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ABSTRACT

Introduction and purpose: Chlorophenol is known as one of the toxic and
dangerous pollutants in industrial wastewaters that’s a essential to it’s removal
from industrial wastewaters and ground waters. The aim of this study was
to investigate the efficiency of 4-Chlorophenol (4-CP) degradation using
Ultraviolet/Hydrogen Peroxide process (UV/H,0,).

Methods: The variables of the present study included initial concentration of
pollutant, contact time, pH, and H,O, concentration on 4-Chlorophenol removal
on a laboratory scale. The concentration of residual 4-Chlorophenol was
determined using UV/Visible at a wavelength of 280nm. In addition, the amount
of mineralization in optimal conditions was evaluated using the measurement of
total organic carbon (TOC) removal range according to the standard method
5310- B. Synthetic models of the process were also investigated.

Results: The optimum removal efficiency of 4-CP by UV/H, O, process regarding
the concentration of hydrogen peroxide was 580 mg/L. pH of 3 and initial 4-CP
concentration was obtained as 380 mg/L, and the presence of UV rays with a
wavelength of 254 nm during 30m contact was 84.92% . In addition, 84.69% of
the TOC was removed under the optimal condition. Moreover ,it was found that
the data followed the first-order synthetic models.

Conclusion: Considering the growing use of UV radiation in water treatment
processes and the considerable efficiency of UV/ H,O, process in removing
4-CP, this method can be proposed for the elimination of 4-CP after performing
cost-benefit analyses. It can be concluded that with regard to purification goals
and standards for wastewater treatment, UV/ H,O, process can be used as a pre
or final treatment.

Keywords: Degradation, Hydroxyl radicals, 4-Chlorophenol, Mineralization,
UV/H,O, process

P Citation: Kermani M, Esrafili A, Piri R, Asadzadeh SN. Investigation of Photochemical Oxidation Efficiency Process Using

H,0, (UV/ H,0,) in Mineralization of 4-Chlorophenol IN Aqueous Environment. Journal of Health Research in Community.

Summer 2018;4(2): 1-13.


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.2.1.8
http://jhc.mazums.ac.ir/article-1-330-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-08 ]

[ DOR: 20.1001.1.24236772.1397.4.2.1.8]

JHRC axols yu C1odew SULENT dlas

ey Ulic

23 (UVH,0,) 33950t 13 4b 3 (2lonsgid Sl Wil B (267 ()2
2! s 31 Ldg ¢ (53l oo

oS

e SLOOLSE 5 Sl 5o SSU kst 5 e lae i VT dle 1 J55,1S7 18U 9 douio
ol aslllan (Lol cpl 53 .l (655 08 st ) T 5 ame NS 1 0T Cod oS dil o
Ultraviolet/) UV/H,0, Aul 3 5l eslawal b Jb5 IS (6 i dia o Ol 158 s L
Al (Hydrogen Peroxide

2 H0, bl s pH ¢ olas Ol codus VT ad gl Clale @ Jals ba jine 1 bl asdllas 53 13l (59
bodile Bl J5 JS-F Clale 5 058 515 sy 3y ARGLGT ol s J85 S-F Gl
3l inn O el po e s (6,8 051 20 6 YAY £ 30 b 55 UV/Visible o8as 5 slizu
O¥\+B g, L 5l (Total Organic Carbon) TOC Cod Ol ioeiw 35 b 5l ang Ll 3 5o
W38 N 3y se 5 Al Satw gl le 5 S (5,8 0510 5 e

LSy Bl 53 UVHO0, dul 3 Ly J S-F Colo gy ool adllas ol s &Sl
UV andl g 5 2 5 p 8 Ja YA J55 JS-F gl Clale H=Y 2 0 8 s OAY 055
Ll 15 53 ¢l o sDe AT Cowsay 1o y3 AF/AY Uslas alda Yo olad 0l 53 e U YOF 0o S5 L
w3 (St Jde 1 besls 487 ol S5 0L .5 S Dol JT 0 S ST 51 Aoy AF/PA wig
sl Cand O3S gl

Ll 5 J g b6 o33l 5 T aieas (slal 5 s 2inl 5 andl 5l oslizal il 55l o 5 | 306 g doraid
oo (1 By ol 3V oslizal ey 58 =3 g (Ua JIUT 51 s ¢ Jib 5 JIS=F 00 VT Lo (51, UV/H,0,
a1l 5 adad Colotal 2l 53 L UV/H,0, b cmls sl s 3 5 oo gty o5 ASF

5 a3 8IS 4 Ol (ol 4k 3 ke g Ol 50 5 ot Dl 4 g 50

Sl gdmn ¢ 5 JS-F ¢ S g pin SISl ) et o 1S ols” lols”

'S A
eSS
rdﬂ, ad,

#oal ol & tas s

Szl he cutliy g :}Jf olassls N

Ol 0l o)l (S psbe oMEtils cotlag:
oSl e cutlig edige 055 oLl Y

Ol ol ol ) (Kt 2 sbe oKty otlags

G 00K (e frs pwdige ail Wla S Y
sy ol ol oBals sy L 5 smalS
olnl ol ot ole

oSzl Jame cuzlag 2 ) S gemails ¥
el ol S ple S Ko ke JRaslsezlig

g 08l onl 3l & i sdaw 1] ss okl 5

ol ol Sl S (Sas r,l.c sy

Email: snasadzadeh3@gmail.com

AWAV/-¥/Y - el b
NYAV/#/¥ e 2t pds gl

UV/H,0,) 059508 4eST1 a0l oliad 525 O gl denSTT A1 3 G158 sy 5.0 ied sdow o jbal €45 5 (6 5 ¢ o ¢ bl thzma ¢ Sl S 1Ol |
A=A DFAFAY Okl canalr 55 Caodls Oladions Aloes . 5T ladases 51 J35 JS-F (g5le Sudne 53

Ao ddo
LAc.L’.;_YT J}Lf) o ) .]a.:z-.e Lo AJL«A @ do g ‘QT )'\ u.:vU ‘5LA‘;J}ST Ji;_\_}é\ 9 GL«& O_}_}é‘j)) gi_}:.w?b

IV Y oo £ o pp0 NPV Gliawls G loti5lo ([ i sl IS8 b lugs ouStily cdals o cuodlw lisins dlas


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.2.1.8
http://jhc.mazums.ac.ir/article-1-330-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-08 ]

[ DOR: 20.1001.1.24236772.1397.4.2.1.8]

Y/ oLKas 5 FlosS duns

byl s )5 Jidg p 15—V (pload 9 (SO ud Olasuin 1) Jga
(31,5 g5l 433 B 1Sl kS 1+ +) 3 l3sbius]

CH.CLO s bonss Jga 13

Sal> o3l >

Jga s3> p 5 \YA/OS 9 U39
315 Sl 4,0 FY/Y 93 abis
S ta il 1 p 5 V/Y50 FEIR
200 )

d> (ESEPA) I o7 o dases I Chli> Olojle

JB bl e s b GO 5 g se 5 Sl
S S b 4 alis SIS sl OMSE s
Gladsl 3 . [VY] Sl 05 5as (,w,:,s”f&.‘\, /e
W55t p 7T 5 0 5 e 51 (S 4 ey O gl
5 polie (SUks I bt VT Odo 5 4 lp
sk 53 &8 il o T lodoome 51 (So5 0 5m 4 5 6
Llasd &3 eslizal 3,50 s plaw 3 23S ans ks
o3 gai S NS 5 OT whd 3 1) age Sl
JoS 5o SISl W5 wlaly 1 ol ol pudlSa
5035 L, 5 68 b oS UST ule & oS
5o 8) ST OLS 5t 08T U5 51 L5
S5 STl 5 OT (o SaaSles & (2 5 2
4l O gl ST o) 3 0 5 gome (IS sboar Al
23 odas ysbas 5 Llasy LIS 4 JT et VT Codo s oS
WLlas S 515 b s Dokl s AEabT s
059042 5l (oS 5 el B b S 558 1l s e
b S5 per Bl 53 (il b andl (6 5 051 STl
LeSTIes e (g3laaas g b 60355 o adBIS 53 (0

e plo ol J 3 38 s bl i Sl e
oS 53 ke ST b 5 s and (ST Lol
2 glard OLS 5 o os [N T b 4 )
S T izt 5 19) 8 LS 5 (oo sl
S esan S sy g oesdhe S Cul 5,815 OLS 5
S oot b b [V o pd 0 O mla 5)ls 5o b o b
SoMSb 5 OT s e eSSy, T 51 (S 0lgea 00
G Shesle pl asd i mome JT Lot NT o e
(eSS (K JB Al gle 3 sl ol @
G iy s B e i e 5 b aSale (s
Ele 03 onsa ST sl o 5 os 3515 g5 Lo
33 éﬂe Olatle Js & OLS 5 ol V] ::Jfo.n <
oSS SLONSE s (ol OLS 5 Rl
ST 55 IVeuil Sl el 5 ol s 4 5 dsls 35
3 Cblis Olojle [F] dites 4 55 3,590 2Bl O
(EPA: Environmental Protection Agency) Cw ) loses
(Y Sy sl (s115) pkize (slaods¥T 03 5 55 1, SLS 35 0
CHCIO bt Jgojp b Jos S=F [Y] Coul osls i3
ASOT 5o Sl s & & Wil 2l 5587 ¢151 51 (S
& Sl odd JB S5 il 53 F oslad O5adka Kl
35 30 )15k 53 05 (o8 55a-F-5 JSTL 5 Jb 5 IS-F slagl
23 JBJSF et 5 (K3 s S ns [0-V] sl
O] Cul ol 0315 OLEs  J s>
3455 O 3,15 18 5 S o gy Al 42 00 YT
Rt (S S a2l i (S (S 5ln & T 4y e g
3l O 5 &S S 4 T (a3 e (e
Sloen dom 01 St 555 e ol ol ANV ]33 8 o slgrileS
355 2 A g e S ke /N 1y GalaT OT 3 s e 3

IV Llos g3

VN syl £ ou50 NIV Glicwl (Gluile (Kb posle olSiils conbligs suStily cdrols o crodlew liidns o


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.2.1.8
http://jhc.mazums.ac.ir/article-1-330-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-08 ]

[ DOR: 20.1001.1.24236772.1397.4.2.1.8]

O350 el by s (oliand 518 & seeslannSl il 8 LIS pas 5 /8

Oleily 45 4ads Yo JlaJQLaj;pH=Y‘—\°cj::JﬂrdeL:.a\~~
[YV] Bl s Aoy 85 ol
ST 5 o 55 JB5 I8 F o3 28 B e w4 5 L
0sSG aS ST 31 50 5 s 9 b T Il
Hoslimat b o YT ool (g5le gutan 5 4 525 b B3I s (ha sy
oL ol s 53 (ol w8 K Sy g0 UV/HLO, il 5
2 tbard 5B OS5 Sl eslinal L by S-F Ol

RE gl o 350 Odssda LS aly
08 iy

e 53 o SlWlas g 5l Sl abide ey
ol 3T oty Sl oKisle3T 3 5 54 a&2L;T
Wile sla el F1 A cal 3 o el OLg o A
Jos SF gl Chle oJloes pH (Ojgsde LS, clile
g St 3 S s B G s Ol
258 5 aalllan s 5m 5 Jids JSF

03\l 3y g0 4y 5551,

Sl gl 58Ty oKams &G rash onl el sy
Beves Db b logr SHaI R Y sde & ol JS
b el YOF a5k 5 o el 5 sl 5o Sl S
4 Il e Sl e S s a8 Jul bbb 157,
W28 8 513 oslizal 35 g0 (b3 513 I VD o

08 plsl oy
One Factor at the Time 55, 3l eslazal b 4 gol =
23le glows s ol NS s b olaylesT 5 s 8 s
Sheslizal b () 1 o8 e \YADS) aalllan 5,0 i IS-F
o hie OT 2 &K s Ji, 58 0 EAYARY 03 5 J

dews & LOFH OT b & Conl gulp 5 dul b
Spdy Spe T G55 dishe ol LSS
3t I 5 338 o Lol 5 O sealnST a3
VP O 7 g0 Jsb 03 gudous 457 ol bt S 55 5
o) SR 5 el S S 5l K il el
S5A N Fa o g Ik 4 bae siss S
bl i 5o Sl (S S S bl 1y S
Sl Ol bl b b Sl WIS L
b S s s esg L Ysem @K, b S
3t arse LG ein3T (G551 S S
[FAV] 35 8 Sles gla ST,

Coslio oS S T 03le &G ol o a4y il b and! sl
0 pslae ST cedu VT ol (gl wlie 25, HO, ASle
05 e Al S Cale il (S5 w
S JonS 55 J3l5 55 40 1, OTH,0, IS0 Lo s
4 dzen 36 O3k 035 5 b 5l LIS, ol S
ol Sles Ll s Cog 5 w8 dex JT lad S5
y odre sdnST 5 o S ST6s (OT slg Y guams
Sl (ol O ias5 ol sladle 53 VA Ayl g
ly oGS gl 3 51 eslimal b 0T Oolanis 5 Jb o NT
Ol (st % OS8R 5 51 (5 2 (i lo3 5o anlllas
asls &Tla?ujajafkw@ﬁj\ oslal b Jb ol
Lyl s 5 Loy Q48 Ol 40 b s oS Wlesls s
DAl o 55 i3l

3 eslimal LY rd Jlu s (glaalllas s 0L, 5 Gaya
J33JSF adBS 8w sy 4 UVIZNO il
Lol 4w Ol Ode js Oodom Oleily o 5YL oS dstls
IV T sty 0T 2 0 8 a0 il

b 5 O 4 TR Jle s 55 018 5 0L S

J;ég;.]é.l.'c\{%L{Ifi)sf.uﬁ-bxc)}:é.u_\}j\nm\

IV Y oo £ o pp0 NPV Gliawls G loti5lo ([ i sl IS8 b lugs ouStily cdals o cuodlw lisins dlas


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.2.1.8
http://jhc.mazums.ac.ir/article-1-330-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-08 ]

[ DOR: 20.1001.1.24236772.1397.4.2.1.8]

o/ SlKes 5 FilosS e

byl b 5 ok sT par (sba gos ST 31 Jolo il
s 8 ot 5 4 Excel i jble 5 &GS 4 (S o1l
350 5 el sty gy Lol 8 > Ji55 J5-F 4 o oSt
258 N E
ladsdl
039 e Sy lisis slac bl 5T

D39 deuS | Calies G Ble 3T s p ) slaten
r,?éf Wee 5 VY e DA PP P glacble s esle ol
PH 53 Jos JSF 2 o 8 Lo #FrCbilo b Jlons & 2
Chle a4 ol S5 0LLE A 0353 (PH=A/D) an
Lol 63 55 g0 55 ) 2 Olaily (Rl 30 Lol 05550 ST
oyt G o8 e OAY) ume a6 21531 !
Jsbs 1 UVH0, sl 3 55 05554 STy aigy liie

Bl 2 e E e A G
&S 345 0 0dalin UVH0, aul 3L L5yl 5 Hls s 5o

3 2 2 e S ke YA dauls Jome 5ole Jglone I e A5
Sl A g oS e /PE B/ BF 5 kel Glad glome OT I
LpH Ol o8 Sl S5 p5Y s § g 2lesT plnl
(Ll 428 Eolw Crison Jus) ze pH oo I eslizul
Jls /) 4 5 pn ik 5 S5 5 g ol 03 S LSH
w3 Sy g0 Slalllan ol p A (a5 Ve 5V O sl o
Wee s VY DA FFe FF) O5ssde LS, Cble il
VT adgl CBle Ve 5V &) PH o (3 05 ks
Ol Salgs 53 5 () p S (e #F 5 YA V40 YA &F)
F oY olad a0l 53 odaT st aings Lol 3 53 (5lu Sudns
Ll 45 5 405 Ol sie Ll s ol 4233 ¥ 510 Ve A S
UV- a5 Sl ols Ja i 5 5 5 (535,55 J515-F
YA* zoe Jsb 55 (a5 Ls2S Csle T 80 Jute) Visible
b 55 ol gdme Ol cpns [YY-YF] s & 515 el
o&ns 3l o3lizal b 3 bkl Jig, 3 old S35, 5l eslizul
S [YY] &al (TOC-L Shimatzu J.) TOC Analayzer

5 btbT 0868 e 3l oaTwmsa glaosls «ulg

30
- s
E| 80 b
370 ,Q
4 60 e ‘Jv:; —0—1
3 50 T A - 10
<+ 40 s Y .A"e'l)( e
4 30 ,V'A" Tl 17
;% 20 J%;’% --A- =33
<10 ¥
3\; 0 — X—-50
2 4 6 8 10 15 30
[:4\_‘2_3_‘) ‘_’:'__"_' ._"Iu.'.‘_j

UV/H,0, 3315 jl a3kl b Jubg pIS—F s Cbile @) jons [2iSTg Cac puw dunglio 1) 13905
(/0 = g2 PH )3 s )5 o FF+ = Jidg pIS—F il tH,0, ki asl sacubile)

VN syl £ ou50 NIV Glicwl (Gluile (Kb posle olSiils conbligs suStily cdrols o crodlew liidns o


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.2.1.8
http://jhc.mazums.ac.ir/article-1-330-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-08 ]

[ DOR: 20.1001.1.24236772.1397.4.2.1.8]

055088 el iy 5y (oliand 538 G greslanes) Wl 8 LIS s 1

100

.
3
)
4
3
5
=

€ 0

80
60
40
20
3 7 10

pH

PS5 o 1+ = Jidg IS—F ClBLE) b Ve ol Oloj I ey ciliseo pH 3 UV/H,0, 313 1 bl b Jidg JdS—F B3> Glosily ¥ 13905
(2 2 5 sleo DA+ =H,0, 1))

salin o w a5 Lot osls s aids ¥ 2l obej spH
Sl s olie Ollecul 5 odu VT ke JflI L &S 55 5
u,:.a\f LS“‘L"M" J..»L; J‘}bn\.: Jléjjlf—\c Cod> O‘J',:A «.hl‘ffc

¥ 15 503) ol adly

JE9 S F o St (o)
02 £33 35N i 53 (St (sladite d o 1 )
L;L:,Aﬁ.@\aum,\hbrg:ﬂ;\yb@w45.\;,\.:
TS > St s S e St (s
YA g Ll s g STy e e ol 5 03 S
3 o iewlie Ol S S Cnl ST 0L LAsL e ads

Aibn o O S5 o e cde o i ollas

dshons )l Jutan Ol s (o) 2
S 9 4 bl 15 Lo TOC Cod Ol dl o ol 5o
SMEs 23S 1 St 55e (485 ¥0) 2815 Ol OLL
,gﬁrféfma/w\&uw\,,fﬂ, &334 53 TOC
o S s A e B e VY g Ll 5 s J JSF

slcble Lls s ol VT ol o33 erled Oloj Rl BIL

el Bl I 0555 ST

pH b
(Jos S-F Ode Obdily y pH J1 s skates
P R P N PR S SR P
O+ 5V &) Sslie pH L (2 p 5 e OAY) 035,08
o8 g Aol 5 3 g Sl eslizal L pH 5 A esls ules
J8s JS-F Ol Oleily Ok s 8 ks Jles /)
e .l o &1H1Y S5 505 55 J gl pH 1 b Ol goay
ol oy JS-F Gode Olely pH JialST L yls sas ol b
Ot S PH=Y) (el Las 55 &7 (5008 4 ¢ o0

Al e O Olatily

5 JS—F adyl e i
(Dl Olekily p Jos S-F adsl CLle ) bt
A4 OYA &Y 03 gd>we 43 Jléjjlf—? )‘ u’_':'}\.a:.e ‘5‘&\'_,.&19

O3550n LSy g 1,5 53 1) e S Js 5P 5 YA

VNP ¥ o lass o oypu NP Slinls Gloislo (b asle oSl wniblagn suSitily tmoln 4o ioMow liudns <las


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.2.1.8
http://jhc.mazums.ac.ir/article-1-330-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-08 ]

[ DOR: 20.1001.1.24236772.1397.4.2.1.8]

V/ oLKas 5 FlosS duns

78.26 84.92 83.25
a0 69.69 75.66
80

-
60
5
3
2
1
0
0.5 1 1.5 3 5

(mmol/L) Ji; J5-4 =l

(=] (=]

(s ]

(%) 855154 s et
(]

B>V b Oloj I ey 03T e (slacile 53 UV/HLO, iyl 1 oslitusl b Jibg pIS—F (33> oloxily ¥ 105
(PH=Y 2 2 p S e OA - =H,0,)
UW/H202

In {cO-ci)

5 oS o VA =iy )IS—F CBle) dingy bl )5 UV/HL0, 3isl)8 55 Jadg S-F 4 o QOIS G 45 St U i 903
(PH=Y ¢, p S o OA - =H,O,

~ 100 300

g 30 250 r‘j

- 200 3 _

4 60 h: M

I 150 3 B A e,
- 40 100 ° é O bas
4 20 50 %?

o % —0— CP out
A 0 0 (mg/1)
L 0 2 4 6 8 101530

(48) (5 e

[ b

UV/H,0, 5518 1 o3kl b Jidg JS—F B3> olosily B 13503
(PH=Y )2 o 0,5 oo OA« =H,0, ¢ i) 1o 0,5 oo WA+ =iy JI5-F chils)

VN syl £ ou50 NIV Glicwl (Gluile (Kb posle olSiils conbligs suStily cdrols o crodlew liidns o


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.2.1.8
http://jhc.mazums.ac.ir/article-1-330-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-08 ]

[ DOR: 20.1001.1.24236772.1397.4.2.1.8]

055088 el by s oliand 518 & sreslannSl 158 LIS pas s /A

ek Townss mls b tags ool §l Jool glaasly
LSy s RS G LS O 5 sl ey
S b 5yl Chlas (i plasil jze jsba 0550
ISy Ok AST1 Sladglone 3 4 ol ule
O35endenS |y 5 il andl o g5 ol oS 5 50 15T
S oS 5o IS, (B o510 4 Ll 5 as o165 &
[¥#7] 5 5e

03930 a8 il 5Ty
SRl Bl 4 e a)lge mhe 53 O5sodes LSl O35
@b Lim shien 238 0 gland B 0 gl £
Chle 5 gL b HO, Chle Ol il HO,
Chle mlpl bojsle Jagh 5y oyl Dy, ol YT
2 A g e S ke W BYF 28 s 05,0 ST,
DLkl ¢k PH 5 J35 JS—F ) o S Lo $F0 il
dAY 51 ig HO, cble 150 Ll ecsl (il Cod
OT s & s Ol Olekly 2als Cob 2y p S e
S YL el lle 3 &S il ol 51 AL Cal S
ST GudKsly i paxr Olsioa oS5 cp) (O3ssde
5 oS s JSCsl, el sl ol ol (S o os
D 53 4 Al Ol b s IS-F osle 4 e 3
N JeS s GLdSSsl, okl Ol sy 45uSTOT
03505 Jos (JouS gokr SIKsl) sdoee S5 G b
n opl s [IVTV] das e el 1y Oode 1S
S e plowil T esle &5 b L5yl 55 &7 (slandllas o
chle s &S g sba 5'\1-’; odalin 53L H,O, jv\;’)b)’l{
b JT o3le 0yl Ol s ¥ O5sokn ST
S ladllas H5 umman [YY] C8L alS Ao ys Ve s sds
G 3550 3 OLKes 5 Gdame Ao bw 5 Yo Lo s

(b plowil &Sl ol /058 Ayl 3 5 eslizal b s JS—F

P R WA B S g W y VT EY ]

AEL 0 (G5l Sdme Ao 3 AF/FA sasOLis

W H0, (oo UV sladyl b Sy 8w Ay lis
UV/H,0,
o3Il 4 el 4 & n 05gdka LS, S UV wul b
sl o oS o 55T IS, JSKis 4 56 SIS
Al 4 Sl 6 oml STl S b sl sy )
Sl sV STy Ol 4 5L 5 dzes UVHO, ol

Y Jods) Ll a..L'.iYT @

sald s Jidg I5-F B3> (St Colbl ol ¥ Jga
UV/H,0, s H,0, UV

R? T ,,(min) K(min™) Process
S/YENY >y VN UV alone
S/YYYN >y TN H,0, alone
/R P <5 ./ YAA UV/H,0,

‘sxfﬂ\er—..dﬁé'w.

4 odu¥T Oodo ol o5 wd asein addlas opl s
HO, 5 UV lpal Sab oy 53 55 JS-F Caslis Lo
gl oS5 ke UVH0, wlb 1 mS olese
SBJEsl) S M5 Eel 0555 LS| L il b
i STy Lo RIBH a4 e s edd ST ode
Ol w03l @b sl p [T0] 33,8 o s ¥T
o5 e OAr Chle 53 UVIH0, dul b Loy fibg JS-F
208 e YA sl chale PH=Y (05550 ST 2 5
38 ol dids ¥ ales Ol 5 Jby AS-F 2

IV Y oo £ o pp0 NPV Gliawls G loti5lo ([ i sl IS8 b lugs ouStily cdals o cuodlw lisins dlas


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.2.1.8
http://jhc.mazums.ac.ir/article-1-330-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-08 ]

[ DOR: 20.1001.1.24236772.1397.4.2.1.8]

A OLKas 5 Gl S wins

[PV] sl o O gen sl

i 8l 5T o)

Colal & Oy (812 3 3550 Ol Ol sieay 2ST15 0L
osted e a1 (S cadea Al 0SS s ) e
F N P R U G TP PR
[¥A-F1]

Sod Olekily ¢ wlad Ol Sl LY s ged L Gillas
ol a8 el Camdly ol OT e 48T il oo ol 531 0T
Gl Wy gals 5 2lST Ky, Sl Sel ol
ol VT ol €550 gn JouS g odn JIK3)) e 51 Cakibes
sLin o mags 53 [FY] 558 o 4 6k e b
b otiidled Sl gon s 5l oalial b b 4 52 3550 53 O,
033k ¢ leT Ol LRl 31 L o7 Al 55 cbisls plonil &S5 sl I

TFF] sl dal s al 5l Jb Codo

85 M- § adsl okl 5T )
(b5 IS F esle B 211U 5 pb e sdalive a5 sboslen
Sy Lo S ooyt Bl LAl STy e
o ) it g ISP osle 2l o 8 L YA Sl ol
AR e il e 2 0 8 e PF e by e ST
ol AYL bl s by JSF @ 5 ala) J ol
So5 SlaOgs S5 JiglS-F chle iR L &S cl
ol 3sb 2l Ls 4 5 ssd e oS Ul Jotls 4 UV
JeeS ok I, 4 O3k LS 4525 el 5 b
s J-F esle CBlE Oljn 4 pp S Fonk Al o SR
SISl 15 0T dbis & s UV (Gla0 555 3585 0355 035 3!
PFF] b dal g 2alS Codo Olodily 5ok 208 oS5 pon
SEI L8 s e ol el 3 Slalllas e gl

Olgea O3oots AT, Bl Il S s 8 2
Sl 1y STy e e de b oeliSALST e
o San 513 8y e o OT 51687 Gl 5 e oo
V] 5505 0 NT (ol s
Gladlas L YW o s 5 0L 5 ol S
00 4 4 iy O e ST ALl dlg @ J35 JS-F oy A
/e V) s ASTy Calidee lacble 5 O 5SS,
B s asn ly OV g t/eend g o/end co/vnn) /o)
033b oo g SY g0 0 /00 Chle 4 Wiy 4 sl 4 9 Lsls

[Y’Y‘]JJ‘JJ.J)}L{—? g_’}.l\}-).)‘)

PH ,5b )

Odbe35 5 s UVIH,0, sl b 55 pH Vb el ¢ 6 5
Clle s Calises slie y3pH 5T andlas ol 55 ( JTOLS 5
ST 0l 5 () s (’J?&ﬂ OAY) O35 odp LSy 4
DU Y 13505 53 48 5 gbOlen 25 8 15 ooy p 550 4ia ¥
Shel Loes 4 by 0 Codo Olaily o i (ol 0l 03l
DS 5 sl ol (8L 3l s o7 iy o
JeeS 5 5n LIl ¢l o gdle ol (ol PHL 3 alaual
Crols g 03508 Jos U OST Ol sieas (sl Lames
Lila 55 8 Jops tcah wals i SasuLs]
350 SASASI 01y S o 1 e 5 pkn ISl ¢ o LS
[PE-YP] LSl o 1o, 55

A p Sk PPkl 5 Y Llssel 4w L
DA B L OSgde LS|y S eslinal oo Jb IS-F
B ARSI Yl e OF bl e PH 5 1) e S e
Loys AV/YO Jslae 35 JS—F Oodo Olekily UV andl
S OLSer 5 g adllan 5o cliwly ol 55T o Canda
Ll 3l eslimal b Jb s ST, Codo w4 YAV Jla s

pH=Y & w3 8 5,18 s, UVITIO, 5 o subs Sl

VN syl £ ou50 NIV Glicwl (Gluile (Kb posle olSiils conbligs suStily cdrols o crodlew liidns o


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.2.1.8
http://jhc.mazums.ac.ir/article-1-330-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-08 ]

[ DOR: 20.1001.1.24236772.1397.4.2.1.8]

SR BT SRV SR PRSI FONVL L R Y RVWI. JE: S B LR SV A B

5 bl S|y S o 5 Sl glin Je 03T S
Al g AT B ASF S Ble Bl ST e e U
dewy @ J3o S 4 md Lo oS sl DL il
Lo GRIBN Odda 4By O sl ST glady) b
Ooran 3L Jolge 4 O gl Co &5 15 4 g
il B il Oley Sl H ldze (O g e ST, Clle
Lils cmls Sl a)ls (Soe oy ¥T sl clle
STy 2 05 ke OA B Dol (e 1 iy
ol & f;gsl“‘ YA+ oauNT clale s pH=Y 03,0
AL g aids Y ST
S e dlady ja alS Lol olacy e crBIs L B 0l
Sl 5 Sl (a0l & aRal3T blag 5 bolKaws
Lo 53 3T 51 (618 dor ity Calies Gbls 53 (5,855
2 (keSS il b g e A1 Ol gten LIS or T
il adeai b gy ple b Gl Loy 5 SV b STy Ol

.)y::o)ﬁ)‘-f“,ggii);}j}:‘. uiﬁ)
U';b)'@

or O b e wbOLL 5 8, ol il

Loply obesd s Ol Wl DI (glamlis
Sy S-F Ol js Sl 5 O5ssde AST
O oty ol T oils O guae el OMS
1 a5l e YYAFCFYOAYY \F S L AYAY Jlo 55 O
JLS oKiils hags Sosle )Kan Sl Al 08t 5

.J})‘b‘)x

Obeily OT Jlis a5 4l 2alS” 28Ty o o o VT Clale
[FF=FF] Al o L2alS 5 Cod

o 4 YN b s 0L 5 (o) 5t (LS, pl o
O 4t Wl p Lo g OT p Jge Julse 5 J35,5154 ol
e ool a JB s ST, Calises et bl auglin by izl
Voo 500 V) oo NT adsl Clle (gls alyl o 45T Lk,
O hile 4 by Sl bkl op e (2 0 8 s
[PV] il 2 50 8 s
Sl ghne g Jb 5 I~ F 325 Ol s (g 2

s AS=F (Sl Gne 5 4 2 Oljos (o) 2 b LI o
Yo sl g & dimn e opl ediasOlES s (O 515 5ed)
JoE b il g Ll e 50 UV 0 aads
Wy o5 5F Sl danly SVgame 5 5 4w
OT Jol8” ol pos s 5 TOC 05,575 g 545 4 Llodks
Ol b b el e (65l idne ) slitens 55l St
oo il (mdl Gla By 5L 55 S 5 oY b1, ST
D 13508 53 [FA] 5 50 030itl OT b o jom 0 b 5 (S5 050
ol o polad Oloj (e )5 i3l L aST ol ol 0l QLIS
Al o Gl TOC Codom Ol see ¢ JT 5150 Clale 2alS L
oslatnl U J gt Cod- b LU, 45 o5 Sharma axflas s
43> YFo L TOC Cod 033k ctd plail UV/PS 315 S
Ao 300 L ol adds VP s Ol yo 5 Ao yn B Jsles

[Falas 8 2,08

Jd g IS & 320 S gy
by Jby JS-F 4 o St andlbs Jol> C’L’
dr 53 St ke 45 s e 0LES (F s 503) UV/HP syl

IV Y oo £ o pp0 NPV Gliawls G loti5lo ([ i sl IS8 b lugs ouStily cdals o cuodlw lisins dlas


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.2.1.8
http://jhc.mazums.ac.ir/article-1-330-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-08 ]

[ DOR: 20.1001.1.24236772.1397.4.2.1.8]

VW obKes 5 lo S dino

References

1. Mohammadi AS, Attar HM. P-chlorophenol
oxidation in industrial effluent by ultrasonic/fenton
technology. J Water Wastewater 2011; 22(4):80
(Persian).

2. Movahedyan H, Seid Mohammadi AM, Assadi
A. Comparison of different advanced oxidation
processes degrading p-chlorophenol in aqueous
solution. Iran J Environ Health Sci Eng 2009;
6(3):153-60 (Persian).

3. Olmez-Hanci T, Arslan-Alaton I, Genc B. Bisphenol
A treatment by the hot persulfate process: oxidation
products and acute toxicity. J] Hazard Mater 2013;
263:283-90.

4. Jamshidi N, Torabian A, Azimi A, Nabi Bidhendi
GR, Jafarzadeh MT. Investigation of phenol removal
in aqueous solutions using advanced photochemical
oxidation (APO). J] Water Wastewater 2010; 72:24-
9 (Persian).

5. DuY, Fu QS, Li Y, Su Y. Photodecomposition of
4-chlorophenol by reactive oxygen species in UV/
air system. J Hazard Mater 2011; 186(1):491-6.

6. Eslami A, Aghayani E, Joshani G, Hezarkhani
N, Momayyezi MH, Djahed B, et al. Removal of
parachlorophenol from the aquatic environment by
recycled used tires as an adsorbent: Characterization,
adsorption, and equilibrium studies. J Adv Environ
Health Res 2014; 2(1):44-53.

7. Gholizadeh A, Kermani M, Gholami M, Farzadkia
M, Yaghmaeian K. Removal efficiency, adsorption
kinetics and isotherms of phenolic compounds from
aqueous solution using rice bran ash. Asian J] Chem
2013; 25(7):3871-8.

8. Kermani M, Pourmoghaddas H, Bina B, Khazaei Z.
Removal of phenol from aqueous solutions by rice
husk ash and activated carbon. Pak J Biol Sci 2006;
9(10):1905-10.

9. Dianati Tilaki RM, Zazoli MA, Yazdani J,
Alamgholilu M. Efficiency and kinetics studies of
photocatalytic degradation of 4-chlorophenol from
aqueous solutions by sunlight in the presence of
zinc oxide nanoparticles. J Health 2015; 6(2):134-
43 (Persian).

10.Shahamat YD, Zazouli MA, Asgharnia H,
Dehghanifard E. Evaluation of rapid purification
of high concentrations of 2, 4-dinitrophenol
in wastewater using catalytic ozonation with

carboneus nanocomposite. ] Mazandaran Univ Med
Sci 2016; 25(133):138-49 (Persian).

11.Dianati-Tilaki RA, Zazoli MA, Yazdani ],
Alam Gholilu M, Rostamali E. Degradation of
4-chlorophenol by sunlight using catalyst of
zinc oxide. J Mazandaran Univ Med Sci 2014;
23(2):196-201 (Persian).

12. Akbari Jonoush Z, Farzadkia M, Dadban Shahamat
Y, Esrafili dizaji A. Rapid removal of phenol from
aqueous solutions by AC_Fe304 nano-composite:
kinetics and equilibrium studies. J Mazandaran
Univ Med Sci 2015; 24(122):158-68 (Persian).

13. Jimenez-Becerril J, Martinez-Hernandez A, Granados-
Correa F, Zavala Arce RE. Methylene blue and
4-chlorophenol photodegradation using gamma-
irradiated titanium oxide. J Chem Soc Pak 2013;
35(1):23-6.

14. Astarki S, Jafari A. 2-cholorophenol removal from
aqueous solutions using electro/persulfate process.
Yafteh 2015; 17(3):26-37 (Persian).

15.Akbari S, Ghanbari F, Moradi M. Bisphenol A
degradation in aqueous solutions by electrogenerated
ferrous ion activated ozone, hydrogen peroxide and
persulfate: applying low current density for oxidation
mechanism. Chem Eng J 2016; 294:298-307.

16.Masschelein WJ, Rice RG. Ultraviolet light in
water and wastewater sanitation. Florida: CRC
Press; 2016.

17.Gao YQ, Gao NY, Deng Y, Yang YQ, Ma Y.
Ultraviolet (UV) light-activated persulfate oxidation
of sulfamethazine in water. Chem Eng J 2012;
195:248-53.

18.Oppenlédnder T. Photochemical purification of water
and air: advanced oxidation processes (AOPs)-
principles, reaction mechanisms, reactor concepts.
New Jersey: John Wiley & Sons; 2007.

19.Hashemi F, Godini H, Shams Khorramabadi G,
Mansouri L. Assessing performance of walnut green
hull adsorbent in removal of phenol from aqueous
solutions. Iran J Health Environ 2014; 7(2):265-76.

20.Gaya UI, Abdullah AH, Zainal Z, Hussein MZ.
Photocatalytic treatment of 4-chlorophenol in
aqueous ZnO suspensions: intermediates, influence
of dosage and inorganic anions. J Hazard Mater
2009; 168(1):57-63.

21.Malakootian M, Asadi M. Efficiency of fenton

VN syl £ ou50 NIV Glicwl (Gluile (Kb posle olSiils conbligs suStily cdrols o crodlew liidns o


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.2.1.8
http://jhc.mazums.ac.ir/article-1-330-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-08 ]

[ DOR: 20.1001.1.24236772.1397.4.2.1.8]

OS50 sy by s (oliand 638 G sralineSh wil 38 IS poy 50 VY

oxidation process in removal of phenol in aqueous
solutions. ] Water Wastewater 2011; 3:46-52 (Persian).

22.Federation WE, Association AP. Standard methods
for the examination of water and wastewater.
Washington, DC, USA: American Public Health
Association (APHA); 2005.

23.Krystynik P, Kluson P, Hejda S, Buzek D, Masin
P, Tito DN. Semi-pilot scale environment friendly
photocatalytic degradation of 4-chlorophenol
with singlet oxygen species--direct comparison
with H20 2/UV C reaction system. Appl Cataly B
Environ 2014; 160:506-13.

24.Liang HY, Zhang YQ, Huang Sb, Hussain I.
Oxidative degradation of p-chloroaniline by copper
oxidate activated persulfate. Chem Eng J 2013;
218:384-91.

25.Daneshvar N, Rabbani M, Modirshahla N,
Behnajady MA. Critical effect of hydrogen
peroxide  concentration in  photochemical
oxidative degradation of CI Acid Red 27 (AR27).
Chemosphere 2004; 56(10):895-900.

26.Daneshvar N, Khatayyi AR. Acid Blue 9 dye
removal process modeling in the presence of
hydrogen peroxide under UVC. Proceeding of 9th
National Conference of Chemical Engineering;
Tehran, Iran; 2004 (Persian).

27.Bali U, Catalkaya E, Sengul F. Photodegradation
of reactive black 5, direct red 25 and direct yellow
12 using UV, UV/H202 and UV/H202/Fe2+: a
comparative study. J Hazard Mater 2004; 114(1-
3):159-66.

28. Behnajady MA, Modirshahla N, Fathi H. Kinetics of
decolorization of an azo dye in UV alone and UV/
H202 processes. ] Hazard Mater 2006; 136(3):816-21.

29.Kritikos DE, Xekoukoulotakis NP, Psillakis E,
Mantzavinos D. Photocatalytic degradation of
reactive black 5 in aqueous solutions: Effect of
operating conditions and coupling with ultrasound
irradiation. Water Res 2007; 41(10):2236-46.

30.Mokhtari SA, Farzadkia M, Esrafili A, Kalantari
RR, Jafari AJ, Kermani M, et al. Bisphenol A
removal from aqueous solutions using novel UV/
persulfate/H202/Cu  system: optimization and
modelling with central composite design and
response surface methodology. J Environ Health
Sci Eng 2016; 14(1):19.

31.Rahmani Z, Kermani M, Gholami M, Jafari AJ,
Mahmoodi NM. Effectiveness of photochemical
and sonochemical processes in degradation of Basic

Violet 16 (BV16) dye from aqueous solutions. Iran
J Environ Health Sci Eng 2012; 9(1):14.

32.Tehrani-Bagha AR, Amini FL. Decolorization of
a reactive dye by UV-enhanced ozonation. Prog
Color Colorants Coat 2010; 3:1-8.

33.Malakootian M, Golmirzaee K, Loloei M. Study
of the efficiency of proxone method as advanced
oxidation process to remove 4-chlorophenol from
aqueous solution. J Ilam Univ Med Sci 2017;
25(2):133-43 (Persian).

34.Alnaizy R, Akgerman A. Advanced oxidation of
phenolic compounds. Adv Environ Res 2000;
4(3):233-44.

35.Peternel 1, Koprivanac N, Kusic H. UV-based
processes for reactive azo dye mineralization.
Water Res 2006; 40(3):525-32.

36.Kermani M, Farzadkia M, Esrafili A, Fallah
Jokandan S, Yeganeh Badi M. Removal of catechol
from aqueous solutions using catalytic ozonation
by magnetic nanoparticles of iron oxide doped
with silica and titanium dioxide: a kinetic study. J
Mazandaran Univ Med Sci 2016; 26(142):139-54
(Persian).

37.Tahergorabi M, Esrafili A, Kermani M, Shirzad-
Siboni M. Application of thiol-functionalized
mesoporous silica-coated magnetite nanoparticles
for the adsorption of heavy metals. Desalinat Water
Treat 2016; 57(42):19834-45.

38.Yousefi M, Ghanbari F, Zazouli MA, Ahmadi
Moghaddam M, Akbari S. Investigation of the
efficiency of electro-fenton and UV/TiO2 processes
for para-chlorophenol removal from aqueous
solutions. J Health 2017; 7(5):600-10.

39.Maleki A, Zandsalimi Y, Shahmoradi B, Rezaee
R, Pordel M. Comparison of the efficiency of
photochemical processes combined with UV/H202
and UV/TiO2 in removal of Acid Red 18 from
aqueous solutions. Sci J Kurdistan Univ Med Sci
2012; 16(4):101-8 (Persian).

40.Salimi M, Esrafili A, Gholami M, Jonidi Jafari A,
Kalantary RR, Farzadkia M, et al. Contaminants
of emerging concern: a review of new approach
in AOP technologies. Environ Monit Assess 2017;
189(8):414.

41.Bahrami Asl F, Kermani M, Farzadkia M, Esrafili
A, Salahshour Arian S, Mokammel A, et al.
Removal of metronidazole from aqueous solution
using ozonation process. J] Mazandaran Univ Med
Sci 2015; 24(121):131-40. (Persian)

IV Y oo £ o pp0 NPV Gliawls G loti5lo ([ i sl IS8 b lugs ouStily cdals o cuodlw lisins dlas


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.2.1.8
http://jhc.mazums.ac.ir/article-1-330-en.html

[ Downloaded from jhc.mazums.ac.ir on 2025-11-08 ]

[ DOR: 20.1001.1.24236772.1397.4.2.1.8]

YW/ lolSan 5 ile S wne

42.Kermani M, Bahrami Asl F, Farzadkia M, Esrafili A,
Salahshour Arian S, Khazaei M, et al. Heterogeneous
catalytic ozonation by Nano-MgO is better than sole
ozonation for metronidazole degradation, toxicity
reduction, and biodegradability improvement.
Desalinat Water Treat 2016; 57(35):16435-44.

43.Catalkaya EC, Sengiil F. Application of Box—
Wilson experimental design method for the
photodegradation of 36- bakery’s yeast industry
with UV/H202 and UV/ H202/Fe(Il) process. J
Hazard Mater 2006; 128(2-3):201-7.

44.Lin YT, Liang C, Chen JH. Feasibility study of
ultraviolet activated persulfate oxidation of phenol.
Chemosphere 2011; 82(8):1168-72.

45.Piri R, Kermani M, Esrafili A. Using persulfate-
based photochemical oxidation (UV/Na2S208) in
eliminating 4-chlorophenol from aqueous solutions.
J Mazandaran Univ Med Sci 2017; 27(147):358-70
(Persian).

46. Kermani M, Mohammadi F, Kakavandi B, Esrafili A,
Rostamifasih Z. Simultaneous catalytic degradation of
2,4-D and MCPA herbicides using sulfate radical-

based heterogeneous oxidation over persulfate
activated by natural hematite (a-Fe203/PS). J Phys
Chem Solids 2018; 117:49-59.

47.Seid Mohammadi A, Asghari G, Almasi H. Removal
of 2,4 Di-chlorophenol using persulfate activated
with ultrasound from aqueous solutions. J Environ
Health Eng 2014; 1(4):259-70 (Persian).

48.Manshuri M, Yazdanbakhsh AR, Sardar M,
Mohamadi A. Factors affecting fenton process
the removal of phenol from aqueous solution of
parachloroethyl. Health Safety 2011; 3:381-8
(Persian).

49.Shokoohi R, Ebrahimzadeh L, Rahmani AR,
Ebrahimi SJ, Samarghandi MR. Comparison of the
advanced oxidation processes in phenol degradation
in laboratory scale. J Water Wastewater 2009;
20(4):30-5 (Persian).

50.Sharma J, Mishra I, Kumar V. Degradation and
mineralization of Bisphenol A (BPA) in aqueous
solution using advanced oxidation processes:
UV/H 2 O 2 and UV/S208(2-) oxidation systems. J
Environ Manage 2015; 156:266-75.

VN syl £ ou50 NIV Glicwl (Gluile (Kb posle olSiils conbligs suStily cdrols o crodlew liidns o


https://dor.isc.ac/dor/20.1001.1.24236772.1397.4.2.1.8
http://jhc.mazums.ac.ir/article-1-330-en.html
http://www.tcpdf.org

