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Abstract 

Mae Nam (mean river) ping-Wang-Yom-Nan and Chao-Phraya, all are 

the major rivers of the northern and Central part of Thailand. There are twenty-one 

communities, or the municipalities, including Bangkok metropolitan, located along these 

fivers. These communities use the rivers as a major source of raw water supply, and in 

turn, discharging wastewater back into the rivers. At present, there are only ten 

communities that have wastewater treatment plants (most of these are in construction 

phase). Most of these plants were designed at secondary level, therefore, biodegradable 

organic matter, not nutrients, will be removed effectively. In this study, it was found that 

N is the limiting nutrient of all rivers. But P removal was suggested because of ease of 

operation and the operation cost is low comparable to that of N. However, control of N in 

W3!;tewater is necessary depending on the situation or condition of water quality of the 

rivers. Natural treatment systems were suggested in removing nutrients (an also other 

pollutants) from municipal wastewater because these systems have many advantages over 

the activated sludge (AS) process. In controlling nutrients entering the rivers effectively, 

• non point or diffuse sources of nutrients must be concerned or into consideration. Several 

methods in minimizing or taken eliminating nutrients from nonpoint sources had been 

recommended . 

• 


• 



• 
111il" 

1JYlri~~~ 

- Jllln1Y1lJ 	 ( 2 ) 

- Jlllllfl~f1qll 	 ( 3 ) 

ffl~,jqJ!tl 	 ( 6 ) 

ffn,jqJ~l~H ( 8 ) 

.d 
1JYIYI 1 : 1JYllh 	 1-1 


" 
1.1 	 1JYl1Jl11'\l~~ffl~ m11l~1ULll1ci~lh 1-1 


" 
1.2 lll1ci~lh~'hriqJ'\.If.)~tl~::lYIf1'1Y1lJ 	 1-1 


, 	 " 
1.3 f1n fff111 llf1Wlfl1J ffl~ m111~1 Ulll1 ci ~ lh'\.l ~~tl~::lYIf1" Y1lJ 	 1-2 


1-5 


'" " ct
1.5 '\.If.)1Jl'\.l~ U"::'\.IU~f.)Uf1l~fI'f1111 	 1-5
• 
 . 	 " 
1JYll1 2 : ffl~m111~n1Jul1ci~lh 	 2-1 


" 
2.1 fl111HhriUJ'\.If.)~ffl~ml1n1ulll1ci~lh 	 2-1
• 	 .. 

4Q. .::::t" 	 • I." 
2.2 ~Hlm::Y11J'\.If.)-:f1l~lVilJ'\.IU'\.If.)~ffl~m111Hmlll1"~Ul 	 2':2 

2.2.1 f1l~ ln~ Eutrophication 111f.)f1l~l.r;lJ~,,~~~tl!lJ1Jij 	 2-2 

. 	 " 

2.2.2 f1nltl~lJUlltl"~'\.If.)~fJWJllVilh 	 2-4 


. " 
2.2.3 ~"m::Y11J9if.)ff~ii;1~1ulll 	 2-9 


dod ..:5., I .oQ, 

2.4 	 mWfI'f1111 11~f.)~1f.)lJl~'\.If.)~f1l~lf1~ River Eutrophication 2-11 

.:6J.,

2.4.1 	 lllJUlfflflqJ'\.If.)~Czech Republic 2-11 


" 

2.4.2 U,jlll Milwaukee 	 2-11 


" 2.4.3 ll~lll Emscher 	 2-11 

. . " 

1JYln 3 	 4if1l1w::n1'tl'\.lf.)~cilJlll 3-1
. 
" 	 " 

3.1 	 ~lJlllll~1l-'11,j1h 3-1 


· " 

" " 

" 

• 3.2 cilJlllll,j1l11~ 	 3-7 

.. 3.3 ~lJlllll,jllllJ1J 3-11 


• 	 3.4 ~1Jll1U~llnhu 3-\5 

" " 

" " 


• • • 0 "3.5 	 "lJUll1lJ'UlllllVi~::m· 
( 4 ) 


3-15 



• 

-::i ~ : I: 

lJ'YI'YI 4: f)1~fl'n1:l1'!.'1'l'Hl1111~ 1I~::flWfllVi'UllIlJUl 
 4-1. 

4-1 


4-1 


4-4 

. ~ Q Q,I " 

4.4 	 IIlJUl'N 4-7 


4-11 

I. I " 

4.6 UlJU1U1U 	 4-14 


I." 'JI 
4.7 UlJU1!~lVi~::tJl 	 4-17 


4.8 '!.'I'nJtrflllW::m~~u1l1h'll~.:JfltufllVilh 	 4-20. 	 . " 
II,,, . 	 t . " 

4.9 ~'lfUflWfllVil-hn,j.:J:ifm~!tl~(JU1l1J~,:j'YI1,:jflWfllViUl 	 4-21 

. 	 "" 

lJ'YIn 5: !1l1ci.:JfhlUflUllff(JlJUcilJUl U"::m~fl1lJfllJ'!.'I'1~flll11~ 	 5-1
. 	 . 
" 

5.1 tl~::lfl'YI'llfl.:J!1l1ci.:JfhlUflUllff(J 	 5-1 


I 0 .oCt. 0 " .do 

5.2 1!11~.:JmlUflUll'!.'l'(Jm1~ 	 5-1 


• 	 " 
5.3 	 11l1ci.:JfhlUflUl!ff(Jilim1~ 5-4 


" 

5.4 m~li'tl~::1fJ'lfU~lfl1!liUl 	 5-8 


" 
5.5 m~,jl,jflUllff(J'l!lJ'lfU 	 5-11 


. . 	 " 
5.6 '!.'I'1~m111~nri~ilty111fl11lJliYUlJ 1'Y1~lJ~flfJWfllViUl 	 5-15 


. 	 " 

5 .7 m~fl1lJfllJ'!.'I'1~m111~lullliul 	 5-16 

" 
5.8 	 ,rm'!.'l'Um!U::1Um~flllJfJlJ'!.'I'1~m111~fllfJ"U1!l1ci.:JUl 5-16 


6-1 


I 


L~"IJVl\J• 
r-t 

l "'/ iJ 1'Q, \, u tJ'U 00 99 6 1 

Q..I ~ dl 

rd 'U , I,·ii fl'U. U 21 b~\J 43 


( 5 ) 



. 
"llffi mu• 

• • '" II, II 

I-I U~'Uli11 ~fl-3li ~-3 ll" ::'lJUU1'IJ~~'Uliq lJlj 111"n'IJU-3111::1Ylft" YltJ 1-3 
. ~ 

2-1 nnlll~tJ'Ullll"-31'IJU-3rJUficilll'Ul'Ulh1m11-3n"H1'U lm::n"l-3fl'U 2-6 
~ ~. 

'lJU-3Ulhh SAAR l'Uu~L1wlifJwml'nhlln91 ( Gudingen ) U,,::Ull1W 

~l~UlJ lY11lJ ( VoLklingen ) 

2-2 ml'i ~1".U-31~-3Y1qlJ 611 ~~Hm1111~tJ'U ull"-3'IJ U-3Uun:j(l 'l'Ufl11lJln'U m~-~H 2-7 
~ .. 

''UUlhhliii~,,~~~l1~lJlJij~-3~~l1nfl ( Eutrophic River) 
", I " J/ 

2-3 fI11lJ~lJ~'U,r~u-3111lJlwnnlcti~tJuH~'Uli ~lJlhl1lhh Vltava ''U~11i1HUi'J . 2-12 
. "~ 

Czech nUlL'U11,rlJm11~lJ.u'U'lJU-3111lJ1W''U19l1~''U1llhh ( 1~ W Ull1Wlln1tl 
.. 

lh'IJu-3n~-3 Prague) 
to', tot II 

3-1 'lJUU1'IJ~~'Uli~lJlhUljlhtl-3 3-3 
~ " 

3-2 ml'i~~~ llJtJl1'IJU-3l1lhl 1 iJ ~ll~~ -31::~Ufl11lJ ~~ 111tlfl11lJ"1~i''U 'lJtl~l1tiU11h 3-4 

"" t " 

111Jl1-3~11h~1'IJ1~1-3'l li111""-3 ffllljU1i1-3 · " "' " . 
3-3 11~lJ1WlhYhn(Jihuil(JliOl-3lfhJljl1'utl'Unijl'i" ( i1l'i.ft'. 2507-2535 ) 3-5. .. " . 
3-4 m1~1l~~~1~~Ulh1'U1tluiJ'lJtHoHlnuu11;jtl'Unijl'i"1::11·:h~i1l'i.ff. 2518 il~ 3-6• 

l'i.ft'. 2536 
~ ~ ~ 

4 oQ t • • • ..,

3-5 'lJtlUl'IJ~l'i W~'l 'llJ'U l11lJ'U11-3 3-9 
.. " .. '.- c,.. 4 ., I ...3-6 ml'i~~P11lJ(J11~U~lllJ'U11-311~~-31::~UfI11lJ~~ 111tlfl11lJ"1~'tf'U'lJtl~UlJ'U11~ 3-10•

"" . " 
11lJn-3~lU1~1'IJ1~1-3'l li'11""~fflltiU11~• 

.4 "" d' • " '. " 
3-7 'lJU1Jl'IJ~l'i'U YI'llJ'U l11lJ'U l(JlJ 3-13 

., I.~ ., 44 ., '0" 
3-8 ml'i~~~ llJ(J11'IJtl-311lJ 'U l(JlJ U ~~n::~U fI11lJ ~~ 111tlfl11lJ"1~ 'tf'U'IJ tl~UlJ'U1tJlJ 3-14. 

"" , II 

nlJn-3~lU1 ~1'IJ1~1~"1 li111""-3fflltiU1(JlJ• 
4""<d' • " '.' " 3-9 'lJUUI'IJ ~l'i'U YI "lJ'U111lJ 'U 1'U 1'U 3-17. 

.., I. • .., .4 .., '. I " " 3-10 nll'i~~mlJ(J11'IJU-311lJ'U1'U1'U1I~~-31::~1JfI11lJ~~ 111UfI11lJ"1~'tf'U'lJU-3l1lJ'U1'U1'U 3-18. 
"11 I "• 111Jli-3c;ll1l~1'IJ1~H'l li 111" ,,-3 ~l1tiU1U1'U 

~ " ~ 
3-11 ml~lI~fln::~UU11'U1rJUiJ'lJU-3fll-31nUUlmn911::l1'jHiJl'i.ft'. 2518 0-3 2536 3-19 

• 3-12 11~l.J~I1"'fl-3~rJUI~~qlJlf1tl-3 - 1-3-(JlJ -U1'U 3-20 

3-243-13 

(6 ) 


http:ml~lI~fln::~UU11'U1rJUiJ'lJU-3fll-31nUUlmn911::l1'jHiJl'i.ft
http:U1tluiJ'lJtHoHlnuu11;jtl'Unijl'i"1::11�:h~i1l'i.ff
http:i1l'i.ft


• 
.. pJJi 
• 

. "" 
4-1 U~l-rtim'l'~ 'HlmijtnlJ~1tJ~1,nhuumhhil..:J-1..:J-tJlJ-l-hu 4-5 

. " 
4-2 U~U nUff~..:J ffmijtnlJ~1tJril..:J1umhht~1V'l1:;tJl 4-19 

"" " 
4-3 fI11lJNUU U1'U tJ..:JflW fll V'll-hIJ tJ..:Jmhhil..:J1'U'lf1..:J q~u tl'..:J u,,:;q~thmnfl 4-27 

"" " 
4-4 fl11lJNU UU1'UtJ..:Jfl WflwrUl'U tJ..:Jmitll1..:Jl'U'lh..:J q~u tl'..:J tm:: q~u l11mfl 4-31 

"" " 
4-5 fI11lJNUUU1'UtJ..:Jflw fllV'lU l'UtJ..:Juliu1UlU1'U'lf1..:J q~utl'..:J u,,::q~th l1"lfl 4-36 

" " 
4-6 fl11lJ ~uuU1'U tJ..:JflW fllV'lU l'UtJ..:Juliu It ~1'Y'i1::tJl1wlh..:J q~utl'..:J u,,:: 4-39 

" q~tl111mfl 
,~v ~ 

5-1 ~..:Jllff~..:J'ltlJ'lfU1::~lJihlfltJn~..:J tJ~1lJlllitllil..:J-l..:J-tJ lJ-thu u,,:; Ulitllt~1V'l1:;tJl 5-2 

.. 

-I' 

• 


• 

( 7 ) 




• 


• 
. " 

1-1 ll1ff U"::11tl~mllJl.hl1~fl'IJ~.:j1.h::I'YIffhW 1-4 
" 

1-2 111lJ1w 1jl~~ (5 1'U) u,,::1'U 11111\1'U'IJ~.:jlllhh"hfiflJ1Jl.:jff1tl'IJtl.:jff1tl'IJ~.:j 2-12 
" 

.... .."
ff1li11Wl~ Czech W 1Jl11Wlff'U~llJU~'U 

.A ".,," "" 
3-1 11tl'lH) u,,::~'Un11J'ih'IJ~.:j"lJU1~tltlmtll'U"lJU1Uliu1il.:j 3-2. . 

I JI. II JI JI" 
3-2 11tl~~ Im::~'Un11Jl.l1'IJ~.:j~lJU1~~tlmtll'U~lJU1Illiu11.:j 3-8 

I II I JI" JI JI 

3-3 11tl~~ 1I,,::~'Un11JU1'IJ~.:j~lJU1~~Wmtll'U~lJU1UliU1tllJ 3-12 
I "," JI "" 

3-4 11tl~tl u,,::~'Un11JU1'IJ~.:j~lJU1~mJmtll'U~lJU1Uliul111'U 3-16 
" I tI " , 

3-5 ffl11~ 'Un u,,:: fl11lJtil I'll ~.:j uliu 111~fl1'Uu~"~"lJU1nn1flllffmn 3-23. . 
" , " I 

3-6 fllllmtl1JIVitl1J111lJlWU1IQ~tll1m~~'U'IJ~.:juliu1l~1~1~tIl1~Viffmi1 3-25 

'UfI1ff111fil'U'tf1.:jri~ff~1.:jl~~'Ufiij~" u"~l~~'Umfi~ ( ~.ff. 2495-2506 ) ., .. 
1 Q,I" Jt 

U"::'}f1.:j11".:jffl1.:jl'IJ~'U ( ~.ff. 2507-2534 ) 
~ Q,I QI' t 0 " 4-1 1liflll1fl1:l1ffm~1I1~tIl.:j'U1 ( Sample Preservation ) U"::l~tI~l1m'IJ~.:j 4-2

• d Q,I r Q 0' 

fllllfl1Jlfl1:l1fl ~'U flll1 lfl1 1:: 11 
, I "" ~ 4 4 4..c::tl J,Aoc...-Q.J 0 QI' 0

4-2 1liflll 111~lfl1~.:jlJ~'Y1 'i111fl11::11"fl1:lW::flwm~'U1'IJ~.:jm~tl1.:j'U1 4-3 
, II" " 

4-3 11tl~~ffmi11nmi1~~1.:jU1'IJ~.:juliu1il.:j U"::1~tI::'YI1.:j 1::tI::l1H/\11fl111flUliu1 4-6 

il.:j'IJ~.:jU~"::ffmi1 ( 11111t1 : fil"llJ1Il ) 

"" " 4-4 ~fl1:lW::flwm~U1'IJ~.:juliu1il.:jl'U'ih.:jq~Ul'U~tI ( Low-Flow Period) 1I,,::1iJ 4-8 

" 
.tf1.:jq~U1lJ1fl ( High-Flow Period) 

, tI" " 
4-5 11tl~~ffmi11nmi1~~1.:jU1'IJ~.:jUi.iU11.:j U"::l~tI~'YIl.:j 1::tI~'Yi1.:j/\11fl111flUliu1 4-9 

1.:j'IJ~.:jU~"::ffmi1 ( 11111t1 : f)1"llJ1I1 ) 

"" " 4-6 ~fl1:lW::flwm~U1'IJ~.:juliu11.:j l'U'tf1.:jq~U1U'~tI ( Low-Flow Period) 1I,,::1'U 4-10 

" 
.tf1.:jq~U1lJ1fl ( High-Flow Period) 

• "" II 

4-7 11tl~~ ffmi11n1J~1~~1~U I'll ~.:jUliU1tllJ U"::1~tI::'YIl.:j 1::tI::111.:j/\11fl111flUliu1. 4-12 

tllJ'IJ~.:jU~":;ffmi1 ( 1111111 : fihllJ1I1 ) 

"" " 4-8 ~fl1:lW::flwm~U1'IJ~.:juliU1tllJl'U'lh~q~U1U'~tI ( Low-Flow Period) u,,::1'U 4-13 

" .tf1.:jq~U1lJ1fl ( High-Flow Period) 

( 8 ) 



, 
.ct 

\1l)'UUI 

• 
4-9 


4-10 


4-11 


4-12 


4-13 


5-1 


... 
5-2 


5-3 


5-4 


5-5 


5-6 


5-7 


5-8 


5-9 


..., , 
Ul"1lJWfn"11.;J ( fI~ )

o 

I II II II 


'j1v~m,.mihnmi1tJd1.:JlhutJ.:JU1hhlh14 U(;\::'j::V::Vl1.:J 'j::V::l11.:J/1l1m.hflUlhh 4-15 


11l14'UtJ.:JU~(;\::ffmij ( 11111v : nl(;\llJ~'j ) 

"" " "fll:lW::fJWmViU1'UtJ.:JU1hh11114114'lf1.:Jq~lhl!mJ ( Low-Flow Period) U(;\::114 4-16 


" 'lf1.:Jq~U1lJ1fl ( High-Flow Period) 
Q,Id, Qd I: ,: JJ I 


'j1V'll'tJffmWfl1J~1tJ Vl.:J141'UtJ.:JUlJ1411~lVi'j::f.J1 U(;\::'j::V::Vl1.:J 'j::V::m.:J/~lfl 4-18 


" lhflUliul1~lVi'j::V1'Ufl.:JU~(;\::ffmij ( 11111v : nl(;\llJm ) 

"" " "fll:lW::fJwmVill1'Ufl.:Julilll1~lVi'j::V11lJ'lh.:Jq~U1l!flV (Low-Flow Period) 4-23 


" U(;\::1lJ'lf1.:Jq~U1lJ1fl ( High-Flow Period) 

" " 
fll'j 1mV1J111V1JfJWmViU1'Ufl.:Juliu1ih-1.:J-VlJ-11114-1~lVi'j::V1 hWUff~.:J114 111 4-24 


, 

'Ufl.:J~h~ltl~ U(;\::~.:Jtl~ 

111lJ1Wff1'jtJ1111'j ( N U(;\:: P ) ~'j::1J1V(;\.:J~ Chesapeake Bay ~iMlJfh1U~ 5-6 


~lfl Diffuse Source 
• , " II I 


fI11lJ1,rlJ,r14 'Ufl.:JlJ(;\ ffl'jl1Vi1J l~VYi1i 11114U1yj1'Ufl.:J~14l1'll'141JVI 5-6 


( Rural Runoff ) l141'U~~::114~fl~fl14fl(;\1.:J'Ufl.:J11'j::1'YIffff111'!tJ1lJ1fll 

_I'::! ... "d " fll'j1u'jV1J1'YIV1J'j::~1Jfl11lJ1'UlJ'U14'Ufl.:JlJ"ff1'j'Ufl.:J Poine U(;\:: Nonpoint Source 5-7 


~lfl'ltlJ'll'14 
, " , 


fI11lJ1fffllJ 1VI'jlJ'Ufl.:JfJwmViu1 ( Pollution ) 111n~~lm1'l1~.:Jfh1U~lJ(;\Vil:l~1.:J"1 5-9 


, " 

ff11'11 ~ 111 fllJ (;\ ffl'j l1Vi1J ff1111 ~'U fl.:Jfll'j 1n~lltymlJ(;\m1::ul1~.:JUl~b~14114 5-9 


11'j :: 1 VI ff ff11 1'!tJ1lJ1 fll 


, I"" "II 


,)lV;ffl'ltlJ'll'14111~1l1 ~lnulill1t1.:J-1.:J-VlJ-11l14 u(;\::ulill1l~lVi,)::Vl u11~.:Jll1~1J 5-12 


1~flfll')11')::111 

" ,"''
fll,)l.h,j~1.hli1V'Ufl.:J'ltlJ'lSlJ1Vlff1J1(;\n9i.:Jfl~1lJuliU1t1.:J-1.:J-VlJ-11114 · 5-13 


" 
'0U(;\::UlJ1411~lVi,) 
" ::V1 

" 1fI 'j.:J n1'jih,j~1l11i1V'ltlJ'll'lJ 'Ufl.:J fl~ .:JlVlVilJ11114 m 5-14 


~h N: P 'Ufl.:JuliJlt1.:J W ffmij~l.:J"1 U(;\::ff1')tJ1111,)~lrJ14ll~~v~ln~ 111fl 5-17 


ffl'jtJ1111')Viifl.:J ( limiting nutrient) 

( 9 ) 
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5-10 fI1 N : P 'lIV.:JLLlhfl1.:J OJ ~mil~l.:J"l LL'l::~1'jV1lf1,)~I~tJU~~tJ~ln~ 111V 5-18 

~l,)V1lf1,)~~V.:J ( limiting nutrient) 

5-11 Til N: P 'lIV.:JLL~JltJlJ OJ ~mil~l.:J"l U'l:::~1,)V1111,)~L~tJU~~tJ~ln~ l1~V 5-19 

~1,)V1111,)~~V.:J ( limiting nutrient) 

5-12 Til N: P 'lIV.:JIL~Jlt11tJ OJ ~mil~l.:J"l LL'l::~1,)V1111,)~I~tJU~~tJ~ln~ 5-20 
... , 

l1'HH1'1'nl1lfl'fVfH).:J ( limiting nutrient) 

5-13 til N: P 'lIv.:Jm.hflL~lV~')::tJ1 OJ ~mil~l.:J"l LL'l::~l,)V1lfl,)~L~tJi:hHrtJ 5-21 

~ln~ 111V~1,)V1111,)~~V.:J ( limiting nutrient) 

(10 ) 




. 
"" 1J'YI'YI 1 

• u'YIlil 
' . 

• , ,:' 
1.1 1J'tllJl'tl'l.ltl'l£J)'H))11l'LYUl1fl'l'H) 

" .
~llfll111ll~'Uil"~Vri1rity~tJf1l'H"~tyl~U 111 'II tJ.:J11'VHl.:Jrl1l tJ 'U-W'll' 11(;l::-w'll'ihvi1"l 'hJ ~ll 

. " " 
fll111lnijfl111Hhrity~tJ1::uuijl1fn.rll11~.:Ju1~fitJ i'U 19'111"'U l1(;l::~tJ~~tJl~ l1.:Ji'U l~ll"'UU(;l~ 

, I " ,So' 

~tJ~~tll~hUJ111 i U ~tJi11~'U~llfll111lnijtJvmh.:J~ln~1'UU 11~.:JUlfll"I~'U~11~~111i1.:J 11~tJl1.:J~tI.:J~1 
'II 

, "JI II I " 

~i~lijmJ~l:lVl~ijf111'w~'U1f11l;i'U 11(;l::ritl1l1'ln~u11~vl::1J1V(;l.:J~1111~.:JU1 9f.:Jlll 1l1'11l1~.:JU1 i~lU~ll 

fll111ll~lJ~'U ~.:Jlhhfiif11l11'Vl'im:: "lV'lJtI.:Jll'Vl(;l.:Jrl~tJ'U-W'll' 11(;l::11~mf1;J.:Jij~(;l'th 1l1'flWm'VlJ11u~V'U. 
11UM l1~::I@tJlJ1Y1llJ(;l.:J,,'UO.:Jl::~U~lUf11'U11~tJ'Ii~'IJ11.:J9ltlf1111i'Ul:: lv'll',.J'IJ tI.:JlJ~ l:l6 

. " . 
f11lfff1l:l'llnv1nu~llfll111l1'Ul1l1~.:JU1 i~l~lJlJ11ntJuffmlll:l11~1 11(;l::1'UmVl1~.:J1'U 
,. , II 

,$1.:JU(;llVYlff111l:l 1930~.:J i~l~lJijf111fff1l:l11nV1nuiltyl11 Eutrophication ( m11'~lJ;i'U'lJtI.:J~llfll111l1'U 
" . " 

11l1~~U1 11(;l::U1 iU~ml1WlJ;i'U'lJtJ~~(;l~~9'lU!lJ1J~ ) ~tllJ11'U,$1~Y1ff1lll:l 1950 ~~ i~ijf111fff1l:l1ilty111 
. " " ...... .011 ..,~"... ~ "4Eutrophication Y11f1~'IJ'U 'UYI::l(;l~lU ( Lake ) l1lt1 Impounded Water Resource 11lJYI.:J l~lJf11ll1f1111'U'U 

. "• " , Q,I Q,I t 

(;l.:J hJO~i1ty111lJ (;lm1::YI1~U1nlflfl"1f1 i 'Ulm ~~1V1'U l11f1(;lHYlff1lnl 1940 11 tllJ1mVl1(;l.:J~.:Jll11 

. " ~" .01,""" .01 ~ ...... .011Y1ff111l:l 1970 l1J'U9'I'UlJ1".:J fllJf11lfff1l:lllJty111 Eutrophication Y11f1~'IJ'U 'U Flowing Water Resource• 
4 1 ~ .d ..,~ ...

l1lt1 River Eutrophication 'Uf11ll1f1l:l1If1V1f1UlJtyl11 Eutrophication 'Utlf1"1f1lJf11l'IJV1V'lJtlUI'IJ~f111 
1 JI " , 

fff1l:l11WlJl~lJmf111l1~~U11h::UlYl Impounded Water mi1~11l1~~U1nl;j'U Flowing Water 11~1i1~i~iif11l 

fff1l:l1 0~1111 ~~J1~m'IJ tJ ~~llg'U~1V ;J~119l1~lJ iifl11lJI,r11"i 1J11 ~V"1f1 'ltlJ 'll''U l;j 'U ~11l1~ 'thrity'IJ tI~ f11l 
, " " JI I 

IWlJ;i'U'IJ tI.:J ~ll flll1111'Ulll1~~U19ltlmi ~iif11lfff1l:l1 11(;l::'VlU'll-W'Un f11llf1l:l 9'1 1 ~1;j'U1111 ~~fh1iJ~ 'thrity 

. " 
'IJtI.:J~l1fll111lnl::U1V(;l~~1111~.:JU1~1(J 

, :' • v .1 ,
1.2 nl1~HY)£J)f)'Y"tl'llJl::mfL'tl[/ 

" 11l1~~U) ( Water Resource ) 11li.:JtJtJf1i~I;j'U 3 Ul::lf1Yl111qj "l fitJ 

" 
- 11l1~~U)il1(;l ( Flowing Water) . ." .... 
- 1111(;l~'U1'U.:J ( Impounded Water) 

" 
- 1111~.:JU11~~'U ( Ground Water) 

ffl111Ulh:a Y1ffiY1V1111 ~~J111 ~f1~il tJ'U U'11l1'nUl::UUlffll:l! fl" ff~fllJ'lJtJ~Ul::lYIffnfitJ 
II JI JI" JI, II tI 

11l1~~U) i 11(;l ltJ~(;l~lJ1~fitJ11l1~~U11~~'U u11'U11,jU1~1.:J"l nil1(;llJ1"1f1Vi'UnqlJU1'IJtJ.:J11,jUl119i(;l:: 

~lv1'U1h::lYlffiYlvi~11li~~'U~~lJJ1tJtJf1i~I~'U 25 ~lJJliilf'U~11lJn'Ui.:Ji'UU1::mw 512,000 ~ll1.:J. . 

II " " JI." 

fll(;lllJ~111V(;l::16V~'I.ItJ.:JqlJU111~~~ i ii.'.l 9'l1l1~n 1-1 n~~11(;l::'IJtJul'lJ1IVi'UnqlJU1~H"l 11fffl.:J iii.'U 
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'Hj~ 1-1.. 
" " "11" ". " 

1UlJ'l'lmlll1",njln':ll1lJ~ijd~tFl~lJihil.:J ~lJlhj.:J ~lJihfJlJ llCl::~lJljl111UViijYiuVi~lJ• 	
I 

" "" 	 "" ," I 

• 1119i~ ~ fl fiu llCl~'l~lJ lfJ11lfl fl f1 \11 f1 "lJ1111111 ri\l~l~fJ'J fiu fim1j U ~U111'11 fl.:J U~1111~1'Vi 'l~fJl1ijm1lJYiu Vi "lJ 
• 'U 'II 	 'I 

" " " """ 	 "1.4 I
11l'IJ'eNll~l1lil.:J 	 ll~l1l'j.:J ll~l1lfJlJ 1l~111111U UCl~1l~1111~1'Vi'l~fJ1U~1 'VilJ';i1ijYiuVi1nflUl1u.:J1Uff'IJ'eN 

", "" "1 " I 	 '" " 

Yiu Vi "lJ11ln.:Jlh~ 111 ff Ufl f1 \l1 f1ij Yiu Vi" lJl11'l1lJVi 11 'II U 1~1mu lJl m1~1~llJ1'l\lff.:J 1f191 hi'illJU Yiu Vi" lJ11l 
• 'II U 	 III 

lh~ f1fllJ~1mijfl.:Jl15f1'IJ fl.:J fll rUl1 Ufl UCl~m fI f1Cll.:J 91 Cl fl~ \lU f1~.:J 1l1'Vi lJl11U m~~fl.:J fllfftlli'l \llf111l1".:JJl 

" 	 " " 
'II 'eN ~ lJ 111~.:J f1"11 l11flfll \l f1" 111 ~i1~ lJ11l 'l1lJU ijfl11lJ ~hrity ~ fl~m'Vi lff'lll !ii\l~hrity'IJ fl.:Jlh~1l1 ff llCl~ 

. "" '" 
ij f111lJfJ11~ fl1Ufl.:J fiu 9i.:Jll~~U111 \lU (i.:J U 1 f111~111fJ11Vi ~~ 

~ q 

, 
" 

.. 
11 ,v 	 01.3 	0l1H01:l1IOtlJOmnl811111 1I1111tl'l1l1'UtH 'jZIDH DU 

~ "'1' _I 'i '~_I" ,,~"o ~ .. .,~
\l.:J lllJ 11 U 911.:J lJ 'l~1l1 ff L~mU'Vil~ flfJl.:JfJ.:JlJ'l::1l1 ff'Vi \JlJU lUCl1 L~111m'lnf1ll1lf1fJ1 f1lJlJtyl11 

~ 	 ~ q . QI " 1 0 OJ 4 4
Eutrophication l1'lfl Nutrient Pollution lJ1U1U1f1fllJflHff911'l'lll'l1lJl1.:J UfI11lJ~1f1tyflflm'lfl1lJfJlJl1H) 

. 	 " 
~lfi~UllJ1W~1'lfl1l11'l ( Nutrient loading ) Vi'lZ1J1fJCl.:J~1ll1".:J11l\11f1 Point source llClZ Diffuse source 

" " " ~.:J1'lfU1u'il f1.ff. 	 1988 EPA i~'llfJ.:J1U~fl~m Congress (i.:J~m1::m'lwfJwm'Vi11l'IJtl.:J1l~111n.:JU'l~1l1ff 
" 	 . .. ~l11!mlJlmil 70% 'IJfl.:J1ll1".:J111V.:Jtl~1u~m'Vi~ ( Unpolluted) 20% ij~m'Vi1fffllJLl1'llJU1Uf1Cl1.:J 

," 	 " " 
( Moderately polluted ) llClZflf1 10% tl~1U~m'Vi1fftllJ Ll1'llJffU1~.:J ( Severely polluted ) n.:JU\llf1 

" tI" I

• .. 	 m'lrllU1Wf111lJfJl1'l1lJ'IJ fl.:J ll~l1ln.:JU 'lZ1 l1ff U flf1\llflU \llflfl1'lfff1ll1iJ.:J'Vi lJ~1ll19j'IJ fl.:JfI11lJ1fffllJ 111 'llJ 

" 
( Pollution Cause ) ~.:JU ( (1fJ.:J"1~lJ911lJfl11lJrllrity\llfllJlfl1 UU'flfJ ) 


- Siltation 


- Nutrient 


- Pathogens 


- Organic enrichment 


- Metal 

- Pesticide 

- Salinity 

- Suspended solid 

- etc. 

" Uflfl\llf1U1u'ilfl. ff. 1989 National Resource Diffuse Council i~fffllll11Cl::'llfJ.:J1U11'il 

• Pollutant ~lJ1\llfl Diffuse Pollution ( Urban and Agriculture run - off ) l~uiuL91'll\lU ( N ) (i.:J 90 

"d ".4 Q' " <I::\. ooC\' I.: 	 Q _I
• 1Ufl'l1'1fU 91 '1f .:JlJfl Cl91 fl mm'l:::9jU m'l1 \l'lty191lJ 191 flfJl.:JlJ1fl'IJ fl.:J ~ll1'llfJ1UlllJU1 11:::1Cl~llJ 11ClZlJ 'lnWlJlfl 

• " 	 I ' " f 

11~111 ( Estuaries ) rlll11lJU'l:::1l1ffi l1(JV.:J 1~ijfl1'lfff1ll11U11fl.:J~.:Jfl"11fltil.:J\l1.:J~.:J 11Cl:::~mUfl.:Jn.:J~ Vi 
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17,920.19 

57,422.07 

789.38 

49,476.50 

69,700.44 

33,897.71 

10,790.74 
, ~ 

nlnJltllJ 23,615.59 

I -: I 

UlJlJl'UllJ 34,330.16 

1: " 
LLlJlJ1 L ~1'Vl ';j::: til 20,125.25 

5,191.43 

16,292.24 

I: '.c::I 

UlJlJl'Yl1~lJ 13,681.60 

30,836.76 

10,481.32 

7,978.15 

4,149.97 

13,829.72 

5,602.91 
, 

'111 tI~~YI::: L~ 91:::1lJ 91 fl 6,745.33 

26,352.78 

12,224.53 

8,494.97 

3,857.82 

21,172.25 

512,065.81 
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ttLN1U.LIA~fH.LU ( 9 ) 
. '" 

l.,t-Ll~~rtGn.H~U.ijlt!.LU~~tt rtt!.n.t!.!.LU ( ~ )
. "I' "Co 

Lttt-UlGt~H~U.ijlt!.LU ( 17 ) o I 1'0 II tJI' 

" 
IlG,t1L!;\~bt-t~~~tt UL~HL!;\~bt-t~ttl G~ 

" " 
t-t~ Z n.~It-f1.ttll~l Ul~!.ML~IL!;\ftll~~l1 ttLrL!;\ftl1 rtllL!;\ftll t-!-L!;\ftll t-j!L!;\ftll 

II tI II " tI 

Ilt~n.GU~!.~Nb U~HIlL,L:!LttrtllUL&Lttt-LIlGt~n.Ul~~l1 rtLttJWLlmrtGn.n.Ul!.LU ( £ ) 

" f" ;' .: I P " P
 ft) I'D 

OOO·O~Z : I ~~11 OOO·O~ : I 

.YlAl~!.~!JU~tt~tt~lll~l L!;\rt~ttlL!;\t-LPGt~n.~1!.LU~~l1 LRU~!,LUtt~l1t-Lt!.LU ( Z ) 
. "" 

t-Gn.WU11A l.,t-L~~rtGn.!.L,L:!UGmt!.n.t!.~~n &t!.UHLU (I) 
" f"f" I " 0 

Iltl6n.GU~!.rILRUlJ!.LUttG~ttn.n.!.HL,L:!rtlm~tt~rtGn.JI,I ~& tt~rtfl.1 tt~IAJI,I !.LU ttJl,I t-Gn.WU11A l.,ttG 

" I -P IfI IT! 0 til ~ "" " "IJ' ••I " J.:7 J.:7 J;7 •
 tII~" " II I 

~rtGk"n.£HLf! !JUrtE~~rtGk"~l~& Ul~!.ML~1L!;\rt~~~l1 ttq1L!;\rt~ rtIlL!;\rt~ t-!-L!;\rt~ t-j!L!;\rt~t-Gn.fh~Lf! 
" """" "". Lf;tt-~ HlmlLf;1.MLllmij~rtGk"Il~l !JUIl~tt~~l1 !JUrtKf\t-,lA~rtGk"~l::& ~t-£ijLRU~!.LUttl 

II II " tI II 

lR02t:lOnQfi1nJ!O::tW fi1ROtnQRO 9'1 
.. , 

!.LHLG!.L,L:!UL& t-G ~1L!;\t-~Htt::UU,L:! t-G n.L Hfh[!~~1 !.LU Q ~~~~~tt~~ 
• " I I 

J!.I !.Lu::mRu~n.LRUlJn.un.GU::!.rILttt-~Hnt-Gn.rt!.lAlrtG UmLtijLHfhrI~UlHI GU::& IArtttl tttllrtlA!.LHLG " b 1'0 ~ 1'0 I v 0 I ~ I,..; ,," b. J.:7" J.:7J.:7
II I I I 

!.L,L:!t-Gn.mLrtf~::~l1~ttJ!.LRU~!.LUt-,lArtt!. VRhrtt-Gn.rt!.W&~ttt,,ttJl,Il1 ::!.~~t, LrtL!;\G~1L!;\t-~H11L[1MLllmij 
II I II " 

Lttlff\~!.LUQ~fh~Lf!~tt)l t-G!}lL [1MLllmijL RU~!.LUG~1~t-,L:!::!. ~u~!-~~t-£ ijL RU~!.LU 
I "" I " tI 

lROQtLOt'QROQt'D~tf1bfi1t t'l ~ ? ~ 

L~::!.~L!;\~~~!.LUG~1Il.~L!;\t-~H11 tt~I!.L U t-Q II. ~11 ttt,,ttJl,Il1 ::!. ~~t,!.LU Q ~::LMt\III~1 
" ." 

~ijL ttQtt L~~G~ttJl,LJI,::!,~ t-G II.,ttJl,1l1 ::!.~~L!.LUG ~~MLllmij~~Ljl~~Ljlt-~H11 t-~~~t-ijG~lLjlWLIlM£IA 

!.LU ~~!.LU G ~t-P.H!.L u::!. ~ttIJI L ~rtL t ijtt~1~L[1t-~H11 ttt, !.LHLG!. L,L:! t-~L R U~!.LU tt,ttt-}t 

" " 
L[1ftll~t-~Il~lL[1IlQ~~::~l1 
" " 

.Y IAl::!.~t-Gn.U~HIlL,L:!L!;\ftl1ttn.rQt-~1"Ht, ~Lttn.ttJl,rt1£,~fh~Lf!!.LU::!.~::~11 t!.l~t!.t-LIlQt-Qrt1::~11 ttJ!.rt1£, p I Ii" 
• " " 

t-Qn.t~IlLlln.!.LU~ ~~~~~rt~m~l (JI,~JI,JI,!-Il.L!'~~ijl!.L,L:!::~ttt-~rt11L~~ijl!.L,L:!~ijlll~~t,!.LU~) ftHt,Il,r;t,L:! 

" rt!.!'u!,~RU1L!,A !.LU ~tt~t-~rt~m!.!.U!.~RU1!.L U G ~1~tt~IlL11 n.!.L U ~1l1A~.YIAI::!.~~LrtttL ~~Iln.~rtL,L:! t-t~ttt, 
". • I " tI I 

, 
aULlalA tLKlllULU~l.!lU' 

.... -, 10 
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lJDD 2 
.. 

OJ '0• Ul'Hlll1110lJUl1Q.:Jl!1 

• .. 
o QJ , I 0 

2.1 f1JUllJ)f)Q!"'t)~lJ)'H))l1)l 1I1&1UH1U 
.. 

"U~~1J1J1JiJl1fn.rm'Hi,nl) ( Aquatic Ecosystem ) ~~~\9I11~lHJii ( Primary Producer) 

.ck '" .c::I ~:JJ..c::I 0 QJ I t ~"I

9f~11~~ fHl1J ~1t1 ffll1 ~lm9f~ l~ tn II~~ ~~l..!1tll..! '1 lJ1J'YI1J1'Y1 fflfl ty \91 tlfl11lJfl~ tlQ'lJ tl~ ~~1J1Jl..!nffl..!1~ tI f11~ 
, I I, II 

ri~'YIfl~~~~~ll..! ( Energy ) 1lJ!11'lJtl~lJ1~;1fl1~ ( Biomass ) rvitlhra~ii;i\9lfll..!'l nflQ1l..!~~~1J~~~lJ 

( Higher forms of living-things ) ffllJ1~\I~l1;~ 1I~~u'Vd~l..!fl~mlJ11fl~ f11~~lH;~ ll~~11~1 
.. .. .. 

m~~lt1'lJfl~~rl~\9I11~lJiJii17l..! ~l..! n1Ji1~~mhrlty ~~ij 
... 

( 1 ) ffl~ l1~tllil~ml111 ( Nutrient or Food) 
c> 0' 

( 2) Uff~m'YI\9ltl ( Sun light) 
.. .. . 
n~ij l~~l~~~~\9I11~lJiJii~~ 1~il1~l..!~1fl Autotrophic 91~1~l..!~1fl Phytoplankton ll~~ 

.. . 
Aquatic plants ~1flij\l~tllfftl~~~~1l..!\llfl11ff~mii\9ltl H~~ffl1tlll111ntlQ1l..!!11tlUl..!'YI1t1ffl~ ( Inorganic 

• 
QI
" "" .1 1 '::d I " ~ "
Nutrient ) ffn~lJ1~~1fl1~'lJl..!lJl ~Wm~1J1l..!'YI1~t1fl11 f11~ff~lml~l1Uff~ ( Photosynthesis ) ~lfll..!l..!~ 

~~\9I11~lJiJm~~~rllt1'Y1tl~~~~~ll..! 111iT~ff\9l1~1~'l· ~1l..!fflt1fflJ~l..!ti~11t1flil lh~ It!iml111 111tlfflt11t1 

m111~ ( Food Chain or Food Web ) ~l..!1l..!~"l~nlJltl~~~~1J~~"l~fltllJ'411tl 1l..!~~1J1JiJl1ff,rlrttliif11~\9I1V 
~ ~ d t .4 Q.I tid t .c::I .J"
lfl~'lJ'UlJ1~~1fl1~'YI~'lJtl~~~ U~~ff\9l1fl~~\lfltltltlff~1t11~t1~~~~ ( Microorganism ) 9f~11~~fltl1J~1t1 

.. 
U1Jfln11t1 ( Bacteria ) ~1 ( Fungi ) 11~~ff\9l11Jl~~iJ~ 1,rl..! 111~ l\91i1 1ff'1~fll..!~l..! l~l..!9i'lJ 'Yi1fl1mhij~1lJ

• 
11t1flil ~Vtltlffmtl ( Decomposer ) ~Vtltlff~1t1\l::1-tlfl111Jtll..!~iitl~1l..! llJl~fJ~'lJtl~9flfl~~ 1I~~9flflff\9l1 

( Organic Compound ) l~l..!lll1r;;~~~~~ll..! 1~t1fll1Vtltlff~1t11lJmfJ~'lJl..!1~1m1i1~1~fl~~ H~~tlQ1lJ!11 

ffl~tliJl..!'YI1tl1~l1fi nl9ffl111Jfll..! 1~tltlfl19f~ ( CO2 ) HtllJ hnijtl ( NH/ ) 11~~~tlff1~\91 ( Po/ )l~l..!9i'lJ 
----- ( 2.1 ) 

-lI -lI 
106 CO2 + 90 Hz0 + 16 NO + P04 + light energy ~ CIO~ H180 Dn N1SP( algal biomass)+ 15402 ----- ( 2.2 ) 

QI ~ d "1". ~,,~ fl'd d I QI ~ lit 1 ~" 
~~l..!l..! ~~ll1l..! !~111 l..!~~1J1Jl..!nffl..! 'YIfflJ~~t1fl\l~lJf11~ff~'YIfl~~~~~ll..!l1JlJ'YIfl~'l !11 ~m~lJ\9IlJ 

" \llfl~~~~ll..!Hff~fl1n\9ltl~1lJn~iif11~1111l..!i1t1l..!'Ufl~ffl1~H'l ~lfltlUl..!'YI1t1ffl~1~ufi fI111Jtll..! 1~tltlfl19f~ 

( CO2 ) 1l..!1m~ H~~~tlff~tli'ff 1~l..!~l..! fl~lm~l..!6l..!'YI1t1ffl~1,rl..! fI1111J1~H~~\9I 111~9il..! ltll..!9i'lJ ll~~"l~ 
" , "1 

n'1t16l..! 'YI1t1ffl~ll1 r;;lij n1111 ~fffll~ fl~1J1111~l..! flUl..! 'YI1t1 ffl1~~l~lJ 111fl1,rl..!1~t11 n1Jlii tlfl l'~11lJ9i'lJ 

• 
" 

( 1) ffl1tlll111~~~9i'tl~f11~1l..!111lJ1WlJlfl ( Macronutrient or Macroelement ) 
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0' 
fll'nJ t)'U ( C ) 

( 2 ) 'ffl'Hn'Hl1~~')f~t:l.:Jfll11'U111lJ1W~1t:l.:J~.:JlJl ( Minorelement ) • 
.d ~" ,.I'" " ( 3 ) 'ff11t:l1'Hl1'V1~')f~t:l.:Jfll1 'Uu1lJlw'Ut:ltllJln ( Micronutrient a Trace Element) 

1~l1ri ulJ.:Jmih,. ( Mn ) '!:Y.:Jmiff ( Zn ) 'VIt:l.:JlIfl.:J ( Cu ) 1mliitllJ ( Cr ) 

" umn~ ( Ni ) d~l'U~'U 

1'UlJ11fll'ffl1t:l1'Hl1~.:Jmh1,rl.:J~'U 01~')f'IJlfl'fflHl1'H111fl'H~ t:l 1~1lJ '~~m~tI.:Jua1 1~ 
I ~ ....:. d I I '" '" 'i .1 '" ... lilY

11'il:illJ'U Micronutrient 'HHlf11:i'VI.:J Micronutrient n~:i'ff.:J~~~t:lfll1l'il1UJl~lJ ~~~llJun~'lJt:l.:J~')f ~~l 1I~:i 
u 

m'ilvhllflnfl hfl1J1.:J')fUfl 1~ t:lVH h~~llJrll'H1lJ~')flJmla.:J~nutllJld~tI~ii' 'U 1~1l'il'U ( N ) rJt:l'ffrJt:l1'ff 
. . " 

( P ) U~:i111Hi'ffl~tllJ ( K ) l~t:ld.:Jfll1l'il1tlJl91lJ1~'H~t:ld.:J~~~~~ ( 1l~m'illdl'U'!:Yfld1'Un~1.:Jn'U;j'Ut:l~ 

nlJ')fUfl'IJt:l.:J~')f fl11lJ~·lJ\!1W'IJt:l.:J~'U ( ')fUfl~'U ) 1I~:i')h.:J'lJt:l.:Jm11'il1tlJl91lJ 191'IJt:l.:J~')f1'Uu~~:i'li1.:J ) 

" U~rll'H11Jll~~.:Jrl~t:l'U~')f ( Phytoplankton ) lI~:i~')flh ( Aquatic Plants ) Ua1'ffl1 

. " 
m'H l1n~ lJ -:hii 1 t:l fll'ff'IJlfll1fI~'Ud1'U 1 my111:i nt:llJ~1t11'U1mL'il'U rJ t:l'ffrJ t:l1'ff 1J1.:Jfl1.:J~lJ11'IJlfllLfI~'U 

0' 1 .1 ... d ... .1"''' .;.
fI11lJt:l'U ( C - 'U1u'lJt:l.:J CO2 ) 'H1t:l'IJlflUfI~'Ul'H~n ( Fe ) 'H1t:l1i19Jmm1u1lJ1W'Ut:ltlt:l'U'l ( Trace 

Elements ) fll1'IJlfl 'ffl1/1il9Jt:ll'Hl1m'ilLrl'UL~ndl '~ii'H~t:liiu~hiL~tI.:J~t:l 1I~1J1.:Jf11W ~~lJ11ii~t:l,~tI.:J• . . " 
u~t:l~1'Ull111lJlJn~')f111lJl1cfl~1~ L'li'U t:l~1'U111n·tl:i~lt1\h1~1~ ( Insoluble Fonn ) 'H~t:lt:lQl'U111'IJt:l.:J 

'ff11t)'U'VI16 l'li'U Organic Nitrogen 'H~t:lm'ilt:l~1'U111~~')f~flilJ1111,n~1~g'U'l L'li'U t:l~1'U111 unionized 
, " 

fonn L'li'U unionized ammonia 1~'U~'U 'ffl1m'Hl1n~')f'IJlflUfl~'Uij11t1n11 'ffl1t:ll'H11~lnfl ( Limiting 

Nutrient) 

" 
t:lVH 1 1~mlJ'ffl1m'H11~lnfl'IJt:l.:J1l'H~.:J111~t:l'~111~'Un~1 nmlJ1i11lJ')f1911'Ufll1f11lJf)lJ 

.Q .Q I .d4 "~4:~ 1" f! I:fll11'il1UJL~lJ1 ~'lJt:l.:JU~~.:JfI~t:l'U~')f U~:i~')f'Ult:l'U '1 'Hl'HlJl:i'fflJ 11~:i1:ilJlJ'U I1f1''U II rf~.:J'Ull1~~:iLL'H.:Jn'il:i 
u 

d _IQI QI.s " "1.Q ,,:'
lJfll1u 1lJ9111~ t:l'ff11.:J fl11:i 'fflJ~ ~tlfl1t1 'U 1:ilJlJ'Ul1f1''U'U'U '1 It:l.:J 

, .. .. 
~ ct: " 02.2 'Ul01:;nlJ'Il8~011n'UJ'IlWU8~i01811111f18Ul1il~'Hl 

, 
Q • 4. Q Clt. Q11

2.2.1 011&O€I Eutrophication H180111lUJflilNilfi I",tlll 

" "'Y ""olIJ"'"1fltl1i11lJ')f191U't11'ffl1m'Hl1'il:i''lJ1''l1l'H~.:J'Ul Ifl 2 'Vll.:Jflt:l 'illnfl1t1'Ut:ln ( External Input) 

U~:i'illnfll1'H1J'Ul1t1'Ufl1(Jl'U ( Internal Input ) ~1'U f11:ilJ1'Unl1Vt:l(J'ff~lt1'IJt:l.:JlJ1~'bfl1~ 
"".., d 111.1 I " I0"

( Decomposition of Biomass Process) 1'U'lJW:ilfl(J1n'U'ffl1m'Hl1n'il:i"ltlJ'Hl(Jt:lt:ln lu'illnU'H~.:J'Ulfl1m')f'U 
, "'. II 

n'U lfl(J~1'Uf11:ilJ1'U fll1~n~:int:l'U ( Sedimentation ) l"tlll1111ua1U'H~.:J111n,~'U111 ''H~ ( Flowing 

Water ) ~n1~iifll1'ff:i'fflJ'lJt:l.:J'ff11mm1~.:J~1.:J'illml'H~.:JJ1~ii~mjw:i,~'UJ1.Q.:J ( Impounded Water) 

,'li'U 'VI:i ~ 'ffllJ 
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~" .c:t .d.ct 0'" ~ .:~~lUU~U 'VI::1~ff1U~::lJf11'H"::fflJff1'Hnl1n 9I'..:jlJ~~'VI1 11~~~~~ ( Productivity ) 'UV..:j11l1~..:jU11VnJ'UU ff11 
~ ~ 

Ii Vll111U~::~~~fl~'UV..:jUl1'fi..:jll1~1..:j'l ~::ih::~u1~l'vhnu~uvQnutlmjtll1~ltl'l mh..:j l'lfU "mHU::'VI1..:j 

"1 " """• 1i1W1'V1t11 m1lJfflJ\!1W'Uv..:jVlun~lJll1 'UUl~U~::11l11..:j'UV..:jUl1'fi..:jll1 Vl~'UV 'H1l1'fi..:jll1 l~U~U ~..:jl!ui..:j 
~ ~ 

ijnnUU..:j1l1::1fl'VI'UV..:jUl1'fi..:j1l1~llJ1l1lJlW'UV..:jff11Vl1111 U~::~~~fl~VVm~U1::~U ~..:j\1 .
'" "" .- Oligotrophic lJff11Vl11l1 U~::~~~~~~l 

- Mesotrophic ijff11Vl11l1 U~::~~~fl~1l1unm..:j 

- Eutrophic 
~ 

m1UU..:j1::~Ul'tiu\11~U f111UU..:jUUUl1t11U'l 


ff1lJ11 (]UU..:j 1~1~U 


- Ultraoligotrophic 


- Oligotrophic 


- Oligornesotrophic 


- Mesotrophic 


- Eutrophic 


• - Polytrophic 


- Hypertrophic 

~ . 

1~t1 nnUu..:j 1::~U ~::,~tl ~ ~t1'Uv..:j~~~fl~'Uv..:jul1'fi..:jll1l~U tl ~~t111"nlJ1nn11n~::'~ffn 

Vl11111~U~1fhl1u~ n1v..:j~lnff11Vl1111ijl1~ltl'tfij~~..:jn'fi11u"'1 ~1vd1..:jl'lfU 'VI::1~ff1UUl..:jUl1..:jij1l1lJ1W 
• 1Ul~1~ff..:j u~ij~~~fl~~l 1,1v..:j~ln'U1~ufl~urlvffrlv1ff'U11l1'fi..:jJ1 l~U~U 

" . " ~ 

f1111 V4lJ ~u'UV..:j1::~U ff11Vl1111 U~::~~~ fl ~'UV..:jUl1 'fi..:jll1 ~::l~U111 Vd1..:j~1'l 1~t11i11lJ 
" " .

'tf1~ u~::~..:jul!·hL1l1'fi..:jll1ijf11111l~t1Uffm'Yiff11Vl11l1 ( Nutrient or Trophic Status ) ~~llJ U~1::UU 
d 

( Aquatic life ) lJl1m 

( Plankton Bloom or Algal Bloom ) U~::Vl'tfJl cH..:jl~uN~lh'M'E..:jij~1~gU'l 'U11l1'fi..:jJl1l1U~1~llJ1~ 
II , • ",. 

l1u~1.nh'M'1::1Juijnfnr11l1'fi..:jlh\1tylfftlfflJ~~tJlll iY..:jn«..:jln~llfu '~fiVflwm'Yillllll~tlU111 ( lffVlJ 

<01 ", " .ci", • ,., 1" ,,::' ~ .! '" 1'VI1lJ~..:j ) ~U(]..:j1::~1J'VI'U~'U11..:j~Vf111''tf1l1:: tl'tfU'UV..:jlJl.!lW'VI..:J'VIH~1..:j U~::'VI1..:jtWlJ 9I'..:J11111tlnffm1:: 
JI • I • II " 

l'lfU \111 " Pollution" U~::1'11V..:j ~lnij ff11l1 ~ lJ1 ~ln ffl1m1111nlV4lJ~U'UUl1 ~..:jllli..:Jl'1 tln11 "Nutrient. 
.. 
 , II , II 


Pollution " nnlV4lJ~U'UV..:jff11Vll111Vd1..:j11~1~1 ( 'u1l1lJlWnlJln~U~Vl1l.htln~1 ) U~::lh'M'ln~f111
• 
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m'ilt1ijfJlJmkl-J'IIf).Jt1~V1fUf)f)ncUltJ1J1Wi] 

. " " 
Accerelated Eutrophication ) U9itld1~ i';in~llJliitl~~il~ilqJll1UUa11';i1iJfH1t1mi\.J'l 11 Eutrophication u9i 

• ''Um1lJl1lJ1t1~qfm.J ii'111~'U Cultural Eutrophication hi1'l1 Natural Eutrophication 

• 2.2.2 Ol'UtJammlhN'UtHf,JWillnJ1 

ff1';itl111l';i'¥hn~~lnn~m';ilJ'I.Itl~lJ'41:16 U":::ff!l~ilqjl11 Eutrophication ~i1'U1my 

lh:::ntl1J~lt1i'W l~';il~'W ( N ) U":::~tlff~tli'ff ( P ) m';i';i:::1J1t1ff1';itl1111';i"~ffllmi~J1 ( ~lnn~n';i';ilJ'I.Itl~
" 

lJ'41:16 ) ntl1lfln~m';iltJ~tI'Wllt1"~tJWfl1~J1i~l~tlm~ U"::: l~tlfltllJ 
2.2.2.1 nl11'uitJ'UIIUtJ.Jf.}fJUllnJliRtJVlH 

" 11l1ci~\hijtlQ1'W 2 ~tJ1my'l fit) 

( I) V'WYl16i'W lml~'W ( Organic Nitrogen) 1'l1'U hh9i'W U":::~11t1 1~'W~'W 

( 2 ) tlU'WYl16i'W l~';il~'W ( Inorganic Nitrogen ) 1~un UtllJ l1J1UtI U,,:::i'Wl~';i~ 

1~'W~'W 

, , II" 

i'Wlm~1~tlm:::1J1'W;:h1t1n11 Nitrification CJ1~tJ';i:::ntl1J~lt1 2 ,j'W~tl'W ~~U 

,flJ~DlJUm ll~I'Wm';iltJ~V'WlltllJ hl1Utl1lfll~I'W 1'W 1m~1~tlmilJu1Jt1'¥h1t1~11t1n11. 
Nitrosomonas ( ~fflJm';i 2.2 ) 

'. ,flJ~tllJ~ffD~ L1~I'Wm';iltJ~V'W1'W 1~';i~1lfl~'W 1'Wlm~1~tln~lJll1Jfrvh1t1~11t1n11 

" " lh1'Wff1'WU11t1n11 Nitrogen Oxygen Demand ( NOD) 

2.2.2.2 nl1IuitJ'UmjtJ.Jf.}fJUllnJliRtJ80JJ lttlff1';itl1111';i~n';i:;1J1t1111tltJcitltl,,~~ 
" " ul1ci~lh l1":;ll11lf,n~ n1';i 11~1m:; ~lVtld1~ ';i 1~'~ 1'1.1 tl~l1~"~fi'~tl'W~')fU":::~')fihua1 m';ill'Vdm:;~lt1 

. "" 
'I.Itl~U~,,~fi'~tl'W~')f~~nci11ntl1lf,n~n1';i'tJ~tI'WlltJ"~tJwfI1vnh ~~U 

~

• 
. 

( 1 ) ,. 

.. 
+ 3 

NH4 + 12 02 
. 1 

N02 + 12 02 
+ 1 

NH4 + 12 02 

Nitrobacter ( ~fflJm';i 2.3 ) 

. + 
~ N02 + 2H + ~O ----------------------------------------- (2.3) 

. 
~ N03 ------------------------------------------------------------- ( 2.4 ) 

• + 
~ N03 + 2H + ~O ------------------------------------------- (2.5 ) 
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I 

" 1I~::fflHlll1U ( t)'ih..l'YI~tmu ) ~m-l~~'UtI.:Jm::u1'uf11'lih.Jtlmnf)lJ1~;1fl1'W 

• 
" tItI f)~nl\..IijlJ1 f) f)ilfl~'llf)1'l1 ~tltlf)~l~'U ( ~1f) f11'l111t1 1~'UtN~'lf ) ~.:JlT'U 

• 	 ll~lJ1Wtltlf)~t~'U,,!'YIi ( Net Oxygent Produced ) ~.:Jt1'l'UU1f) ~.:Jij~~vh1lf 
", " 

tltIf)~t~'U1'UlhrV4lJff.:J~'U ( hWtJ1~ff.:J(i.:J 200% tlltl{t~'U~'Ufl.:Jfl11lJfllJi1
~ 	 ~ 

" " 
'UtI.:J tI fl f)~t~ 'U 1'U11llJl fl w:hlT'U ) 119i1'Un ~lfl~l.:Jfl'U ilmf11'l~~~flflfl~t~'U ~1 fl 

" 
flU ff.:J t m 1:: 1111 ff.:J 119i iJ.:J fl.:J ij flU 1~tI tI fl ~t~ 'U ~1fl f11'l111 tJ 1~ ~.:J 'l!'U1l~lJ1 W 

" 	 .. 
tltIfl~t~'U,,!'YIi1'Ulll ( Net Oxygen in Water ) ~~::~~~'h~.:J~dl.:J'l1~t~1 ( ti1t1.:J 

" ~lflijll 'W~.:Jtl~tI'U~'ll't1'l'U~1'U1'UlJlfl ) U~::U1.:Jflf.:Jm \l~~~.:J\l'Ul1lJ~ 111tJlfltlU 

l1lJ~ ftl1'l'U i~ tll~ 2-1 t1'l'U ~1 tldl.:J f11 'l ffmnf)1'ltll~tI'U 1I1l~.:J'UtI.:Jtltlfl~t \l'U1 'U 

" 1111'U'lh.:Jf)~1.:J1'U 1I~::flm.:Jfl'U ( die1 variation in oxygen content in water) 
" 	 I" r 

'UtI.:Jmil11 Saar 1~mmtlutntlu1lftlt'Ufl11lJU~fl9il.:Jntfi~~'U1'Uu~m.uni,jtfi~ . 
lJ~fl11:: ( Gudingen ) u~::u~m.untfi~lJ~fl11:: ( Volklingen ) 

~ , ~ , Q,I' iJ iJ "I 
( 2) . mwlmIlWUMlIfNflJfI?JWUlJOrfl-f1H (pH) ~.:Jf)~11'Ul.:J~'UU~1111'Un~1 

..,.a.., "'1 1"" i i"~"'''' .Ii.lifl~1.:J1'U'W'll'~::ff.:Jtml::l1Uff.:J l~tI 'll'm'lUtI'U ~tltlfl 9f~tU'U1~tl~Uff1'U11'U.:J9f.:J. . " 
~'ll'i~lJlmf)f)1'lU~f)9i1'UtI.:J i um{UtJl'U~ ( HC03 ) nijtl~1'Ulll 

" 	 . " 
m{utI'U i~tltlf)i9f,f~~t1'l'U acidic gas ~.:JlT'Udjtlm{utI'U '~tltlfl '9f~1'Ulll~~~.:J 

.,. .a. i.11" d • 1" "" i '1 .. +(t'UtI.:J\llfl'W'll''Ul 1.1 'll' ) f)~::'YI1 l1fl11lJt'UlJ'U'U'UtI.:J g l~'lt~'Utlfltl'U, H ~f!~.:J 

• • " I " 

d.:J~~ 1,rfl11lJt1'l'Um~-~1.:J ( pH ) t'V4lJ~'U l~tlm~t'V4lJ~'U(i.:J pH 10 ffll1~lt1 
" . 

( 111flLL'W~.:Jtl~tI'U~'ll' ) ffllJUtl~.:Jm{UtI'U i~fltlf) i9f~\llfllll i1l1~\l'Um::11.:J(i.:J 
.., 	 ,.,. odI .a.a 1" 

'l::~U inhibitory pH ( pH 10-11 ) U~tlJtltl.:Jn~lf)~l.:Jfl'U'W'll'l1~~ 'll' 

m{	UtI'U if! tltIfl19f,f1'U m::U1'U f11'l ff.:Jtm l::tlUff.:J~'ll'1~tltlf)~t~'U1'Uf11'l111t11 iJ 

.1' " , ,,,..,.a "" 1'" ~ ,.Ii • 
U~::l.I~tltlfl1'l1JtI'U ~tltlf) 9f~f)~Ufl'UlJl 9f.:JlJ~~'YIl l1fllfl11lJlu'Um~-~1.:J~~ 

+ 
HC03 + H ----------------------------------------- ( 2.6 ) 

-2 + 
C03 + H ----------------------------------------- ( 2.7 ) 

• 20H + CO2 ---------------------------------------- ( 2.8 ) 
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• 
• 

• 
It 

flllltJ~[JlmthH ~8-1~80';1~"1~lh1"~1~mlH.r,, 1I'Q::mlHfi~~f)-11jljJi SAAR 1" 
u;nw ~'ltllIl1YnlltJoii ( GUdingen ) IID::U;11W~la8111rI'nJ ( V&lklingen ) 
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tJtJJSJiji~N~tJni1 ( Eutrophic River) 



ttl~ 2-2 1~'UmYi~l(;lfl~I~~l'1 qll~mY~~1lf1l1'U fll'.iltl~tl'UUtl(;l~'UV~flVflcifl~'U U(;l::fI11lJ 

1~'Ufl'.j~-~1~n1.J~(;l~~~'Ufl~ff1"d1tll'Uu~J1~ln~m1:: Eutrophication• 
• • II 

( 3 ) DJ'iltliitJUltl'llfNIWUl11lfltJ lijflllVlJ llJli1tl(;l::(;lltl\h~::tl'nfltlvQl'U 2 ttl• 
QI ~.a + d 
(;lflllW::flfl NH3 ( 'I1'iV NH3 • H20) U(;l:: NH4 (ammoniun ion ) ~llJl'1Ufffl\l 

11i'UfflJfll'i~ 2.9 U(;l:: 2.10 

NH3 + ~O ~ NH3 . ~O ------------------------------------- ( 2.9 )....=~"" 

unionized ammonia 
+ . 

NH4 + OH ----------------------------------- ( 2.10 ) 

• II 

UVlJ llJli1tln~llJl(;lfl(;llfll::~flV~n1.J llJl(;lfl(;l'Uv~\h (NH H 0 ) l1tlfl':h unionized 
• 'II' 3' 2 

<!I d 1'" .d _I I Q.I ,!
'I1'ifl deionized ammonia ~lflfflJfll'i 2.9 U(;l:: 2.10 ~::I'I1'U ~11fll'iltl(;ltl'UU1J(;l~'i::'I111~'itl(;lflllW::m.. 

"" " " " " fffl~U1.J1.Ji1~'UflQn1.JfI11lJl~'Ufl'.j~-~1~'UV~\h ( ~lfl OH . ) 'UVfl~lfli1li~~'Uv~n1.JflW'I1!Jij'UV~lhvfl~1tl 
• II • 

fll'il~lJ~'U V~1~'i1~1~1'UV~UYi(;l~ft~V'U~'!I' 'I1lVff1'11 lltllil1lfln~ fll'.i ltl~tl'U utl(;l-3V~1~lJ1fl'UfHfl11lJl~'U 
" •• II• fl'.jfl-~l~'Ufl~lh l'U'iV1.J1'U ( 24 i'11lJ~ ) \l~ii~(;l~t)fll'iltl~tl'UUtl(;l~'itl~flllW::'UV~UVlJ llJli1tll'U\h~1tl.. 

UVlJ llJli1tll'UltlvVV'U ( NH4+ ) ~::Qfl1~1~'Uffl'.im'l1l'.i'Uv~~'!I'1~ U(;l:::ff1lJl'.imtl~tl'U 
•• 1~'U 1'Ulm~1~ ( t}fflJfll'i 2.2 ) ff1'11l1.JUVlJ llJli1tl~1~u~mi1 ( un-ionized ammonia-NH3 ) ~:::I~'U~ll~V 

II 

tl(;ll 'Uflfl~lfli1UVlJ llJli1tlVvv'Uli~ff1lJl'.i(l1fll:::i1.J (Adsorption 1~1.J'U~h'Uv~v~mfl~'U ( Soil 

" Particles ) U(;l:::ihllfvQl'Ultl~~'!I',h'tll~1i'~ ( unavailble fonn ) 

.c::J 4 ,:' ".a.oe. 141'" d 
( 4 ) fl11JrtU'lIU'lIfNfJUn'It/ft'J'i711W1MlIl fllmYi'iYi'U1Vtl1~1'i1'UV~UYi(;l~fl91fl'UYi'!l' 

<!I '. ,'J1 ... ..k 1'J1 . "<!I
'I1'iVff1'11'i1tl'YI1 'I1lJ1(;l'!l'1mYi ( Biomass ) 9f~ ~Ufl ~CJf(;l'UV~UYi(;l~fI~V'UYi'!l''UV~ 

" , " . I" 
1I'11ri~\h I~lJ~'U 1 ~tltl fl~ fll'.i Uyi l~'U { 'I1lfll~lJ~l'U 1'U'Uv~R~~~1~11~'I1(;lltll'U 

ff.fllYi U 1~~VlJ ~fl11lJ fflJ'ti'U1in1.JtlllJlW m'l1l'.i1 'U ltlu1.J1.J'UV~ Growth Curve 
..:!I • <I!!t .4.ct J ~ .ctdQ d I Q.I rI 

'I1'iV Sigmoid Curve fl(;ll1f1V IlJVlJff1'iV1'111'ilJ1fl'U'Uff~lJ'!I'1~fl~:::UYi'iYi'UTj 

'I1lfll~lWl~1.J 1~V~H'i1~1~1~1tl \l~lh1 lfii fll'iU~~ff1'im'l11'i l'U'i:::'I1':h~n'U 
" 

U(;l:::1 'U ~rr~1~flff1'im'l11'i'l1lJ~'I1lV(;l~UVtl(;l~~'U 1~ff1lJ1H)'jV~l1.J ~1'U 1'U~~~ 
.c:t.c. .d ~ ttl " .c. ~,. .c:. .c:td.c. ~ ". 
'!I'1~1'11YilJ'U'UlJ1flU(;l1fll'il~nyl~1J l~'UV~ff~lJ'll'1~fl~:::1'U1'i.lffm1:::f1flflVtl 

..k • ~d... ... .1 " <!I
( Declining Phase ) 9f~1'U'!I'1~'Ufl~:::lJfll'immfl~'U'Ufll'i~ltl'UV~UYi(;l~fI~fl'UYi'!l' 
~ ,d, QI ~ Q tt:j""GI .: ~ Q r/ ~ddo I 

'11 'i Vff1'11 'i1 tl fll1'11 fl1.J fll'ilyi lJffl'iV'U 'YI 'i tl 1 '11 fl1.JU'11 (;l~ 'U1 9f~ ffl'.i V'U 1'1 'i tJ1'11 (;l1'U fl~::: 
" ,,, t d do I 4CI Q.I Q.ct ".d• ~fl~fJfltlVtlffmtl~1tl Decomposer ( 1'!1''U U1.JfI'YII'itl ) 1'll''Ulfltl1fl1.Jffl'.iV'U'YI'itl'YI 

" I " "• lJlYi ~VlJ n ml11i1tln\l fl 'i:::1.J 1tl (;l~ ~U '11 ri~\h ~~ir'U \l~lh1l1'1 n~fl11lJ ~V~ fll'i 
II • II 

Q Q.I 4CS 4 I 

VVfl9fl~'U'Ul!'YIffV~ ( Secondary Oxygen Demand) 'U'U\llflfll'itlfltlff(;lltJ1C1)f(;l 
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...... ... 
",UUJflnrtH rrn1Ulfl 7IOU7 n11 . ''''' .. 

11f1MnlllllJ"''l "OUnJ. 
I I I JI I JI 

n~lt1U~1'11fl,:jUVH'1,:jfi~fl'U ~')j'n'lltllm~lJ~l'U 1'UlJ1fl~'U 11~,:j ~l1flnumi,:jUl 1~i''U 

• 
~ ~ 

ffl'jml1l'jlJ1fl~'Ulllflfll'j'j~'U1t1'lJl!ffml,:jhJ ( l1lJ1ml1~ - Primary Oxygen . 
• Demand fi flfl11lJ;)fl,:j fll'j 1~flflfl9f!~'U!~fl fll'j~fltlffmtlffl'jfl'U'YI161 'Uum;,:ju 

~ 

1 
I I JI JI 

~,:j m ~!1j'Uffl'j fl 'U 'YI16~ llJ1i 'j 'j lJ'lfl~ 111fl n lJ1~1fl fl1'j'j~,J lt1U l!ffm'1,:j ffUl1 ri,:jU 1 
" 

I., I JI 
, ~ .cl.ct.e:lt. '1 0 ~ ~ 1 I

2.2.3 Nt1m~tl'UVlijiJ..;ItJ'lfJ9U'U'Ul ~elm~'YI'U'IIfl,:jfl1'j!V.lJ'II'U'IIfl,:jffl'jml11'j 'UUl'Ie1,:j 
JI I JI I JI JI JI I I I JI I 

UIn!n~~'Ufl'Uff,:jij;1~1'Uul11'U ff1'U 111 qj1~un 1.1e11 Uel~ff~1Ulfl'U'l ~,:j!1j'U ff,:jij~1~'Ii'Unfffl,:j'llfl,:j'j~'U'U 
"'" ~ I:',J, d... .... I I IIJ ,,~ .1 1 ,'''
'Unff'UUl1e1,:j'Ul 9f,:jflflflV.1fl Consumer ~elfl':i~'YI'U~,:jflel11ffllJ1'jf1U'U,:jflflfl !~!U'U 2 u'j~fl1'j my f1fl 

2.2.8.1 mjfJ1~nJ.Jr"fJ~H !1j'U~elm~'YI'U~!n~~lfl~1'11fl,:jffl'jm111'j l~tI~'j,:j 

~,:j 1~UnUfllJ llJ!UtI ~,:j 1~flril11~U~11'U111.u'fl 2.2.2.2 (3) 11UfllJllJ!UtI~hju~fl~1 ( un-ionized 
~ 

.... ~ "'" I. I "'i' IIJ ". 1""'. I"'"ammonia ) 'U'U!U'UV.ll~fluell !~tlm,:j US.EPA. !~fl111'U~ l1lJu'jlJ1W'IIfl,:j un-ionized ammonia 'Uflfl~lfl 
II II II II • 

~'Ufl~n'U1.11lJ1WUfllJ llJ!UtIl1,:jl1lJ~ ( NH3 + NH/ ) U~1iT,:j~'Ufl~n'Ufl11lJ!1j'Um~-~1,:j'llfl,:jUln pH 7.5 

~ 0 A.c:t o'd 0' .c:t'!.d
UeI~~Wl'IlJlJ 30 C un-ionized ammonia ~~lJ!V.tI,:j 2.5 !1.1fl'j!9f'U~'IIfl,:jUfllJ llJ!'UtI'YI,:jl1lJ~'YI pH 9.0 

~ J ~ tid o'.d I ~ J ~ 
deionized ammonia ~~!V.lJ'II'U!U'U 45 !1.1fl'j!9f'U~ UeI~'YI pH 10.0 fI1 deionized ammonia ~~!V.lJ'II'U"l,:jf1,:j 

II I II II

• 89 !1.1fl1!c'i'U~ ~,:j11'U~~n1'U 1~11fl1'j!~lJ~'U'IIfl,:jfl11lJ!1j'Um~-~1,:j ( pH ) 'II fl,:jUl1ri,:jU 1 1'Unellflell,:j . ~ 

1'U'j~1111,:jn!n~m'j~Uv.111'U(mh,:j'j1~!~1'11fl,:jUV.eI,:jfi~fl'U~'lf ( Planktal Bloom ) 11'U~~!1j'Ui.l~~tlff11'U 
• II II ~ 

ff'4'U!~lJfl11lJ!1j'U~ll 'II fl,:jUfllJ llJ!UtI1'UU11 ri,:jU l~fl1.1 ell'lfij~~l,:j'l mfftlfl~1'UU11 ri,:jU111'U'l 

2.2.8.2 "'fjn'~nJ.Jr~WBmJ 
v ~

• ( 1) OJ'i'llJrlUtnHlf)fWcitUU'IIfNll71ti·n1J fll'j'j~'Ult1ffl'jm111'jel,:j~UljUl 
IQI 0' I d o'.a I 

UeI ~ fll 'j Uv. 'jv' 'U 11 fl tI H!'j 1 'II fl,:j U v. eI,:j fI ~ fl 'U V.'lfff ,:j~eI 
~ ~ 

'IIfl,:jflflfl9f!~'U1'UU11'U 3 ~flllW~V.flff~1.11~ ~,:jU 

- Nitrogen Oxygen Demand 

"'" ... - Did Variation ( !fl~nmflm,:jfl'U ) 

- Secondary Oxygen Demand 

I 

~ flfll'jel ~ eI,:j 

mlJ1.1 fl~ flfl fl9f!~ 'U1mil;)fl,:jij 1 l.iti'fltlfl11 2 lJ fl/~~'j !~flfl1'j!~1qJ !~'U . 

1~mlJ1.1 fl ~ 'II fl,:j1.1 m UeI~ ff~1U 

~ 

1fl 'U '1 ~,:j 11 
~ 

'U fl1'jel~eI,:j'llm flflfl9f!~ 'U ~lfl 
GI I "" ~ 0" GI tI:..A. 1"m~~,:jflell1'11H~'Um~!U'Ufflm~'YI11111.1m UeI~ff~1'Ulfl'U'l m£1 ~. . 

• 

~ 

• mfl1'j~h~flUl ( Suffocation) 

.. 
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I 

, , ff.cf " 0 ..o=:a

(2) DJ'iUrtW'i;:UJ{J'llfN'O'llU){J l'lI(J21lOlJUlNlJ ( Blue-green algae) 

. " 
!ijmLl1~·nl1Lfi~HYfl11~ Eutrophicstion ua1~hu111qjvnJ'hti11lffl11lJ• . " ,. l11\lfl~\.nr ( Species Diversity ) !11~rJ'u hJ~1l1'htlffL:Utl1LlfllJlhL~lJiTfl 

!~lJ dominant species ~.:J~ll1'htlfl~lJiiiTfl hit1jlJUl1~.:Jm111l'Utl.:J 
" " • U"r'Hl.:J fi'91 tlmY~rj' ~.:J,rlJ ~.:Ji1tl '1~11!~lJ fllnhmtl'lilJ mJlJ'U~Nl'i 1.:J 1 CJf 

... ~.t ... o'?t .d gI "" 

m111l1lJ l~ ~1Jl1lJ .:Jl1lJlNl1mtJ'l ~lt1'VilJ 1! ~~!lJlJ 'Vi 1 fl'YI ~11.:J~ll'Vi fI 

~ !.:A AA~ I ~.CA gJ ~ .00. ~ ~ 
( Toxin ) 'UlJlJ1'Y1.:JL1JtllJ'lf191fl~ l1lflL1Jtl91ltlmn 9f.:J~lll'iflLl1"llJLlJlJ 

tilJ91l1tJ9ifl~11111t1'lfiJ~glJ'l 111\1 ff911J1glJ'l lJfllf, ff9111Jfl U,,~ 
.,.J A 0 9J ~ ~ gJ • : 

1JlJ fI t19f.:Jmm 1 ~tJl11J'YI11m-l"~" 9l'UlJ~~'YIltl'U fl.:J U11".:JlJ1" ~ ".:J. . 
. ~ ~ 

"" .... , I. I , ,,_ 1 .." " 2.3 N't101;:mJ'U8~0l1rwtl'll'H'UtH«)1811111 'H1&)j£H'H19l80l1 'Vlfl;atl'V'H'U8~"'ij1:ltl 
• II JI , II 

~"m~ 'YI1J'U fl.:J flll!~lJ~lJ 'llfl.:J ~llml11l1lJ1Ll1~ .:Jll1 U"~9111J1J1~1t1 flll1~lJ~lJmh.:Jl1~ 
d ,,~ 0 gJct. I gJ ". : '" I" 

L11'llfl.:J L L'Vi ".:Jfl91 fllJ 'Vi 'If'YI1 1l11fl~~"m~ 'YI1J 91 fl flll1'If'lh::: 1t1'lflJU l1".:JlJ 1'll fl.:J lJ'4 fI tI1 lJ 11l~Ul'YI911.:J '1 l1.:J'YI1.:J 

gI ~ _I'" _Iii) gI ... .1 

9lH U"~'YIl.:JtlfllJ 9f.:J~l1J1l\1~llJ'Vitl~.:Jl'UlJ I~ ~.:JlJ
. 

. " 
( 1 ) flll1J~1tlfl-tl111tlflll1 

. " . 
- 11~1J11LIlJl91l91 U"~UfllJ 1lJlijtJnihfilJlJ)m!)lJll)~lJ 

a...q I .cI..::s 0" ~ 
- Toxin 'YIlfl~~)fl~)l1l1tJff1'Utl1UfllJlJ1!.:JlJ 

- fl~lJ U";:l~'llfl.:JJ)llli'.:JlntJ~9iflflll1J~1tlfl ~.:Jlfi~ ~)fl~)111)tJ1"':: '1~~)lJ)l\1 
" " 

'II fh~~ tl tl fl ~)flll) '1 ~1I1t1m~1J1lJflll~it91ll )11l~11)91)lJ 11 fl91 

" ( 2 ) fln~1J11,,) u,,;:ff911ll1/fllnh~1J.:J 
" 

- flllU 'Vi 1~lJ i'llfl.:JU'Vi".:Jfi'91 fllJil'lflh1Iffl1)lJ ~~ lJ ~lJ\!lW'lltl.:Jul1~.:Jll)~tylffti 
" " 

'11 ( ~m'-lit91'lilJ ~~l1'1t1'llfl.:JiJl1fYlrUl1~.:Jll1 '~un 11"1 ) • 
" Go' ...::I ..cs , 0 

( 3 ) 'YIftlJtJfI1'ViU";:q'lJ'YIltJfI1'Vi'lltl.:JUl1".:JlJ1 

( 4 ) flllf1lJlJ1f11J 

QI .011::). ~ IQI " I d do : 

- flll'll ~ 'll 1 H 'YI1.:Jl11lJllfl ~1 fl flll11 'Vi 1 'Vi lJ 1! fltlHll1'llfl.:J 'Vi 'If''fl t1lJ 1 ( Floating 

Macrophyte ) l'l1lJ flfl911J'lf11 

( 5 ) fl1ll;:1J1~ U";:l1'Vi1lilJi'llfl.:JUlJ".:J l'l1lJ ~.:J L1jlJ~lJ 

........ ""..... I "". E .,
" 2.4 010.1601:1) 111891J8t1H'U8~011IO€I Rlverulrophlcahoo 
~ 

'0 0 Q..I •

2.4.1 Utl'HUf)flty'UO.;t Czech Republic 

• ~ gI ,gI. _I o'd 0' 
m~'YI11.:J~.:JU1~"fllJ'llfl.:J Czech Republic ~11t1.:J1lJ11 56 llJfl119flJ91'llfl.:JMajor Stream 
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• II 

H1lJlJ1\lln Czech Republic ~~UC1~~'lJ91l'n:jn 2-1 t!lJ\l~a~ln91'ViU11iji'JWfll'''H'I~ltJnu Treated sewage • 
• ,II 	 , 

nl~ijm':in1i~ 	nutrient ll~lJlW IlJl91':i91n'ViU11C1~lJ1n~lJl~lJ~HllJ1\llnm':i''If chemical fertilizer nlJln• 	 ... 
II II II 	 I 

lfllJ III ':illJ n~u l'Vi~ \l1 n'l1lJ 'l$lJ LHl:: ~91 C11l1 f1':i':ilJ nl~ijm':iU1U~l1~mhU~l~tJ~ l~ my~)tJ 
II " 	 , II

• 	 lJDn\llnUU~111~U1 Vltava ti~1~lJ9i'lDd1~'\JD~ m':ilVilJ~\J'UD~1l~lJ1W I lJl9l':i91' lJUl1~~ 

J1Hl~lJ'\JD~tJ1':illml1~ l1"::tJ 1':i1l91~1lJm)n~~uC1~~ 'lJ':ill~ 2-3 ~~UC1~~UlJl1UlJ'\JD~ll~lJlW IlJl91':i91llJ.. 	 .. 
U~J1llJ'lh~~lJJ1'\JD~n~~ Prague ~~ln~lfltJ~nU':i~~U~nll1lJ~lnlJlJl91':i!llJJ1~lJ 

.. 
, 0 • 

2.4.2 UJJ'U) MIlwaukee 
II 	 II 

U~U1 Milwaukee mJ~l11m':iU'Vi~~lJ{Dd1~1~1'\JD~C11l1~ltJ ml~~'l$u1llJu~nw Upper 
,,, 	 II , 

Reach 11"~m':i"~~1'\JD~flfln9fl\llJllJU1'lJU~nW Impounded Lower Reach n~'l nl~"~l'JlJl11n11 2.5 
II 

~lJ~llJm1tJ~C1l11J llJm':inflC1r1~':i~UUU1U~U1liYtJ U"~':i~UUnn CSO ( Combined Sever Overflow) 
II 	 II II 

'\Jfl~l1ifl~ Milwaukee County ':illJn~ l~mui'JlJll~lJlwvJflC1vJfl1C1'lJU1Yl~hfijl~~lfllJ 1 lJn./~91':i 
• 	 • II 

( I mg PIL ) ~fllJ1~~'ViU11tl~l11lfl~\llnm':inl~ijm':imUi'JlJC11':iflll11':i 11(\~~lJ91~nfllJnll1""~~U~U1 
• • II 

~~ I ~ij lJl91':i m':i flfl nlJ 11~m~D~t1UJl11nlfl~ ~lJ mYll']$lJ
u 

• II

• 	 ( 1) ,,~1l~lJ1WC11':iml1n U"::~lJ91~nfllJn':i~UltJ"~~11~U1 
," 	 ,II , 

'. 
( 2 ) ih perenial grassland burffer strip 9l"fl~~lJi-1~u~U1\llm~lJnl~lJ~lJn'YI':i1tJ 

( 3 ) ll~nih ( 111Ui4'lJ~~1~lJ highly erodible land lJ1l~lJ woodland) .. 
, 0 

2.4.3 IIJJ'Ul Emscber 

'lJll rut 1990 1~1l':i::lJ1w11ijm':i':i::UltJllJ 19'1 ':il\l lJ ( N ) U,,::vJflC1vJfl1C1 ( P ) ,,~~u~ 
: ct cv.ct oG.l cv~ ~,tJ Jt~
lJ1~~f1~ 13,500 11"~ 36,000 9llJ/il 9lllJm~u ~~lJlJ Emscher Association \l~ ~11~UfllJl'ViflnlJ~C1f11'Vi 

1,ru~J1n~U~C1f11'Vi911lJ '~l1'lJ1n~"l~ ~~ 1~~h1l1lJ m':i~~if 
• II 

.c:S. I ~ '1 " Q,I 0 11)"4
1 ) 191':itJlJ Storm-water-detention basin ( 20 11l1~ ) L'ViD ~l1':ifl~':iUlJ1 ~~f1~ 1.3 

iI 0' 

m lJ ~ nUl ffmlJ 9l':i 

" ( 2) m':i':i~UltJU1\lln basin \l~'rn ( partial infiltration ) 11"~ 
II 	 II II 

( 3 ) ,,rij pretreatment '\Jfl~U1liYtJ'lJfl\lm':i~1~'l l~tJnll1lJ~l,rU1Yl~ijllJ19l':il\llJ U,,:: 

vJflC1vJfl1C1 '~~lfllJ 15 11":: 0.5 lJn./~9l':i 9llmh~u 
! Jd '" .... 4 iI ""'YI~l1lJ~lJm'ViD"~fl91':i1nl':ill1" U"~1.I~lJ1W'\Jfl~ Pollutant ( 9f~llJlJ Nutrient ) 'YI\l~ 

':i~UltJ,,~rlU~U1l~lJl1~n .. .. " 

• 
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• 
• 

• 

River Border Concentration (mg/l) 

+ 
Crossing BODs N03 

NH( 

Labe ( Elbe ) 6.6 19.4 2.67 

Morava 9.7 17.4 0.91 

Dyje ( Thaya ) 8.8' 37.5 1.7 

Odra (Oder) 9.8 19.5 7.58 

Source : Data from Ministry of Environment (1991) 

. .,( ml.JlW in~~ (5 lU ) Utl~'UlV1'l!~U'U~~Hl.i~ltilrltyl.JHtfltl'U~~tfltil'lW19 Czech 
Vll'lH'YI 2-1 ... II 

W l.J'lrJW!tfU't'i'l)JU~U 

nitrates I year
nitrateds 

[ kg. I ha I year ] 
[ mg I L ] 

12525 

10020 

15 75 

5010 

255 

oo 

• 


• 

• 
 1960' 1965 1970 1975 

ye'ars 

1980' 1985 1990 

nitrates in water 

nitr.in fertilizerS 

" .., _~ 1":I A..,:, : 1 .., .., l' .,i ~ 
ftlll1lnlftlUI'IItH1Jll11Wfl11 "~tJlJHftll" ~lIlIl"lIlIl Vltava 1l'iJ1!Il1Wl1Czech fllJIIlIllllllfl111ftll 

~1I'118~mlllW'1I1'n9l111I1uJl l~ W lJ1nwl't1178Jl'118~fl1~ Prague (91fl Academy of Science, 1992) 



. 
q 

U't1'Yi 3 

• ilm:jW~~1'U'Uf)~~}JJl
q .. .. 

I 0 I 0 ~I• 3.1 iUnOU1.JIHu 'I• 
II tI tI I to',..• 

cilJ'111LL~lh 1 Ulm~iJ~"ulh1lJ,j1lJlW 33,898 ~1':i1':) ilhLlJ~) iJLL~'1111Ul~)~L~"Umj'111.
• II.." .II 

CY1£Jlf"n,j)::neJlJ~1£JcilJlj1tieJ£J,j)::lJlW 20 cilJU1 ( 'il~l)l.:)n 3-1 1I~::),jn 3-\ ) ~1'111CY1"Jln,hTiUJ 
~ • '" 'U U 

", " So'" II "11 

1~llfi l11LI~~~ U1LL~11~':) II~U1i\ 11~U1f11':) 11lmY"U 1l~1111"uL~)~iJTl11lJ£J11~~eJ~~1l-h,j)::lJlW 740 

n1~ LlJ~)iJ~"U fhliJ~ 11 1 nl'neJm'IJ11 "UlJ~ I1W ~h.fleJI;£J':)~11 ~':)lf'l~ I;£J.:) llf~ ~.:)iJ"nllw::lll"U.ybl'lllCY"lJilJ 
' " " ~eJ"U 11~::iJTl11lJCY.:)9i':)11,j 500 0,:) I ,300 IlJ~'i 'i'YI n. 1I~'1111Ul~'i~iJnff'Yll':)1lf ~~.:)cY'YIl':) 1~~hm)1l.fleJLLli

~ . ~ 

" II~':) fl1L.fleJII~~lJ ~~eJ~~':)lJlO,:)el1L.fleJIijeJ':) ~':)lfl~I;£J.:)1lf~ 111mr"Un(j'':)Tl.:)llf~~':)lJ1m.:)1~H1"u el11.fleJ 
.. ," 

l1eJlJ'YIeJ':) fl1L.fleJgeJ~ ll~::1 ml~':) cYL;ieJ"u.flij~~nfl11.fl eJCY1lJI':)1 ~':)lfl~~ln 111nn1m;imJ.flij~~ll~lh 1 "u1~ 
~ ~ ~ 

. . " " 'IJ~':) el11.fleJ'lJ1W1'i"nllW el11.fleJlJ'j'j~~YlcY£J fl11.fleJI011i\£J1 11"UlJlo.:),j1ml~'111 1~ ~':)lfl~"uTl'iCY1'j'jfl 
" " " nJ~ 3-2 II CY~.:) 'i::ilJTl11lJ m~i'"U lfreJTl11lJCY 

~
':)'lJeJ':)~ nhll~ l"U l~'im1lJn':)~lU1CY1'1l1.. . " 

,j1':)"l nllf~~':)~11~u11"u1~'jf1
• l~eJ"U .flij~~Lll"U L~eJ"UTl eJ"U n1~nnfi':)CY~l':),rUl~eJil~~"U ~lJ1~lJ~L1W l'lllL L01 el1l.fleJ CY1lJ 

~ ~ 

II. " " I 

1,:)1 ~':)lfl~mn meJlJTl"lJ~"Uni'lJU1~"ulil"U 26,386 ~1'il':)fl1"llJ~'i 9i11;ieJ"U( n'i::ilJcY"Ul;ieJ"U ) 154. e. 
IlJ~'i ( + 261.0 IlJm 'i'YIf) . ) neJCY~1':)1I"1LCY~111"Uil~. ff. 2507 ntl 1,rLfl~fl1':)lnlJJ1'IJ"u1~lmYllfueJI~eJ"U~ 
'i::ilJlnlJnn,jn9; 260.0 IlJ~'i 'i'YIf). iiTl11lJ~ 13,462 "l"u~f)lJ1ffnllJ~'i l~eJWJij~~lll"ul~eJ"uW"uf) 

,j'i::CY.:)t-1CY1lJl'i()~~~m::llcy1~Yh1,r~"':)':)1"u 1vHhm~(Jil,,:; 1,562 "1"UlfU1£J ~1£JJ11,rnlJ~"U~'If~ 
t " '" , 

,j'i::m"U l"UlJ~nwyj':)'i1lJCYeJ':)N':)1l~U11 "u1~'i~ l"U1m':)01'i yjtl'YIeJ':)l1~':) 1.:),j1 1':)£J1':) If"UeJ':)'lJ1U1 1I~:;~"Un
• u 

II II , " 
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2518 O.:J 2536 1~tJ~::Il1'U1~';hl'UTIVi.fl' . 2518 'l::~mhllJij1.:J~::,!,:)lhl~1n~lfltJ.:JntJ'l::~tJlfl1JflmJn91 ( 

.. 260 llJ91'l Hm. ) Im::ml.:J1l1m:f'UL1~I'U~'UlJ1'l::~ml1fliJll'U11trlJ(l~~1(l.:J91(ltl~lJ1~'UO,:)UVi . fl' . 2535 ll(l:: 

• 2536 ~.:J'l:;~tJ~llJ1ntl~1 'U 'l:;~tJ1nq91 
" n n "~(l.:J'U tl.:Jtl~lJ 1WlllV tllJ ri .:IN'' tlV1.:JiJUtJ rl1flty9i tl'l::~1Jf111lJ1,j'lJ,j''U 'U tl':)lJ(l '1'1 'l 

" . .. 
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.. .. 
• 0 • 0 CLI 

3.2 ~lJ'U1mJ1nJ'1 
" , ,, ", II II. " 

cilJlllU1i1l1'j.:JiJw'Ull~lJlln1lJ 10,791 ~l'll.:Jfll"IlJm "(l::1l1i1l11.:J 91':)ltJ'U1l1ill1ff1tJ. . 
" "t "I . 

l1c;niJfl11lJtJ11 460 fll"IlJ91'l tJ'l:;fltltJ~1milJlhvvtJ 7 ~lJll1 ( ~91nHn 3-2 ) Otl 1~'hltl'U~lJll1lll~nn 
" . . "., " " " , " 
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" tI II I tI. " 
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" . . 

'l1(lnlJtJ'l'l~tJn1J111ilhil.:J fhj1lJtJ1fl1.:J ti1ltlmj'llJ911fl 9.:Jl11~911fl tJ'l::lJ1W 10 fll"IlJ91'l1lln~lm;jf.)'U 
, II." "II.•• tliiVi(l 'ltJn 3-5 "'1'~.:J'Uf.)tJI'U91~lJll'Uf.).:J~lJlllll1ilh1.:J llCl::'ltJn 3-6 "'1'~.:J'l:;~tJfl11lJ'1'.:J'Uf.).:Ju1i1l11.:J

\II .... .. 'V '" 

" ." " 
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•• • tI tI , tI 

l;jf.)lJfl1(llJltllJl;jf.)'UnlJU1'UlJ1~'l1fYll'l~'Uf.).:J~llh1.:J rif.)'1'!1.:Jl'1'~1l1lJTIVi.ff. 2515 il~ 
" II • I ' • 

n'U~11l11.:Jn9i1tJ",j'llJll91.:J ti1ltlfllijf.).:J 9.:Jl11~~ltl1.:J Itl'UI;jf.)'Uflf.)lJfl191ff.:J 26.5 IlJm ( n'l::~tJfful;jV'U.. 
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II " ,.. I 

1llfl,rtllJ(ltJ~lJ1wlln;n::l1i1.:JUVi . ff. 2508 O.:J 2534 VitJtJllJ1WllTYhnl;jf.)lJfl1"lJm~tJ.. 
II , II • 

:ij(l:: 588 ~llJ"fl1JlffnllJ91'l 1lJ'tb.:JfflJUnF-i1lJlJ1llJ'tb.:JVi.ff. 2525 O.:J 2534 tJ~lJ1wllnhmiltJ(l~".:J1l1~V.. 

. 
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" "" " " 
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( 2 ) li'111~lJ lWlhvilnhHU'Ull;ifl'U fh"lJihHlJlOHr fltl fl11 400 '"l'U" fllJ lrYf)llJ ~ 'l/il... 
" 

d 0i"''''''~ oil)'"
fl~:;'YIl l1lfl~uty111'Ul~Ufm'U'Ul L~ 

.. .. 
, 0 , 0 

3.3 ~llliJm!1illill 

tI " ". " " 

~lJl.huliilltllJiH~'Un~lJlh11'l:;lJ1W 23,616 ~l'll-3fnmlJ~'l 11'l:;flfllJ~1t1~lJlhrifltl II 
" • " " . " I 

cilJill ( ~~l'll-3n 3-3 ) iiUliilltllJI1l'Uuliillffltll1"flii~'Ufhlij~flrii'U~fltl'U'Utl1lJ Yhl'IJ1~U'Uill ~-3flri1'U 
• 'U 'U'U" 

1'IJ~Hhlflfl11-3 U,,:; ehlflm;tI-3li1'U ~-3111~~:;Wl 1l1""-3'Y1l-3YirY~:;1u.~miitl-31~ ~1'UltlJl'IJ1~11 flfl'llJ~1t1 
. "1 " .

ill U,,:;iifl11lJ"1~ll'JlJlfliin'lllJUfllJ'l ~lJuliillI1l'UlJH~fl'UlijflloUll'IJ~~-3111~U~~'I:;ihhill-311 ~-311l'U 
" • " " I I 

iilillffl'IJlnfflflw111 "lJllJ'l'l ~lJ 'I1flU'U uliil ltllJ 'I:: 1l1""-3'Y1l-3YirY1~ lm:;l~lJflflmYn'lllJ~'U111ui1'U1'IJ~.. ... .. 
" " 

~-3111~U~~ 'Ilmhlflflfffl-3 thlflmijfl-3 tillflflff-31li'U 111'1'UU-3flllflm~'Uitl ~fl~lflU'UuliilltllJ'I:;111"111 ... 

'YlHYirY~::1'U~moUl~ltlJl'IJl rifl'U~:;U-3flllflVrY1ff'lf'Ul"tI ~-3111~,! l'IJl1t1 uliJltllJ~::I~lJ1l1""-3'YlHi~loUl~ 
I • ,,, "" I 

lJ~nwn 'lllJ~ -3 ~:; l~lJ i-3 U~ fl llflVrY1ff'lf'Ul"tl9i~~mi'U ,,-3'11 uliill tllJ 1'U'lf1-3l! ~::11lJiifl11lJm~ll'JUVtI"-3 
" " 

'IlflflllflVrY1ff'lf'Ul"mlliilltllJ~:: 111"iiu'U1'IJ'U1'UflO'lJuli,hul'U~1'U flllflVff1'l'lfll"fl rY1ffllH fl-31m.. 
mrY lm::~l'Uflllflfl1Jl-3'l:;fh ~-3111~~l:IO{ l"fl loUl~~-3111~m~'l ~flllflflffllJ~llJ ~lflflllflVffllJ~llJuli 
" " ~ . 

111 tllJ 1l1"fl'U'Ul'U O'lJuli111Ul'U~1'Uflllflfll~Jj11'l:;l1lJi'1-3 flllflfll~'Yl::m 'I'Ul,jll'IJ~~-3l11~'Umff1'l'lfl... 
" " . 

1~mlliill tllJ~::111" loUllJ'l'l 'IlJ O'lJuliillU l'U nTI1'U1fltlitl fllifl fl'lflJU ""-3 ~-3l11~'Umff1'l'lfl 'l1lJfI11lJtl11. 
". " 

~lfl~'U111U-3~~n1 11""-3uli111U l'Utl1111'l::lJ1W 735 fllJ. 

""" " " " 
cilJ111Uli11ltllJ ii~1111ffl'IJ1'l.h::lJ1W 77 ffltl flV illl~'U illUli~-3 illUli-311 uli1ff uli. . 

I I" 0" to.Q I I • I , .", t ". 

fffl-3 UlJtlHl1"1-3 UlJtll-3'UVtI 'UllllJfIllJ UlJl1"ltl LLlJllfllJ LllJffltl UlJff'l1t1 UlJm UlJfl"l-3 111t1'Y1lU~ 

" " 
M'1t1uli~'U 11lUlilJVfl 11lUliil~'U f1"fl-3ffl'l::lJlJ f1"V-3iill1'Uv-31lJm) f1"V-3f1wn M1t11mlj f1mNl~'lvlJ 

f1"V-3M'1t1U~1 11l'U9i''U ~lJJluliJltllJfI'lfllJfI'llJlf'U~1'Ul'IJ~ ~-3111~~l1h-3 Ul'U U~~ ~::Wl ~l:IO! l"fl 

,!l'IJl1t1 mfl fhU~-31~'If'l ~i~'l lm::'Umff1'l'lfl ( ~!11~ 3-7 U,,:; 3-8 ) 

tI " " " 

1 'UcilJilltllJ 1liiiflHl~lJ11l'IJ'U1~1mti~-31'lf'U cilJillil-3 1-3 U"::Ul'U cilJ11ltllJiiiJw1111'lf'U .. u.. .. u 

"" " " 1~tl1O'lJ~lJl1l1-3flV 11~lJ1W11nil 80-90 luv11c'i'U9l''lJV-3U~lJlw11lfil'lltlil'l::ln~ 1'U'lf1-3q~~'U ~-3U'U i-3 

- " " 
ln~iJty111 fll 'l'IJ1~ UTI "'Uill~'U 'YJ flil1'U 'lf1-3q~11~-3 1'U 'l::1111-31~V'U fllJfIli'U ;U-31~fl'UllJl:Iltl'U 'lJfl-3u~a::iI 

" 11 , " 

uli11ltllJ1'Ul'IJ~~'Un flllflflffV-3 flllfifl 1'V-3fl11-3flllflmijV-3 ~-3111~U~~ U,,::fi-3U1i1~llri-311"1-3 ihlflVrY1 

" "'" " 
ff'lf'Ul"tI ,,-31 111liii111 1 11" ll~ ~::ii11l'li-3v~1'U~111111l'U'lf1-3'l 111flll11-3uli11ltllJ~::UM-3i-39i'v-3iifll'lfffl-3 

. "", " 
Yil'UlJi1m11UlJlJ m::fffllJ'Yl'lltl l1~m~flll1~fl1dn'ltlil~O''U~lill1 i'11l'U'lf1-3'l l~flO'fl11l Hii'i'Uq~U~-3 

" " " 
lJHlJ111W 9i'fl-31~Hl'IJ~'YI'lltln'fl-3111"-311l'UUfl-3U"'1iYlJill~'UlJ11i'. ... 
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3.4 	~UlJlnlny 
"" ",,, " • 	 cilJlhmhhullJiiWlJl1cilJlhtl'l:::lJ1W 34,330 9ll'l1-3nl~llJm tI'l:::nV11~1(JcilJlh~eW 16.. 	 . 

" • "w " • 
cilJlh ( f191l'll-3n 3-4 ) iill1hhUllJllllJlI1hhCY1(Jl1SniimllJ(J11 770 nlmlJm ~11hCY1'U111,hTlrul~uri

• 'II 	 U 

, "" " " 	 " 
11111 ihtllfl lI1hhufl1UV(J mhh1-3Ylv-3 11lml'lJ mhhullJii9l'lJflll'UfI1nnflv(JiJU" 'lJibL'U1l1"1-nn:: 

. 	 ~ 

11H 1 'l.ni'V-3nVllfl Vvi-3~l-3 Vllfl m;(J-3 n"l-3 U~::Vllfl vi1-3 ~-3l11f1UllJ "lmTlJ il1"Mffnfl'19l'r·hlJ VllflVvil. 	 " 

~ QI QI . 0 Q oQ Q,I QI Q,I.<C\.A:IIt, a .Q 0 	 0.Q"
LlJV-3 1l-3l11f1V91'l~91(l Vll.flV9l'lVlJ VllflV~'IW "-3l11~~"91'l VlLflV91::~llJl1lJ VlLflV1Jl-3lJ"lJlfl VlLflV'tflJ . 	 " . 

" I 	 " " 

IICH U~:; il1"lJl~11O'11LLlj,.ll(JlJnU'llJlnVimll-3"ln9l'lJlllll1hhl~1~'l:::(Jltl'l:::lJ1W 35 nlmlJ91'l ( ~Htll1 

3-9 lm:: 3-10) 
I • ~ , 	 " " " I 

L~VlJmn9iLlllJl~VlJ ~lJmlJntl 'l:;CY-3rlcyrH;ilJiI~O'lJ~llllUllJn ~111" ~lttiVlJ VllflVvil 

tltIm ~-3l11f1~91'l~9l(r 9i11~VlJ~'l:::~mYlJl~VlJ~-3 113.6 LlJ91'l ( + 169.0 llJ91'l 'lYln. ) cyrl-3lCY~"lrlvil 
4 Q,I d cvtloQ 	 . d cv :,71 !I ., d.~.d 

~.fI'. 2514 Yl'l:;~11ln11nn n91 + 162.0 llJm 'lYln. CYllJl'l(lln11nnlJl ~ 9,500 ~llJ"n1Jlfl'mlJ91'l lJ~lJYl . " ~ 	 ~ 

f11111 13,086 9ll'l1-3nhllJ91'l CYllJl'l(l~~91m::ucy1vHh hi~~-3-31lJm~(Jil~::: 974 ~llJl1U1(J ~l(Jlll111' 

" . ,." 	 ". " 
O'11WlJn'lf"tI'l::mlJ11~I1Wn'll11"'V-3r:J-3LL~lllUllJ ~-3l11~ytl:JWl~n lL~:::wlJncilJllll~l~'l:::(Jl91VlJcil-3. . 

~ ~ 	 ~ 

'l1lJll-3 ~l(Jl.ll ,~ 0'11 nl'ltl 'l:::tlllJ fl'Jl1 "1-3 LL~::'th-3~~n~lJllll~lJ1lJ'lh-3q~LL~-3 
" , " I ~ " 	 " 

"lncy(i9itl~lJ1wlllviln'l1~,.ulVl-3ln11111l~VlJmn~ 9i-3lL91il~.fI'. 2517 Q\l 2535 iiUl 

il1~l.ulm~(J 5,094 ~llJ~n1Jlfl'rlllJ91'liiJ 1lJ'ti1-3iY11i1l1~-3i-3"~ ilftfl'. 2526 iitl~lJ1flnflil1~L.ulm~(J"f1 
~ 	 ~. 

~-3'~(J-3il~:: 4,382 ~llJ~n1Jlfl'nLlJ9l'l LL~::: 'lJ'tf1-3lflill1~-39i-3U91tl~.fI'. 2531 iitJ~lJ1wlll il1~L.ulm~vil 
JJ., .c: d d, "QI '.Q : , ". d : d 1 " ~::: 3,804 ~llJ~n1Jlfl'mlJm LL~:::"lnltJYl 3-11 n"::Ll1lJ ~'tf~11tJ'llJ1WlJl l1~L'Ulm-3ln11lJllJLLlJ1 lJlJ 

"~~-3~-3 111lJ cymlJ nl'lWL'tflJL~V1 O'11~Ln~~lJ 0'11 Vl-3Ln1JlflL~VlJflij~~ LL~:;Vl-3Ln1JlflL~VlJ~1"lJ nl'l "f1 
" 

" ", 	 "" " ~ -3'U V-3t1~lJ lWIII i1L11lJi1"~(J ,hTlVV-3 ~VCYfll~ n 1 'l Ln~ i1Ull11lJ~ fl 1 1::: 'UV-3 Ul1ci-3111li'l(Jlll 'U V-3 cilJlll 
u 	 • 

't 	 tI" 
ltln 3-12 LlllJU~lJnLLCYfI-3.fllVi'l1lJ'UV-3n~lJ~lJlll.fllflLl1ijv ( ~lJlllil-3-1-3-tJlJ-UllJ ) 

.. ..'0 '0 II
3.5 ~1JYlIl1JY)I;n'Yjl::tJ) 

" 	 " ", II tI

~lJlll'~1~'l:::(J1LlllJ~lJU1'UlJl~'l1ojlH~lJnf11111''U91~lJUl 20,125 9ll'l1-3nl~LlJ91'l U~ 
. ~ 	 d ~ ~ 

LijV'l1lJ O'11cilJlllil-3 	1-3 (JlJ lhlJ ihffn u~::CY::lLnnf-3 Clf-3(iV11LlllJ~11l1CY1'Ul'UV-3LL~1l1L~1~'l::(J1U~1 ,,:;. 
", " 	 II, "" 

iJWlJn~lJlllnlJO'lJIlllJ 144,243 9ll'l1-3nl~IlJ91'l l1lVfl~IlllJ 28 Itlvl1c'ilJ~ 'UV-3WlJn~lJUln-3t1'l::I'YIf'I 

( ~911'l1-3~ 3-5 ) U~Jll~l~'l::(Jlll1"~llJ~-3'll11.fllfi nm-3fllJ ~~lJCYlJ1J'lW'lJL'U91~-3l11~lJfl'JCY1'l'lrl
• 

i(JlJ1Yl iYnf'4'i ~~ll'i fll-3YlV-3 vQ1irn CY'l::'4'i tJ'VJlJ1ilUlJlJYl'4'i CY~Yl'ltJ'llm'l Ll~::n~-3IYlW1 ( ~1t1~ 
" I " •

" 3-13 ) '".fllYi.fliitl'l::lYlfl''UV-3cilJllll~J'Yi'l:::(Jlm-3r:J-3~ltJ 'UV-3U~lllL~lVi'l::(Jl (r:J-391:::1lJ Vvn) 1lJl'U91~-3l11f1" .• . 	 " """ 
lJfI'J CY1'l'lrl ~~ll'i lJiitJ'l:;LYlf'lLlllJn'll1J'l-3 iil'UlJL'U1L~(J'l fllJLlllJ fflJ O'lJlll'UV-3~lJlllL~1~'l:;(J1LL~:: 
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rilJJl'ihff'n ff1lJlll.:J~.:J~ltl~fllJriH~.:JI~lJl'U~9ifl9ifl'Ufl.:J~.:J111~Hn::'U~ 1l::1;r.:JI1'l11 flihh::Ll'lff\l::I~lJ~. . .. 
~ ~ ~ 

11'UCllfll'U1Cl.:Jffmhhl~lVi1::tll LLCl::~.:JLL9i~fllJ 1~Ul.hh"hff'n (1~~.:J111f1W1::lJmff~mJ1Wl) Cl.:J hJfffllw• ..~ 

" I I "" I ", 

• ~lJn\l::Cllflll'l~'ifltlr:l.:Jl'l::m ffl11i''U~lJnl'lHr:l.:J'U11'Ufl.:JU1hhl~lW1::tll (r:l.:J~::1lJ~n) ihimIW::l~lJlhl'U 
• • I " " 

l'l H~ fllJ 'UlJ llCl:: n 11'Uri lJl'll.:J ~ fllJ ril.:J fllJ l~lJ n11'U1lJr:l.:J1l1.hl11~lW1::tll9ifl9i 'elf)''Ulllill ni l~ lJ fl11lJ Cllfli'. 
~. ~ ~ 

"'I dO • . 1Y~Y 
'Ufl.:JWlJl'lCllJlJll\llW1::tJl LL'U.:J f11'UlJ 2 ~fllJ flfl ~fllJ'UlJll1i1fl~.:J111mi1::lJmff~fltl1itll~lJhJ\llJo.:J. .. 
~.:J111f1i'tJlJll'l \l::i:ifl11lJCllflLl'llh::lJlW I: 7,000 11~fl\llm::~'U1h::lJ1W (+ 4.00 1lJm 11'1n. ) O.:J 

1::~'U ( + 16.00 1lJm 11'1n. ) ri1lJ'U111Wlll.:J~fllJ1~'Ufl.:J~.:J111f1W1::lJmff~mJ1itllCl.:JhJ\llJ\l1f1'ifltJ~.:J. 
1'l::lCl\l::1~lJ~11'UrilJi:i1::~'U'U111WnHLl'lWlJ111lJflnh::lJ1W ( + 1.75 llJm 11'1n. ) l1~flfifll~lJfI'jllJClln. . 

" • " " I I '" 

11'l'Ufl.:J~lJnlh::lJ lW I : 25,000 ~.:J,rlJ~lJn'U1l1f.u 'ifltlr:l.:Jl'l::m~.:J 1~i''U Ul'liiWCl \llnllll'l::lCll1lJlJ. fl~lfflJfl.. 
" ,, # " 

111lJ1WllTVh1lJ~lJllll~lW1::tIl \l::lnfl\lln~lJlllffl'Ul ( U.:J 1.:J tJlJ UCl::111lJ ) 1lJfIlfl111U61f1tJl1n9i 

" " " , 
111lJ1Wlll\l::fl fltJ'l i:i1::~'Ulll"l.:J~lJ1 lJ1::tJ::11 Cllm~fllJwqllfllfllJ fllJl~lJ1::tJ::11lJ~lJq~~lJ \l::i:i111lJlW 

~ ~. 
"l.:J ~f1·lh.:J 111 n111:: lJ1W1~()lJ ijQlJ ltllJ U"1111lJ lWIII \l::fl fltl'l ClflCl.:JlU().:J \llm~lJ 1::tJ::~lJ n.:J 'lf1.:J ~lJ q~ 

~ 

~ _I "'_I 0' 1 _I "'I "" 0 Y "'I 0 _I"" "" 
. 

'" 
l'UlJ11ClllJ 1::lJlW 2-3 fflJflll1 lJ1::tI::uClltJlfl ()lJlJ QlJ ltJlJ~6~lJlf1()lJ mntllfllJ ~6lJlu1lJ1W \l::lWlJ'UlJ 

" ff~ ()~1i til \l::l nfltJ ()fllll"l.:J ~fl111::lJ lW I~6lJ wqll fIlfllJ 
~ " 

\llnffo9im1~11\l1f1111lJ1Wlll'Vh'U().:Jlllillll~lW1::tIl ffllJ1HUlti.:J1::tI::11Cll66mlllJ 

'lf1.:J ~llJfffllWJl fl6 ';1.:Jn6lJUCl::11ci'.:Jn()ff!HI~()lJflijWCl UCl::I~6lJmni ~.:Jff1111~-:hn6lJm1ff!H.. . . " "" " 1~6lJn.:J 2 mi.:J 111lJlWlll'U6.:Jlllillll~l'Yi1::tll\l::()~1lJci'nllW::fffllwlll~llJ1inlJ'if19i IlCl::11ci'.:J\llnn6.. 

~,,~dAl:"q :. d . 

ff11.:J1'lJ6lJln 'UnnlJ11lCl1111lJ lWlJ 1 ff1lJ l1lJ.:J \l::() nfl1'UfllJ lh111'm111W1m::\lltl'U6.:J111lJlWlllll1~tllJ.. . 

" . . " 

Ul1Cl.:J 111 1f1t1\l::i:i111::lJ1Wlll1lJ1::tJ::q~u".:JnJjlJfI.:JlJln~lJ ffllJl1()lll 1111'11'1'~6111:: 1tJ'ifu'U6~n\lm1 

9iH'l 1~ ( ~~111.:J~ 3-6 ) 
~ ~. 

ulillli~lW1::tilO()1~illlllJulilll ffltJffl~OJn fffl'U 6.:J111::ll'l ff 
OJ • 

~ do': 4 .di" , 0 "'I ""1 ~ .Q ~It " lff111!n\l'IJ()~111::11'1ff lJWlJl'l'ifCl111::111lJ().:J 7.5 ClllJ 1 1116 12,000 ~111~n ClllJ~1 111()flfl1'UlJ16t1Cl:: 

"" '" " """ 
60 'IJ 6~~lJnrilJ lllUli1111~lW1::tIl lJ () n\llnUIII \ll nuli llli~lW1::tIliJ~()n1'11'111::1t1W6nl1ClltJ111::m1Wfl. .. 

~ . 
( 1 ) nl1''I1'1l11~()m1Inll~1 

( 2 ) 1~()m1'U11f1f1-()111f1f1 1 ~lJ 1111 ci~Jl~'U'U().:J nn111::111lJml1Cl1.:J ~~ff'UJ1~lJlJl. .. 
~ " 

1'11'o.:J 11 1:: lJ1W 1lJCl:: 3.5 "llJCln'UlffnllJm nlJn.:Jll1lJ1111ci.:Jlll~'U'U ()~111::111.. . . ~• flij fIlfil~ ()111''U1 mmnn ()~1lJLLlillll~lW1::tIl6n~1tJ.. .. 
~• 

( 3) 1'11'~ci'n~lJilllfilJ'lJ'lf1.:Jq~11".:J
• 
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2 

http:n11'U1lJr:l.:J1l1.hl


JI' JI' • JI' 

U~lJ1wm'j"1-Hlhmhhl~l'Yi'j"::tJ1m~tJn~iJlh:am.u 11,400 a114~n1Jlfl'OllJm l~lIU,j~.. 
JI' JI' JI' I 

IrJ14'th~q~lla~ 4,300 a114~n1J1fl'OllJmtilll~::'lh~q~~14 7,100 a114~n1Jlfl'OllJ91'j"til n~iju~lJ1Wlhn 
.i" " ,." o<'l ".,. "" "f.1 "" 'j"::1JltJ\llm'UV14I\l1~'j"::tJ1\l::91V~ lJ14tltJfI~ 80 ~n1Jlfl'mlJm/1141'YI 11'j"tllJ'j"::lJ1W 2,500 ~l14~n1Jlfl'n 

• JI' • JI' 

IlJ~'j"/iJ lYivnn~C;;n~14lhlfllJ 1l~::IYivnn~ii91,hu'j"::U1'Utl~nnU'j"::U114ml1~1~ 
JI' " " • 

14 Vn\ll numhh1~l~'j"::tJ 1V~1-HIrJ14 Iff14 'YI1~fllJ14 1fllJ'YIl~lhn ff1ftqJtj n~1tJ U'j":: ltJ'I1tJtj n 
.. " " , 

, .ci..::::t. to" .ci 10 ~ _I 1'" 1 
tltJ1~1114~'YIUlJ14 11 \l1~'j"::tJ1 U~::'j"1lJfI~"lJ141ff1tJVWl 'Utl~lJ'j"::l'YIfl't.ln 'I1tltJH~::mtJ 1l~::'U1~fl11lJm1 \l 

" ."" " " 
1dfifiv ,rJ14llmi~'j"tl~i'1JlhlfftJ9i1~"1 n'n~~14 ,,$14 lh'fftJ~lJ'I1lJ ihlfftJ~91ffll1m'j"lJ lhifftiLnll91'j"m'j"lJ 

~ ~ . 
,rJ14~14 11~vv1\lmil1'~';hlhlfftJlJnU'j"::Ul'Y1n~n,rJ14 Point Source 1m:: Diffuse ( Nonpoint ) Source 

" " . .1'0" lo~' Q,I..::::t...::::t. .cit 1 - ' 

t.lm::1JltJ~~\!lllJ14 11\l1~ 'j"::1Il U~::"lJ141tl14'l t:ltJ1~m'j"'U1~ m'j"\l~ m'j"'YI~ Im::ll1lJ1::fflJ 'b'~tJtllJff~~~91t:l 
JI • .. "JI ". 

nn ln~~14 'U tl~ fl11lJlfftllJ1'YI'j" lJ 'U tl~fJWfll~lh'U tl~mhj 11~1~'j"::1Il "~::Ul,hj1ff1tJfl14'l 

• 

•

• 


3-22 

http:Utl~lJ'j"::l'YIfl't.ln


. 
'" gtllH'YI 3-5• 

• 
• . ..

<!I , • 

1I'eHUJ1H 
q 

.: ~ 
I. LllJl.JllJ-l 33,898 740 

I: Q,oO 

2. LllJl.J11-l 10,791 460 

.: 
3. LllJ l.Jl tJ lJ 23,616 735 

I:' • 
4. LLlJl.Jll.Jll.J 34,330 770 

I: " 5. UlJl.J1L\llYi'):::tn 20,125 379 

... "".1. " .,,,
mmJll1~ milllLIi'lVf~ ::Vl'U f.lfll) lfli'mh I) lfl~1Jllltif.lVmV1'UYl'Ufi q1JlllLIi'lYl'l ::vlua1v~i'lJlll I)1flq1Jll1 

LLl.hflil~ UliJ11~ UliJ1V1J UliJllh'U ulil1\ihfffl ( ~'U~q1JJl 16292 ~1'll~iilaL1J~'l ) ua::uliJUt'::Uflfli'~
• 

( ~'U~q1JJl 5181 m'll~iihL1Jm ) Lrlf.ln1Ji~111J"U~1tl"LiI'U~'U~q1Jlfl 144,243 ~1'll~iilaL1J~'l l1~f.ltl~lLiI'U 

•4 

• 

• 


• 
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10 1'00' 
-+--\-----""'-~......... ---t-.,.....---.----\r-+-+-----+---;;,g:.'-7'---:--"'"""-......:.~__i 16' 

III.C IUItl ("ud""""AI...uw i71VC" "" 

~------~~. ~'~~~~L-r----~__~--~~~~~~--tj~~~--~--~--__t'~. 

-- BASIN BO\JNOA.'!Y . 8ASN CODE:0 
. 0 SUB·~IN eouNOARY E:B BASIN . SU6-BASNOOOC 

~ MAE IIAM 

• AMPH:)( 



. v. v 
_t':! .c:I _~ o'.c:I ~ '0 tI'" V1uHn 3-6 fll1 I IJ 11llJIfill lJIJ1lJ lW'U11fillU illl11lJ1~tl'U 'Iltl.:sUlJ'U11~1....1:m1 

l~~I.Jtllil'U f111.J111fl1 'U'tll.:s ritlI.JfHI~tl'UlJij""il Uil::I~tl'Uiiln~• . 
, cv II ~• ( .....f1. 2495-2506) Uil::~1.:s'Hil.:sI.J11.:sl'IJtl'U ( ..... f1. 2507-2534 ) 

IlJEllVU 

YH1ElfllfllJ 

... 
flUVWU 

-. 
lJmlfllJ 

... 0' 

fllJflWIUli. 
'" lJUlfllJ 

'l1lJ 

mlJ1wJ11U~[J 

iJ 24-5-2506 

II " ( ill'U9fl1J1f1fl1lJVl1 ) 

183 
-

409 

868 .. 

1,258 

2,850 

5,333 

7,498 

3,246 

962 

421 

281 

234 

23,133 

mlJlwJ11U~[J 

tJ 2507-2534 
II , 

( ill'Ugfl1J1f1fl1lJVl1 ) 


1,032 


1,168 


1,390 


1,501 


2,281 


3,604 


4,437 


2,660 


1,295 


689 


748 


1,049 


22,015 
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, 
"" Ul1tl 4 

.. .. 
41:1 0 , 0 

Ol'iflOlJUn'Hlll1)'i AUl::fJWflU'fY)'lI6~Ull'bl) 

• 
II II 

1'Uf11'IffflEllfli'-3iil~l1lf11'IffflElltl1lJ1Wffl'Hll'H1'I 1~'W1U'U I'U 1~'Il~'U ( N ) Ui;l~ 
II II • 

vlflffvlfli'ff ( P ) 'I1lJn-3~flElW~tJWfll'Vn.h ( Characteristies ) tl'I~f11'Ifl'U'l tl'I::flfl1Jf11'IffflEll 

a ..c:It. 'OJ'4.1 fllllOlJ Uil::1Ifll1::'tWlJtltlH 
II II II 

~1fldl-3lh~lmllhllil-3-1-3-VlJ-l.h'U ui;l::mhhl~l't'i'I::Vl ~::~mn1J 2 'lf1-3 fifl 1'U'lf1-3q~ 
II II 

lhuflV 'I1~flq~Ua-3 ( l~fl'Uij'UlfllJ ~-31~fl'U'ViqElmfllJ ) Ui;l::'lf1-3q~1l1lJlfl ( l~fl'U'Viqff~f11V'U ~-3I~fl'U 
'" 1 d Q,I' d.dl " 0: .d Q,I.d .d.a
1i'U1lfllJ) 'Ufll'Ilfl1J~1flVl-3~::lfl1J W ~~fl-3fli;l1-3~llJfl1llJfl1l-3i;l1'Ul Ui;l::'YI'I::~1JfNfli;ll-3f11llJi;lfl 'I1'Ifl 

I II II " 

vh::~1J 1 IlJm~lfl~1lh~-311l~fllJlflfl1l 2 IlJ~'I vmi''U~1fldl-311Tcil'l1i'1J~'I1~1~ 1f1ilvlflflJU1Jfllii1V~:: 

In1J~'I::~1J 1 vl~ ( 30 19f'U~llJm ) ~lfl~1Jl 'Vil'Ilijl~flf1JlnlVf11'I~::11ml::Mn'Uli~ln1J~1fldl-3 'I1~fl 
11f1n::Mmv1'U1'Ul~V1fi1J~ln1J~1fldl-3 1'lf'U ~W'I1fJijfl1llJl~'Um~-~1-3 ( pH ) fl1llJllllvlVh 

( Conductivity ) fl1llJ!ffUVHiflm~ ( Alkalinity j I~'U~'U 'Vil'Ilijl~flf1Jl-3'I1Vf11'In~1~fl-3ff-31tl1lml::M• 
11.nrfl-3tl~,j~fll'I ~-3J'U'I1~-3~lmn1J~1fldl-3Jl Ui;l::'tilf11'Ii'flEllffm'Vi~1mh-3 ( Sample Preservation ) 

Ua1n~::'I11J'I1lJ~1fldHJ1~ln1J'~'Uu~ i;l::1'Uff-3fl~1JlJ1J-3m.-31'Y1'VilJ'I1l'U m 1~V'If'11~Vffl'I'I::'I11VUijfl-3 
II • 

( 'Imi1f ) Ui;l::~1fldHlh~::fJfllll 'tlJ-3lffl-3tl~,j~f11'I'lJfl-3ffm,j'U1~vffm1::ln~afllJ ( 1~m~1'l1Ulli'IJfl-3 

ffmU'U'1 1tli'1J~'Yh~fl~nl ) 'Vil'Ilijl~flf1Jl-3nvf11'I 1'lf'U fllv~ 1f1ilvlflflJU1Jflfh1V I~'U~'U n~::fJfl.. 
• • II 

1lml::Mn'Uli1'U1'Ufi~1fldl-3~-3lffl-3tl~U~fll'I ~l'Il-3li 4-1 Uff~-3nf11'Ii'flEllffm'Vi~1fldl-3lh Ui;l::'I::V:: 

11i;l1'IJNf11'Iln1JfflEll~1fl~1-3Fifl'U 'tilfll'I11ml::,.r~VfllJf1Jfi'U 1l'~Fifl1l1'lfi~ f11'ILtl~V'U IItl i;l-3 'I1~mtl~v'U 
. " " , 

Utli;l-3UflVlJlfl ffl'l1i'1J ~ l'Il-3li 4-2 uff~ -3n f11'I'I1~fllf1~fl-3ijflli1,nlml::M~1fldl-3111U~ i;l::'Vil'Ilijl~fl{ 

.. 
o c:( OJ , 0 

4.2 mlml1'H~~~I01JVI]fltl}nn 
" II " II 

fll'I nl'l1'U ~~~ln1J~1fl~1-311l1'Uf11'I ffflEllfli'-3U ~::l1l f11'Iln1J ~ i;l fl~"llllU~ i;l:: fflV. 
II I II " 

~~ln1J~1fl~1-3 ff1'U 1 'I1qj~:: fl~1J111Wn'lvlll'IJfl-3~1Iijfl-3 ihlflfl '11~fl'l1lJ'lf'U'I1'U1LIU'U li~-39i~fl~fi1JU~lll 

'I1lJi-3 ,~,rtl 'I::lv 'lfll'~l fl"lJ'lJ'U '1 1~m~ 'Vi 1::mh-3~-3f11'I~il~J'ltl'I:: tll Ui;l::1'U'lJw::l~v1fi'U nijf11'I 
II II II..A II 

'I::1Jlvlll'Vi-3'11lJ'lf'U fl~1Ji;l-3 I tlJ-311'11ri-3111 L~1J I'U fl-3mfl,rfl~lfi~'lJfl-3 -31Jtl'I::lJ1W U 1 ~ffflEll'til 1'11"~ffllJl'I(l 

• nl'l1'U~~~ln1J~1fl~1-31'U ~flElW::1'I1UflJl Ui;l::n'lVJ1'IJfl-3'11lJ'lf'U '~'U'lJW::I~V1n'U fldl-3' 'In~l1Jlrlfl'~ 
II II 

W~1'IW1~-3'I::V::l1l-3'I::'I11l-3~~ln1J~1fl~1-3UUa1 ( ff1'U 1'11qjij'I::V::l1l-3lJlflfl1l 50 fil i;lllJ~'I~'U1tl ) fIl~• II II II - 1lflWm'Villlfl1'I~::~~'U1~V1in1J'lfl~~lflm::1J1'Ufll'Ivlflfl~1'IJfl-3lh ( Stream Self-purification process). 
~-3J'U ~-3~:: '~ij fll'Iln1J~1fldl-3Jl ~lfl1J111W I'll UflJl1Jl'ti1 f11'IlmV1J Lliv1Jn~::1~ff,m i;l~ flfll'IffflEllfldl-3 



• 	 w 
.r:::t A..q a: IV Q.I' 0 	 a: Q.I 

9))lHD 4-1 'JlifllllfllJlflllliJllll'tfl'JtlllHUl ( Sample Preservation ) 1Ii;l::l::11::ni;ll'Uo~mllfllJlfl~l 
, 0 .q t! 

fltlUDlfllnlflll::'t1 

Parameter 

• 
Water Temperature 

pH 

Conductivity 

Dissolved Oxygen 

Alkalinity 

Solids 

Chloride 

Sulfate 

Hardness 

Metals
• 

BOD 

Q.I' w 
a Q.I 	 0

fllllfllJ1flllliJII1l'tfl'JtlllHUl 

.c:I 
LL'tfWlJ 

.c:I 

" 'tfltllJ 
.c:I 

LI'tfWlJ 


_I .... '" "
lJ'j'1.J 11 pH < 2 "1t1 RN03 


_I .... '" "
lJ'j'1.J 11 pH < 2 "1t1 RN03 

.c:I 
LL'b'WlJ 

281lJ 

I - 141lJ 

<!I 

6L"tllJ 

Ammonia 7 - 281lJ*. 
Nitrate + Nitrite 

Organic Nitrogen 

Phosphate 

Total phosphorus 

Colifonn bacteria 

.. 

lUJ)Vl't1f,J 	 11lJlfJ('I-3'U1-3mnu1J~ -311~~1VfJH'U1~mn1J ~1m I 11 ~ -3'U1~ 'U ('I -311~1Y1 \ln'UllJl11fl'n:: 11 

VVl-3 1 'l ~~ llJ1'U11 Z;nm'l11fln:: "'Ll~1 i 1VVl-3Jlfl1'l~mlllJl11fl 'l1::'"li'Ufi111Vl~1~ ll~IYi1 
• " tI II 

fi ~::ii11~,r1Ji-311~A1VVHlll~m~1J ~lnll11'fi-3111 

@ a11,jijm'l 'l ::lJ11l m'lln1!l1fffl'll'fi 1VVl-3Jl1 ~ 'U \;lfY1!I 11lJlfJfl1)lJ'hA1VVl-3Jl~I~1JlJl~:: 
. 	 ~ 

m'l~1'U'II1f1l'f~lff~f) ( polyethylene lf1V polypropylene ) 1~fJl~1JA1VVHlll1,rl~lJ'\I1~ 
" 1'" d ,~.. .... ~ 1"'"1l~1i1f1~1 1111'U'Uln1J 'J L'UYlfJW11fJlJ~l ll~:: 'UYllJfI 

... 

• 

7 - 281lJlJ'i1.J 11 pH < 2 "1t1 ~S04_I .... '" " 

A. 	 'Q,I' A d• 

L9\lJ HgC~ 40 mg 9\tlmtltll~ I ~9\'i LL~::LL'b'WlJ 

L91lJ conc. Hcl I mL ~tl 9i1tl[h~ I ~m 
,d A. 0 

LL'b'WlJ ( tJWl1tJlJ < 10 C) 

.,! ,., I : d I!".d.. ~I 	 oQ 
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• 

• 

• 


• 


Parameter 

Water Temperature Thennister 

pH Electrometry 

Conductivity Electrometry 

Dissolved Oxygen Specific electrode method 

Alkalinity Thennister 

Solids 
o 0 

Filter and dried at 103-105 C / 180 C 

Chloride Thennister ( against Ag N03 ) 

Sulfate Turbidimetric method 

Hardness Calculation from calcium and magnesiun 

Metals Atomic absorption spectrometry 

BOD 
o 

5 - day Incubation at 20 C 

Ammonia Specific electrode method 

Nitrate + Nitrite Spectrophotometry 

Organic Nitrogen Oxidation with titrimetry 

Phosphate Spectrophotometry 

Total phosphorus Oxidation with Spectrophotometry 

Colifonn bacteria Muliple - Tube Fementation 

• 


• 

• 
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II II" I II II 

ih1my, flflJ ') 11.1 l1.:J1'U m') ffnl:llfl i'.:J 11 ~.:Jn ~::1U''U t).:JfHl m::fl'U ~lnm') ,)::1J1ml11fffJ~mhu1 1 'UfIlYi,)11J 
JI " II tI tI tJ 

• t)~1.:J i ')nmlJl'U m')ffnl:llfli'.:Jl1 '~':hnnffnl:llflWfllYiUl'\lt).:J~'UUl ~.:JU'U~.:Jffl1J1H'1~flWfIlYiUl. . 
1J~!1W~'UJlln'U 9i11Cl'\l~1.:JV.:J '~'U ,)::~1J11i1.:J 'U t)n~lndl'U1J1.:J~~~fflflflJ 1'lf'U 1J~I1Wljjt).:JlifJ.:J1l1,ji~ 

Sol II " JI , 

fhl1'U~ ~~ ln1J9i1 t)dl.:Jl1.:J1J~I1W 111 ut)u lU(l::~'I{IU1 ffll1 i'1JU,jUll ~lYi,)::fJl'lf1.:Jn i 11 (l~l'Ufi~ .:J1'YIYi1J111 

• 'Um n~::ijm') In1J9i1t)dl.:J1n'U 'lf1.:J'l II (l:: ~~ln1J9i1t)dl.:J~.:Jmh1ffllJn mn{J1Jlfi{J.:J'~f11J ffml1 1 n1J9i1t)dl'l 

Jlm1,) ~.:Jfhl1'U~ i~fJfflUml'UflW::m,)lJm')a.:J1I1~"'t)1J 1Il1.:J'lfl~ ( 1~1J ) ~'~iilm')ffnl:lli1'~.:Ju9Iil 
" " Yi. fl. 2522 ( iJ~ ~~'U.:Jl'Uffnl:llfJWfIlYiU1U,jU11~lYi,)::fJTe:lQfIlfJ 1~nn~'hlu'U.:Jl'U'\l'tl.:Jm,)fl11JfJlJlJ(lYil:l ) 

" ".
m') In1J9i1t)dl.:Jlh~ lf1ll,j U 11h I~ 1.1 1'U 1~t)'Uij'U lfllJ ( Yi.fl. 2534 ) U(l::1'U1~'tl'U 

II "II ~" :.c:. 0 d

Yiqfl~mfJ'U1'Uill~ll1f1'U ffml1ln1J9i1t)d~I.:JUlijl1.:Jff'U 12 ffml1 1,)1J~lfi9l'U'U11J,) I1Wmltlt)I'lffJ.:J~11 
JI I II I" 

~.:J111~I;fJ.:Jll1,j U(l::ff'Uq'~nthlflt)ljjtN ~.:J111~'Umff1,)1fi rit)'Ut).:JthfiU,jUl iYi ( 1J~I1WnU,jUli1.:J 1I(l:: 
" " .

II,jUllh'UlJ111J,),)~1Jn'U 1I(l:an'U~'UfhIU~'\lt).:JII,jUll~lYi,)::ln ) lh::inw 4 iii(l11J9I,) 911,)1.:Jn 4-3 IIff~.:J 
." " 

,)lfJ;ft)ffmihn1J9i1t)dl.:JUl 1I(l::,)::fJ::'YI1.:J ( ')::fJ::'I11.:J ) ~lm.hnU,jUl'\lt).:JII~(l::ffmU ffll1i'm'hUl11..i.:J 

'\It).:JffmUln1J9i1t)dl.:JJ1~1~'Ultl~ 4-1 ~fil:lW::fJWmYiJl'\lt)'1UliJli1.:JffllJn(lff~tlffn::fflfiflJ'~ ~.:Ju" 
". ~ 

( 1) ~fil:lW::fJWmYiUl i~{,.n1'l itlijq'YIlln'U~h.:Jl~nU't)fJijtll pH t)Q')::w.i1.:J 7.0-8.0 
• II II JI " 

( ~~tln 4-2 n ) Ulij~fil:lW:an'UU1Ut)'U ( fl111Jm::Al.:JUll1.:J111J~U't)fJfiil 75 lJn./~m l'U~tl CaC03 ) 

" fJf1I1''U1J~I1Wihltlt)litJ.:J~l1 ( PI ) Yi1Jilln'Uihm::~l'l i~fJYi1JtllmllJm::~l.:J 191.6 U(l:: 152.6 

lJn./~m l'Ultl Caco3 l'U'lf1.:Jq~U~.:J 1I(l::q~Jll1(llfi ~'1m~il~:an'Ufl11lJm::~1.:J,)hm11~lii~~ln~'U
" . . 

Ulnln'UI'\lll1'U~'U 1~tJff.:Jln9lYi1Jiltllfl111JIffilfJHit)m~ ( Alkalinity ) IYilJ~'1lJlnfiil 150 lJfi./~91,) l'U 
II II. • 

ltl Caco3 111Jl1.:JJ.:JYi1Jiltllfl111JUl1vHh~'1;j'U~~tln~~lfiffml1fl'U'l ~1tJ1'lf'Un'U ( ~;tln 4-2 '\l ) I!~ 

, 'U '\lW:: l~fJ1n'Utl~1J1Wfl (It) 1') ~Yi 1J'h~l fiilffmu g'U '1 U(l::tl~lJ1Wi(lIW9lnijtll lmflfifJ.:J n1J ffmug'U'l 

( 2) t)t)fi~I~'U ,'UJ1~.:Jln'Uth~lIff~.:J1lfn1'Utl.:J health '\It).:J stream tT'UYi1Jilff1'Ulmuij
" " . 

tlllJ1fifiil 7 lJfi./~91,) fJf1I1''U1J~I1W~ltJIjjt).:JI;fJ.:Jll1li ( P4 ) Yi1Jilt)t)fi~I~'Ul'UU1(l~9il(l.:J111~t) 4.8 
. " 

lJn./~91,) ''U'th.:Jq~II~.:J ( tntln 4-2 'If ) dll1i'1Jffl,)V'U'YI~61'UUll'Ultlij1t)~ ( 5 1'U ) Yi1Jilff1'Ulmyij 
•• II 

fh9il nil 2 1.1 n.~m l111tl1,j ffllJ nml.:Jln 91 1,1 'U t).:J~(l m::'YI1J~lfim,),)::1JlfJUllfffJ~l.:J'l (l.:Jffum;.:JUlfJn.. 
11''U~~.:J111~'Umff11')fi ( P12 ) l'U'lf1.:Jq~II~.:JYi1Jiltllint)~ 2.7 lJn./~91,) u~ni,jffllJl')(l;i'~ l1lt)ti.:J 

" . . 
i~il,hulijiJflJ111l'UI~t).:J Organic Pollution ffll1i'1Jtllijit)~ ( 20 1'U ) Yii~iilm,)1Ifln::111'Um,)ffnl:ll 

" .J" " .
~.:JU Yi1Jilff1'U111 qjijtln::l1 il.:J 3 - 5 lJfi./ii9l,) C1f.:JnJ.:J 1liffllJl')(lii'~ 1Ail'hulijiJflJ1111~t).:J organic 

enrichment i~t)dl'l'l1~I~'U ( tlltl~ 4-2 flJ )•
• 
• 
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• 

• 
• 

, ""''i' 
( 't'i'Wl£1 : fHi,mJVI'l ) 

, 11 ' 0
'l~£I~'t'iH;)lfl lflUlJ'Wl 

o '" mlfl tlI'Iff.! ~~11 PI 658 

P2 608 

P3 561 

P4 561 

P5 536 

P6 495 

o "mlfl {) 1J1'U" 1 f1 P7 226 

P8 201 

P9 136 

PI0 62 

Pll 38 

P12 4 

• 


• 

•
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.. .. .. 
( 3 ) mnh.Jliltl'U'I.I ~NmH;.nh\llnm'j''j'~1.J1VU11ffV'1t11'ti''U iPlVff-31n9l\llnl1~JJ1Wf"'tlh~ 

.. .. 	 .. 
Vi1.rllU~U1'h,f'l-3mn 9l-3U~~hlflm;1I-3P11'l ( PI ) \lUU-3ihlfltlPltlm~l ( P6 ) ritlU'lHH,r1~~1-31~1.JU1 

, , JI II 	 • I 

l~tl'U\1ijVi" iil1~JJ1wf"'tl ''j'~lfi11~-3;jU91-3U~ 2 - 4 lyj1'l.ltl-311~JJ1Wf"'tl h~nVi1.Jlhhlflm;V-3P11'l ( O.S 
II . 	 JI II • 

lm~ 1.0 11n./~91'j' lU,f'l-3fJ~Ua-3 U"~fJ~Ull1"ln ) rill1t'1.JU~U1il-3,f'l-391-3U~n1m~tlU\1ijVi""-3JJ1U-3 
, II , • 

• 	 ~-3l1'r~'UfI'j'ff'l'j'nl ( P7-PI2 ) '~Vi1.Jnnlfi11;jU'I.Itl-3f1"tl h~ni'~1\lulu,f'l-3nfhu'1t11'ti'U'I.IU1Pl1l1tY~H"l 
II II 	 II , II 

u~ii,rtlff-3 Ln9l'1l11~111WfI" tl , 'j'~l 'U,f'l-3fJtlUU1l1" 1n 1 Ul1 "lV"l ffmu ~-3n'll 1 U,f1-3fJ~U1Utlllnl~U l,fUU 

m\liifflll19J111\lln run-off l'U,f'l-3fJ~N'U~L~'U'~ ( tlll1~ 4-2 fI ) .. 	 .. 
( 4 ) U~~lff-3Ln9lm'nJ'Uliltl'Ui~Vm'j'ff-3Lnfl\llnl1~JJ1wifl~Wtl{l1U1.Jfln(~V~Vi1.J'llU11U 

.. . 
U~U1il-3,f1-3n'l1"~lul2jtl-31;V-31l1~ ( P4 ) ih~'U ( P5 ) U"~911n ( PS ) \l~Vi1.rlll1~JJ1wifl~Wtl{l1 

U1.Jflnllm~11~-3n1nJn91 ( tlll1~ 4-2 tl ) 
.. 	 .. . 

( 5 ) rill1t'1.JtI~111Wff1'j'ml1111'Uu~U1il-3Vi1.J11Utl11 i11IUlllntl1.Jn-3l111~tlglu'j'~~1.Jn 

91n\l1P1'~'~ ( < 0.01 11n./~91'j' lUltl N ) Vm~'UVi1.J~1.J~nWn1m2jtl-31;1I-31l1~ 0.06 u,,~ 0.02 11n./~91'j' 
.. 	 .. 

( lUltl N ) l'U,f1-3fJtlU1UtlV Lm~lufJtlUll1"ln9l111ih~1.J rill1t'1.J'U'91'j'~~Vi1.JUtlVn11 O.Ol11n./~91'j' 
.. 	 . 

( l'Ultl N ) llnffmUU~'UL~1~ffl1J1l(lVi1.J'~91-3U~ 0.01 11n./~911 ( lUltl N ) nihlflm;1I-3~11 ( PI ) . 	 .., \lUU-3 0.26 11n.ffi~l ( l'Ultl N ) nnllll2jtl-3l;V-3 1l1~ ( P4 ) U~91-3U~t11Lfltl 'I.I1U{'l'j'~n1:lW ( P10 ) ,,-3'tI 

\lUU-3~-3l11~UfI'j'ff'l1'j'rl ( PI2 ) Vi1.J'llii''U19l'j'91tl~l'U,f1-3 0.01 - 0.04 11n./~91'j' ( 1Ultl N ) , ( ~111~ 4-2 -3 ) Vi1.JWtlfflW~~lrr~~t111fltll;V-3~1'l ( PI ) 0.010 11n./~m ( l'Ultl P ) U"~Vi1.J~-3~~ . 	 .. 
0.065 11n.ffi9l'j' ( 1'Ultl P ) nnllll2jtl-3L;lI-3'l1~l'U,f'l-3fJ~lla-3 rill1t'1.JWtlffWtlt'ffn-3l111~Vi1.Jl'U,f1-3 0.030 

• 	 U-3 0.144 11n.ffim' ( tlltl~ 4-2 \l ) 
• 	 II II II JI II 

~ln-3n 4-4 lLff~-3 ~mJW~fJWmViU1'l.ltl-311~U1iI-3'1.1tl-3m'j'ffn1:l1flt'-3U i ~V"~l~V~n-31U .. 
,f1-3fJtlUa-3 ( Low Flow period ) u,,~l'U,f'l-3fJ~U1lf"ln ( High - Flow Period) 

.. 
'. u4.4 UtllnJ~ 

m'j'1~1.J911tldl-3U~U"'1-3 '~fhl'U 2 'Jf'l-3titl lU,f1-3L~tl'Uii'U1fl11 ""~L~tlUVifJffimvu 
II "11, • , 

Vi.ff. 2534 ffmUl~1.J911tldl-3U1iin-3ff'U 5 ffmU 1~1J\llnt11Lfltll2jtl-3 ~-3l11P1~htll-3 ( L~tlUfb"l1tlgll1i1tl 
...... • tI .l,tI ~ • : tI ""1 	 • ... ...odIml11tl-3"l 1-3'1.1'U IlJ'U'j'~V~111-3~111"1'U1 'j'~l1lW 47 n "111~'j' ) "-3111(1-3 mltltlffll1l-31 \l-3lf'l~~ln 

II 	 " JI 

( 'j'::V::lfl-3 ) \llnffmU~l-3'l U-3t11ml~u1Llff~H ,-n'U mll-3n 4 - 5 1L,,~n91-3ffmUI~1.J911tldl-3tl'~\llnltl 
t 	 II II II II JI• 	 n 4-1 ~n1:lW::fJWmViU1'l.ltl-3L1~U11-3'1.1tl-3m'j'ffmnflt'-3UVitlffltl'~ ~-3U 

II ~ 	 I JI 

( 1 ) fI'lll1lrJum~-"l-3 'I.Itl-3U1iifJl1ilrJU~1-3I~nUtlm,fUI~V1t11.JnVi1.J'~UUlti'j''j'11'ti'191 
• 	 • II JI•• 	 n1'111~VVi1.Jfhl::l111-3 7.6 - 8.5 ( tlltln 4-3 n ) ihii~n1:lw::LrJ'UU1m::~1-3111nn"1-3 ( ijm111 

m~~l-3tlglU,f'l-3 75 - 150 11n./~~'j' l'Ultl Caco3 ) 1~VVi1.J111i1ullfqjiifi1tl~'j'::l111-3 100 -120 
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V11'l1.:jf) 4-4 ~f)1:Hl.!~tJruflTrfilvuel.:jUlhhiJ.:j''W';1.:jq~Hil.:j (Low Flow-L) Htl~''W';1.:jq~'ilnHnf) (High Flow-H) 

!'JlIlnnnh ,tllhu PI P2 PI P4 P~ Pe P7 P8 PO PI0 Pll P12 
I 

L H L H L H L H L H L H L H L H L H L H L H L H 
, 

, . 
Tcmperafure , C 28.8 23.8 27.7 1505 18.8 24 .8 28.0 24.5 18.2 23.0 lolA 12.4 30.3 27.1 28.1 2803 SO.2 25.1 2D.7 28.2 2D.2 28 .8 28.8 2M I 

pH - U 8.1 8.4 7,8 7.8 7.D 7.5 7.8 7.0' 7.1 lolA 8.0 7.D 8.0 7.8 8.1 8.3 8.2 8.4 8.5 8.4 8.8 8.3 ul 
Conductiviry )" I om 385 112 175 ID7 174 180 17D 180 IDS 188 lolA 182 17D U8 170 lU 177 IDO 173 203 171 20D 171 208 I 

DO mg/l. 10.5 D.S D.8 8.8 7.0 7 •• 4.8 U 4.5 7.4 lolA 7.D 7.2 7.8 7.4 7.4 8.0 7.8 8.3 8.1 7.8 8.8 7.8 8.4 , 

Alkaliniry ( IS CoCO, ) mg/l. 212 153 88 52 82 n sa 4D D2 " lolA 40 DO 52 n 43 88 45 U lolA 88 lolA 87 lolA 

TDS mg/l. 250 174 D5 120 n 128 105 120 85 He lolA 108 145 134 150 114 ISO 11e lU 118 120 lle 115 122 

SS mg/l. 5 e 3 11 22 42 11 41 I 16 lolA 53 2 8 3 54 5 11 13 D 17 12 21 24 I 
Total Hardneu mg/l. IDl.e 151.8 74.5 73.0 eD.8 78.1 88.0 78.7 74.4 78.7 lolA 70.D 73.2 DU eu 72.8 7l.4 75.0 8D,5 48.e 88.7 85.0 eD.5 47.1 

CI mg/l. 0.8 1.0 0 .5 l,g Zoe LD 3.8 U 4.1 U lolA l.4 2.4 1.0 1.7 4.4 U 3.4 I.D 3.g I .D S.D 2.2 4.4 

.,
SO, mg/l. U U 5.5 e.o 4.8 7.0 8.1 5.3 6.8 U lolA 5.8 505 1403 4.e 7.0 4.8 7.1 5.1 go2 U 10.4 4.0 D.8 

NHI·N ( nd < O.oJ ) mg/l. nd nd nd 0.05 nd nd o.oe 0 .02 nd 0.02 lolA nd nd nd nd nd nd nd nd nd nd nd nd nd 

NO' ,-N ( nd < 0.001 ) mg/I. 0 .002 0.003 nd 0 .004 nd 0 .003 o.ooe O.OOS 0.003 0 .012 lolA 0 .002 0 .002 0.003 nd 0 .002 nd 0 .001 nd 0.003 nd nd nd nd 

1010',.101 mg/l. 0.11 0.10 0 .11 0.13 0.18 0020 o.se 0 .14 0.10 0022 lolA 0 .11 0021 0.18 0.20 0.11 0.21 0.15 0.02 0.02 0.04 0 .03 O.OS 0.01 

O"ank 101 mg/l. 0.12 0.08 0.12 0 .12 0.13 0 .17 0.15 0.23 0 .23 0.2e lolA 0.20 O.lD 0.17 0.24 0.22 0.20 0.14 0.17 0 .14 0.24 0.17 O.SI 0.22 

., 
PO, .p ( nd < O.OO~ ) mg/l. 0.010 0 .017 0 .014 0.017 0 .02e I 0.021 0 .oe5 0.021 O.OID 0 .037 lolA 0.031 0.02e 0.023 0.02e O.OU 0 .033 0 .OS2 0 .020 0.028 0.02S 0.025 0.020 0.024· 

TP mg/l. 0.OS5 0.04g 0.030 O.ODO o.on O.ODD 0.oe8 0 .12e 0.050 0.OD5 lolA. 0.084 0 .048 0.057 0,0711 O.13e 0.oe3 0 .073 0.oe5 0.oe5 0.075 0.144 o.on 0 .084 

800, mg/l. 2.0 1.2 1.6 o.e Le 0.8 1.D 0.4 1.7 I.e lolA 0.7 O.D 0~3 1.2 0.8 I.e 0 .2 2.2 0.3 !.8 o.e 2.7 0 .4 

800., mg/l. 4.5 1.2 a.7 I.e 4.2 a.1 u u II.S 4.e lolA 3.7 3.5 3.4 U 3.2 4.0 U 5.0 4.e 4.4 5.2 5.D U 

Total Coliform MPN/loo m1 11,000 4,eoo 2,100 4,eoo 2,J00 2,100 15,000 24,000 4,eoo .40,000 lolA 4,eoo 11,000 1,600 4,eoo 240,000 2,400 110,000 2,400 11,000 430 DSO 2,100 11,000 

Focal Coliform MPN/loo m1 4 ,eoo 4,eoo 1,500 2,400 DOO l,600 S,DOO 1,100 ~,400 11,000 lolA gso 1,600 1,500 4,eoo 11,000 2,400 11,000 430 15,000 no 430 1,600 4,eoo I 

Ca mg/l. eO.D 47.e 21.e u.a 20.2 22.8 ID.5 22,8 2l.4 22.8 lolA 11.8 22.7 27.D 21.1 21.8 22.0 22,8 21.4 24.8 21.1 25.8 21.4 24,8 

M. mg/l. D.e u 6.0 5.4 4.7 4.7 4.7 U U U lolA 4.0 4.0 5.7 S.8 4.4 4.0 4 .4 s .g 4.7 8.D 6.0 S.D 4.8 ' - 
",..1fJ1"PJ NA data not· available 

nd • non· detactable 



• 

• 

• 

cv OJ , 
'l't'itTYl1elUH 

ct os cv , 
tTtllU&flUVl1el£.l1.:J 

, 11 0'l:::U:::111.:Jillfl lmUJUl ' 

61IfltJI1JV.:J ~.:J111~n11'l.h.:J WI 228 

611fl tJ~1JU':i11J W2 155 

611fltJIG'W W3 110 
0 . ." 

m I fl tJ IIlJ 'VI 'H1 W4 80 

61IflV~llJl.:Jl W5 15 

" 


• 
" • 
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Vll'n~~ 4-6 Kf)1jW~f'Jwfll'Ynil'Ut),:mllJ11-3"'nh-3q~m\'-3 ( Low Flow-L )!nl~"'A';1-3q~Jnnnf) ( High Flow-H) 

~ 
I 
~ o 

fjQjJl1'1'1~l '1nh!J WI W2 W3 W4 W5 

L H L H L H L H L H 

0 

Temperature C 29,2 25,9 NA 26,6 31.1 26Ji 32,3 26.6 32,2 26.6 

pH ~ 7,6 7,7 NA 8,4 8A 8,2 8,4 8,2 8.5 8,2 

Conductivity Jl,/cm 280 213 NA 266 296 266 308 277 316 286 

DO mg/L 4.8 6.8 NA 8,8 8.3 7.9 7,7 7,8 9.3 7,5 

Alkalinity ( a, CaCO, ) mg/L 220 49 NA NA 122 56 127 58 132 60 

TDS mg/L 165 164 NA 182 175 172 210 162 260 192 

SS mg/L 8 15 NA 20 1 17 2 25 1 17 

Total Hardness mg/L 109.2 85.4 NA IOU 106.2 101.4 113.7 107.7 117.0 111.0 

Cl mg/L 5.8 3.9 NA 8.1 10.1 7.2 10.6 8.2 10.8 8.2 

·2 
SO • mg/L 23.0 14.0 NA 22.7 20.7 20.1 19.0 22.9 19.5 22.9 

NH,·N ( nd < 0.01 ) mg/L 0.14 0.07 NA nd nd 0.02 nd 0.04 nd nd 

NO·2·N ( nd < 0.001 ) mg/L 0.047 0.006 NA 0.003 nd 0.002 nd 0.003 nd 0.002 

NO',.N mg/L 0.43 0.13 NA 0.25 0.04 0 .20 0.04 0.23 0.04 0.23 1 

Organic N mg/L 0.85 0.21 NA 0.20 0.20 0.18 0.17 0.13 0.37 0.25 I 
., 

po•.p ( nd < 0.003 ) mg/L 0.125 0.033 NA 0.061 0.011 0.023 0.014 0.026 0.016 0 .030 I 

TP mg/L 0.160 0.121 NA 0.074 0.030 0.070 0.030 0.063 NA 0.074 I 

BOD, mg/L 2.5 1.5 NA 0.7 1.6 1.0 2.1 1.9 1.1 2.1 

BOD20 mg/L 6.9 6.2 NA U 4.6 5.6 4.8 5.0 1.8 6.5 

Total Coliform MPN/lOO ml 90,000 240,000 NA 2,100 11,000 4,600 4,600 46,000 930 4,600 

Fecal Coliform MPNIIOO ml 40,000 240,000 NA 200 750 2,400 NA 24,000 210 2,400 

Ca mg/L 32.7 25.8 NA 29.9 30.0 29.9 32.5 31.9 33.0 32.9 I 
Mg mg/L 6.7 5.1 NA 6.5 7.6 6.5 7.9 6.8 8.4 7.0 

l11Jlt1ll19J NA data not· available 

nd non - detactable 



lJfl./~m "U~tJ CaC03 ~~911~\llmllJJ1il~ ~~lrJ'UJ1flm.J ( fJm1''U'Ull1W~'UJ1ii1lfim~fJ~~n'l ) 
II 

• ( 2 ) tltlflcil\l'Ul'Uth)jfhtltl'U,r1~\1'~ 1~tJl'lflffmUfJflrl''Uii1lfimjjtl~ihtJ1~ (WI) )jtl1 
II 

mflfl'll 7.5 lJfl./~~'j" rl1111'UffmU WI )jtl1 4.8 LL~::: 6.8 lJfl./ii~'j" l'U'}h~q~LL~~ U~:::q~thH~lfl~llJ• 
o Q,I ... Id .d ~ cal 4,J "QI' ell '" • (l1~'U ( ~1lJ'YI 4-3 '}j' ) C)f~tl1\llIJ'UN~lJ1\llfl Organic Enrichment \llfl~'lllJtl~ C)f~fftl~fI~tl~fl'Um'U tl~ 

• m~fJ'\Jtl~ffmU WI ,f'U\1'~fl'llffmug'U'l U91~ilJ911~lJ1fltrfl ( ~1tJ~ 4-3 qj ) 
II II 

( 3 ) fll'j"tJ'U'Utl'U'\Jtl~~htl1ff1mHI~~lfl~ i~\llfltJlm'j"fI~tlh~ U~:::~l'U'l'U lf1ii~tl1lJ 

ll'UfliiilfJ ~~V4'U11tJllJ1WfI~tl1'j"~'~lJ~'U~lmhJ1tJ'j":::lJ1'j" 2 n11'\Jtl~ffmU WI U91ti~1lJtl1\lff~tJl,rn1'U 
., I. " 

il~ fll'j"tJ'UlU tl'U1~i'~, \l'U~~l'lf'U ~1'U 'l'U1flii~tl1lJu'UfliiilfJYhWlJff~;j'U tld1~lif'U1~i'~l\l'U'\Jtl~ffmU WI... 

odd" cl
C)f~111'U 1~\llfl ( ltJ'YI 4-3 fI 1l~::: 4-3 Q ) 

II 

( 4 ) d1111'UtJllJ1W1'U l~'j"l\l'U l'Ull1itll'l-3V4'U111'U l~'j"l\l'Ul'UltJUtllJllJlUtJ)jtl1~·b'U 

111t1itlQl'U'j":::~'U~~'j"'l\l1lJV4'U ( < 0.01 lJfl./~~'j" ) U91yt'U11~ffmu WI 'YI1~~l'UUtllJ llJlUfJ 0.14 U~:; 
II 

0.07 lJfl./ii~'j" l'UltJ N l'U'lf'l~q~u~~ U~:::q~tl111~lfl ~llJih~'U d1111'Ui'Ulm~yt'Ul'U'lf'l~ 0.04 O~ 0.43 

lJfl./iim l'UltJ N 1~tJV4'Utl1~~tf~~ffmu WI l'U,b~q~m)'~ ( ~1tJ~ 4-3 ~ ) rl1111'U~tlffl~~ LL~::: 
II •• 

~tlff~tllffli~l1lJ~n''lftJ'~tJ'ln'Umh'lfitl yt'Utl1\1'~tf~liffmu WI ( ~!tJii 4-3 \l ) , ff1 tJ1~11,ijtl~ ~htJ1~'rJ 'UUl1 rl ~'j":::'U1tlthfftJd1 tiqj'\J tl ~ulJJTl~ u~::: ti tll,rln~ fll'j"'tJ~tJ'U 
" , "" J/ tI

utJ~~'\Jtl~f]WmV4tl1mh~lif'U1~i'~ 9l1'j"1~ii 4-6 LLff~~"'flllW:::f]Wmyttl1'\Jtl~lllJtl11~\llflfll'j"ffflll1f11~U 

l~tJ~:::,tltJ~ 

•, 0 

4:.5 IUnnfJlJ 

" " " IIl'Ufll'j"flflll1f]Wfi1V4tl1ulJtl1tJlJ1~t1111'U~ffmu'n'U91'lmh~tl1'U'U"lJtl1tJlJ'j"'llJ 6 ffmU 
• II • 

lllJ91~"91ihlfitlfftl~ ~~111~"yt1 ~~mo~thlfitllV4'Y1:::m ~~111~m~'j" m'j"l~ii 4-7 uff~~ffmih~'U91'ltld1~ 
II II 

tl1 11~:::'l":::tJ:::'YI1~\llfltJ1mllJtl1o~lL91~:::ffmuL~'U91'ltllh~ ~llLl1tl~'\Jtl~ffmul~'U91'lmh~u91~:::ffmu~ 
• II II 

1It'U ltJii 4-1 1 'U fll'H~mi'lmh~fll~um , 'U 'If'l~L~tl'Uij'U1f1lJ ( V4. fl. 2534 ) 1lJff1lJ1Hll~mi'ltldl~tll1~ 

L~tl~\llflJ1U,r~ rll11i''Uflf~~fftl~ln'U91'ltl~l~l'UL~tl'Uytqfl~flltJ'U l'UiMitJ'ln'Uf]WmV4J1'\Jtl~1l1iJ1tJlJV4tl 
II 

ff~tJ1~ ~~u 
" ~ "" 

( 1 ) fI'lllJLrJ'Um~-~H'\Jtl~tll)jq'YIiLrJ'U~h~LgfltrtlfJ L'lf'UL~tJ'ln'UlllJtl1il~ U~:::U1itll1~ 
II II II 

1~wV4'Utl11'U'jh~ 7.0 - 7.7 lJfl./iim tl1)jfl'lllJifl'Um:::~1~tJl'Uflm~L'lf'UL~tJ'ln'Utllll1itlT)~ 1~tJyt'U11)jtll 

fI'lllJm:::~l~tlQl'U'lf'l~ 102.1 O~ 132.7 lJfl./~91'l" ( l'UltJ CaC03 )

• II 

( 2 ) tltlflcil\l'Ul'Utll)jtlltltl'U,r1~\1'~l'U'lf'l~ 3 ffmUmfl ( YI - Y3 ) hWV4'U11)jtl1 

'l":::1111~ 7.7 - 7.8 lJfl./iim 1l91l~lJ\llfl~~111~tfl'\JlitJ ( Y4 ) ~~lJlil~iillfitllV4't1:::L~ ( Y6 ) tl1tltlflciL\l'U~~•• ~~yttlfflJfI'l'l"tlQl'U'lf'l~ 4.9 - 6.3 lJfl./~~'l" 1l91tl~1~hn911lJV4'U11tllintl~ ( 5 1'U ) ~lfl'h 2 lJfl./ii~'l" l'lfl 
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, ""1( 'M'U 1£.1 : n tUtlVl'l ) • 

.ct a QJ , 

tftll'UlOUVl18£.1H 

Yl 588 

Y2 519 

Y3 344 

Y4 259 

Y5 124 

Y6 52 

• 
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• 
• 

• 
• • w _ w 


Vl11Uii 4-8 il'fll:lw~flflmlVnh"tl~m.hhtl2J'~,b~q~'htnnfl ( High Flow-H)
• 

'lwllll'l\h lnhu Yl Y2 Y3 Y4 Y6 Y6 

Temperature 
D 

C 27.1 

7.4 

26.3 27.0 27.2 27.2 27.4 

pH - 7.3 7.7 7.0 7.4 7.2 

Conduclivily .AlS I em 262 266 270 290 

6.3 

286 210 

DO mg/L 8.1 7.9 7.7 5.1 4.9 

A!kalinily ( as CaCO, ) mg/L NA NA NA NA NA NA 

TOS mg/L 179 207 196 194 201 146 

SS mg/L 26 53 46 81 28 S9 

TOlal Hardness mg/L 102.1 116.7 112.8 1S2.7 124.5 122.2 

Cl mg/L NA NA NA NA NA NA 

·2 
SO 4 mg/L NA NA NA NA NA NA 

NH,.N ( nd < om ) mg/L nd nd nd nd nd od 

NO',·N ( nd < 0.001 ) mg/L nd nd nd nd nd nd 

NO',-N mg/L 0.04 0.06 0.04 0.06 0.06 0.06 

Organic N mg/L NA NA NA NA NA NA 

., 
PO. -P ( nd < 0.003 ) mg/L NA NA NA NA NA NA 

TP mg/L 0.OS8 0.020 0.041 0.122 0.069 0.041 

BOD, mg/L 1.2 1.3 1.6 1.2 1.6 1.9 

BOOw mg/L NA NA NA NA NA NA 

Tolal Coliform MPN/IOO ml 1,100 46,000 2,100 150,000 2,400 12,000 

Fecal Coliform MPN/lOO ml 150 2,SOO 9S0 39,000 760 1,400 

Ca mg/L NA NA NA NA NA NA 

Mg mg/L NA NA NA NA NA NA 

NA data not - available 

nd non - detactable 

.. 

• 
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tl-t 

• !'l6g/N"lJrt LO"O t-2 10"0 t-t~ntI1M G~tL~Un1ltll~1t\~ll~I1~::!.titrGL~!!L~I1M~I6!'I61t\LI1~KLP • 
vN !JLlJ'u~ !.16g/N"Urt VOO"O G~I1M~~~t-~L~L~I1~::!.ntrG~~l1 !JLlJ'uHI1~!'I6LnLL~I1M~l1 !JLlJ"LWL4. 

• ( N fltnt !.l6gtUrt 10"0 > ) ~~ftL~,t-rtLt~!!I1~::!.nt~GL~I1MIl!J1rt1rtGl1mLrt~fl ( !; ) 

( LN ) !'16~::~11 ( 9N ) lm1mfl~ (IN ) nLrtt-GLP~ULrtt-~ 

n~rt~m~l~~I111rtfG~g~lntnL~L~I1MIl~l (j v-v ~fltntt-~'ullt-~ 1l~~~I111rtfG~g~lntnL~UL~ .. . . 
n~l~Hot-LPGn~l,tltn$l,rtA.ll~llttn~nGIJ1t\fl!'LUI1~~L.tLut-2 n~l~tt-~'ul1nLrtLttftll ( v ) .. .. .. 

( ih H> ~flt~ ) UL~KLtt
. .. 

t-t~ntn~t-~rt~1::~~G1~L~L~I6Ult-~::~11 !.l6gtUrt v -Z H~K::.tL~!!!lmtntpL~I1MIl~l nLrtLttftl1::~l1 .. . .. 
rtllLttftl1 't-,t-Lttftl1l11lI1Il~1I11l~m~1L~Ut-~L~!!L~I1M ( n,t-!; ) ~G1~L~I1~~LP ( £ ) 

.. .. 
( $I, v-v ~fl!~ ) flL n1nlJ9N !JLlJ,U~ !.l6gtUrt S -L t-t~nt

' 
~Gn~rt~lt-!n.ttUL~t-~K !;N ::~11 vN !JLlJ'u~ !.l6gtUrt !;"9 t-2 !;"!; t-t~ntrGnl\l!,UGGL~I1Mn.ttUUWL~K

". ". " 
Ltt~b::~l1 t-~l1~bt-t~nt !.l6gtUrt !;"L ::~11 O"~ ULrtH~nG~t-~~~L~I1MnG~mL~ULl\Lttntnl\1!l;UGG .. .. . .. 
11~::!.I1~KLP ( t-~11~bt-t~nIJ1l~,tt11t-2 ) I1~L~rtLI6 ZN ::~11 IN !JLlJ'u~ !.16g/"Urt v"OI ::~11 0"6 

L~!!L~I1MIl~l ( ZN t-2 IN ) U!.l1t-t~nLrtLttft"ULrtt-~H~nG~L~!!Lttntnl\l!l;UGG ( Z ) 
.. .. 

(0;)0;) fltnt !.l6gtUrt !;L L~Uqpt-L~::WrtLt~L~!!!JLlJ'uUL4.I1G~1L~11MIl~1 nG~LttnlJ'::mIW~
. .. 

!!LttL~t-,!:\LttL~I1MLttt-Gn.H~::WrtLt~I1~KLP ( U v--v ~fl!~ ) L"S -~"L t-t~ntL~!! Hd L~I1Ma~l rtll , " "" " I 

Lttftl1::~l1 t-,t-Lttftl1 ·t-j!Lttftl1ntI1M~t-~IlG,ttU~lH~nlJ'!lA.b!!LttflL ~t,!:\Mur'ull~l ( I ) 
" " ", '". 

!Jt-~ ~~fll'ulJ.tLrtL'unLrtLttftl1t-Gn.LttMurmY I-v ~fl!nU-L 
" "". 

N~'ul1t-WGtI6I1U1t\LlJ,Ut-Gn.t-nKl1LI6 ( SN t-lJ £N nLlJ,U ) nGn.mLIA.t-t$l,::~l1 ( ZN t-lJ IN nLlJ,U ) I6U!.,U I I'D p ~ • 0 po J:I' f''' I IP J:l' ,'O'e7~ 

nG~tG~Klt-t~ G~t-t~ Z nlJ'~LUGGt-[111lJ!.LrtL'unLrtLttftll ( v£~Z naLu!ubM ) UL~~Ltt~bt-t~::~l1 
. .. .. 

( v£~Z rt~Ln!! ) t-~l1~bt-t~nl t-~~ Z t-LPGtl6l1~l ( 6-v ~t-U.LI6~ ) tl6~~,t-Kt-! n~nLM::I6GtnL~t-2 
.. . 

f1l\Lrtt-~ nLn~tKt-l\ t-GrttGtnLGI611t-l6rttl nLlJ,U S ~rtKt-IA.t-WGtI6I1U1t\LlJ,UrtnLnLnrtl1 • ,.. I'D 17 0':: ~ 1=7 :: • I'D pp PO.;, 

UL~KLtt!;bt-t~f1lrtaLttftl1t-Gn.LttMurmY::mflU~N~'ul1 S-v ~t-U.LI6 
" "" I 

!.16g1"Urt 690"0 -OZO"O t-t~nlI1M ~n~!JLlJ'u~::mn.f1l !.l6gtUrt zzro t-2t-~I1MIl~1 ( VA ) • 
a1'n.1~t-G~l~ULrtt-~L~!!L~I1M~rtKt-1''u~G~'uG~L~11~KLP t-,t-L ttftll::~l1 t-j!L ttft'111 ~111l~1I11l ~tG!;P • • I "" • 

a 
( N fltnltl6gtUrt 90"0 -W"O t-L~K::tL~!! ) L~t-L~nG~L~!!L~I1Ml6tl61t\L!.Lrt~ ( v) 

a,!:\n.1~t-G~1~::~11 ~Ml1t-G~l~ULrtt-~I1M • 
~a~l~~m1rtfG~g~lntnL~ULl\~~~~n~1t\$I,rth.a~llttuLl\Lttftl1t-Gn.nGU1t\fl!.LU ( £ ) 
. "" " 

http:ntnL~ULl\~~~~n~1t\$I,rth.a~llttuLl\Lttftl1t-Gn.nGU1t\fl!.LU


.. ., ., ., 
.q ~.::::t cI QJ '0 '0 I '_I' 0 <i' _,

illll-ttl.A:=.G 'IU.l'lHH;JfJ1UUll1~1ijm.:JUl UlJU1UlUU'il~'I~£I~'Hl.:J;nflulflUlJU1IVl£lu'I~lJ1W• 
• ( 'Hth£l : fl1'il&lJ~'I ) 

• 
, _I ' 0 

'I~£I~'Hl.:J;nflulflUlJUl 

N1 642 

N2 604 

" 
N3 449 

... .,.
1Jlln~ ff'Hl'IJ N4 383 

N5 374 

N6 215 

N7 133 

N8 95 

• 


• 
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011}tn 4-10 an'HW~fJW.flWfUl"6':U".hhlhu'u';1~q~m'~ (Low Flow.-L) Ult~1U';1~q~unHnn (High Flow-H) 

I!Io-
I 
~ 
Q) 

'lQlIl1'111h 
, 

N1 N2..nntl N8 N4 NS N6 N7 

L H L H L H L H L H L H L 

0 

Temperature C 29.1 NA 31.2 NA 28.3 27.0 27.5 27.7 27.2 27.8 28.8 28.4 29.3 

pH - 8.3 NA 8.7 NA 7.5 81 7.6 7.7 1.7 7.7 7.6 8.0 8.0 

Conductivity ,lis /em 190 NA 203 NA 182 227 163 157 163 159 161 172 163 

DO mg/L 9.0 NA 10.4 NA 5.0 7.5 8.4 5.5 6.1 5.6 7.8 7.6 7.4 

Alleatinily ( as CaCO, ) mg/L 93 NA 94 NA 82 52 83 40 83 38 82 38 84 

TDS mg/L 110 NA 120 NA 175 144 160 114 160 120 75 126 120 

SS mg/L 1 NA 2 NA 2 4 4 7 5 13 " 27 72 

Total Hardness mg/L 74.7 NA 81.4 NA 68.1 76.6 69.1 64.2 69.1 66.3 69.3 64.2 70.7 

CI mg/L 3.6 NA 7.7 NA 2.2 7.7 1.9 2.4 2.2 3.4 1.7 9.2 2.2 

·2 
SO • mg/L 8.8 NA 8.1 NA 5.3 8.5 5.5 4.8 4 .5 5.0 4.3 5.4 4.4 

NH" N ( nd < 0,01 ) mg/L nd NA nd NA nd nd nd . nd nd nd nd nd nd 

NO' 2,N ( nd < 0.001 ) mg/L 0 .002 NA nd NA nd 0.003 nd 0.004 0.002 0.003 nd 0.002 nd 

NO', .N mg/L 0.02 NA 0.02 NA 0.07 0.05 0.07 0,01 0.06 0,01 0.06 0.05 0.04 

Organic N mg/L NA NA NA NA NA 0.11 NA 0.14 NA 0.11' NA 0.20 NA 
., 

po. ,P ( nd < 0.003 ) mg/L 0 .011 NA 0,013 NA 0.010 0 .008 0 .013 0.008 0,013 0 .007 0.010 0.021 0.028 

TP mg/L 0.011 NA 0,013 NA 0.018 0.008 0,013 0.008 0,013 0.007 0.089 0.021 0 .073 

BOD, mg/L 3.3 NA U NA NA 3.0 2.3 2.5 1.8 2.3 1.4 2.3 0 .8 

BOD20 mg/L 8.5 NA 6.5 NA NA 5.0 4.5 5.6 4.1 5.7 5.0 8.3 4.1 

Total Coliform MPN/IOO ml 240,000 NA 460 NA 75 2,400 2,100 240,000 4,600 11,000 240,000 240,000 240,000 

Fecal Coliform MPN/IOO ml 4 ,800 NA 43 NA 9 430 70 11,000 930 11,000 11,000 11,000 4,600 

Ca mg/L 22.0 NA 24.5 NA 20.2 20.8 20.4 18.8 20.4 19.8 19.5 18.8 20.9 

Mg mg/L 4.8 NA 4.9 NA 4.3 6.0 4.4 4 .2 4 .4 4.1 5.0 4 .2 4 .5 

N8 

H L H 

27.6 29 .5 27.5 

7.8 8.0 7.6 

173 162 158 

7.6 7.3 7.5 

S5 82 41 

94 120 112 

27 7S 28 

58.2 70.7 51.9 

12.6 1.9 11.1 

4.7 4 .4 5.0 

nd nd nd 

0.002 0.002 0 .002 

0.05 0.06 0,01 

0 .25 NA 0.48 

0.020 0.008 0.012 

0.020 0 .059 0 .012 

4.4 1.3 3.7 

8.5 4.4 8.1 

11,000 2,400 9,SOO 

4,600 2,400 4 ,300 

16.7 20.9 14.7 

4.0 4.5 S.7 

'H2Jl[JI'H~ NA • data not - available 

nd • non - detactable 
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t-~rt}Gt-t~~lL~Ltt::M.l1 lL6I ' VdtrSn ) L[t::1[tLtt16~N1LUf1£UL¥f1~LttM.IJ'9'tLrtLll::1M.L~1Ltt!ll1Ltt1LU 
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" . " "" 

m::UWUl\lumn ,.~ 
" 0 I IJ,. .. 

UL~HlM.~b::~l1 t-~l1~bt-t$(,M.b 
: " I 
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..::( ~.et a cv '0 10 II '_I 10

fl)jlUL4d.l 'lltl'HHl'tll'l..!!fI1JVl1ijtJl~'I..!1 !!lI'1..!l!m~'l:::tJl!!a:::'l:::tI:::'t'il~mnlJlm!lI'1..!l 

• 
kItlU'l:::lIlw ('t'i'l.htl: n1a!1I~'l )

• 

• 
, _I ' 0 

'l:::tI:::'t'il~illnlJlm!lI'1..!l 

Cl 376 

C2 260 

C3 183 

C4 142 

C5 96 

C6 58 

C7 42 

C8 18 

C9 

ClO 

7 

o 

.. 


.. 

• 

• 
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mlJih~tJ 1'UUl1~,:nrl~lJL~~fll11h~lh ) 

• ( 4 ) tl5lJ1WU~lJ llJLurJ 
. . " 

u,,~i'UL~HI LLff~-31H'LM'Ui'~L'lf'Un'Uil-3LL'U11ulJnLYilJ~'U1'U'li1-3 

• 
" .: ~ .d.t::\ Q,I!".c:

'YI1rJLLlJ'Ul 9$-311lJ\I-3tl1lJ1W~~ffL~~ U"~~~ff~61ff'YI-3l1lJ~~1rJ ( ~1tl'YI 4-5 fl U"~ 4-5 -3 ).... 
• 

... 
~111-3'Y1 4-12 

II II II II" 

Uff~-3"nllW~fJwm.,.nh'U6-3LLlilhi~W~1~rJ11'U f111ffnlllfl1-3UUl 1'U'lb-3 

.. 

" II JI " 

~ln~"fll1ffnll1fJWm'Wul'U6-3LL1hh1h-1-3-rJlJ-Ul'U-l~1'W1~rJ1 11lJ 5 fflrJ 1 'Ufl1-3U'WtJ'h 

" " f111L1tl1a'U'U6-3~'liufJWm'Wul ( parameter ) u9i"~~'lfU~'UfftJi1~~rJ'U6-3q~f11" ( 1~mllJ~'UnntJtl5lJlw 
II II , , " I 

f111il1"'U6-3ul1'UUlhh ) LL"~"nllW~f1111~n~'Unll1jul111,,~h'U 1~m\l'Wl~6dl-3tj-3"nllW~n111~n~'U 

'i' 

~ -'I -'I • J, • I iii " '" .1
LlJ'U'ljlJ'lf'UllJ6-3 1116'1jlJ'lf'U11'U1U'UU 9$-3'W6ff~1J I~ ~-3U 

.ct4
mw'YI 1 

"" Q,I .ct : Q,I Q,I.c. "I :fl11lJL'UlJ'UU'U~-3~'lf'Uflwm'WU1LLtl1~n~untJtl1lJ1W f111 111"'U6-3'Ul. -4tl~11fl6 
" 

to " oCt ""iU'lf1-3q~ 'U1LL M ~~lJfl11lJ L'U lJ'UU"l-3 f111 U'lf1-3 q~l1" In 
, II JI - II 

mwn 2 fl11lJL,rlJ,rU'U6-3~'lfi1flwm'WU1L1tl1a'U~llJtl51J1W f111 il1"'U6-3lh1'U"nllw~i1 
•• 

II II II t •.. 
Ul ~16dl-3L'lfU mwfl11lJ L,rlJ,ru'U 6-3fl" 6 h,11uu,julil-3U'U'W tJ'h1 U'lf1-3nI5lJL,r l~L'U~'ljlJ'lf'U l1U1LLUU 

" " 
( Ljj6-3L;rJ-31 11,j ) fl11lJ L,rlJ,rU'U6-3fl" 6 h,11U'lf1-3q~U~-3~~"l-3n'h1U'lf1-3q~Ull1"ln u9iu,julil-31U'lf1-3 
". . 
QI lSI 4 .. ~ 4 QI Q.I "QI ~ Q,I" • o£!I "" '1" 
~-3U~'YI1m'U6'UfllJ'W ""-3lJl\1~ ~-3111~'Umff111fl~"n"tJ LlJ'U~1-3n'U'UllJ n"l1fl6fl11lJL'UlJ'UU'UV-3fm6 11~ 

" .· 0 ." " iii 0'1' " .1'"i U'lf1-3q~'Ull1"ln~~"l-3n11mllJl'UlJ'U'U'U6-3fl"6 11~ U'lf1-3q~U"-3 ( ~'l1J'YI 4-2 fl ) 

Ll1~~"'U6-3f111Ifi~tl11nQf111W~-3n~11 ffllJl1\16itJ1rJiA11fflLl1~Ul~~lJl~lf11Ll1~-3 
" fhLij~'U6-3ffl11116lJ"ffl1ir'U'l lhLLl1~-3fhLij~L~UlLtJtJm11 ( point source ) fl11lJl,rlJ,r'U'U6-3ffl11116 

lJ"ffl1~~~I~'U itlmlJ"nllW~~ (1) ci~L~u"nllW~mW1116tl11nQf111W~I~U~fl1~l1lJlrJ6Ql~rJi1'tl 

.J ~ 4 -4 .ct~ -4 1 -4 • 0 :

9$-31lJU~"lJl~lnf111L~6~1~1116 dilution effect 1'UmW'Uffl11116lJ"ffl1~~~ntl"6rJ11161~tJ1rJ"-3"l"1'Ul 
I I II " " tI • 

A1rJV~11nfl6'U,r1-3fl-3n L'lfU ~lmhn-3'1jlJ'lfu lhn-3~lntJ~ffll1m1lJ I~U~'U ~WtfUmW'U6-3fl"6h,19$-3 
of " . . 

,j-3;1~11tJ511Wljj6-31;rJ-3 1 11,j1~u'lflJ'lf'Ul1U1IIU'U 'UU 1~ i l1qj 1I"~1~'U tJ511Wnii~~ffll1m1lJn~~-3 i ~Im~ 
, " " J,1~tJ1mn~6~6nlJl iUUln-3 L'lf'U fl~ffll1m1lJm111111~n~6-3 L~'U~'U Clm~ULLl1~-3fhlij~~hfity'U6-3 

" " ~m611,11'Uuln-3 

I 



( non-point 1l1tl diffuse source ) (1'1':m1mJ~(1'l'HhlJ1l1t1i~~m'W!mJfllJ agricultural run-off urban 

, 1 q ef ~ ,.. : .. 1 " .ci
run-off 1I~~ CSO S ( combined sewer overflows) 'UmWlJ(1'1':ill~tllJ~(1'l~~~\Jfl'lf~ l~tJ'U1HlJ 1I~1~'I" 

" II II JI 

~ ~1J1tJ~'I ~um;'IU1\i'lli1 1 ,r1ifl11lJl,j'lJ'IjlJ~tl'l(1'1~IlJ ~(1'1~ ImhullJ 'lf1'1 q~U11l~1 fl 1I~1lJ mwu1i,j'ml1~ 
~ ~ 

f'hU'l ~'I fitl (1'1':i/lJ~ (1'1 ~ \l~m'W!tllJfllJ run-off ~'I,r'Ufl11lJl,j'lJ,j'lJ ~tl'l (1'l~/lJ ~ (1'1~1 lJ ihu1 \i'l(1'lmHl 
JI " I ", JI 

... ItJ ~ l' cv .d:.ci d JJ .. I od 4 I 1 Ir Q,I d• NlJmh 1~~llJ run-off lJlI~~~flHC}f'l~lJtl~fllJfl11lJtl 1I~::fl11lJl~lJ~U'IHlJ'VI~fllJlJ'WlJ'VI~lJU1 'UU~~~ 
~ 

lJ111W1l1U 1lJlI~~~~UlJ~tl'l~llh 

.,.". .,
Cl.I q 0 q , .c:t _~ _I 0 

4.9 €I'lfllfJ QWll'UOmH1101'IIDJEJ'lIUlJi:I"~B'IfJQW)l11U 

" " I " ~'lfU fJ W fll't"U1 1lJ 111,j'tlU*IUlJ~'lfUYi(1'lm~ til-Nli'l; llltlU(1'~'I1,rn1'U ~'I1tl'l~UtJl1lU 
, " " " " II II 

(1'fl11~n~lU1 UlJ 1~lm.j~m~'VIlJ~lflfl1n~lJ1tJlhYi'l11'1\llflmW point source diffuse source 1I~~11'1 

(1'U'I mw ~1lJ fl'U fllJld tl'lm \llflfl1~1,*~~lJ~llmflll mm.J~l1\l fllJ 
~ ~ ~ 

( 1 ) fI~tl,~~ \llflfl1~fffll:l1'WlJ11fl11lJl,j'lJ,j'lJ~tl'lfl~Uh~1'U~1'1hLn~~lJ 1~11'1 2 mw 

" " , " " " 
m.iu1iJ 'Ii 'III~lJ111Wn'ltJ1;JUlJ fl lj....~~'IlJ1uliU11'1 11~~UU U11.j llJ~~U~11'I(1'ltJfl1 llJ l,j'lJ,j' lJ ~U'IfI ~ tl 1 ~~ .. 
", II • I 

\ltln~~lJmlJ"'fll:lw::mwn 2 m'W1~lJ1I1WI)jtl'll;tJ'I11lul'vh,rlJnln~~llJ"'fll:lw::mwn 1 'ff11lllJ 
~ ~ 

m W UUU) I ~1'W ~ ~tJ1f11) lJ!,j' lJ,j' 'U ~U'IfI ~U , ~ ~\l ::1I1.hfr lJ ~llJ~::tJt'VI1'1 \l1 m.J1 fl1lull11 ,j'1lJ1 fllJltllJf.I~ \llfl 

• 
~ 

• 
~ 

cI 
fl1~~flm~U'IlJ11f1lJ ( salt water intrusion) 

~ 

( 2 ) vJU(1'vJul(1'n'llllJ~ l~m.Jfl~ domestic wastewater ,jfl\JfllJtl'l111t1lJlll1ri'lfhu~ 
" " .

ff1r1ty~U'IvJtl(1'n tll(1'1lJlIllri'llll 1~tJI~ 'W1~UV1'10'l1l"''I \l1fln 1 ~11lJ1ifl1~1'* synthetic detergent fllJ UV1'1 

1I'W11l~ltJlI,r11ff~ff1lJ~U'I N : P ~U'I domestic wastewater 1~tJi1 111\l::u~~ 3 : 1 1I~ P flirlJltllJ~'lfil~ 

1I(1'~'I1,rn1lJ~'Ifl11lJ11 1lJ fl1m(1'~'I1U'I~UtJ~U'Ifl1~ 1~llJ anthroponic impact ll191f.l~U1\ltm\llfl111lJJ1 . ~ ~ 

1i~~lJ'lf1~1~tJ111111ulJ\lt'WlJ111i P 1'U~::~lJ trace 1\,;,,rlJlI~::]jff~ff1lJ~1'1fllJlJ1m::1l11'1 N 1I~t P 
" " II , tI 

1 lJ fl1~ fffll:l1f1l'I U'WlJ1111uUliJ'I1ifl111.1I,j'lJ,j''U~U'I P 1 lJ "'fll:lW::~ U'I mwn 2 UUU'-!'1 
" "1 ,

U~tU1lJ""lJn'l(1'tl'lmw ff1'Uuliu11~1'W~::tJ1'WlJmWn 1 fllJlllJltJU'I11 effect llltl impact n!n~\llfl 
.c:::I. I 4 • do 4 

point source lJ~'Ifl111l~tllJ1flfl11'V1lfl~\llfl differse source 
" " ,,, 

( 3 ) 1lJlml\llJ 1lJt11~fffll:l1f1l'1U'WlJ11tlUlJ'VI1V1lJ 1~~I\l'U11~~1\l""lJllJ~lUl'Vlfl 
~ 

(1'ltJtl~1'Ul111'U1~~~ ( NO-3 - N ) tY1lJ1IDlJ llJlutJ''U l~~I\llJ ( NH3 - N ) .... lJ 1~m'W1::1lJuUU11~1'W~::tJ1 
" , " " 

fl11lJl,j'lJ,j'lJ~tl'l1lJlm~1lJ1IUU1iJ'I1I~::1'1'WlJUlJlJmWl1 1 1I~:: 2 ff11lllJ11liU1U1lJ 1!~::1IUU11~1""~ttJ1 
I" I" I 

.... lJ,hltI'U1IlJlJmWl1 1 I'VhUlJ ff11lllJUDlJ llJIUtJn'WlJmmtllJIIUU11~1'W~::tJ1filtllJlIlJlJmWl1 1 1'If'U 
• 

l~tJ1fl'U 
~ ~ 

( 4 ) DDflcJfl\llJllJU1 ( DO ) fl11lJl,j'lJ,j''U~D'IUtlflcJfl\l'U1lJ1l1\l::]jfl1':ifrlJII11~ l~tJ~~'IfllJ 
" •• JI JI 

111mwU1 1~wm 'W1:: UV1'10'llJ1I1W 11 1~llJU111'1'11lJ'lflJ \ltn1lJ1~DV1'1i~l\llJU'I fl1~~~~'I~D'ItlDflcJfl\l'U 1'U 

t]~1I~'I 



" I " I " tI 

( 5 ) iilfl~iuu~lh1~~n~fl,'H.1Hi 1 U(1::: 2 ulhhlhutn~fl'HIHi 2 u~mhhil-3 u(1:::mjih 
" " ' ". , ' , " ' 

jJ Q d~ ~ 1 d • 0 " til 9J _I iJ .ct Q,I d . 

t~Wfj"::[Jltfl~mWl'l 1 CJf-3 UmW'IIfl-3UlJU1t~lVi'j':::[Jl~::: L~~(1'i:1'~lJflm[Jfl(1-3fl'UmW'IIfl-3 P• ... 
( 6 ) lflii'14fl{lJu'Uflyh1[J lUYJmhlhntYfl141Vi'U'h~lU1U'llfl-31flii'14fl{lJ ( faecal

'" , " " , " " 
• coliform - FC ) ijfl1':i~UUtJ':i911lJmWn 2 l1-3l1lJ~ 1~[JVi'U'h~lU1U FC ~:::r~lJ~u~-31U'lf1-3q~lhl1mfl 

• 

.. 
It 

.. 

.. 




, ~• •• • " .. 

, 91 91 91 
<:I 

91111~tJ 4-12 ~f)14W~fJwfll'Yi'lh"'f)~Hl.hh!.nn·""j~rJli'U,h~q~u~~ (Low Flow-L) Utl~i'U';1~q~iAnHnf) (High Flow-H) 

IjIIIm'lnh mha Cl C2 C3 C4 C5 C8 C7 C8 C9 CI0 

L H L H L H L H L H L H L H L H L H L H 

Temperature 
0 

C S2.7 2e.l 30.7 27.2 82.2 26.2 32.2 25.8 81.3 25.8 32.8 25.7 32.S 26.1 8U 26.9 84.4 27.1 S~.O 27.8 

pH - 7.0 7.6 7.2 7.7 7.6 7.4 7.0 7.2 7.6 6.9 7.S 7.0 7.3 7.S 7.5 7.3 
, 

7.5 7.4 J". 7.5 7.5 

COnductivity P'/rnt 171 186 177 186 175 20S 221 214 238 288 3,700 251 10,400 264 25,700 8,700 30,000 . 12,700 34,<190 16,400 

DO m&IL 7.4 8.7 6.0 6.1 7.0 6.1 5.4 5.4 5.0 8.6 I.e 8.4 1.0 2.0 0 .8 1.2 1.2 1.9 1.6 3.1 

To<aI Hwoes. mg/L 78.8 77.7 80.8 78.7 80.8 77.7 88.5 79.6 88.0 87.0 442.0 87.0 1,215.0 90.0 2,923.0 500.0 8,1100.0 1,382.0 4,019.0 1,901.0 I 

NH,·N ( nd < O.QI ) mg/L 0.09 nd 0.04 nd 0.04 nd 0.09 0.02 O.OS nd 0.61 0,01 1.33 0.70 1.87 1.27 1.89 1.28 NA ' NA 

NO·,.N mg/L ~v nd 0.06 nd nd nd 0.08 nd 0.24 0.15 1.48 0.88 1.34 0.47 1.00 0.48 0.35 0 .28 0.20 0 .16 

OrganJc N m&IL NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 
., 

PO, .p ( nd < O.OO~ ) m&IL 0 .04 0.0£ 0.05 0 .02 0.04 0.01 0.08 0.01 0.05 0.01 0.35 0.04 0.51 0.07 0 .46 0.12 0.40 0.11 0.37 0.12 

11' m&IL 0.16 0.09 0.15 0 .09 0.16 0.08 0.£3 0.11 0.20 0 .10 0.52 0 .15 0.79 0.21 0.63 0.24 0.65 0.25 0.43 0.35 

BOD, m&IL £.2 1.4 NA 0.9 1.0 1.2 1.1 1.1 1.1 1.2 5.9 1.5 7.2 1.6 5.2 1.4 3.5 1.2 .4 .1 2.2 

T""" Coliform MPNliami 23,000 75,000 7,000 15,000 4,000 11,000 11,000 28,000 21,000 43,000 75,000 150,000 210,000 460,000 240,000 1,100,000 NA NA NA NA 

Fecal Coliform MPNrwnJ 9,000 28,000 4,000 9,000 <SOO 3,000 7,000 9,000 9,000 15,000 23,000 43,000 75,000 240,000 98,000 460,000 NA NA NA 
- -

NA 
--

, ~ 
t.:I 
:.0 

lUnrJIH'l NA • data not· available 

nd • non· detactable 



• • • • • , • 

, .. .. , 
... • I'.;! ... 0'0 ':'1 v 'V 'l 1 tI '0

9l11UD 4-13 flllIU'l£JU!n£JUtJ0Un'VtUl'tltl.:lUJJ1Hu.:l-l.:1-£JlJ-U1U-lm'Vtl::rn tVl£Jlltr~H Ul 'tItl.:lflll'llqVl IIn::\l.:l'l'V1 

I "'" t.:I 

"'" 

v ... : 
V1OVUtJ WfIl 'VtUl 

Temperature 

pH 

Conduetivity 

DO 

Alkalinity 

( as CaC03 ) 

TDS 

SS 

L 

, 
11Ul£J 

0 

C 

-

us/em 

mg/L 

mg/L 

mg/L 

mg/L 

q~ 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

, :- iJ
IIJJUl .:I 

0 

9llqVl \l.:ll{V1 

27.70 30.30 

22.40 29.00 

7.00 8.50 

7.10 8.50 

170.00 385.00 

162.00 312.00 

4.80 105.00 

6.80 9.30 

82.00 212.00 

40.00 153.00 

65.00 250.00 

108.00 174.00 

1.00 22.00 

6.00 . 42.00 

,:" cu , 0 

UJJ U11.:1 UJJU1£JlJ 

0 0 

9lll{V1 \l.:l'l'V1 l'Il'l'V1 q.:lqVl 

29.20 32.30 - -

25.90 26.60 26.30 27.40 

7.60 8.50 - -

7.70 8.40 7.00 7.40 

280.00 316.00 - -

213.00 286.00 . 210.00 290.00 

4.80 9.30 - -

6.80 8.80 4.90 8.10 

122.00 220.00 - -

49.00 60.00 - -

165.00 260.00 - -

162.00 192.00 146.00 207.00 

1.00 8.00 - -

15.00 25 .00 26.00 81.00 

, 0 , 
IIlJU1U1U 

0 

9ll'l'V1 \l.:lqVl 

26.30 31.20 

27.00 28.40 

7.50 8.70 

7.60 8.10 

161.00 203.00 

157.00 227.00 

5.00 10.40 

5.50 7.60 

82.00 94.00 

35.00 52.00 

75 .00 175.00 

94.00 144.00 

1.00 73.00 

4.00 28.00 

, 0 v 
IIJJUllm'Vt'l::m 

0 

pnqVl \l.:lqVl 

30.70 34.40 

25.70 27.60 

7.00 7.60 

6.90 7.7.0 

1'71.00 34,000.00 

186.00 16,400.00 

0.80 7.40 

1.20 8.70 

- -

- -

- -

- -

- -

- -



~ 11• •• • - • • 

, ,
pn'u,di 4·13 ( Vlt'l ) 

... '" 0 
, 

In.hhih '0 ... ,-: ,: , , 0 1/ 

I~'lrut:1W.tlnnn 11U1t1 q~ inJun.:! UlJUltllJ I!lJmmu UlJUll-tllvt'lZtll 

~hq~ 
0 0 

vhq~ 
0 '. ! 

\I.:!q~ VIlq~ ~.:!q~ VIlq~ \I.:!q~ \I.:!q~ VIlq~ \I.:!q~ : 

Total hardness mg/L L 68.30 191.60 106.20 117.00 - - 68.10 81.40 78.80 4,016.00 ' 

( as CaC03 ) H 46.60 152.60 85.40 111.00 102.10 132.70 51.90 76.60 73.70 1,901.00 

-
Cl mg/L L 0.50 4.10 5.80 10.80 - - 1.70 7.70 -- -

H 1.00 4.40 3.90 8.20 - - 2.40 12.60 - -
-2 

, 

S04 mg/L L 4.00 8.10 19.00 23.00 - - 4.30 6.80 - -

H 5.30 14.30 14.00 22.90 - - 4.60 8.50 - -

NH3-N mg/L L nd 0.060 nd 0.140 - - nd nd 0.030 1.890 

'; 

H nd 0.050 nd 0.070 nd rid nd nd nd 1.280 

N02 - N mg/L L nd 0.006 nd 0.047 - - nd 0.002 - -

H nd 0.012 0.002 0.006 nd nd 0.002 0.004 - -

N03 - N mg/L L 0.020 0.260 0.040 0.430 - - 0.02 0.07 nd 1.48 

H 0.010 0.220 0.130 0.250 0.040 0.060 0.01 0.05 nd 0.48 

Organic N mglL L 0.120 0.310 0.170 0.850 - - - - - -

H 0.080 0.260 0.130 . 0.250 - - 0.110 0.480 - -
------



•• • • ,. • •
II .. 

I 

,.d 
flllHD 4-13 ( g)t) ) 

.... -=I ~ 
~"t1 fJ WlIlft 'In 

, 
'HtllfJ q~ 

, :' iJHtltl1 .:a 
'0 ....m.ll.In.:a 

, 0 

Utltl1fJ tI 
,: ,

lUJ 1,1 11,111,1 . '0 II
Iu.Jtl1!mftl::fJl 

0 

g)lq~ \{.:aq~ 
0 

g)lq~ \{.:aq~ 
0 

fllq~ \{.:aq~ 
0 

fllq~ \{.:aq~ 
0 

fllq~ \{.:aq~ 

i 

-3 
P04 - P mg/L L 

H 

0.010 

0.017 

0.07 

0.04 

0.01 

0.02 

0.l3 

0.06 

-

-

-

-

0.01 

0.01 

0.03 

0.02 

0.04 

O.ot 
0 

0.51 I 

.00.12 

TP mg/L L 

H 

0.030 

0.049 

0.08 

0.14 

0.03 

0.06 

0.16 

0.12 

-

0.02 

-

0.12 

0.96 

0.02 

0.09 

0.08 

0.15 . 

0.08 

r 

..0.79 
:...; -

. 0.35 

BODs mg/L L 

H 

0.90 

0.20 

2.70 

1.60 

1.10 

0.70 

2.50 

2.10 

-

1.20 

-

1.90 

0.80 

2.30 

3.40 

4.40 

1.00 

0.90 

7.20 

2.20 I 

BOD2o mg/L L 

H 

3.50 

2.20 

8.80 

5.20 

1.80 

4.10 

6.90 

6.50 

-

-

-

-

4.10 

5.00 

6.50 

8.50 

-

-

-

-
I 

Total coliform MPN/lOOmL L 

H 

43 ° 
930 

15,000 

240,000 

930 

2,100 

90,000 

240,000 

-

1,100 

-

150,000 

75 

2,400 

240,000 

240,000 

4,000 

11,000 

240,000 

110,000 I 

I 

Fecal coliform MPN/lOOmL 

___ L____ 

L 

H 

430 

430 

4,600 

15,000 

210 

200 

40,000 

240,000 

-

150 

-

39,000 
. _- _ 

9.00 

430 
- - -

11,000 

11,000 
- - - -

<300 

3,000 

93,000 

460,000 I 

I 
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--H9 
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I ............ ,,'/ 


....... , ",..' 


-..../'
7 

(n ) pH 

6 ~r--------------------------------------------------------------------------------------------
I-ls/cm 

3 

I 
/2()()-4 ------  ----- -- - / 

( 'II ) Conductivity-------_/ --.,.".

160 01).J I --- 658162 1136 12m 1226 

PII PIO P9 P8 P7 P5 P4 P3 PI 
v- r- -;:4 ? r..~ l:) tV- I:: ;:r -s: ;:r r 

v- ;::r a=> r- --- p ;t: ~ s:~ J: ;5 r- ..- .."v- OJ: ;ill s:: 11~ o(tO rJ'r 07 ~ -§ ~ 

lC ~ ~~ '" l:) - s: cP ~~ 
v- J: v- ~ r- IOi ~iP IOi 

? 07 to)
~ v- r ;=! 

v- ·c ~ "e. 
~ 

~ cr ~ 
;::l r- ~~ c.", ~ 
,;::i i" r- "'~ 

~.. ~ ~,;::i ~ 

Q rJ' ;:r 
r ~ ~~ ~a "~ 
~~ IOi 

lun. 4-8 fl11).JNUUU.,,,tHfl a.!1l1'Yt U 
. 
1"tl-3I1l.iU1iJ-31U';l-3q~utl'-3 lIi.'1~q~uTtl tnn 
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, 0 .::. 0 q I 0 

II1UHOlI14€1lnli;JtllJlfQlJ1U ml:::0l1flJtJf,JlJQ'11tll1111 , 
.. 

_I 	 ' 0 oCIio 0 .q• 5.1 	 lJJ:::WII'lltl.;JU11 tl.;J 01!'Y0Yll(;YtJ 

mHl'H1JLlJ~J1LiYV(l'llJ),HHLU-l~Hlfl~llJ~lJfilLlJ~ l~ 2 LL'I1ci-l i m1i'l flO 
. 	 . 

A od.q I 0 oCIt, 

- lJ"Vnl'VllJLL'I1"-lfllLlJ~m1'j ( Point Source of Pollution) 

- lJ"ViE!~liLL'I1ci-lfilLlJ~ il,im1'j ( Nonpoint Source of Pollution or Diffuse 

Pollution) 

lJ"ViE!YiiiLL'I1ci-lfilLlJ~m1'j 'I11J1V{)-l U1L1W (l'mlJYi'Utl-ln\lfll'j~N'l ~ritli M'Ln~J1LiYv 
" " ", 

L~lJl.h::: ~1 Lm:::ii fll'j'j1U'j1lJlhLiYvUlJ l.u'l~1V nlJ l!":::'j:::1JlV"-l~IL'I1 ci-lUll~lJU~L1W'l 9f-ltl1 ~lJlfl 

fl11'l1i1-lU~L1f.U~i~ 1~uri J1LiYV\llfl'l1lJ'I1lJL)jO-l t11LiYV~lfl1H-lllJ U~(l'l'I1m'jlJ t11iJ)'I11UJllJU-l. 	 . 
" , "" 	 I 

( Runoff ) \llfl~lJYi~~(l'l'11m'jlJ U1NlJ\llflYiU'j:::1JlVUl ( Storm Sewer Outfall ) 'llO-l'l!lJ'I1lJYiii 
.. 	 .. 

1.ht'l11mlJlflfl11 100,000 fllJ Ul~lJ'j:::1JlV"lJ~lflYim:::1JlVU1L*V'j1lJ ( Combined Sewer Overflow) 
. .. .. 
Ul9flJ 'I11UU1'11:::0Umnfl1Hfi1~~'UV::: l~mi'lJ 

" I I 	 " "lJ"ViE!~iiU'l1ci-lf1JLlJfI1lim1'j'l1lJ1V{)-l U~L1W~lJYiYiriu1M'lnflu1L*mrtlJfl1-lfl'j 11 ili 

(l'~ll(l'lJO ""::: iliii'j:::uU'j1UnlJJl I*V'I11U 01lj~L~ lJ'ltlJ'I1lJ 'UlJ l~L~ fl ~1lJi '11 qjflln:::1Jlvt11L*VUUfl~1 fl 

J'.d"o~4 ~ : ~~ :~ J'.d 
....lJ 'YI ~ lJ fllLlJ fllflfl ~1fl fll'j 'I1:::'I1'jUflln:::U lV'UU-llJ l~lJ 'I1'jtlLUlJ flln:::U lVlJ 1 'YI-lUUfl~1fl .... lJ 'YI'I1"lh:::'YIllJ 

, " I : ,l .cS .d .ci ~.d~ ., fiJI : 

1f1LLfl lJllJU-l~lfl""lJ'YIfll'jlflE!m ( agricultusal unoff ) 9I'-lJ1lJ(l~""lJ'YI"'V~(l'm~1VlJ1lJU-l'UO~"llJ'I1lJ 


I 	 " • " 

( Urban Runoff ) ~1 fl'ltlJ'I1lJYi 1liih:::uUJ:::1JlVU1L*V'I11U"llJ'I1lJYiiiJ:::UUJ:::1JlVU11*tlLL~ijUJ:::'I11m 

UUVfl11 100,000 fllJ J1lJU-l\llfl~'..J~ih1l!~\lfl'th"lV l~mi'lJ 
.. 	 .. 

lo.QoCl to 

5.2 U11".;Jfll&'H€llnUJtJtl111tJY~".Yl 
.. 	 - .. 

\llflfl11lJ'I1lJ1V'UO~LL'I1ci~fi1LlJflu1LiYvm1J~-lflcil11lJl11.u'u 5.1 lL'11ci~fi1LlJ~U1LiYV 
.. .. 	 . 

~lt1tyUJ:::l11'Y1UUlJ~ lJUl ~ ~:::U'j::: flOU~1t1'11lJ'lflJl)jU~l~lJ~1lJI'll qj !uYi 5-1 11(l'fI-l'ltlJ'I1lJJ:::~uihLtW 
, "t1 tI "" • 

~1~'l Yi~-lOQ~lJlIliU1i1~-1HJlJ-111lJ lm:::11liu11~1""J:::tI1 "llJ'I1lJ~l~'l L'I1ci1uriUlJii'UlJ1f1~lJYi I"'::: .. 	 .. 
~llJ1lJUJ:::'lflm~N nlJ' u J1lJl1~iifl11lJ""!OlJ'U U~ fllJ ~~ flln:::UU(l'l Til JW U111f1 l'lilJ J:::UUJ:::1JlVUl. 
'UU~LL~ ,,:::'ltlJ'lflJ 1lilYi 1 nlJ 1f1t1..t1 1 u'Uu~'ltlJ'I1lJ~N'l 1lJUJ:::1'YIfl'OliJ~ljUJ:::'I11 m ili'l1lJ 1LLl1lJLVlv~ .... u~ \l::: 

[Jm:::~u fl1JU~fllJn'o~6lJ1M'uQ1lJJ:::~1JL'YIfl'1Jl"L)jO-l~lJ1un"1 ~~::: ililjJ:::uUJ:::1Jlvt11'UO-l'l1lJ'lflJ ~~ .. 	 .. 
UlJ 'l!lJ'lflJ~~flci1101~~fI1M'1~lJLL'I1ci-lfilllJ~lJ"ViE!1lim1J LL~Ori1-l1J~~llJ1lJOlJ 1f1~'ltlJ'I1lJLi1cilu nii 

10fll(l' '111 UrYflV fl1 .... ~~:::lU~VlJl~lJLL '11 ci-lfi11lJfllJ" ViE! m1J i ~Oliifl11lJl\l~ty'YI N1f1JE!in~l~lJ~lJJ1lJi-l 

• 
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t) .ff1J1.h 1U 
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306 

286 

710 

659 

588 

519 

491 

453 

408 

300 
284 

259 

17i 

124 

52 

fUJ. 

YllJ.il"1"l"lf!lan 

t) . ff~,h1H 

fUJ. 

, " 
755 t).l'l~'lfl~ 

735 

700 

642 

604 

449 
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250 

215 

,J1utnoio 0 II,jJ ltJlJ ~ t).'lllJl1ff~
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w'0 ,
376 UlJU1Un, o 

, 
lJl911 HIJ'H 
1: 4,000 

, , !iV'" tV 

1U.;1 5-1 (f) ) N...'iUtJVl...'i,,!:JJ'tiln~~1J~htft6fi91...'i6d1:JJUalih l1...'i-l...'i-£f:JJ-lh..., uil~ualllltctln"n~£fl 

• 




91 

OlJ. 

52 

O:JJ. 

tl. h'iYl::I~ 
95 

O:JJ. 

62 65 

38 

22 

o. 

O:JJ. 

376 
.,. , 

IUJunHU o 

.. 


331 

306 

rill.ytJUlrl286 

264 

244 

227 

211 tl.l'fl"l1lJlj~ 

194 tl.i'lflV 
I 33 rlt!.th:ll18-1 

142 rlt!.tlflliDl 

, 


• 


128 tl.m·nJ::VlJ 

69 tl.lhmn~fI 
60. rlt!.UUrlll~ 

48 nt'lIYll'ilJl1llJfl'i (~::l'illJl'jYlTi'1) 

•

• 


• 

, 
mmltIl\j.. . 
1 : 2,000 



, • II , 

llJ U'l'l~1'11lJ'lflJ'l::~uii11nijllmY~.:j Blow11.Hl 5-1 UlJ llJ i1l1~,jlJ ij~lJ'lflJ llij1.h::'lf1fl'j 

" 
l1lJ 111UlJ ll,,::ij ff fllVilfYHI !nll\1.:jVimh111U~fl~~l,rl~lJ'I1lJ'lflJl'V1 fYUlCll;j ij.:j ~.:jU 

" 
( fl ) uUlhll.:j 

( 1 ) lvifYUl"lJfl)l:J1t1.:jll1U · ,. 4 

( 2) l'VIffUl"llJij.:j~lfl 

( 'U ) 
" 

uUlhj.:j 

( i'1 ) 

( 1 ) l'V1fYUl"l;jij.:jtinJH 

" 
UU111t1lJ 

( 1 ) 
4 , 

l'VIfYUl"llJij.:jUVi'l 

( 2) l'YlfYUl"l;jij.:jff,)'l'lfll"fl 

( ~ ) 

( 3) l'VIfYUlCll;jij.:j~hJl1't1 

" 
uul1ni1lJ 

~ ..:::::.. ., 
( 2) L'VIfYUlClllJij 'HJ~'l~~tI 

( 3) L'VIfYUl"L;jij.:j~llW•1"fl 

4 

( 6) 1'VIffUl"llJij.:jUl.:jl;!"lJ1fl 

" '0 " ( 11 ) lllJ lJ 111l1Vi'l::tl1 

4 

( 5 ) 1'VI fYUl" llJij.:j ijtlli . til 

( 6 ) 1'VI ffUl "l;jij.:jl1 'VIlJlilU . 

4 '" ( 7 ) L'VI ffUl" LlJ ij.:j lJ lJ 'VI1.J'l 

( 6 ) fl~ .:j1'V1Vi lJ11llJm 
" 

lJ ij fl1l1 fl'l1lJ'lflJ 'l::~Ul'VI ffUl" 1;jij.:jll~,)1l11 ci.:jt1 11ij~1111i1t1ijlJ '1 rj.:j1.h:: fl ijufi'') tI h.:j .:j1lJ, 
, 

. " " , 
~~ ff111 fl'j 'l lJ 9i H 'lcli.:j llJ fl1) ffflll1 flr.:jU L U ff1lJ 1) tI 'l ') U n lJ'l 1t1 ~ijl1 'l:: 1n 'VI 11" ::~ llJ ,)lJ'U ij.:j 1'l.:j.:j llJ• t" ", . . 
ij~ffl11 fl'j'llJlll1ciijtl1111i1t1ulJcilJ111 Lfi' l'Uij.:j1l1fll~lJ.:j1lJ ll~ij.:j l.ul1"l ih"'.:jfllJ U,,::.:jUl1'l::lJ1W ~llJ ,)lJ. .• 
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" 	 "". " 
lJl fl'j 1lJl1\1V\I'IJWI Hftmn uCl~'l 1 U 'l 1lJ.,r fllJCl~1Uij,~m U t11U U tlfHl1 nij1ijmmtJ UlYitJ mHlJlWU11fftJ
"" 	 ." 	 ",." 

Ur;l1lJ qJl11U 11fftJ'I11J'll'U,j 1~::: ii loading ~ \I nin1lJ l1\1V.:J 'IJ 1~ f)1'l ~~nnYi~ 1U 'IJ UJ ~Yinn~~ f)1 'lU 11fftJ ~1 n 

1H.:J1U ~~Hnl1 fl'j'llJ ~:::\!nrnUfllJ ~1 nnQl1lJltJ9i1.:J'l UCl:::~lnl1,j1tJ.:J1U 'l1'll'f)1'l9i1\1'1 l'lfU fl'jlJ 1H.:J1U• 
~~Hnl1fl'j'llJ fl'jlJrnUfllJlJClVill fl'jlJl~l'Yh ri1unu ltJU1tJ UCl~ll~U~.:JU1~r;lfllJ 11lU~U 

• 	 .. 
, 0 ~ 0 ~ lIII ' 

5.3 IIlH)\I 0l1'H0'Hl!tItlU1JlJJlUllJ1 

, "" 	 " .
'll'lJ'll'U'l:::~U t111flflYi~\lflO~lJ11~U1il\l-1.:J-tJlJ-,j1U llCl:::11~U11~l'Vi'l:::tJ1 ( mlJ'luYi 5-1 ) 

• 'II 	 " 

~.:J ii ~1U1U lh~'ll'l fl'j 11 Cl~'lJU 1~ 111U!lU::: 'VI1\1tft'llll fi ~'IJ fl.:J 'l!lJ'll'U ~1nil ~~::: \! n ~~ ll1'lllu 'l!lJ'll'U 1'V1 i'!U1Cl 

. 	 " 
1ijeH el1~OU'~i111l1J11l1ci\lihlll~lJClVill 11 UU i~011'l~llJrn1lJl1lJltJ1 U111.,rfl 5.1 1\1fl\l ~ln'l!lJ'll'u1l1ci1ij 

" 	 "" .i~ii'l:::uU'l:::U1tJU1'IJfl\l'l!lJ'll'U 111uii11~i~Cl'lJ\!'l\lh1lJl1.:JfI\I '~ii~~ucifltJU11fftJ ( Dischrge point) Yill,j 

U flU 119i ~ln f)1'l ftnll11u 9i1\11h ~1'YI fflu1::: tJ::: 11Cll iYu1I ~~lU lJlVl Ul1 lJClVill ~1f111l1 ci \I ih Lll~i~011'lij" 

11lU lJ U,ytJri1TlqJ'lJfl\lf)1'lriflll1'Lfi~lJqJ111lJClfll1:::'lJfl\lJ1 1~£J1QVl1:::lJqJl11 Eutrophication 111fl Nutrient 

Pollution 'lJfl.:Jl1l1ci\lJ1 ~\I ~hu1mylJl\ll n~u~niYfl'j'llJ ~\I i~'l1U'l1lJlJl1<tl'lllU fi1fl01\1ftnll1 ~\lij" 
. " 	 . 

(1) rn1lJ!fffllJ 1'VI 'llJ'IJ U\lflOlfIlVlU1'IJfl\l Chesapeake Bay 9i\l~lnf)11ftnll1'IJU\I EPA 

( 1983 ) i~Cl'~ui111lu~CllJl\lln~ijnn'l:::U1tJ Nutrient 11"::: toxic pollutant Cl\l i U1Ufl11L1JU~lU1UlJln 

I1Cl:::\llnf)1'lfi1U1Ol'ViUi1U~lJ1Ol1u l~'lL\lU ( N ) llCl~yJUCl'yJflrCl' ( P ) ~'l~U1tJCl\lfl111J1~ln Diffuse 

" ." 
( nonpoint ) Source~.:J 67 I1Cl::: 39 lUV{lc'iUf1 ~lmh~u 'Ufl.:JU~lJlUJl1.:Jl1lJ~ ( ~hUYi1l1~flUUlJl~ln 

4~" I ,. .... : '" 	 .d l"d <!l.." ,
point source 9I'\ll~l1n efflment \lln '1\1U1U~lJllCl'tJ'Ufl\l'l1lJ'll'U)~1'll\1'V1 5-1 LLCl'Vl\l 11111UfI\lU'llJ1Ol U

" 	 ".
lm1\lUl1\1l1lJ~ ( TN ) llCl~1.l~lJ1OlyJflCl'yJU1Cl'l1\1l1lJ~ ( TP ) YilJ1~ln diffuse source 9i1.:J'l 

. " 	 " 
(2) f)1'llVilJ~U'Ufl\lU~lJ1Ol'ULmfl ( NO-3) luu~lh Vltava lUCl'11i1'lUJ1! Czech lu 

'lf1\1 3011 ( i\lLLflilfl.ff. 1960 - 1990 ) ~\lln~\llnf)1'l 1<tl'~£J1f1iiUU~U'~~lJJ1 ( ~111.,rt:l 2.4:1 I1Cl:::!U~ 
2-3 ) uCl~1U fl'jW~flr;lltJfI~\Inu ~'Vi1J'~\llnU~lJlOl'lJ1fl'lfl~VlUl1fl01u'l~~1J~ Cl'\llJ1n'Ut:l\lU~J1rl1TlfIJ 

. 	 " "" . u 

Cl'ltJflU'l 'UU\lCl'11i11Ol1! Czech l'!ill U~U1 Morava Labe 11lU~U ( ~fl1'll\1Yi 2-1 ) 

"" 	 . 
(3) ' fl'jWf)1111Vl-im:::~ltJ'Ufl\lUVlCl\lrlflflU~'ll' llCl:::~'ll'U11UU~U1 Milwaukee l1~\I\llnYi 

" 	 " " '~iif)1'l,y~f)11U11fftJ'Ufl\l'ltlJ'll'U1jjt:l\l UCl:::nlJO\l CSO ~1tJ ( iif)1'ln111U~1~U1i1\1iiyJUCl'yJU1Cl",)l~lnu 

1 lJ n./~ fl 'l ) ~\I ~ fllJ1~\I ~i111lU ~CllJ1\llnf)11'll':::'U U\I Cl'nt11l1n~ln~u~1f)llfl m'j'jlJ~flOU~ l10l ~UU UU 
" 	 " " . 	 " 

'Ut:l.:JU~Ul ( Milwaukee County t:lQ'YIl\lflflUci1\1'Ut:l\lU~U1 ) 

(4) 	 f)1'lffml11~tJ1n1JlJClCl'1'jlU Runoff 'UU\lf)1'l1~~~ulu~nllOl~9i1\1'l ( lumw'Ufl\l 

" ~ d ,,,. . .I ~ . ... ~ £:II ~ 1y..::t ~ ..::t,GI 

J 
diffuse source ) UCl'~\I

, 
1 fl1'll\1'V1 5-2 ~:::1l1U ~11yJ1'llJ1CltJ\lCl'mllJUn~fl'j'llJ. l1'lt:lf)1'l 'll''VI~U'VInflCl'l'l 

lJClVill llCl~Cl'1'lt11111'l~\lnl1n~m'llJ~U'l ri1111U fl1'll\1~ 5-3 LllUfI1'llmtJU1YitJUU~lJ1Ol 111flrn1lJ1.,rlJ 

" 	 I'UU'Ufl\llJClCl'1'j'j~1111\1 Point UCl::: Nonpoint source 'Ufl.:J'l!lJ'll'U 

• 
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J 
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------------------------------------------~ 

Land-use Type 

Cropland 

Pastur:e 
Forest 
Urban/suburban 

Subtotal ror Agriculture 

( Cropland + Pasture) 

Total Nitrogen from 
Diffuse Sources (%) 

45-70 
4-13 
9-30 
2-12 

49-83 

Source U. S. Environmental Protection Agency (1988) 

Total Phosphorus from 
Diffuse Sources (%) 

60-85 
3-8 
4-8 
4-12 

63.:-93 

V1,.n:I~ 5-1 mmWII1'l81'Hl'l ( N Uil::: P ) ~'l:::lJltJil.:lq Chesapeake Bay ~iM/\uh&il~mfl Diffuse Source 

I 

Suspended Total Total Total 

-' Solids BODs Nitrogen Phosphorus Coliforms 
(mg/l) (mg/l) COD (mg/lj (mg/l) (mgll) (MPNIlOO ml) 

Background 5-1000 0.5-3 NA 0.05-0.5 0.Ql-0.2 10- \02 

levclsQ 

CropIandb (780) NA (80) (9) (1.2) NA 
Grazed NA (13) NA 4.5 (7) 105 

pasture< 

Feedlotsd (30) 1000-11,000 31 ,000- 41,000 920-2100 290;-380 NA 

Note: ( ) = mean; NA = data not available or insufficient. 
• Lager and Smith (1974). 

, b Wisconsin Priority Watersheds. Wisconsin Department of Natural Resources. 
< Robbins (1985). 
d Loehr (1972). 

.... 
fll'lH'tl 5-2 

fll1,..&,y"'~'U'I.IO.:l"'illIl'l~'WlJT~tJ,yl,,.n'U~nh'l.lM~'Un'U'UiJ'tl (Rural Runoff) 1'U1'1.1V1 

V1:::1'UVlflVlO'Uflill.:l'l.lO.:l1.h:::l't1fHT'H110llJ1fll 



• • • • 

- -- - ---- ----

... 

Suspended Solids Total Nitrogen Total Phosphorus Total Coliforms . 
Type of Wastewater BODs (mgtl) (mgtl) (mg/l) (mg /l) Lead (mg/l) (MPNIlOO ml) 

Urban storm-water" 10-250 (30) 3-11 ,000 (650) 3-10 0.2-1.7 (0.6) 0.03-3.1 (0.3) 103 -108 

Construction site runoffb NA 10,000-40,000 NA NA NA NA 
Combined sewer overflowsa 60-200 100-1100 3-24 1-11 (0.4) 105 _107 

Light industrial areac 8-12 45-375 0.2-1.1 NA 0.02-1.1 10 
Roof runoff" 3-8 12-216 0.5':"4 NA 0.005-0.03 1(f 
Typical untreated sewaged (160) (235) (35) (10) NA 107 _109 

Typical powr effluentd (20) (20) (30) (10) NA 104 _106 

Note: ( ) = mean; NA = not available; PO\VT= Publicly owned treatment works with secondary (biological) treatment. 

"Novotny and Chesters (1981) and Lager and Sr,nith (1974) . 

b Unpublished research by Wisconsin Water Resources Center . 

c Ellis (1986). 

d Novotny, et at. (1989) 


. 
tJ"" "" " •OJ "tn'll 'ltllH'YItl1J'l~Vl1JfllUU'UlJ'U ·WU6.:1'HHn'l'U6.:1 Point U't1~ Nonpoint Source illfl'l£lJ'lfWV11'lH'YI"" 5-3 
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. 	 "" 
(5) EPA ( 1990 ) i~·ntl ·n'UiJty111fl11lJI~tJlJ iYl1lJ'UtJ~fJWnlVnh1'Umilh ll(l::YI::m . 	 " , 

'ff1U'\Hl~lh::IYlf)'lhn~~lm1l1"~lJ(l~ll ( Pollution Source ) 9i1~'l l'i~iittl'U Point 1m:: Nonpoint Source 
. 	 " . 

i~militlUliitlmn1lJL~tJlJ iYl1lJ'UtJ~Tlwfllvnh ( Pollution )iiln~HnnUl1,,~yj1~'l Itl'Ul1.1tJ11~'U9i''UtJ~f111lJ 

• 

" !I. " " " " .


tl11'Utl~mhh 	111m~'UiiYl::m'ff1ul'i~l1lJ~ ( l'i~1.11::lYIff ) l'i~i1~U11Lll1"~fhlU~lJ(l~llfl'U~Umn fltl lJ1 
" • , .' I 	 I• 	 ~lfl~'Uiifll1mll~1 ( ~9111Hii 5-4 ) ffl111U ~11Hii 5-5 ltl'Ufll1lilitlULiitlU'ff11l1~ 111tl'lfUftlJ"'ff11ii 

ritliJty111lJ(l fIl1:: 

", 	 "" 
(6) mwm.hh Emscher ~~ Emscher Association ~tl~fll1W'U~'fffll~11l.hh1l1'miu-ff 

~ 	 ~ 

~1" '" 	 '''' ollJ"ifttlfll1"~ Nutrient ( N 1m:: P ) ~lfl Stonnwater (l~~1t1fll1" 'fffllYi1i'j'jlJ'lfl~ 	 l1lJ1flYlq'~IYIl'YI~::Yl1l~ 

ritl'fff1~ stonnwater- detention - basin U(l::fll1~ltiftfl11iJI,rlJ,r'U'Utl~''U i~11~'U ( N )1"'::~tl'ff~tl1'ff ( P) 
v " 

1'U,-hil~ (ft111,rtl 2.4.3 ' ) 
~ 

~lflvl1mh~ffflll1~~fl"11,rH~'UYitl'ff11.1. i~11 
(fl) ''U i~11~'U ( N ) 1l(l::111tl~tl'ffvltl1'ff ( P ) ltl'U'ff11fJl111fli1tllJ"'ff11 

.,. .d! '" , 1"'" ~ 	 "" 'If'Uftl1'U~Ylfltl 	 111nftlJty111 River Eutrophication 111tl Nutrient 

Pollution 

('U) 11l1"~fhlUft'Utl~''U iml~'U ( N ) U,,::~tl'ff~tl1'ff ( P ) 'Utln~::lJ1~lfl 

",d "I""''''''' d"'lIJ'" ~ Point source Yl1l1'U l~'lfftfltl ~lJ'lf'U1l"1 diffuse source flOtll~111lJ'U 
" . 	 . 

lLl1"~ filL U~ 'U tl~ 'ff11 tlll1111'Ul111"~lhiilJl~ftllJ tiu Runoff ~~\!fl 
V 

4 " 	 I SlQ
,,:: l(ltl 11 1 tllJtl~ 'U1lJlJ1 fltl'U 11'U 1'U 

(fl) fll1110i'Uilty111 River Eutrophication 'ff1lJ11mh'~ifttlfll1"~ 

1.11lJ1W'ffl1tlll1l1~ln Runoff ( mw nonpoint source ) U"::~ln 
.cI •

Effluent (mw pomt source) 

'lit.! 1 J .:5.4 011" l::unnnnomno 

" 	 " il~~,j'U l11 '~-N1.11: lt1'lfU~lflU~1l1il~-1~-VlJ-U1'U ""::U~U1l~1~1::tl11'U1.11::n11yj1~'l
". . 

mil ltl'Ullmi~ U1~lJ lvttl fl11t.!1:: 1.11 111tln11u1inflf-21.1infl fll1'lf(lt.!1::YIl'U fll1f1lJ'U 1fllJ ~'UYl1t1f1l~ 
. 	 " 

1"'::ff'UYI'U 1fll1 1",::1.11:lt1'lfU ff1fl tyVn1.11:: fll1 fltl ltl'Uii1tl~11Jfll'j'j:Ulmhlfftl~l n~lJ'lflJ ~1 nh ~ ~1'U 

..r "" ~" d ''''.,. .... " 1 1" i .,. .: .~~'ff111m1lJ 1"':~ln~'U'YI~H'l 1lJ'U~'U ~:1l1'U "11lfl"fll1'UftUtl~ 'Ufll1 'lf1.11: tJ~~lfl"l'Ul 1'lf'U fll1 

" " 	 . 
1::1JltJU11~mr'U~: ri tl1l1'~nftiJqJ111lJ"fIl1: u":-ff~~"m:Yl1J91tl fl111 ~1.11:: ltJ 'lfuv'U'1 1'J1'U f)11ltl'U l111" ~ 

II I • 	 " , 

U1~lJl'Vttlfll11J11nfl ~'UYl1tJfIl~1l"::ff'UYI'U1fll1 ltl'U~'U tld1~'1~911lJfll1 1~1.11::itJ'lfU~lmhu1ii~1Itl'U 

u":l1~m~tJ~,~,~ fttl 

• 
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• 


• 


Percent of River Kilometers 
Affected by Source 

Percent of Lake Area.; 

Affeded by Source 

·Pollution Source Moderately Severely Moderately Severely 

Agriculture 40 15 27 14 
Municipal (POT\y) 13 5 5 2 
Mining 8 3 2 0 
Habic.ai modification 12 4 16 2 
Urban stonn runoff 7 3 3 0.5 
Silviculture 4 0.5 1.5 0 
-Industrial 7 3 3 0.5 
Construction 5 1.5 2 0 
Land disposal of waste 4 1 4 1 
combined sewers . 3 I <0.5 0 

Source : After U.S. EPA (1990) 

,... ' 

9l111~'t1 5-4 

• 

Percent of River Kilometers Percent of Lake Surface 

Affected by Source Affected by Source 

Pollution Cause Moderately Severely Moderately Severely 
.. 

Silc.ation 33 9 18 8 
Nutrients 22 4 33 13 
Pathogens 15 7 8 2 
Organic enrichment 11 3 16 .4 

Pesticides 8 I 5.5 2 . 

Mcc.als 9 5 5 I 
Suspended solids 5 2.5 7.5 3 
Salinity 5.5 2 4 2 

Habic.at modification 5 2.5 12 0.5 

Source : After U.S. EPA (1990) 

,

• 

• 
 ,... 

Vll"H't1 5-5 

http:Habic.at


". . .. " 
~ '. "'I "'I _/ _/

( 1) n111lJlJUlfMlJHllJ1YH10J'iu'ji:lJl ~llJ1lJ11'i;;'tnmnI'Wm"-l~lJ 'fffll~ 
'" 

lff'ill! n \1 ff-lfllJ~LU~VlJ 1Ul'h1Mi~;ifl'lHl-lfllJ 1 nVLU~VlJ1 U IL9iL~ lJfllJ i nv 

• " " fllffVlll~lJl~lJL!l1~-lUll1cin9iflf)l'i~U -l;ifl l~vli'rlll1 1lJlJnflfl u~dhlJl 
" " .• ~-ll1lJflW ril'Ufl~l!hUl\l-lijll~V-ll~tJLrJlJUl1~-l flll1l'i (~lJUCll) f)l'ifllJlJlfllJ ( L~lJ. . 

; ~ 

l1fl ) 1L{I;;nl1U'i;;l~W ({lflVm;;m U'Ii-lL1fl) l~lJ~lJ cllUl\l-lijfl11milfiru
u 

9ifli~;i91llJ'i;;~lJ1111-l L19ihiijf.l{l9iflf)l'i~U-l;~ L'I1lJ u\~lJ u9illJ1J\1\1,jlJi~. 
;i91'U~VlJ 1U911lJ'fffll~lffnl!n\1ff-lfllJ~lU~VlJ1u 'ltlJ'lflJ~fllffvflQl lJl11 fl-l~fl-l 
l4-l~lJl \11oiilJl9il-l '1 l~lJlll1~-l Jl~lJl~tlOl'ilJ l1f1fl ~u 1f1fl1~li'Jl~lJ~-l 

.... , 1 " .,j "'1 -/1 1 .... "'I" - / - / .... ~ 'fflJVOfllJlJfl0\11n 'lfl~flf)l'ilJ'i flfl-~u flfl lJm11'ifllJlL{l1 'i;;lJlJu'i;;ulV-lllJlJ 

" ~fI' I 4. I~ ~ Q,lQ,I'aoQ,l' " 
IL l1 {I-llJ 1 'ffl flf\! 91 flf)l'i~lW'lfV L1{1;;~91'ffll1 m'ilJ9l1-l'l 9f-ll1 {ltlL{lV-l l1'i flf.l{l O~lJ 

'ii:lJlJlffnl! n\l'Ufl-lU'i;;1l'lfflM~llUlJ1u1~flllJ'fffll1;; f)l'i~\JlIlJ l1ffnl! ~\l1lJ~fl 

i1\1 ~,jlJ~ O~1V 

" ". 
9l1lJ 'fffll~lff'i 1l! n \1ff -lfllJ 'lfl1'lflJlJn~mffVU1\11nlm ri-lU 1 1~ flf)l'i LOll9l'i l~v 

fll ffV'ii:lJ lJ'lf{lU 'i;;nllJ 1~lVl~~fl-l 'itll11 tll4 -l Jl~lJ u9i flOl'11~V1~-lu9i tlfllJ 

" ". " 
( s ) nl'i1tllJlll1 ri-l 'i tl-l 1lJ'lhn-l L11 tl'ltlJ 'tflJljjtl -lijnl'i'UV1V~1lJ1fl;ilJ \l -l ~fl-lij 

: : ~ 41!( d 0 JJ ~ : d ~ 
'i;;lJ lJ 'i ;;lJ1VlJ 1~ lJ U{I;;lJ 11'ffVfl tlO \11 nllJtl-l onl1l11n~lJ11'ffV\11n 'ltlJ 'lflJ l1'i fl f)l 'i 

" , "" " " ,
'ii:lJ1~U11ffVll1n 1 H -lllJ flfl 'ffll1 m'ilJ 'i1lJl;-l nln;;lJ1VU lYi -l tltlO \l1011lJ n . 
lO1l9l'im'ilJ 1l1~lif~1lJl~lJ~{llJl\l1001'i~9lIlJl~llJlffnl!n\1ff-lfllJQfl1l1~ ~-l 

Jli-lnll1ffv 1l1~lif~'~'ffllJ1Hlnnl~lJ'fl~~11~lJ~tl-l'ii:lJ1Vi-ltltlfl1U 11{1;; 
" . " " 

1~vmtYm;hul1tllJL1l1~-l'itl-l1lJUln-l 
" " 

\11flU'i;;1v,ruli-l 3 U 'i:: 01'i~-l O~11 \l ::111lJilO1'i 'ii:lJ1VU1tffVtltllMln~ fl11lJ 'Ii~UV-l9i fl 

" , " 
O1'ili'U'ii:1V'lfu.,rtl ( . 1 ) l~vflH l1{1;;l1~m~V-l1~l~ 11{1;;ljjtlij01'i'UV1V~1'Utl-llhi:'lflmL~lJlnfl;ilJ 

mllJ~tl-l O1'iJl1i'L~ tl 01'ilJnflfl-~u1f1f1 ~ \l::t-l ~-l flllJ~lJIUL~ tlV'l 'IIW ;;L~v1n'UJ11ffV~\1;; ij L~lJ ~lJ 
" " " 

'IIlJllJflllJOlJ1 U 1~VUfl~LL~1Ul1ffV'ltlJ'lflJ\1i:ijUllJ1W 80 lUtl{1~lJ~'IItl-lUllJ1WUl1~ LL~U1U-l-1-l-VlJ-
" '" . ," 

UllJ 1L~i:U~Ul1~1~'i;;Vl 1~lJlll1~-lUl~lJYirilfi'f\!llJ01'ilJl1f1f1-~U1ilfl'lltl-l'l1lJ'lflJntlQllJU~Ul l~v 
. "" . 

m~1i: tlOl-lV-l fll -lln~lJ111lJm~tl-l1i'Ul~lJ \llflll~Ul1~1~'i::Vli1-l1lJ ~i: 3.5 ~llJ ~ fllJ1ffflLlJfl 'i ll1tl~lV 
, ,,.... odd"",' ,,,':-4.1...; ~1'''';
l10lJU'ii:'lfl'lflJ'lfl10~-l1l'l~lJ111lJm 9f-lOV-l lJ'ffllJ1'if1\11V1l1n1f1-ll'Jfl~lJn'IJtl-lO~ -l1l'l~'1 L91911'iHYI 5- 5 

,"" " " , " 
U'ff~-l'ltlJ'lflJn l~u1\llnllrlUlU.:J-1-l-VlJ-llllJ U~i:ll~Ull~1~ 'i::Vl L~lJ 11l1 ~-lUl~lJ rill11lJOl'i~i;fllh 

U'i::Ul 

... 
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.. 
o <v 0 q

5.5 tl11UllJ€J~mJ[J"')J'liY 
, ,. , 

lijflln~ f11 'j;r~ 1l~-3'U tJ-3 f11'j i '*tl 'j~ i tI'Jj'U'U tJ -3 I III ri-3U 1ll1tJ f11 'jlJnflfl-tJtl i flfl fllJ f11'j'j~1J1t1. 
"" ,,,, I• U11iYtI ~-3l1lJ1~ f11'j tUn'Unmjlif11'jlh,j~U1IiYtI ili'limumw litlflJ1~~lJ1lintJ ili'ln~i1UJ1l1m1lJl~tJlJ i l'1'jlJ 

.. • u 

" ,,,, " I 

'UtJ-3f)flJ mwu1~lJ 1li tlflJ 1~ ~lJll~tJtl~ tJ~ .tltlW fll ~tI-3li ~~ i ,*t1~lJ I tlf ri-3U l~)'JIl1mn'j~ ii~U 1 tl 'j~tl1m'j1-3li 5-6 

• t " - , II" " 
II~~-3 'Jj'lJ'Jj'tJ lilill~tJfh~-3fi1t11tJ f111 n tJ~~1-3 1~ 'IJ'IJ,j 1,j~l! 11~tlli9i-3tJ~1lJlllil-l1U-3 -1-3-tllJ -U1lJ U~~uliu1. " , ,. ,. 
l~lW'j~tl1 ~111-3li 5-7 U~~-3'j1t1~~I~tI~'UtJ-3 i flHf111,j1,j~U11~tI'UtJ-3f1t-31l'1l'1lJl11tJfI) f11'j,j1,j~U11~tI'UtJ-3 

,. .. 
( 1 ) 1 'j -3,j1,j~U1 Iff tilntJ'lJl1-3lllJ~ tJ~'j~1l11-3 f11'j fitJ~~1-3 

,. ..,. 
( 2 ) , li li i 'j -3,j1,j~U l'fftl'U tJ-3 'Jj'lJ'Jj'lJ '1...1 lJ Illi lh1-3 1l~~llliu1t1lJ. ,. ,. , 

( 3 ) '1...1 ullli u1u-3li 1'j-3,j 1,j~Ul'fftlml -3 '~tl1fl tJ litl'1ff1J1~ lJ m ,;tI-3 i llli 
.. ,. 

( 4 ) lihnh,j~U1'fftl'l1lJ'Jj'U'~tI-3 2 ml-3'IJuuliU1U1lJ 

( 5 ) i lili i'j -3,j 1,j~Jl'fftl 'Jj'lJ'Jj'U 'U tJ-3' l'1 ff'IJ l~lij tJ-3Ufl1 ~1 'j1rliU 'U flJ~ ~ li'Jj'lJ'Jj'lJ. . 
, " JI I "" 

'l'1ff1J1~n91-3 tJ~'IJU1lJuliu1U1U ~-3 6 uli-3n'~u 'l1lJ'Jj'lJ ~UU1uliu11~ll'1 'j~tl1 
.. .. 

( 6 ) -3'IJ~-3l1U ntJ~~l-3 i'j -3,j1U~Ul'~tll1-3lllJ~'UtJ-3f1~-3ll'1WlJ1l1um\1-3lJ1f1~-3lntJ'IJ 5 

t Sludge i-3lllJ ~~ -3 U1~ ~ li ~ltlf91lJ1~1 f1 fll'j ~1 fl~'U tJ-3 ifu~~hll 1'1...1 i ,*,rlu~ ~-3'UtJ-3 
.. 

1 HthU~l.h,~tI 
.. ,. ,

• ( 7 ) 1'j-3'hU~U11~tI'UtJ-3f1~-3tnl'llJ1l1Umlil~tI-3 2 h-31l'hl1lJnli1~'IJuill~~~1'j 
.. .. 

tll1l11 ( Nutrient Removal ) ll~tJtl~lrlU II l,jtJ{lc'ilJ~'UtJ-3tl1lJ1WU11iYtll1-3 

lllJ~n ~~l'hf11'j ,j1,j~ 
.. , 

lJ tJf1~lf1ijiJ-3li,rtJl'¥l ~ ~1.:jlJl-3tl'j:: f111nm 'jU1lJ1~~1'jW1 fitJ 
.. 

( I) f111,j1U~'.hl~tI*IUUf111Um'Ui1ty1l1fl11lJ1U11fftl·( Organic pollution ) u~~ 
, ,. .. 

li-31UU nl.hlfftl'Jj'lJ'Jj'U f111 ~~ f111U l'fftliJ-3 , lilUlJ II ~flll1lJfl11lJ~lrlUJ'U tJ-3 f111 ill ~~ ~11tll1l1'jtJ tJf1~lf1
• • u 

JI 

• Q 

lJ11~tI 
,. ,. 

( 2) f11'jtJtJf1UU'lJ1::'IJ'IJ'j llJ11lJU l'ffmhu illqjlrlU'j~'IJ'IJ'j~1J1t1U111lJ 

,. JI 

( 4) f11'jU1,j~U11fftlhwi,*1~U'IJ AS li11fl1Ul'l.:jli-3-3'IJ~-3l1lJntJ~~H 1l~::-3'IJfi11iilJ 

f111tl1:;f111~lrltyfltJ 1lil,r1fl'IJmif1f111'UtJ.:j sustainable Development i'Uld~111~Ul~tI-3f1111tl~tllJ~tl 
, .. ,., 1l'IJ'IJ'UtJ-3lJ~~1'j~1f1ntJ~ilJU1 ( Water ) lJ1tJQilJttl'UtJ-3U~-3 ( Solid Water ) U~~tl1:;f111~lrltyfltJ i1lJ

• ltl~tJ-3W~-3-31U i vHh ~-31rlU~tltJlJ1'IJ i~tI~11tlu~111f1111~lJ1~-3l'1~-3-31lJ1 vHh,ru~tJ-3~-3l'1U~lt1flwfh. . 
I JI. I " , .

• 'Y11-3i1-3U1~~tJlJ utJf1~1f1uiJ-3lii1ty1l11fitnflUf11f191~f1tJu ( Sludge ) nln~;juu~~n~1~tJ-3U1 itlill~~~fl itl 



• • 

, • A 

l!'t'iil·nnlmJ 

(i;ltJ.tI.l1U ) 

1,200 

. 
Cl . lIlJlI~~ 960 

12,000 

56,800 

2,400 

1,000fUnlJl~l 

1,920 

17,280 

8,640 

960 

1,680 

f) . 1J1'U~ln" 

2,400 

, !' 
1,200 

960 

12,000 

56,800 

2. IIlJ'U1UlJ 

3 . mhi1l11'U 

" .1.1" ..Q3.2 1J1'UUlnHl~ f).llJf)~ ~.~~Hl~(l 724 

480 

480 

720 

480 

7,680 

960 

720 

6,120 

2,880 

480 

4; .. <4 d 
I :' " 2,880 

1,200 

1,200 

10,560 

12,000 

3,500,000 

4. IIlJ'Ull~1'rn::Ul 4.1 f) . llJf)~ ~ . 'UflHI'1"i"ifl ( 1J1~Vl'U'Y1 ) 

• 


• 


~ .. 
f) .'lJ1Uj1"iMlIW 

• 




I 

• 

• 

• 

l1lJ1Vll1f): AL = Aerated Lagoon 

J AS Activated Sludge 

CD Oxidation Ditch 

SP = Stabilization Pond 
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m2J1WllllilrJ 

( illJ • 2JJ1'U ) 
II 

( ill'UlJl'n ) 

, : iI 
n. L1lJ'U1 ~ 

AL 55,000 

2. mn 

1. ~l1.h~ 
, : 

fl. lIlJ'U1VlJ 

1. L1l'f~ 

I: L 
~. IIlJ'U1'U1'U 

1. lh'U 

" SP 

OD 

15,000 

12,000 

394 

180 

· ..,.m"~m)tY'lN 

5. ~::l'f1'Ui1'U 

6. 1Jl~lJ"'U1fl. 
",:

\l. LllJ'U11~1l'f'l ::V1 

~ 

1. 'UflH1'1'llfl 

2. iv'U TYI SP 4,000 204 · .." " m"~nVtY'll~ 

A ~ .. 

3. «~l1lll AL 9,500 291 · ... " m"~mH"!'lN 

AL 8,000 

OD 22,500 

OD 

AS 

98,000 

38,500 

8. n~~IY1l'flJl1TUm 1,987,000 



~ ... .- .. .. .. • 

Vll"H~ 5-8 lfl"-3m"iilu~Jllii'[J'f~'tI1l'U8-3nl-3I'n"UJ'H11lfl" 

01 
I.... 
~ 

im-3f)niil1r~Jll~[J I yfllri~UUll~[J 
(Vll'n-301t'lmVl'l) 

lrhnwUll~[J 
(t'lU.ll./lll) 

A 0 CV 0 oCt 

'tIllm~1JU1.J lU~llmHJ tI '"-3U ':i~mWmHT':!H 

"( t'l11l1Jl't1 ) 

m .mH'H1'j 

I. ii''r'l~:;tn 2.7 30,000 lAS L11J1J Contact Stabilization 464 11U~~11ijlJm~1L~1 

2. i'11lJ 1n fflJ." { 4 40,000 ITwo-Stage AS 895 IIU~~11ijlJm~Il~1 
.. 

3. ~l1J~::tJ::." 1 37 350,000 lAS with Nutrient ( N + P ) Removal 6,582 IIU~~llijlJnnll~l 

4. tJH'r'll~l 28.5 200,000 lAS L11J1J CASS 4,707 
1 I I " 

Itl~~:;lnl,:jmHnl,:j 

5. 't1lJtl,:jIl"1J/fl1ih\l~ty 44 157,000 lAS with Nutrient ', Removal 

7,094" 6. ~llJQ~\!~W:: 42 65,000 lAS with Nutrient Removal It:lg~:;'t1''lw)m''!l,:j 
.. 

7. ~lJJ~::tJ:;." 4 33.4 150,000 lAS 4,025 It:lg~:;'t11Hnm''!1,:j 

8. tilJ1.J~ 51 550,000 Iti,:j'~rinilJ~ 10,925 ILlNlJ~~lJlnl11J.~,j1JYi 5 (2540-2544) 

9. 'r'l~:; 1"lJ,:j/fl~t:l,:jl11tJ 57.3 320,000 Iti,:j',jnnnJ~ 8,680 11INlJ~\JlllJln"'1J.~,j1JYi 5 (2540-2544) 

10. 't1lJt:l,:j\ltln 58 125,000 Iti,:j',jn1'l1lJ~ 3,700 ILlNlJ~~lJlnl11J.~,j1JYi 5 (2540-2544) 

'l111 357.9 1,987,000 47,072 



" " 	 " " 
( 5) lJ1~'.i!lU~hii~\?l1~'1!'lfU lJl~'.i!lUU1ii~u1fHl1m'.i l~u9iu rJ~hjhiJn111U~ 

. " . 
U1lJlWvJmyvJ~1ffil' U1lJlW IU lmluuvi~l1lJ~VilffU~ H~ri~U'Ii'l~ff~lJlfi 

'II 

'" " "" " 'l v d '~ 	 ..,. '" IiJ ' 1iJ v'"
lNl1lJ~Ul1ff~~ ll1ll1Ul1lJqjl11 Eutrophication 11'.i~ Nutrient Pollution tJ~ AlJ 1~'.i1Jm'.i• 

ffU 1 u 1J1fil1l.htJ~lU ~1~rJ1'1i'~~IYh~rll'.i 

. . 	 ..Q'if l'"I 	 .5.6 £Illt)1]11UIOt) ty111tlJllJU;Jt)lJ D"UlVlt)fJWIlU'fYl 

Q,I' "" Q,I" 	 q .. : d.aI~~fim111mnlu111"~ 2.2 11 ff1'.im111'.ilJ~Hlm~'YI1J~~1111"~U1 2 U'.i~lftU rl~ 

( 1 ) 


" """ < " 	 "~~1~!~1"~~Y;'lfU1 vi ~iHju ~~ ti1J"mIW~"~~I1~U1 l'ifU m1lJl~1 '.i::~1Jm1lJ~fi "filolW::l1'~~U11~l.J9i'U... 
• ~ ~ 	 d. " q d. I q

11"::mm~'.im::u1tJ"~~1I~"~rl~~U~'lfnn~ll1lf1~~wm::'YI1Jt:lU'1 9I1lJlJl ( Secondary Impact) l'lfU 1fI~ 

Organic enrichment "~~11~J1u1n9l'ln"t:l~11~"~rl9lt:lUVi'lf !m::vhll1'ln~ Secondary Oxygen demand l~U 

( 2 ) IU lmluulutU"~~IIt:llJ llJ"lihJ 11":;IU19lHlrit:l1l1'ln~rl11lJl~U~1oI~~um 11":; 

"" 	 " ~tlm'.iU1lh IU1J11flj'l utlnu1nihwlJ llJLihJrJ~yh ll1'ln~ Nitrogen Oxygen demand ~U~1tJ ( lUf11'.i 

lU~tJU u1n11tllJ llJ1UV 1 udju IU 19tHl ) 

~..::s I 	 ~ .a .a :Q,lII)" 111)"" Q,I"
IU mw "tl~mm ~'.i m:;u1tJ"tl~ 1t~"~rl\Jl~U~'lf 11":;~'lfl.Jl~~ I~nm1 1111"11U111"tl 

2.1 i1ff1'.im111'.il~utlu~tJ~hTiqJti'Ul1i1~ 11"::ff1'.im111'.i~~f1l~utlu~tJ~lti~ ( Limiting Nutrient ) "tl~• " 	 " .1ll1~~U1~Y1U ll1tYl~u IU 19t'.iluU ( N ) lm~/l11tlvJmyvJ~1ff ( P ) ~~,.rUlUm'.iffn1ol11Y;m~tl~tium'.iln~ 

River Eutrophication ~~~tl~fi1ff1'.im111'.i~11~'.i::l1i1~IUl9t'.ilUU (N) 11"~/l11t:lvJtlffvJtl1ff (P) LiJu 

ff1'.iml11'.i~1~utI"'~tJ~lti~"tl~1111~~J1 

" I I 	 I" 

!ll1~~U11Vi tll~l~U1 fl1 tl~ ljtllU m'.i ti~ 1J t:l n fftllU fl1~"tl~ ff1'.i m111'.i Vid'jutl u ~mhTiqj"t:l~1ll1~~U1 ti'11ll1 ~~ 
" " 

u1iiri1 N : P < 7.2 11ffft~i11ll1~~,.ruii N 1~uilu~tJ~lti~l1~ii,.rni~tJl1mtJ·vhul~ri1 N : P < 10 ti~ii~ 
." l,d 	 ". I 

fffl11~m'.i"lft11fl"U N til N: P > 12 1NfI~fffl1~m'.i"lft11rl"U P U,,~tIl N : P tlQ'.i:;1111~ lO-12

" " " llffft~i11ll1~~U"N1ftllfl"Uvi	~ N 11":; P U11fftJ~lJ'lfU~Y1l.Jll1tyiiffft~hu"tl~[U 191'.iluU 11,,:;vJt:lffvJt:l1ff 

"" " 
( N : P) U'.i::lJ1W 3: 1 ~~,.ru~~ff~tI1~il'UUllffV~lJ'lfuii'u lmlul.Jl~uilu~tJ~ltift ~~,rum'.ifl11JfllJ 

" " . . 	 . 
111t:li1fttium'.iln~ Eutrophication "tl~1l11~~Ul~l1JViu::tlQVim'.ifh~~U1lJlW1u191'.iluUh;'''ftM 1l~Viu1~ " 	 ... . 
1l"'11U'YIl~u~u9i1~1~1~Ul'ifU,rUlfflJt:l'U I~'.il::il 
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( 1 ) 	 m'j 01 ~~YJUffyJ ufffUUn\llmf1LiYtJ'vh 1~~lOni1 U~::i'UL'tJ~U~fh '1,r~lO'U'UOni1 
m'j01~~ l'U lmL\l'U 

" 	 "JI I 

( 2) 	 yJuffyJtlfffl'UUl1ci~lh~h'U111qjlJl\llnU1L~OL'yht'r'U l'U'uwdli'U l~m\l'Ul'U• 
ul1cinf1ff11Jl'jt:llJ1i~\llnUl1ci-3~'U1 L'lf'U\llnmmf( ( l~o Nitrogen- fixing 

• bacteria 111U\lln Blue-gree~ algae) 

" " 	 " l'Um'jflmllfif-3um.Ji1ih1~~h'U'uu~i'Ulml\l'U~f)yJUffyJufff ( N: P ) 'UU-3u~l.'hihtlQ 
" " ~ " 

'j::l1il-3 1.4 - 7.7 11~U11-3mh::l1iN 3.4 - 9 .2 LL~U1U1'Umh::l1il-3 1.4 - 9.8 9f-3LLff~-31~t11'Ui1U~Ull1~n 
" 

~ 	

, " 
~ 

l'U~lJl.j1mfill1{jtliii 'U lml\l'UL1J'UU\l~tJ~ln~ rill1f1JL1~U1L~lW'j::tI1wui1nfhtlQl'U'J11-3 0.5 - 1 6.7 u~ 
II" " JI " 

~-31f)~ 1~i1l'U'lh-3 t]~u~-3 N l1J'UU \l~tJ~l n~~~tl~vl-3"lU1 U~1'U'J11~t]~Ull1~lnU~U1l~lln::tI1~-31L~'lf1-3 
" 	 .

9hu~ri1u~~-3lJ1i)nhmL~u1tl~L1J'Uff1'jm111'jU\l~tJ~ln~ ( ~~1.'j1-3V; 5-8 i)~ 5-11 ) 

, ,:: 
5.7 0l1flJUf,}lItIl16)'t111 'HUlHlnn 

~lU1,j'tl ff'j tJ \llm'j 'j fi ..;'ltJ'U f)-3111,j'f) 6.3 lJ1L1J'UtJ'j::l~ 'U 11 ~n'UU-3 m'j fi 11JfilJ ff1'j U 1'l11'j. 	 . 
" 

1'UU1 1~U iJu -3 n'U m'j Lfl~m'j Ul"f'i m:: \lltJ 'U tl-3 11W~~rl~ltl'UW'lfLl ~1 

" " 
ll~lJlW' 'U l~'jL \l'U l'U U1vl-3'll'lJ'll''U 1L~f)d1~1'j n~llJii,j'f)fi1'jW \l1'jW1 ~U. 

" 	 " ( 1 ) 	 m'j01~~1'U 1~'jL\l'Utlf)n1l1mh,iYmj-3t11n U~::~'Ul1J~D-3fh1,r~11llJ1nn'hm'j 

" 	 . 
( 2 ) i'U 1 ~'jl \l'U lW1l1ci -3U 1 ff1lJ1'it:llJ 11~\llmL'l1ci-3fl'U'1 

Agricutural Runoff ~-31~lIli 'j'jlJ'll'1~Y\1-3lfiiiu~1 nitrate \l:: \]ntJciutJ 'I11D\ln'lf::;UUn\lln~'U1~~ltJni1 
" 	 " yJ tlffLyJ~ lJ1 n ~-3t'r'U m 'j 01 ~fI yJ DffyJ ui" fftl U n \llnU1I ~tJu1\l::11J'U ~11~Dml'U ~UI1'j n 

( 3 ) 	 m'j01~~ff1'jml1l'j LL~:: Organics l'U CSO 
", ", 

( 4 ) 	 m'jfi1Uf]lJ LL~::;iJD-3n'U Siltation 111U Soil erosion \llnri'UliLmlm ri'UV;il-3 
", I 	 , 

ltJci1 111Uri'UV;ih1lYv;\lmilmll 111U diffuse source fl'U1 L'lf'U Urban Runoff \l::;';111~~m'jl~lJff1'j 
" tl1'111'j~-3~11l1ci-3tl1\lln Diffuse source ~1-31 

.. 
II 1 	 , '05.8 'U6''''H6U'H:: 'HOllflJUf,}lI£f11811111 lIUl1iH'H1 

II " I " 

( 1 ) 01'l1'U~tJ~lJ1Wi'U l~'jl\l'U ( N ) LL~::;yJtlffyJtli"ff ( P ) l'UU1Yi-3lh'hu~11~1vl-3 

'Utl-3'l1lJ'lf'UI1~::;'Utl-31H -31'U ~~ffll1m'jlJ 1'lf'U l'U mw'U U-3tJ'j::;l'Y1f(ff'l1f!U1lJ~m\l::; Ol'l1'U~yJtlffyJufffi1l~ , Lfl'U 1 ~n./il~'j 1L~::Oll1'U~11UlJ llJIUlI ( NH3-N ) iii~~lfl'U 5 lJn./il~'jl1~Umw'UU-3tJ'j::;L'YIffLllU'j 
" " ~'Uul'Uufl'Um'jYl'UyJu~lil Emscher Oll1'Ufll~iil'U 1~'jL\l'U LL~::;yJUffyJUi"ffi~lfl'U 1.0 L1~::; 0.5 lJn./.. 
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V111J.3n 5-9 

o Q.I ~ , 

mfWI 'HlrHll'Hll'W1M ( limiting nutrient) 

• 

• 
·• 


•
· 

..
• 


.. 
.c:I d cv , 0 

iItll'UAfl1JYllflfJl,nn 

PI L 

H 

6,9 : 1 

3,7 : 1 

N 

N 

P2 L 

H 

7,7 : 1 

2,8 : 1 

N 

N 

P3 L 

H 

7.2 : 1 

3,8 : 1 

N 

N 

P4 L 

H 

6,1 : 1 

3.0: 1 

N 

N 

P5 L 

H 

6.7 : 1 

5.2: 1 

N 

N 

P6 L 

H 

NA 

6.1 : 1 

N 

N 

P7 L 

H 

8.4 : 1 

6.2 : 1 

N ( lL"~ P ) 

N 

P8 L 

H 

5.6: 1 

2.6 : 1 

N 

N 

P9 L 

H 

6.5 : 1 

4.0: 1 

N 

N 

PlO L 

H 

2.9 : 1 

4.3 : 1 

N 

N 

Pll L 

H 

3.7 : 1 

1.4 : 1 

N 

N 

P12 L 

H 

5.2 : 1 

2.7 : 1 

N 

N , 

.. 
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q , 'OU..:t' 	 q~I_~QJ

VIlum 5-10 	 fI1 N : P 'U6.:JH~'Hl.:J W ~f.llU\l1H' H'j;l::~1'l61't'il'l'YII1JUlHHUJ 

ihtlVl 't'i1661't'il'l ....16.:J ( limiting nutrient) 

• 

· 

.. 

.ot <S OJ , 
0 

,nnUUl1J\l116rJHU 1 t"I~ N:P 
, 

~1'l61't'il'l""'lM 

WI L 

H 

9.2 : I 

3.4 : 1 

N ( U~::: P) 

N 

W2 L 

H 

NA 

6.1 : 1 

N 

N 

W3 L 

H 

8.0: 1 

5.7 : 1 

N ( U~::: P) 

N 

W4 L 

H 

7.0 : I 

6.4 : 1 

N 

N 

W5 L 

H 

NA 

6.5 : I 

-

N 

•" 
• 


, 
• 
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o v <II!t , 

mflVl 11'ltltn111'lVi'ltl.:) ( limiting nutrient) 

• 

, 


...
. 


.. 
qq cu , 0 

tTtllUlfllJVl1tlUHUl N:P 

Nl L 

H 

2.0: 1 

NA 

N 

N 

N2 L 

H 

1.5 : 1 

NA 

N 

N 

N3 L 

H 

7.0 : 1 

6.6: 1 

N 

N 

N4 L 

H 

S.4 : 1 

1.8 : 1 

N 

N 

NS L 

H 

4.8 : 1 

1.9 : 1 

N 

N 

N6 L 

H 

6.0: 1 

2.S : 1 

N 

N 

N7 L 

H 

1.4 : 1 

2.6: 1 

N ( u,,~ p ) 

N 

N8 L 

H 

7.8 : 1 

1.0 : 1 

N 

N 

, 

• 
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Vll1HtJ 5-12 	 I'll N : P 'U6~mJ1nl{J1'Vfl::m W tTUlUVlH9 IIil::i.J1161't'll'ltJlullu{J{J[J 

111nPl 't'I~6 61't'l11'V'f~6~ ( limiting nutrient) 

•.. 


.. 
.et .. OJ , 

0 

tTtlllllflUVl16[JHUl q~ N:P 
, 

i.J11fll't'l11'V'f1eH 

CI L 

H 

2.2 : I 

0.5 : 1 

N 

N 

C2 L 

H 

2.0 : 1 

0.5 : 1 

N 

N 

C3 L 

H 

1.0 : 1 

1.0 : 1 

N 

N 

C4 L 

H 

1.5 : 1 

2.0: 1 

N 

N 

C5 L 

H 

5.4 : 1 

15.0 : 1 

N 

P 

C6 L 

H 

6.0: 1 

10.0: 1 

N 

N ( UCl:: p ) 

C7 L 

H 

5.2 : 1 

16.7 : 1 

N 

P 

C8 L 

H 

6.2 : 1 

14.6 : 1 

N 

P 

C9 l 

H 

5.6: 1 

14.2 : 1 

N 

P 

CIO L 

H 

NA 

NA 

-

-

, 

• 
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• tI tI 

( 2 ) ' lU'l!lJ')j'lJnijh,njlu~ll1LffrJ uCl::lt'i::1J1J'i::lJlrJiJl'l"1lJ ( Combined Sewer 

o!ilGl d. Q.I

System ) ~19H)'I~~111 Retention Basin lYHlH)'I'i1J CSO 
tI 

( 3 ) m'ii.t'i::1J1Jn'i'ilJ'lfl~ ( Natural Treatment System ) i.lJm'i~lu~iJlliYrJ'I!lJ'lflJ 

lm::fl1~'i1lJ~'I CSO i.lJ Retention Basin l')$lJ 'i::1J1J Overland Flow lnlJ~lJ ~llJl'jfICl~1lJ l~'il~lJlm:: 
\ 

~tl~~tli'~~lfi Municipal Waste Water Cl~1l1iitl 5 1m:: 4 lJfi./~~'i ~11lJ(!h~1J l1~tl'i::1J1Jn'i'ilJ')j'l~ 
d • ?t ",
tlU'11')j'lJ Stabilization Pond 1m:: Wetland l1JlJ~lJ 

• tI 

fi1'i i. t'i::1J1Jn nlJ')j'l~ij.,j'tl~n (fi) ~lliJU'IllJ 1~~lrJ hirj'lr/1fici'1JeM'tllJ ('\I) 1liiYlJl1Jiit)'I 
• tI 

~-li.t~lrJ (fl) 1li~tl'l~wn Skilled person i.lJm'i~lliJlJ'IllJ ('I) 1liiYlJlt1iit)'IYl~'I'IllJ~t)~fl~t)'It11Jmlfi 
tI • 

m'i Sustainable Development llCl::(~) fJWmYliJlnt)tlf1lJltlQi.u~mYl~~llJl'iflCl~~U'YI1rJ~1'i ~lHl1111'i 
" " " ".'i1lJn'l~Cl;Ylrit)hfl1~~ U~n'lU~tl'l i.tYilJni.lJ f11'i~lU~lJlf1 

tI tI • 

( 4) m'iiJliJln'ln~lU~L1~1~1f1 Conventional Biological Treatment lJli.ttl'i:: lrJ'lfU 
I "J/ JI 

l')$lJ ~lUm'i1f111m l1~tlt1f1 lrtu polishing pound lYit)i.MfJWmYliJ1Yl'l~;ju ( ~1'i~U'YI16Cl~Cl'l~1'ifl1111'i 
" J/" " ,

~f1til~~t)ih1tll1JlJ~U ) n'luiJ1Yl'lnt1f1 H'u polishing pond ~llJl'ifliJl1t1i.'*tI'i:: lrJ'lfU~l'l'1 1~l1mrJ 
• i.~ ", 1'" !i."'?t. Ji '" "I tI'" tI ?ttI 'i::m'il'lfU ')j' llJlf11191'i 'i"'~lJ lJ 'i1lJ'YI'I ')j'11JlJ~1lJl1lJ'I'lJtl'lm'iYl~lJl 11'it) 'i1J ~'Il1JlJ receational area 

. 
I q 0 QI 4 

( 5) 11'lllF-llJfl11JtllJlJCl~1'i l1Cl::~1'itl1111Hlfi Diffuse Source ~l'l'1 'YI~lflqj tll'YI 

, 
tI • 

- m'itl~f1ih''! l1~t)tI~fiYi')j'fl'llJ~lJ llJ1J~l1WYiun11'l1tlril 

- m'iiltl'lt1lJ m'i')j'::l1lrl~lJ 
J/ I JI • 

QI ~ ..:::.. I 0 qA • QI ~ A 

- r:1'i\l~111 buffer strip 1J'il1W'illUlllJl'YI~~~t)fi1JYilJ'YI1f111~'im'ill 

"''''. IIJtli. J' d • d - m'i\l~~'il'l Detenhon pound m::\llrJ 1 'UYi'U'YI~l'l'1 lYitlCl~ peak 'Utl'l 

storm How l1~V CSO uCl::m'illl storm How llll.fflh::1[J')j'"f 

tI tI tI 

iJliYwtliit)'I iJ lfl\l f1l'i'Yll'l~lU f1l'i lf111m UCl::t)~~ll1m'ilJ. 
tI tI tI 

( 8) fff1111fl11111n'U1t11~ UCl::ri'lI~~lJi.M'nm'il,*iJl~l ( water reuse) LlCl::f1l'iiJliJlliYrJ111 

• 
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• " I ",)1" 
( 1 ) mhl1vhi1 f)l ':i fff1lll tI ':i:: fHl 1J ~1 tI mhj111 ~ -1-HI lJ -l-hU 9f~!rh.J Ul,hh ~lU11 ~f1 'IJ fl~ ~ lJl,h 

tI ,,, " 

i11flll1Ufl n1JLllhjll~Wj':i;;tI1 9f~lrJ'Umhjl~ltll1~f1'IJ6~cilJl,hfl1flf1m~. 
JI • 

( 2) ~lf1f)l':iii1f1ll1~1J':hu~ill'lh~Yiim'1~l'U'I1lJ'lf'Ul1'U1l1ll'U~~,'ii'U l'VlfY1J11;'l1i16~~1~'l U~~~ 

1li'1l1'U ~~ f)l'lltl~tI'Ulltl1;'l~'lJfl~flUU1l~Jl1'U 'VlN1;'l1J lI~iJ~ i~~~':i;;~1J~':i'Uu 'l ~ u~1'Ul1mtl1J~mlJlj~l'U 1'U. . . " . 
1 fliivJfJ {lJlI1JflYiI~tlYi L1 ~ In'U ':i ;;~1JmllJll1lJ1;; L1lJ'lJfJ~fl W.t1l~ill ~1J IVi6f)l 'l~ ~91tl 'l;;tll 

~ . 
JI JI • 

( 3) 1'Uf)l'lfff1lllfli'~il~1J11L1l'lml1l'l ( N 1I1;'l:: p ) lj6~1'UtI~lJ1W~1 N 1'U'ltl'IJ6~ NH3 ri1'U 
• • JI 

1l1ui~1J6d1'U 'l;;~1JYi91 'l1~1~l~i~ 6dl~ i 'l n91llJ~1JII'U11U'lJ'lJ6~f)l 'l1~lJ;j'U'lJ6~~nfJ1l1l'llllf1f)l'l 'l;;1J1t1 
u " 

" " "" " 
ill n~'I$lJ'I$'U 1~tI\l::a~ Imm1\.1 1 ~i'~1\l'U1'U 1I~1l11~l~ 'l ::tll1J ~I1W ~~II~ ~11Jmh U1;'l 1;'l~lJl \l'U ~~tll f111~ill. 
( nlJJ~~1J':hljf)l'lIYilJ~'U~6~ NH3-N 1'U 'l::~1Jfl~~1tJ ) 

" II , " 

( 5) 1'Uf11'lfff1ll1fli'~ij~1Jll N LrJ'U~l'lml1l'l.yjlrJ'U limiting factor ~6~'YJf1u~ill tlf1Il'U 
JI • 

4Q " '0" ", d. I ?t
1J'lI1W'VlltJUlJ'Ull~l~'l::tJl L'U'I$1~ high flow 'Vl~U1l P l1J'U limiting nutrient 

JI 

( 6 ) f)l'Hh~~ P 66f1\llmhLfftJlh'l{~lml1;'ldj6~n'Ui1~l1l River Eutrophication 1~ ~~ulYll 
• JI 

\l'jf1f11'lffm:n\l::~1J1l N lrJ'U limiting nutrient n91llJ lU6~\l1f1 P ri1'U1myljlll1ri~ii11l1~\llmhl'iltJ 
JI JI • 

• Q,I Old; '0 Q I Q,I.a 4 

1lJ'I$'U U91 N 'U'UlJlIl11;'l~f)lI'U~l11;'lltJUl11;'l~'Vl~\llf11inlJ'I$l91I11;'l::\llf1 human activities 6'U'l 
JI 

( 7 ) f11'lfl11JfllJ N 1'Ull~illm~~llrJ'U~1• 

d 1" .; 1 d 4 .... .d~....
.r • tI

(f1) lJlI'U1 'UlJ'lJ6~f11'llYilJ'IJ'U~6~"6lJ lJl'UtI\l'Uf;) ~'l::~1J'Vll1J'U6'U 91 'lltlVW 1;'l1 
JI JI 

('IJ) iju'U11U'lJ~6~f11'l'IJ1~Ufl1;'llJ66fl~l\l'U1'UlIl1ri~ill (~~t!'U~6~fl11J~lJ Org, N 

lm::U6lJ IlJliltJ) 

(fl) lju'U 11U'lJ'IJ 6~ f11'llYilJ ~lJ ~ 6 ~tlllJ lW 1 'Ul91'l91 \llJ (i~'l::~1J~lrJ'U flU 91 'l1(Jvl6f11'l 

Unnfl 
, tI I JI 

( 8 ) 1lJ'I$'U 11'U lU11'U 'l::~1Jl'VlfY1J11;'llli6~Yi 6gllJlI~ill.yjii1mn iJ~lj'l::1J1J,hU~Ullffti1~m1J'YJ f1 
. JI 

mi~ (ljLi~tI~ 48 I,J6{I~ml'IJ6~1lJ'I$'Ul1~l1lJ~) 

R.l 



II " " " 

( 9) f111'lhUflU l1fftl~'HU''W lw f11'HlflflqJ111f111lJ1U l1iYtI'Ut1~I1~U1 1f1tJf111~fI~~1~UlJ'UlliflUl 
d II II 

lfftl'l!lJ'jj''W 9i~ihJ 1~iY'Yl ~fl1~1'W f111 ClfI Cl'11U'W'Yl~ 61rJ'W 11~fl ~~Uwj~fI~ij Cl'11fl1111':i~m~'lJ1tJC1~~1111ci~Ul
• 

",. d 0 Q,I' "d 
l1lJl1 \l:; lJ fllHJ l1JfI 11C1 lfl ~ llJ 

II II 

( 10 ) 1~1J1J111J11lJU11fftl ~h'W'11(\iLrJ'W1:;1J1J Combined Sewer ~~U'W r-Hlm~'Yl1J~Ufltu 
u . • 

II .• 
fl1~'UU~l1,jU1\llfl CSO fll1'~11Jf111Vi\l11tul 

II "" 

( 11 ) tY~1n~111::1J1JihUflUllfftl'UU~fl~ ~1'Yl~lJ111'Wm lrJ'W1~1J1J AS ~~11lJfI;~1rJ'W1::1J1JVi 

~U~f111 Skilled Person ~1J"~l'J'W1H1:;~hll'j'Wf111~~ i'W,tl~mm~uCl'1vHh ijflqJ111itu~fl1':ifh~~ 
II • 

d d I. QI dd. 0 QI 

Sludge ~llJlJl11C1~lJl~ t1~ 2 1111 ~ l'Yl1'W'W'Ylm Z1J1Jf11\l~CI'11 fl1111':i 

( 12) f11111l~t1lJf111'Yl1~~1'W~~f111'~~~'W ;'Hn'W~~~11rJ'Wffl1111J'jj'lJ'l1'W11'Wll1U'W (L'Ylff'lJ1C1• . " ,,, " 
llim) l";U',rijfl1':i ~fllll~ t1lJ";'WVi ff1111ti,eft'Wf1111hU~U11fftl'~Vd1~~V1Yi t1~' 'W U'W1f11l 11lJ~~ 

II • II 

cv d ,Cl'llJ1HU"Ufl"" '"'jj'1~1J1J Natural Treatment System ,p '''' jll!t.c:l QI ..:S"~ (UllllU~ 'jj'~'W'YllJ1fl ~~'W'W\l~llU~11l1t1lJf111"1~ 

11'W1)" 
( 13 ) 1::1J1J Natural Treatment System ij,j'V~11"ltJ'l t11~f111 1~U1'lj1t11JlVitl1Jti1J1~1J1J AS 

,,"
lJllU~f111 Skilled Person 

, . 
0":::' 0 ,,'d...c:. 

~1J" ~ l'J 'W II,,~~ ll'W 'W f1111l1 (t1fln'W fIl'Yl~'W) 
II 

',jiY'Wltl~U~~'"~~1'W' 'YHh 

',jijflqJ1111tU~fl1':ifh~~ Sludge 
II II 

flWfl1~u1Yi~ud''W1nwen~. .. 
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