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WIOW = poly-P-hydroxybutyrate; PHD 11;0 (3HB).

'" '" poly-P-hydroxyvalcrate; PHV 11;0 (3HV)."10'll'l =

'" poly-hydroxyalkanoatcs; PHAs"101110 =

,itolo = phosphate accumulating organisms; PAOs

110,,/10 = volatile fatly acids; VFAs
.,..,.

readily biodegradable chemical oxygen demand; RBCODO"U'II OR =

10101110 = ordinary hcterolrophic organisms; OHOs
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\Uil9,tiuilf:lI1I1UtlTi"1l16uUfl1lH'1111t1flln",,,ml1t. ~"fl111n"U lltl::,hTi4t1m11U

I;OU'ifl'1fl71111ull'4111nii4~\1 1f111tY4NClfl'::flUftOa4117flt\'01l1;1u6\1111n "4,fU;4i~u«04ii
tI . I : , • , ..a t': I l ..' ..t I fIIAt'

m"h1l1InlllHCl1\1\1 t1N1un,::u7\lnmhtiflnfl\lYlt::UtlOllfl4tl4QIl1lC\4U111"1I.1" 84f1nO111
... ...", JI!tt!... .. .fI... .. , I: .... .. I

·tnfllltlYl,,1l1'SntuJ1YlIl411fl1tl1l::w,]'n flnOUfI'll 1I,flfl11lflllfl14")lfll\IU 11f111411111'101111'fl14")

I';U 'u1fi,19Ulltl::Ylono;fl ~4nfl\tflfiflilf:ll"1pj01111ci4J'11I"1I"';;~Orrn1l1nftO,11\tflfifl

1 :.'!I.- w ~ • •r .. '" .I. '" .... l' ..flll17::CI fI'mrt1lU(eutrophication) 1\lIl1ltl4111 IJ411JUflll17::flfl111"ll1In"I"f:lIlfIU fl0ll14"III" .
• •

nltY4Ntln'::flUftOll1lci41l111tl::Ylu7nhlnlJ1:lW\Ufl1l;!ow;mt::Uft1.10iitl,::1I1G1400 lIn.nl.

, 1 ~ .,1 _I W '". .~. ~ .. .I. w , 1 .I.; .
U fI'19U 30 a4 40 lIn.nl.11tl::110n110,flUfl10g IU'n4 6 04 10 lIn.nl. IJ411uognU:r1YlUfllIU'1'1

Untl1l1l111tf111n"'fN4imlon~uYlonmfl~uti7\lu,::noll1l;o'si uOnt1mfu4Ylll':h

Ylomlmfl 1 nn. t::n,::~u'tf'tlnfl!14IIJtln'l1lsi111 nn. liill1lIYi1Ntl;\lnfl1f111.10ii 138 nn.

lltl::'U1f1'19U1 nn. t::n,::~u'tf'tlnfl!141'1ltltl111si16 nn.liill1lIYi1.10R 20 nn. 44t::I'I1U'ii1

.I.. 1 , 1 .. .. • .I.. 1..-l ...I w , .. w • '"1 '"~ _r ~Ntlfltnfl fill U 91'ltUlIUOlln11Ntlfltnfl IIunOfl110,fl llflnIl4f14111nn71Ntl'U04'1l Oil1\l1I11nll

(RandallllCl::flGl::, 1992) tY,uJ'1Inll1l1W'utI'::I""'''lliicin"m::''411flfl4'\lfI'''4~ 1.1
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a~tI'Il 1l1lnll t1m\'fHfrnnh tmnl'loinl1, tmll;7 1l1lnll

'711
(IIn.Ift.) t1n6711 w Ilnu7 17!1i1e lllte~ "1\I1I:1lnn 'si"1\1"ne11l

illeR 700 120 260 70 150 ""' 1800 200

.leil 1500 230 400 200 460 960 2900 .

''Ill'''lW 300 8 38 14 12 18 120 32

Yletn'le;1l 24 6 I 10 24 13 90 .
~

~6O 4~ 80 60 ~~ 210 1200 230'Ue~U'U~II"'Naell

~ .. ~ '" - 1" , w .~!!! .1 , .....
1l1f1m'"fI"1'110~10'04"n91'l9lUtlU 19U (2534) Yl1J11afl"G1::1oI1IuO'll04u'::IYI" Y1Wfl1..

1fJfi 200 a4 700 UflJrI. mU101'u1",IIIU 20 a4 8S UfI.la. lIa::wunWfJ;tl 4 a4 IS UflJrI. 44/{1

.. ... '''1'' '11' .1- , 1 •.1 _I W .., "1 .. ,IYlOUIUUfl1'11 fJ9I':: "11 u'U101 U"'I'U 20 uflJrI.lla::nfJm'fJ1tl 4 UflJrI. '::IYlOUIYl1'11 fltum

"U 400 lIa:: SS2 UflJU1Ulhtiu 44~ilti1U1f1f1·h.1fJfi1l04,f1IiioRU~64'Ji,huflmh1l'9Ilwti'u

_ ... W oJ _J W .,., _.. _ .. _.. ._01,11" ...
1!1111'9InOunO,tltl1u1,aYl1 ,,2 1!1 flfJ 1!1Y1141flU lIa::'1lIlI14'nt111l lI"nYl "Jla91 luU

..I. ., I' .....~ ., "..1 ... ~" I........ .,JIT"
Y1UtJUflU0Il1411W,"a1U Ua::UuUIlGIlItMna9l'Y1If191"uuoum1flO nYl14Y1n11l 711" IflfJUflU
W W" .... _ _ 01 __I _J W '11 04.. • .. 01 _I oJ ~

flflWUTjIlUflm'UWflWlrhmtlUlUOtl::mmOunfJ'Cl "U1f1 "41'0011 ,anYltl::ClUnUClll'l""'O

WIO1fJ (phosphate accumulating organisms, PAOs) 1flOHwO'::U')\lfl1'II91\Jllfll,ufI-IIfJ1,ufI'u
... .,.,,, ..... ...-ttl

lf191m'flflWuTjIlUfIYIl'fJ'If\l9lUlIU

, • W .J -J W .. 1 _.I l' 1 - .... .1''fill flm,m'RnOunO'tl'II04WI0 OIflfl'llU 9IU lutlnn::UOUlI8 'UflIIUflYlI'UII::ullOU

tl,,00;'t!lWOtlIW"fl8f1U1Uflm'll1l~ rl')\l'Utln11::lIfll'OOUUfI;iI;0'::U11U1fl8;'tllW8ClIW"'1f1

, mUUOfll'llati'loA'11J1utuHmrJ'UI'lltlti'hltR1J101t;l~fI-i1~tln8fJ80flU1 . ;nhl,;'m9lm"hi91

w8nYloi'tllu

lIIII ... .. .. ,..... 11 "~ !III: ~ .. "
IU'::llUIIOflYlI1l9l9lClll9lIlYlUm'UflUUllUrJUUUIUUlIU(step feed) "''''::UUthURUlliiu

IIUUfltIfJ41UI;tJU (oll'idatjon ditcb) lIa::'::UUth1l'R,f1IiirJ~ilmn;141Ull1tJ'IClIl1WIIUUU81,un

1I0UOfloifl-1I01,ufI 44ilfl,,~ou,f1IiitJIoA'1Mu"OUII8UfJfI';fI~1rJl.afJl~UmU101tl"UuYI;tl'
• • •

d1";UfI'::U')\lflUfi'u"nllflW IIll::/{,ulliill1iuilfl11S.IIoA'UoA'UlItMWOmrl8;tlt;l4 IW U11iiUll1f1
•

1H~1'1l'l"tl1"n"U "1f1\1f1U11J1i10UloA'1Q'::UU"a4111mhuoUu"ouIIOUUO1,iifl ("a~'1f1UUfI;i

l;rJIJ9IWIU1n'9I'1I'::I"tJ~1rJ (volatile fatty acids, VFAs) 11Mtl'UI'lltlti'1I1l:an9lnutla9ltlnorJoof

l!1WUtllw"oonQmrJ'llufll'lltl~) 01,ilFmfi8fl11Utl1lJ1,a''Ilm,u11U1YlunYlu;tl'1nll1rJ'Il8f1l'11t1~
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J! d 1Jl i .. .... 1J1 "" 4:: 1 4.1 .. .. ..1'll11111nU ~mo \ll'llaa1lfl~IlUn"l'O 'Il l\lfl~91n 1\l1I\l9Ifl\lllfl\lllfl 'Un\lIlUn"l'VU1Ul'OfJt\W

0291111':I11V~10"'IHmoi\ll'llaa"'A'1utRU11lI11d~Il&-nil'tJufl~i1\1fl111UU:UU ~~'uiu9lfl\lG

1l:1iit\nl,tJat\tJftflOflfli"lllY/flr/lY/91flflnfjIl10Uflm'llaci'~1o llfilDolo&'1q.5\1910Ullfl1,umluniil;O

~fl~i'uintfluTIfl;u'utRU1Gl~Ulfl~\ln111;ju ncil1flo \lOn91mIUfliil;OIl::~fl~i'u'fflfli"lll

Y/flUlyf9l~1ii9l91flflutlat\t1ftflUflflflUliul'll9lfl'll1lfl\lllfl 1,iinll&1 llUfl'i&;uM.rfl~iinui'uif
•.1 ...... 4J1.JJ. 4" 1 41 .. JIllflrrlltl,um9lul'U1'l1,,\lflfl'llllO'llfln'lln11't1lltl ,un t\UflHfln,,1U

''llnn''mI1Na1ltl~fl1'IRUflfli''lllyffltnyf9l1l1011ci~nnfJ~mfl '.':I11MllJ01fl~utJfliil;U
•

i'lli'll"O'llllflUlltl1,iifl1lMn':U1'llnntlli't\yfouTIO;fI'rll~Y1Il11t 9:';lnUYlt\aM1flUif

n'::U1unulorruo-ri'lluUllO'lll101,iiM1fI1,iin
.1" •.1"''' .. " .n,:u1Ufl1'n19flllOrrllO,UYlH'lI11l11tlUUnnU1Ufl1'''Ufl1'f1fl1tu1l1a"""rrluno

rr::rruyforr1'lfl;rr1~ulmi1U,"lfDI l;on11 iiltl10 1t\uNlun':U1tlnUllO'llIl01,UlHlfl1,iin '~i'll

rr1111::llfl'llllfl1, Ufliilfl1fl9: fJt\iSuO' fl1.,:111U~ lUI"l't1''ll1'llaci'lla:t1ft flUU1'Ofl{1111'lflUI1'lfl

flfInJl1'llflfll'llaci' ch'lli'llrrll11::11fl1,iinii1fl109:\l11fll0m1111'lorrl1'lfl91nnlrJtlOfll'llaci'I'lU~

Hll1oi'llI'llaci'i'lltRulGlq~n11~1'llaci'.rMfl1,i.n'llflU19;0J&Ru 1f1 ~~I;on11 n"i,Moun

· ~U19l0U (luxury phosphorus uptake)
... ... III ., __..l. ,." #I : .. .,

. iUU91U'll ':UUllfln"111flflrrafl9"Ufl1'UO'll1hlftllllUU1U'll'U'll(step fced)11'O'::UUmufl .

· J'11ftOllUUflaO~1\I110'll(oxidatjOll ditch~iim'~O'llJ'11ft~ijyfouTIfli'UI'~:UUfl19n1'llm,

l~utJ;U1Gl.o~1'louTItli'rrl~lfjl'll"O'lll101,iiftfl;flIlO'll0n9n1f1o~1~11N1'llI'llflO'll1lfl'lllltl1,iifl

11;O'::Uut]WflJ'11ft~iimnh~1'llll1l1i.rUIl"'llO'lll101,iilHlfl'lltlnin-llo1,iin~nu~fl\lJ'1

lftOlo&'lM'llflO'lllltl'lltlninl~fll~um1ilGlm'U'll,,;rifn{uo'lld111;um::U1tlfl1'''''ll91nllfIW ,,~
~ ~ . "

llrr9l~i'llltJYl 1.1 1flOl~1.,::dl1hlftrn!\liifl·mJlo&'uo&''ll.o~yftluTIo;uq~ lW \l11ftU91n1H~1\I'lfl

rrl11n"u ~~111nQmhu~tllllo&'1q,::Uu"ci~91flNl'llI'llflO'llIlO'lllltl1,iifl(11ci~91nii1fl1ofJfloiulOl

n'fI111':I"V~lUI411tJi-n'llI'llaci'1la::iinutlafltlftOuom111yforrlyf9ltlOnUlII1tNOfllomci'll&1) tin

·ll::iiNafiofl11UU1Ul'Oi'll!luiuintouTIo;rr1lMiilo1oi~ ldomnn,t\'.'::I"V~l~QnfJt\oiu't1

if\'ll,b~lltl'llllO"iinrrlUl,o,hitJi4rrfniilO'lllfl(poly-hydroxy aDrall()lllcs, PHAs) ~~Ii1'lltll"l'

dl10~i~liio~tRU1Gl"d~ lla::m,i'uiofffouTIoi'rri'llI'll9lo'llllo1,iifl9::.rtl~ iohM~l'll~ui'l~~\I

Il1nm,VOorrCnrmIO'lllflG· ti~,r\l"lniitRU11lI"O~lfI'IIIfl iWlfl1tflgt::1w,.M~l\1Uln1tfld111;u. . ""nl' iuioffffluTItl;rri'lli\lflO'lllltl1,un lla::,hilfiiyfflCf'floi'm"SfIiu1ilf10fl1l1n.~9::';1 ilfii

tR1I1Gl1l0~"'orryftli'rri1iit\'Ul91'Jl'll
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Q..

Influent Q, Anaerobi Anoxic Aerobic Effiuent

WAS

.... lIt • ., ,,: ~ ." JI ... .-
'U'::UUIIOnYlI1191fltfftfllllluu1Yl1flOn..uuu 3 "U9IOUYlilm'19I1l,]1IalJl"lfjO~1I0UOn'lln

w , ••• ~.~ J!.' w ..1 .1.' _._-.1 w. 'w • il.1
fl~lItffl~ UluYi 1.1 IIft::U1wll,,11lfl10R"n'N'II OflR01WnllO'tmllRn911~n\l '::t.IU\l1C u'::

iillin1'"'\lm1fh'flYlomloi'tfIl9lnfinn\l lflIJIl::WIl"Ol1oomf!\I 2 n,1ii flO. ... .
n,liill,n,]1IalJilfi1ti'91'lri'N,::,dn.10R9ioYlomloi'tftJ~ WO';1IillJ,mll~lfja~1I0\11101,

;)n(Q,)illO101l::tf11l1,a';ln'fl'",:a"1J411J(~~lnflll1flm'IUillJ\llU'lI0~f1,;'uo\lii\lYl;r1lflIJ1ft;"

'I'l'1mIYltiftIYlYiYl)~iiodod1~I"iiolwo'u,::uu'u'f\um'~l~ilIOWI'll\lm1l11111l1fl11n::iifl"
... . .

ufttluaoIJ00flllYlOtflYl9l00fl1l11l1m'llfttn\lmll1tlt"\I~ .r~,r\l6~1W'';'t::iinl1lfill';1Iil1J1~fja~1I0

\lon.fl1f1IJRH(Q2) WID10,j1.::tf11l"a'u'fTlomlfli'tf'\I,j1Iilmh;iS.ll;;1l1~1'tll\li,,910\lIlO\lOn

.n;i"'1lln\JoOflllYlOtfIYlR~WIO 10UftflUaOIJ00n1l1'\I-n~1I0\11101,ufl'«11I0U'l'Illtl l~omn'\I
• • 1 •• • " : 1 - , .~ .. ,_J!- -1! w. l'llfttl'UO~'I'lIO 01l'l'lIMlOYltf::tf1l00 \1'11\1910\1110\1110 ,un \lu~1l1tlt1l1n'l'l0.,1 lllntlnl1ln1~tI~

. . ~l\1~II=,]l'u'f1\1nl1it~10100flllYlotfm9l1l1",uHn11J'\llomft'1l1n4\1 \lOn\llnd'nl1l"llll"ci~
• • •••:_ w '" ..: .~ '_J!'.' -.J - •

f11'UO\lO\lYl'IJYI'U\l9I0UIIO\lUn'llnlJ~IU\lfl1,mllu'1l1I11tf"01"" lll1fl'1'l'lfltl \lR'lll~IIUnYi

1;1J'\lii~IIU\lOn~«'11J ~~"1',ftf11l1'OtlflHtlfl1::Y1U'll0~ '\lIYI'91~ii'\la~IO\luMntiO'l'l'lflillo 10
. w • • _ ••_ -'!I...!!!' w .J _. w ..: .I
tI~,r\l'::UU\ll'::llm::nmlfl1'l'l\lm,n111t1110nllD,tfl'l'l1l'U\I

..1 •• .. 11 • !I : •• W..l .1 ... _. _J W , ~..l .: , :
n'1\1n'lIIY1tfO~f10 U1,]1InlJ\I\lllfl109l"n'N'U~'II Ofl9l0116nllO,tf \lnfln'1\1Y1911 \1'11\1

910U1I6\11101,;]n;;lo10.::ilm'~1~ilI0'lfl0'\lm1l1111~\T6IJn~1IRllm'1::ilI016iim'~tlwn'tl,,,

'::1"1J411J1~lfjl'lltlft'111um1l1111~\TDlJn~1IRll 1I1fl11\1il10161l::UtlflUaOIJD6flllYlotflYlR60nll1n

l'IItlft' fi61l,&D0,j1IalJlh\ll~lql\l9l0\l1l0 1,;]n ilI616f11,,::'sitf11l1'O'U'''''Omloi'trill"1l1~1'U

'\I';'1~I\lflD\lIIOuDn';n1'1llnUDo{11lYlOtfIYl9l~tltltlUaOIJDUn1l1'\I';'1~IIUUII01,un '«"lltl

I1to~'ln'l'lft~~lu~'«Il1nfl1,'fiilO'I10011lil'UliilJ~'I'l0~Il::'flun"iC~101f)ufl1IY10tf1Yl9lll1nmO
"'11 .- ... : .. .l .,.. .... ..., ..UOn1l1lnU ~fI1lJ , UI'IItlft fl~UU, U"'IIIU'::UUU11l::llU'::rmlln1'1'l, Um,mlltlYlutfYlo, Cltlfla~
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lUla'lJflfU'IH In111'U.muurmr S• t......

'''1Mn'1ll1J1I11 M1na.
l'Um,;1mI11Vo;f\l::;1ml1if~Plft'U0~OtlflllyjOU1Ylfl~l;jlJl..r,,u(mll"ci~flmJ9I.n.fl'91, 'U..

'::1"1l.i'1lIlft::fl"Uft9lUciollOO"illTlOU1Tl9100flqmll'UOfll.ftd'1l0~IlUflill;1ll'Ui'Ufltl'Ulltl'UllO 1,
•

Ufl)9iom,u'10,YlouYloi'U\l'fln'1l'Uofll'llftal..rllJl1~u'i'nl0l\ll'llfta1l0~1lufliil;ol'U';'UflO'UllO1,

-- J! J! ..... , • ., ., ..... J! '_J .. :
un llft::Plft'U0~fl11lJl'UlJ'U'UU1101"11'nlJflOm1fl'I\l9IYlouTlo,rmlfllJl'UlumllHft~ll'UflO'UllO'UllO

1,ufl

1.2.1· ;1,"l1if~Plft1l0~m11;jlJOof1llYlOUIYlfll'Ufl1::U1'Ufl11nl'91YlouTlo;rmub"'III111
W :: _ ... !II:: .I.. .. ~ • ~

"ft~'U'UflO'UllO'UllOlmfl'lf~I1J\I'U'UflO'U'nlJfl11~91'11lJfl1911'U'::I"~1111ln1

1.2.2 1~0;1n"lPlft'UonRlJ1tlIU1101"11 l'UJ1liJll ~jj9ionl1nli9lYlouTlm~~I;jll1..rl'ul'U
. ..

1::UUfh'91YlouTltl;rml~bl'1tmll"ci~';'Ufltl'Ulltl'Ulltl11Un

1 <!! _w.l ::., "-_.-- - - iJ'
'U~1'U"n"'1\1ll'U fl1'''91ftOm~''lJ9I'::YI1 'U"tHlJUUfln""tl~nlfl~rnm1lJ ~1l19l

~ - "' "' - 'wlll1- _ .. W"' ..ntllJ fltll::1fl'1n11lJfflUfl' 1\flft~n1tl1lJ"11J1111ftll 'Ill ..n'::tn'Um1lItlfl"l'1Ulflmi"'IlUUltlUU

tl,f4~jjmnh~1'UllUUllO'Ulltll'UMUll,unf~\l::l;111UU"fttH'U'UlfIl~"91fttH(bencbscale)llft::

lf1illiMI"~lfl'l:".;f'U 1f111fl1'''f1fttHllti~I~'U 21f1"91fttl~ flO 1f1'1iiln11l;lJOtlf1llYlOUITlfl"ci~.. ..
';'UflO'Ull0111101,un(191ft11lfj1l) rb'Uiinlfliln11l;lJoof1llTlouITl""ci~WflO'UllO'UllO l1un(lfI

... • .!II"j~ 1 .~ ~ ~ "' .. "j~
"I1IUOU) 'If~llfln::1I1I7I"nO~\l::llmoOfll1J'U1""JlUl'01"1' \ly'I'I'IO'l'l~lft'1::"I"~O 1"'nJl
.~ _ "j...~ • W .l,A.. W W ..

u1lJltl1rr1101'1t11lJlfl&n\l'lt0 llft::191"lJu'lJltl1U1101'lt".,n91 'Utlfl'lfl\l'l'lI"'UlfIfl11lfjlJ~JJ191

01... "1 "l ~.. w.: ~ ~
"91ftO~'nlJft1U 091 nnlflll~flUY11'1'1lJ111W"10

. 'U~ul'Ufln11;1n"lll::"'OUftqlJfl1'luilo'UllUft~U;lJltl1'UO~Ul'Ol"11l\llU'UtH.lOR f~

1~\l0,f;]:W10R(readily biodegradable chemical oxygen cIemaDd, RBCOD)(l\llUlltHl'1f1iilllJo::.

, . I - .. "' ••01.. J1 J1 .....I _J W .I _ w::
l'nflllft:: \llu'U0~\l11'n111'UflU101l) lIn::m1Iunll'Ulluft~ft11lJl'U1I'U\I'U0"ll18'1'1'nMrmlfl1l"n~'U\I

91 0\1118\111011unl'UlU1l8~1UllflUI:WlllJ'91'111911I\l\lTlorrITlfl(KH:zPO.)lh";U1"""ft8~IlUU

llufl.f.utl~'91ft1U'llJ
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