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lehPL |DU}r=D=mwDi Ov}=Qi `} QUD QO =yQHvw=mU= QF=

C=QPwv=v R= xO=iDU= =@ 71 s}kDUt |@; |=RnvQ
|v=t}U QDU@ Q@ xOWC}@FD TiO2

�OWQ= |U=vWQ� |wHWv=O� |QoUa x}[=Q
�Q=}Wv=O� �|D}; =D}@

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

w s}OU C} QrmwB}y w uSwQO}y O}Um =QB |vwQDmr= QHvw=mU= wO Vkv VywSB u}= QO
VWwB sw}v=D}D O}Um =|O C=QPwv=v |DU}r=D=mwDi Ov}=Qi QO EDTA |xQiL QHvw=mU=

"CU= xDiQo Q=Qk |UQQ@ OQwt 71 s}kDUt |@; |=RnvQ hPL QO |v=t}U QDU@ Q@ xOWxO=O
COt QO 8 pH QO =Q =RnvQ 100 (mg/L) 'uSwQO}y O}Um =QB Qqwt 0 006 'G}=Dv j@]
90 UV-C V@=D CLD QHvw=mU= uwO@ Cr=L Q@=Q@ 15 OwOL |DaQU =@ xk}kO 20 u=tR

u=tR Vy=m Ea=@ s}OU C} QrmwB}y Qqwt 0 01 u}vJty "CU= xOQm |Q@nvQ C=w
UV-C CLD xk}kO 15 x@ xk}kO 255 R= 11 pH QO =RnvQ 100 (mg/L) |Q@nvQ
Q@=Q@ 35 OwOL =Q =RnvQ hPL CaQU QHvw=mU= u}= 'Qo}O CQ=@ax@ "CU= xOW C=w 90
R}v EDTA Qqwt 0 03 R= xO=iDU= "CU= xO=O V}=Ri= u; Qw[L uwO@ \}=QW x@ C@Uv
UV-C Atq V@=D CLD 6 pH QO =RnvQ 75 (mg/L) hPL CaQU V}=Ri= Ea=@
|oOvvm`} QUD QF= R= ?}DQD u}O@ "CU= xOW Q@=Q@ 2 5 |va} 'xk}kO 75 x@ 225 R= C=w 60

"OQm xO=iDU= |DU}r=D=mwDi Ov}=Qi u=tR Vy=m QO u=wD|t QHvw=mU= xU u}=

r.asgari@modares.ac.ir
ayati bi@modares.ac.ir "pH 'C_re 'EDTA 's}OU C} QrmwB}y 'uSwQO}y O}Um =QB %|O}rm u=oS=w

xtOkt "1
%xrtH R= xOvQ}PB `@=vt x@ ?q[=i ẁv u}= |x}rND hrDNt C=Q[t w [6]'j}ta xt}v
Q}}eD w ?; x@ O}WQwN Qwv Pwiv Vy=m '=y|QDm =@ w u=} R@; C=}L |=Q@ C}tU O=H}=

"OQ=O OwHw [6w2]'?; C}i=iW w nvQ '|}=vWwQ
pt=W u} wv w pw=ODt CQwY wO x@ xOwr; |=y?=UB R= =RnvQ hPL |=yVwQ
QDq=@ u=tOv=Q =@ u} wv |=yVwQ xm 'CU= |m} Swrw}@ w '|}=}t}W '|m} R}i `=wv=
VwQ '|DvU |=yVwQ u=}t R= "OvDUy X=N xHwD OQwt QDtm |SQv= hQYt w
K}HQD ,qwtat =y?P=H uOw@TQDUO QO w Q=m |DL=Q 'q=@ u=tOv=Q p}rO x@ ?PH
Ov}=Qi R= |W=v uHr '|DU} R\}Lt O}OH u}v=wk QO xm |}=Hv; R= =t= "OwW|t xO=O
xDiQW}B uw}U=O}Um = u} wv |=yVwQ R= xO=iDU= 'OwW|t |@=} RQ= l =vQ]N ?PH
Q_v x@ ?U=vt |v} Ro}=H '=v=UQ xt}v l} R= xO=iDU= =@ |DU}r=D=mwDi Ov}=Qi pt=W
|}=}t}W |=yVvm =w MQv `} QUD Ov}=Qi u=ty |DU}r=D=mwDi Ov}=Qi '`k=w QO [7]"OUQ|t
'ZnO 'TiO2 pt=W =v=UQ xt}v QwR}r=D=m l} |R=Up=ai =@ =}L= � uw}U=O}Um =

[9w8]"CU= |�Qt Qwv =} Viv@=Qi |xaW= j} Q] R= NiO w CdS 'WO3
x@ xm 'CU= xOW xO=iDU= |irDNt |=yxv}tR QO sw}v=D}D O}Um = |O C=QPwv=v
'O=} R |DUwO?; '|r; |=yxOv}q; |x} RHD |=Q@ u; |q=@ |oOvvmO}Um = |}=v=wD p}rO
Qwv p@=kt QO C}i=iW w ?U=vt Ct}k 'C}tU sOa 'q=@ s=wO '|}=}t}W |Q=O}=B

[8]"CU= |�Qt

"OvwW|t s}UkD |RDvU w |a}@] |xDUO wO x@ 1=y=RnvQ '|Ov@s}UkD l} QO
'2|} wR; %|=y=RnvQ pt=W [1]'nvQQB |r; O=wt R= |}xk@] |RDvU |=y=RnvQ
[4�1]"OvDUy9xOvm =QB w '8|}=}rk '7|O}U= '6Q}PBVvm =w '5|OQowo '4|}xQtN'3s}kDUt
QO |}xOQDUo |xO=iDU= 'OvDUy |} wR; xm s}kDUt |=y=RnvQ 'u=}t u}= QO
'uOat 'CavY CQ=Rw VQ=Ro j@=]t xm |}xvwo x@ [1]'OvQ=O x@vB |RQovQ `}=vY
VRQ= x@ s}kDUt |=yxOQw;Qi w O=wt R= uD 109 8 \ki '�1391� CQ=HD w
x@ xHwD =@ =y=RnvQ ẁv u}= "CU= xOW OQ=w QwWm x@ p=} Q 5; 880; 659; 998
OQ@ Q=m C=}YwYN w 's=mLDU= X=wN 'nvQ|rt=a xwQo %pt=W |OOaDt |=yQDt=Q=B
|rwmrwt pwtQi =@ (DB71) 71 s}kDUt |@; |=RnvQ [1]"OvwW|t |Ov@s}UkD
[5]"CU= |m}D=twQ; |xkrL 8 =@ |} wR; xU s}kDUt ẁv R= C40H23N7Na4O13S4
C=Ot=H |=wDLt w O=} R sHL %xrtH R= |D=}YwYN |H=Uv |=y?q[=i
[2]"OvQ=O |Rri |=wDLt w |}=}t}W |xOvvmC}@FD C=@}mQD 'O=} R COD 'q=@ pwrLt
hrDNt `=wv= |@} QkD CiQQOy Q=Okt x@ xHwD =@ x}rND R= p@kx}iYD swRr u}vJty
|=yx}=U QO �2 w j}ta |=yuORx}=U QO �10 Q@=Q@ nvQ |=ys=tL R= =y=RnvQ

pw�Ut xOvU} wv �
"1393 1 30 VQ}PB '1393 1 16 x}LqY= '1392 8 13 Ci=} QO %M} Q=D
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QF==Q �xQiL QHvw=mU=� xOvyOuwQDmr= Vkv |DU}r=D=mwDi Ov}=Qi QO xm [28]'CU= KQ]t
`=wv= =@ TmrBtm p}mWD =@ xm OQ=O |ivt Q=@ '\}Lt QO xO=t u}= [29w23]'Ovm|t =i}=
[30]'OyO|t Vy=m =Q =yv; QF= Mn w Fe 'Ca 'Al Ovv=t |}=}rk w |Rri |=yuw}D=m

[31]"O};|t ?=UL x@ u; ?}=at R= q=@ C@Uv x@ |xv} Ry |rw
x@ =RnvQ `=wv= hPL |=Q@ [36�32w19'16]xDiQoCQwY C=ar=]t x@ xHwD =@
Blue KN-R '|} wR; Q}PBVvm =w |=RnvQ 4 'Amaranth (AM) pt=W ?}DQD
Acid Orange7 '17|@ u}t=OQ 'Reactive Red195 'Reactive Brilliant

s}OU C} QrmwB}y 'uSwQO}y O}Um =QB |=yQHvw=mU= R= xO=iDU= Direct Red23 w
sDU}U x@ C@Uv hPL u=tOv=Q V}=Ri= Ea=@ |DU}r=D=mwDi sDU}U QO EDTA w
|DU}r=D=mwDi hPL |=Q@ xDiQoCQwY |=yVywSB =t= "CU= xOw@ C=@}mQD u}= uwO@
C} QrmwB}y OQ@ Q=m|rmQw]x@ w =yQHvw=mU= u}= R= xO=iDU= =@ 71 s}kDUt|@; |=RnvQ
=y=RnvQ |DU}r=D=mwDi hPL QO xQiL w uwQDmr= QHvw=mU= u=wvax@ EDTA w s}OU
|=RnvQ hPL `} QUD hOy =@ VywSB u}= QO 'u}=Q@=v@ "CU= xOw@ lOv= Q=}U@
Vkv C}ty= x@ xHwD w TiO2 C=QPwv=v =@ |DU}r=D=mwDi Ov}=Qi QO 71 s}kDUt |@;
uSwQO}y O}Um =QB |vwQDmr= |=yQHvw=mU= R= '=yOv}=Qi |O=YDk= |@=} RQ= QO u=tR
"CU= xOW xO=iDU= xOvvm`} QUD u=wvax@ EDTA |xQiL w s}OU C} QrmwB}y w
Q@ =yv; C}@FD R= R}v C=QPwv=v |@=} R=@ w =}L= 'x}iYD pmWt `iQ Qw_vt x@ u}vJty
=Q C=QPwv=v C}r=ai xm |}xvwo x@� QF= |@ x=ox}mD u=wvax@ |v=t}U |=yQDU@ |wQ

"CU= xOW xO=iDU= �OyOv Vy=m

=yVwQ w O=wt "2
Q=m VwQ "1"2

TiO2 C=QPwv=v C}@FD w Cwr}=B |x}yD "1"1"2
R= xO=iDU= =@ QDt|Dv=U 2 Ct=N[ x@ |v=t}U |=yQDU@ =OD@= Cwr}=B CN=U |=Q@
QDt|Dv=U 23� 15� 4 O=a@= x@ |m}DUqB hwQ_ QO 1 x@ 2 ?; x@ u=t}U C@Uv
0 2-0 5 Ct=N[ x@ uD@ ?UJ R= |}x}q =@ u; K]U TBU "CU= xOW x}yD
O}Um =|O C=QPwv=v QOwB sQo 1 44 R= xOWx}yD ?=ewO w xOW xOv=WwB QDt|r}t
uOW\wrNt xk}kO 30 R= TB Q}]kD Q=@ wO ?; |U|U 50 QO xOWVNB� sw}v=D}D
u; |wQ Q@ �xOWxQtwro = C=QP CN=wvm} VNB |=Q@ l}vwU=QDrw= s=tL x=oDUO QO
QO [37w12]"OwW C}@FD CU}r=D=mwDi `@ QtQDt Q@ sQo 40 Q=Okt =D 'CU= xOW xDN} Q

"CU= xOW x�=Q= |y=oW}=tR; QwDm =Q |=tv '1 pmW
xO=iDU= OQwt \@=wQ w ?PH |xv}W}@ Gwt pw] u}}aD "2"1"2

|xOwOLt QO =RnvQ 20 (mg/L) pwrLt ?PH =OD@= '|@PH h}] u}}aD |=Q@
586(nm) Gwt pw] QO ?PH u=R}t |xv}W}@ w xOW sUQ QDtwv=v 200-900
|=yC_re |=Q@ Gwt pw] u}= QO uw}U=Q@}r=m |vLvt TBU "CU= xOt; CUOx@
|x]@=Q j@=]t R2 = 0 99 Q=Okt =@ uw}U=Q@}r=m |xrO=at w sUQ =RnvQ hrDNt

"|y=oW}=tR; Cwr}=B |=tv "1 pmW

p=ai |r=m}O=Q C=@}mQD O}rwD pt=W |tU}v=mt =@ TiO2 C=QPwv=v uOWp=ai
'uw}U=O}Um = QO =yp=m}O=Q u} QDp=ai xm 'OwW|t s=Hv= 6 |r= 1 |=yVvm =w j@=]t

[9]%Ov=xOW xDN=vW 12 OH�w 11 HO�2 '10 O��2

TiO2 + hv! Tio2(e�CB + h+
VB) (1)

OH� + h+
VB ! OH� (2)

O2 + e�CB ! O��2 (3)

O��2 + H+ ! HO�2 (4)

2HO�2 ! O2 + H2O2 (5)

H2O2 + O��2 ! OH� + OH� + O2 (6)

w sHL 'xS} w K]U 'xR=Ov= %pt=W |irDNt pt=wa xm CU= XNWt Kw[w x@
Ovv=wD|t Q=DN=U O=a@= w |Qy=_ Q=DN=U pmW '|r=DU} Qm R=i '|r=N |=[i Q=DN=U
C=QPwv=v OQmrta V}=Ri= u}=Q@=v@ "Ovvm QF= TiO2 C=QPwv=v |DU}r=D=mwDi OQmrta QO
'Q=m u}= |=Q@ [8]"CU= Q}PBu=mt= pt=wa u}= s}_vD =@ QwR}r=D=mwDi u=wvax@ TiO2
|xrY=i |UOvyt 'xO=t Ci=@ w p=DU} Qm uO=OQ}}eD %xrtH R= |OOaDt |=yVwQ
'uSwQD}v w u@ Qm =@ uOQmAwO 'C=Rri uw} =@ uOQmAwO '�|m}vwQDmr= Q=DN=U� |}x}q
=yQHvw=mU= =} xOvyOuwQDmr= C=@}mQD R= xO=iDU= u}vJty w nvQ =@ |R=UT=UL
xQiL � uwQDmr= OOHt ?}mQD uOQm|vqw] |=Q@ =yQHvw=mU= [10]"CU= xOW O=yvW}B
Ov}=Qi `} QUD |=Q@ 13|vwQDmr= "1 % ẁv xU QO [11]'QwR}r=D=mwDi jiwt OQmrta w
p=m}O=Q O}rwD |=Q@ QwR}r=D=mwDi K]U x@ xOW?PH O2 pt=W h+

V B uw}U=O}Um =
'SO2�

4 'Cl� 'BrO�3 'ClO�3 'ClO�2 'OCl� 'IO�4 'S2O2�
8 %O}Um =QB wU

&Cu w Fe3+ Ovv=t |Rri |=yuw} w H2O2 'C(NO2)4 'NO�2 'NO�3 'PO3�
4

'l}DU= O}U= 'pwv=Dt w pwv=D= %pt=W e�CB \UwD =}L= Ov}=Qi `} QUD |=Q@ 14xQiL "2
EDTA w s}U=DB O}O} 'l}r=Ro = O}U= 'l}r}U}r=U O}U= 'RwQ=m =U 'l}tQi O}U=
=ypmr= Ovv=t \}Lt QO p=ai |vS}Um = ?}mQD ẁv X}NWD |=Q@ 16|r=m}O=Q "3 &15
|=Q@ H2PO�4 w HCO�3 'SO2�

4 'Cl� 'NO�3 %pt=W |r;Q}e |=yuw}v; w
p}UmwQO}y |=yp=m}O=Q uOQmGvw=mU= |=Q@ F� w |tHLOH� uOQmGvw=mU=
|=yOv}=Qi QO |Dw=iDt h=Oy= |=Q@ =yQHvw=mU= u}vJty [22w11]"OvQ=O OQ@ Q=m |L]U
R= xO=iDU= =@ C=Rri |=}L= %R= Ov=CQ=@a h=Oy= u}= "Ov=xOW xO=iDU= |DU}r=D=mwDi
Ovv=t |}=yQHvw=mU= =@ N2 x@ C=QD}v |=}L= [14]'?U=vt |}xQiL QHvw=mU= l}
|x}iYD w [23]'l}tw}y |=yO}U= w |r; lJwm |=ypwmrwt =@ =yO}U= '=ypmr=
O}Um =QB Ovv=t |D=@}mQD R= xO=iDU= =@ =y=RnvQ w =ynvQ xrtH R= |r; |=yxOv}q;

[24]"S2O2�
8 w BrO�3 'ClO�3 '(H2O2) uSwQO}y

|xOvvm`} QUD xm uwQDmr= QHvw=mU= u=wvax@ uSwQO}y O}Um =QB R= xO=iDU=
QO w OyO Q}}eD =Q TiO2 C=QPwv=v K]U Ov=wD|t w CU= |DU}r=D=mwDi |=yVvm =w
KQ]t xQ=wty 'Ovmv O}rwD |}x} wv=F |xOv}q; uS}Um = w ?; x@ uOWx} RHD =@ C}=yv

[26w25]"CU= xOw@
uwQDmr= OCl� uDW=O p}rO x@ R}v �NaOCl� s}OU C} QrmwB}y R= xO=iDU=
'=RnvQ pwrmwt |v}t; xwQo x@ xOvvmxrtL pt=a w uwQDmr= QHvw=mU= u=wvax@ 'CUwO
|w=L |=y=RnvQ "OQ=O p=@vO x@ =Q |Q@nvQ 'xH}Dv QO w |} wR; Ovw}B uDUmW `} QUD
x@ C@Uv u}r=Div |xkrL |wQ Q@ xOWu} Ro}=H |v}t; |=yxwQo =} w |v}t; |=yxwQo
xOvm =QB |=y=RnvQ OQwt QO?}mQD u}= R= xO=iDU= "OvDUy QDOaDUt Qrm\UwD |Q@nvQ

[27]"OwW xO=iDU= s}kDUt w |O}U= |=y=RnvQ |=Q@ Ov=wD|t =t= 'CU}v ?U=vt
xOvvmC}r}m pt=a w R=UTmrBtm |}xv=OvO 6 Ov=o}r l} u=wvax@ R}v EDTA

26



|D};
=D}@

w|
QoU

ax}
[=Q w u=tr; 19lQt CmQW (AgSO4) xQkv C=irwU w(K2CrO7) s}U=DB C=twQm |O

OwU 'COD |Q}oxR=Ov= |=Q@ u=DUrov= BDH |v=Btm(HgSO4) |xw}H C=irwU
u=t}U 'pH s}_vD |=Q@ lQt CmQW(H2SO4) l} QwirwU O}U= w (NaOH)

|t}W CmQW R= xOWx}yD QB wU uD@ |UmwB= ?UJ 'u=t}U |x}yD |=Q@ ?; w OvrDQB
"CU= xOw@ Q}]kD Q=@ wO ?; w ?r=k uewQ 'xv}y@ uD@

C=R}yHD "3"2
QDtwDiwQDmBU= pt=W VywSB QO xO=iDU= OQwt |rY= p}=Uw w C=R}yHD
Qv}rm l}vwU=QDrw= '=RnvQ |=yxvwtv ?PH u}}aD CyH Hach/DR 4000
pH 'xOWxQtwro = C=QPwv=v CN=wvm} VNB |=Q@ UE-6SFD pOtFungilab

-3-Kern |r=D}H}O |wR=QD 'pH |Q}oxR=Ov= |=Q@ Metrohm 691 |r=D}H}O QDt
CmQW CN=U DRB200 pOt QwDm =Q COD 'O=wt u} RwD CyH PLS360
'?q[=i |}=}t}W R=}v OQwt uS}Um = |Q}oxR=Ov= CyH |}xrwr=H 16 =@ Hach

u=wvax@ u=w}=D CN=U Lumiaction |Q=HD s=v =@ C=w 30 Q=Wi sm |}xw}H Atq
CmQW CN=U |U}]=vet uRsy w |DU}r=D=mwDi C=QPwv=v G}}yD CyHUV-C `@vt

"Ov=xOw@ RH-B2 pOt Ika

EL@ w G}=Dv "3
uSwQO}y O}Um =QB OQmrta |xv}y@ \}=QW u}}aD "1"3

|DU}r=D=mwDi uw}U=O}Um = `} QUD Ea=@ Cw=iDt Vkv 3 |=i}= =@ uSwQO}y O}Um =QB
x@ QO=k �12 w 11 |=yVvm =w� p}UmwQO}y p=m}O=Q `@vt u=wvax@ =OD@= "OwW|t
j} Q] R= s}kDUt R}rwDi =@ w CU= u; p=m}O=Q O}rwD |=Q@ O}Um =QB wU uw}v; =@ Vvm =w
=Q p=m}O=Q u}= R}v p}UmwQO}y xwQo wO x@ 20Ovw}B QwH uOWxDUUo w UV-C ?PH
|x}q QO xOWxDN}ov=Q@ |=yuwQDmr= uOQmGvw=mU= =@ swO "�13Vvm =w� Ovm|t O}rwD
Cav=tt =@ s=Hv=QU w '�14 Vvm =w� CU= p}UmwQO}y p=m}O=Q O}rwD x@ QO=k p=kDv=
[41w40'24]"OwW|t |DU}r=D=mwDi Ov}=Qi `} QUD Ea=@ xQiL � uwQDmr= OOHt ?}mQD R=

H2O2 ! OH� + OH� (11)

H2O2 + O�2 ! OH� + OH� + O��2 (12)

H2O2 + hv! 2OH� (13)

H2O2 + e�CB ! OH� + OH� (14)

uS}Um = |=ysD= x@ xOQwNOvw}B uSwQO}y wO uDW=O =@ uSwQO}y O}Um =QB u}vJty
xm 'CU= 21QDw}DRwB wQDmr= uwQDmr= QHvw=mU= l} 'O2 x@ C@Uv (H-O-O-H)

|x]@=Q� OwW|t uS}Um = x@ C@Uv uwQDmr= uOQmGvw=mU= QO u; QDW}@ CQOk Ea=@
[24]%�15

H2O2 + OH� ! HO�2 + H2O (15)

V}=Ri= =@ |r; C=@}mQD |x} RHD MQv xm CU= xO=O u=Wv |OOaDt C=ar=]t xD@r=
uOWQDW}@ =@ TBU 'O@=}|t V}=Ri= |RQt OL l} =D uSwQO}y O}Um =QB C_re
p=m}O=Q O}rwD w uSwQO}y O}Um =QB\UwD OH� p=m}O=Q uOWGvw=mU= p}rOx@C_re

[42]"O@=}|t Vy=m 'OQ=O |QDtm CQOk xm 'p}UmwQB wQO}y

%CU= xOt; CUOx@ 7
Abs = 0 0241� [Dye] (7)

Oa)@|@ w ?PH u=R}t Abs w 'mg/L ?UL Q@ =RnvQ C_re [Dye] 'u; QO xm
hQYt u=R}t w =RnvQ hPL OYQO |x@U=Lt C}ty= x@ xHwD =@ u}vJty "CU=

%CU= xOW xO=iDU= 10 |r= 8 \@=wQ R= 'V}=tR; Qy QO |SQv=
R = (C0 � C)� 100=C0 (8)

EC = W � t (9)

EC=C = EC=(C0 � C) (10)

w x}rw= C_re ?}DQD x@ C w C. '�OYQO� =RnvQ hPL u=R}t R '=yu; QO xm
QO ?q[=i Ov=t u=tR t '(W) =yAtq V@=D COW W '(mg/L) =RnvQ |x} wv=F
hQYt u=R}t EC/C w |SQv= hQYt u=R}t EC '(hr) pt=m |Q@nvQ =D QwDm =Q

[38]"CU= (W.hr.L/mg) xOWhPL |=RnvQ mg/L Qy <=R= x@ |SQv=
V}=tR; CLD w xOW x}yD |RDvU ?q[=i 250 cc 'VywSB R= xrLQt Qy QO
CW=OQ@|}xk}kO 15|v=tR |=yxR=@ QO xvwtv 5 ccV}=tR; u}L QO "CU= xDiQo Q=Qk
|xDmv "CU= xOW x@U=Lt xOv=t}k=@ |=RnvQ C_re w C�=Qk u; ?PH Q=Okt w
OQ=Ov=DU= |=yVwQ ?=Dm R= xO=iDU= =@ =yV}=tR; |xty xm CU= u}= QmP p@=k
G}=Dv QO u}ov=}t Q}O=kt R= w Q=QmD Q=@ 3 smCUO [39]'?q[=i w ?; |=yV}=tR;
w u=tR p@=kt QO C/C. C=Q}}eD |vLvt sUQ =@ ?}DQD u}O@ "CU= xOW xO=iDU=
Q=Okt '|Q@nvQ u=tR |xv}tm QO hPL u=tOv=Q w |SQv= hQYt u=R}t |x@U=Lt

"CU= xOW ?=NDv= hOy QDt=Q=B |xv}y@
|rY= |=yV}=tR; s=Hv= "3"1"2

=RnvQ C_re 'pH 'QHvw=mU= C_re %pt=W hrDNt |=yQDt=Q=B Q}F-=D x@ xHwD =@
|=yV}=tR; '|DU}r=D=mwDi Ov}=Qi hPL u=tOv=Q QO UV-C Atq V@=D COW w
xOW u}}aD =yQDt=Q=B Q}=U uDW=Oxov C@=F =@ QDt=Q=B Qy |xv}y@ Q=Okt w s=Hv= |rY=

"CU=
Oy=W |=yV}=tR; s=Hv= "4"1"2

pY=L |xv}y@ \}=QW QO |@}mQD w =yvD CQwYx@ =yQDt=Q=B Vkv |UQQ@ |=Q@
Scav- 'UV-C/Dye |=ysDU}U QO Oy=W |=yV}=tR; '|rY= |=yV}=tR; R=
'TiO2/Scavenger/Dye 'TiO2/UV-C/Dye 'TiO2/Dye 'enger/Dye

"CU= xOW |UQQ@ Scavenger/UV-C/Dye

|r}tmD |=yV}=tR; s=Hv= "5"1"2
?PH |vLvt C=Q}}eD pt=W |r}tmD |=yV}=tR; '|}=ORnvQ OvwQ QDy@ |UQQ@ |=Q@
COD/COD. C=Q}}eD |xwLv wVvm =wl}Dv}U '�200-900nm |xOwOLt QO�
|=yVwQ?=Dm '5220D.ClosedRe
ux 'ColorimetricMethodVwQ x@

[39]"CU= xDiQo Q=Qk |UQQ@ OQwt ?q[=i w ?; |=yV}=tR; OQ=Ov=DU=

O=wt "2"2
u=wr= CmQW R= xOWx}yD 71 s}kDUt |@; |=RnvQ pt=W xO=iDU= OQwt |rY= O=wt
p}=DwQ x@ R=D=v; |w=L� P25(TiO2) sw}v=D}D O}Um =|O C=QPwv=v QOwB 'u=Oty C@=F
O}Um =QB 'u=tr; 18=UwoOCmQW pwYLt �21 nm |@} QkD Q]k w 20 x@ 80C@Uv =@
QDmO |}=}t}W Q=wD=Q@q R= xOWx}yD `}=t �10-14 s}OU C} QrmwB}y w �35 uSwQO}y
'OYQO 99 8-100 5 XwrN =@ EDTA 'uwQDmr= |=yQHvw=mU= u=wvax@ |rrHt
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C_re '100 (mg/L) =RnvQC_re�Vvm =w R= Oa@ w p@k pH C=Q}}eD "4 pmW
TiO2 C=QPwv=v C_re w C=w 90 Atq COW '0 006M uSwQO}y O}Um =QB

"�40 gr/m2

'0 006 M uSwQO}y O}Um =QB C_re� =RnvQ |x}rw= C_re QF= |UQQ@ "5 pmW
"�40 gr/m2 TiO2 C=QPwv=v C_re w C=w 90 Atq COW '8 pH

u=tOv=Q V}=Ri= w |tHL p}UmwQO}y p=m}O=Q QDW}@ O}rwD Ea=@ OH� `@vt
Vy=m 3 9 x@ 8 R= |Q@nvQ R= TB pH '4 pmW j@=]t "OwW|t |Q@nvQ
|]N |r; |=yO}U= O}rwD p}rO x@ Ov}=Qi ?U=vt OQmrta |xOvyOu=Wv xm 'O@=}|t
xOW ?=NDv= xv}y@ u=wvax@ Q=Okt u}= u}=Q@=v@ [44]"CU=RnvQ |x} RHD R= |W=v

"CU=
=RnvQ |xv}y@ C_re u}}aD "3"1"3

=RnvQ hrDNt |=yC_re 'pH w QHvw=mU= |xv}y@ Q}O=kt uDW=O =@ xrLQt u}= QO
=@ hPL u=tOv=Q Vy=m x@ xHwD =@ "CU= xDiQo Q=Qk V}=tR; OQwt 5 pmW j@=]t
'C=QPwv=v C}r=ai w \}Lt QO V@=D |Q}PBPwiv Vy=m p}rOx@ =RnvQ C_re V}=Ri=
QO 'CU= xOW nvQ|@ xk}kO 90 u=tR COt QO =RnvQ 200(mg/L) C_re
"CU= xOw@ xk}kO 20 Q@=Q@ 100(mg/L) w 50 C_re |=Q@ u=tR u}= xm |r=L
=@ 100mg/L C_re '�6 pmW� xk}kO 20 QO |SQv= hQYt u=R}t u}}aD =@ =Pr
'��100� hPL u=tOv=Q |xv}W}@ w (0 3 W.hr.L/mg) |SQv= hQYt |xv}tm

"CU= xOW ?=NDv= xv}y@ Q=Okt u=wvax@
xv}y@ V@=D COW u}}aD "4"1"3

R= Qo}O |m} u=wvax@ V@=D COW pt=a Q}}eD R= |W=v =RnvQ C_re C=Q}}eD G}=Dv
"CU= xOW x�=Q= 7 pmW QO syt |=yQDt=Q=B

u=tR w V}=Ri= hPL CaQU V@=D COW V}=Ri= =@ 'QwmPt pmW j@=]t
Q@=Q@ ?}DQD x@ C=w 150 w 30 V@=D COW QO u=tR u}= "O@=}|t Vy=m |Q@nvQ
COW xU |=Q@ xk}kO 10 QO |SQv= hQYt |x@U=Lt =@ =Pr "CU= xk}kO 10 w 70

pH '100 (mg/L) =RnvQC_re� uSwQO}y O}Um =QBC_re QF=|UQQ@ "2 pmW
"�40 TiO2 gr/m2C=QPwv=v C_re w C=w 90 Atq COW '7 |a}@]

uSwQO}y O}Um =QBC_re '100 (mg/L) =RnvQC_re� pH QF=|UQQ@ "3 pmW
"�40 gr/m2 TiO2 C=QPwv=v C_re w C=w 90 Atq COW '0 006 M

uSwQO}y O}Um =QB |xv}y@ C_re u}}aD "1"1"3
=RnvQ hPL QO H2O2 QHvw=mU= Qqwt 0 01 =D 0 001 |=yC_re |UQQ@ G}=Dv

"CU= xOW x�=Q= 2 pmW QO
QO pt=m |Q@nvQ x@ uO}UQ Ea=@ H2O2 C_re V}=Ri= xm OwW|t xOy=Wt
|=Q@ xk}kO 20 u=tR COt QO =RnvQ hPL x@ xHwD =@ "OwW|t |y=Dwm |v=tR COt
OYQO 99 9 w 100 '99 Q@=Q@ ?}DQD x@ Qqwt 0 01 w 0 008 '0 006 C_re 3
0 006 C_re '(W.hr.L/mg) 0 38 w 0 30 '0 53 |SQv= hQYt Q=Okt w

"CU= xOW ?=NDv= xv}y@ C_re u=wvax@ Qqwt
xv}y@ pH u}}aD "2"1"3

H2O2 OQmrta w =RnvQ ?PH Q}}eD 'C=QPwv=v |L]U Q=@ Q}}eD QO pH QF= p}rOx@
xv}y@ Q=Okt Qw[L QO 11 =D 3 |xOwOLt QO u; QF= 'p}UmwQO}y p=m}O=Q O}rwD |=Q@

"CU= xOW |UQQ@ �4w 3 |=ypmW�
hQYt Q=Okt u} QDtm w ��100� =RnvQ hPL u} QDW}@ '3 pmW x@ xHwD =@
xHwD =@ "CU= xO=O MQ xk}kO 20 QO 8 pH QO �0 3 W.hr.L/mg� |SQv=
(pH< 6 8) C@Ft |O}U= \}Lt QO xm TiO2 C=QPwv=v |L]U Q=@ x@
|L]U Q=@ pH u}= QO [43]'CU= |ivt (pH> 6 8) |}=}rk \}Lt QO w
u}=Q@=v@ "CU= ?r=e p}UmwQO}y p=m}O=Q |vw}U=O}Um = QF= w |ivt C=QPwv=v
pwrLt sHL QO u; |x} RHD u=mt= w `iO TiO2 K]U R= |vw}v; |=RnvQ
K]U uwQDmr= uOQmGvw=mU= =@ =OD@= H2O2 "OwW|t sy=Qi =yp=m}O=Q \UwD
u=wvax@ TBU "Ovm|t sy=Qi =Q QDW}@ p}UmwQO}y p=m}O=Q O}rwD u=mt= 'TiO2
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pH '100(mg/L) =RnvQ C_re� s}OU C} QrmwB}y C_re QF= |UQQ@ "8 pmW
"�40 gr/m2 TiO2 C=QPwv=v C_re w C=w 90 Atq COW '11 |a}@]

s}OU C} QrmwB}y C_re '100 (mg/L) =RnvQ C_re� pH QF= |UQQ@ "9 pmW
"�40 gr/m2 TiO2 C=QPwv=v C_re w C=w 90 Atq COW '0 01 M

Q=OQrm |r; C=@}mQD OCl� hQYt =@ C=@}mQD u}= w OyO|t Vvm =w =RnvQ |rvi
Ovv=t uRwsm w QDlJwm |=ypwmrwt O}rwD u=mt= 'xt=O= QO TBU "Ovvm|t O}rwD

[19]%OwW|t sy=Qi R}v 18 Vvm =w j@=]t H2O w CO2

Org:Comp:+OCl� ! Clor:Org:Comp:+ O2 ! CO2 + H2O

+Low Molec:Weight Products (18)

=@ Qqwt 0 01 C_re |=Q@ xk}kO 15 QO |SQv= hQYt u=R}t u} QDtm x@ xHwD =@
|xv}y@ C_re u=wvax@ Q=Okt u}= '(0 23 W.hr.L/mg) �100 hPL u=tOv=Q

"CU= xOW ?=NDv= QHvw=mU=
xv}y@ pH u}}aD "2"2"3

,q=tDL= =Q} R "CU= `} QU C@Uv x@ OQ=wt |xty QO x}rw= |ovQ|@ '9 pmW x@ xHwD =@
w OwW|t ?r=e =yp=m}O=Q OQmrta x@ C@Uv s}OU C} QrmwB}y |oOvvmO}Um = QF=
V}=Ri= s}OUC} QrmwB}y =@\}Lt uOW|}=}rk p}rOx@ p}UmwQO}y |=yp=m}O=Q O}rwD
Q=Okt 'x}rw= pwrLtpHs}_vD pw]QO\}LtnvQ uOWnvQsmp}rOx@u}=Q@=v@ "O@=}|t
"OyO|tu=Wv =Q x} wv=FpH Q}O=ktVy=m '10pmW "CU= xOWxO=OK}HQD 11|a}@]

=RnvQ |xv}y@ C_re u}}aD "3"2"3
w ��100� hPL u=tOv=Q u} QDq=@ =@ 100mg/L C_re '11 pmW x@ xHwD =@
xOW ?=NDv= xv}y@ Q=Okt u=wvax@ �0 23 W.hr.L/mg� |SQv= hQYt u} QDtm
|vwDwi Q=W Vy=m p}rOx@ |DU}r=D=mwDi hPL QO |Dav=tt QF= 'C_re V}=Ri= "CU=

[19]"OQ=O QwR}r=D=m =Q K]U x@ xOWxO}@=D

uSwQO}y O}Um =QBC_re� xk}kO 20 QO hPL u=tOv=Q w |SQv= hQYt u=R}t "6 pmW
"�40 gr/m2 TiO2 C=QPwv=vC_re w C=w 90Atq COW '8 pH '0 006 M

'100(mg/L) =RnvQC_re�UV-CV@=DhrDNt|=yCOW QF=|UQQ@ "7pmW
gr/m2 TiO2 C=QPwv=v C_re w 8 pH '0 006M uSwQO}y O}Um =QB C_re

"�40

Q@=Q@� OYQO 100 w 98 3 '92 5 |=yu=tOv=Q =@ C=w 150 w 120 '90 V@=D
xv}y@ V@=D COW u=wvax@ C=w 90 Q=Okt '�0 25 (W.hr.L/mg) w 0 3 '0 3

"CU= xOW ?=NDv=

s}OU C} QrmwB}y OQmrta |xv}y@ \}=QW u}}aD "2"3
%?}mQD u}= Cw=iDt Vkv xU p}rOx@ u=tOv=Q V}=Ri= QO s}OU C} QrmwB}y C@Ft QF=
OOHt ?}mQD u=tR V}=Ri= xH}Dv QO w 'p=kDv= |x}q |=yuwQDmr= uOQmGvw=mU= "1
|R=UO=R; =@ \}Lt C}�=}rk V}=Ri= "2 &QwR}r=D=m K]U QO xDN}ov=Q@ xQiL � uwQDmr=
|=yVvm =w� QDW}@ |tHL p}UmwQO}y |=yp=m}O=Q O}rwD u=mt= xH}Dv QO w OH�

QD`} QU uDUmW x@ ltm w xOvvmO}Um = l} u=wvax@ OQmrta "3 [19]&�17 w 16
"CU= [19]'\}Lt QO nvQ pt=a |=yOvw}B

NaOCl! Na+ + OCl� (16)

OCl� + H2O$ HOCl + OH� (17)

s}OU C} QrmwB}y |xv}y@ C_re u}}aD "1"2"3
xOW x�=Q= 8 pmW QO =RnvQ hPL Q@ QHvw=mU= u}= C_re C=Q}}eD R= pY=L G}=Dv

"CU=
pt=a |=yOvw}B |x}rw= uDUmW =@ CaQU x@ pwrLt nvQ 'QwmPt pmW j@=]t
C=kDWt w -N=N- '-NH- '-NH2 |=yxwQo =@ C} QrmwB}y "O@=}|t Vy=m nvQ

29



"""h
PL

|DU
}r=D=m

wDi
Ov}=Q

i`}
QUD

QO=
yQH

vw=m
U=

QF=

|a}@] pH '50 (mg/L) =RnvQC_re� EDTAC_re QF=|UQQ@ "13 pmW
"�40 gr/m2 TiO2 C=QPwv=v C_re w C=w 90 Atq COW '4 7

0 03 EDTA C_re '50 (mg/L) =RnvQ C_re� pH QF= |UQQ@ "14 pmW
"�40 gr/m2 TiO2 C=QPwv=v C_re w C=w 90 Atq COW 'Qqwt

(W.hr.L/mg)� C=w 150 w 90 V@=D COW wO |SQv= hQYt u=R}t |m}ORv
C=w 90 V@=D COW '��100� x@=Wt |xv}W}@ hPL u=tOv=Q w �0 25 w0 23

"CU= xOW ?=NDv= xv}y@ Q=Okt u=wvax@

EDTA OQmrta |xv}y@ \}=QW u}}aD "3"3
EDTA |xv}y@ C_re u}}aD "1"3"3

x_Lqt xm xvwou=ty "OyO|t u=Wv =Q EDTA hrDNt |=yC_re QF= '13 pmW
hPL u=tR Vy=m Ea=@ Qqwt 0 05 x@ QiY R= EDTA C_re V}=Ri= 'OwW|t
QO =Q H+ uw} 4 =D 1 CU= QO=k EDTA "CU= xOW xk}kO 60 x@ 225 R=
'\}Lt uOQm|O}U= =@ ?}DQD u}O@ w OwW |ivt Q=@ |=Q=O w OyO CUO R= \}Lt
|ivt EDTA w |vw}v; |=RnvQ u}@ w OwW|t C@Ft TiO2 C=QPwv=v K]U
=@ O=} R p=tDL= x@ "OwW|t O=H}= C@=kQ TiO2 C=QPwv=v K]U x@ uOW?PH |=Q@
=@ w OwW|t RwQ}B C@=kQ u}= QO EDTA '=RnvQ hPL |oOvvm`} QUD QF= x@ xHwD
u=tOv=Q uOQ@q=@ w QDW}@ O}Um =QB wU |=yp=m}O=Q p}mWD Ea=@ 'xQiL uOQmGvw=mU=
w 0 03 |=yC_re Qw[L QO |SQv= hQYt u=R}t |xU}=kt R= "OwW|t |Q@nvQ
u=wvax@ Qqwt 0 03 C_re '�1 8 w 2 26 W.hr.L/mg� EDTA Qqwt 0 05

"CU= xOW ?=NDv= xv}y@ Q=Okt
xv}y@ pH u}}aD "2"3"3

Qw[LQO |}=}rk x@ |O}U= R= pH V}=Ri= 'OwW|t xOy=Wt 14 pmW QO xJv=vJ
=Q} R "CU= xOW xk}kO 30 x@ 187 R= Vvm =w u=tR Vy=m Ea=@ EDTA QHvw=mU=

'100(mg/L) =RnvQ C_re� Vvm =w R= Oa@ w p@k pH C=Q}}eD "10 pmW
TiO2 C=QPwv=vC_re w C=w 90Atq COW '0 01 M s}OUC} QrmwB}yC_re

"�40 gr/m2

'11 pH '0 01 M s}OU C} QrmwB}y C_re� =RnvQ C_re QF= |UQQ@ "11 pmW
"�40 gr/m2 TiO2 C=QPwv=v C_re w C=w 90 Atq COW

C} QrmwB}yC_re '100(mg/L) =RnvQC_re�V@=DCOW QF=|UQQ@ "12pmW
"�40 gr/m2 TiO2 C=QPwv=v C_re w 11 pH '0 01 M s}OU

xv}y@ V@=D COW u}}aD "4"2"3
x�=Q= 12 pmW QO |DU}r=D=mwDi |Q@nvQ Ov}=Qi QO V@=D COW u=R}t |Q=PoQF= G}=Dv

"CU= xOW
w `} QU Q=}U@ x}rw= |Q@nvQ '=yV@=D COW |t=tD QO 'xOWQmP pmW j@=]t
|Q@nvQ u=tR 'C=w 150 x@ 30 R= V@=D COW V}=Ri= =@ =t= "CU= R}=tD p@=kQ}e
CQOk p}rOx@ ẁ[wt u}= "O@=}|t Vy=m xk}kO 10 x@ 35 R= |UwULt CQwYx@
|=yxwQo s}kDUt |x} RHD w =yuwQDmr= uOQmGvw=mU= QO s}OU C} QrmwB}y O=} R
x@ xHwD =@ [19]"CU= sm C@Uv x@ |DL |=yV@=D COW Qw[L QO nvQ |rt=a
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'75 mg/L =RnvQC_re�UV-C V@=DhrDNt |=yCOW QF=|UQQ@ "17 pmW
"�40 gr/m2 TiO2 C=QPwv=v C_re w 6 pH 'Qqwt 0 03 EDTA C_re

"QHvw=mU= xU |Q@nvQ |xv}y@ \}=QW |xU}=kt "1 pwOH
QHvw=mU= QDt=Q=B

EDTA NaOCl H2O2
40 40 40 (gr/m2) TiO2 C=QP wv=v C_re

0 03 0 01 0 006 (M) QHvw=mU= C_re
6 11 8 pH

75 100 100 (mg/L) =RnvQ C_re
60 90 90 (W) UV-C V@=D COW

"xv}y@ \}=QW QO QHvw=mU= xU hPL u=tOv=Q |UQQ@ "18 pmW

"CU= xOW ?=NDv= xv}y@ V@=D COW u=wvax@ C=w 60 Q=Okt 'xk}kO 50 w

xv}y@ \}=QW QO =yV}=tR; G}=Dv "4"3
w 1 pwOH QO ?}DQD x@ QHvw=mU= xU |Q@nvQ u=tOv=Q w xv}y@ \}=QW |xU}=kt
"CU= xOW x�=Q= 2 pwOH QO xv}y@ \}=QW QO Oy=W |=yV}=tR; G}=Dv w 18 pmW
sDU}U QO s}OU C} QrmwB}y |WN@ QF= '18 pmW w 1 pwOH x@ xHwD =@
OwOL 'Vvm =w |=OD@= |xk}kO 15 COt QO TiO2/Scavenger/UV-C/Dye

Q@ ẁ[wt u}= xm &CU= EDTA R= QDW}@ �3 4 w uSwQO}y O}Um =QB R= QDW}@ �1
QF= '2 pwOH x@ xHwD =@ u}vJty "OQ=O CrqO NaOCl QDq=@ |QHvw=mU= CQOk
w H2O2 R= QDW}@ �27 OwOL (Scavenger/Dye) |m} Q=D QO s}OU C} QrmwB}y
(Scavenger/UV-C/Dye) UV-C V@=D CLD w EDTA R= QDW}@ �25 3
'u}=Q@=v@ "CU= EDTA R= QDtm �0 5 w uSwQO}y O}Um =QB R= QDtm �5 OwOL

|x} RHD |=Q@ p}UmwQO}y p=m}O=Q QF= uOw@?r=e Q@ xwqa |}=}rk w |FvN pH QO
Q=DN=U QO Na+ |v} Ro}=H Ea=@ pH s}_vD |=Q@ NaOH R= xO=iDU= '=RnvQ
p}UmwQO}y p=m}O=Q QDW}@ O}rwD w OH� QDW}@ |R=UO=R; w H+ |=H x@ EDTA

C=ar=]t =@ xOt;CUOx@ G}=Dv xm 'O@=}|t V}=Ri= |Q@nvQ u=tOv=Q u}=Q@=v@ "OwW|t
'|SQv= hQYt u=R}t |xU}=kt =@ 'VywSB u}= QO "OQ=O Ck@=]t R}v [45]'u}W}B
?=NDv= xv}y@ Q=Okt u=wvax@ 6 pH '�15 pmW� ?=UB|HwQN pH w hPL u=tOv=Q

"CU= xOW
=RnvQ |xv}y@ C_re u}}aD "3"3"3

xOy=Wt xm xvwou=ty "CU= xOW xO=O u=Wv 16 pmW QO =RnvQ C_re QF= |UQQ@
|Q@nvQ CaQU 'QD}r Q@ sQo|r}t 200 x@ 50 R= =RnvQ C_re V}=Ri= =@ 'OwW|t
K]U C}r=ai w OwW|t xO}WwB =RnvQ =@ C=QPwv=v Kw]U =Q} R "O@=}|t Vy=m
xOvm =QB =RnvQ |=ypwmrwt \UwD UV-C V@=D u}vJty 'O@=}|t Vy=m C=QPwv=v
u}vJty [43]"OwW|t hPL u=tOv=Q Vy=m Ea=@ C_re V}=Ri= u}=Q@=v@ "OwW|t
u=R}t x@ xHwD =@ =Pr "CU= ?r=e xQiL x@ C@Uv p}UmwQO}y p=m}O=Q QF= 6 pH QO
w 1 '0 9W.hr.L/mg Q@=Q@ 100 w 75 '50 mg/L C_re xU |SQv= hQYt
'100 Q@=Q@ ?}DQD x@ hPL u=tOv=Q w xk}kO 90 w 50 '30 |=yu=tR COt QO 1 36
"CU= xOW ?=NDv= xv}y@ Q=Okt u=wvax@ =RnvQ 75mg/L C_re '99 4 w 99 2

xv}y@ V@=D COW u}}aD "4"3"3
|x@U=Lt w 17 pmW QOhrDNt |=yV@=D COW QF= R= xOt;CUOx@ G}=Dv |UQQ@ =@
75 QO OYQO 99 4 |=yu=tOv=Q =@ C=w 90 w 60 V@=D wO '|SQv= hQYt u=R}t

C_re '50 mg/L =RnvQ C_re� Vvm =w R= Oa@ w p@k pH C=Q}}eD "15 pmW
gr/m2 TiO2 C=QP wv=vC_re w C=w 90Atq COW 'Qqwt 0 03 EDTA

"�40

pH 'Qqwt 0 03 EDTA C_re� =RnvQ |x}rw= C_re QF= |UQQ@ "16 pmW
"�40 gr/m2 TiO2 C=QPwv=v C_re w C=w 90 Atq COW '6
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C_re� TiO2/H2O2/UV-C/Dye sDU}U QO ?PH |vLvt "19 pmW
Atq COW '8 pH 'Qqwt 0 006 uSwQO}y O}Um =QBC_re '100 mg/L =RnvQ

"�40 gr/m2 TiO2 C=QPwv=v C_re w C=w 90

C_re� TiO2/NaOCl/UV-C/Dye sDU}U QO ?PH |vLvt "20 pmW
Atq COW '11 pH 'Qqwt 0 01 s}OU C} QrmwB}y C_re '100 mg/L =RnvQ

"�40 gr/m2 TiO2 C=QP wv=v C_re w C=w 90

=RnvQ C_re� TiO2/EDTA/UV-C/Dye QO ?PH |vLvt "21 pmW
C_re w C=w 60 Atq COW '6 pH 'Qqwt 0 03 EDTA C_re '75 mg/L

"�40 gr/m2 TiO2 C=QP wv=v
p@=k =yQ=Owtv R= xJv; w x} RHD Q@=Q@ QO 71 s}kDUt |@; sw=kt |}xkrL 8 Q=DN=U
|=yQ=DN=U |R=UO=R; w =yOvw}B R= |[a@ l}miD w u=tR CWPo =@ 'CU= xOy=Wt
QDW}@ u=tR COt CWPo =@ "O@=}|t V}=Ri= COD u=R}t \}Lt QO QDlJwm O}OH
�22 pmW� 1 OwOL |Q=Okt x@ COD/COD. C@Uv '|]N C=@}mQD |x} RHD w
|xOvyOu=Wv ẁ[wt u}= "OwW|t C@=F w O@=}|t Vy=m �23 pmW� 1 R= QDtm x@ w
?=UB |x}rND R= V}B 'u}=Q@=v@ "CU= QDW}@ |x} RHD sOa w sw=kt C=@}mQD Qw[L

"=RnvQ hPL |xv}y@ \}=QW QO Oy=W |=yV}=tR; G}=Dv "2 pwOH
|WN@ QF= OYQO

sDU}U
EDTA

C} QrmwB}y O}Um =QB
s}OU uSwQO}y

47 4 37 7 28 6 UV-C/Dye

3 2 28 5 1 5 Scavenger/Dye

2 7 1 2 1 7 TiO2/Dye

64 2 45 45 6 TiO2/UV-C/Dye

2 29 5 1 6 TiO2/Scavenger/Dye

79 8 79 3 84 3 Scavenger/UV-C/Dye

|=Q@ |}=yvD x@ ?}mQD u}= QDq=@ |oOvvmO}Um = CQOk |xOvyOu=Wv R}v ẁ[wt u}=
UV-C V@=D Qw[L QO EDTA w uSwQO}y O}Um =QB QDW}@ QF= w =RnvQ |x} RHD
'OwW|t x} RHD uS}Um = w ?; x@ C}=yv QO uSwQO}y O}Um =QB |iQ] R= =t= "CU=
QO x} wv=F |x}iYD OvtR=}v w =Ru=]QU Q=OQrm C=@}mQD 's}OU C} QrmwB}y xm |r=L QO
"CU= Ca}@] QO Q=O}=B C@Uv x@ |r; ?}mQD l} R}v EDTA "OR=U|t O=R; \}Lt
p@=k |oOvvm`} QUD QF= w ?U=vt u=tOv=Q =@ ?}mQD R= xO=iDU= xU}=kt u}= QO u}=Q@=v@
EDTA w s}OU C} QrmwB}y =@ xU}=kt QO uSwQO}y O}Um =QB w CU= KHQ= pw@k

"OUQ|t Q_v x@ QD?U=vt

xv}y@ \}=QW QO ?PH |vLvt C=Q}}eD |UQQ@ "5"3
/UV-C/Dye sDU}U QO QHvw=mU= 3?PH|=y|vLvt 21|r= 19|=ypmW QO

"CU= xOW xO=O u=Wv TiO2/Scavenger

586(nm) QO |m} l}B wO 'Q=Owtv xU Qy 'OwW|t xOy=Wt xm xvwou=ty
=@ \@DQt 310(nm) |Qo}O w =RnvQ |} wR; Ovw}B x@ \w@ Qt |�Qt |x}L=v QO
QO |} wR; Ovw}B x@ \w@ Qt l}B "OvQ=O UV |x}L=v QO |v}r=Div w |vRv@ |=yxkrL
75 w 15 '20 OwOL ?}DQD x@ V@=D u=tR COt R= Oa@ 21 |r= 19 |=ypmW
\}Lt R= =RnvQ hPL =@ j@=]t ẁ[wt u}= xm 'OwQ|t u}@ R= pt=m CQwYx@ xk}kO
xk}kO 55 w 40 OwOL |=yu=tR COt R= Oa@ R}v 310(nm) Gwt pw] QO "CU=
C=@}mQD |x} RHD |xOvyOu=Wv xm 'CU= xDiQ u}@ R= l}B 20 w 19 |=ypmW QO
u=tR COt R= 21 pmW QO =t= [46]"CU= |v}r=Div w |vRv@ |=yxkrL pt=W x]U=w
xDi=} Vy=m xk}kO 300 u=tR COt =D TBU w xOQm OWQ l}B xk}kO 165 =D 135
|x} RHD TBU w u=tR u}= QO |vRv@ |=yxkrL uOWO=R; x@ ẁ[wt u}= xm 'CU=

[47]"OQ=O xQ=W= xk}kO 300 u=tR COt =D QDW}@ V@=D =@ =yv;

xv}y@ \}=QW QO =RnvQ hPL l}Dv}U "6"3
'QwmPt pwOH x@ xHwD =@ "CU= xOW x�=Q= 3 pwOH QO =RnvQ hPL l}Dv}U G}=Dv
hPL CaQU V}=Ri= QO EDTA w uSwQO}y O}Um =QB 's}OU C} QrmwB}y |WN@ QF=
'CU=yQHvw=mU= u}= Qw[L uwO@ Ov}=Qi Q@=Q@ 2 5 w 15 '35 OwOL ?}DQD x@ =RnvQ

"OQ=O CrqO |DU}r=D=mwDi Ov}=Qi `} QUD QO =yv; jiwt OQmrta Q@ ẁ[wt u}= xm

xv}y@ \}=QW QO COD C@Uv C=Q}}eD |xwLv |UQQ@ "7"3
UV-C/Dye sDU}U QO =RnvQ hPL |xv}y@ \}=QW QO COD/COD. C=Q}}eD
x@ xHwD =@ "CU= xOW xO=O u=Wv 23 w 22 |=ypmW QO TiO2/Scavenger/
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QoU

ax}
[=Q "xv}y@ \}=QW QO =RnvQ hPL l}Dv}U G}=Dv "3 pwOH

R2 C@=F |x@DQt sDU}UCaQU Vvm =
0 99 0 02 1 TiO2/UV-C/Dye

0 98 0 3 1 TiO2/H2O2/UV-C/Dye

0 99 0 7 1 TiO2/NaOCl/UV-C/Dye

0 99 0 05 1 TiO2/EDTA/UV-C/Dye

OQwt QO "OQm xO=iDU= |R=UQ]N|@ |=Q@ |r}tmD |=yOv}=Qi R= O}=@ CU} R\}Lt x@
V}=tR; QO EDTApN=OD O=H}=p}rOx@ 'TiO2/EDTA/UV-C/Dye sDU}U

"CU= xOw@v QwOkt QDt=Q=B u}= VHvU u=mt= 'COD

|Q}oxH}Dv "4
w s}OU C} QrmwB}y w uSwQO}y O}Um =QB uwQDmr= QHvw=mU= wO QF= VywSB u}= QO
hPL QO xOWC}@FD |DU}r=D=mwDi Ov}=Qi `} QUD QO EDTA |xQiL QHvw=mU= l}
p}rOx@ uSwQO}y O}Um =QB 'G}=Dv j@] "CU= xOW |UQQ@ 71 s}kDUt |@; |=RnvQ
OQmrta p}rOx@ R}v w Vvm =w |=yDv= QO uS}Um = w ?; QQ[|@ CqwYLt O}rwD
0 006 'T=U= u}= Q@ "Ov=xOW ?=NDv= xv}y@ ?}mQD u=wvax@ ?U=vt |QHvw=mU=
CaQU V}=Ri= Ea=@ UV-C C=w 90 V@=D CLD 8 pH QO ?}mQD u}= R= Qqwt

"CU= xOW Q@=Q@ 15 u=R}t x@ =RnvQ 100 mg/L |DU}r=D=mwDi |Q@nvQ

QmWD w Q}OkD
Cvw=at w |r=t C}=tL CyH x@ wv=v |Qw=:vi |xaUwD |xS} w O=DU R= xr}Uw u}O@

"OwW|t |v=OQOk w QmWD TQOt C}@ QD x=oWv=O |WywSB sQDLt

TiO2/H2O2/UV-C/Dye sDU}U QO COD/COD. C=Q}}eD "22 pmW
'8 pH 'Qqwt 0 006 uSwQO}y O}Um =QB C_re '100 mg/L =RnvQ C_re�

"�40 gr/m2 TiO2 C=QPwv=v C_re w C=w 90 Atq COW

TiO2/NaOCl/UV-C/DyesDU}UQOCOD/COD.C=Q}}eD "23pmW
'11 pH 'Qqwt 0 01 s}OU C} QrmwB}y C_re '100 mg/L =RnvQ C_re�

"�40 gr/m2 TiO2 C=QP wv=v C_re w C=w 90 Atq COW

=yCWwv=B
1. dyes
2. Azoic
3. direct
4. vat
5. sulphur
6. reactive
7. Acid
8. basic
9. disperse
10. superoxide radicals
11. hydroperoxyl radicals
12. hydroxyl radicals
13. electron scavengers
14. hole scavengers
15. ethylenediaminetetraacetic acid tetrasodium salt

(C10H12N2Na4O8,2H2O)
16. radical scavengers

17. Rh B
18. Degussa
19. Merck
20. homolytic cleavage
21. more Electropositive
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