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Abstract

Background and purpose: Chrophenols represent one of the most abundarg t@mxhpounds of industrial
which are resistant to biodegradation and persighé environment for long time. Sunlight is theurse of many
photochemical reactions. The present study aimedetermine degradation of 4-chlrophenol as pergisbeganic
compound by sunlight in the presence of zinc oasla catalyst.

Materials and methods: This study was performed in batch conditions. Deteed amount of catalyst was
added to defined volume of 4-chlorophenol solutidnich was adjusted pH. Effects of parameters sactn® loading,
PH, and contact time were investigated. The remgimgioncentrations of 4-chlorophenol were analyzgdHPLC
(high-performance liquid chromatography

Results: The results showed that sunlight in present ot ziRide as nanocatalyst lead to almost 75%
degradation of 4-chlorophenol in optimum conditidmsc oxide loading = 1.5 g/l, alkalin pH). Zincxide loses
photocatalytic property in acidic pH.

Conclusion: Sunlight using catalyst of zinc oxide lead to delgtion of persistent organic compounds
significantly. The catalyst is not consumed andable.

Keywords: 4-chlorophenol, sunlight, decomposition

J Mazand Univ Med Sci 2014; 23(Suppl 2): 196-201 (Persian).

195


http://jmums.mazums.ac.ir/article-1-2968-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-26 ]

D

Ojls (—S )y gL coli i a_L as
(19¢=Pol) 10GP Jlw sidw) P aslis)yy g § Cuny a)gy

aalaiwl b apiijgs jgi aluug ay Jiog LS-1° ay jai
159) 2 Sl g plULS jl
'Sk (B> el
' 955 e some
T35 e
"olls ple 4340
¥ ot ) Ol
d3uS>
Lo s 5 pslie (055 g 40 2 40 o o5 citd s o DS 5 0 50013 31 (S s 55 JS7 2 B0 9 dipluw
o L PR N e PR L P (U3 WO RES PV RO E (e 65 Olsie 4 iy 5 5 ile e Il L 53 GV
Ol s (595 ST g 3 Adiy 5 ) g5 ey @0 Ji35 JS=F pglie JT S5 52 Oljn el (Gind ) 51 Ola Ll
2505536
L ol e PH s 31 oy b5 JS=F J oo 31 (bt o 25 8 plonil sl oy o 40l adlllns gy 9 Slge
el ddty 5 )5 ein AU 55 505 Sl Dlola 3 4 Aul BB b aniey 5 Jlacys lated G b 4 5550 Sl pme 0lie
SPH G301 55 asle el ye 50 aallan ol 5303 8 oslinal O jen oKaws 3l e glows 5 553061 o 30 wles 51 .3,8
(High-performance liquid chromatograptyPLC & ¢ b5 JS—F odile S Chale s (1 ki ooy 2 wles Ol
5 5 15 eslizal 540
3 oS V0 s 5a3) edial s g Lol )3 (655 kenSTT 5 U1 5L Sl eslinal b iy 5 5 sl
39U 55 Lol (595 denST 0,5 5L gl PH pslin 535 Ji35 J5-F s 5 VO 4 K55 ol w0 536 (LS pH
as o S Gl s
J=bs J5-F polee AT odu VT dbsde b 2alS 4 oeie Ll g5 s 555018 g 53 (655 G;a(_)\};.oq.: Al 5 gl
sl 3 o3lial BB 535 ol 0 pme 55U 55 8

@ Jos S-F il 5 s alS sl jly

Sl B Slgey 5> o s OT e 2955 b ol ol 5 4o do
(F) dbe e B Il Lo 3 SY 5 b laus

Jo Sl 51 S GHLCIO gl U5 5L Jubs I5-F

GL_..& c&\:.a:_ﬁl)ﬁ: GL-&)LAQK.;&YLL BE) LaJléjjlf

J_Ajcucu&jd_b)u&jak@j)&))b

63)&3““)\_225}6“_“&‘;‘455‘:[’%‘6:%‘}“

Sledos ¢l 210 S o 53 551553 il Jols O

E-mail: alam.mah67@yahoo.com

...)gﬁj|db}@uwjjgfu&|fow
LAJ.'.é),\f.(\—Y’).\J}.‘:sﬁwj.la_;m:)‘jj-\})‘: Jj.c)lf

&}J@Q&@kﬁ%éhbb)})@b}#)bj@d&4:

R T S PR SRR T L PAERTRVE SN UV RN TV

Ol eyl clydisle (So 3 el o sls (bl ouaSls ¢ 2lg poe Dlido S e case Clg unlige 03,5 lails

Ol sl O3l (S 0o ol (bl a8 ¢ 5T 03 8 )bslal Y

Ol el O 5le (S p5ke o5 (bl 0aSsils ¢ g spetils ilidio 41eS cases bldgy puilign Ll plid ST (g il ¥

WYY/ iy g 0, WAYN/Y 1 OlSlol Cger gl )l 58 WA/ 1l 53 56 P

119P sidw P asbojyg «@ow § Cuny 8)9s

ohdjle Ak} eolc oGl das  19¢


http://jmums.mazums.ac.ir/article-1-2968-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-26 ]

59 3351 )G il aslaiw) b 33:0)08 )63 Aawg a3 JidgyS-IC wja3

La0T 4 GBS 51 s r5lie a5 Hla ) (Gladuds
38 Ll iy 5 55 s S 51 36 S SLS
030l O o o&aws 51 J oo 5 oS 0 30 olad (51
23 4B Dde a0l agd Jgloms ] 3 6505 51 )3 0
)gud:iuﬂ.m.x_wjd;u@uma;jvﬁaﬁ_)ua_m
23 B OX U e Ve el VAT JL sl e
plowl Olysjle (Si o ple oy s 3 5 55l et
593 ol G ol 3 oy 35500 sln )b b §
SOV 58X @L ) PH =) e, 8 /001 Cudbls
Jsdowe 51 Calien (sladle} 3 255 (453 10-Y++) o3 Ol
L 55t Al oS 53 4o ¥e a5 s il 450
PSR IG5 JS PU-X NSNSTRR | SRRCIE
5308kl glacble o 03 8 s g S /Y (K
(Knauer HPLC instrumentiPLC o&ws Law 5 J sgoes

5L L (High-performance liquid chromatography

Loy Ve 5 0T do 3 e &S pete S Cop O st 5 o sSae
Gj—‘ d)—b BE (U|tI’aVIO|et) UV )9_".§”,_3) L}'-"J::J CE
3 eslital 3550 58T, 51 ol 28 8 s e gl YAS

R | a.»\.ATY a)u J.L}-AJ BL &LA)T U’-'"

S 9 aasl

S AT ol L (55 ST )3 510 50 i)

Wl dBIS 5 Al 3 s e Jole CndBIST It
o JBIST G biben 30 ZNO aigy 33 s (8 —
ol J g iy 25 PH s (2d o, 5 0/00-F)
OLES Y o jlat 15 gos ks LS J 5 JS-F 2 o 8 da e
ol 3l ol oHLST (CeeBIS a5 2l 581 L aS  das
dbgcmjw,;g,;(,?va,tuq‘&@w,,\fg@
L s ey (o pa V) 3550 Ol 0 il 40 55 o
L ablS ¢l SV e Sl B8 55 2l 53
ol i slow| )9S s a4 Wi g oS L8l ialS (o5 g0
55358 SRS e 5 AL CL B shad - Lo s

YW 338 by 5 SaST, 31 alpl s ad, e

e do o i ABL e (283 SlacanT 5 S 5 (558
syl ol o SalaT T s s Sl e bl
bl 53 5 2 085 Sa /0Ll sl 4l
V) Sl ok s 1) 0 85 Sa ) IS T
P SLa iy 53 35 50 SLalyssdme 4 am 5 L
S5 e 53 65 Sl 42 o) A5k i
PLps L asie g et sla ) 53150 4 5L s
dor g 3y g S 3 e L 58 5l 5 50050 sl B
ZNO) (g5, ST I3 56 A Q) Sl 45 S 15 Oliies
b S s ol Ol (S 5
il G5 035 5 YL e sk s pebline s 2SI
Coo gl S5 05 ST O b slyls CadBIST
sl YeFe e dgbesgde 3 5 N6
b 035ome 53 03le (.l 65 o5 BB (S0 558 Ik
() Ao o QL |y oder O o s e U Y70 =YAD - 5
S oz it 48 Sl il (55 A8 o 0 55 5
St 05 pIsS ol 5 A8 o ol ) b, & b
Coda (1) 3,13 TIOy ssle Jglze 3 6 Ko a0 S |
2 Jo5 A5 pglie I osls a2 ki ol o |
S 03 gL g 53 Ay B )5 a4 2T (Sla s

gl ol Calises sla eyl 5T 5 o)

b9 9 lge

o gl V¥ 3 631 o 53 48 o g Ao
a0 500700 W 40,8 5 n e Y 0
S ey JSs 55,5 a0 b i &K (oS
25 3 655 heST 0 35U ol 5 SS58 sl S
S9SN S Ko 53 635 ST 035 5l ol ) ol
I, (SEM L Scanning electron microscopg_:s,
R olas

S e Ve sdoe a2 LT Lol (61
SLadLSb 5o e i Hlde o io Uy i) J3 J5-F
g, s ) e 00 Jpdoee ool 510N s g ((oxe

19V 1199P sidw) P aslBsiag «@gu § Camay 3)9s

ohdile (i) eole a(Eiils alas


http://jmums.mazums.ac.ir/article-1-2968-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-26 ]

uljlSnm g 55l yiila Gleiban

e JRESY e T 4 — s

BACPCS4800 5.0kV 8.5rr;rn x50.0k SE(M) '
59, ST 03436 (Scanning electron microscope) SEM (sled 1) o skods y guai

In dark

&JQ_M}T Pl 95 :Y skl ygad

(103) g 5 ¥ i

9'/¢¢4
f.

(5 2 p8) ) demST clile

Y Y/0 Y Y/0

89 w1 Liliseo (b398 yo Sunlight/ZnO Al b Jdg I-F B Olonily 1) osleds sloges
(FPH 9 5 2 o7 (o 1o+ 1S9 A5-F adgf Clild ol 0 10 3)

35 S Y ST e 3 eslis
Gt A 5 Ol e plandl Gl sl oy
Jol GBS o5 S 5 6 5 @ d Loy Fr A
ol OB ad 2y jybte as haglh 55 .00F) LS
el s Js SR esl nd e, &L
5 el 655 s UV gl eslinl b U1 53

CLle b Jos ASF osle 4y i shte 4 oS (R o

g 53 Ay a5 Sleslinal U ) e S e Y
s il 2 0 8Y Olsn 4 p sl STl 5 5B
rles Ole) Sde 3 5 o o Ar s o Olelsly o 2y
a)l_w.:Jéj.iiasz.(\’)v\iafjj\fubf
S5 N oS S ISF (2B 53 0 gl

11QP sidwl P asbolyg «@gw § Cuny 8)9s

ohjle Ak eolc oGl alas  19A


http://jmums.mazums.ac.ir/article-1-2968-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-26 ]

(59) 3351 )G i) astaiw) by 3o joi alpwg @y JidgyS-IC sl

Gl Loyl 5 55 esla wlq;ﬁ&.\;&ﬂf“\isf
Q\)ngjaj_é@uaabjaf&bdjb.(w) 345
Sl L PH (23 L a8 ds jasie 003 8 ol
(635 a1 035U Ly U8 3 A b Lo 5 o T
At s S S s 4l ) 45Tl e 1)
ol aallln L 5 il e oS 51T U,

019) 3,15 Sl e

92 Olef 4 Cod Jig JS—F (ol Olonllily i
BT Ao g L]
5, Shes mal 58l ys S ie sla e 5SS kil Ol
el O Sy alan s ol 2GS 5 (5L
Dol 581 el VT Cod 0lenlly clile Olay iul 581 L S
Codim Oledsly ol 31 g, ol csdS L g sl
i s Olg e sl nl ST Iy el ey YT
SLadCsly Loy 13 bl ola ¥ s 0 VT o e
A PR P S [-CEk < I - PP SV PN |
gy S sl Olaj il ol b ocmails () dunSTl
ST SadKsly a5 5 6a) 4mST 356 S S,

L L T R-TRRCCE P PeR W gy
35 = (U—f V-7 slajss 5> TIOy 450U
Aoy 70V 1 Codo saOlekily &8 26 S 15 sbesT

00) doT Sy 4 CeJBST Clale @ anes

JsloespH 7

JENISEYYE QUL DR PUESY Ly IS e praCe s
e N 58V DL L) Cabises glapH s Jii, JS-F
3 8 Lol OT 4 SIS 51 2 0 8 V/0 e 5
S i e odalin ¥ oslad s 00 534S b Olea
o G LB S s PH s s, S-F Ol
“ e PHOe L I, PH 555 2o wI PH
e L e 555 g e Jslone PH i aT s
3 Sdas 1 ami 53 48 35 h s o) LS O3 SU
09) 5,008 o 5T S350 la o

s sl PH olae 5o 655 ST o3 50
;.;Tjac(HJrQ‘,_i‘..{d':‘;_fbja)a‘,};)}:mf\oabwa
o255 U 53 ool Calg 3 5 558 on sles
A o)l 4 S adsd 55 .(18) Aas e S
Lol S35 eSSl el U Jd5 5=F (5550618 528

ARE
A A
2
Y ope o
A
9
X f.o -
el
Yo

pH

g - F Bi 157 5 PH sleie 5T oY ol 51808
(G 2 P55 V102595 Al 593 9 5l 5 5 (o 1+ 1 Sy 7T gl cdild)

199 109D sidwl P asbsjag «@qw § Cuuly 8)9s

ohdile (i) eole a(Eiils alas


http://jmums.mazums.ac.ir/article-1-2968-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-26 ]

uljlSnm g 55l 5iila Gleiban,

>
1

(30y3) g 5= ¥ i o,
-

(42:55) (Lo

SUNlight/ZN0  SudG157 g8 Wil 9 (b Olo) 4 S Jid9 J57—F B Glonkily O gk 2 0 slods H1 5903
(PH =39 jud 37 1/0:69) M1 393 c 5l 3 p 557 o Voo 1 09 J5™—F adgl i)

Aol ST slalass 5ila Joy IS ol 53 oYL L8
CLadlSnly dadnl p ol 55 Jbs JS-F Ood> Lol Jule
S5 i b S g g S 8 AL e JouS s pn
Sl 68 a3 p ol pl sl JT sl B 61
I3 5 JenS 55 ISl A 5 Sl 53l s o
il e 05 Jb 5-F Slad 5T se L agr e
S oLl Lo 3 dnl b 5 8 e Ol Olentily
Al B ey 2sls (S Gl la e 4 Lo (5
255 o3 33 S5 ST 035k b g (2B g 4 2
AT el VT alosDe |l 2alS 4 e Ll 5 o dudiy 5
015 or b ) sbim e 5133 8 535 JSF o plis
SRl e g S S s ay i YU Shes
+J 5 e (Advanced oxidation processesOPs

23S o Ll osle (g paly 5 2

&A)ﬁ (:J_‘bu C,_:j\:u QJFLAM)(S)&@.&)‘ dﬁ*djgﬁ'b
)Jg_.:.]«;-.s}. wﬁi_'f BL) Q‘)J_a)\.n é—‘:‘j'.’, (:j_l.ﬁ a\i..f;.;‘:

"'\iTu‘ Jos 4 1,08

TS5 IS s 4 Wl (8l 2alS oS5 poke
ST e dLSSsly 5l (s lin col VT 4 35 51 a0 Lawl
Slams 53 5403 8 SLS 5 plag o O o 0l b Al g
¥ oyled 1o ga5 plal 5 .(19) dd wulS 0 VT (ol Cs
Sy Jbg JSF Ao ya VO Codom 4y 5ol sl b ol

BI85 4 o Al 5 48 sls QLS golie Gudows
(J—bg JS-Y DS 5 ol s s sunlight/ZnO
wly Joo STy 5 Jos S oo 5 ¥ (s )57 (5 57 oF oY
e 2 L5 0 5 el 4 sl BB ) b
S5 G e W) L ks sla by K3 sl
DS 5 o Gl ety SN 58T, 6 55 8
G35 S 03356 5 gl 5> Jib g JS=F alaz 5l pslan JT
ST LS 548 Sl 0l (35 S b5 L5 s
w60 A4S gladlin S50 a3 5 ST, ol s
OA) L God (6 5 30 5k

g Ll 3 (8L a als Ol s 4 b Oles
s s JSF ol s i SO 51 58T cos b me
s ol KLy 55 s Ol syl o 3y 5

Ly B o5 sl 3 (GBS 53 5L A B aST

119P sidw P asbolyg «@gw § Cuny 8)9s

ohdjle Aib)) eolc oGl alas  Peo


http://jmums.mazums.ac.ir/article-1-2968-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-26 ]

(59) 3351 )G i) astaiw) by sxibyed joi alpwg @y JidgyS-IC sl

References

1.

. Dixit A, Mungray AK,

. Mesdaghinia AR,

Seid Mohammadi A, Movahedian Attar H.
P-chlorophenol oxidation in industrial effluent by
ultrasonic/fenton  technology. @ Water  and
Wastewater 2011; 22(4): 43-9. (Persian).

. Cheng Y, Sun H, Jin W, Xu N. Photocatalytic

degradation of 4-chlorophenol with combustion
synthesized TiO2 under visible light irradiation.
Chemical Engineering Journal 2007; 128(2-3):
127-33.

Chakraborty M.
Photochemical Oxidation of Phenol and
Chlorophenol by UV/H202/TiO2 Process: A
Kinetic Study. Int J Chem Eng Appl 2010; 1(3):
247-50.

Farrokhi M, Naseri S,
Yazdanbakhsh AR. Biodegradability enhancement
of 2,4,6 trichlorophenol (TCP) by fenton's
oxidation process. Hakim Res J 2004; 7(2): 33-40.
(Persian).

. Gholizadeh A, Kermani M, Gholami M, Farzadkia

MM. Comparative Investigation of 2-Chlorophenol
and 4-Chrorophenol Removal Using Granulated
Activated Carbon and Rice Husk Ash. Toloo e
Behdasht 2013; 11(3): 66-78. (Persian).

. Kermani M, Gholami M, Gholizade A, Farzadkia

M, Esrafili A. Effectiveness of Rice Husk Ash in

Removal of Phenolic Compounds from Aqueous
Solutions, Equilibrium and Kinetics Studies.

Iranian Journal of Health 2012; 5(1): 107-20.
(Persian).

. Pera-Titusa M, Garcia-Molina V, Banos MA,

Giméneza J, Esplugas S. Degradation of
chlorophenols by means of advanced oxidation
processes: a general review. Applied Catalysis B:
Environmental 2004; 47(4): 219-56.

. Manshouri M, Yazdanbakhsh AR, Sardar M,

Sheykh Mohammadi A. Investigation of Effective
Factors for Fenton like Process in
ParalChlorophenol Removal from Aqueous
Solutions. Iranian Journal of Health 2010; 3(4):
381-8. (Persian).

. Moonsiri M, Rangsunvigit P, Chavadej S, Gulari

E. Effects of Pt and Ag on the photocatalytic
degradation of 4-chlorophenol and its by-products.
Chemical Engineering Journal 2004; 97: 241-8.

10.Masoumbeigi H, Rezaee A, Khataee AR,
Hashemian J. Photocatalytic removal of
escherichia coli and streptococcus faecalis from
water using immobilized zno nanoparticles. Qom
Univ Med Sci J 2013; 6(4): 24-35. (Persian).

11.Alimoradzadeh R, Assadi A, Nasseri S, Mehrasbi
MR. Photocatalytic degradation of 4-chlorophenol
by UV/H202/NiO process in aqueous solution.
Iran J Environ Health Sci Eng 2012; 9: 12.
(Persian).

12.Chiou CH, Wu C, Juang RS. Influence of
operating parameters on photocatalytic
degradation of phenol in UV/TiIO2 process.
Chemical Engineering Journal 2008; 139(2): 322-9.

13.Gaya Ul, 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.

14.Cao G, Li Y, Zhang Q, Wang H. Synthesis and
characterization of La203/TiO2-xFx and the
visible light photocatalytic oxidation of 4-
chlorophenol. J Hazard Mater 2010; 178(1-3):
440-9.

15.Goel M, Chovelon JM, Ferronato C, Bayard R,
Sreekrishnan TR. The remediation of wastewater
containing  4-chlorophenol using integrated
photocatalytic and biological treatment. J
Photochem Photobiol B 2010; 98(1): 1-6.

16.Dehghani Fard E, Jonidi Jafari A, Rezae Kalantari
R, Gholami M, Esrafili A. Photocatalytic Removal
of Aniline from Synthetic Wastewater using ZnO
Nanoparticle under Ultraviolet Irradiation. Iran J
Health Environ 2012; 5(2): 167-78. (Persian).

17.Ba-Abbad MM, Kadhum AH, Al-Amiery AA,
Mohamad AB, Takriff MS. Toxicity evaluation
for low concentration of chlorophenols under solar
radiation using zinc oxide (ZnO) nanoparticles.
International Journal of the Physical Sciences
2012; 7(1): 48-52.

18.Shinde SS, Shinde PS, Bhosale CH, Rajpure KY.
Zinc oxide mediated heterogeneous photocatalytic
degradation of organic species under solar
radiation. J Photochem Photobiol B 2011; 104(3):
425-33.

Yol

119P sidwl P asbolyg «@gw § Cuny 8)9s

ohdile (i) eole a(Eiils alas


http://jmums.mazums.ac.ir/article-1-2968-en.html
http://www.tcpdf.org

