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le|wQ Q@ =tO Vy=m R= |W=v lwW Q}F-=D |UQQ@

uw}U=m}i} QD}v MQv
�|QDmO� |�wvyO |ra

�O=DU=� �CUwO|Hvo u}UL
�Q=}Wv=O� |D}; =D}@

TQOt C}@ QD x=oWv=O 'CU} R \}Lt w u=Qta |UOvyt |xOmWv=O
�O=DU=� |R=}Dt= |D}o

u=yiY= x=oWv=O 'swra |xOmWv=O

|xDUw}B=v |@v=H u=} QH QwDm =Q l} QO QYDNt uw}U=m}i} QD}v s=Hv=R= TB 'j}kLD u}= QO
|=Q@ u; O=R=t uHr R= 'Tw}UrU |xHQO30 |=tO xrtH R= ?U=vt \}=QW CLD |r=wDt

|Q=OQ@xQy@ hrDNt \}=QW CLD xm Qo}O |QwDm =Q QOuw}U=m}i} QD}v s=Hv= |UQQ@
R= TB pY=L G}=Dv "CiQo Q=Qk |UQQ@ OQwt uw}U=m}i} QD}v |xS} w MQv w xO=iDU='OW|t
x@ pt=wa Q}=U Q}F-=D u=wD|t |Jwo =D VwQ R= xO=iDU= =@ xm O=O u=Wv |Q=t; p}rLD w x} RHD
lwW xm OW XNWt =v@t u}= Q@ "OQm hPL Vvm =w MQv Q@ =Q �=tO ,qFt� Q_vOQwt pt=a RH
?}DQD x@ OYQO 78 w 55 '25 =D Vvm =w MQv |x_Lqt p@=k Vy=m Ea=@ |}=tO Vy=m

T=U= u}= Q@ w OwW|t Tw}UrU |xHQO 15 w 20 '25 x@ 30 R= =tO Vy=m |=Q@
"Ot; CUOx@ 1 0965 pO=at sw}vwt; u=oOv}=Um = |=Q@ |}=tO K}LYD ?} Q[

dehnoei@modares.ac.ir
h-ganji@modares.ac.ir
ayati@modares.ac.ir
emtiazi@sci.ui.ac.ir "|Jwo =D '=tO K}LYD ?} Q[ 'sw}vwt; u=oOv}=Um = '|}=tO lwW %|O}rm u=oS=w

xtOkt "1
l} R=pt=m uw}U=mi} QD}v QO,qwtat =t= 'Ow@ Ovy=wN|irDNt?}=Q[|=Q=O R}vC} QD}v
pY=L G}=Dv '1 pwOH QO [13w12'10]"OwW|t xO=iDU= xrLQt wO ẁtHt |=Q@ ?} Q[
"CU= xOW x�=Q= =y|=i} QD}v OQwt QO ?} Q[ u}= u}}aD |=Q@ hrDNt C=k}kLD R=
rT = rT 0�(T�T 0) (3)

1 072 |xOwOLt QO =y|=i} QD}v |=Q@ ?} Q[ u}= 'hrDNt |=yxDi=} T=U=Q@
w CU= xOW xDiQ}PB |a}Uw Qw]x@ 1 072 ?} Q[ xD@r= xm OQ=O Q=Qk 1 127 =D
Q}O=kt R= |Q=}U@ [5]"OQ}o|t Q=Qk xO=iDU= OQwt ?q[=i |=yxv=Nx}iYD |L=Q] QO
VR=U w Q=O}=B \}=QW O=H}= w |vqw] u=tR |] R= TB '1 pwOH QO xOWx�=Q=
|NQ@ xD@r= w Ov=xOt; CUOx@ |}=tO C=Q}}eD R= Oa@ O}OH \}=QW =@ =ysU}v=oQ=wQm}t
|xOvQ}oQ@ QO ,qwtat w Ov=xOW u}}aD |H} QOD |}=tO C=Q}}eD \}=QW CLD =yu; R=
|D=k}kLD Q}N= |=yp=U QO [14w5]"OvDU}v pY=L |=ylwW w O=} R |}=tO C=Q}}eD
u; R= xm CU= xOW s=Hv= =y|=i} QD}v C}r=ai Q@ |v=yo =v |}=tO Vy=m C=QF= |wQ Q@
R= xO=iDU= =@ u=QoWywSB 2004 p=U QO [13w5]"OQm xQ=W= OQ=wt u}= x@ u=wD|t xrtH
Vy=m lwW C=QF= 'QwDm =Q l} QO pt=m uw}U=m}i} QD}v |=Q@ xO=iDU= OQwt O=R=t uHr
uU s}_vD |=Q@ O=R=t Ttw}@ u; QO xm 'OvO=O Q=Qk |UQQ@ OQwt =Q |v=yo =v |=tO
Tw}UrU |xHQO 20 w 25 '30 |=y=tO QO xDiQoQ=Qk |Q=OQ@xQy@ OQwt QwDm =Q uHr
OQwt ?q[=i R= |Q=Okt w OvOQm OQU Tw}UrU |xHQO 10 |=tO =D CaQU x@ =Q
6 5 |v=tR |xR=@ l} QO w xi=[= u; x@ sw}vwt; C_re C}@FD |=Q@ =Q xO=iDU=

'�|}=RC=QD}v� pw= |xrLQt |] xm CU= |}xrLQt wO Ov}=Qi l} uw}U=m}i} QD}v
swO |xrLQt QO xrY=iq@ w C} QD}v x@ sw}vwt; |xOv}=Um = |=y|QDm =@ =@ sw}vwt;
u}= "OwW|t p}O@D C=QD}v x@ xOv}=Um = |=y|QDm =@ \UwD C} QD}v '�|}=RC=QD}v�
|=ysQi hPL Ov}=Qi p}tmD |=Q@ "Ov=xOW xO=O u=Wv 2 w 1 |=yxrO=at QO pL=Qt
QwmPt pL=Qt QO |O}rwDC} QD}v =}/w C=QD}vCU= sRq '?q[=i QO uSwQD}vhrDNt

[4�1]"OwW p}O@D CR= R=o x@ uw}U=m}i} QD}vO uS}Um =|@ Ov}=Qi j} Q] R=
NH+

4 + 1 5O2 ! NO�2 + 2H+ + H2O (1)

NO�2 + 0 5O2 ! NO�2 (2)

OvyO Q=Qk Q}F-=D CLD =Q uw}U=m}i} QD}v Ov}=Qi |xrLQt wO Ovv=wD|t |irDNt pt=wa
l =}vwt; XwYNx@ sw}vwt; C_re [5]'u; C=Q}}eD w =tO x@ u=wD|t xrtH u; R= xm
|NQ@ xm OQm xQ=W= u=tR w 'pH 'C}�=}rk 'pwrLt uS}Um = C_re '�|vw} Q}e� O=R;
R= =t= 'Ovvm pDNt =Q Ov}=Qi pw= |xrLQt |DL =} w swO |xrLQt Ovv=wD|t =yu; R=

[11�2]"OQm xQ=W= =tO x@ u=wD|t =yu; u} QDsyt
R= xO=iDU= =@ 'uw}U=m}i} QD}v xrtH R= w |m} Swrw}@ |=yOv}=Qi |wQ Q@ =tO Q}F-=D
|}=tO K}LYD ?} Q[ � 'x]@=Q u}= QO "OwW|t u=}@ �3 |x]@=Q� 1Tw}vQ; |x]@=Q
w sw}vwt; u=oOv}=Um = =Pr w OQ=O |irDNt Q}O=kt hrDNt |=ysU}v=oQ= |=Q@ xm CU=

pw�Ut xOvU} wv �
"1390 11 11 VQ}PB '1390 4 28 x}LqY= '1389 9 30 Ci=} QO %M} Q=D
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QQ@l} R= Qw_vt u}= |=Q@ "Ov=xOW GQ=N sDU}U R= uHr =@ xmCU=|}=y|=i} QD}v =@ =yu;
=y|=i} QD}v u; QO xm OwW|t xO=iDU= |yO=wy lv=D Q=vm QO lJwm |xv=o =OH lv=D
`}=t� uHr |=ys[=y|HwQN `}=t R= sw}vwt; uOQm =}yt xrtH R=?U=vt\}=QWCLD
|O=} R Q=Okt x@ '|DUO uOwRi= xrtH R= Qo}O jQ] x@ =} w �uHr |Q}o@; R= pY=L
=RHt uw}U=m}i} QD}v lv=D =} w p=ai uHr |rY= lv=D x@ TBU w OvwW|t xO=O OWQ
|O=} R |=}=Rt pta u}= xm CU= xO=O u=Wv xOWs=Hv= |=y|UQQ@ "OvwW|t xOwRi=
'uHr u}}=B |=yuU w sm |=y=tO QO |rY= Ov}=Qi QO uw}U=m}i} QD}v s=Hv= xrtH R=
sw}vwt; Q=@ OwQw R= |Q}owrH w |@v=H u=} QH Ov}=Qi QO q=@ C_re =@ sw}vwt; hPL

[23�19]"OQ=O p=@vO x@ =Q |yO=wy lv=D sHL Vy=m R}v w xv=Nx}iYD |=OD@= x@
|=Q@ xm CU= |v} wv |=yOv}=Qi R= 3|�RH =} QYDNt uw}U=m}i} QD}v u}vJty
xm |DQwY QO "OwW|t xO=iDU= O=} R |=yC_re QO sw}vwt; |m} Swrw}@ p}O@D
swUQt uw}U=m}i} QD}v swO |xrLQt QO C} QD}v uw}U=O}Um = R= |}=yVwQ =@ u=wD@
=} QYDNt uw}U=m}i} QD}v ,=Lq]Y= Ov}=Qi u}= x@ 'OQm |Q}owrH �|}=RC=QD}v�
Q=Okt x@ uS}Um = x@ R=}v Vy=m xrtH R= |O=} R |=}=Rt xm OwW|t xDio |�RH
R}v w �40 =D uw}U=m}i} QD}vO Ov}=Qi QO |HQ=N u@ Qm `@vt x@ R=}v Vy=m '�25
C=QD}v x@ C@Uv Q@=Q@ 2 =D 1 5 OwOL C} QD}v R= uw}U=m}i} QD}vO MQv V}=Ri=

[26�24w7'1]"OQ=O
w [13w5]u=QoWywSB Q}=U |xOWxDiQo Q=mx@ |=yVwQ x@ O=vDU= =@ j}kLD u}= QO
|xHQO 30 |=tO QO xm 4|@v=H u=} QH Ov}=Qi l} R= O=R=t Ttw}@ R= xO=iDU= R}v
OQwt q=@ C_re =@ sw}vwt; hPL |=Q@ QYDNt uw}U=m}i} QD}v Qw_vtx@ w Tw}UrU
OQwt uw}U=m}i} QD}v MQv C=Q}}eD '|awvDt \}=QW CLD 'Ow@ xDiQo Q=Qk |Q=OQ@xQy@
=@ =tO RH x@ p}NO pt=wa |xty C=QF= hPL =@ C}=yvQO w CiQo Q=Qk |UQQ@
|}=tO K}LYD ?} Q[ w x@U=Lt |}=tO lwW C=QF= '|Jwo =D VwQ R= xO=iDU=
R= xm |@v=H u=} QH |=yOv}=Qi QO ?} Q[ u}= "OW u}}aD |Wy=m |=ylwW |=Q@
'OwW|t xO=iDU= O}OW |}=tO C=Q}}eD CLD |rY= Ov}=Qi |=Q@ u; O=R=t Ttw}@
Vy=m lwW Q}F-=D |UQQ@ VywSB u}= s=Hv= R= hOy u}=Q@=v@ [20w19]"OQ=O OQ@ Q=m
|Jwo =D |Q=t; VwQ R= xO=iDU= =@ ẁvDt \}=QW CLD uw}U=m}i} QD}v MQv Q@ |}=tO

"CU= xOw@

=yVwQ w O=wt "2
xO=iDU=OQwt |=yQwDm =Q "1"2

QYDNt uw}U=m}i} QD}v |@v=H u=} QH QwDm =Q "1"1"2
QD}r 4 Q}eDt w 3 C@=F sHL =@ |r=wDt |xDUw}B=v QwDm =Q l} R= j}kLD u}= QO
uw}U=m}i} QD}vO =@ u=tRsy QYDNt uw}U=m}i} QD}v |=Q@ ?U=vt Ttw}@ O}rwD |=Q@
s}_vD |=Q@ C=DUwtQD x@ RyHt ?; uRNt l} QO QwDm =Q u}= "CU= xOW xO=iDU=
OwOL MLVSS =@ '2 pwOH QO xOWGQO |xv}y@ \}=QW CLD w OW xO=O Q=Qk =tO
|aQi |=ypm}UC@Uv [2]"CiQo Q=Qk xO=iDU= OQwt QD}r QO sQo|r}t 3250�250
O}=@ =y|=i} QD}v x@ C@Uv =y|=i} QD}vO QD`} QU OWQ x@ xHwD =@ uS}Um =|@ x@ |R=wy
C=}rta s=tD [27]"OW xO=iDU= 2 Q=Okt R= j}kLD u}= QO xm OW=@ 2�3 |xwOLt QO
"CU= xOW s=Hv= l}D=twD= CQwYx@ =tO s}_vD w '|yO=wy 'x}rND 'uOQmQB pt=W
|irDNt \}=QW CLD |}=tO Vy=m lwW C=QF= |UQQ@ |=Q@ QwDm =Q u}= O=R=t Ttw}@

"CU= xOW xO=O u=Wv QwDm =Q u}= R= |m}D=tW Q} wYD 'hr=1 pmW QO w xO=iDU=

OWQ MQv w uw}U=m}i} QD}v MQv K}LYD |=Q@ |}=tO hrDNt ?}=Q[ "1 pwOH
"[13w5]"Tw}vQ; |x]@=Q QO =y|=i} QD}v

(=�C) � |}=tO K}LYD ?} Q[ u=QoWywSB
1 127 Downing and Hopwood

1 103 �=m} Qt; CU} R \}Lt C_=iL Tv=S;
1 0756 Painter and Loveless

1 096 Biowin Default

1 072 Jones

1 088 Head and Oleszkiewicz

1 116 Hwang and Oleszkiewicz

�%US environmental protection agency

C}=yvQO w |}=tO lwW u=R}t w u}}aD =Q �4 |x]@=Q� uw}U=m}i} QD}v MQv 'xDa=U
|aU ?} Q[ u}= |x@U=Lt QO u}vJty "OvOQm x@U=Lt =Q |}=tO K}LYD ?} Q[
|}=tO Vy=m =@ |=yQwDm =Q w |rY= |=yQwDm =Q QO �=tO RH x@� hrDNt \}=QW =D OW
u}= C}=yvQO w OW xO=iDU= =yx@U=Lt QO s}kDUt |xU}=kt R=w OwW xDW=O xov C@=F
C_re Cw=iD C=QF= x@ u=QoWywSB u}= "OvOQw; CUOx@ 1 088 pO=at =Q ?} Q[

[13]"Ov=xOQmv xQ=W= hrDNt |=yQwDm =Q QO Ttw}@
NR = NH+

4 Oxidize as N � ��1 (4)

uw}U=m}i} QD}v |wQ Q@ |}=tO lwW '2007 p=U QO Qo}O |WywSB QO u}vJty
sw}vwt; uw}U=O}Um = |xS} w MQv R= xO=iDU= =@ u; QO xm 'CiQo Q=Qk |UQQ@ OQwt pt=m
x@ 20 R= OQU ?; =@ Ttw}@ `} QU uOQmOQU w uw}U=mi} QD}v MQv |=H x@ �5 |x]@=Q�
xDa=U 3 OwOL |xR=@l} QO Q_vOQwt MQv Q@ lwW u}= C=QF= 'Tw}UrU |xHQO 10
"CU=tO |H} QOD Vy=m R= QDW}@ Q=}U@ lwW C=QF= xm OW xO=O u=Wv w |UQQ@
R= 'uOQmj}kQ =@ |R=UOQU R= TB sw}vwt; C_re QO Q}}eD seQ|ra u=QoWywSB u}=
?} Q[ u}= w OvOQm xO=iDU= |}=tO K}LYD ?} Q[ |x@U=Lt QO s}kDUt |xU}=kt
sw}vwt; C_re Vy=m Q}F-=D x@ |}xQ=W= I}y |rw 'OvOQw; CUOx@ 1 116 pO=at =Q

[5]"OvOQmv ?} Q[ u}= Q@
sAOR = 1000 �NH+

4 Oxidize as N �MLVSS�1:
ox � ��1 (5)

|xOWxDiQ}PB ?} Q[ '|Wy=m |=ylwW QO xm OW XNWt j}kLD wO Qy QO
Vy=m w OW=@ uw}U=m}i} QD}v MQv |wQ Q@ C=Q}}eD |xOvvmOQw;Q@ Ov=wD|tv 1 072
?} Q[ u}= =@ xOW|v}@V}B Q}O=kt R= QDW}@ Q=}U@ |}=tO O}OW Vy=m |=Q@ MQv

[13w5]"CU=
l} 'CU= xOW xDiQo xQy@ u; R= |@U=vt wLvx@ j}kLD u}= QO xm |Jwo =D VwQ
R= |irDNt |=yxv}tR QO xm CU= |Q=t; p}rLD w x} RHD w V}=tR; |L=Q] VwQ
QO [17�15]"CU= xDiQ Q=mx@ ?q[=i w ?; |x}iYD w CU} R \}Lt |UOvyt xrtH
'xv} Ry w Ckw QO |} wHxiQY Qw_vtx@ xOWs=Hv= V}=tR; |L=Q] T=U=Q@ VwQ u}=
w hrDNt |=y?}mQD QO =yu; R= |O=OaD \ki w hPL =yV}=tR; R= |O=} R O=OaD
w x} RHD =@ C}=yvQO w 'OwW|t s=Hv= =yu; Kw]U w |UQQ@ OQwt |=yQwDm =i x@ xDU@
x�=Q= R=}vOQwt |Q=t; |=yXN=W 'Tv=} Q=w p}rLD w 2R} wv x@ p=vo}U |Q=t; p}rLD

[18]"OvwW|t |v}@V}B xOWhPL |=yV}=tR; |xH}Dv w
=yQ}=i} QD}v O}rwD Q@ |@v=H u=} QH |=yOv}=Qi Q=m T=U= xmv}= QmP p@=k |xDmv
|v} Ro}=H Qw_vtx@ w p=ai uHr |rY= Ov}=Qi x@ =yu; uOwRi= w ?U=vt \}=QW CLD
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"""w
CU

wO|
Hvo

u}U
L'

|�w
vyO

|ra Q} wYD '?1 pmW QO "Ow@ V}=tR; |L=Q] w Q_vOQwt Kw]U `@=D QwDm =Q u}= QO
"CU= xOW x�=Q= QwDm =Q u}= R= |m}D=tW

Q=m VwQ "2"2
=y|=i} QD}v |R=U|ve w |RDvU ?q[=i "1"2"2

|HwQN `}=t x@ x}@W |@v=H u=} QH QwDm =Q QO xO=iDU= OQwt |RDvU ?q[=i
|x}yD |=Q@ "Ow@ 5|QyW ?q[=i |=yxv=Nx}iYD uHr |R=wy|@ |=ys[=y R=
|=Q@ w u=yiY= QyWu}y=W |QyW ?q[=i |xv=Nx}iYD ?=UB R= '?q[=i u}=
xOW xO=iDU= CQwY u}=x@ QD}r Qy QO |irDNt O=wt R= 'Q_vOQwt `}=t =@ |R=Ux}@W

[2w1]"CU=

900mg N=L as NH4Cl; 1500 mgCODL�1 as beef extract;

1� 1; 1=1 mol HCO�3 =mol N ratio as NaHCO3;

20 mg P=L as KH2PO4:

w R}J=v Q=}U@ COD =@ T=}k QO Q_vOQwt |=y?q[=i BOD5 xmv}= QmPp@=k
`@vt R= xO=iDU= p}rO u}ty x@ w CU= 0 2 R= QDtm BOD5/COD C@Uv ,qwtat
xO=iDU= pwv=Dt R= j}kLD u}= QO xm CU= |t=Rr= uw}U=m}i} QD}vO |=Q@ |HQ=N u@ Qm
lwW u}}aD Qw_vtx@ xm |rY= QwDm =Q QO xO=iDU=OQwt ?q[=i [27w2]"CU= xOW
|@v=H u=} QH QwDm =Q QO xO=iDU=OQwt ?q[=i x}@W R}v 'CU= xOW xO=iDU= |}=tO
KqY= R=}vOQwt Kw]U x@ xHwD =@ u; |=tO w sw}vwt; C_re xm Cw=iD u}= =@ &CU=
'xv=Nx}iYD ?=UB QO hrDNt |PetR} Q w |Pet O=wt OwHw x@ xHwD =@ "CU= xOW

"Ow@v =yu; uOQmxi=[= x@ |R=}v
|QyW ?q[=i |xv=Nx}iYD uHr R= xO=iDU= =@ =y|=i} QD}v |R=U|ve
OQmrta |UQQ@ |=Q@ "CU= xOW s=Hv= xDiy 6 =D 5 COt QO w QyWu}y=W
xOW xO=iDU= �5 |x]@=Q� sw}vwt; uw}U=O}Um = |xS} w MQv XN=W R= |R=U|ve
uw}U=m}i} QD}v |v=tRsy Qw_vtx@ w =y|=i} QD}v |R=U|ve jiwt s=Hv= R= TB "CU=
xm |QyW ?q[=i |xv=Nx}iYD uHr =@ xOW|ve |=y|=i} QD}v 'uw}U=m}i} QD}vO w
xOW xO=iDU= |@v=H u=} QH QwDm =Q QO w \wrNt 'CU= |=i} QD}vO |O=} R O=OaD |w=L

"CU=
=yV}=tR; "2"2"2

uw}U=m}i} QD}v s=Hv= |=Q@?U=vtTtw}@ O}rwD w|@v=Hu=} QH QwDm =Q |R=Ov=x=Q R=TB
CLD =D OW pkDvt |rY= QwDm =Q x@ uHr uU s}_vD Qw_vtx@ u; O=R=tTtw}@ 'QYDNt
Q=Qk |UQQ@ OQwt uw}U=m}i} QD}v MQv w =yu; Q@ |}=tO Vy=m lwW Q}F-=D ' ẁvDt \}=QW
'sw}vwt; C_re QO Q}}eD =@ hrDNt \}=QW CLD |rY= QwDm =Q QO =yV}=tR; "OQ}o
'|Jwo =D VwQ |xOWs=Hv= V}=tR; |L=Q] T=U=Q@ w u=tR w '=tO 'Ttw}@ C_re
QO "CU= xOW x�=Q= =yu; Kw]U w |UQQ@OQwt |=yQwDm =i '3 pwOH QO "OvOW s=Hv=
|i=m C}�=}rk w s}_vD 2 pwOH Q}O=kt T=U=Q@ pH w pwrLt uS}Um = '=yV}=tR; u}=
x@ sw}vwt; uw}U=O}Um = QO C}OwOLt O=H}= R= R=QDL= |=Q@ �NaHCO3 ?ULQ@�
sw}vwt; C_re w =tO 'QwDm =Q x@ ?q[=i OwQw R= p@k u}vJty "OW xi=[= ?q[=i
'sw}vwt; C}=yvQO w s}_vD R=}vOQwt sw}vwt; C_re w Ttw}@ |=tO x@ xHwD =@ u;
V}=tR; Qy "OvOW xO}HvU 3 pwOH T=U=Q@ R=}vOQwt |=yu=tR QO C=QD}v w 'C} QD}v
=y=]N w O}; CUOx@ |QD?U=vt G}=Dv p}rLD w x} RHD R= TB =D OW Q=QmD x@DQt xU

"O@=} Vy=m umtt OL u} QDtm x@

QO xOWxDiQo Q_vQO |=yQ}eDt w =yQDt=Q=B |=Q@ |O=yvW}B |xv}y@ Q}O=kt "2 pwOH
[27w2]"|@v=H u=} QH QwDm =Q QO QYDNt uw}U=m}i} QD}v

Q=Okt OL=w QDt=Q=B
250 mg N/L. cycle NH+

4
1 2 day HRT�

7 5�8 5 - pH

0 8�1 2 mg/L DO

30�1 �C =tO
9�1 day SRT��

3 Number/day RwQxv=@W QO pm}U O=OaD
3 Number/cycle pm}UQ} R O=OaD

�%hydraulic retention time
��%solids retention time

|rY= |xDUw}B=v QwDm =Q "2"1"2
|UmqB |}xv=wDU= |=yQwDm =Q R= ẁvDt \}=QW CLD |}=tO lwW C=QF= |UQQ@ |=Q@
Ovv=ty R}v =yQwDm =Q u}= "OW xO=iDU=QDt|Dv=U 30 `=iDQ= w 13 Q]k =@ xDUw}B=v Tqo
"OvOW xO=O Q=Qk =tO s}_vD |=Q@ C=DUwtQD x@ RyHt ?; uRNt l} QO |@v=H QwDm =Q
CQwYx@ |yO=wy w =tO s}_vD w |DUO CQwYx@ =yQwDm =Q u}= |x}rND w uOQmQB
=yV}=tR; u=tR w =tO 'sw}vwt; C_re 'Ttw}@ C_re "CU= xOW s=Hv= l}D=twD=

"j}kLD QO xO=iDU= OQwt |rY= w |@v=H |=yQwDm =Q Q}wYD "1 pmW

67



"""|
wQQ

@=tO
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=mR=
|W
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wW

Q}F- =D
|U

QQ@

G}=Dv p}rLD w x} RHD "3"2
T} QD=t wV}=tR; |L=Q] R= xOWx�=Q= |=y?}mQD |=v@t Q@ G}=Dv p}rLD w x} RHD |=Q@
|Jwo =D VwQ T=U=Q@ Tv=} Q=w p}rLD w R} wv x@ p=vo}U R}r=v; R= 'M-16 Ot=aDt
Cr=L xU Ov=wD|t xm 6�QC� C}i}m XN=W l} R= VwQ u}= QO "OW xO=iDU=
'OQ}oQ@ QO =Q �QDy@� XNWt |Q=Okt� w �QDy@� QDlJwm� '�QDy@� QDnQR@� pt=W
QO sw}vwt; uw}U=O}Um = |xS} w MQv j}kLD u}= QO xm|}=Hv; R= [18]"OwW|t xO=iDU=
QDy@ 'OW=@ QDW}@ MQv u}= xJQy w OwW|t xO=iDU= =yx@U=Lt w =yp}rLD w x} RHD
|x}YwD T=U=Q@ "CU= xOW xDiQo xQy@ �QDy@� QDnQR@� Cr=L R= =Pr 'Ow@ Oy=wN
|=yV}=tR; |=Q@ VwQ u}= =@ xOW|v}@V}B G}=Dv |xU}=kt Qw_vtx@ w |Jwo =D VwQ
|=yCr=L R= |O=OaD|k}kLD Qy QOCU= sRq '=]N u}}aD w|ak=wG}=Dv =@ xOWhPL
xDiQo Q=Qk Q_vOt j}kLD u}= QO ẁ[wt u}= xm OvQ}o Q=Qk V}=tR; OQwt R}v xOWhPL

"CU= xOW s=Hv= 4 pwOH |=yV}=tR; Q@xwqa R}v |O}}-=D V}=tR; 12 w

V}=tR; w |Q=OQ@xvwtv "4"2
|=yVwQ ?=Dm QO xOWx�=Q= |=yVwQ T=U=Q@ MLVSS XN=W 'j}kLD u}= QO
w QrUv hQat R= xO=iDU= =@ sw}vwt; u}vJty w ?q[=i w ?; |x}iYD OQ=Ov=DU=
OQ=Ov=DU= |vLvt =@ j@=]D QO w QDtwQDmBU= R= xO=iDU= =@ QDtwv=v 410 Gwt pw] QO
|=yx=oDUO |xr}Uwx@ ?}DQD x@ DO w pH |=yQDt=Q=B [28]"OW |Q}oxR=Ov= 'sw}vwt;
w pHs-25cw microprocessor pH/mv meter (LIDA, China)

R}v sw}vwt; uw}U=O}Um = |xS} w MQv "OvDiQo Q=Qk VHvU OQwt Oxi 340i-WTW

"j}kLD QO =yu; |UQQ@ OQwt Kw]U w =yQwDm =i "3 pwOH
4 3 2 1 Kw]U

=yQwDm =i
15�1 20�1 25�1 30�1 ��C� =tO %A QwDm =i
150�5 100�5 75�5 50�5 sw}vwt; C_re %B QwDm =i

�mg NH+
4 -N/L�

500�10 750�10 1000�10 1250�10 Ttw}@ C_re %C QwDm =i
�mg VSS/L�

270 180 120 60 �xk}kO� u=tR %D QwDm =i

V}=tR; |L=Q] "3"2"2
R= 'j}kLD |xH}Dv QO QwDm =i Qy syU u}}aD R}v w =yV}=tR; O=OaD Vy=m |=Q@
T=U=Q@ w VwQ u}= QO "OW xDiQo xQy@ |Jwo =D VwQ R= xO=iDU= =@ V}=tR; |L=Q]
?=NDv= w |L=Q] M-16 Ot=aDt T} QD=t l} =yu; Kw]U R}v w Q_vOQwt |=yQwDm =i
'CU= V}=tR; l} hO=QDt u; h}OQ Qy xm �4 pwOH� T} QD=t u}= |UQQ@ =@ "OW
|O=a Cr=L QO R=}vOQwt V}=tR; 256 |=Hx@ V}=tR; 16 R= \ki xm OW XNWt
Q=Qk pwOH u}= 5 =D 2 |=yuwDU QO R}v |UQQ@OQwt |=yQwDm =i "OW Oy=wN xO=iDU=
|L=Q] |=Q@ "CU= xOW xO=O u=Wv V}=tR; Qy QO =yu; Kw]U C=@}mQD w xDiQo
xOW xO=iDU= Qualitek-4 �QT4� |xt=vQ@ R= 'G}=Dv p}rLD w x} RHD R}v w V}=tR;
G}=Dv p}rLD w x} RHD w V}=tR; |L=Q] |=Q@ |Jwo =D VwQ T=U=Q@ xt=vQ@ u}= "CU=

[18]"OQ}o|t Q=Qk xO=iDU= OQwt

"=yV}=tR; |xH}Dv w ?}mQD '=yu; Kw]U '=yQwDm =i x=Qty x@ M-16 Ot=aDt T} QD=t "4 pwOH
=yV}=tR; xH}Dv =yu; Kw]U w =yQwDm =i ?}mQD

sAOR u=tR MLVSS NH+
4 xHQO =yV}=tR;�mg N-NH4

+ gr VSS/hr� �minute� �mg VSS/L� �mg N/L� ��C�
12 16 � 0 09 1�60� 1�1250� 1�50� 1�30� 1
13 94 � 0 13 2�120� 2�1000� 2�75� 1�30� 2
14 51 � 0 18 3�180� 3�750� 3�100� 1�30� 3
15 51 � 0 22 4�270� 4�500� 4�150� 1�30� 4
10 68 � 0 21 3�180� 2�1000� 1�50� 2�25� 5
11 38 � 0 11 4�270� 1�1250� 2�75� 2�25� 6
9 67 � 0 28 1�60� 4�500� 3�100� 2�25� 7
10 16 � 0 13 2�120� 3�750� 4�150� 2�25� 8
6 41 � 0 12 4�270� 3�750� 1�50� 3�20� 9
6 66 � 0 14 3�180� 4�500� 2�75� 3�20� 10
6 08 � 0 05 2�120� 1�1250� 3�100� 3�20� 11
5 86 � 0 07 1�60� 2�1000� 4�150� 3�20� 12
2 99 � 0 12 2�120� 4�500� 1�50� 4�15� 13
2 75 � 0 09 1�60� 3�750� 2�75� 4�15� 14
3 39 � 0 09 4�270� 2�1000� 3�100� 4�15� 15
3 21 � 0 08 3�180� 1�1250� 4�150� 4�15� 16
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"xv}y@\}=QWCLD|@v=H u=} QH QwDm =Q QO sw}vwt; uw}U=O}Um = |xS}w MQv "3 pmW

"hrDNt \}=QW CLD |rY= QwDm =Q QO sw}vwt; uw}U=O}Um = |xS}w MQv "4 pmW

=Q u; xm |rt=a u} QDsyt ,=}v=F w 'xDW=Ov |}x_Lqtp@=k Q}F-=D u; Q@ sw}vwt; C_re
C@Uv G}=Dv |R=Up=tQv p}rOx@ Ttw}@ C_re "CU= xOw@ =tO ' xO=O Q=Qk Q}F-=D CLD
'4 pmW QO "CU= xDW=O G}=Dv Q@ |tm QF= R}v u=tR w xDW=O |R}J=v Q}F-=D 'u; x@
|xHQO 30 |=tO |=Q@ w u=tR =@ sw}vwt; uw}U=O}Um = |xS} w MQv \UwDt C=Q}}eD
u=} QH QwDm =Q G}=Dv =@ xU}=kt Qw_vt x@ w |Q=t; p}rLD w x} RHD R= TB Tw}UrU
|]N CQwYx@ Ttw}@ w sw}vwt; C_re Q}F-=D xm|DQwY QO "CU= xOW x�=Q= |@v=H
|@v=H u=} QH QwDm =Q R= pY=L |ak=w G}=Dv =@ ,=@} QkD G}=Dv u}= 'OQ}o Q=Qk xO=iDU= OQwt
QwDm =Q |=tO =@ x@=Wt |=tO QO |rY= QwDm =Q QO u; |} RH Vy=m w Ovm|t Ck@=]t
=yu; Q}F-=D xD@r= w xOw@ sw}vwt; w Ttw}@ C_re QO Q}}eD p}rOx@ \ki '|@v=H u=} QH
QwDm =Q QO Ttw}@ C_re w sw}vwt; C_re Vy=m p=L u}= =@ "CU= xOw@v O=} R R}v
u=Wv xm CU= xOW XN=W u}= QO |mOv= Vy=m Ea=@ '|@v=H x@ C@Uv |rY=
QO xm Tw}vQ; ?} Q[ u}}aD QO s}kDUt |xU}=kt w |R=Uj}kQ ,q=tDL= OyO|t
|k}kO G}=Dv 'Ow@ xDiQo Q=Qk xO=iDU= OQwt Hwang and Oleszkiewicz C=k}kLD

"OQ}o Q=Qk Q_vOt R}v |R=Uj}kQ u}= Q}F-=D CU= sRq w CW=O Oy=wNv p=@vO x@ =Q
u=tR Vy=m w 'sw}vwt; C_re Vy=m '=tO Vy=m xm O=O u=Wv QDW}@ |UQQ@
V}=Ri= TmaQ@ w OW Oy=wN l} Qy QF-wt syU T=U=Q@ Q_vOQwt MQv Vy=m Ea=@
V}=Ri= "OW Oy=wN u; V}=Ri= Ea=@ u=tR V}=Ri= w 'sw}vwt; C_re V}=Ri= '=tO
MQv Ow@y@ Ea=@ '=ysU}v=oQ=wQm}t Q@ |}=tO lwW C=QF= Vy=m =@ Ov=wD|t u=tR
R= TB uw}U=O}Um = |xS} w MQv XN=W |UQQ@ 'u}= Q@xwqa "OwW uw}U=m}i} QD}v

xm OW x@U=Lt 5 |x]@=Q R= xO=iDU= =@ w xOWhQYt sw}vwt; u=R}t u}}aD R= TB
"CU= xOW x�=Q= 4 pwOH QO u; G}=Dv

EL@ w G}=Dv "3
|@v=H u=} QH QwDm =Q QO QYDNt uw}U=m}i} QD}v "1"3

CLD ?U=vt Ttw}@ O}rwD Qw_vtx@ QYDNt uw}U=m}i} QD}v s=Hv= R= pY=L G}=Dv
xO=O u=Wv 2 pmW QO xDa=U 8 pt=m pm}U l} |=Q@ Q=O}=B Cr=L QO w xv}y@ \}=QW
Ov=t u=tR QO =} w xDa=U 8 pm}U l} QO sw}vwt; xm OwW|t xOy=Wt "CU= xOW
CR= R=o x@ |O}rwD C} QD}v R= |yHwDp@=k OYQO w CU= xOW hPL RwQxv=@W 1 2
uw}U=O}Um = |xS} w MQv u=wD|t '5 |x]@=Q R= xO=iDU= CQwY QO "CU= xOW p}O@D
3 pmW QO u; G}=Dv xm OQm x@U=Lt pm}U |=OD@= R= w |v=tR |=yxR=@ QO =Q sw}vwt;
pm}U l} QO sw}vwt; uw}U=O}Um = MQv xm OyO|t u=Wv G}=Dv u}= "CU= xOW x�=Q=
5 OwOL u=tR R= w xDi=} Ow@y@ u=tR V}=Ri= =@ xm |Qw]x@ 'CU= xOQm Q}}eD u=tR =@
w CU= xOW C@=F w CN=wvm} ,=@} QkD |R=wy Ca=U 4 =D 3 OwOL w =OD@= R= Ca=U
xDa=U 6 5 =D 3 |=yu=tR R= u=QoWywSB Q}=U C=k}kLD QO p}rO u}ty x@ ,q=tDL=
u}= Q=Okt [13w5]"OwWv G}=Dv QO =]N Ea=@ x}rw= |=ylwW =D CU= xOW xO=iDU=
xOw@ 16 4 mg N-NH+

4 /gr VSS hr Q@ dr=@ pm}U Qy |=yDv= QO XN=W
[2]"CU= QDtm �20 OwOL QO Vv=Q=mty w =DUwO j}kLD =@ xU}=kt QO xm CU=

|rY= QwDm =Q QO QYDNt uw}U=m}i} QD}v "2"3
sw}vwt; uw}U=O}Um = |xS} w MQv XN=W |x@U=Lt w =yV}=tR; R= pY=L G}=Dv
xOW x�=Q= pwOH u=ty QO '4 pwOH QO xOWx�=Q= C=@}mQD T=U=Q@ |rY= QwDm =Q QO
MQv u}= Vy=m Ea=@ =tO Vy=m xm OyO|t u=Wv G}=Dv u}= |r=tH= |UQQ@ "CU=
xOw@v XNWt xH}Dv QO Qo}O |=yQwDm =i R= l} Qy syU w u; u=R}t =t= 'CU= xOW

"OwW s=Hv= |Q=t; p}rLD w x} RHD CU= sRq w
'sw}vwt; C_re '=tO syU xm O=O u=Wv Q_vOQwt XN=W |Q=t; p}rLD w x} RHD
|}=tO lwW R= TB sw}vwt; uw}U=O}Um = |xS} w MQv |wQ Q@ u=tR w 'Ttw}@ C_re
u=Wv G}=Dv u}= "CU= xOw@ OYQO 1 3 w 0 06 '0 09 '98 5 pO=at ?}DQDx@
w CU= `=@W= =} w QiY |x@DQt Vvm =w l} sw}vwt; uw}U=O}Um = ,qw= xm OyO|t

"|@v=H u=} QH QwDm =Q QO C=QD}v w C} QD}v 'sw}vwt; C=Q}}eD "2 pmW
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TB hrDNt |=yu=tR w =y=tO QO sw}vwt; uw}U=O}Um = xS} w MQv u}ov=}t "6 pmW
"|}=tO lwW R=

VwQ QO xOW|v}@V}B w |Q}oxR=Ov= uw}U=O}Um = |xS} w MQv |xU}=kt "7 pmW
"|O}}-=D |=yV}=tR; |=Q@ |Jwo =D

w C=Oy=Wt T=U=Q@ |}=tO lwW R= TB sAORT/sAOR30 u}ov=}t "8 pmW
"Tw}vQ; |x]@=Q =@ |v}@V}B R}v

'Tw}UrU |xHQO 15 w 20 '25 x@ 30 |=tO R= Cr=L u}= QO MQv Vy=m "CU=
|}=tO |=ylwW QO OyO|t u=Wv xm CU= OYQO 65 w 50 '29 pO=at ?}DQDx@
MQv Vy=m u=R}t w OW=@ sAOR QO MQv Vy=m u=R}t |xOvvmOQw;Q@ Ov=wD|tv 'O=} R
u=R}t u}= w CU= xOW|v}@V}B Q=Okt R= QDW}@ ?D=Qt x@ 'q=@ |}=tO |=ylwW QO
C=Q}}eD QO xm O=O u=Wv G}=Dv u}= "Ow@ Oy=wNv |}=tO R}J=v |=ylwW =@ j@=]D QO
|QDtm Vy=m Oy=W uw}U=O}Um = MQv '�QDtm w Tw}UrU |xHQO 5 ,qFt� |}=tO sm
MQv '|}=tO QDW}@ C=Q}}eD QO xm|r=L QO 'CU= xOw@ xOW|v}@V}B Q=Okt x@ C@Uv
1 072 ?} Q[ =@ xm xOWO=} Q}O=kt x@ C@Uv |QDW}@ Vy=m Oy=W uw}U=O}Um =
R= u=wD|tv |}=tO |=ylwW QO xm Cio u=wD|t =Pr w CU= xOw@ 'Ov=xOW x@U=Lt

u; |xv}tm w xv}W}@ xm O=O u=Wv �90 u=v}t]= K]U QO w |Q=t; |=yp}rLD w x} RHD
|=y?}mQD QO 'u=tR w Ttw}@ C_re 'sw}vwt; C_re '=tO |=yQwDm =i |=Q@ ?}DQD x@
2 66 w 15 55 pO=at?}DQDx@ u; Q}O=kt w OOvw}B|t ẁkw x@ 1 '3 '1 '4 w 4 '4 '4 '1
R= pY=L G}=Dv '5 pwOH QO "Ow@ Oy=wN mg N-NH+

4 /gr VSS hr ?ULQ@
"CU= xOt; u; uOw@ QDW}@ |=Q@XN=W u}= |xv}y@ Kw]U R}v w |Q=t; p}rLD w x} RHD
Q@ |UQQ@OQwt hrDNt |=yQwDm =i Q}F-=D ?}DQDx@ 6 w 5 |=ypmW QO u}vJty
sw}vwt; uw}U=O}Um = |xS} w MQv XN=W Q@ |}=tO lwW Q}F-=D w S/N |Q=t; XN=W
G}=Dv |v}@V}B R= |W=v |=]N u=R}t |UQQ@ "CU= xOW x�=Q= u=tR pw] QO sAOR

\UwDt xm O=O u=Wv |O}�=D V}=tR; 12 R= pY=L |ak=w G}=Dv =@ |Jwo =D VwQ
w xOW|Q}oxR=Ov= G}=Dv '7 pmW QO "CU= xOw@ 0 092 Q@ dr=@ \ki =]N C=a@ Qt
xO=O u=Wv sw}vwt; uw}U=O}Um = |xS} w MQv |=Q@ R}v Q_vOQwt VwQ QO xOW|v}@V}B

"CU= xOW
sw}vwt; uw}U=O}Um = MQv Vy=m |xU}=kt R}v w QDW}@ |UQQ@ |=Q@ '8 pmW QO
R= TB w hrDNt |=y=tO QO sAORT /sAOR30 u}ov=}t '|}=tO lwW R= TB
|xOvyOu=Wv sAORT 'pmW u}= QO "CU= xOW xO=O u=Wv pt=wa Q}=U Q}F-=D hPL
MQv |xOvyOu=Wv sAOR30 w Q_vOQwt |=tO QO sw}vwt; uw}U=O}Um = |xS} w MQv
Vy=m u=R}t |xOvyOu=Wv =yu; C@Uv w Tw}UrU |xHQO 30 |=tO QO Q_vOQwt
\UwDt xm OwW|t XNWt pmW u}= T=U=Q@ "CU= |}=tO lwW R= TB MQv
|xHQO 15 w 20 '25 x@ 30 R= |}=tO lwW R= TB uw}U=m}i} QD}v MQv Vy=m
|r@k C=k}kLD =@ xm CU= xOw@ OYQO 78 w 55 '25 pO=at ?}DQDx@ Tw}UrU
=@ Vy=m u}= |xU}=kt Qw_vtx@ [13w5]"OQ=O Ck@=]t |}=tO lwW O=H}= Q@ |v@t
K}LYD ?} Q[ w �3 |xrO=at� Tw}vQ; |xrO=at R= xO=iDU= =@ 'xOWxDiQ}PB Q}O=kt
xOW xO=O u=Wv pmW u=ty QO u; G}=Dv xm OW x@U=Lt MQv Vy=m u=R}t '1 072

XN=W Tv=} Q=w p}rLD w R}wv x@ p=vo}U p}rLD w x} RHD R= pY=L G}=Dv "5 pwOH
"sw}vwt; uw}U=O}Um = |xS}w MQv

xv}y@ Kw]U Q}F-=D OYQO Tv=} Q=w QwDm =i
1 98 5 133 2 =tO
4 0 09 0 13 sw}vwt; C_re
4 0 06 0 09 Ttw}@ C_re
4 1 3 1 8 u=tR
� 0 03 0 007 =]N

Q@ |UQQ@ OQwt hrDNt |=yQwDm =i Kw]U Q@=Q@ QO S/N XN=W C=Q}}eD "5 pmW
"sAOR
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|ra |UQQ@ |=Q@ |Jwo =D VwQ =@ xDiQo CQwY V}=tR; |L=Q] x@ xHwD =@ OwOLt
j}kLD u}= |=yQ}eDt "OW s=Hv= uw}U=m}i} QD}v MQv |wQ Q@ |}=tO |=ylwW Q}F-=D
K]U 4 QO R}v l} Qy xm OvOw@ u=tR w Ttw}@ C_re 'sw}vwt; C_re '=tO pt=W
Q}F-=D u=R}t xm OW XNWt pY=L G}=Dv T=U=Q@ "OvDiQo Q=Qk |UQQ@OQwt hrDNt
30 R= |}=tO lwW R= TB uw}U=mi} QD}v |xS} w MQv Vy=m |wQ Q@ jwi |=yQwDm =i
1 3 w 0 06 '0 09 '98 5 pO=at ?}DQDx@ QDtm |=y=tO x@ Tw}UrU |xHQO
|=ylwW R= TB Q_vOQwt MQv Vy=m xm OW XNWt u}vJty "CU= xOw@ OYQO
|}=tO K}LYD ?} Q[ T=U=Q@ xOW|v}@V}B Q=Okt R= QDW}@ Q=}U@ O=} R |}=tO
?} Q[ R= O}=@ O=} R |}=tO lwW CQwY QO w xOw@ (� = 1 072) xOWxDiQ}PB
"OW O=yvW}B w x@U=Lt 1 0965 ?} Q[ j}kLD u}= QO xm OQm xO=iDU= |QDnQR@
O=OaD Vy=m Q@xwqa u=wD|t |Jwo =D VwQ R= xO=iDU= =@ xm OW XNWt u}vJty
xO=iDU= |UQQ@OQwt XN=W |xH}Dv Q@ QwDm =i Qy Q}F-=D syU u}}aD |=Q@ '=yV}=tR;
Q@ X=N Qw] x@ =Q QwDm =i Qy QF= 'pt=wa Q}=U QF= hPL =@ R=}v CQwY QO w OQm

"O=O Q=Qk |UQQ@OQwt Q_vOQwt XN=W

|v=OQOk w QmWD "5
|QyW ?q[=i w ?; C=k}kLD QDiO w CmQW sQDLt uqw�Ut xv=t}tY |Q=mty R=
u}= "OQ=O =Q QmWD p=tm 'QyWu}y=W ?q[=i |xv=Nx}iYD R}v w u=yiY= u=DU=
u; 88 3225 |xQ=tW x@ |} wHWv=O xt=vu=}=B R= C}=tL O=OQ=Qk |=DU=Q QO j}kLD

"CU= xOW s=Hv= CmQW

s�qa CUQyi
�mg/L� '|}=}t}W |y=wNuS}Um = %COD

��C� '?q[=i |=tO %T
�mg NH+

4 -N/gr VSS. hr� 'sw}vwt; uw}U=O}Um = |xS} w MQv %SAOR

�mg VSS/L� 'QwDm =Q QO Q=Qi C=Ot=H C_re %MLVSS

�day� '�uHr uU� C=Ot=H Ov=t u=tR %SRT

�day� '|m}rwQO}y Ov=t u=tR %HRT

�mg/L� 'pwrLt uS}Um = C_re %DO

?} Q[ u}}aD |=Q@ |}=tO lwW R= pY=L G}=Dv x@ |}=tv |xrO=at VR=Q@ "9 pmW
"�

Vy=m '|ak=wt u}vJ QO ?} Q[ u}= w OQm xO=iDU= Q_vOQwt |xOWxDiQ}PB ?} Q[
"O=O Oy=wN x�=Q= C}ak=w x@ C@Uv =Q |QDtm

VR=Q@ R= '=tO |Wy=m |=ylwW |=Q@ |}=tO K}LYD ?} Q[ u}}aD Qw_vtx@
G}=Dv xm OW xO=iDU= sAOR MQv QO Q}}eD R= pY=L G}=Dv Q@ |}=tv |xrO=at u} QDy@
K}LYD ?} Q[ 'pmW u}= R= xO=iDU= =@ "CU= xOW xO=O u=Wv 9 pmW QO u;
xOWxDiQ}PB ?} Q[ R= QDW}@ �23 OwOL xm Ot; CUOx@ 1 0965 pO=at � |}=tO
xOW|UQQ@ pt=wa Q}=U Q}F-=D u=R}t uO=Ou=Wv |=Q@ w j}kLD u}= QO "CU= 1 072
xm OW u}}aD Q_vOQwt ?} Q[ 'OwWv hPL =yu; Q}F-=D xm|DQwY QO ?} Q[ u}= Q@
pt=wa Q}=U OyO|t u=Wv xm Ot; CUOx@ 1 106 pO=at � ?} Q[ Cr=L u}= QO
u}= "OwW hPL =yu; C=QF= ?} Q[ u}= u}}aD QO CU= sRq w xDW=O Q}F-=D G}=Dv Q@ R}v
CQwY QO w ?} Q[ u}= u}}aD QO s}kDUt |xU}=kt R= xO=iDU= xm O=O u=Wv ẁ[wt
u}= xm |}=Hv; R= "OyO CUOx@ |Dw=iDt G}=Dv Ov=wD|t w CU}v K}LY '\}=QW Q}}eD
jwi |UQQ@ w CU= R}J=v |=ylwW =@ Cw=iDt Q=}U@ 'O=} R |=ylwW |=Q@ ?} Q[
Tw}UrU |xHQO 5 |}=tO C=Q}}eD R= 'j}kLD u}= QO 'Ov=UQ C=@F= x@ =Q xr�Ut u}= R}v
QO xm OW u}}aD 1 099 pO=at Q_vOQwt ?} Q[ Cr=L u}= QO w OW Q_vhQY
"CU= [5]1 116 w [13]1 088 |va} Qo}O u=QoWywSB |xOWx�=Q= ?}=Q[ =@ j@=]D

|Q}oxH}Dv "4
V}=tR; |QU l} '|@v=H u=} QH QwDm =Q O=R=t Ttw}@ R= xO=iDU= =@ j}kLD u}= QO

=yCWwv=B
1. Arrhenius equation
2. signal to noise (S/N)
3. short-cut or partial Nitri�cation
4. side stream
5. supernatant from anaerobic digestion of sewage sludge
6. quality characteristic
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Abstract: 

Biological processes are known as temperature-sensitive in wastewater treatment. 
Nitrification and, especially, partial nitrification (first step of nitrification) are the most 
temperature-sensitive among biological processes. Factors such as dissolved oxygen, ammonia 
concentration, MLVSS, and etc, may influence two steps of the nitrification and organism 
growth rate, so nitrification should be done by controlling some of these factors.  

In this study, biomass acclimation in a side stream partial nitrification sequencing batch 
reactor (SBR) under optimum conditions (e.g. T=30ºC) for biological nitrogen removal (BNR) 
has been examined. In order to show the superiority of ammonia oxidizing biomass (AOB) over 
nitrite oxidizing biomass (NOB), excess sludge for solid retention time (SRT) regulation was 
added to another batch reactor, which had been performed under different conditions (e.g. T=25, 
20 and 15ºC) for specific ammonium oxidation rate (sAOR) evaluation and cold shock effect 
consideration. 

Results of the side stream, partial nitrification, sequencing batch reactor showed that the 
specific ammonium oxidation rate at the end of any cycle and after steady state conditions was 
about 16.4 mgN–NH4

+ gr VSS / hr.   
Primary results of main stream batch tests after analysis by the Taguchi method displayed 

that the percent influence of consideration factors includes temperature, initial ammonium, 
MLVSS and time, whose specific ammonium oxidation rates were about 98.5, 0.09, 0.06 and 
1.3%, respectively. So, temperature is an important factor that affects the specific ammonium 
oxidation rate.  

More analysis on the results has shown that the effects of other factors, except the considered 
factor (e.g. temperature), on specific ammonium oxidation rate can be eliminated using the 
Taguchi method. Based on this method, it was demonstrated that abrupt cold shock caused a 
significant reduction in the process rate; up to 25, 55 and 78% for temperature reduction, from 30 
to 25, 20 and 15ºC, respectively. Therefore, the temperature correction factor was calculated 
about 1.0965 by elimination of other factors except temperature. The temperature correction 
factor was also estimated to be about 1.106 using direct comparison. 
 
Keywords: abrupt cold shock, ammonia oxidizing bacteria, temperature correction factor, 
Taguchi method 


