[ Downloaded from jehe.abzums.ac.ir on 2026-01-30 ]

[ DOI: 10.61186/jehe.9.4.457 |

£19 80V : £ o jlacs A Jlaw V€Y Glicwl chuns ubligs peutigo das

busgi alus oL jl K5) B3a ) Jubo ja Y9 Yl jod pguda K5I w9

UV/CI iyl 53

ARS

# ‘5)#& 4\.;«&" ‘Y‘vdw O‘j"}é smvsoé‘j ‘;ﬁu &;Lp ‘Y“ ‘5}:;_; bt’b‘n‘
U.J"l «L}W\ cQL@.La‘ é&ﬂ r}lﬁ aKﬁJ‘: ﬂ\:ﬁﬂ;")ué-) oIS S ) ~”~ 5 4 S \
Ol Olgiol Olgiol (K pshe oKl ciligy a2l T

Ol ¢ Olghal ¢ Olghoal (S pshe ol 815 08 lanslan 31 adsl (6 oSty st 55 (s Jame Sl S0 7

\E\/-D/\Y : o3 &6 [ATDVE A J RN F PRI IPPXY &b

oJ._gS%

S s Jla 53 58 o eslinad O 5 SUBL 15508 gl gl 03,58 55k w0 5508 5 UV ladT 3 e 5 4o
53 Sl ol ealiwd UV/chlorine iyl 3 as G s me (AOP ) ab iy & senl ST 35, Olgie ol il &y 4 LS
o e S gl ot Ul Gl w0 3B 5 Lpd e My Al 3 b s HO® 5 Cl™ I sle JGsl, UVICT 1) 2
Slsl 5 s Clsl 51 S5, Gl coge UVICT uul b5 05LS 55 Lleyy Olojan 5 il andllas ol 3 il
5,8 o ol 3 s 5 adllle 5,50 (DR83:1)Direct Red 83:1 (g5~ Sz

Gla )l el 0 S g Olgiwl Oliad b gladsts 51 S5 Sl andlas cpl 55 4y IS0 OUS il gy 5 3lge
PH 5 (Jse o 1/0 5 VY0 ) 00/Y0) dilo s 555 (Jge Jun ¥ 5170 ) /0 0/¥) 0y IS 595 aamm 3l dul 3 0 Fse Slhes
s Sse SOy Ol yskiie 4 Aol b ang olie el S (V) S AT Y 0 ) L Sl Ol sl calise la
3550 cilzie sla pH s S OUsb 5IDR83IL oy 5 53 UVICT il b 55 Ale s i1 pman b S )3
OV 53V 0 &) el a3 )y

Al by G S Gl 3 (5 > Sthes UVICHB il 3 (Slsls Y e s sl 0L il coliulasl ol tla il
L e b 555 Il s s rld Ol 5105 o 25 g UVICHBI 1l > Shas 5 o sllas .S e il UVIC
Caxvs U ol Koy Gl sbll) AN L ol Ul adsl a3ls pH 5 Jse o VO L ol IS 555 Jse s V/YO
W e 0l a0l 50 Lol s SKamw WS 51 DR83IL oy 55 53 UVICHBI iyl b s Shas ag 3550 Jol
23 0L s 5 288 5 s s50 UL Y a3 pH 2l s ol ¥l pH 5 Jse e 0V L 2l 0n IS 550
Al s Shes a3 dades 5 2B Gla PH 3 o ld Sl 51 G S g UVICHB a3 o jllas 3 Shas oS
IS sls ml L Gl glasgn 1aib e 5 oosllas (gdend sla pH L3 S S 3IDR83:1 Gl g UV/CI
Al a3 SO B DLl 3 it 3 Shee (o IS 5 e 553 d 5t SRIBIL S 5 S jasie

o Aol O pa 5 AL e O 31 G Gl UL il (lyls UVICT ab iy O genlidonS| Aol b 15 8 aomeds
s oo gls CULL 51 S, ks 53 Ll g Ladl g 5 5L s S Ol 4 45 33,8 o8 s o) LS 153
3,8 515 eslinad 3 5

Direct Red 83:1 ¢ L Sl clbs oo JS ¢ i el yske 1305 ddS

+08 9136654547: _loi o,les « €_taheri_83@yahoo.com:: Jo! =


mailto:e_taheri_83@yahoo.com
http://dx.doi.org/10.61186/jehe.9.4.457
https://jehe.abzums.ac.ir/article-1-929-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-01-30 ]

[ DOI: 10.61186/jehe.9.4.457 |

UV/CH sis) 8 b 35 oo lows UL 51 K5 Gidan o wilo o g losad pudin 53] iy o

5 =SS 4aYvvgimol - Iy o, 5 CasH20N6NasO17Ss
o b adas sl e 55T 05 S @ Gl K
Gty lmn ST U8 55 Sler Slaal 5l (S 0l pey
=S gh ek atlis gl gy, Cdl el 4 S L s
S rss LB cnlee bl (S5 wial 5 olend
SUsh S2STs 03 U/ 5 cind Oboily a5l S5 )T aler
Slm Jene O gelenS] slat T3 T L e S
oy JSie b T OlS 5 ety lle 5 S, Gl
SV WL p= XS CR G| -y g N> SO PRGN IS
S asten s5T sba JLSCsl, W5 sl (AOP) aib iy
S SLS 503 om 3l Slr 58 SilAST Ol e 4 (HOY)
Lpd LS| Jyame gla Colu ST b g A8l g5 s
osb i 58 SUV laasl s T st ol e s
55 b e eslizal O 5 GUBb Lls3u8 gl (gles 2.8
Ch 35 Ole o il s T 51 sle L
N0l ol eslizwl UV/chlorine 4 b5 xs AOP
53 UVICE uul oS il esls oLz Sldlas 5l (6 ke
IRENR T PN YRGS L P PP N =
A e ey opl s T ol
PS5 sk 4 HO' 5 (Cl 5 CIF ahes ) 2S5
Lle O 03550 L Wi e eslinad JT gl s
5 xde SIS e a3l by UVICH a4,
S8 A5 o 85355 0 5 5 ey elpsle andl b 5
e oD )3 9 355 o BT 5B e 1 2STy b
UVICE aol s Job s sl o 50 s bl 4
s3lizal L oS Wlos S 3,158 0 Kan s WU ™ s sl
sI3T IS Ong58l 5 el YO8 5 i elygle andl G
Reactive Red 2 K, gl UL slew Gl> Ol
JS L i syl axdl b 5l eSSl 4 ownd (RR2)
593 SRl e T e s w0 pd ealizud e«
Aol b b RR2 Gl obekil, [mlssl el sl IS

AL dilo
ols a1y Sop SIS S a SUSL sl
Ugors oo sme oSy ol ol hdd Olgz sl e
(s plde sl (Ol e 51 gdaane sbe 3
oxlial o b 5 23l 5 ol B s gl S
Sl e Ll ey Slaszse 5 ey oee 5 sl 0
S oo Sla CUBL pl Bl sy ol 51 AS e 4l 50

BT U B U3 E Y PO LIV o
ool (5l (3,55 5 ol oo slacllsls
LS U 5w ccilisie HIL gl K dher 51 dme 5 JT
ales T il e il S Sl 5 L ol S
Loy sl e (bl s CUSL i
hr Sosll ol ol e a4 s o 5 O 5l
S e gl LSS 15007 55 e s s
sl Ll sl 3 sl o gobs e G a5 Ll
3 e s (S350 e 5 58 Ol 4 L
et A sl b Ll e 8K s Olgr el
Sl YO L0 spi a b Wy 5 ol 65,505 )
ol A8 G s e (S s e OUSL
LS o S pme Ol I Yor spi il 0 SIS e sl e
ol ST a0 B sy 53,555 T s
adsi gle K55 sy cnl 517 s e e 4zl 0 SSLS
NS o tte 0 TSl e S| s ol e
2> e 0581 S o (68 o Al 5 354 )
SAb a dpd e g 3wl O s e talS 1 O
Slos,l gls el |05 1,108 o 30 0Ll S5 5
S BB ks A s g s e ) 15 i 5 15
ISz 531 Lo, MY S e sl 108 6 gl L)
S s (N=ND 035, 51 53 55l 330 05,5 5
o b o 3 el 3550 S5 055 S
S50 s 5 L (DR83:1) Direct Red 83:1 % il

VE) il ¥ o jlack g Jhw cdasas Cadlags sesigo alas # FOA


http://dx.doi.org/10.61186/jehe.9.4.457
https://jehe.abzums.ac.ir/article-1-929-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-01-30 ]

[ DOI: 10.61186/jehe.9.4.457 |

SolSan 5 s pall il

oblie Oen s Sl sl sy b
aads 93 Vevv e L (LABINCO MODEL L-71)
Gl sl md v Jedss 51 eslanad b BU1 gles 55 (RPM)
jdﬁjQDfM6u)):)3fbmbjgrb
Vo Sl e 5 Jsles ad sl PH oslite joslie ioman
¢l>.r_'.l UVICIBr wyl b ang Ll o a4 slows Cor aids
DR83:11 &K, w55 3 UVICE sl b 160
wﬂ)ﬂ})}ﬁ 4.&,:5)-\' Qlﬁ)d).}ﬁ))ﬁ;{:&.ﬂubb)‘
Gladised 51 S pa (ST Ol pladl 5l e w28 51
Sl shie 4 dloblL 5 as sl S sy se
&ugujluaﬂm.meu\ﬁwc;wyx:
Ld o313 e 1oy So +/80
AL OT zge sk 5 e sib s il olSis b 5 T 5
Vo dsles Jaw 55 GBI K5 Gl Oleily Y as sl 4

ol Ol ol 55 5

S L;_):‘f e)\.,b‘
R(%) =%x100 )

0
s Ols 5 Sy chle 554 CsCo 0l s S
SSTs S ey (4d33) T by s SO, wlile 5 (aids jiw)
(Kapp) Il and a5 (St &5 Sl (rzman 3L 0
A o ¥ ol 3l el L s ool (glo 28T,

C
“InCt =Kyt 9)
0

Lo axsl,
{UV/CI/Br sdilyd 3 Sec dumlio .Y
23 LS iy shgle 9509 9 IS s Salo
*Sly DAL 9 Suiiaw WAL
Clsb 5l K Gl cr cilise gladnl b s Slas
Gk 51 S0 a gl S Sl 5 2l w18

YO & NYFe) (lical F o jlad agd Jluw Clasas Cudilagy cuuaige dlae

sy S ey aadllae ol 5l GUa ™ 555 s UV/CI
Ol 5l Ky Gl sk 4 UVICE aulp o Wb,
Ky sl S sl L ol alis 5 >lus 6l )8
PH o 51 Jol gla el )b o5 L cpimeen .3 DR83:L

A e A g il IS 5s Sl

B9S2 sl by

I 390 flws 9 Sgo. I, ¥

e S a Ll el 5 S S s i
Sol > @)m-@i:“ 5 e S e gl
Ad Gl peole oS s 5l DR83IL K, Ll
VoAl el it B s b lesl sl
T P - oF LI TR ST RPR S PRI PHNEIEN
40 W, Amax 254 nm, 220-240V/, E27, Philips ) UV-C
sske 4 e Sl s Sl raen LA el (Co
O3 3l ey oS s STy Ky aslsl 5l 6,8 s
ol pH s ke 4l elinal sy S
A 5o 5 (HCD LIS 055500 5l 5 STy J o
5 esliza) (NaOH) o1

b GBI DL Hl )l jadiges .Y,V
Wlehol > @ly ls sty 51 Clsl W
5 olilel Gde dsb sl 3 a8 as sl o)
OF Slesyas b ad IS 313 sle a3 ¢ sle
5 A S bl Gl Jol Slasie LS5 i
BOD kil () 5 oS Joo YAY+ L1, 0l TDS chals
ke \Y40/8 4 COD chale 1) e S e YAY

el S MY pH 5 2 e S

Sbinle ;T plsl ybg) .¥,Y
Sy i ol ysle axdl ol 6 Jols UVICHBI (i

OAd Cawd SG Cgr pomblinn O50n SO 5 lald G b


http://dx.doi.org/10.61186/jehe.9.4.457
https://jehe.abzums.ac.ir/article-1-929-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-01-30 ]

[ DOI: 10.61186/jehe.9.4.457 ]

UV/CH sis) 8 b 35 oo lows UL 51 K5 Gidan o wilo o g losad pudin 53] iy o

Oley 3l adds v B8 Gl e s 4B S el s adds
S oWl 51 DR83L K, Gl olail, (RS
boalr s e s i Lol 5 5 s oS s
UVICI s aulp s ad Jol= 7YAY 5 7VI/VY
L ooy 1 AVAVY & 5 3L 5153l DR83IL Gl Ol
DR83:1 Gid olaily, UV/CH sl 5 4 bile s O 0393

((u)\ J.i..;) sl ui.ib.é\ 7AY/A Q‘}:.A @

(L JCIS L [ OVECIU I N I W UGS B O
b sl 51 Ky Gl Gleily (RST Ol 5l aiss
ol s sl g 5 el Ll el IS by
03 AE ol IYVA 5 IVAA SAYY Ll o
Sl 5l K, Gl Okl UVICHBr il o
53 (N JK2) dy TAL/0T a5 cdl 2uldl ol
el s, LDRB3IL K Gl (St sl Laes

Teocilse gl il o6l sty Ol 5 AS rlqa'\ Sr

100

() Si> plewily

i ) sl uv/Cl UVI/CI/Br

%0 | (<)
80

70 A

60 A

50

40 A

30

20

10 4

0

ol

90

= (&
80

70 A
60
50 A

40 1

(1) Gio yboud,

30 A

N ] H

oS e o) ske UVI/Cl/Br

hbe s 593 (Jse e V/0 :JJJS)'):J\/Y’:pH):ui.ibjhi\fis.fudu)lfgwléjlgfj)g_ébL@a;ﬂwduglﬁaw(;ﬂl).\dﬂ
il sl S OB 5IDR8BILD Ky Gl g ks (sla iyl i 5 Shas (0 (s 10 15815 0o el £+ UV Je e /YO
(4.2.;93-\' IU,L'S\} QLA) 4}chj,s<>)§‘5l?a\0 DR831C,.H.€«4CJU5.' Uv ﬂjfg;kf‘o :v\iLAJ._D).JJ td}"&?"/\ ZL').‘:JAS)'}J A% pH)

Ll st stalie rld Gl b aglie s Sz
Sz L5 5 DR83:L S, o s g UVICI
LS e sla syb & PH 2l L DRE3L G Sl
L PH s WA LY L pH s JATVTE 51 el
a3l e dsloa) Kapp Sl ((O)Y JSKE) ey VY L
55 g UVICl il 5 ¢l (In (CCo)-time
PH o o OV Ll pH) US lsas pH 5 DR83:1
S 68 i osb 4 (P L pH) el s
el oy 433 /YO aiBs Ly VY 1 il
i PH 5550 L ai g b 4 45 A asiia umeas

Syl 38 3 yShoc ym Jo—dxo PH ,31.¥,¥
S—isl 38 9 (—=3lg U5 »5 UV/CI/Br
i sl s UV/CI
Koy Gl Olekily s gl adsl pH I (DY S
0L 1y UVICHBE dgl b a5 orles 6l 418 CUSG S|
5> UVICHBr ayl )b (d oS o sdalin a5 ) shilas . dade
SlaPH L anslie 53 (65 hnd 5 Shas sidonl sla pH
Ol 3 5l ol bt 8 Gl K, Gd s oL
Bl PH s 50 Gl Olbdlly (e (pomen a3 o0
Jol= TAENY Oldly) el s MY L 1) CULSL
5> UVICT syl b5, Shee J3 sline s« Jlde s (A2
s 5IDR83IL K ey 5o g ibiis sla pH

VEY Ll F o jlack cagh Jlo cdanas Cadligs oidigo alas @ FF



http://dx.doi.org/10.61186/jehe.9.4.457
https://jehe.abzums.ac.ir/article-1-929-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-01-30 ]

[ DOI: 10.61186/jehe.9.4.457 |

SolSan 5 s pall il

100 90
90 | ) 80 - e &
80 70 . 0
0035
~ 1 o il
3 .
60 - 3
3 0025 2 50 A
:3) 50 A g 002 :% 40 -
~ 40 {0015 S 20 4
“ 3] oot
0| 0005 201
O 10 4
10 4 3 5 7 9 11 0
H
0 D 3 7 8.3 11
3 5 L 9 11 pH
p

395 e b /8 1 IS 555) 1 alesT dal i il gla PH s UVICHB dul  bav 5 > lus 6158 Ol S Gl oleutily (L) Y Jsudo

il sla pH 3 UV/CH aiyl b o 55 Szt SUsls 51 DR83:L Gl Olaily (00) (s 10 2 ST Olaj eols £ UV (Jgn o 1/Y0 e

o AS 553) iotbesl Jal 5 (e 0L |y s sl PH s iz SUsls 51 DR83IL (o 55 g UVICT il 3 sl Kapp e s 13 505)

Sl bk, Wgs oo VYO B Jge oo /Y0 51 Aile s

(aigs Ve 181y 0y i s p S ke 10 DRB3L ke (s 80 UV Jge s +/)

Ol b ey TAYIV @ 0870 1 b il K,

55 IWeA 4 Ky Gl bl 5 4 Jlesl s

90
80
70
60
50
40

(1) Gl kol

30
20
10

ke /8 i IS 595 MY pH)

S Sdoc yo Jubo po alike sy j9o L&l XY
UV/CI/Br sl 3

b ol abt,8 Ol 51 K, G g UVICHBY

3l 533 Ol LS e sdalie oS glailes das e OLES
0.25 1 1.25 1.5

(Joo (tuo) wsloy 390

bl ol s ey Cilzses sl 355 55 UVICHBI il b law 5 ol b8 Ol Gy G ool ¥ JSudo

(423310 :1STs Oloy ols 0 UV (o

YAV @ AF) Ll oF o jlad agd Jlow ¢ losas Cudilagy cuuaige dlae


http://dx.doi.org/10.61186/jehe.9.4.457
https://jehe.abzums.ac.ir/article-1-929-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-01-30 ]

[ DOI: 10.61186/jehe.9.4.457 |

UV/CH sis) 8 b 35 oo lows UL 51 K5 Gidan o wilo o g losad pudin 53] iy o

53 Ky Gl Olekly Jge e VO G /Y 51 IS 5ss
5l 6, Rada bl aiu s 5k 4 UVICIHBr 4l
35 e Sl b a3 o, ZAVAY £ 1Y 0 )
b5 Sl s 65 ol 5 b SK) Bl DLl (o IS

100

3yShoc y3 ks Calike sl 9o il LEY
UV/CI/Br asil$

Ol o o IS Calies gla ja3 ol axdlas s

S8 ool s el S8 Ol Ky G

Ol LS e edalie £ IS s a5 lailes 0 S

90 A
80 A
70 A
60
50 A
40 A
30 A
20 A
10 4

(1) Gos lesily

0.2 0.5

1.5 2

(J9o o) wsl,ls" 590

ol B8 Gl ) Gl g UVICHBE al b s Shes o IS Cilzses gl 50 1LE JSo

(423310 : 2815 Oy «ly &0 UV (Jge o V/Y0 1l 533 MY :pH) ol Ll 2

clsle andl Jaw s ol Jghoms 55 IS sl 7™ 5l
JLSSaly ader 5l ol JLSoly Ad 5 o o (i
Jold) —2Sly S sl as S 5 (HOY) JuS 5508
AS 281 5 (€l o S 63 0551 (CI IS IS,
il slls a8 TN (A B0 Walas) 545 s ((CIOY)
TS 5L Sl 4 536 5wl e 2L O gl dnS]
2 a8 s T s UL Sl STy 5 L
ol Aol oyt an cidose I gla saUT o 50

Y‘i..\
. Cow

HOCI & OCI  +H* )
OClI"+UV 0" +CI* (pH>7.6) ¢

HO® + HOCI — CIO® +H,0 )

s
3355 S oS Ol 4 IS (SIS Al s
- ST e Gl W5 g siS U fale il
S g4 e ol sl 3 ISl T L
S (8 5T adsles) 355 0 OCI 5 HOCI ale 5l 5151
CIPH o Ll 51 S 05 LB (ol alamlle LG b
T sl Sae
Cl,+H,0 > HOCI+HCI ()
HOCI <> OCI" +H" (1ka=7.6) )
S S PH s 281y yloe 53 0 IS LI s 65
Aib o OCI” s HOCK s 5 s A 51 UL pH s 57,0

s3> OCI” sHOCI 4558 53 ,a 55V L ol pH s

VE) il ¥ o jlack agh Jhou cdasas Cadlags sonsige alas  FFY


http://dx.doi.org/10.61186/jehe.9.4.457
https://jehe.abzums.ac.ir/article-1-929-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-01-30 ]

[ DOI: 10.61186/jehe.9.4.457 |

SolSan 5 s pall il

Cl,+H, 0 -HOCI +HCl k, =3.84x10°M |
Or)

HOCI «—>OCI"+H"(pKa=7.6)

5 058 Wl O g Sl s G b sl LS . CIF
S J s s olas zSTy JT gl JsSse b s gl
Qs jalol ; Gaas Cl™ 5 CIO 2515 gla ilSe
ol odalie Y pH ;5 Gl Oleily o UL ol O xS
JB sb 4 gt pH 3 HCIO el ool |25 ool
YPH s ol poeslle ol s o pH | zin e 5
A 05 3555 HCIO 1 zin s L Cly (gl ST e

HOCI 5 OCI slg s «(01) 5 (10) dslas 4 4> 5 L
oLz =Sl JSIUV aol b s UV gla 0558 L ASly e
55 (OH) oS s I3l 5 (CF) IS JIGsl, 5 o3l
Tas

HOCI+UV - HO" +CI° (pH <7.6) (\o)
OClI"+UV -0 +CI° (pH>7.6) (%)

Jomslzy 15 OCE HOCH L acslis 53 copl s osls
TVl CFF 5 HO T sl (Sl sl UL
b Ll Sl it el Bl pa s S Sl nb
NG
sl 5l Ky Gl sl s Slas candlas ol s
23 s i Gkl Bl 0 ol QWS Ll s s L
ol L DR83:L K (gl S Ol s oS-
@ andllas 53 3l falS a5k 4 Sl Oleil, pH
S 2l Ll s (il pll OLKan s Wang L o a5
Sl See gl 0t UT 51 pdams o 55 53 pH 53l
i ST s 4 e 2alS 1 UVICH e 5 Shas
s pH & cws stenl pH 3 HOCH UL 5 oy 2815
Lo o doUT 51 pdams g 55 3 ¢ ullde L3 0315 o LS

YAY @ AF) Ll oF o jlad agd Jlow ¢ losas Cudilagy cuuaige dlae

HO* +0OCl —» CIO* + HO™ \)
s Se 3 UVICT a3 ohls s e dsle
5 Ll ol e 53 S5, Bl g 0S|
Sy Lle p gls 658 & 5 (HOBI/OBr) si31 s
TTOY B4 dslas) das il 53 BrO™ 5B Br akex

Yo V¢

HOCI + Br- - HOBr + CI~ Q)
HOBr +UV —» OH " + Br’ ()
HOBr + OH" - BrO"+ H,O \Y)

Br'+ Br- — Br,” \Y)

s UVICH asl b oo Gl 005380 L IS 55k &
3137 a5l 5 «(HOCH OCI)sl3l o IS Ly ule o 2Sls
" Ay ST o1 IS 5ol S s s S
S Cl o3l DLl a8 Sladllas 55T il
Al b3 Sdes 53 s S Ml S e Ao sl
TVl il ol s 1 et UT Cod g UVIC

Loty JSis 5 $os e Sl Jalse 5l (S PH
Tl e T sl sdyUT 0 el 5 55T sl

Gl 1 gl UVICT 0l s Shes ol andllae s
I gl UVICHBr aul s 5 ol sle Johome 51 K,
Sl 23S JE g sy Bl Ol 5 K sl
PH 5 L DR83IL & poultenSl o33L UV 5556 aul 3
NaOCl ois Jo L ool 03,55 oid 55 B ,5b o
5 OCK Glgs o w3l IS s ol Jloes o
5L sbul el se] VE VY Wilas 43 a5l 3 HOCI
PH « by Sew HOCI 5 OCI sla &5 Jlsl s
Eray sl d_}lN


http://dx.doi.org/10.61186/jehe.9.4.457
https://jehe.abzums.ac.ir/article-1-929-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-01-30 ]

[ DOI: 10.61186/jehe.9.4.457 |

UV/CH sis) 8 b 35 oo lows UL 51 K5 Gidan o wilo o g losad pudin 53] iy o

S s S ols s ol alls sl ol

9 GML:;A A CJL’LSLEA J..).Ln ‘)) JG.JL\:«A cﬂh; .,\5 J:\>pﬂ

CI" slSisly ol by 5 LU DR83: 1 L s 1 5 HO'

OC|7 U stgfo A_J)sjw ‘jeLa\J,lS)j,a;- DL b HO.}

Joo 4 ISl A5 e 5 358 W5 iy SIS
Bl e ealS U lee Jlinl Lials

HO® + HOCI — CIO® + H,0O %)

HO® +0OCI —» CIO® + HO™ Q7]

Cl' + HoClI (ocr)ﬁC|0'+ Cl- (%)

ClO" + CIO" —»CL0, (Y+)
Cl,” +Cl,~ —>Cl,+2CI" (V)
CI'+CI' > Cl, (YY)
OH +0OH" - H,0, (YY)
Cl,” +OH" — HCIO+CI™ (f)
CL,~+CI' ->Cl,+CI” (YO)

Aol s Shes das e 0L 15 DR83:1 S5 (g5l
B Ja"lﬁf BEL) ‘J)-L?uﬂ olisee A.Sj}\ Lgl.é pH BE UV/CI/Br
g dyl s Shae w5 038 15 bl syse op IS 5
PH s (74Y/+ 1) S5, Gl bl op 2 oS sl ol

Sl 5 CI 5 OH W)y 2l 4 Ol 5 oo 15T s &S
AT sl cs SUL gla pH s CIO™ W 5

595 el L aS sl oL C;L.b s Ol s
il as Olpmee 10T s as cal il o Sk
T sls e sl 43 HOBr 5 Bro™ Bre HO™ clale
BrCI~ Cly~ 9 Cl- l_; Br d:"'_gb el yd Oe—omad v
UVICI gl b5 Sdes 35 53 Llgne a5 5500 |05
593 A 3l i Gl a0 T Uil anals BB
T e alS 1 UVICT sl s Slas 5 aniliS

QI sy sl Il e bals IS 5 25l L
S, Gl sy bl 4 e S UL e ]3I HOY
oS b Gilhe w5 ) spd e rled Sl CUSL
}‘Ls_}a})j_b@kobsﬁéuﬂ xé;dbﬁw‘dbmj
Sl Lol ool sl (i3 2 3 p S JaNo b0 s
S A 5 e sl s iSlge B s w J.SUl.ijk.ﬂ
AT s 68 s I, HO™ 5 CI T sl

T S s S 5 a5l e SR L
o &S 35000 o= CIO™ |S535 54 (OCI 5 HOCI)
T BV aslee) 548 0 ChO2 Cins CiliS| WS 5
Sad e Aol pane s Slas JalS 4 e a5 &S "
Glcal (SKee ol gls I, sl i s
Cly™ sOH CI' .S 5 5 0l L3 a8 sl axals S ls50
(YV—Y\) bj.\;:&a CI7 LHZOZ cCIZ Jﬁﬁ‘:‘; “ ).>w

b ISy d 5l G s oS dls s Ll
wlls OH 3 CI" ol 1y Swlasl Jl wily o JSss
Sy o3 mS gsboa gl el i T (YO-YE) il
SO e (a5 L AOP I (b

Lo Sy s JLSsl, gla ity 5l da sty oy
A J;;S&&ﬁfjb.-wéizlyqﬁduglﬁa\

VE) il ¥ o jlack g Jhw casas Calags ssigo alas # FFF


http://dx.doi.org/10.61186/jehe.9.4.457
https://jehe.abzums.ac.ir/article-1-929-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-01-30 ]

[ DOI: 10.61186/jehe.9.4.457 |

SolSan 5 s pall il

53 LIS LT 5 Il s K Ol 4 45 25 S e
e.)u.'w‘b‘))ﬂ&) L;_;l;-@l.«.pduuuﬁab)‘ Li)‘\.:ﬂ...aj

255 13

SIS b
St p e oSl Jlo coles L tasi o)
Gl 4y 20 1S 514408 a5 1 S) Olgi ol
L3 plxil (IRMULRESEARCH.REC.1399.452

YPO & AYFe) (Ll F o jlad agd Jluw ¢ lasas Cudilagy cuaige dlae

emad Al Sy e (e VO 1l IS 550
5IDR83:1 (K5, Gl g dnl b oy llan 5, Shes
3 ds e 0 le s 505 X Ll pH Dy S UL
ol dpb o A ol g (oo oY ol o S 550
oslizal ly b0 Ol b ik el ysle anil a5l oliglel
Gols UVICH a5 2y 0 alanST 0yl 3 IS 5 sb 4 s
O 0335380 5 L3l e SB35, Bl UL il

s (2l 2D Rl 4 e (LST5 sl 4 Lo


http://dx.doi.org/10.61186/jehe.9.4.457
https://jehe.abzums.ac.ir/article-1-929-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-01-30 ]

[ DOI: 10.61186/jehe.9.4.457 |

UV/CH sis) 8 b 35 oo lows UL 51 K5 Gidan o wilo o g losad pudin 53] iy o

References

1. Benkaddour S, Slimani R, Hiyane H, et al.
Removal of reactive yellow 145 by adsorption onto
treated watermelon seeds: Kinetic and isotherm
studies. Sustainable Chemistry and Pharmacy

2018;10(August): 16-21.

2. Kishor R, Purchase D, Saratale GD, et al.
Ecotoxicological and health concerns of persistent
coloring pollutants of textile industry wastewater
and treatment approaches for environmental safety.
Journal of Environmental Chemical Engineering

2021;9(2): 105012.

3. Katsumata H, Koike S, Kaneco S, etal.
Degradation of Reactive Yellow 86 with photo-
Fenton process driven by solar light. Journal of

Environmental Sciences 2010;22(9): 1455-61.

4. lgbal A, Ali N, Shang ZH, et al. Decolorization and
toxicity evaluation of simulated textile effluent via
natural microbial consortia in attached growth
reactors. Environmental Technology  and

Innovation 2022;26: 102284.-

5 Garg N, Garg A, Mukherji S. Eco-friendly
decolorization and degradation of reactive yellow
145 textile dye by Pseudomonas aeruginosa and
Thiosphaera pantotropha. Journal of Environmental

Management 2020;263: 110383.

6. Xie XH, Zheng XL, Yu CZ, et al. High-efficient
biodegradation of refractory dye by a new bacterial
flora DDMY1 under different conditions.
International Journal of Environmental Science and

Technology 2020;17(3): 1491-502.

7. Patil NN, Shukla SR. Degradation of Reactive
Yellow 145 dye by persulfate using microwave and
conventional heating. Journal of Water Process

Engineering 2015;7: 314-27.

8. Lade H, Kadam A, Paul D, Govindwar S.
Biodegradation and detoxification of textile azo
dyes by bacterial consortium under sequential
microaerophilic/aerobic processes. EXCLI journal

2015;14: 158.

9. Katsumata H, Koike S, Kaneco S, et al
Degradation of Reactive Yellow 86 with photo-
Fenton process driven by solar light. J Environ Sci

(China) 2010;22(9): 1455-61.

10. Pellicer JA, Rodriguez-L6pez MI, Fortea Ml, et al.
Removing of Direct Red 83:1 using a- and HP-a-
CDs polymerized with epichlorohydrin: Kinetic and

equilibrium studies. Dyes and Pigments 2018;149:
736-46.

11. Khatri A, Peerzada MH, Mohsin M, White M. A
review on developments in dyeing cotton fabrics
with reactive dyes for reducing effluent pollution.

Journal of Cleaner Production 2015;87: 50-7.

12.Banat IM, Nigam P, Singh D, Marchant R.
Microbial decolorization of textile-dyecontaining
effluents: a review. Bioresource technology

1996;58(3): 217-27.

13.Gupta VK, Ali I, Saleh TA, et al. Chemical
treatment technologies for waste-water recycling—
an overview. RSC Advances 2012;2(1-1YA+ (%
A

14. Al-Kdasi A, Idris A, Saed K, Guan CT. Treatment
of textile wastewater by advanced oxidation
processes—a review. Global nest: the Int J

2004;6(3): 222-30.

15.Ruan X, Xiang Y, Shang C, et al. Molecular
characterization of transformation and halogenation
of natural organic matter during the UV/chlorine
AOP using FT-ICR mass spectrometry. Journal of

Environmental Sciences (China) 2021;102: 24-36.

16.Wang D, Bolton JR, Andrews SA, Hofmann R.
Formation of disinfection by-products in the
ultraviolet/chlorine advanced oxidation process. Sci

Total Environ 2015;518-519: 49-57.

17.Sun P, Lee W-N, Zhang R, Huang C-H.
Degradation of DEET and Caffeine under
UV/Chlorine and Simulated Sunlight/Chlorine
Conditions. Environmental Science & Technology
201.VY-YYYie ;(Yi)m;'t

18.Wang WL, Wu QY, Huang N, et al. Synergistic
effect between UV and chlorine (UV/chlorine) on
the degradation of carbamazepine: Influence factors

and radical species. Water Res 2016;98: 190-8.

19. V4Li GQ, Wang WL, Huo ZY, et al. Comparison
of UV-LED and low pressure UV for water
disinfection: Photoreactivation and dark repair of
Escherichia coli. Water Res 2017;126: 134-43.

20. Nikravesh B, Shomalnasab A, Nayyer A, et al.
UV/Chlorine process for dye degradation in
aqueous solution: Mechanism, affecting factors and
toxicity evaluation for textile wastewater. Journal
of Environmental Chemical Engineering 2020;8(5):

104244.

VE) il ¥ o jlack g Jhu cdasas Calags ssigo alas @ F5F


http://dx.doi.org/10.61186/jehe.9.4.457
https://jehe.abzums.ac.ir/article-1-929-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-01-30 ]

[ DOI: 10.61186/jehe.9.4.457 |

SolSan 5 s pall il

21.Gao Y-qg, Gao N-y, Chen J-x, et al. Oxidation of B-
blocker atenolol by a combination of UV light and
chlorine: Kinetics, degradation pathways and
toxicity assessment. Separation and Purification

Technology 2020;231: 115927.

22.Hua Z, Li D, Wu Z, et al. DBP formation and
toxicity alteration during UV/chlorine treatment of
wastewater and the effects of ammonia and

bromide. Water Research 2021;188.

23.Belghit A, Merouani S, Hamdaoui O, et al. The
multiple role of inorganic and organic additives in
the degradation of reactive green 12 by
UV/chlorine  advanced  oxidation  process.

Environmental Technology 2020: 1-13.

24. Xiang H, Shao Y, Gao N, et al. The influence of
bromide on the degradation of sulfonamides in
UV/free  chlorine  treatment: Degradation
mechanism, DBPs formation and toxicity
assessment.  Chemical  Engineering  Journal

2019;362: 692-701.

25.Wu Q, Li Y, Wang W, et al. Removal of C.I.
Reactive Red 2 by low pressure UV/chlorine
advanced oxidation. J Environ Sci (China) 2016;41:

227-34.

26.Xiong R, Lu Z, Tang Q, et al. UV-LED/chlorine
degradation of propranolol in water: Degradation

pathway and product toxicity .Chemosphere
2020;248.

27.GilPavas E, Correa-Sanchez S. Assessment of the
optimized treatment of indigo-polluted industrial
textile wastewater by a sequential
electrocoagulation-activated  carbon  adsorption
process. Journal of Water Process Engineering
20 ¥ T YT Y

28.Wu Q, Li Y, Wang W, et al. Removal of C.I.
Reactive Red 2 by low pressure UV/chlorine
advanced oxidation. Journal of Environmental

Sciences 2016;41: 227-34.

29.Lee J-E, Kim M-K, Lee J-Y, et al. Degradation
kinetics and pathway of 1H-benzotriazole during
UV/chlorination process. Chemical Engineering

Journal 2019;359: 1502-8.

30. Meghlaoui FZ, Merouani S, Hamdaoui O, et al.
Rapid catalytic degradation of refractory textile
dyes in Fe (Il)/chlorine system at near neutral pH:
radical mechanism involving chlorine radical anion
(CI2—-)-mediated  transformation pathways and

YAV & AF) Ll oF o jlad agd Jluw ¢ losas Cudilagy cuaige dlae

impact of environmental matrices. Separation and
Purification Technology 2019;227: 115685.

31.Fang J, Zhao Q, Fan C, et al. Bromate formation
from the oxidation of bromide in the UV/chlorine
process with low pressure and medium pressure UV

lamps. Chemosphere 2017;183: 582-8.

32.Zhao Q, Shang C, Zhang X. Effects of bromide on
UV/chlorine advanced oxidation process. Water
Science and Technology: Water Supply 2009;9(6):

627.V -

33.Jamal MA, Muneer M, Igbal M. Photo-degradation
of monoazo dye blue 13 using advanced oxidation

process. Chem Int 2015;1(1): 2-6.

34.Guo K, Wu Z, Fang J. UV-based advanced
oxidation process for the treatment of
pharmaceuticals and personal care products.
Contaminants of emerging concern in water and

wastewater: Elsevier; 2020. p. 367-408.

35.Gao Z-C, Lin Y-L, Xu B, et al. Effect of bromide
and iodide on halogenated by-product formation
from different organic  precursors  during
UV/chlorine processes. Water research 2020;182:

116035.

36. Zhang X, Guo K, Wang Y, et al. Roles of bromine
radicals, HOBr and Br2 in the transformation of
flumequine by the UV/ chlorine process in the
presence of bromide. Chemical Engineering Journal

2020;400.

37.Cheng S ,Zhang X, Yang X, et al. The Multiple
Role of Bromide lon in PPCPs Degradation under
UV/Chlorine Treatment. Environmental Science

and Technology 2018;52(4): 1806-16.

38.Wang C, Ying Z, Ma M, et al. Degradation of
micropollutants by UV-chlorine treatment in
reclaimed water: pH effects, formation of
disinfectant byproducts, and toxicity assay. Water

2019:11(12): 2639.

39.Wu Z, Guo K, Fang J, et al. Factors affecting the
roles of reactive species in the degradation of
micropollutants by the UV/chlorine process. Water

research 2017;126: 351-60.

40. from: WdvDRA.
http://www.worlddyevariety.com/direct-

dyes/direct-red-83.html.

41.Kim T-K, Moon B-R, Kim T, et al. Degradation
mechanisms of geosmin and 2-MIB during UV


http://www.worlddyevariety.com/direct-dyes/direct-red-83.html
http://www.worlddyevariety.com/direct-dyes/direct-red-83.html
http://dx.doi.org/10.61186/jehe.9.4.457
https://jehe.abzums.ac.ir/article-1-929-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-01-30 ]

[ DOI: 10.61186/jehe.9.4.457 |

UV/CH sis) 8 b 35 oo lows UL 51 K5 Gidan o wilo o g losad pudin 53] iy o

photolysis and UV/chlorine reactions.
Chemosphere 2016;162: 157-64.

42.Zhang X, Guo K, Wang Y, et al. Roles of bromine
radicals, HOBr and Br2 in the transformation of
flumequine by the UV/chlorine process in the
presence of bromide. Chemical Engineering Journal

2020;400: 125222.

43. Lee J-Y, Lee Y-M, Kim T-K, et al. Degradation of
cyclophosphamide during UV/chlorine reaction:
Kinetics, byproducts, and their toxicity.

Chemosphere 2021;268: 128817.

44.Bekkouche S, Merouani S, Hamdaoui O,
Bouhelassa M. Efficient photocatalytic degradation
of Safranin O by integrating solar-
UV/TiO2/persulfate treatment: Implication of
sulfate radical in the oxidation process and effect of
various water matrix components. Journal of
Photochemistry and Photobiology A: Chemistry

2017;345: 80-91.

45, Ferkous H, Merouani S ,Hamdaoui O, Pétrier C.
Persulfate-enhanced sonochemical degradation of
naphthol blue black in water: evidence of sulfate
radical formation. Ultrasonics  sonochemistry

2017;34: 580-7.

46.Gao Y-q, Zhang J, Li C, et al. Comparative
evaluation of metoprolol degradation by
UV/chlorine and UV/H202 processes.

Chemosphere 2020;243: 125325.

47.Xiong R, Lu Z, Tang Q, et al. UV-LED/chlorine
degradation of propranolol in water: degradation
pathway and product toxicity. Chemosphere

2020;248: 125957.

VE) il ¥ o jlack g Jhw cdasas Calags ssigo alas # FFA


http://dx.doi.org/10.61186/jehe.9.4.457
https://jehe.abzums.ac.ir/article-1-929-fa.html

[ Downloaded from jehe.abzums.ac.ir on 2026-01-30 ]

[ DOI: 10.61186/jehe.9.4.457 |

Journal of Environmental Health Engineering, May 2022; Vol. 9, No. 4: 458 - 470

Investigating the effect of the simultaneous presence of bromide
ions in the removal of dye from textile wastewater by the UV/CI
process

Sobhan Ghanbari 12, Ali Fatehizadeh %2, Forouzan Hemami 23, Ensiyeh Taheri 23

1 Student Research Committee, School of Health, Isfahan University of Medical Sciences, Isfahan, Iran
2 School of Health, Isfahan University of Medical Sciences, Isfahan, Iran
3 Environment Research Center, Research Institute for Primordial Prevention of Non-Communicable Disease, Isfahan University of
Medical Sciences, Isfahan, Iran

Email: e_taheri_83@yahoo.com
Received: 19 July 2022, Accepted: 3 August 2022

ABSTRACT

Background and Objective: UV and chlorination processes are widely used for wastewater and
water disinfection. In recent years, they have been used integrative under the name of Advance
oxidation process (AOP) method known as UV/chlotine process. In the UV/Cl process, Cl°, Cly'™,
and HO" radicals are produced during the process and are able to remove hard degradable pollutants.
In this study, the effect of the simultaneous presence of bromide in the application of UV/Cl process
to dye removal from textile wastewater and synthetic wastewater containing Direct Red 83:1 (DR83:1)
is studied and investigated.

Materials and Methods: The wastewater used in this study was prepared from one of the textile
units of Isfahan province. Operating parameters affecting the process including chlorine dose (0.2, 0.5,
1, 1.5 and 2 mmol), bromide dose (0.25, 1, 1.25 and 1.5 mmol) and Different initial pH values of
textile industry wastewater (3, 5, 7, 8.3, and 11) were investigated to determine the optimal values of
the process for dye removal. Also, the effect of the presence of bromide in the UV/Cl process in the
degradation of DR83:1 from synthetic wastewater at different pH has been investigated (3, 5, 7, 9 and
11).

Results: Based on the experiments, the results showed that in both wastewaters, the UV/Cl/Br
process petforms better in dye removal than the UV/CI process. The most favorable performance of
the UV/Cl/Bt process for dye degradation from textile wastewater was achieved under the conditions
of bromide dose equal to 1.25 mmol, chlorine dose equal to 1.5 mmol and the actual initial pH of the
wastewater equal to 8.3 (dye removal efficiency equal to 92.04 %). The optimal performance of the
UV/Cl/Brt process in the degradation of DR83:1 from synthetic wastewater was obtained under the
conditions of bromide dose of 5 mmol, chlorine dose of 0.1 mmol and pH of 3. The pH parameter
was investigated in both wastewaters and the results showed that the optimal performance of the
UV/Cl/Bt process to temove dye from textile wastewater occurs in alkaline pHs, while the
petformance of the UV/CI process to remove DR83:1 from synthetic wastewater in Acidic pHs is
more favorable. The effect of different dosages of key parameters revealed that by increasing the
dosage of bromine and chlorine, the performance of the system in dye removal efficiency does not
improve.

Conclusion: The UV/Cl advanced oxidation process has a high potential to remove dye from
wastewater, and the presence of bromide ion increases the efficiency of this system, which can be used
as a stable and capable system in dye treatment from textile industry wastewater

Keywords: Ultraviolet radiation, chlorine, bromide, textile wastewater, Direct Red 83:1

Journal of Environmental Health Engineering

http://jehe.abzums.ac.ir


mailto:e_taheri_83@yahoo.com
http://dx.doi.org/10.61186/jehe.9.4.457
https://jehe.abzums.ac.ir/article-1-929-fa.html
http://www.tcpdf.org

