fli'lJ~tli1~'l (lll~tJ 2.60 ii"i1fli'lJ~tli1IP1'l) IIn::'l::1J1J~1J'l'l~ • • 

"", " I I I 

II '\J1'U "tltJ i 'U lhn.:J ~lfll1.:J 4 'l::1J1J i 'U 'li1.:JI~mi'Ul~'U 'l ::1J1Jiiri 1 iliritltJfI.:Jn m~111 tl.:JlJl1l1flfll'l 

I 4 ,., I .d I d 

lllPl IlJ tl 'l:: 1J 1J 1'\J1 "'''' 11 11::fl.:J 'YIf11'\J tl.:J II '\J 'I .. 

, 
'Yl1J11 

\Pi 1fl ell.:J U! 1J ~ tl fliiu 'l:: ff'YI ij fll'Yl fll 'l ti 1 ~ ~ '\J~.:J II~.:J II '\J 1'U" tltJ~.:J ~~ I 'Yhn1J r tl tJ,,:: 94.83 'l tl '1".:J lJl 

fitlUjll~.:J IU~tlfll1tltJ lln::l1'U1fl~~ fl~I~'UU'l::ff'YIijfll'Ylfl1'lti1~~I'Yhn1JrtltJ,,:: 89.2988.24 lln:: 

82.46 \P\llJ~l\Pi1J 
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v , 

thffmY~lm1~M~fh9fl~~m~tJ1~l1';h~ 186.2 i1~ 192.2 iJ"~f)i'lJ~~~\PI1 iU'lh~mf)fh9f 
'I ", I 

If)~~~lhjmVi mfl111~U'lf1~Vil1~UVl~6ui'ml11,r1nm"fll'Vn.hfftJ 11~lljV1ilU1~1J1Ji~U1~lJlru • 
29 lU ~l9fl~~I~ml~~ l1~fl~i1n~1J1Jl,r1~~fll1~mIP11 ~~~~fll1~fl~1P11~19fl~~~~~J1~f)~fl 
111m~1J1J{j~U1~ill!i~1J11~i1Ulfl~fllhl1"fl"~~~1~1111~ 14.29-18.47 iJ"~fli'lJ~f)~m (m ~tJ 

15.96 iJ"~fli'lJ~~~\PI1) 1~1J1J~1J11~Ujll\P1~~fh9fl~~1~111N 11.90-14.29 iJ"~fli'lJ~f)~m 

(m~tJ 12.94 iJ"~fli'lJ~f)~\PI1) 1~1J1J~1J11 ~IU~~fll1~tJ~~l9fl ~~1~ 1111~ 11.90-12.31 iJ"~fli'lJ 

~~~\PI1 (m~tJ 12.15 iJ"~fli'lJ~~~\PI1) 1"'~1~1J1J~1J11~Uj1J~f)f)lj~19fl~~1~111N 7.27-8.93 

iJ"~fli'lJ~~~\PI1 (m~tJ 8.25 iJ"~fli'lJ~f)~\PI1) lPi'~tU~ 4.5 

lrl ~Yi 1111 ru 1 i1 ~ U 1 ~ ffVl ~ filyj fl11 ih ~ fl ~ 19f 1 ~~~ ~ ~ 1 ~ 1J 1J {j ~ ~ 1 ~ ill! i yj 1J 11191 1f)" 1 ~ V j 

1J~~flljU1 ~ffVl ~ fllyj fl11 n1~\PI~19f 1 ~~ ~ ~ 'lfll'Vhn1Jr ~tJ,,~ 95.59 1 ~~ "~lJlfiV1U~ ~fll1 ~tJ V j 11~~ 

1",~i1U1fl~\PI flfll~UU1~ffVl~filyjfl11n1~fllv11n1Jrm"'~ 93 .68 93 . 0611"~91.43 ~llm'hlPi'1J 
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tI. tI 

Ul1nm1~lml:;Miifi1ulu~lll~tJ1:;11';h~ 108.7 ~~ 109.8 iJn~f)i'1J~U~m f111'Y1~H1U~_Ul~ 
G)":.c:lG.l 4:f''::)J Cl ~d'.d9"~ d ~ ... ,~ ~ d.:ll 
I 'b'lJltf:1'tJtl ~lml:;11'Y11'\Jn:;1J1JmU1:;~iJj'Y1l 'lfl1lJtm'~ UjU~~ lunUf)'I1UtI Un:;Uj1Jm)f)1Jfll 

lev oev ~.c:ll I ,:<d. 
BODs:COD ratio 1'Y11f)1J 0.59 0.58 0.57 Un:; 0.59 9111Jm~1J 9l'~1Jm1Jlnn11 0.5 Utl~nllJl1tltl 

-ff~1f111:;Mtll1Jl1f1~fltJtlnlt1'Y1N;1mYll~~ (Tchobanoglous Un:;mu:;, 2004) ~tlm1:;fI~911~lU 
tI • • 

1 U~ '\Jfl~U lliUflf)1I1f)'j:;1J1J~~U 1 :;~iJiYi1J11 ~ l1lJ1f1~~ ii~11 :;w.h~ 6.3-6.4 iJn~f)i'1J~U~911 .. . 
(lll~tJ 6.35 iJ(l~f)i'1J~fl~m) 1:;1J1JYi1J11~UjU~~ii~11:;'I1')N 5.4-6.3 iJ(l~f)i'1J~U~911 (m~tJ 5.85 

iJ(l ~f)i'1J~ fl~911) 1 :;1J1J~1Jn 1I1U ~flf)l1 fltJii~11 :;'I1';h~ 7.0-7.3 iJ(l~ni'1J~ fl~911 (Lll ~tJ 7.15 • 
iJ(l~f)i'1J~fl~m) U(l:;1:;1J1J~1Jn~uj1J~uf)ii~11:;11')N 5.3-6.5 iJ(l~f)i'1J~fl~m (lll~tJ 5.90 

• tI • 

iJ(l~f)i'1J~fl~911) ~~tuYi 4 .6 ~lulu~'\Jfl~l1~ 4 1:;1J1Jii~1~UlJ'U/l~~1 (U'~Wf)11 10 iJ(l~ni'1J~U 
tI • 

~\911) 9l~U~111Jl~lJ 1:;1J1J lIlJ ~~l1'ltJf111'Y1~ (l fl~~lU 1 fl~ hJ~ UtI11\91f)~1~nlJ 
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ltlVi 4.6 Ulu~'\Ju ,njlVim)tl1l1m~uuij.nh~~1:IiVil,*~lmn.:J~1.:J1 

q .. 

4.4.7 't1!fUflll 

.. . . 
Vilfll~14'\Ju'nllViuutl1l1m~UUU.:JtI'j~~1:IiViu'j'j~M141tl~flijril'j~1111.:J 0.91-1 .22 iJCl~tli'lJ~U~11'.i .. . 
(m~tJ 1.06 iJCl~tli'lJ~U~\P1'j) 'j~UUViU'j'jllfl;HLfl.:Jijril'.i~1111.:J 0.63-0.82 iJCl~tli'lJ~tl~\P1'j (m~tJ . .. 
0.73 iJCl~tli'lJ~U~\P1'j) 'j~UU~U'j'j1l1tli1tltll1UtJijril'.i~1111.:J 0.86-0.95 iJCl~tli'lJ~U~\P1'j (m~tJ • 
0.90 iJCl~tlflJ~U~\P1'j) LlCl~'j~UU~U'j'j~fl5IU~tltlijril'.i~1111.:J 0.80-0.83 iJCl~tlflJ~tl~\P1'j (m~tJ . .. . 
0.82 iJCl~tlflJ~tl~91'j) 1I1mtlVi 4.7 rilVilfll~14'\Jtl.:Jl'1.:J 4 'j~UUijrilritl14'Ii'N~l (UUtJtl11 2 .. 

.. . 
iJCl~tlflJ~ U~\P1'j) ~.:Jll~11lJl~14'j~UU 1114 ~ .:Jl1'ltJtl1'j'Ylfl Cl u.:JrilVilfllg14 ijri11 tlli'l~ tJ.:J n 14 

lrl uVi 111 'j ill 1 ~.:J tI 'j ~ ff'Yl n fl1Vl tl1 'j tl1,) fl ri 1Vi lfllg 14 '\J tl.:J 'j ~ UUU.:J tI 'j ~~ 1:1 i Vl U 11~ 1tl Cl1.:J fl 51 

Llfl.:Jijtl'j~ff'Yln fIlVltll'.itl1,)flri 1Vilfllg14 ~ .:J~fll'Vhnu~ tltJCl~ 98.58 'j U.:J Cl.:JlJ1fi U fl5I U ~ Utl 1 tI i1 Utl 

l1UtJ LlCl~Muttl~fl flflliJ14tl'j~ff'YlnfllVltl1'jtl1')flrvhnu~mJCl~ 98.32 98.0811Cl~97.76 911lJcll'flU 
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~vi1~ 1 L"'~LrlV~l'U l~1J1JU'Ilh~~l:J iut{ 1~1J';hiirll'Y~V'tYvJVl 'tYri1'U i 11 \1Jv~i 'U t U'lJ u'lvJvmvJ~ 
, " , , 

vJ V 'tYvJ Vl 'tY 1 ~ fJVi 'tY fIl1~fl '11Pi'1rl 1vJ U m vJ ~VJ u 'tYvJ U l'tY'lJ U'I U 1 Vi U V n ~ 1n 1 ~ 1J 1JU 'I U 1 ~ ~l:J 1 Vi 1J 11 ~ 
.q ddt I ~~Q.J 14I::l d Cl.oC:rt,QJ l.t:.::Ito .:i.Q 
11'ULm'1~lJm1~1111'1 1.00-1.26 mHlmlJ~VC'lm (mM 1.11 lJC'lC'lmlJ~UC'l~l) 1~1J1J'Yl1J11~V! 

U~'1iirill~1111'1 0.32-0.35 iJC'li1nllJ~vi1~'j (m~fJ 0.33 iJC'li1nllJ~vi1~l) 'j~1J1J~1J1'j~Lutlvnl1VfJ • 
.d., r Clt,Cl.CV '.e:::. ..::i. .QQCV 1011:\ d.Q dod. 
lJflll~""11'1 0.36-0.44 lJC'lC'lmlJ~UC'l~'j (mC'lfJ 0.39 lJC'lC'lmlJ~UC'l~'j) !lC'l~'j~1J1J'Yl1J'j'j~Vi!1JC'lUtllJ . .. 
ri11~""11'1 0.24-0.32 iJC'li1nllJ~ui1m (t~~fJ 0.29 iJC'li1nllJ~vi1~'j) ~'1tU~ 4.8 'j~1J1JU'Iu'j~~l:J1 

~i ,*i1'ULtl~~ iiri1-W vmvJ~-WU'tYvJVl'tY~ '1~ "l~ 'j~1J1JU '1U'j~~l:J i~i '*~! u~ 'I LU tl m1l1 VfJ uC'l~ ~ j 
I , " I 

1J~ un iiri1vJumvJ~vJ U'tYvJ Vl 'tYriU'U~1'1,j1 UC'l~fl'lViIPi''1u~!~lJ,;''U ~'U t1'1l1'lfJf1l'j'Yl~C'lV'I 
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" " , I 

~hvJ UffvJui'ffl1~'I11Jft1 'Wu1li flUmJlm~UUU~u1 ~~El1 lifffll,)~fl~~')iifi 11 fH11~{m1Ufi1 
,.. " " I 

vJflfflvJlPlvJUffvJfli'ff 1 ftt.J'v~u ':hU~1J1ru vJUffvJ ui'ffl1~'I11Jft1 'WU1Yi~ \l1f) 1 ~UUU~U1~~El1li1 ~ 

~')ml1~M'W1f)~ft V!l1ft~ ltl~um1fl{J 11~~V!U~flf)iifil1l'hnu 1.310.47 0.69 U~~0.41lJ~ftf)i'1J~ tl 

ftmIPl11J~1~U flftltl'Wtl1~iY'Yl~fll'Y'lf)11fi1~ftvJflffvJui'mvhnufu{J~~ 84.04 94.25 91.54 U~~ 

94.92 1Pl11J~ l~U ~~ ff11J11(l ff~u'~';hv !U~tlf)l1~ ~ V! 11ft ~iiU1 ~iY'Yl ~ fll'Y'l f)l1 fi 1 ~ft~ ~ ~ft ~~ t tl~ 

4.9 

'j i i~I~ , ~:~1 
-GO: 

3 5 8 10 12 15 17 19 22 24 26 29 31 33 36 38 

v .. " lU'I1InU 

I "" I I 

t tlli 4.9 vJtlffvJtli'ffl1~'I11Jft '\Jtl~U 1li tl tl f) \11m ~uuu~u 1 ~~El1li1 ~fi ')f)~ N~ 1~"l 
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o d Q.I , :' ~ ..;. oQ " :' ~ I 

'Vl1 fl1) lfl1J~1 fl U1 ~ 'U 1 'Vl ~ 'ill fl) ~ 1J 1J 1'Vl fl 11fl) 1 ~ 'H fl ill fl1'Vl 'U 1~ ~ 11~ . 
1'Ul1 25 i'U11fllJ 2549 ~~ 31 lJm1fllJ 2550 fl1'Vl1)llJl~fl{~1~'l ~fl~)~1J1J'U~lh~~lli;j~ 

lh~~lli~',*~1flCll~ 4 'lfi1~ 11""~~1~'Ufl1m~U~~~1)1~~ 4.4 

- t':!... "" _ I "" """ _ I "" ".1,,,... .. i'" d .. fll)lU)U1J1'VlU1J)~1J1J1J~U)~~llj1J~U)~~llj'Vl 'lf~1fl"N 4 'If'U~ ~11fl11'U1m~~ fljllfl~ 

lU~flfl'HflU lm~Uj1J~ flfl )~1J1J~1Jn ~M'Ulfl~~ijU)~ff'Vli fll'Vl fll)lhu~fh~fl~l1 ~~11 ~1'U "flU fl1 

" Clilfl~ fl1l11fllV'U lm~fllYJfl""yJfli'""vi'~'HlJfl ijfl111'hti'1J~flU"~ 82.46 91.43 97.76 lm~84 .04 

~llJ~l~1J )~1J1J~1Jn ~Uj ll~~ijU)~ ff'Vli fll'Vlfll)ihu~fl1~fl~11 ~ ~ ll~ 1'U "flU fl1Cli 1 fl~ fl1l11fllV'U 
" , 

1l"~fl1yJfl""yJfli'""vi'~'HlJfl ijfl111'hti'1J~flU"~ 89.2993.06 98.58 lm~94.25 ~llJ~l~1J )~1J1Jl11Jn'il • 

~ do I I QJ " 0 Q.I .d Q d d 

'Vl~'HlJfl lJml'Vl1fl1J)flU"~ 88.24 93 .68 98.08 lm~91.54 ~llJ"lfl1J )~1J1J'Vl1Jn~flj1J"flfllJ 

U)~ff'Vli fll'Vlfll) ihuflfl1~fl~11 ~~11 ~1'U mw fl1Cli 1 fl~ fl1l11fllV'U 1l"~fl1yJfl""yJfl i' ""vf~'HlJ~~ ~""fl .. . 
ijflll'Yhti'1J~flU"~ 94.83 95.59 98 .32 lm~94 .92 ~llJ~l~1J ~~~U~ 4.10 

~ U ~ tid tJ ~ tid," CLI Q 

I 
, )~1J1Jm )~~llj1J~ )::flllj'Yl 'lf~1fl"1~ 4 'If'U~ 

d 

mm"tJ± SO. 
d d "" "" lU~flflmW 

.. 
'H'Ulfl"~ fljll~~ Vj1J"flfl 

~ill'HlJlJ ('C) 28.4 ± 0.7 28.2 ± 0.6 28.1 ± 0.6 28.2 ± 0.6 

pH 7.6 ± 0.4 8.3 ± 0.5 8.2±0.6 9.4 ± 0.1 

ORP (mV) 10.5±20.1 -22.5 ± 28.1 -22.4 ± 31.8 -98.7 ± 2.8 

SS (mg/I) 4.0 ± 1.0 2.4 ± 0.6 2.6 ±0.6 1.2 ± 0.5 

COO (mg/l) 16.0 ± 2.3 12.9 ± 1.3 12.2 ± 0.2 8.3 ±0.9 

BOD (mg/l) 6.4 ± 0.1 5.9± 0.6 7.2±0.2 5.9 ±0.9 

TKN (rog/I) 1.1 ± 0.2 0.7 ± 0.1 0.9 ± 0.1 0.8 ±O.O 

P0
4
- P (rog/l) 1.1 ± 0.1 0.3 ±O.O 0.4 ± 0.0 0.3 ± 0.0 

TP (mg/l) 1.3 ± 0.2 0.5 ± 0.1 0.7 ± 0.2 0.4 ± 0.0 
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.. 
i;{':h~1mnn1.:j 4 'l5iJ~ihhdY'Yl1imYl1'Ufl1'Hi1~~~lfl~ ulfl~ ,'U l~'H\1'U u~::~mY~fl~ffi;{\1.:j 

" )I " " " I 

1~vihVi.:jiifl1Y1151ij!~fl{ H1'U~llJlJ1~5l1'UtJ1Vi ,n,.nnJ~ ff1l1~'IJfifl 1 ,jfl15'Yl~~fl.:j 1 'U 5:: V::l; 2 \1:: 

1,r 'U 5::'IJ'IJ{j.:j,j5::~Eli~ ff1lJ 1H1 fh~~~mY~fl ~ ffi;{ mh.:jii,j5::iY'Yl~mYl \1.:j ~~ i1.:jJ lJ1f1Wcr1fl15 . .. 
Vi \115W 1 1 'U fl15fl~liiflf1~1f1~ NYi1'l11J1::fflJ ~.:jVi \115W 1'I.J 5::iY'Yl~ mYlfl15 01 ~~~ flff~ fl~ ff1 'U tJ 11iYV 

ff.:j ff~ ~ .:jYl'IJ1n::1J1J{j.:j,j5::~EI £~1J55 \1U '-;1J~ flf1iith ::iY'Yl~ mYlfl151hu~fl1~flff~fl~ ffyfn!lJ~ 
~ ~ ~ . ~ 
\1.:j~ ~~iifl11'Yhn1J~flV~:: 94.92 5fl.:j~.:jlJ1 l;{un 5::1J1J~1J 55 ~Ui l1~.:jii,j 5:: iY'Yl~ mYlfl15ihu~fl1 .. .. 
~flff~fl~ffl1.:jl1lJ~iifl1L'Yhn1J~flV~:: 94.25 ~.:jfl~liiflf1l1.:j 2 5::1J1J 1 ,jYhfl15'Yl~~fl.:jfifl i'Ufl15 

'Yl~~fln::V::~ 2 fiflltJ i1.:jt,j~ 4.10 
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. . .. 
t,jYi 4,10 ,j5::iY'Yl~mYlfl15-U1U~'\Jfln::1J1J{j.:j,j5::~EliYi1~~1f1~1.:j11.:j 4 'l5iJ~ 



74 

o " 0 

flj U ~ tJfHL"~ fl]" L1~~ Vi ijf11'j 'll ~f)Yi'b' L1,,~ij'l!~ i'I1UfJlJ (hi'll ~ f)Yi'lf) 1 ~m~l1.J 'j~UU~ ~ L1lPlllJ Vi 3 

YilJ11i'1lJ 2550 i1~ 1 f)lJm~lJ1i' 2551 YlU11'j~UUL.u1ri~m1~i'I~~1~nm 33 llJ ~~Ii'Th9ntJ~ . ~ 

L~U~1fi111U~L';lJfllJ (ri1'\JtJ~.utJl.J"L11Plf)1Pl1~nlJl~Lfiu~mm~ 5) ri1Yl1'jliJLlPltJ{IPlH'l ijuu11UlJ 

o " 

l'llllJVlfl''Yl1~L~tnnUf)1'j'Yl~''tJ~'j~v~Vi 1 ~~ij 

4.5.1 ~W'H{}ij 

" 0 
.Q 0 A " c9 ... 1 .Q G'~ I 

~ 1f) r-l" f)1'j 'Yl~" tJ ~ ~ ru 'H tJ lJ'\JtJ~ U l'YlL'\J 1L1"~ tJtJf) ~ 1f) 'j ~ UUU ~lJ 'j ~~lJ ]"lJi'l1 
I " " , 

1 f)~L~ V~ nu Vi~f111~i'I~~ 1~W 'H tJiJ'\J tJnJ 1Vl~ ~ 1m ~U U U~ 'll'j ~~lJ iViI i'fl j U~ tJf)ijri n ~'H 11~ 
.e:t.d do q d.d.l f 

24.5-28.9 tJ~fl'WlmL~V~ (m"v 26.90 fl~fl'll~"I~tI~) 'l!~i'l1UfJlJfl!U"flf)lJi'ln~'I111~ 24.5 -29.0 

fl~fl'll~"I~V~ (m~v 26.98 fl~fl'll~"I~mY) 'j~uuu~'ll';i~~lJ.1~Ii'fl!L1~~ijrin~'H1H 24.5-29.0 
o 

.d. d .d .Q dJ • 

fl~fl'll~m~v~ (m"v 27.05 fl~fl'll~"I~V~) Im~'l!~i'l1UfJlJtJ!L1~~lJi'I1';i~'H11~ 24.5 -29.0 fl~fl'l 

I~m~v~ (m~v 27.02 fl~fl'll~"I~V~) ~~~'ll~ 4.11 ~;jI~lJ'lh;j~W'HtJiJ~Yi'lfII"~~~lJ'Yl1V 
.Q.Q "Q': .d. Q.I tI d .Q ,: d" L~HlJIIPlU 1IPll~~ ~1lJlJ11~V~;jLm1~'H~~lJtJru'H f1lJ~;jf)11U1tJflf)mf)lJflV 

u " "" 

~ 
O:l 

30.0 v~ -- ~ ............... (ti 25.0 -- ~ -- --- -...... ...... ,... ... 
~ --;:: 20.0 
~ 15.0 "1' 
GO 

10.0 '-' 
(ri 

5.0 Q 
;: 

0.0 a 
(Q)6 

1 3 5 8 1012 15 17 192224262931 33 36 3840434547505254575961 ,.-
-co: 

0 

OJ .. " 

1 \fYUnu 

.. d 
-+- 'Vf1f11UfJlJfl!U"flfl 

.. d 

- fl!UCH!f1 -+- 'Vf1f11UfJlJV!Uf1.:J ~ fl!1Lf1.:J 

~'ll~ 4.11 ~ru'HtJiJ'\JtJ;jJ1~tJtJf)~lm~uuu~'ll'j~~lJ.1~'i'~1f)m;jfl!U~flf) fljL1~;j 1I"~'l!~ 
i'l1Ui'llJ • 
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.ot 
4.5.2 fml'lf 

, .c::t : d ~ ... I ~ d' ~ GI ~ oQ d'.e:l jlc. 

fl WHfl'lf~ fl.:JlJ 1 'VI flflfHJ lfl1::1J 1J1J.:J u 1:: flEl! 'VI 'fffl11:: fl.:J ~n~ fl.:J1:: 1J1J1J.:JU 1 ::flEl! 'VI 1 'lffl j 

d ..::t, f .d. A d .c:I' I d 
1JoflfllJfln::'H11.:J 11.14-12.00 (mot) 11.72) 'l!flfl11JfJlJflj1Joflfllmn::'H11.:J 9.47-11.20 (motl 

10.62) 1::1J1JU.:JU1::~Eli~1~fljUfl.:Jiifi11::'H11.:J 7.25-7.84 (lll~V 7.55) UO::'l!flfl11JfJlJfljLLfl.:Jiifil 

1::'H1N 6.96-7.45 (m~V 7.25) ~.:J1U~ 4.12 
'U 

14 
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8 
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*-

-
..--- -

-
~ ~ 

-...... ... 

- -- -

1 3 5 8 10 12 15 17 1922 24 26 29 31 33 36 38 40 43 45 47 50 52 54 57 5961 

. 
OJ .... 

1U'rIlfllJ 

, )I , I 

lUVi 4.12 ViLfl'lf~fl.:JthViflflfl\J lm::1J1Ju.:Ju1::~EliVi1 ~~ 1flm.:Jflj1J~flfl fl! Ufl.:J LLO::'l!flfl11JfJlJ 

. " . 
filViLfl'lfm ~V~fl.:JU1Lffv~ .:Jlf111::"yL'viln1J 6.2 Lll tJrillJ 1:: 1J1JfilViLfl'lf~fl.:J 1::1J1JU.:JU 1:: ~El i 

"1 ".c:r.. d oQ d ~".ct, I lei 1 " & 
'VI 'lfflj1JoflflLlo::'l!flfl11JfJlJflj1JoVflL1lJ91lJlJm"!.:J (lJlflfl11 12) U91lJUlJ1 lJlJoflo.:J911lJnm 9f.:J 

fl11 ofl O.:J ~ tJ.:J fi lVi LV'lffllfl111 UlJ ~ olJ 1 \J 1 flfl11 ofl o.:J ~ fl.:JU~ lJlW U fl 0 I 9fVlJ~ Ln fl I UlJ ~~ fl~ tJ.:J 
... _.1 _.1 ". I ,_ I 1 ".. '''' ,_ 1"'1 & ... ... 

Uflol9fVlJl1tJ'ffIl191 m'VIlfl11'V191ofl.:J91V u lJ'VI1V'VI"lflfll'VHfl'lf\J::oflCl.:J utl.:J 8 9f.:JlJUflol9fVlJ 

m{1JVllJ91 (CaC03) IUlJ~1m1JfJlJfilViLfl'lf (Adam Uo::flW::, 2006) 'l!flfl11JfJlJfl!1J~Vfl (',jU~fl 



~ .~ 
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I f'd : .d ~ Q e'.d Q.I 

'il1flr.l'f1fl1"iVl~HH)~ m 1 f.n11"i'Vi'U6~\.l1V16f1fl'il1m~'U'U'U ~11"i~flfj! VI fffl11~f1~fl1'UfI~ 
.&1 ... 1 4 ct'dl "4 d d I I & Q Ql ct'.d Q Q 

"i~'U'UmU"i~flfj!VI 'b'fI!'U'f1f1fllJm"i~'I11H -110.8 ()~ -138.0 lJ'f1'f1 1'f1fl (m'f1tJ -125.19 lJ'f1'f1 

1 0" ~ d d' I ~ ~ ~1 ".d Q 41 " 
1'f1fl) 'l!flf11'UfJlJfI!'U'f1f1fllJm"i~'I11H -76. 1 fI~ -99.7 lJ'f1'f1 1'f1fl (m'f1tJ -88.68 lJ'f1'f1 1'f1fl) "i ~ 'U'U 

4 Q d'dl "4 d I • 4 Q Ql d'.d Q Ql " 'U~11"i~flfj!VI 'b'fI!Ufl~lJm"i~'I111~ 0.2 m 22.3 lJ'f1'f1 1'f1fl (mM 8.65 lJ'f1'f1 1'f11Pl) U'f1~'l!flf11'UfJlJ 

fl!Ufl~ij~n~wlH 13.3 ()~ 38.1lJ'f1in1'f1~ (m~tJ 23.58lJ'f1ill1'f1~) ~~t11~ 4.13 

50.0 

'""' ~ ..lL ~~:1V"' ;.- 0.0 ~ 

e ~ -
'-' -50.0 ,~ .. ~ .................... ,.... 

-100.0 CP 
CP oW """ ~ ----"r= -150.0 .. -

• <;: .. 
~ 

-200.0 
1 3 5 8 10 12 15 17 1922 24 26 29 31 333638404345475052 54 57 59 61 

. 
OJ .. " l'U'YIlfl1J 

.. d 

-- 'f~m1JfJlJV!1JelVfl 
.. d 

- Vj1JelVfl --..- ,,~m1JfJlJV!II~~ -*- V!il~~ 

t11~ 4.13 lf1fl1{~'UfI~J1~flflfl'il1m~'U'Uii~11"i~~fj1~1~1Pl1flm~fl!'U~flfl fl!Ufl~ U'f1 ~'l!fl 
m'Uf1lJ • 

, '1 old. : .d & Q d'dl SlQ d Q d d f 

UIPl m flBi"i'Vi 'U fI ~ \.l1V1 fI flfl 'ill m ~ 'U 'U"i ~ 'U 'U m 11"i ~flfj! VI 'b'fI! 'U 'f1 flfl LL 'f1~'l!fl f11'UfJ lJ fll 'U 'f1 flfllJm 

fI~1'U'lf1~ -140 ()~ -110 lJ'f1ill1'f1~ mWln~'U'UfI~1'Ufff111~fl1"iVfltJffmmL1J'UufI'Uuflflcifl rh'U 

"i~'U'Uii~11"i~~fj1~1~fl!LLfl~LL'f1~'l!flm'UfJlJfllLLfl~fI~1'U'lf1~ 0 ()~ 25 lJ'f1ill1'f1~ mfl11"i~'U'UfI~ 
. " 1 'U fff111~fl1"i VfltJff'f11tJLL'U'ULLfl'UU tlflciflL'If'U fl'U LijtlL11~ tJ'ULVitJ'Ufl'U~l~Lfl'b''U tl~tJ 1tl tlflij~lff ~ ~1 .. 
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.. 
4.5.4 '\lel.:JU'\l.:JU'\ll'Hltl£l 

: .::s Q.I tid_Sf" d • d .J I ~ 
'UltfftJff.:jtml~MVllH)'Ut'\Jl'.i~UUlJfI1'\Jfl.:jU'\J.:jU'\Jl'U'HWt~HW'.i ~ Ml1.:j 22.5 ().:j 24.8 

:~dl I~ d ~ d Q.I I d 
'U lmVl ~l 'U '.i~ uu'Wu 11lJ'\Jfl.:j U'\J.:jt t '\Jl'U" fltJ~ llJl fl VI ff flll~ fI.:j~ lf11 '\J fl.:j U'\J.:j 

tt '\Jl'U" fltJ'\Jfl.:j Jl~flflfl~lfl'.i~uuii.:jtJ'.i~~1Ji~' ~VjU~flflnfi l'.i ~ M1l.:j 1-4 iJ "ii flf lJ~ flii~ '.i 
.J QQQ.lIA A d dol I .oQ,oC:I.Q,J l .ct, d 

(mM 2.15 lJ""mlJ~fl"~'.i) 'I1~fllUfJlJfllU"flfllJfI1'.i~Ml1.:j 2-5 lJ""mlJ~tl"~'.i (m"tJ 3.85 

iJ"iiflflJ~tlii~'.i) '.i~Uuii.:jtJ'.i~~1J!~'~V!U~.:jnfil'.i~M1l.:j 3-8 iJ"iiflflJ~tlii~'.i (m~tJ 5.54 

iJ"iiflflJ~tlii~'.i) tm~'I1~mUfJlJv]U~.:jnfil'.i~M1l.:j 5-9 iJ"iiflflJ~flii~'.i (m~tJ 7.08 iJ"iiflflJ~ tl 

ii~'.i) 

trlm~ ~ 1 '.i W 10.:j tJ '.i ~iYVl1i fll'W fll '.i nl i~ '\J tl.:j U ~.:j t t'\J 1 'U" tltJ'\J tl.:j '.i ~ U U ii.:j tJ '.i ~ ~1J! 'Wu 11 

i11fl " l.:j V]U~tlflntJ'.i ~ iYVl1i fIl'Wfll'.i nlifl'\Jtl.:jU~.:jU'\Jl'U "tltl~.:j 'l'~tvi ltlUr tltl" ~ 90.90 'I1~fllUTJlJ 

v]U~tlmviltlUr tltl" ~ 82.89 'Yl'U V]U~.:jntJ'.i~iYVl1i fIl'W fll'.inl i~'\J tl.:j U ~.:jU '\Jl'U " tl tlt viltlU r mm~ 
A • Q.I " 

75 .38 'I1~fllUTJlJtl]U~.:jtVllflU'.imm ~ 71.39 

~35.------------------------------,--------------------------~ 
ta 
~ 30 +------+~--------------------_4--------------------------~ 
ri 
~25~~~--+-~----v---------------~--------------------------~ 
IOl 
g 20~~~~~--_A~--------------~--------------------------~ 

~ 15~~~~~~~~~----------~~r_------------------------~ 
;; 
'c 10~~----~~~~~~~-=~~7_~r_------_==_--_.----------~ 
;; 

~5t~~~~~~~~~~~~ -;:: 0 

~ .. ~ 
"lUl1lfllJ 

• JI , I 

~tJii 4.14 fil'\Jtl.:jU~.:jU'\Jl'U"tltl'\Jtl.:jUliitltlmlm~uuii.:jtJ'.i~~1J!ii'~i11fl"1.:jV]U~tlfl V] 

U~.:j U"~'l[~fllUTJlJ 
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, .:ti .c:t 
4.5.5 fll"lf ItlYl 

" " " 
1 U'lh~m n'\Jfl~nl'H~tn~uuthYl~iirh9f 1fl~mJnJ-n'U hjfl~Vi mw.i11~'U i1~Vi 11 ~'U Yl • 

" . 
5 6ufuI'l1 1 ,rl,j'lnm"fIlyj'\Jfl~tJ11iYtJ 11~djfll101fh'U' UUl~lJ1W 33 l'U rh9f 1fl~ii~loflO~110~ 

fl~~ llfffl~~~l~UU~1,j'1~~Hn1~fl~~ (~l'\Jfl~,j'm.!ol1fln~l~n'U 'lilf)'U !fltJo~ 5) 1 'U{j~ul~~fji~ 

iin n' 11 0 1'U 11 'U 1~ ~ ffn ti'U 'Vl5 6~fl n\PI~ nfl'U \l ~\l n n 1 ~ flmh~ l1fl111 1 'U fffllyj ~ ff ~ uD ~ 1 fl tJ 

" . 
m ~u 1'U f11H'lf1\P1 ~ nfl'U 110:: f11l m fl~ ffll Ul:: n flU ti'U 'Vl5 611~ \l nVfltJ ffo 1 tJl1 ~ 1 'U ff.f) 1yj Vi ii fllf11ff 

110~ffmyj~'liiifl1f11ff hw Heterotrophic bacteria ~~'U'Vl5 6~li111U'1~1 'Uf11l VfltJff"ltJ~h'U 1 l1t1J 
CIo 'GJA QI , 4I!t ~~ lev "" 

\l ~1f11~\PI flfl~nu ~1'\J fl~\PI1no1~ 11 'U flll"~ lln'\J fl~yj'lf (t11ff1, 2544) 'If ~ '\J 'U fl ~nUfl11lJl '\JlJ'\J 'U '\Jfl.:J 

flfln9fll1'U f11l i i'ff1l fll111l1 fl tJ-W'lfU' fltJlJ1mrl fllVitJU nUf11l VfltJffmtJ'Vl1~~hmyj (Korkusuz l1o~ 

flW::, 2005) 

". . 
tJ11iYmY~lm1~MViilfl'Ul,j'll~uuii~19f1fl~m~tJl~wh~ 185.2 ~~ 191.5 iio~nflJ~fl~m 

~ 19f 1 fl ~ '\J fl~ J1~ fl fln111f11 ~UU{j ~ Ul~~fj i ~ ff m1~ fl ~ 1'l1'\J fl~ l ~ U U {j ~ Ul ~ ~ fj i ~ 1 i'~ l U ~ flnii 

I t ~.c::t,QJIA.d AAQJIA Ad dl 

fl1l::1111~ 0.00-10.67 lJ""mlJ\PIflom (motJ 6.15 lJ""mlJ\PIfl"m) 'l[flfl1UfJlJfljU"flnlJfl1 

l~l1';h~ 5.33-16.00 ii"iinflJ~fl~\PIl (l'il~tJ 10.67 iioiinflJ~fl~\PIl) l~UU{j~Ul~~fji~1 i'fllllfl~ 

ii~ll::W.h~ 5.33-37.33 iioiinflJ~flii\PIl (m~tJ 21.74 iio~nflJ~fliim) LLO~'l[flmUfJlJ~!l1fl~ii~l 

l~l1';h~ 5.33-26.67 iio~nflJ~fl~fll (m~tJ 14.77 iio~nflJ~fl~m) ~~lU~ 4.15 
'" 

lrl flYi 1) II W 1 ~ ~Ul ~ ffYl ~ myj n n n1 ~ fl ~ 19f 1 fl~ '\J fl n ~ U U {j ~ Ul:: ~ fj i yj U 11\911n" N til 

u~flniiul ::ff'Vl~ myjf11ln1~fl~ 19f 1 fl~ ~ ~~fll vhnu! fltJ"~ 96. 78 'l[flfl1UfJlJ~l u~flf11'Yhnu! fltJ 

o~ 94.24 ff1'U tilllfl~iiul~ff'Vl~myjf11l n1 ~fl~l9f 1 fl~I'Yhnu! fltJo~ 92.21 'l[flfl1UfJlJti! llfl~ 
, Q.I " .J 1.1,,,. .ci A "d-=t, ~ d .:::to Q, 0 Q.I .-:11 .. 

l'Vl1nUl fltJ"~ 88.65 'lf~U~'lf fl1n~UUmUl~flfj il"'VllJ f11lUO nyj'lflJUl ~ ff'Vlli myjf11l f11l1fl'lf flfl .. .. 
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60.00 

"'" 50.00 (to .... 
40.00 t;: 

ri 
'-' 30.00 11(;: 

~ 
1IG" 

20.00 ... 10.00 -G;: 

0.00 
1 3 5 8 10 12 15 17 19 22 24 2629 31 3336 38 40 4345 47 5052 54 5759 61 

.., .... 
1,.nllfllJ 

I II , , 

ltl-vi 4.15 9f 1 fl~'\Jfl ,:nl1-viflflmllm~1J1Jii~tl'j ~~EJ 1-vii ,*911ml1~Ui1J ~fln Vi 1Lf)~ LLJ;l~'l1f)fl11JfJlJ 

.of) .of 

4.5.6 1J l8V1 

tI. • 

Ul1ihHY~lml~M-viilmH,rl':i~1J1Jiifllii1fl~m~tJ:;~'Wh~ 110.8 ()~ 115.4 ijJ;li1nflJ~fli1m 
, " , , 

-vi ""fl11~fl~1Pi1 filii 1 fl~'\Jfl~U l-viflf)n1l1m~1J1Jii~tl:; ~~EJ1-vii '*Vi 1J~ flniifll':i ~'W;i1~ 0.6-0.6 

q~CV I.c::::t. .c::t oClt....et.Q.lICIto CIt. d at I 

lJJ;lJ;lmlJlPlflMl'j (mM 0.60 lJJ;lJ;lmlJlPlflJ;lIPl'j) 'l1f)fl11JfJlJf)i1JJ;lflnlJm'j~1111~ 0.6-1.1 lJJ;lJ;lmlJ 

~fli1IPl'j (m~tJ 1.04 ijJ;li1ni'lJ~fli1m) 'j~1J1Jii~tl'j~~EJ1~i,*VilLf)~iifll':i~WJ1~ 1.1-1.3 ijJ;li1ni'lJ 

~fli1IPl'j (m~tJ 1.20 ijJ;li1ni'lJ~fli1IPl'j) llJ;l~'l1f)m1JfJlJVlllf)~iifll'j~'W;i1~ 1.3-1.9 ijJ;li1f)i'lJ~fli1m 

(Lll~tJ 1.74 ijJ;li1f)flJ~fli1\Pl1) 1Pi~:;tl~ 4.16 1l1f)~J;lf11'j'l'1f)J;lfl~~1Jil':i~1J1J~tlJ;lf)yt'll1lJ;l~:;~uu~i~ 
~ ~ 

tl~f)yt'll iitl'j~ ff'l'1Ti fl1~ i u f11'jtll~f)ii 1 fl~~ ~lJlf) 1f) tJ'j ~1J1Jii~tl'j ~~EJ 1~tl ~ f)yt'lliitl'j~ ff'l'1l5 fl1~ 
I d " 

""~n11mf)UfltJ 
~ 

2 
~ 

~ ~ (to .... 
t;: 

C, 
1 

"K 

11(;: ------ ------GO:> 

Q ... 
-G;: 

0 

1 15 29 43 57 
. .., .... 

1UnlfllJ 
_ d 

- ~flm1Jtl1Jtl!UiH)1'I 

_ d 

-- tl!1JMI'I --.- ~flm1Jtl1Jfl!"'l-3 ~ fl!"fI~ 
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... a 
4.5.7 't1tt1l6U 

". . 
tJ 1 LffmY' -:jLml::,,;'niJtlUL,j'l'i::'IJ'lJii~lnLflL~h,Jm ~tJ'i::'wh~ 46.6 O-:j 47.6 ij(l ~fli'lJ1i tl~m 
,:! ..::t f <d d I Y ~ ,)I..::t Q.J ,J Q.J I d d 

Lm::'Vl'IJ11UltltlfllN 4 'i::'IJ'lJlJfl1'VHflLtlUfltlU'tINm U(l:: fl(lLfltJ-:jflU 'Vlfffll1::fl-:j~1fll'YHflLtlU'tItl-:j 
),I I I I 

tJ1Yi tltlfl ~lm::'IJ'lJij,nh::~llini i'u j'IJ~ tlflii~l'j::'Wjl-:j 0.65-0.65 ijrl~fli'lJ1i tl~~ 'i (m ~tJ 0.65 

~~Q.JI..e. ~ d dl I ~4Q.J'Q.::i QQQ.J 

lJ(l(lmlJ~tl(l~'i) 'Jillfl1'IJfJlJtlj'IJ(ltlfllJfl1'i::1l11-:j 0.75-0.75 lJ(l(lmlJ~tl(l~'i (mM 0.75 lJ(l(lmlJ 

1itl~~'i) 'i::'IJ'lJiinh::~lli~'i'UjUll-:jii~1'i::ll1N 0.93-0.93 ij(l~fli'lJ1itl~~'i (m~tJ 0.93 

ij(l~fli'lJ1itl~~'i) Lm::'Jillfl1'IJfJlJUjUll-:jii~1'i::1l11-:j 1.12-1.87 ij(l~fli'lJ1itl~~'i (m~tJ 1.50 

ij(l~fli'lJ1itl~~'i) Uffll-:j~-:j~U~ 4.17 

LritlYi 'ill'i ru 10-:jU'i::ff'VlTi fll'Vlfll'ifll ~ll~lnLfl L~U'tI tl-:j 'i ::'IJ'lJiinh ::~lli 'Vl'IJ1W11fl (lNUj 

'IJ~tlfliiU'i::ff'VlTi fll'Vlfll'jfll~ll~lnLflL~U ~ -:j"lllLl'iln'IJ ~ tltJ(l:: 98.62 'Jillfl1'IJfJlJ U j'IJ~tlflLvi In'IJ~ tltJ 

(l:: 98.39 ~hu Uj Ull-:jiiu 'i ::ff'Vl iifll'Vlfll'j fh~ll~lnLflL~ULvi In'IJ ~ tltJ(l:: 98.04 'Jillfl1'IJfJlJUj Ull-:j 

I '" " L'Vllfl'IJ'itltJ(l:: 96.80 

"" 8 (G -. 
c 6 ri 
'-' 
;f 4 

1I~ 

~ 2 
l/~ 

"'-.. 

-- ~ 
..... ~~ 

~-r--
r- 0 .G: 

1 15 29 43 57 

I 
.., ... a 
1 U't1 LfllJ 

-- 'VlIm1J~1Jijlllll~ 

iU'i::'IJ'lJii-:jU'i::~lli lU 1~'iL'ilU'uJ1LfftJ'il::\lflfh~1l11ltJ~~U'Vl~V flln::L11tJ'tItl-:j 

UtllJ llJLiitJ fll'itJl1 Ui~llltJYl'lf 'i1lJi-:jm::'lJ1Ufll'i 1 u~~Vhfl4UU(l::~ lu~~YlLfl4u ~\I(jtlL~U 
m::'lJ1Ufll'i~fflfityi uflntil~ll I U l~'iL'ilU (rYfl~itJ, 2547) fll'i'i::L11 tJ'tItl\lUtllJ llJLiitJL~U fl(l lfl 

fflfirui uflntil~ll i U l~'iL~U Ldtl\l~lm::'IJ'lJii~l'VlLtl'}j'~tlU,j'Nff \I 
u ~ 



81 

". tI I 

oWl1iYtJ~~1ml::"'Viilm.J1,j'n::1J1J~~1'V~eH.'1'vJ6f·,n1~l1lJ~m ~tJ1::wh:j 7.6 O~ 7.8 iJCl~flflJ 
I " I , 

Vi Cl' flll::fl ~~ l~ lvJ 6 Cl'1 vJ~vJ 6 Cl'vJ 6 f Cl''\J 6.:J oW lVi 6 6 fl~ lfl 'i:: 1J UU.:J 1J 1:: ~EJ iVi 1 i'fi! 1J ~ 6fl~~ 1 
, '" 
~6Clm 

, ~AQI'.c:...d. .c:...c:..Q.lfA Q d dot , 

1::1111.:J 0.28-0.31 lJClClmlJ~6Cl~1 (1\WtJ 0.30 lJClClmlJ~6Clm) 'li~fll1JfJlJ6j1JCl6fllJm1::1111.:J 

0.29-0.32 iJCl~flflJ~6~~1 (m~tJ 0.31 iJCl~flflJ~el~~'i) 1::1J1Jij.:Jth::~EJi~'Hfijl1~.:J~~n::11'jN 
, 

0.59-0.63 iJCl~flflJ~6~~1 (m~tJ 0.61 iJCl~flflJ~el~~1) 1m::'li~fl11JfJlJfl!U~.:J~~11::WjN 0.77-

0.95 iJCl~flflJ~6~m (m~tJ 0.84 iJCl~flflJ~el~m) ~.:JZ1J~ 4.18 

~~ 1.00 
CD 

""J:. 0.80 
~ --:-
CD ItO 0.60 ""J:. ...... 
s: '" "'E E 0.40 

/- ...... 
-X.. ..x..~ 

? ~ ~ 

~ 
0.20 CD 

~ 0.00 -to: 

1 3 5 8 10 12 15 17 1922 24262931 33 36 38 40 43 45 47 50 52 54 57 59 61 

. 
OJ .... 

1 lfYl IntJ 
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.. 
4.5.9 vlfl(,fvlfljt1 .. t1~'t'i1-JVI 

~ ~ , 

fi wI V 11vJ tli' 11't1-3l11Jfl 'Utl ,nhVi tltln 111 m ::'U'Uij-3 '1h:: ~ 14 i iifi 1 1 n ~l fl tJ-3 n'IJ fi 1vJ tlm vi \P1 

vJtl11vJtli'11 1 fltJYi'Ul1'J~'U'lJij-3u'J::~14 i~1 ~U!'U~ tlniiu'J::ff'Yln fllYinl'J n1 ~flfi 1vJ tl11vJtli' 11 
)I " ." 

't1-3l11Jfl 11-3 11fll'vhn'Ur tltJrl:: 93.09 lm~iifi1vJtl11vJtli' 11't1-3l11Jflm ~tJ hAlJ 1 tltlnLviln'U 0,54 iirl ~ ni' 1J ... . 
~tl~\P1 'J (0.50-0.56 iirl~ni'1J~tl~\P1 'J) 'lfflfll'Ufl1J U il'U~ tlniiu 'J:: ff'Yln fllYinl'J n1~flfi 1vJ tl11v1 tli'11 . . .. 

" )I ." 

't1-3l11Jfll'vhn'U r ~Wrl:: 92.39 iifi1vJtl11vJtli'11't1-3111Jflm ~ tJ 1 'W-U 1tltlnL viln'U 0.58 iirl~ni'1J~ tl~m 

(0,55-0.63 iirl~ni'1J91tl~\P1'J) ffl'W 'J ::'U'Uij-3U'J::~14 i~1 ~fl! llfl-3iiu'J:: ff'Yl n fllYinl'Jn1~flfi1 
" )I ." 

vJV11vJtli' 11't1-3l11Jfllviln'Ur tltJrl:: 89.53 llrl::iifi1vJV11vJtli' 11't1-3l11Jflm ~tJ 1 'W-U 1tltlnLviln'U 0.82 

iirl~ ni'1J91tl~m (0.77-0.91 iirl~ni'1J91tl~\P1 'J) 'l1flfll'Ufj1Jflj llfl-3iiu'J::ff'Yln fllYinl'J n1~flfi1 
JI )I ,,, 

vJtl11vJtli'11't1-3l11J~l'vhn'UrtltJrl:: 86.81 iifi1vJtl11vJvi'11't1-3111J~m ~tJ1'W-u 1vtlnLviln'U 1.03 

iirl~ni'1J91tl~\P1'J (0.97-1.07 iirl~ni'1J91tl~\P1'J) ~UU~ 4,19 
OJ 

c;: 
1.20 ;z 
~ :;: 1,00 ~ 

.~~ --=- / " ~ 
-., L -x... 0.80 

~~ (ClI i'" - A-,_~ ~ '" -., 
0.60 (Ol I;: 

;::: ;z 0.40 -
ltl; '-' 
(Ol 0.20 ;::: ,... 0.00 
-~ 

1 3 5 8 1012151719222426293133363840434547505254575961 

, 
v .... 
11fmfllJ 

... d 

-+-- '\f~mlJfJlJV!lJ"Vfl 
... d 

- V!lJ"Vfl -- '\f~mlJfJlJti!u~~ -*- t)! U~~ 

I "" , I 

tUYi 4.19 vJtl11vJtli'11't1~111J~'Utl~u1YitlVn1l1m::'U'Uij~u'J :: ~14iYi1 ~l'i'lnrl1~Uj'U~tln flj ll~~ 

llrl~'b'flm'Ufl1J • • 
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1U~ 3 1lU1lfllJ 2550 ~-3 1 fJlJ1n-WU£ 255 1 fiwnniJlIPlU{rll-3'l 'UU-3'J::m.J'U-3u'J::~EliU-3 

U'J::~Eli~i,*~1fl'CIN 4 'lfU\Pl 11tY\Pl-31ilufim:l~tJ ~-3IPl1'JN~ 4.5 

d ... r.:! 4d I CIt. tI, .:2 ... 1 <t:lcr'di"Q d Q 

1Pl1'J1-3'Vl 45 fll'Jlu 'J tJU1YWUfll'Yi1'JllJllPl U 'J1Pl1-3'l 'UU-3'J::umHu 'J::\PlElj'Vl 'lfUiU'CIumm::Uj 11\Pl-3 

(iJ'CIftfli'lJrlUftm) 

, 0 
cI .... od .... :.: 

fIlm'CItJ ± S.D. UjU'CIUfl %fll'Hh~\Pl UiU\Pl-3 %fll'jfh~\Pl lJllPl'jjlUU1'Vl-3 
.... 

f;!W'\11JlJ 26.9 ± 1.3 - 27.1 ± 1.3 - -

pH 11.7±0.3 - 7.6 ±O.2 - 5-9
2 

ORP -125.2 ± 8.2 - 8.7 ± 7.0 - -

SS 2.2 ± 1.0 90.9 5.5 ± 1.5 75.4 30
2 

COD 6.2 ± 3.7 96.8 14.8 ± 6.9 92.3 -

BOD 5.2 ±0.6 - 6.0 ±0.5 - 20
2 

TKN 0.7 ± 0.0 98.6 0.9± 0.0 98.0 8
1 

PO ._p 0.3 ±O.O - 0.6±0.0 - -
4 

TP 0.5 ±O.O 93.1 0.8 ±O.O 895 11 
>' >' 

fll'J 1 U~ tJU 1 VitJuu'J::iY'Vl~ fll'Yifll'J til ~\Pl'UU-3 'J::UUU-3U1:: ~EI i~i ,*U 51 U ~ Ufl 11'C1:: U j 11\Pl-3 

'YiU 111::UUU-3 U1 ::~EI i~i i'UjU~UflljU 1::iY'Vl~ fll'Yifllnhu\Plfil'UU-311~-311'U1U 'CIUtJ fi19H U~ fil 
)I 

VilfllUU lm::fiwlm,..wui'tYl1-3'\1lJ\Pll'vhnu~utJ'CI:: 90.9096.7898.62 11'C1::93.09 IPlllJ~Wi'U 'J::1J1JU-3 

A I Q cr'.di"CIt. do .. f CIt. CIt. 0 Q.I t d t do,. d. I d d I 

u'J::\PlElj'Vl 'lfUjll\Pl-3lJu'J::tY'Vl1ifll'Yifll11J1U\Plfll'UU-3U'U-3U'U1U'CIUtJ fl195lU\Pl fIl'VllrHUU U'CI::fIl 
)I 0 

vlutYvlui'tYl1-3'\1lJ\Pl ljfill'vhn1J~utJ'CI:: 75.38 92.27 98.04 11'C1::89.53 IPlllJ~l~1J ~-3tUVi 4.20 
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.c'/.I "" ""''I y 
1~1J1J1J.:Iu1~lIfJrYl L'll' 

., . 
~j1J~ elfliill 1~ff'YIi fl1'VHl11U111~ril'VJm,.l'I tJi'ff'tlntlJlI ~.:In '111 llhn1Jr eW~~ 93.09 ri1'U 1 ~1J1Jij.:l . ., 
11 1 ~ ~ fJ i fit <M'~ 51 Llll.:l ii 11 1 ~ ff'YI i fll'VHl nu 11111 ri ll'1 tJ ffl'l tJ i' ff'tl ntlJlIl vi 1 n 1J r mm ~ 89.53 

lrl ell 11~ U1J In U1J n1J'I!lI ~ 11JfllJ~ 1 till 'J flVi 'll' 'Vi 1J 11 'I! 11 m1J fllJ ~ j 1J ~ el flLl ~ ~ 'l!1I ~ 11J fllJ ~ j 
Llll .:Iiill1~ff'YIi fl1'Vifl11fh ~lIl'1 elffl'ltJi'ff~lfl111~1J1J~11 ~flVi'll' ~lIltJ'U r elU~~ 92.39 Ll~~ 86.81 

OJ 

100 
90 

)~ 80 .-w 0-
r- 70 ·c f-
ir" 60 r- 1-.. ~ 50 ~ 1-

.~ 40 
y L' 

. f-
"v; 30 ~ 0-

-2 20 i H 
f-

10 ~ f-
0 

::. 

SS COD TKN TP 

~ 'V~i'l1l.Jf'JlJVjl.J~€J1'I ~ Vjl.J~€J1'I I!!:!l 'V~i'l1l.Jf'JlJVjU~~ o V!LI~~ 

tll~ 4.20 111~ff'YIifl1'Vifl11U11111'\JtJ.:I1~1J1Jij.:l1l1~~fJi~1~~1flm.:l ~j1J~tJfl ~jLlfl.:l Ll~~'I!fl 

m1J~lJ • 
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., . 
~lmHlfll'jffm.nmnltl.:Jlh~iYl1Ti fll'YH11'j fh~ f)-Wtl ff-Wtli' ff1l-nl11iYv 1 f) v 1 ,*u.:Jlh~~1J jYiii . .,. 

,)1mn.:JlllPlf)~1.:Jnu 2 ')fUf) Yiiif)nu~f)lii')f 'j1lJl1.:J'l1f)mufJlJYihiiifll'jU~f)lii')f ffllJ1H)ff~ui~11 

Ci.1 "" ""'1 Y • '" •• 1 •. 1 '" "I Yd Ci.1 "" ""'1" '" "" d d 
'j~uumlJ'j~f)1Jjl1 ')fffllJ1'j\lfll~f)YltlffYlt)';jff If)f)lJlf) ll"~U.:JlJ 'j~f)1J jl1 ')f1Pl1f) m.:Jtl jU"tlf)lJ 

U'j~iYl1TifllYi fll'jnl~f)-Wtlff-Wtli' ff"l.:J~f) G.:Jr tlV"~ 93.09 ~.:J 11 If)fll'jl1f)'' tl.:J V.:JYi U 11'l1f)f) 1UfJlJ~ ill 

ii fll'ju~f)lii'lf~v.:Jf).:Jiiu'j~iYl'lTi fllYi"l.:JG.:JrtlV"~ 92.39 ff1U U.:JU 'j ~~1J j ~1 t,) 1f)m.:J Uj llf).:Jii 

U'j~iYl1 Ti fllYifll'jnl~fI-Wtlff-Wtlfffrmm~ 89 .53 ~.:J~lf)fll'jl1f1"tl.:JV.:Jl'l1J 11'lff)f) 1Uf)lJ~ i~iif)n • • 
... 1 a dcv .:1",1 C\ C\ II!!l " cv ~ AG.I JIffi 1" ~ A ".del 
lJ ~ f)Yi'lff)V.:Jf).:JlJlJ'j~ffl'l1i fllYi"l.:J\l.:J HlV"~ 86.81 f).:JUU .:J1U 1~VU ~.:J 'If'j ~UUU.:JU'j ~f)1JrYllJ 

,)1f)m.:JV!U~tlf) lm~U!llf).:J lJlfff)1Jlf)" if)f)nnl~f)-Wtlff-Wtli'ff 1f)Vllml~11'.u'm.!" i~lln 

mllJffllJ1'j\llufll'jf)f)~U 1f)v')1f)m.:J fllHJl iu1 t1f)vlii')f 'j1lJ i UG.:Jfll'j VtlVll"~f)f)cjflJ 1f)V 
~ ~ ., 

~~U111tJ 1f)vii'jllm~lUVf)~.:Jij 

(KH
2
P0

4
) ~.:Jl~Uffn"~"lV~1l1Plf),)11uJl1M' HP04

2
-, KH

2
P04- ll"~ PO/- itltltlU~ffllJ1'jm;l 

UUfi~V1 i~l1uYi (Brooks lm~mll~, 2000) ~.:J itltltlUl'H rilifl~UtUllUU'\Jtl.:J-Wtlff-Wtlfff~ffllJ1'j\l . ., 
Vmm"lVl11.:J;1fllYi lm~vh 1 M'lfif)~ 111'j~1f)';U 1u1ll1rinJl i~ 

d C\ d dl .d C\ q ' d, 
~lf)fll'j l1f)"tl.:JllPl'j VlJtl!U" tlf)l1H1U fll'j tlUl1 ~ru 'H fJlJ 105 tl.:Jf(Wlm19Wff ('\JU If)m f)f)11 

5 ij"iillJlPl'j) lcY'\J1f)'jU'lflJn 300 ij"ii~m 1~lJffn"~"lV-Wm,,-Wtli'fff)11lJl.u'lJ.u'U 0 4 8 20 40 80 
~ ~ 
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" ,., ci. " fl 'J llJ I '\llJ '\l 'U l'j lJ ~ 'U (C) "" " fl'JllJl'\llJ'\l'U"lfl'Vl1tJ (Cr) fl'JllJffllJl'j\I i'Ufll'j~flcMu (q) 

(mg/l) (mg/l) (mgPlKg) 

0 0.01 0 

4 1.04 92.5 

8 1.53 202.19 

20 2.93 533.44 

40 4.55 1,107.81 

80 5.28 2,335.00 

160 5.46 4,829.38 

320 5.45 9,829.69 

~ln~ln:j~ 4.6 ~hmllJffllJ1'j\li'Ufll'j~fliU'\lfl.:J5ju~flntl~i'U'lh.:J 0 ii.:J 9,830 ii~i1nflJ 

yJ tl ffyJ tl f ff ~ tl n 1 ~ n f lJ 5 j u ~ tl n ri 1 n 1 'j ~ fl iu yJ tl ffyJ tl f ff ~ .:J ~ 'U Irl tl I vi lJ ri 1 fl 'J llJ I;) lJ;) 'U I ~ lJ II 'U 

~mlmfiii~tl.:J 26.6 tl.:Jffll9f~I9ftJff t1~lJ1wyJtlffyJtlfffl~lJlI'Ulvhnu 8 ii~i1nflJ~tli1~'j~Yi . " 
~ , ~ 

Itl'lf 5.05 (lvhnmh ffml.:Jlm l~M) 1I~~I;jtl ff'U "lflfllHlfl ~tl.:J'WUllfl 'JllJl;)lJ;) 'U'\ltl.:JyJ tlffyJ tlf ff 
, ~ , 

fl.:Jl'H~mvhnu 1.53 ii"i1nflJ~tli1~'j YiYiltl'lf 7.53 ~.:Ju'Ut1~lJ1wyJtlffyJtlfffYi\lnflfliu lflU 
'" '" 

~'Jnm.:J (P ad5orb) I'vilnu 6.47 ii~i1nflJ~tli1~'j fifll1J'Ut1~lJ1W'\ltl.:JyJtlffyJflfff~~n~fliu~mnhu 
, ." 

'\ltl.:J~1n"Hl'vhnu 202.19 ii~i1nflJyJtlffyJtlfff~tlnhnflJ5ju~tln 1l1tl.:J~lmJll1Un'\ltl.:J5j 
d ~ I cv " I 

mltJnl'l.:J'j~uUI'Vl1nu 23.8 nl"nflJ ~.:Ju'Ut1~lJ1W'\ltl.:JyJtlffyJtlfffYi\1n~flcMu~tlmhU'\Jfl.:J 
~ 

~1n"1.:J11.:Jl1lJflIVhnu 4,812 ii~i1nflJyJtlffyJtlfff 

~ , ~ 

Y).:JU'U ''Un1'jt1'j~lJ1w'j~u~nmn1'j5lJ~1~tlfll'j~fliuyJtlffyJtlfff'\ltl.:Ji'U5!u~tln 1'U 

'j~uuu.:Jth~~hli ffllJ1'j\ll11ri lfl'JllJffllJ1'j\I i 'U fl1'j~fliuyJtlffyJtlf ff~.:J "lfl'\ltl.:J5 !U~ tlnlvhnu 
~ 

4,830 ii~i1nflJyJtlffyJtlfff~tlnl"nflJ \llnfl1'jfll'U'JWl1~.:J\lln1~'U'j~uuiti' 4 iJ i'U5!u~tln~\l~ 

~lJ~1 ~n~tJ~nCll~fll'U 1W iti'ri' ffllJ1'j\l ii'I1J'Uurifl1'j'lh~lJ1W 'j~tJ~nmfl1'jflfliu lfltJ~'Jnm.:J 
'" ~ , , 

'\ltln~uul'vhu'U I'Utl.:J\lln illiti'iinww~1'jw lii.:Jm~u'J'Ufl1'jii'U"l 1'lf'U fll'j I~ ~tyl~U l~'\ltl.:JYi'lf 

~ 
I ... 

fl'J'j \l~'U l'Un'll'U 



87 

.... ~ ". "" d ~. I"" 0' 1 'I" d. 1 '" 
'HI 'Hllf1'Y11fl11'YI~C'lij~ LfllJliji1HWf1 LU11ml::lHYfll1::'\Jij~1il~ ~tI L'b' XRD f1u1lf1!llJ 

llflC'll~tllJij~llJ~U C~(P04)2 llJfffll1::Uf1~ (7 < pH < 14) ij~r1U1::f1mJ'\Jij~1911f1m~~I~lJ 

llflC'l1~tllJiimllJ~hfiwlJlf1~ijfl11 ih~flyJ ijffyJ ij f ff ~ ~fl11~~ctiUllC'l::f1lHl ml::f1ijlJ ij ij{11i 
u '" 

yJijfflyJ~ lijijijlJ 1~tlLLflC'll~mJm{UijllJ~ ~::lfi~ lJi'~~~l'Yilij'b'~~"l eZouboulis l1C'l:: Prochaska, 

2006) llJfl11'YIflC'lij~1::UUU~U)::~1:Ii~1,*fljU~ijf1ii~1~lij'lf~~ij~1lJ''lh~ 11.14-12.88 (~l1'H ~tI 

12.12) fl1111lJI911nlJ'\Jij~l1flC'll~mJnUyJijff1yJ~l~lJf1C'l if1mif11lJfl11ih,y~yJijffyJijfff (Korkusuz 

l1C'l::fltU::, 2007) 1 'Uf1l1~~ctiUl1C'l::fl11~f1~::f1ijlJyJijffyJ ijf ff 1)::lfi~u Um tlll::'H ",h~l1flC'll~tllJnU 

i~ ig 1~111)lJyJtlfflyJ~ iJi'l~lJ i~mflC'll~tllJyJijfflyJ~ 191~fflJfl11~ 4.1 

(4.1) 

uumtllffllJl)mh111lJ~tl i ullJ~u~'U lJi'flf1 fl~fflJf1l1~ 4.2 ij~r1U1::fWU~1~'U 1C'l'H::~lJ 

1'1f'U ij::~i1!{jtllJ m~f1 1lC'l::l1lJ~fl1{jff nffllJl1()v11UumtllnuyJijfflyJ~ iJi'I'1flJnlJ (Korkusuz 11C'l :: 

fltu::, 2007) 

5Ca
2
+ + 3HP04

2
. + Hp <-> C~(P04)2 + 4H+ (4.2) 

llJ fl1)~flctiUyJijffyJijfffnUm~flllC'l::ij::~iJl{jtllJij ijf1 iC))''} 1)::lfi~ iJi'~~~l~m 'lH~lJ m~ 

l1C'l::~fl11lJl ,rlJ,r'U '\Jtl~yJijff1yJ~l~mi'lJ ~l"l eiJC'l ft1lJC'l) ~fl11lJl,rlJ,rlJ '\J ij~yJ ijff1yJ~ ~ ~"l l1C'l::~ l~ 
• >I , 

lij'b'ff ~ 1)::lfi~1f1iiij'\Jij~ llfl C'l1~tllJyJijfflyJ~Vi itjC'l::mm-il 11 ff~ ~fl ~luVi 4.21 
'" '" 

~ fI' rI .. ' ~ d , d . ,., 

1Jlf1HC'lfl11'YI~C'lij~11ml::'Hij~flU1::f1ijU'\Jij~ijiUC'lijf1'VjU11lJ CaO, Fep3 llC'l::A1P3 1ijtl 
>I • >I 

C'l:: 79.99 1.39 llC'l::0.41 ~llJ~lflU LLC'l::ff.f)11::'\Jij~U1Vil,*'YI~C'lij~ii~lij'b'l~lJ~il~ fl~UlJm~11 

U1 ::ff'YI ~ fll'Vjf1l1 ih ~~yJijffyJijf ff 1 fltlfliU~ tlflt111J::lfi~ 1) lf1U~ lJ lW CaO 
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2 
~ 
Cd 
..c:: 
0.. 
(I'J 

0 
4 · ..c:: 

0.. 

~ 
::t 
'0 
'" 
~ 6 
'0 
~ 
on 
.3 8 
• 

10 Ca'O(POof)6(F)2 

2 4 6 -8 10 12 
pH 

.d . 
'YllJ1: ZouboulIs U~~ Prochaska, 2006 

" 
fl111fl ~9111 fl11 t ~ 1 Ult~'U 191 \I tJ\I ~'U fI llJ f1\1 Vi 11 fl tlfl111fl A 11lJ ~ \I U ~:; U 11'1'11 n\l tJ\lfi' 'U 

u • '" 

""1 .d" 1 " .d.d" " fillJ n\l 'U91 tJ'Ut1lJ91'U U~~ 'U91U'U'Yl1t1\1tJ\lfil1 'Ylfl ~ tJ \I ~ 1 nn U'Ylfl ~ tJ\lA 11lJff \1m ~ tit 1lJ91 'U \I tJ\l91 'U . '" 

f11lJQ\I\ltJn~'U'Uii\lt/1:;~lli~1,*~j'U~tJnu~:;~jUfl\l 1fl ill 1'U~ 3 li'U11AlJ 2550 iirhrvhti''U 

~ .d"" " " 4 t/ ~ c(.d 1 Sic> 19.67 U~:;22.80 19f'U911lJ911 A11lJ~\lt~~tI~fl'Yl1t1\1tJ\l91'Ufl1lJfJ\I\lU\I'l~'U'U'U\I 1:;flllj'Yl 'lftJj 

'U~tJnU~~~~Ufl\l1fl ill 1'U~ 1 nlJm~'U£ 2551 iJfil1'vhti''U 28.72 U~:;33.9819f'U~llJ911 ff1t/~9111 ~. . 
nn 1~lJA11lJ~\lm ~tI\ltJ\I'l~'U'Uii\lt/'l~~lli~1 ,*~j'U~tJnu~~~j Ufl\l iJfil1'vhti''U0.15 u~~0 . 18 

19f'U ~llJ91 'l ~ tJ1'U 11 fffl \I~ \I ~t/~ 4.22 ~ \l1~'U'Uii \It/ 'l~~ll i~1 '*~i I1fl \I iJ~9111fl11 tvilJA 11lJ~ \1m ~tI 
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40 
~ 

;; 35 
If' 
'-' w 30 -lite 
~ .,. 25 
~ 

. ;; 
~ 20 .... 
ca: 
;; 

15 -a~ ... 
~ 10 c 
~ ... 
)~ 5 

0 

, , 
fi9 .d ~ " 
EI!l fl11lJ"l ~1'iHWI ~lJfI'W 

f7l d" 
t2l fl11lJ'CY~I\Hlff"''''VlltJ .. . 

ti d d" " " ~ 'VI4.22 fl11lJff ~l\WtJ'Ufl~lI'Uf11lJn~ '" '" . 
v , 

410 CV "" "'1 .c:." G} " 
m~l~'Ul'l1'Un'Ufl~lI'UmlJfN t'UlIfl'U1HJlI'U ll~~ t'UlIfl'UY11f.J'Ufl~fl11'Vl~~fl~ 1l1nm~ • 

'Vl~~fl~J1'11Uf1l~lJ~'U'Ufl~~'Ufi'llJ~~ ~1'U 1'U 6 ~'U~tl~nl 'U ~~1111u~tln~1J1~1 ~~j11~flf1lm~Uj 
,J,I , " 

ll~~ hrJ'UVi 3 i'U11f1lJ 2550 ihl1'Hunll,r~I'Yhti11 50.06 1l~~50.05 nflJ 1;jfln'Utl~m1'V1~~fl~1'U 
I , , " 

1'UVi I nlJm~'U,r 2551 hilnmi'lmh~I'i''Ufi'llJfi'~lVitli'~ij l'11U m1lJ'I1~~tl1111,r~l'l11 ';hnfhI'Vilti11 • • 
IV : CV ~ ,d ~ .I ~ Q cr'.dG} "q d Q .r::i I 

164.98 1l~~319 . 76 mlJ 'U I'll 'U nl'l'lf'VIll'llJ'U 'U l'U 1 ~111111~ tl1~~ 1J j 'VI t 'lftlj11 ~ flf1l1~~ flj ll~~ lJfI1 

I'Vilti1Jl.85 1l~~4.39 nflJ~fl1'U1I1lJ~1fi'11 fi'~1tl~ 4.23 
'" 

n1 ~ rl1'U 10J tl1lJ lOJ vJ flffvJ fl f 'CY~ ~Vi'lfij l' til ~l 'U 1~ 1111 U ~ tl1~~1J 11~ vij 1t11lJ1 OJ 
tI " " t 

vJ fl 'CYvJ tl f 'CYl'l ~ 'I1lJ~ 1 'U ij 1ii ~ \11 m ~ 11 11 U ~ tl ~ ~~ 1J 1 Vi I ~ 'U'l!~ fl111fJ lJ ehiii Vi 'If) ~ 11~ 1f.Jtl1lJl OJ 

vJfl'CYvJtlf'CYi~'I1lJ~ 1 'U J1.yf~ \11m ~1111U~ tI ~~~1J 1~tl ~ nVi'lf ~ ~ rm ~ 1~ ~, ~M; tltl1lJ lOJ vJ fl 'CYvJ flf 'CY 

~Vi'lfij1 'tll ~,r'U1tI~ 

424.56 - 395.28 iJ~~nflJvJtl'CYtlf'CY 
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350 

"":' 300 
C 
'-" 

~ y. ..,. 
250 ;'co 

;; 
r- 200 ;,c 
;:s: .. ~ 150 C 

~;:s: 
:;c 100 r-

• 0;:s: Z 

50 

0 I 

.. .. vgunvfl 

~ . 
I:5l Ul'l1 ti f115lJ~'U 

. " .. I d 0 Q.I """, 'Ju'Yl4.23 'Ull1'\.Jn'l.lfl.:jIPl'Uflllln.:j 
~ . 

LU~V'UUU~.:j i UlPllll'll'UIPl ~.:jUdlPl~flll U~~q~fll~ nWW1-WmY-Wfl1ffi ul cM1IPlvYl'll'11~fJ.:j l'Uq~fll~ 

L1l5tyL~U 11Pl (Vymazal, 2007) Yl'll'ffllll'J()~IPl-Wflff-Wfl1ffi~1 'U~u'I.Ifl.:jmH!~ ilPl ig 11Pl'J Lll'U-WflffL-W1Pl 

" (H2P04) U~~ 111 1'U ig 11Pl'JLll'U-wmn-w1Pl (HPO/) rid'UmH!~flfl{h-wflffL-W1Pl (po/) ti'UYl'll'h; 
. " 

ffllJl'J ()1Pl1Pl i ul ,*i~ U ~dr nll~lPlnlPl~nfl'ULll 'U ffl'J U'J~ nfluVi iu~~mvih L'li'UUfl ~ LC;Vll-WflffL-W1Pl 
~ 

UllnULC;Vll-W mn-wlPll'I ~ fl fl~~iJLU Vll-WflffL-W1Pl LriflYl'll'1Pl1Pl fl'U ll~ ilPl i g 1 IPl 'J L 11 'U -w fl ffL-WIPlU~~ 111 1 'U 
cu '" .. cu 

i g 11Pl 'J L ll'U-WflffL-WIPlL~l i ULL~ dll~LU~V'U 'JULll'U ffnu 'J~ nflufl'U 'Yl1 Vl1 mv'Il'u IPl L'li'U-W flff-Wfl~UIPl 
~ 

JI 

(Phospholipid) fl~~1 'UC;'U ilPl'J-WflffL-W1Pl (Adenosine Triphosphate: A TP) U l\Pll~-WflffL-W1Pl 

(Sugarphosphate) udfl~1fliml (Nucleotide) 1flLfl'UiC)f~ (Coenzyme) u~~mlPli-w~n (Phytic 

Acid) LllW'i''U (rr1ffll, 2544) 
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o Q.I I ~ d.d .:t ~: Q.I y 
~lflf11'j11~H'lfl.:J'UlmtHJVlfl!1HH)fll1f111lJ[lfl 0.25, 0.35 U[l::: 0.45 IlJ\PI'j 'b'.:J'Ull1'UflUl1.:J 

I JI , II t 

,~ 82.7 flflJ ml,j'11f1~fl.:J~[l\PIrl1ctn1f1 u1milllhYil'*utJfllViltlU 400 lJ[liiii\PI'j '~Ull11Wflflflflm 

.. 
yjmyyjflfft'11.:Jl1lJ1HViltlU 0.17 lJ[liiflflJ~flii\PI'j 

" " I )I 

f11'jl11fhyjflft'yjflfft'11.:Jl1lJ\PI'lJfl.:JU 1l11Wflm hil'VhtlU 0.17 lJ[liiflflJ~flii\PI'j 1 tu 1 
.. 

~1flth.:J 20 lJ[liiii\PI'j~lfll1.:Jl1lJ~ 100 lJ[liiiim fl~I1:l'U 0.85 lJ[liiflflJ~flV!U~flfl 82.7 flflJ 

.a : Q.I ~ d.t I Q.I " I 

l'U fl.:J ~lfl'U 1l1'U flfl!U[lflflm 'j:::UU1l11flU 23.8 ;11 [lflflJ ~.:JU 'U U1mill yj flft'yjflf ft'l1 ft':::ft'lJ 1 'U 

.. .. 
- fll'il11fil ML vss l'VhtlU 21 0 lJ[liiflflJ~flii\PI'j 1 tUl~'JflVN 10 lJ[liiii\PI'j ~lfll1.:Jl1lJ~ 

, .. 
100 lJ[liiii\PI'j fl~I1:l'UlJ1[l~ii'U11~6 21 lJ[liiflflJ~flV!U~flfl 82.7 flflJ 1l1fl.:J~lflUll1UflV!U~flfl 
.. .. .. 

l1n:::uulviltlU 23 .8 ;11[lflflJ ~.:JU'UlJ1[l~i'i'U11~611.:Jl1lJ~ 1 'U'j:::uul'vhtlu 6,044 flflJ • 

- lriflU lU1mill yjflft'yjflfft'~ ft':::ft'lJ 1 'U ~ii'Ul1~ 61'VhtlU 245 lJ[liiflflJ mfl~ll1tJUtlUlJ1[l • .. 
~ii'U 11~ 611.:Jl1lJ~ l'U 'j:::uulvh tlU 6,044 flf lJ ~::: '~I1:l mH mill yjflft'yjflf ft'~ fllJ1[l ~ ii'U 11~ 61'vhtlU 

0.04 lJ[lii flflJyjflft'yjflf ft'~flflf lJ ~ii'Ul1~ 6 • 

~ 1 fl f11 'j 11 ~ [l fl.:J 111U1m ill yj fl ft'yj fl f ft' ~ lfl f11 'j 111~ 1 fI11lJ ft'llJ 1 'j () l'U fll'j ~ ~ iuyj fl ft'yj fl f ft' 

'lJfl.:JV !U~flfl(P adsorb) f11'jl11~lyjflft'yj flf ft'~ lflf11'j U l' ul tl ~tJ~'b' (P Plant) 11[1:::f11'j111~lyj flft'yjflf ft' 

~lflf11'j ~fltJft'[llm1[1:::~~9flJ 1~ tJ~i'i'U 11 ~ 6 (P microbe) ft'lm'j()111ft'lJ~ [llJ1[lyjflft'yjflfft'~1,j'111[l:::flflfl 

~lfl'j:::UU'~~.:J!U~ 4.221rifll1l1'U~1~N"l[l.:Jl'Uft'lJf11'j~ 4.3 11[1::: 4.4 

P influent P effluent + P remove (4.3) 

P remove P +P +P +P adsorb plant rrucrobe other (4.4) 



hw~ P influent flfl1l1lJltu~mY~flfff~1'1i'1~~~UU (5,856 mg P) 

P effluent flfl1l1lJltu~mY~flfff~flflml1m~UU (395 mg P) 

P remove flfl U1lJ1tu~mY~flfff~\lflfh~fl (mg P) 

P adsorb flfl1l1lJltuWflffWflfff~\lfl~flci'U 1flfJfl5IU~flfl (4,812 mg P) 

-'j .''''' • .1 •. , .... .d"" "0 ~.'1" P plant flfllJ~lJltul1flffl1fl~ff'YlI'l'Ufl1lJfJ~'U1 LlJ 'If (29 mg P) 

P microbe flfl1l1lJltuWflffWflfff~\lflfh~fl1flfJ~~'U'Ylj6 (245 mg P) 

P other flfl1l1lJ1tuWflffWflfff~\lflfh~fl1flfJfl" 'fl~'U"l (mg P) 

U'Yl'Uf'h P adsorb' P plant lm~ P microbe ,,~l'UfflJfl1~~ 4.3 ,~ 

P remove = 4,812 + 29 + 245 + P olh", 

I 1 .d~" U'Yl'UfIl P remove"~ 'UfflJfl1~'Yl 4.3 Lfl 

5,856 = 395 + P remove = 395 + 4,812 + 29 + 245 + P other 

Pother = 375 mg P 
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U~lJltUWmn-lfli'ff~tlfl'Ul'1i'l~~uuiJ~lL'vhfi'u 5,856 iJ"~flflJ ()flfh~fl1flfJfl" 'flfl1~fl fl 
'II 'II 

)I , 

ci'u 1 fl fJV5IU~ flfll'Vhfi'u 4,812 iJ"~flflJ f1fll ~'U fflfJ"~ 83 ~fl~lI~lJltuW flffWfl f ffl1~'H lJflVil'1i' 1 

~~UU fl1Hh'Ul~1flfJlP1''Uti'llJn~I'Vhfi'u 29 iJ"~fli'lJ f1fll~'UfflfJ"~ 0.5 ~fl~lI~lJiWWflff~fli'ff • 
)I , 

l1~'HlJflVil'1i'l~~UU fl1~dflfJffmfJU"~fl1~flfltMlJ 1flfJ~~'U'Ylj61'Vhfi'u 245 iJ"~fli'lJ fifll~'UfflfJ" :: 4 
'II • 

)I , 

~ fl ~ 1I1lJ 1 W W fl ffW fl f ffl1 ~'H lJfl Vii 'Ii' 1 ~::u u 

1I~~~lJ1 fl1~~flci'uu'U~bfl1'1f'U:: ciJ"ciJ l'Vllfi'U 375 iJ"~flflJ f1fll~'Ufflm'l:: 6 ~fl~lI~lJlW 

W fl ffW fli' ffi~ 'H lJfl~ 1 'Ii' 1~ ~U U 1m:: U1lJl W W fl ffW fl i' ff~ U ri flfJfl flfl ~ 1 fl ~:: U uiJ ~ 11 'Vll fi'u 395 
"I I I 

iJ"~flflJ f1fll~'UfflfJ":: 7 ~fl~lI~lJlW~flffWflfffl1~'HlJflVil'1i'l~::UU fi'~~lIVi 4.24 lw ::~ lIVi 4.25 
'II 'II 



P influent 

5,856 mg P 

" " " \Pl'Wm1Jf1~ • 
29mgP 

"" d 
Uj1HHlf1 

4,812 mg P 

lI'il~tJ~'W'l 
375 mg P 

"" d. .-

~(l'Wl'l'W 

245 mg P 

83% 

6% 4% 

P effluent 

395 mg P 

Q ~ d 
~!lHHln 

• 9l'unlIJQ~ 

• ~ilu1'116 

Ll .illl~IJ~W'l 
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d q ~I .do q d. d, 
\) 1flfll'j'tlfHHFlllPl 'HJlJU!UfFl'tl Hl'U fll'HIU'tl ~W '11 iJlJ 105 fl-:Jfl'119HH C1HJff ('IJ'Ul'flm flfl11 5 

iJ~allJlPl'j) iri'IJ1'fl~U']j'lJ~ 300 ii~aalPl'j 1911Jff1'j~~mUyJUffyJflffffll1lJl'li'lJ'Ii''U 0,4, 8,20,40,80, 

160 U~~ 320 ii~aflflJ~ualPl'j U~11'li'11flfu~ Shaker 1 il llJ~i~rI~'}~1Pl1'jN~ 4.7 

y y ..: y 
fll1lJl'lJlJ'IJ'UI'jlJlPl'U (C) 

y y y 
fll1lJl'lJlJ'IJ'U,,!'flVllU (Cr) fll1lJffllJ1'Jtl i 'U fll'j~'flGJfU (q) 

(mg/l) (mg/I) (mgPlKg) 

0 0.01 0 

4 1.34 83.13 

8 1.95 190.63 

20 3.74 508.13 

40 5.00 1,093.75 

80 5.39 2,331.56 

160 5.48 4,828.75 

320 } 5.55 9,826.56 

\)lfllPl1'jN~ 4.7 fl1m1lJff1lJl'jtli'Ufll'j~'flGJfU'lJU~~jU'fl-:Jfl~i'U'lh-:J 0 ~-:J 9,827 ii~aflflJ 

yJflffyJflf ff~ flnl ~flflJ~j U'fl~ fl 1fll'j ~'flGJfUyJflffyJflfff~ ~ fl'htriflfl1fl 11lJ l'Ii'lJ'Ii''U l~lJ ~ 'U ~ ~ 

~flWl1.fliiHfl~ 26.6 fl~fl'll9f~I9fUff U1lJlWyJtlffyJtlfffl~lJ~'Ul'vhfiu 8 ii~aflflJ~tlalPl'j~Yi . .. 
" . " 

Ifl']j' 5.05 (I'vhfiUlhi1tHY ~Ifl'j l~M) U~~Ii1tlff'U ff'flfll'j 'tl'fl(l tl-:JYlU l1fl 11lJl'Ii'lJ'Ii''U 'IJ tl-:JyJ tlffyJtlf ff • . " . 
fl~ll1i1mvhfiu 2.05 ii~aflflJ~tlalPl'j l1YiIfl']j' 5.84 ,}-:JU'UU1lJlWyJUffyJflfffl1tlfl'fl'flGJfU l'flV .. .. 

." " 
'IJ tl-:J~lflm~ll'llfiu 190.63 ii~a flflJyJ tlffyJ tl f ff~ tlnl ~flflJ~ j U'fl-:J 111 tl-:J \) 1flU1l1 U fl'IJ tl-:J fl]" U'fl ~11-:J 

" . " 
'j~uUl'vhfiu 24 nl (lflflJ '}~U 'U U1lJlW 'lJfl~yJ tlffyJ tlf ffl1tl fl'fl'flGJfU~ tl'H'l..hV'IJ tl-:J~ lflm-:Jl1-:Jl1lJ'fl .. '" 
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JI • JI 

~·nr'U i'Um'Hh~lJlru5~tI~l1mm5~lJ~1~{)m5~~~UyJ{I~"'Y~{lfff'\J{)~i''U~lU~{lf) i'U 

5 ~uu1jnh~~EJ i ffllJl5fll1l~lmllJffllJlHl i 'U m5~ ~~UyJ{)ffyJ{) f ff~ ~ ~~'\J{I~ ~l U~ {lm'Yi ltlU 

4,829 iJfttlf)flJyJ{lffv/{lfff~{ln1ftf)flJ ~1f)f)nfil'Ulrul1~~~lm~'U5~UU'~ 4 .2 iJ 

~ tI tI". I ~ tid. " 

~1f)Hftm511ml~l1{1~fllJ5~f){lU'\J{I ·:.m!U~~'YlUll'YlUlllJ CaO, Fep3 Uft~AIP3 5{)tI(l ~ 

1.47 6,46 l!ft~I1.41 IPlllJ~l~U llft~ffnft~ftltlii~lYiW'lf~{I'U'Ih~l~'Um~ (5.84) ~nf'U~~mWJl 
JI 

yJ{)myJ\PIi'Uthu~\lf)fh~~ 1~tlm5~~~UUft~\PIf)\PI~f){)'UtlU Fep3 U(l~AIP3 i'U~lf)ftl~~jU~~ 

i 'U\PI{)'UYlltlm5'Vl1Pl(l{l~ i~Ul~jll~~ iU11ml~..r XRD i~yJ{)mv/\PI{)~i 'UtU Fe(PO)3' 

AIP04 U(l~ A12PO/OH)/2Alp3.Pps.3HP i'Uf)l5~IPl~UyJ{lffyJ{lffftlUl11~mlft~{I~~iJ1UtllJ 

{I{)f) i9l'') ~~ln~ i~~~~lYiW'lfl~'Um~ 1l(l~~fllllJl,j'lJ,j''U'\J{I~yJ{lmyJ\PI1~lJl'i''U~1''1 (iJ(ltl1lJft) ~ 

fl lllJl,j'lJ,j' 'U '\J {) ~YJ {I myJ \PI ~ ~ "1 

Uff~~~~tU~ 4.21 

, " 
llft~~ loW W 'lfff ~ ~~ InlPllf1~ {I'\J{I~llfl ftl9ftllJyJ{lmyJ\PIYi hj(l ~mvu 1 .. 

" " " 1~tlU1U1lJlruyJ{)ffyJ{)f ffl1~l1lJ~ i'UU lYi~ ~lf) 
t ~ v v 

5~UU1j~U 5 ~~EJiYil~'U'lt~fl lUfJlJ (il.iiiv'l'lf) ftU~ lVU1lJlru v/{lffyJ {If ffl1 ~l1lJ~ i 'U u lYi~ u lm~uu 
~ ~ d'.d 1!i.J ,.d~"'d~ Q IV .d~ 0' i"~ U~U5~~EJl'VlU~f)'Yl'lf 9l'~H(l\PI1~'Vl L~f)fl{)UnJlruyJ{)ffyJ{)5ff'Vl'Yl'lf'Ul U 'If'U'Ul{)~ 
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. . " 
'illnfll)'YlfHH) ,njl~1mh~flill~ '3'YimllJ~n 0.25,0.35 ll(l:; 0.45 IlJ\9I) i'~'\.hI1Un11l1~Lfl 

I ,.. I ,., I 

84.7 ni'lJ 1J11,j'1Ifl~U~U(l\9l~1 ictfUfl t111J1WUln1~wJm'Yilti'lJ 400 iJ(li1i1\91) LflUlnlltJnUUfllJ1ii • 

" ;1'~l1lJ~I'Yilti'lJ 0.30 iJ(li1ni'lJ~ui1\91) 

,.. J,/ , " 

fll)l11~lTIUrrTIui'rr;1'~l1lJ~'\JU~UlnlltJnlJ1 ifll'l'ilti'lJ 0.30 iJ(li1ni'lJ~ui1\91) 1 ~Ul 
" . 

~1mh~ 20 iJ(li1i1\91)'illn;1'~l1lJ~ 100 iJ(li1i1\91) ~~I1:JlJ 1.5 iJ(li1ni'lJ~Uflill~~ 83.5 ni'lJ I'UU~'illn 
"" " I U 1l1U nflill~~;1'~ ):;lJlJl'Yilti'lJ 24 fil (lni' lJ ~~U lJtl11J1W TI UrrTIfli' rrnrr:;~YlJ 1 lJ 

" " - fll)l11~l ML VSS l'Yilti'lJ 370 iJ(li1ni'lJ~ui1\91) 1 ~ul~1mh~ 10 iJ(li1i1\91)'illn;1'~l1lJ~ 
." " 

100 iJ(li1i1\91) ~~I1:JlJlJ1(l~i1lJ'Yl~6 37 iJ(li1ni'lJ~flflil1~~ 83.5 fli'lJ li'1U~'illm.11l1Uflflill~~;1'~ 
" " ):;lJ1J1'Yilti'lJ 24 fil(lni'lJ ~~UlJlJ1(l~i1lJ'Yl~6;1'~l1lJ~1lJ):;lJlJl'Yilti'lJ 10,635 ni'lJ 

- lrl UU ltl11J1WTIUrrTI ui' rr~ rr:;rrlJ 1 lJ 'ili1lJ 'Yl~ 61'Yilti'lJ 431 iJ (li1ni' lJ lJl~~lnt.l1Jti'lJlJ1(l • 
" 'il i1lJ'Yl ~ 6;1' ~l1lJ~ 1 lJ ):;lJlJl'Yilti'lJ 10,635 ni'lJ 'il:; ifll1:J lJ t111J1W TI flrrTIfli' rr~ fllJ1(l 'il i1lJ 'Yl ~ 61'1'ilti'lJ • • 

'\JU~fl i ll~~ (P adsorb) n1) 111~ lTIflrrTI fli' rr'illnfll) U 1 i u1 ~1 ~tJl1'b' (P Plant) 11(1:; fll)l11~ lTI flrrTI ui'rr 

'illflfll) VfltJrr(lltJll(l:;~~CjflJ 1 ~tJ~i1lJ 'Yl ~ 6 (P micrObe) rrllJ1)f1111rrlJfJ (llJ1(lTI fl rrTI fli'rr~l,j'llm:;flUn 

'illm:;lJlJifl~~~U~ 4 . 221rltlll'YllJ~1~N'l(l~1lJrrlJfll)~ 4.3 11(l:; 4.4 

l~tJ~ P influent fiu t111J1WTIflrrTIflfrr~I,j'1~):;lJlJ (5,856 mg P) 

P emuent fiu U11J1WTIflrrTIfli'rr~flUn'illm:;lJlJ (600 mg P) 

P remove fifl U11J1WTIflrrTIui'rr~~nfh~~ (mg P) 

P adsorb fifl U11J1WTIflrrTIfli'rr~~n~~~lJ l~tJflill~~ (4,575 mg P) 

'" • I"" • .1 •. 1 '" .d" " ". i.11" P plant flfllJ)lJ1Wl1flrrl1fl)rr'Yl\9llJflllJf)~lJl lJ 'b' (154 mg P) 



P microbe tifl tl~1J1W~mfvJfli'ff~~nti1~fllflv~~'W'Yl16 (431 mg P) 

Pother tifl tl~1J1WyJflffyJfli'ff~~nti1~fllflvn(1 'n~'W"l (mg P) 

tl'Yl'Wrh P adsorn' P plant tm~ P microbe (1.:J1'WfflJf)1'j~ 4.3 ,~ 

P remove = 4,575 + 154 + 431 + P other 

, 1 .. "I " U'Yl'WfIl P remove ".:J 'WfflJf)1'j'Yl 4.3 ifl 

5,856 = 600 + P remove = 600 + 4,575 + 154+ 431 + P other 

Pother = 96 mg P 
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tl~lJ1W~flff~fli'ff~ilfl'Wt,j'n~lJlJt'YhOlJ 5,856 ij(1~ni'lJ t;)nti1~fllflvn(1 inf)1'jflfl~lJ .. '" " , 
1 flVfljUfl.:Jt'YhOlJ 4,575 ij(1~ ni'lJ flflt~'W ~ flV(1~ 78 'Ufl.:Jtl~lJ1W ~ flff~fli' ff'Yl.:Jl1lJflVit,j'l'j~lJlJ 

" , 
f)1'j 1.11' tl1 ~lflV~'Wt'{llJA'.:Jt'Yhou 154 ij(1~ ni' lJ flflL~'W ~ flV(1~ 3 'U fl.:Jtl~1J1W ~ flff~ fli' ff'Yl.:Jl1lJflVi • 

'" I I 

tl~1J1W yJflff~ fli' ff'Yl.:Jl1lJflVit,j'n~lJu 'l1ntl~ ~VU'W"l '~tLtl f)1'j91n91 ~ nfl'W f)1'j~fl~uVi Hlm'lf'W~ 
" , 

'1(1'1 t'vhou 96 ij(1~ni'lJ flflt~'W~flV(1 ~ 2 'UtJ.:Jtl~1J1W~tJffyJtli'ff'Yl.:J'\1lJflViL,j'1'j ~UU U(1 ~ tl~1J1W 

~tJff~tJi'ff~tl~tJVtJfln~lm~uuii~lt'VhOU 600 ij(1~ni'lJ flflt~'W~tJV(1~ 10 'UtJ.:Jtl~lJ1W 
"t , I 

•• , • .1 '" '" .. " "'. ,.. • , .. 
l1tJffl1tl'jff'Yl.:Jl1lJfl'Ylt'Un~Uu fl.:J1,u'Yl 4.26 tm ~1, U'Yl 4.27 



" " " ~'Ufl1lJm • 
154 mg P 

P influent 

5,856 mg P 

4,575 mg P 431 mg P 

78% 

3% 

2% 7% 

P effluent 

600 mg P 

• ii!lI~H 

• fi'u~11Jf)~ 

.. ~~u1116 

o ihl\ilJ~u'l 
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.J 11'nn 5 

1. 'i~uu;j~'I.h~~'I:li~iif1n hm '14!114l~~~'i'l'llmn:n1'Ulf1~fI 6j11f1~ Luil~mHWUC1~ 
I II ,t 

6jU~~f1 Viiif1nil~14t11tnVL~14'i~{J~l'lf1 2 i'11lJ~Vi~lUm1f1l'i~'lfC1ff1~~1 5 19>'14~LlJmvi~i14 
" 'ViUl1'Vl f11'l1 f1fl N ii U'i ~ff'Vl i fIl'Vi' 14 f11'i'l.h,j'fllht n{J'lflJ'lf14 1 I{~ 1 fI {J~llJ n ml1 ~ fI ~ 1'\J ~ -3!1 ~-3 • • 

d d d d Q.I.t "I" 1 I" 

!1'\Jl14fl~{J 9>' 1~fI 'Vllfll~14 !1fl~vJ~~vJ~'i~m""lJfI lf1~-3U~'i~'Hl1nf){Jfl~ 83.07-95.09 91.36-

95.23 97 .76-98.58 Lm~82.83-95 .04 ~nmh~u 1f1{J'ViUl1'i~UU~' i'1'l1f1m-36jU~Uf1!1fl~6jUfl-3ii 

U5~ff'Vli fIl'Vif11'iih~flvJ~~vJ~i'~11{ ~ -3"lfll'Yhnur~fJfl~ 95 .04 11fl~94.25 fl1lJ~1~U 

, I I ,,., 

2. 5~UUU1,j'fI;j-3U'i~~'I:l iViiif11'i h1fl' 141114 1~-3 Vi' i'~ lf1 m-36jU~ U f1 Viii f11'i il~14 14 11 nfJ 

1~14 'i ~{J~~ Ufl 'i 1f1l'i~'lfflff1~fl1 5 19>'14 ~llJ~'i vi ~i14 'ViU l1iiu'i ~ff'Vli fIl'Vi' 14 f1 n ih ~ flvJ ~ ~VJ ui' ~ 
. " lit" I .... I ..,...,. ... " , '" 0 '" 0 ... lit ".. 1 

lf1U{Jl-3lJu'i~~'Vllifll'Vi~-3mflfJ'iUfJfl~ 93.0911fl~ 'If 14f1151J1Ufl141L~fJ'lflJ'lf14 lf1f1 flfJ~llJ1HI .. . 
96.78 ufl~98.62 

II II , II ,., 

flllJih~u 14 l'Yl-3Vi Hl14 'i~uuii~ 1 II{IPl 1 lJlJllPl 'ij 114 14l'Yl-31f1fJii~1'\J U-311 ~-3LL'\Jl14 flUfJ ~ 1 u~ 1i 1 ~~ 
" ViLflLB14 LLC1~vJ~~vJf.li'~l1-3""lJfll'Yhnu 2.15 6.15 0.60 0.65 11fl~0.54 iJfl~f1i'lJvif.l~1Pl5 1Pl1lJ~1~U 

I It"" 

3. 'i~1JUU1,j'fI;j~'I.h~~'I:liViiif1n l,..,fl' 14ll14l~~ Vi' i'1'l1f1fll-36j11f1-3 Viiif11'iilU1414 11nfJ 

1~ 14 'i ~ fJ~ ~~ 1 um 11115 ~ 'lffl ffl~~ 1 5 19>'14 ~llJlPl 'i vi ~i14 'Vi u 11ii 'I.b ~ ff'Vl i fl1'Vi' 14 f1 15 ih ~ fI 

vJf.l~vJui'~1I{UrJl-3iiU5~ff'Vlifll'Vi 1f1fJnl~fI 1l{rUfJfl~ 89.53 LLfl~~llJ1'imll~fI'\JU-3U ~-3!1 '\Jl14fl~fJ 

" " " lJlIPl5jl'U141Vi-31f1fJii~1'\JU~!1~-3U'\Jl'UflUfJ ~1u~ 1i1~~ ViLflLB'U Ufl~vJ~~vJui'~l1-3'HlJflL'Yhnu 

5.54 14.77 1.20 0.93 ufl~0 . 82 iJfl~f1i'lJviu~IPl'i mlJ~l~U 
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4 . fHl infl1'H11~fl~flff~flfff'Ufl-l1::UUtil11fl;j,nh::~EJi~iJnu i 11" i lJLL'\.n~-l~i ~ 

~1n"Nfl!U~fln ~UillJ~lJlru~flff~flfff~t.,j'n::UuiJfhI'Vhtiu 5,856 ij"itnflJ ~hlJimY\1n 

rh ~fl1fl tJ i ~n" , nfl11 flfli'ULL"::\PI f1\P1::f1fllJ UlJ ~1f1m-lfliU~ flf1ff -l() -l1 fl tJ":: 83 1 fl tJ i ~f1" i f1f1 n .. - .. 
" 

fl fl i'uu lJ ~ 1f1" 1-l lJ fln ~ lf1 u~ fl ff~ flf ffU 1-l ri1lJ f.) f1 i ~i lJ f11:: U 1lJ f111 ff:: fflJ ~ 1'Vll-l ;1.fll~ .. .. 
(Bioaccumulation) 1fltJff::ff::fflJilJYi'll'tm~~itlJ'Vl~vi lJ1::UU~flttJlJ ~fltJ":: 0.5 LL"~4 \PI1lJ~W1U • 

)I , I • 

~-lUlJ~-liJ~flff~flfffvhJrlfltJflfln~lm::uutl'htiu 395 ij"itf1flJ ~\PIttJlJ~fltJ":: 6 ri1'UVit11~flfl'U'l 

fll ~tfiflfl11\P1f1\P1::f1fl'U i 'U 1::UU 11~ flfl11\P1\P1i'UU'U i:)1.fl1'll''U:: ttJ'U IPi'lJ .. 

5. n" i nf1Ufll ~fl~ flff~flf ff'Ufln::u uti l11flunh:: ~EJ 1~iJ f1U' 11" i lJ LLlJ 1~ -l ~i ~ 
~1f1m-lfl!LLfl-l ~Uill1~lJlru~flff~flfff~t.,j'11::UUiJr11t'vhtiu 5,856 ij"itf1flJ ri1'U i mY\1f1fll~fl 

1 \PI tJ i ~f1" i f1fl11 ~ \PI i'u U,,::\PI f1\P1 ~ f1fl 'U U 'U ~ 1f1 m-l fl! LLfl-l m ~ tJ~ fltJ":: 78 1 \PI tJ i ~f1" , f1 fl11 ~ \PI i'u 

" 
U 'U ~ 1 f1 "1-l 'U fl f1 ~ 1 f1 U ~ fl ff ~ fl f ff U 1-l ri 1 'U \l f1 i ~i lJ f11 :: U 1lJ f111 ff:: ff lJ ~ 1 'Vll-l ; 1.fll ~ 

(Bioaccumulation) 1 \PI tJff:: ff:: fflJ 1 'UYi'll'tm::~it'U'Vl~ vi 'U 1::UU~flttJlJ ~fltJ":: 3 tm::7 \PIllJ~l'flU 
" . . 

'fl-lU'U~-liJ~uff~flfffVitlrlutJuUf1~lm::uut'Vhtiu 600 ij"itnflJ ~flttJlJ~~W"~ 10 ri1'UVit11~fl 
.d <> '1 "'I .., <> Z"I ~ 
fl'U'l fl1~tf1\P1fl11 \PI f1\P1:: f1fl'U I 'U 1~UU 111flfl11 ~\PI9l'UU'U H1.fl1'll''U:: t u'U \PIlJ 

y 

5.2 'UfltiJUflUU:: 

1. ftf1EJ1H"'Ufl-lUru l1.flij~iJ ~ uti 1::iY'Vli.fl1~ f1nfll~\PI~ fl ff~ elf ff 1 fltJU-ltl1 ~ ~EJi' ~iJ f11 1 . .. -
'11"i'ULLlJ1~-l 
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113/2550 

1/5/2550 

1/8/2550 

1/10/2550 

1112/2550 

151112550 

1711/2550 

19/1/2550 

22/1/2550 

24/1/2550 

26/112550 

291112550 

311112550 

../ 
lIHW 

22.9 

24.5 

27.5 

27.9 

28.7 

27.9 

28.2 

27.9 

28.7 

29 

29.2 

28 

28.1 

28.7 

29.5 

28 

27.7 

28.46 
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.fl1f1N'\.!lfl fl. 

22.7 22.5 22.5 

24.5 24.5 24.5 

27.1 27 27.1 

27.7 27.5 27.5 

28.7 28.5 28.5 

27.5 27.2 27.2 

28 28 28 

27.9 27.5 27.9 

28.5 28.2 28.2 

28.7 28.2 28.5 

29.2 29 29 

28 27.9 28 

28 27.9 27.9 

28.5 28.5 28.5 

29.1 29 29.1 

27.9 27.7 27.9 

27.7 27.5 27.5 

28.34 28.21 28.27 



:. d d 
flHVUfiU 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

~ .. 
1U'I'l 

25/12/2549 

27112/2549 

29/12/2549 

11112550 

1/312550 

11512550 

1/8/2550 

1110/2550 

1/1212550 

15/112550 

17/1/2550 

19/1/2550 

22/1/2550 

24/1/2550 

261112550 

29/1/2550 

31/1/2550 

7.6 

8.78 

8.47 

7.62 

8.44 

7.81 

7.42 

6.85 

7.81 

7.9 

6.97 

7.23 

7.15 

7.8 

7.27 

7.82 

8.15 

7.48 
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Itliienlultl 

7.77 7.78 10.56 

8.9 8.94 10.16 

8.48 8.47 9.81 

8.16 8.51 9.67 

8.44 8.45 9.75 

8.45 8.68 9.5 

8.5 8.65 9.39 

8.03 8.65 9.19 

8.48 8.47 9.34 

8.68 8.48 9.32 

8.45 8.49 9.35 

8.48 8.63 9.48 

8.56 8.59 9.45 

8.47 8.47 9.48 

7.45 7.39 9.48 

8.07 7.79 9.39 

8.82 8.85 9.32 

8.33 8.32 9.42 



.. ''i 0'... i" 
~nNi'1 n.3 U~Wlm Lm:n:iYl (mV) 'Ut).:J:i::1J1J U:i::tI::i'1 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

~ .. 
1111'l 

25/12/2549 

27/12/2549 

29/12/2549 

11112550 

113/2550 

115/2550 

1/8/2550 

111012550 

1112/2550 

15/112550 

17/112550 

191112550 

22/112550 

241112550 

26/1/2550 

291112550 

311112550 

.I 
IIH'tJ 

5.3 3.9 

-48.1 -56.1 

-36.3 -37.1 

5.8 -23.3 

-35.9 -35.9 

11.6 -37.1 

16.1 -39.3 

46.8 -11 

11.6 -37.3 

-8.3 -46.1 

44.1 -36.7 

19.1 -39.1 

31 -36.1 

12.1 -36.1 

20.7 11.1 

11.9 3.1 

-23.1 -54.3 

16.54 -26.87 

109 

3.3 -157.1 

-63.9 -124.1 

-36.9 -116.7 

-29.3 -84.4 

-37.9 -113 .1 

-41.3 -99.7 

-41.1 -97.6 

-43.1 -88.1 

-36.3 -95.1 

-38.1 -93.9 

-39.9 -95.7 

-40.7 -100.8 

-37.5 -100.1 

-36.1 -100.9 

18 -100.9 

2.9 -97.7 

-59.3 -94.1 

-27.51 -98.60 



! .c: d 
flHYllnU 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

25/12/2549 

27/1212549 

29/1212549 

11112550 

11312550 

11512550 

11812550 

111012550 

1112/2550 

15/112550 

17/112550 

19/1/2550 

221112550 

24/112550 

26/112550 

29/112550 

311112550 

A d 

l1llln" " 

3 

3 

7 

2 

3 

6 

6 

2 

5 

7 

4 

3 

5 

5 

3 

4 

3 

3.86 

110 

4 

3 I · 

7 8 

2 

3 

3 3 2 

3 2 

3 5 

2 4 2 

2 3 

2 2 

2 

2 2 

3 3 2 

2 3 

3 3 

2 2 

2.14 2.43 1.14 



! d d 
flHl'llfiU 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

25/1212549 48.67 

2711212549 24.24 

29/12/2549 28.57 

11112550 26.79 

113/2550 28.57 

115/2550 18.47 

1/8/2550 18.47 

1110/2550 7.696 

1112/2550 35.71 

15/1/2550 28.57 

17/1/2550 18.47 

19/1/2550 14.29 

22/112550 14.29 

241112550 18.47 

261112550 18.47 

291112550 14.29 

3111/2550 14.29 

16.08 

III 

37.44 26.21 48.67 

7.27 16.97 24.24 

35.71 11.90 35.71 

14.29 8.93 8.93 

42.86 28.57 28.57 

12.31 18.47 7.696 

7.696 12.31 7.696 

7.696 12.31 7.696 

28.57 48.67 26.79 

8.93 12.31 7.696 

14.29 18.47 12.31 

12.31 14.29 8.93 

11.90 12.31 8.83 

14.29 11.90 7.27 

14.29 12.31 8.93 

11.90 12.3 1 8.93 

12.31 11.90 7.27 

13.04 13.36 8.92 



!C:d 
t1'H1110lJ 

2 

3 

4 

~.Jd 
f1'H1110lJ 

2 

3 

4 

25112/2549 

11812550 

221112550 

311112550 

25/12/2549 

11812550 

22/112550 

5/212550 

4 .. 

l1'Ulnil~ 

5.4 

4.8 

6.4 

6.3 

6.35 

- " l1'UIOil" 

0.55 

1.13 

1.22 

0.91 

1.06 

112 

5.6 7.6 5.3 

2.8 7.3 4.2 

6.3 7 6.5 

5.4 7.3 5.3 

5.85 7.15 5.90 

- .. tl3lJiltlO 

0.80 0.91 0.85 

0.78 0.80 0.89 

0.82 0.95 0.83 

0.63 0.86 0.80 

0.73 0.90 0.82 
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mHllnU 

2 

3 

4 

5 
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8 
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II 
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14 

15 
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311112550 

.,j 
UUW 

0.73 

1.10 

0.50 

1.46 

1.52 

1.52 

1.66 

1.80 

1.34 

0.93 

1.35 

1.17 

1.25 

1.26 

1.00 

1.02 

1.02 

1.15 

113 

0 .32 0.60 0.24 

0.36 0.64 0.23 

0.23 0.52 0.23 

0.45 0.51 0.34 

0.40 0.60 0.25 

0.36 0.52 0.24 

0.36 0.51 0.23 

0.33 0.40 0.24 

0.33 0.44 0.31 

0.38 0.45 0.31 

0.35 0.37 0.24 

0.30 0.43 0.23 

0.32 0.38 0.24 

0.35 0.39 0.30 

0.33 0.38 0.30 

0.35 0.44 0.32 

0.32 0.36 0.31 

0.33 0.39 0.28 



, " , 
~1l'nrYi fl .9 U ff~ ·ui WhHY'W tl i' ffl1.:J '\1lJ 11 (lJ fl./Cl .) '\J tl n ~ 11 11 1 'U 'J ~ {J :di 1 

! .d d 
flHl'llnU 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

25/1212549 

2711212549 

2911212549 

111/2550 

11312550 

115/2550 

1/8/2550 

1110/2550 

1112/2550 

15/1/2550 

171112550 

1911/2550 

22/112550 

24/112550 

26/1/2550 

291112550 

3111/2550 

0.74 0.53 0.69 

1.13 0.51 0.80 

1047 0040 0.79 

1.72 0.90 1.19 

1.79 0.53 0.90 

1.79 0.53 0.91 

1.79 0.56 0.91 

1.39 0049 0.52 

1.53 0.53 0.78 

1.63 0047 0.77 

1.85 0.52 0.94 

1.50 0043 0.85 

1048 0042 0.54 

1.54 0.54 0.84 

1.10 0043 0.83 

1.21 0.55 0.78 

1.21 0043 0046 

1.41 0047 0.75 

114 

0.84 

0.84 

0.32 

0.37 

0048 

0048 

0.37 

0.39 

0040 

0.36 

0.35 

0.35 

0.37 

0046 

0040 

0040 

0042 

0040 



tdd 
flH'YILn'lJ 

. 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

12/3/2550 27.3 

12/5/2550 27.3 

121712550 27.0 

12/10/2550 27.0 

12/12/2550 28.5 

14/12/2550 28.0 

17/12/2550 28.2 

19/12/2550 28.5 

2111212550 29.7 

24/12/2550 28.0 

26112/2550 28.0 

28/12/2550 28.0 

31/12/2550 25.0 

112/2551 24.0 

114/2551 24.5 

1/7/2551 26.0 

119/2551 28.0 

111112551 27.5 

14/112551 27.0 

16/1/2551 25.5 

18/1/2551 26.0 

21/112551 28.1 

23/1/2551 26.0 

25/1/2551 27.1 

28/1/2551 29.0 

30/112551 28.0 

2/1/2551 28.0 

26.98 

115 

'l!AfI1'lJfJ1Ja! 
UA.:J 

27.0 27.3 27.3 

27.0 27.5 27.5 

26.5 27.0 27.1 

26.8 27.5 27.5 

28.5 28.7 28.7 

27.9 28.0 28.0 

28.0 28.5 28.5 

28.5 28.7 28.9 

29.5 29.7 29.9 

27.9 28.0 28.0 

28.0 28.0 28.0 

27.9 28.0 28.1 

25.0 25.0 25.0 

24.0 24.0 24.0 

24.5 24.5 24.5 

25.8 26.0 26.0 

27.8 27.9 28.0 

27.5 27.5 27.7 

27.0 27.1 27.1 

25.5 26.0 26.0 

26.0 26.0 26.0 

28.0 28.1 28.1 

25.8 26.0 26.0 

27.0 27.2 27.2 

28.9 29.0 29.0 

27.9 28.0 28.0 

28.0 28.0 28.0 

26.90 27.02 27.05 
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d ~ -'..s ~ cr"dljlQ,l ~ 
l::UU'l.H'l.h::flll!U.:j'l.h::flll~'Vl 'If,nmm 4 'lftHl 

~.dd ., '" .. . 
'l!ftmUfJlJ~l flH'Vllf1U 1'U'Vl 'ljftmufJlJ~j d .. 

~~Llft.:! d ~iU"~f1 
U"~f1 Lift.:! 

1 12/312550 12.26 12.76 8.27 8.20 

2 12/5/2550 12.39 12.88 8.18 7.74 

3 121712550 12.34 12.76 7.13 7.67 

4 12/10/2550 12.21 12.72 7.26 7.56 

5 12112/2550 12.24 12.65 7.65 7.64 

6 14/1212550 12.18 12.56 7.65 7.59 

7 1711212550 12.10 12.50 7.72 7.57 

8 1911212550 12.04 12.52 7.53 7.49 

9 21112/2550 12.01 12.50 7.57 7.43 

10 24/12/2550 11.75 12.33 7.43 7.42 

11 26112/2550 11.75 12.33 7.29 7.28 

12 28/1212550 11.55 12.25 7.70 7.44 

13 31112/2550 11.43 12.10 7.50 7.36 

14 112/2551 11.41 12.12 7.41 7.38 

15 114/2551 11.20 12.00 7.28 7.33 

16 11712551 11.07 12.00 7.26 7.61 

17 119/2551 11.09 11.91 7.22 7.69 

18 111112551 11.01 11.83 7.29 7.63 

19 14/112551 11.01 11.82 7.34 7.52 

20 16/112551 10.93 11.90 7.37 7.62 

21 18/112551 10.90 11.82 7.27 7.51 

22 21/112551 10.85 11.83 6.96 7.46 

23 23/1/2551 10.62 11.71 7.02 7.84 

24 25/112551 10.50 11.71 7.45 7.69 

25 28/112551 9.75 11.50 7.15 7.46 

26 30/112551 9.60 11.14 7.34 7.56 

27 2/112551 9.47 11.14 7.25 7.25 

.. 
mCItJ 10.62 11.72 7.25 7.55 
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d I 1 .lei 1 d 
~nH'YI fl.12 mr~~m mn'j'Vl (mV) 'I.mn~uu lJ'j~tJ~'YI 2 

d 1..1 oQ .'41..1 4 tf.:iiJ)Q.I <Q 

1::UU'I.H 1::fl1J!'I.H 1::fl1Jj'Vl 'lfmmm 4 'lfUfI 

~.dd '" .. 
~flf11UtJlJ~l ~flf'11UtJlJ~! flH'I'11nU 1U'I'1 

d ... ... 
d f)!U,Uln tl!Ufl~ 

U{]tln 11f1~ 

1 12/3/2550 -7.6 -34.6 206.1 210.3 

2 12/512550 -14.7 -41.8 211.0 224.2 

3 121712550 -12.1 -35.3 267.0 237.8 

4 12/10/2550 -7.3 -34.3 260.3 243.9 

5 12/12/2550 -8.0 -30.3 239.3 239.8 

6 14/12/2550 -6.1 -26.5 239.4 242.2 

7 17/12/2550 -3.8 -23 .9 236.0 243.7 

8 19/12/2550 0.3 -25.0 246.1 247.8 

9 2111212550 2.4 -23.4 243.7 250.7 

10 24/12/2550 14.5 -15.6 251.3 251.2 

II 26/12/2550 15.6 -16.1 258.9 259.2 

12 28/1212550 26.5 -12.1 238.2 250.6 

13 31/12/2550 30.7 -6.4 246.9 254.4 

14 1I2/2551 32.3 -7.1 251.9 253.1 

15 114/2551 42.6 -2.1 258.6 256.0 

16 11712551 47.5 -3 .0 261.1 240.3 

17 119/2551 45.9 -0.2 261.4 . 235.2 

18 1111/2551 45.8 8.9 255.3 237.4 

19 141112551 58.3 4.3 252.6 242.7 

20 161112551 59.7 8.3 251 .2 237.6 

21 18/112551 59.8 11.0 255.7 243 .7 

22 211112551 61.1 15.0 273.1 245.8 

23 231112551 61.5 40.7 268.7 246.5 

24 251112551 60.5 40.9 248.3 235.7 

25 28/112551 60.4 45.0 263.7 247.3 

26 301112551 60.9 45.3 253 .7 241 .9 

27 2/112551 65.3 47.9 258.1 257.3 

.. 
m{]f) -88.68 -125.19 23.58 8.65 
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.d ,d at d 
111'jl~'Y1 n.13 Uff~~fl1'Ufl~U'U~U'U11HH)V (lJn./(l.) 'Ufln:::UU t'U'j:::V:::'Y1 2 

d 1.1 Q -'.s tJ Q d'~l ".... Q 

"~'U'U'I.H l~~lIj'U~ "~~lIi'Vl 'lfmmm 4 'If"Ufl 

!.c::d '" .. 
'li~m'IJfJlJVj 'li~m'IJfJlJVi flH'Vlln'IJ 1"U'Y1 ... d 

V!LL~~ d e!'lJlltln 
'IJ~tJn LL~~ 

1 12/3/2550 14 11 21 26 

2 12/5/2550 14 7 25 18 

3 12/7/2550 19 7 21 12 . 

4 12/10/2550 22 3 33 14 

5 12/12/2550 7 6 9 6 

6 14/12/2550 8 4 18 8 

7 17/1212550 11 9 23 24 

8 19/12/2550 8 5 11 13 

9 21112/2550 5 2 8 10 

10 24/12/2550 9 7 10 12 

11 26/12/2550 4 1 7 11 

12 28/12/2550 5 4 6 10 

13 31112/2550 2 1 5 6 

14 112/2551 5 3 7 14 

15 114/2551 4 2 9 8 

16 11712551 3 1 8 5 

17 119/2551 4 2 8 5 

18 1111/2551 5 1 6 4 

19 14/1/2551 5 3 9 8 

20 16/112551 4 2 9 5 

21 18/1/2551 3 3 6 5 

22 2111/2551 3 2 9 7 

23 23/112551 2 1 5 3 

24 25/1/2551 5 3 6 6 

25 28/1/2551 5 4 7 6 

26 30/112551 3 3 5 5 

27 2/1/2551 4 I 5 5 

oJ 
m~tJ 3.85 2.15 7.08 5.54 
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2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

. 
'" .. 
1'U'Vl 

12/3/2550 

12/5/2550 

121712550 

12/10/2550 

12/12/2550 

14/1212550 

17/12/2550 

19/12/2550 

2111212550 

24/12/2550 

26/12/2550 

28/12/2550 

3111212550 

1/2/2551 

1/4/2551 

11712551 

1/9/2551 

1/1112551 

14/1/2551 

16/1/2551 

18/1/2551 

2111/2551 

23/1/2551 

25/1/2551 

28/1/2551 

30/1/2551 

2/112551 

26.67 

42.67 

32.00 

10.67 

10.67 

10.67 

32.00 

32.00 

37.33 

21.33 

16.00 

16.00 

21.33 

10.67 

16.00 

16.00 

16.00 

16.00 

16.00 

10.67 

10.67 

10.67 

5.33 

5.33 

5.33 

5.33 

5.33 

10.67 

119 

21.33 42.67 32.00 

32.00 48.00 42.67 

21.33 42.67 42.67 

5.33 26.67 16.00 

5.33 21.33 16.00 

5.33 16.00 21 .33 

16.00 42.67 37.33 

10.67 26.67 21.33 

21.33 53.33 37.33 

16.00 42.67 26.67 

10.67 42.67 32.00 

5.33 42.67 26.67 

10.67 37.33 32.00 

5.33 32.00 26.67 

10.67 32.00 21.33 

10.67 26.67 21.33 

10.67 26.67 21.33 

10.67 37.33 21.33 

5.33 32.00 26.67 

5.33 32.00 16.00 

5.33 16.00 10.67 

5.33 16.00 10.67 

5.33 16.00 10.67 

0.00 5.33 5.33 

0.00 10.67 5.33 

5.33 16.00 10.67 

5.33 16.00 10.67 

6.15 21.74 14.77 
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12/3/2550 1.30 1.20 1.90 1.80 

2 17/12/2550 1.10 1.10 1.80 1.30 

3 31/12/2550 1.10 1.10 1.80 1.30 

4 14/112551 1.10 0.60 1.90 1.30 

5 28/112551 0.60 0.60 1.30 1.10 

0.85 0.60 1.60 1.20 

.c: fA d i.d 
f1l'nn'l f1.16 lItY~'1f11'Yl!f1n:J'U (lJf1./".) ,\Hl'l)~lJlJ 'U)~tJ~'Yl 2 

.d A tllfl!l .Ct, CI'.d Slcv A 

)~lJlJlJ'I1h~~'lJilJ'Ilh~~'lJi'Yl i'lffl1f1"H 4 'If'U~ 
~ .d d ... d ~ "" f1H'Yl!f1lJ 1'U'Yl 'lf~f11lJfllJtlii d 'l!~f11lJfJlJtli . . .. .. ~ 

d tlilJ " tlf1 tlill~'1 
lJm)f1 U~'1 

1 12/3/2550 6.63 4.39 3.83 2.43 

2 17/12/2550 6.91 4.67 3.27 2.15 

3 3111212550 1.87 1.87 1.12 1.12 

4 14/112551 0.75 0.65 1.12 0.93 

5 28/112551 0.75 0.65 1.87 0.93 . 
d 

m"tJ 0.75 0.65 1.50 0.93 



~.dd 
flHVllmJ 

. 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

12/3/2550 

12/512550 

121712550 

12/10/2550 

12/12/2550 

14/1212550 

17112/2550 

19/1212550 

2111212550 

24/12/2550 

26/12/2550 

28/12/2550 

31/12/2550 

1/2/2551 

114/2551 

11712551 

119/2551 

111112551 

14/1/2551 

16/1/2551 

18/112551 

21/1/2551 

23/1/2551 

25/1/2551 

28/1/2551 

3011/2551 

2/112551 

d 
UeHlf) 

0.30 

0.31 

0.30 

0.31 

0.30 

0.31 

0.30 

0.33 

0.31 

0.31 

0.30 

0.30 

0.31 

0.31 

0.31 

0.32 

0.31 

0.29 

0.31 

0.31 

0.30 

0.30 

0.30 

0.30 

0.30 

0.30 

0.30 

0.31 
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0.30 0.47 0.48 

0.30 0.56 0.61" 

0.30 0.60 0.64 

0.30 0.64 0.72 

0.30 0.65 0.66 

0.30 0.64 0.73 

0.30 0.57 0.69 

0.30 0.60 0.76 

0.30 0.80 0.72 

0.31 0.63 0.65 

0.29 0.74 0.71 

0.29 0.76 0.69 

0.30 0.76 0.71 

0.30 0.76 0.67 

0.31 0.77 0.63 

0.30 0.78 0.63 

0.29 0.77 0.62 

0.28 0.78 0.63 

0.30 0.95 0.57 

0.30 0.89 0.62 

0.29 0.88 0.60 

0.30 0.90 0.59 

0.30 0.84 0.61 

0.30 0.84 0.61 

0.30 0.84 0.61 

0.29 0.86 0.60 

0.29 0.88 0.60 

0.30 0.84 0.61 
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911)1~Vi f) . 18 Lrff91~jhYhHY~fli'ffn~l1lJ~ (lJf)./C1 .) 'lJfl~)~1J1JhJ)~(J~Vi 2 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

. 26 

27 

12/3/2550 

12/5/2550 

121712550 

12/10/2550 

12/12/2550 

14/12/2550 

1711212550 

19112/2550 

21112/2550 

24/1212550 

26112/2550 

28/12/2550 

3111212550 

112/2551 

114/2551 

1171255 1 

119/2551 

111112551 

14/112551 

16/1/2551 

18/112551 

211112551 

23/112551 

25/1/2551 

28/112551 

30/1/2551 

2/1/2551 

.. 
l~HHI 

"~fl1'UfJlJ6! 
d 

mltln 

0.55 

0.53 

0.53 

0.51 

0.63 

0.58 

0.56 

0.49 

0.52 

0.49 

0.54 

0.57 

0.53 

0.53 

0.63 

0.57 

0.55 

0.58 

0.55 

0.55 

0.58 

0.55 

0.63 

0.63 

0.63 

0.56 

0.56 

0.58 

0.49 0.69 

0.50 0.81 

0.49 0.78 

0.50 0.81 

0.50 0.84 

0.52 0.78 

0.52 0.64 

0.49 0.84 

0.48 0.90 

0.48 0.66 

0.52 0.75 

0.54 1.00 

0.52 0.94 

0.50 0.87 

0.55 1.06 

0.55 1.06 

0.54 0.99 

0.55 0.97 

0.50 0.97 

0.51 1.00 

0.53 1.06 

0.51 1.02 

0.56 1.07 

0.55 1.07 

0.55 1.07 

0.55 1.03 

0.55 1.02 

0.54 1.03 
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0.67 

1.12 

1.11 

0.89 

0.89 

0.91 

0.89 

0.94 

0.96 

0.70 

0.76 

0.91 

0.88 

0.90 

0.91 

0.89 

0.79 

0.79 

0.77 

0.80 

0.88 

0.80 

0.83 

0.83 

0.83 

0.80 

0.80 

0.82 
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.fl1flN't.!lfl '\.I. 

d " '.i:;UUlJ'U'Ul~f11l.:J 0.41lJ\9l'.i tJll 0.6 llJ\9l'.i 'CY.:J 0.65 llJ\9l'j ... 
" fl\9l'.ilf1l'.ih1Cl'UU.:Jl.i1tfftll'Yhnu 12 ~\9l'.i~~)'1'U 

fhfll9l'.ilffl'U'lfU.:J1l.:J (Void ratio) 'UU.:J'YI'.iltJCl:;lijtJ~l'vhnu 0.49, 11'14 2 I'vhnu 0.52, 

11lHf1~~l'Yhnu 0.55, 6iU~.:J 0.65 , nJi1Uf1lHW 0.63 l1Cl :; 6iu~t)m'Yhnu 0.60 

" " tJ~lJl\9l'.i'Uu.:J-M'Um:;'il1tJihlfftJ = f1~1.:J x tJll x ,,!.:J x Void ratioiiu 2 

= 0.4 x 0.6 x 0.05 x 0.52 3 '" = 0.00624 m = 6.24 Cl\9l 'j 

" tJ~lJl\9l '.i'UU.:J-M'U'YI '.iltJ = f1~1.:J x tJll x ,,!.:J x Void ratioY1n~lI: lii~M 

= 0.4 x 0.6 x 0.15 x 0.49 = 0.01764 m
3 

= 17.64 ~\9l '.i 
" tJ~ lJl\9l'.i'U t)-:J-M'U11lJ1fl~~ 

= 0.4 x 0.6 x 0.3 x 0.55 3 '" = 0.0396 m = 39.6 Cl\9l'j 

" " tJ~lJl\9l'j'U U -:J-M'U'j :; U1tJlhfftJ = fl~N x tJll x "!-:J x Void ratioiiu 2 

" '.i llJtJ~lJ1\9l'.i'ti-:J '.i:; uu 

" " 

= 0.4 x 0.6 x 0.15 x 0.52 3 '" = 0.01872 m = 18.72 Cl m 

= 6.24+ 17.64 + 39.6 +18.72 

" 
= tJ~lJ1\9l'j'tin :;uu / Vl9l'.i lfll'.iil1Cl 

= 82.2 /1 2 

= 6.851'14 

= 82.2 ~\9l'.i 

tJ~lJl\9l'.i'Ut)-:J-M'Um :; 'illtJlhfftJ = 6.24 ~\9l'j 

" tJ~lJl\9l'.i 'UU-:J-M'U'YI'.iltJ = 17.64 ~\9l'.i 

" t1~lJ1\9l '.i'Ut)-:J'lf'U 6i 11~-:J = f1~N x tJll x ,,!-:J x Void ratio ii} u,,~ 

= 0.4 x -0.6 x 0.3 x 0.65 = 0.0468 m
3 

= 46.8 i1~'j 



" y 

'l.1jlJlfl1'UtJ.:Ji'U1~1J1t1'\.hffti = 18.72 ~f11 

" 11lJ'l.1jlJlfl111.:J1~UU 
d ., 

mntnUnn'UtJ.:J1::UU 

y " 

= 6.24 + 17.64 + 46.8 + 18.72 
y 

= 'l.1jlJlfl111.:J1~UU 1 Vmln11~hHl 

= 89.4/12 

= 7.45 iu 

'l.1jlJlfl1'UtJ.:Ji'um~llltiUllffti = 6.24 ~m 
" 

'l.1j lJlfl1 'U tJ.:J i'u Yl1ltl = 17.64 ~f11 
" 

= 89.4 ~f11 

'l.1jlJlfl1'UU.:Ji'ul'l.1~uml Uti = n~l.:J x tl11 x ~.:J x Void rationJnvnl1vu 

= 0.4 x 0.6 x 0.3 x 0.63 
3 ... 

= 0.04536 m = 45.36 (1f11 
" y 

'l.1jlJlfl1'UtJ.:Ji'U1~1J1t1Ullffti = 18.72 ~f11 

" 11lJ'l.1jlJlfl111.:J 1~UU 

y " 

= 6.24 + 17.64 + 45.36 + 18.72 

" 
= 'l.1jlJlfl111.:n~UU 1 Vfl1ln11~hm 

= 87.96112 

= 7.33 iu 

'l.1jlJlfl1'UU.:Ji'um::llltiUllffti = 6.24 ~f11 

" 'l.1jlJlfl1'UU.:J-MUYl1ltl = 17.64 ~m 
y 

'l.1jlJlfl1'UtJ.:Ji'ui)lu~un = n~l.:J x tll1 x ~.:J x Void ratioii!lJ~6n 

= 87.96 ~f11 

= 0.4 x 0.6 x 0.3 x 0.60 = 0.0432 m
3 

= 43.2 ~~S 
y " 

'l.1jlJlfl1'UtJ.:Ji'U1~1J1t1Ullffti = 18.72 ~f11 
y 

11lJ'l.1jlJlfl111.:n::UU =6.24+ 17.64+43.2+18.72 

y 

= 'l.1jlJl\Pl111.:J1~UU 1 Umln11il1(1 

= 85.8 112 

= 7.15 iu 

= 85.8 ~f11 

125 
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tllflN'U1fl fl. 

fl1l't1lfl1lm::;)1t1'lf'U1Y1'lfB~~1flin:J {Particle size distribution} 

" ... fl.1 fl1lfn::il1f.1'lf'U1Y1'lfB~llJYlYI'U 

111f)fll':il1m1::M'UlJ1fl'lHJ':]lilfl~lJ U1lJ11:UVlJllfl (Plot) fi11Utl{I~'U~~1'UIPI::l1m.:]' 'U11f)'U • 
II 

1Pi.:]~tl 'U'U 1fl'lftl.:]fttlfllPl::Uf)H 1 lJl1f)'UlJ tl'U 1 'U ffLf)ft Log 1PI1lJlJ1m!1'U tl.:]f)tjfliJVlJ ~~HY1f)ft'UlJ 1fl 

1 mytlQ'Yl1.:]'U 11jjtl ff1lJlJ1fl':i!1'UtlLlJ1n'U ~flff1f)ft'lflJ 1fl 1 myuQ'Y11':]~lvjju ~fl~1 :UV'U Hmf)~u 
" "1" "" ... ,"" "" 1" Q ... fl1V1ff'U fl':]I':iVU {Smooth Curve} '\1':iUIPIUfl1V1ff'UIPIH fll':il'1W'U fl':]fll':im::111V'U'U1fl'UU':]llJflfl'U 
II 

U vi1 1 Mlrnm ff1lJ1':imltlJ~f)fltu:: fll':i m::111v'UU':]lilfl~'U i~'Vi''U Yi~ f)11fl':i 1V':]1'U Hft 1'U ':iUIPl1':i 1,:] 
" " 

'" "" Q ... i" 1" Q ... flft::f)'Ufl {Well Graded} fl11lJflft::'UU':]llJflfl'U ff1lJ1Hl~ fl111f) tN Hftfll':i'YlflfftlU'l11'UlJ 1flllJflfl'U 

{Grain Size Distribution Curve} lriU1U'1 V1J1YitlUn'Uflfi'.:] ~ V11lP1fttlfl'UlJ 1fl ffLf)ftl1 fffl.:] ~f)fl tu::~'U~ 

ij'U'U1fllilflflft::n'U~ 1'U'Yl1':]IPIHnlJ,r1lJ ~lflfi'.:]ij~f)fltu::ltJ'U1Pi1 S ('\1~U S f)~U'YlN) J'U lntlui.:] 
I' I'" 

1PI':i':] ~f)fltu::lilfl~'U11::1tJlJ~'UYiijm1lJffihlfflJU (Poory Graded) ff1'U 1fi'~Yiij~f)fltu::ltJ'Ui''U'l 11 :: 

ltJ'U~'U~I'1lJf)11~'U'U1fl')h~ (Gap Graded) 

"j.d 1" "'... Q ... ?i <!Ii"· I'YW'Yll1:: '\1'\1 ftf)'Vll11':itu 1fll':i m:: 111V'U'U 1fl'UU~llJfl fl'U1lJ'U mm j1'U 11,:] flfll'\1lJ flbJ;m f)1 ':i 
~ II 

fi 1'U 1tu fi 1 fflJ U ':i:: ff'Yl ~ ff1'l1 i' U f)1':i m:: 111V'U 'U 1fl 'U tl ~ lil IPI ~ 'U ~.:] u;j tl 

~ . 
1. fflJU':i::ff'Yl~m1lJfflJ11fflJtl (Uniformity Coefficient) 
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~.d .. I tid" _I tid " '0 G.I 1" .o::::t..q I 

~~fn) 'VI 10 IlJU'HC)j''U~U(l~ 60 IlJU'HC)j''U~ Ullffl'l1~'IJ fl'l'UU'I~'U'lf'U~'U1~'lf1'1 (Gap graded) m'H) ~ 

hiff1lJ1~()UUnm1lJUllfl1i1'1~lflm~tli1'U1W i~ ~'1fi1'11'U~~lIYlJtl~:;ff'VIf UC ~'UlJ1 

" ~lflm~tli1'U 1W ff1lJl1() ~lU'Uflm~m~ ~lU'UU'Il~~~ 'U i~ ~'1ij 

UC > 4 

C = 1-3 z 

UC > 6 

Cz = 1-3 . . 
~'UYili'U'U1~ff,jl1fflJU (Poory Graded) UC - 1 (lfl~ 1.0) 

" . 
lJ 1~ 1 'U'U 1~ 'U U'I t lil ~ 11(l~ ltl U{I~'U" 'U U'IlJ 1'I1,r fl ff~ fflJ 'UV 'I 'VI ~ 1 uYili 'U'U 1~!~ flfl'h~ lil ~ lJ1 

.::J ", "d tI : Q,J 

! 'UU'U'IJ'U m1vJ Probability 1~ul 'I1'U'U1~'UV'I~!iI~ U~'IJ'U fftfl(l Log U(l~ltl V~ !C)j''U ~'UU'I'U 1'11'U fl 

dd d I I 

ff~ fflJ'U V'! 'VI ~ 1 U'VIlJ'U'U 1~ 1(1 fl fl11 ~ lil~ U~'IJ 'U ff1 fl(l Probability 

I ;'" I 

1~UYi'U'U1~IYlJq'VI~ (Effective Size) ,r'U'I1lJ1U~'1'U'U1~'UV'I'VI~lUYi 10 !tlV{I~'U"'UV'I'VI~lU 
", ", ; I 

l1'1'11lJ~ ~ ~ li'U'U1~!~flfl';hij : D IO n1'U IYlJtl~~ff'VI ~ 'UV'Ifl11lJ hi ff,j11fflJ V ~ ~li ~lI'Yhn'IJ DWUIO 
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Vilfll·HilJ~i1mhn1'Ulfl~~~'~h.Jflll'YIfHltI.:j U~1lhlJlVi1 Sieve Analysis 1~tlih~1mh.:j 
~ d , , , d" Q.I ~ : Q.I ~ d.d.~" 
'H'Ulfl"~lJll fl'U H1'U~::um .:jlJWn!1'U'tI'U1~Vl1.:j'l I'ffl \H!"111~U'U 'YIfl'U 1'H 'U fl'tl fl.:j'H'U!fl"~'YIVlVlfl1.:j 

"" . 
111fl U 'U ~.:j fi 1 'U 1W 'H 114 1'H U fl ff:: fflJ'tI fl.:j 11 'UI fl~ ~ Vi;j 'tI 'U 1~ I ~ fl fl':h l LU ~ .. 

I I 

fl~U'UVl::Um .:j'tl'Ul"~l~'l 

" . . 
U~ 1~~1 ~'U Itl tl{I~'U~'tItl.:j14 1'H U flff::fflJ'tItl.:j11'U!fl~~Vi;j'tl'Ul~l~ flfl1U IU~ fi'.:jVl U NVi fl . 1 .. 

.d" 0 .Q d 
Vl1lN'YI fI.1 'tItllol"fllH11 Sieve Analysis 'tIf).:j'H'U!fl"" 

'tI'Ul~llU~ 
: '" : '" : '" tI old 01 tI old 01 

'tI'U1~ 
" 

'Ul'H'Ufl 'U1'H'Ufl 'U1'Hl.Jfl I tlWlf'UVl I tlWlf'U~ 

" " (lJlJ.) ff::fflJ'tIfl.:j 
. '" . '" Vl::Um.:j ~::um.:j 'YIl1t1nlJ 'U1'H'Ufl l.Jl'H'Ufl 

" d" 
(fl.) '" . '" flU'U1'H'Ufl 'YIl1 tI'YI fIl.:j ff::fflJ'tIf).:j ff::fflJ'tIf).:j 

d" 
. 

ad 

~::UflH u'U~::um~ 'YIl1tl'YI fIl.:j 'YIl1tl'YIlJ 

(fl.) (fl.) 
01 

Ul.JVl::Um~ 'tI'Ul~mfl 

fl11lliJ~ .. 
112" 12.5 508.7 508.7 0 0.00 100.00 

3/8" 9.5 494.3 509.9 15.6 0.78 99.22 

4 4.750 461.40 1516.10 1054.7 53.60 46.40 

8 2.360 428.70 1248.20 819.5 94.64 5.36 

10 1.650 427.10 465.50 38.4 96.57 3.43 

16 1.180 398.20 440.30 42.1 98.68 1.32 

20 0.850 336.90 343.80 6.9 99.02 0.98 

30 0.600 351.60 355.10 3.5 99.20 0.80 

40 0.420 337.10 338.40 1.3 99.26 0.74 

50 0.300 330.50 345.20 14.7 100.00 0.00 

100 .().150 313.10 313.10 0 100.00 0.00 

200 0.075 305.00 305.00 0 100.00 0.00 



-~ 
~ 
"-
(I) . 
c: 
u:: ... 
c: 
(I) 
() 
"-
(I) 

D.. 

110 

100 

90 

80 

70 

60 
II 

50 

40 / 
30 

20 
!j 

10 

0 

/ 
--+- Ji 

0.01 0.1 10 

Equivalent Grain Diameter (mm) 

dAd 
tU'YI f1.1 ml~fllm'j::\lltl"''Ul~'\Hl'l'l1'U!flMI (Particle Size Distribution Curve) 

.,,,, I 

\llfltlJ'YI fl . I fl1 D 10 = 2.6 nun. 

D30 = 3.7 nun. 

D60 = 5.7 mm. 

" .,. 
1i'lU'U ~l~lJU'j::ff'YIiwJ1lJmJmYlJtl (Uniformity Coefficient) = 2.19 

I Q.I A;ef IV 
fl1fflJU'j::ff'YIlifl11lJ fl'l (Coeffic ient of Curvature) = 0.92 

130 

100 
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o • d Q.I Q.I " 

m~'Vl1t':lflJt~tl1fl1Jl11'\JV fI.2 

. 
A" 0 A. 

(;11':nrYi fI.2 '\JV~(lfll':i'YIl Sieve Analysis '\JV~VjU~~ 

'\JlJl~':itil~ 
: '" : '" : '" 11 old 01 11 01 d 01 

'UlJl~ ... t.Il'I1lJ fl lJll1lJfl 'Ull1'Ufl L V':iL9f'U(;l L V':iL9f'U(;l 

" " (1111.) ~~~11'\JV~ 
0 '" 0 '" (;l~um~ VI~UflH VI':iltl':i111 'Ull1lJfl 'Ull1'Ufl 

" .,lSi 
(fl.) '" . '" fl1J'Ull1'Ufl 'YI':iltl'YIfll~ ~~~11'\JV~ ~~~11'\JfN 

.,lSi . .... 
(;l~UflH 1JlJ(;l~UflH VI ':i ltl'YIfll~ 'YI ':i 1 tl'YIlJ 

(fl.) (fl.) 
d 

1J'U(;l~UflH '\JlJl~l(lfl 

fl11~Lil~ 

112" 12.5 508.7 508.7 0 0.00 100.00 

3/8" 9.5 494.3 622.9 128.6 12.86 87.14 

4 4.750 461.40 1037.40 576 70.44 29.56 

8 2.360 428.70 698.60 269.9 97.42 2.58 

10 1.650 427.10 443.12 16.02 99.02 0.98 

16 1.180 398.20 404.10 5.9 99.61 0.39 

20 0.850 356.90 357.40 0.5 99.66 0.34 

30 0.600 351.60 352.00 0.4 99.70 0.30 

40 0.420 337.10 337.40 0.3 99.73 0.27 

50 0.300 330.50 333.18 2.68 100.00 0.00 

100 0.150 313.10 313.10 0 100.00 0.00 

200 0.075 305.00 305.00 0 100.00 0.00 
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110 

100 

90 
V 

80 
~ 
~ 70 ... 

60 Q) 

.5 
u. 50 ... II 
c 
Q) 40 e I 
Q) 30 a.. 

20 

10 

0 

Ij 

/ 
~ 

0.Q1 0.1 1 10 100 
Equivalent Grain Diameter (mm) 

~t1~ fI.2 mlyJfl1'.im:;1l1V'iJ'Wl~'.m~VlL1~~ (Particle Size Distribution Curve) 

t1 .d 2' 30 1l1fl~ 'VI fI. fI1 010 = . mm. 

0 30 = 4.9 mm. 

D60 = 7.0 mm. 

" ". 
fi'~tT'W ~liYlJtI):;iY'VI~fI'm,Hnh~lJv (Uniformity Coefficient) = 2.33 

I Q.I .0:::::), trf 1" fI1~lJtI)~~'VI1imllJ fI~ (Coefficient of Curvature) = 1.14 
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Ol.ct QlQ,lV 

m~'YI1L'lfUL~WlnU111'\Jij fI.2 

.d" 0 tl.!l 
Yll'jWVl fI.3 '\JijlJ~nWVl1 Sieve Analysis '\Jij~L ~ijnl1ijtJ 

'\JlJ1~mtl~ 
: ... : ... : ... tl .. d .. tl .. d .. 

'\J'Ul~ 'Ull1'Un 'Ull1'Un 'Ull1'Un L ij 'It C}f'U Yl L t)'jlC}f'UYl 
" ., ., 

(lJ1J.) ~~~1J'\Jij~ 
0 ... 0 ... 

Yl~um~ Yl~llnH 'VI'jltJl1lJ 'Ull1'Un 'Ull1'Un ., 
.d" 

(n.) 
... 0 ... 
nU'Ull1'Un 'VI 1 1 tJ 'VI fI1 ~ ~~~lJ'\Jij~ ~~~lJ'\Jij~ 

"''' .d .. 
Yl~UnH U'UYl~UnH 'VI 1 1 tJ 'VI fI1 ~ 'VI 1 1 tJ'VIlJ 

(n.) (n.) 
d 

U'UYl~UnH '\J'Ul~mn 

f1'h~Ltl~ 

112" 12.5 508.7 508.7 0 0.00 100.00 

3/8" 9.5 494.3 512.7 18.4 1.84 98.16 

4 4.750 461.40 825.20 363.8 38.21 61.79 

8 2.360 428.70 928.60 499.9 88.18 11.82 

10 1.650 427.10 475.20 48.1 92.99 7.01 

16 1.180 398.20 455.20 57 98.69 1.31 

20 0.850 336.90 342.80 5.9 99.28 0.72 

30 0.600 351.60 353.80 2.2 99.50 0.50 

40 0.420 337.10 338.20 1.1 99.61 0.39 

50 0.300 330.50 333.20 2.7 99.88 0.12 

100 0.150 313.10 314.30 1.2 100.00 0.00 

200 0.075 305.00 305.00 0 100.00 0.00 
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110 

100 

90 1/ 
80 

70 
j 

~. 60 e..... ... II 
Q) 50 c: 

u::: 
40 ... 

c: 
Q) 
u 30 ... 

/ 
~ 

Q) 

0- 20 

10 

0 

j 

j 
/'" 

0.01 0.1 10 100 
Equivalent Grain Diameter (mm) 

'.l1.J~ fI .3 fl'jlyJf1l'Hl'.l::;1l1tl'U'\.Jl~'Utl~l1.JtitlfnHW (Particle Size Distribution Curve) .. 

.1'" , 
1l1f11;u'YI fI.2 fI1 DIO = 1.3 nun. 

D30 = 3.0 nun. 

D60 = 4.7 nun. 

~ ~. 

~~U'\.J ~11:llJ1.J'.ld1'Y1iifl11lHYl1mYlJtl (Uniformity Coefficient) = 3.61 

lev ~d " 
rllL'l'lJ1.J'.l::;L'I''YIllfl11lJ 1f1~ (Coefficient of Curvature) = 1.47 
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o , d Q.I Q,I " 

m~'YI1L'lflJL~V1f1Ulf1'UtI f1.2 

.d" 0 Q d 
~nl~'Y1 f'l.4 'Utll.JClf1l'l'Yll Sieve Analysis 'UtI~LffEltl!UCltlf1 

'UlJl~'lLil~ 
: .... : .... : .... 11 "01 " 11 "01 " 'UlJl~ .. lJllflJf1 lJllflJf1 lJllflJf1 L V'HC)flJ~ L mLC)flJ~ 

" " 
(1111.) ff~ff11'UV~ 

0 .... 0 .... 
~~Uf1H ~~Uf1H 'YI'llV'i111 lJllflJf1 lJllflJf1 

" .,;" 
(f1.) 

.... 0 .... 
f1U'U llflJ f1 'VI'ilV'VIm~ ff~ff11'UV~ ff~ff11'UV~ 

.,;" . 
dd 

~~Uf1H 1JlJ~~Uf1H 'Vl'llV'VIm~ 'Vl'ilV'Vl11 

(f1.) (f1.) 
01 

1JlJ~~um~ 'UlJl~tClf1 

f111'iLil~ 
" 

112" 12.5 508.7 508.7 0 0.00 100.00 

3/8" 9.5 494.3 633 138.7 13.87 86.13 

4 4.750 461.40 871.50 410.1 54.86 45 .14 

8 2.360 428.70 789.50 360.8 90.93 9.07 

10 1.650 427.10 471.40 44.3 95.36 4.64 

16 1.180 398.20 439.90 41.7 99.53 0.47 

20 0.850 336.90 339.50 2.6 99.79 0.21 

30 0.600 351.60 352.30 0.7 99.86 0.14 

40 0.420 337.10 337.50 0.4 99.90 0.10 

50 0.300 330.50 331.50 1 100.00 0.00 

100 0.150 313.10 313.10 0 100.00 0.00 

200 0.075 305.00 305.00 0 100.00 0.00 
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'lln~tl~ fl .2 Til DIO = 2.5 mm. 
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il1f1~U1f) -l . 

.. 
1. aUuVl6Ufl11nH1U 

., , 

1.1 fffl.:Jfl'jlvJf11llJalJ~lJ1h~11'h~f11llJt'li'lJ'Ii''U'tJfl.:J Tracer (ill + NaCi) Vi~l 

~1-3'l n'U~lfffllYlfll1Ul i vJvh 

1.21flfffllYlf11llJUl ivJVll'tJtl-31~'U'U lflvl~Jllh~1.h ~.:Jn~'Uflfl'Ufl.:Jif 
., 

1.2.1 t~lJUl'l.h~1.h'il'Ut~lJ1~'U'U (tll11'UfllM'ihi'\P111fll1hm = 0.93 ~fl1 
I ... .,6 ... Q '" ... 

\P1fl'Ul'Vl C))'.:JlJt1"ltfl'Uflfl = 180 'Ul'VI) 

1.2.21flfffllYlf11llJUlivJVll'tJtl.:J1~'U'U'VIfl 5 'U1Vi • 

Tracer 

1.3 lfl~lfffllYlf111lJUl ivJVll'tJtl.:J1~'U'UtrlVYilfll1iifl Tracer . 
.:t .o:::t I " 31 1 .o:::t .. I~ oCl 

1.3.1!\P11VlJ Tracer 'VIfllf11llJ!'tJlJ'tJ'U 10 fl./". flVlJu1lJ1\P11 1 "\P11 
., . 

1.3.2 U f 'IJ~\P111fll1 i 11" 'tJ tl.:J U 1 U1 ~ U1Vi! 'li'l ff1 ~ 'U'U (tll11 'Ufl 1 M'n ~\P11l .. 
\tJ Q' .r=t'&A d Q.J 4Id 

fll11'11" = 0.93 "\P11\P1V'Ul'VI C))'.:JlJt1mlfl'Uflfl = 180 'Ul'VI) . ., 
.o:::t oI::i .c:t '" Q.I """ ... I"::::' 1.3.3 \lfl Tracer 'VIt\P11VlJ t'U'tJ'U\P1V'U 1.3 .1 (1f11llJt'tJlJ'tJ'Ull"~u1lJl\P1)" .. 

" I "Q.I 0 Q.I & 
'tJtl.:J Tracer) t'tJ1~F~'U'UYI)" tllJfl'U'Vllfll)" 'U'U 'VI flt1m 

o d :'"Jy "Q.lQ.I' 
1.3.4 'Vll fll)"! fl 'U 'U 1 'VI 'Vll fJ'j ~ 'U 'U (u" 1 Vfl)" ~ 'U ~) YI)" tllJ fl'U 1fl fll ff fllYl 

fl1llJUl ivJVll'VIfl 5 'UlVi • 
1.4 fhfffllYlf111lJUlivJVll'tJtl-3 Tracer = ~lfl1llJUlivJVl1'illfl'li'V 1.3.4 - filfl1llJ 

ulivJVll'illfl'li'V 1.2.3 

1.5 Yilfll)"itml~M11l~ lt1m!~'Unflt\l ~V'tJ tl.:J Tracer 1'U)" ~'U'U lflvU 1 i ufff l.:J 

fl'jlvJ~l.:J'l fl-311fffl.:J 1 W ·jC'\ fll)"'VIfl"tl.:J 

d ~ d'1" Q.I G.I ~ I , 

1.5.1 YI"V\P1fl'j lvJ!1"~mYl'U'VI t\P1fl'jlvJ 'tJtl-3f11llJ fflJYI'U 1i )"~1111.:J fllfl1llJ 

ulivJVlln'Ut1"l (i1Vfl11 C Curve) 

1.5.2 YI~tl\P1fl'jlvJfl1llJalJ~'U,r)"~111l.:J E(t) n'U t1m (i1Vfl E(t) curve) 
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2. mlfll'jmHHl~ 

2.1 tlll1'U~l,r Tracer ih:;tJ:;L1Cl l L~ 1J nfll'U'j:;1J1J 180 (ih)~'jlfl1'i'm' = 0.93 

~~'jlPitl'U 1 Yi) 

2.2 Tracer ~ii'~tl NaCI 10 fl./Cl. ihJ~lJl~'j 1 ~~'j 1~tJ~1f11 1lJlh1vHh'Utl~flj 

U~~ = 19. 12 ms Lm:;~ lmllJihhh~l'Utl~flj1J~tlfl = 15.15 ms 

2.3 ~1'fffll'Wf11 1 lJU 1 'vlYll'Utl~'j:;1J1JLrlmJ~~hJi~~~ Tracer 0.27 ms 

~", ., 1 d.,..,. "" 
2.4 HClfllHl ~Cltl~ l flmfl~~1'iH flm1CllLfl1Jflfl'Utl~tljUfl~ = 297.24 'Ul'Yl Lm:; 

d Q.I ~ d .el 

L1Cll Lfl1Jflfl 'Utl~tlj 1J Cltlfl = 249.89 'U l 'Yl 

T(min) Conduct E(t) tE(t) t-tm (t-tm)2 (t-tm)2*E(t) 

0 0 0 0 -297.24 88351.62 0 

5 0 0 0 -292.24 85404.22 0 

10 0 0 0 -287.24 82506.82 0 

15 0 0 0 -282.24 79659.42 0 

20 0 0 0 -277.24 76862.02 0 

25 0 0 0 -272.24 74114.62 0 

30 0 0 0 -267.24 71417.22 0 

35 0 0 0 -262.24 68769.82 0 

40 0 0 0 -257.24 66172.42 0 

45 0 0 0 -252.24 63625.02 0 

50 0 0 0 -247.24 61127.62 0 

55 0 0 0 -242.24 58680.22 0 

60 0 0 0 -237.24 56282.82 0 

65 0 0 0 -232.24 53935.42 0 

70 0 0 0 -227.24 51638.02 0 

75 0 0 0 -222.24 49390.62 0 

80 0 0 0 -217.24 47193.22 0 

85 0 0 0 -212.24 45045.82 0 

90 0 0 0 -207.24 42948.42 0 
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T(min) E(t) tEet) 
2 

(t-tm)2*E(t) Conduct t-tm (t-tm) 

95 0 0 0 -202.24 40901.02 0 

100 0 0 0 -197.24 38903.62 0 

105 0 0 0 -192.24 36956.22 0 

110 0 0 0 -187.24 35058.82 0 

115 0 0 0 -182.24 33211.42 0 

120 0 0 0 -177.24 31414.02 0 

125 0 0 0 -172.24 29666.62 0 

130 0 0 0 -167.24 27969.22 0 

135 0 0 0 -162.24 26321.82 0 

140 0 0 0 -157.24 24724.42 0 

145 0 0 0 -152.24 23177.02 0 

150 0 0 0 -147.24 21679.62 0 

155 0 0 0 -142.24 20232.22 0 

160 0 0 0 -137.24 18834.82 0 

165 0 0 0 -132.24 17487.42 0 

170 0 0 0 -127.24 16190.02 0 

175 0.02 0.001046 0.183054 -122.24 14942.62 15.63035 

180 0.05 0.002615 0.470711 -117.24 13745.22 35.94461 

185 0.17 0.008891 1.644874 -112.24 12597.82 · 112.0099 

190 0.4 0.020921 3.974895 -107.24 11500.42 240.5945 

195 0.4 0.020921 4.079498 -102.24 10453.02 218.6824 

200 0.48 0.025105 5.020921 -97.24 9455.618 237.3795 

205 0.47 0.024582 5.039226 -92.24 8508.218 209.1455 

2 10 0.43 0.02249 4.722803 -87.24 7610.818 171.1638 

2 15 0.41 0.021444 4.610356 -82.24 6763.418 145.0314 

220 0.39 0.020397 4.487448 -77.24 5966.018 121.6918 

225 . 0.39 0.020397 4.589435 -72.24 5218.618 106.4467 

230 0.37 0 .019351 4.450837 -67.24 4521.218 87.49218 

235 0.36 0.018828 4.424686 -62.24 3873.818 72.93799 

240 0.42 0.021967 5.271967 -57.24 3276.418 71.97152 
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T(min) Conduct E(t) tE(t) t-tm (t-tm)2 (t-tm)2*E( t) 

245 0.48 0.025105 6.150628 -52.24 2729.018 68.5109 

250 0.48 0.025105 6.276151 -47.24 2231.618 56.02387 

255 0.45 0.023536 6.001569 -42.24 1784.218 41.99257 

260 0.44 0.023013 5.983264 -37.24 1386.818 31.91421 

265 0.47 0.024582 6.514121 -32.24 1039.418 25.55054 

270 0.41 0.021444 5.789749 -27.24 742.0176 15.91147 

275 0.41 0.021444 5.896967 -22.24 494.6176 10.60634 

280 0.4 0.020921 5.857741 -17.24 297.2176 6.217941 

285 0.33 0.017259 4.918933 -12.24 149.8176 2.585764 

290 0.33 0.017259 5.00523 -7.24 52.4176 0.904697 

295 0.3 0.01569 4.628661 -2.24 5.0176 0.078728 

300 0.33 0.017259 5.177824 2.76 7.6176 0.131475 

305 0.34 0.017782 5.42364 7.76 60.2176 1.070815 

310 0.32 0.016736 5.188285 12.76 162.8176 2.724981 

315 0.34 0.017782 5.601464 17.76 315.4176 5.60889 

320 0.33 0.017259 5.523013 22.76 518.0176 8.94068 

325 0.29 0 .015167 4.929393 27.76 770.6176 11.68824 

330 0.25 0.013075 4.314854 32.76 1073.218 14.03266 

335 0.26 0.013598 4.555439 37.76 1425.818 - 19.38873 

340 0.26 0.013598 4.623431 42.76 1828.418 24.86342 

345 0.28 0.014644 5.052301 47.76 2281.018 33.40402 

350 0.3 0.01569 5.491632 52.76 2783.618 43.67601 

355 2.26 0.118201 41.9613 57.76 3336.218 394.3437 

360 2.25 0.117678 42.36402 62.76 3938.818 463.5115 

365 0.28 0.014644 5.345188 67.76 4591.418 67.23833 

370 0.28 0.014644 5.41841 72.76 5294.018 77.52745 

375 0.28 0.014644 5.491632 77.76 6046.618 88.54879 _ 

380 0.22 0.011506 4.372385 82.76 6849.218 78.80899 

385 0.24 0.012552 4.832636 87.76 7701.818 96.67553 

390 0.27 0.014121 5.507322 92.76 8604.418 121.5059 



T(min) Conduct 

395 0.2 

400 0.1 

405 0.09 

410 0.05 

415 0.04 

420 0 

425 0 

430 0 

11tJ 19.12 

2.5 

2 
Ii) 
g 1.5 
~ 
:::I 

1 '0 
C 

8 
0.5 

o 
o 60 

E(t) tEet) 

0.01046 4.131799 

0.00523 2.09205 

0.004707 1.906381 

0.002615 1.072176 

0.002092 0.868201 

0 0 

0 0 

0 0 

- 297.24 

C Curve 

~ 
.~ 

120 180 240 
time (min) 

142 

t-tm (t_tm)2 (t-tm)2*E(t) 

97.76 9557.018 99.9688 

102.76 10559.62 55.22813 

107.76 11612.22 54.66002 

112.76 12714.82 33.25005 

117.76 13867.42 29.01133 

122.76 15070.02 0 

127.76 16322.62 0 

132.76 17625.22 0 

- - 3932.23 
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(t-tm)2.E(t) 
500 

400 -..-
, 300 

E ..- M,. --.- (t-tm)2*E(t) 
6200 
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~ 
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0 60 120 180 240 300 360 420 480 

time (min) 

T(min) Conduct E(t) tEet) t-tm (t-tm) 
2 (t-tm)2*E(t) 

0 0 0 0 -249.89 62445.01 0 

5 0 0 0 -244.89 59971.11 0 

10 0 0 0 -239.89 57547.21 0 

15 0 0 0 -234.89 55 173.3 1 0 

20 0 0 0 -229.89 52849.41 0 

25 0 0 0 -224.89 50575.51" 0 

30 0 0 0 -219.89 48351.61 0 

35 0 0 0 -214.89 46 177.71 0 

40 0 0 0 -209.89 44053.81 0 

45 0 0 0 -204.89 41979.91 0 

50 0 0 0 -199.89 39956.01 0 

55 0 0 0 -194.89 37982. 11 0 

60 0 0 0 -189.89 36058.21 0 

65 0 0 0 -184.89 34184.31 0 

70 0 0 0 -179.89 32360.41 0 

75 0 0 0 -174.89 30586.51 0 

80 0 0 0 -169.89 28862.61 0 
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T(min) Conduct E(t) tE(t) t-tm (t_tm)2 (t-tm)2*E(t) 

85 0 0 0 -164.89 27188.71 0 

90 0 0 0 -159.89 25564.81 0 

95 0 0 0 -154.89 23990.91 0 

100 0 0 0 -149.89 22467.01 0 

105 0 0 0 -144.89 20993.11 0 

110 0 0 0 -139.89 19569.21 0 

115 0 0 0 -134.89 18195.31 0 

120 0.04 0.00264 0.316832 -129.89 16871.41 44.54498 

125 0.1 0.006601 0.825083 -124.89 15597.51 102.9539 

130 0.1 0.006601 0.858086 -119.89 14373.61 94.87533 

135 0.21 0.013861 1.871287 -114.89 13199.71 182.9663 

140 0.35 0.023102 3.234323 -109.89 12075.81 278.9792 

145 0.42 0.027723 4.019802 -104.89 11001.91 305.0035 

150 0.35 0.023102 3.465347 -99.89 9978.012 230.5151 

155 0.35 0.023102 3.580858 -94.89 9004.112 208.0158 

160 0.36 0.023762 3.80198 -89.89 8080.212 192.005 

165 0.36 0.023762 3.920792 -84.89 7206.312 171.2391 

170 0.37 0.024422 4.151815 -79.89 6382.412 155.8741 

175 0.37 0.024422 4.273927 -74.89 5608.512 · 136.9736 

180 0.38 0.025083 4.514851 -69.89 4884.612 122.5183 

185 0.35 0.023102 4.273927 -64.89 4210.712 97.27718 

190 0.36 0.023762 4.514851 -59.89 3586.812 85.23118 

195 0.35 0.023102 4.50495 -54.89 3012.912 69.60523 

200 0.36 0.023762 4.752475 -49.89 2489.012 59.14484 

205 0.25 0.016502 3.382838 -44.89 2015.112 33.25267 

210 0.29 0.019142 4.019802 -39.89 1591.212 30.45885 

215 0.29 0.019142 4.115512 -34.89 1217.312 23.30168 

220 0.3 0.019802 4.356436 -29.89 893.4121 17.69133 

225 0.31 0.020462 4.60396 -24.89 619.5121 12.67649 

230 0.3 1 0.020462 4.706271 -19.89 395.6121 8.095033 
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T(min) Conduct E(t) tEet) t-tm (t-tm) 
2 (t-tm)2*E(t) 

235 0.32 0.021122 4.963696 -14.89 221.7121 4.683028 

240 0.32 0.021122 5.069307 -9.89 97.8121 2.065998 

245 0.29 0.019142 4.689769 -4.89 23.9121 0.457723 

250 0.29 0.019142 4.785479 0.11 0.0121 0.000232 

255 0.3 0.019802 5.049505 5.11 26.1121 0.517071 

260 0.29 0.019142 4.976898 10.11 102.2121 1.956535 

265 0.29 0.019142 5.072607 15.11 228.3121 4.370331 

270 0.3 0.019802 5.346535 20.11 404.4121 8.00816 

275 0.22 0.014521 3.993399 25.11 630.5121 9.155951 

280 0.23 0.015182 4 .250825 30.11 906.6121 13.76375 

285 0.25 0.016502 4.70297 35.11 1232.712 20.34178 

290 0.25 0.016502 4.785479 40.11 1608.812 26.54805 

295 0.25 0.016502 4.867987 45.11 2034.912 33.57941 

300 0.25 0.016502 4.950495 50.11 2511.012 41.43584 

305 0.27 0.017822 5.435644 55.11 3037.112 54.12675 

310 0.27 0.017822 5.524752 60.11 3613.212 64.39388 

315 0.27 0.017822 5.613861 65.11 4239.312 75.5521 

320 0.27 0.017822 5.70297 70.11 4915.412 87.6014 

325 0.27 0.017822 5.792079 75.11 5641.512 · 100.5418 

330 0.26 0.017162 5.663366 80.11 6417.612 110.1372 

335 0.26 0.017162 5.749175 85.11 7243.712 124.3145 

340 0.26 0.017162 5.834983 90.11 8119.812 139.3499 

345 0.26 0.017162 5.920792 95.11 9045.912 155.2434 

350 0.25 0.016502 5.775578 100.11 10022.01 165.3797 

355 0.17 0.011221 3.983498 105.11 11048.11 123.9722 

360 0.17 0.011221 4.039604 110.11 12124.21 136.0473 

365 0.16 0.010561 3.854785 115.11 13250.31 139.9373 . 

370 0.16 0.010561 3.907591 120.11 14426.41 152.3581 

375 0.16 0.010561 3.960396 125.11 15652.51 165.3071 

380 0.16 0.010561 4.013201 130.11 16928.61 178.784 
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t-trn (t-tm) 
2 (t-trn)2*E(t) 

135.11 18254.71 192.789 

140.11 19630.81 207.3221 

145.11 21056.91 208.4843 

150.11 22533.01 208.2259 

155.11 24059.11 158.806 

160.11 25635.21 67.68373 

165.11 27261.31 0 

170.11 28937.41 0 

175.11 30663.51 0 
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