ﬂ}kw‘*d“w chow 5 Cod dowe
C)ljj bow Culig dq.b d.wu‘
YAN G YAY i ATAS O sl o3t oo o550

S R ML Bl s (O gd s Al B e Jelee )
u‘T sl J\,l:w

fd.\.«m 'c_-z j:."‘ cr)‘.:]w adge ¢ 'Jé@i:}iu)m! L‘d)":\:aﬂm
mahdiehsardar@yahoo.com lass Cilig o5 S (il oAl iy Agd Sy e NCH{ P A P UL JCP N

AA/N 2l A/ O/ Y il s

S A sl s ISl 5 S0y i 7 sl e splis b oSV S ol mslie 3 50 IS LS 5 ke e
ot Loty syl ol DS 5 b S 57 o S5 ol e gl it SIS Sl ol sl 5 v o ol
el 48,8 5 iy o 3 p0 5 SDL Gl g F/H O)) 0525 4 o] 85 0,5 adllas ol o s 5505

Vo CBLe b oy o3 ol ol plonil 5 ST (S5l o2 st B Sy v 5 Ao pulido 3 anllao ol it 0 S5
o el 83 ST S 53 Ol s Dy s ST PH ol 8 e e slozal aioge olis Jis 5L 2 o 05 o
Al Ofasdes deST o 5 WWA iS5 ASTL o skt eS| e Fyo Comed F by i PH ool pmls il 2o 43ile
A S e Ve 500 N gla CBLE oy Gl Oleiy il il 3 457 3l DL ol el s 4 4855 0 gy Ol 5 /P Ll
ol 0345 Jol Ji85 IS Sukh e Ol oSS o L plouil (sl ool 0330 A/ 5 AF/F YLl i i e

ek (Sl 058 i 5 1 O oo S S Sl o7 o e 3 VU sl 5 alllas S fool ol a7 6 S e
3o o3zl bl axdls (65 S Conilp W S an Sl 4 Cobl6 S ST S 5l Js DL polée o5 5

NS PH (T 3 g (03 550ea eS| 5 ¢ Ji35 ISl 1508 0515

g A Sy ke oKl (g o aSCls JLslial cs s Lo mas (gl S
i s S e JRSls (g e aSils Ll Jases il gl S5 =Y

Ol (i3 pshe olils lamme Codligy A3 ) bl IS Y

Ol J (S o she ol s Cotligy 0aSails o0 Jamme ol A3,1 b ylS ¥



Gl (S5 e atealyl AU Gl Cospdon 4 ax S L
Sl G 4 5L ol Dl SIS i k5 IS LS
Shesbizal o 5 SV b Sl it Olos VL sls clale
W Jais 5 5 335 Ll JolS w32 oo oS Lol b L
Gl oy (V50 Lled e S0s 56 4 36 5l 1,
(o sh o O gl dS o O gl STl | il
O gl ANl oelas Sl plandp 2SN O sl S
whal Sl (S5 bl 5 Ol (S e
Sl (Y) ol o sl T sl ge (35l sl DS
O gl denST Gladiyl b oS ool O 51 (Sl o plowil staze
oS LTSS Ol g g ¢ oS 55k Il I 5 Lt iy
(A) el VL Ol g ls s i35 1S JalS s 325 55 655
JeSsoder Gl ISl S5 ol s dl b ol el
o e g oals STy TS 5 LaS el Jls
RO UC SO N P R WO J PR SV POP PR SR
S ol asdlas sy50 sl B, o 5 sl GO
S Os opl 3l S8 s 0 S OT DL LL s
Sl O dgl 3 .(4) 550 05 SIS IS o Bl
BTEX « Js5J8 18 |3 51 T2 5 I Wmgl gl 4 1o
206 oLl a b b s, S aee s 05— 5
Jids Sdae slse 4| uﬂ slge Loys Fo—Frs s> 55 ol
S5 h Sy e a5l 4 0530 s, (4 5)) S
Ot (Sl 088 O 5migpsdl (Osmd b Jold &S
ool Js s oslie Bl 3 |as Ll 5 LgS a5 g
S (H,0/Fe) 0425 as (V0 el DSy b 281y
Olse wFe® slaiy 0T 53 45 ol plandis Ul s
ol o s Olge o HO, sl 0 50 5 oS
oy 5« Jpame Omd Aol b ol il ol s
2D e s w5l o BLET Al o 53 3 S 5,dn
a0 a3 s s Gk Sl e ialsl sl
22 25— gp g g adly LalS Aol B LS s b O

Gl g 1l (H O /Fe’) 5pb ar i dyl 3 53 oS s

YAY

..... Bl )5 (gl amd Wlyd oo Jolge

an i
23 A gy e gl Sl S g Jls s

0> el sdel 35 a4 (Gl il glasl o8, g
23l G pan s Sl 5 Eals S e e
sram b 5 Bde e Ol W8 a4 e ol gladlw
O 5l S ol dlm 5301 335 (o 15 e (oo 310
SV &S el sl Jl s L33 ol o3be 0 polis
Sy oo BlSl Ll a4 dodm sle Vv o 85k 4
b 5 s sle O (Sl o gla dl s (Y)
el Bl SNl 51 S Ol 0 JT gl s YT L
lpe Byl Jids S 5 8 (F) il 035 - s
Slag s Ol ke 4 oS L Sl L LS S L
GF e S L B IS A sy el
e S e, i A 5s les 1S 5k 4kl 8 LS 5
Ql}»gmﬁj&})\gg\y‘uJ‘S_il.c‘ud':sgjlé
Do s e (il Gl Sy 53 ekl SSesls
boi Jse 3 L (Para-CP) Ju 5 JSTL () 55, o0
Sloslays o5 cnl gls L35 )8 ¢l5i0 51 S CH,CIO
03 i8S ol l a5 by ol IS (SIS s >
by m o ol 51 0T Gl il wls 53 03k ull
S S1LL Clo pax 1 il Sl B el L

(O)?)W\QJ,.;)SJ\ J_}Jo.-):

P J5 AL ploond 5 (S5 Slwo gz 1) Jgir

3 b Jse b Q/OH
b bl
S Cl C6H5CIO
col e d Sl
S50 039 \YA /0% gr/ mol
o Friv'C
s 4 AL C
als VIYPO  gr/em’
K, 300

9 oA
1PAS Glimsj / olg2 6l / ogaw 695

Ul gl buzo Cublsgs Gole ozl Gl g oy ole soliliad



Olyen g 512 41500

b fys g5l

A el sl oy g 5 AT e s3 asdlias
03554 enS| o PH. Jaldandllas ) 55 ooy 235 50 Sl e
3 gy Jib s JSLL ke gla wdale 5 STy Ol e pal oy
PH ag palie pond o ol [iomn o o ez 55 s il
ploml O fdas Olje sl 3255 AT 35 D30der AST
Ve lale b by ST S J sloms 5l asdllas ol 5.0 S
s 5 Sl Ll e s s b eslinul 1 s e S
U oo SIS g s e G 0l ot 5 Ls it solad
PH el = Jl S8 a5 LIl s cpl ply dd s
Al plaargl s s ae PH O 0l 6 s
O-Y o3 gdos 050 ol 3 6 SIS w gl pH oy e Slellas
Sl V=V eagdomn Sl 5535 ooy osate I el e S5
53 g PH 038 B L ol 51 e b eslin W pH ns
O3 B Ao b s A (S gy HLO\ Ol oo g ol o
0oy ol o 0 a2l 5390 Ol ys e pH 5 H O, 0515
Cond a0 enl aiog 3le el LIS (slenil s 5 g
Sla e ool s s gy 3l w5 L ol 53
S s s A s H O /Fe’ s H.O, /Para=CP
ol a5 dlasl Ji g IS1 5L Caliin @IS ot pons
o2l s ISl oS 5 0AS Sdae Olips (o sk 4
Gilloala nolasl ol e adS a8 ool S5 a0 332030z COD
Oz 4 S plonil 1140 e 3 JIOEI 5530-D s,

b asl
OLESOLY sla S 531G pl 3l el s 4y

Sl el L6 s 5w YBY gle JSs ol sl S 03l
wd gl p g Lo JS1L i 5o |, pH (Fe® HLO,
R Osb et gl BP0 Y S s e e DL O
el 4 S 3 35 s ISTL Ciliie ols sl
Jes! 31 s 0TCOD 5 L5 IS1L 451 COD 0 S5

cﬂwlauwuﬂrﬁbdwum\f

) R
TPAQ gliso ) / 0,182 0 leid / Pgaw 693

Ulpl bazo Cublsgy pele ozl g Ju sole owlilad

YAY

D Vhee (l e 35 o S5 (s O e 5 53
Sl 5 e (e O Al B Laalie 5o il 8
ON) Ges e 515 Gb)
Fe'—Fe™
Fe"+H O—Fe™+OH +OH"
Slesle+ OH'— sazasl s 5 +HO
Gub 3l g UL Sl ol e DS 0 SU
03 O 5 g bl Ll o el O st ol 5
¥ (s STHL @i O gl lST ) n LYY J
L adsl SlSg o Ole oy oo alaily L3518 (3
S Soshl s, she s 4 s 4 S s L
BOD,/COD' i« i35 IS (55 5 L ISLL ials L
Gl /Y 5 M 5 S e pl 5 3L Al
il ge (OVY) el s w5 5 S ¥ LY 5 s ST
Ll s | gl anlaa Yoo ) Jl s O e
ol 4 b b a5 53 T L 0y zi 555 s UV/HLO,
4 Ly S ol o LT sl plnil L IS1HL I
H,O, 0150 PH Sl el la, 556 b O sl dnST Ol 520
4S5ls 0L gl s bl s edd Ll ool S e
clale ¥ pH avge slis FedD/H0/UV i 53
53 dse T g HO, Oln s 2 2 s o) ool g
oo o /T FellD wg clale oo o 2L 0 2
e Sl 2 53 Jse e t/0) e HLO, 5 20 s
Yool Jl s 01 5 05 (V) el FedIIH, 0 /UV
53 SaSL 1y o351 gla ST s 3 g e L IS15L 4y 3o
1S 5> DL LT gl sl plandl 05 53 55 5 052 il B
Yo Oles B8 L 05 55 5 s 53 J5 S 4 52
JAv sga= a0 Fo b ol [HO V[Fe™] aag s 5 4is
Slaily ST 0 928 s 53 4 530 3 Sl 0k
6 sl andlas 53 (VF) cil 63 5 /80 350> s il
B B e R e I T Sl



..... Bl ;5 (gl ad Wlyd g0 Jolge

2 05 o) J55 51, ke

. Y ¥ 4 A Ve VY

(a2d3) Ol
(H,O,=+/++Ymol/L. Fe’=+/++Ymol/L. Time=0 min) & g a.d Lyl 3 haw 5 Jby JST,L Si> 1,8 5 pH L56 JSs

VY
oo @eeee H202=0 - &= - H202=0.001mol/l
\D —&— H202=0.0012mol/l ---e--- H202=0.0014mol/l
= = = H202=0.0015mol/l see+Qeeee H202=0.0016mol/I

(A 1 ¢85 ko) i3 JS1, ol

(az3s) Oy

(Fe®=+/ ++»Ymol/L pH=¥. Time=0 min) & s 4 Ayl p law i Jb9 JST,L B> o), 5HO, 56 :Y S

----- - Fez =0.0009molll - - - Fe'=0.0017molll
\e -~ - Fe’=0.0035moll ---0--- Fe&’=0.005mol/l
~~~~~ @ F&' =0.0071mol/l

_ N PP
S S

G 5 o) J3, 81, ol

. Y ¥ $ A Ve il
(aads) 0bsj

(H,O,=+/++Y¥mol/L. pH= ¥. Time =0 min) {42 ad dulp Jaw g5 o35 JS1,4 Sd> 518 »Fe’ L30y Ss

92 Iﬂ%
1PAS Ylisssj / g2 0 lad / pgaw 6,95

YAY Ol buzo il ags pole ozl iidg fu ole soliliad



Olyen g )12 s 41500

L ooel ol .OV) il sty Sl w50 01 s Slalllas
s @alatl a5 sk ) ol b LW pH Coenl 4 x5
Sl PH (5l (25 5k & Ol 5 o8 oIS 50
DL 5 s Sl Ol g PH Ol e 4 Y L
T A e
O3 sad Sl ag pH Olge o 1, pH =¥ 57 05
dial o Ll 05 sdes ST Ll SE Y IS s
Aoz o OLES Y IS 4 Olir ol 0l oy 0525 4
iy Jyet /0 VE) yns d S GHLO, 0l5me gl 31
LS 5l il 3l 535 8 e Gl Oledily ol 8l o
2B 55 68 et U w4 el 5105500
S sle clile 3 H O, &S el O ol e 1l b
Jos JenSan sla IS, sl G jme Ol e 4y >
s STy e S K ol Gl L 5 S s
NEYY %ijpc_ilﬂt{.(\‘\).u:dndi_h&bxil)é
o o od A dse eV E SHO, Ol
5 AL 5 b 5o .ol H O /para-CP= \A/A
S5 O il Bl eslial n pve 35 Gl 53
o> H O /para-cp=Y0 I o 20 o[855l
o1 535 Oljme il das e OLESY Y5 (0 sl
33,5 oo al b DS Rl o 8y e e YO LS
Olaily s a5l e a0l ol 51 aliee 2l
Jge /00 ¥0 s a5 ol O ol Sl b o> Gl
025 S P35Il oS o sl ol 5o 2
ol 23,8 et ) 305 5 s OT 51 e (1581
S3F L, HOVFE ag Jsn o Ol e
42330 Sty 6l age Olo) Godosd (pl 3 b )3 050
GB35l Gy 4 ks SLIS 45 A el
LS R e 3 G 3 5 (P Sl (RS
e Sl &S ey am Gl Oy Al b i ISy
358 oo plol lnl i35 Y B ) 6B S 0lej s B LIS

W polie assilir oS das e Ol s w0 b IS .(1VF)

%ﬁ yﬂﬂ%
1PAS lisso ) / o,lg2 o laih / o 635

Ol gl buzo il gy ale ezl g o ole oolilad

J S L Bl d s

COD ke

YAQ

qq
an
av
Q5
LY

Q¥

Q]

qy

qy

qr v v 1
Ve o+ Yo

(G 2 g5 o) Js 8 Ll oy ks
}ur;u&w Vor g0 Nl clle s B el anslis iF S
0 ad Xyl Lo g
(H,Oy/para-cp=18/8 H,o,/Fe’=0/4)

4 46 COD

+J,/ COD

JEs AL sl ange Jaul 45 53 0 B COD Ol 3 oy 2 0 YK

(H,0,/para-cp=18/8 pH=4,H,0,=0/4 y Time=0 min)

Sou

b ol b Al B s |y B o S5 e PH

LY VL ol pH sl s L s Ol e
sl Il oS a5 Lilawe s HLOp sl Uy 2 bt
Jeily 2alS oV 0L ol sNLPH s 5 LSy s
S3PH ol 3L LS s i sle IS0l O plnS]
=Y g eedis) S 3 oS b Oles .(VF) sl

)J&yjau.i‘ds a.l_«.lk}.ébd.b&blsbﬁf&pH



OS5 00 Jaas poe sdins DL cpl 5 Sl 03
ol ol S350 Olalllae sl 55 aS 5 5b Oles oy
JoS 5sb s IS 5 b a iy Ol sl 3
Lo daled o Jikd (S 5 0 S ST (63) ks obe
Caoslie Pla= oS g lrle s |y TS 5 kit oSyl
oo il i tls (S5 Sy e e 3
OLES Gl 3l ool s 4 gl b (M) bl o
S JSHL JelS 05 S Sdme 4y 3B O pmd and Al 3 aS sl
S Ol Al B ol 510l oo ol ol e 0350

Sged sl ul L ISHL Gl Cr aial g Al b

YA

..... Bl )5 (gl ad Wlyd g0 Jolge

Jlos! 5 ST 5 il gls Sl 1 el oyl
355 HO, Ol 20 508 e 00 CBle (gl omles
Don /W 5 2 d g 100V Ll 5y B s 8]
godd S3olse i) e S e Vel gl s A
B T CLVE (NS PRRYER N
o b alasly 3 0l wg pslie 85 5 o b cpl ol
o) 4355 ) oS 0ty e olin Ly, Oloily 4 il

M&u&@ﬁ\)d@ﬁ%ﬂ)&&d)y@)bﬂ

S o
S GGl s b0 K lbwesloc g s
‘/.?73}.).7-): COD i~ Q‘f.a ‘Jké)}ls‘)g ey qy

9 oA
1PAS Glimsj / olg2 6l / ogaw 695

Ul gl buzo Cublsgs Gole ozl Gl g oy ole soliliad



Oy g 13w 4000

@l:.o

1. Feigelson L, Muszket L, Bir L, Muszkat KA.
Dye photo-enhancement of TiO2-photocatalyzed
degradation of organic pollutants: the organobromine
herbicide bromacil. Water Sci Technol. 2000;42(1-
2),275-79.

2. Ricciardi M. Wastewater treatment by high efficiency
heterogeneous photo-fenton process [dissertation].
Salerno: University of Salerno; 2006

3. Kolpin D.W, Furlong E.T, Meyer M.T, Thurman
E.M, Zaugg S.D, Buxton B.H.T. Pharmaceuticals,
hormones and other organic wastewater contaminants
in US streams. Environmental Sci Technology.
2002;36:1202-11.

4. US Environmental Protection Agency. National
pollutant discharge elimination system. Washington
DC: USEPA; 2009 [cited 2010 Jul 9]. Available from:
http://cfpub.epa.gov/npdes/.

5. World Health Organization (WHO), International
Programme on Chemical ,Evironmental Health
Criteria 93.Chlorophenols Other Than Pentachloro
phenol ,Geneva. 1987-1989.

6.EuroChlor.RiskAssessmentforthemarineenvironment
OSPARCOM Region, Monochlorophenols. ‘ Final
report. 2002.

7. Pude Kadu MSA, Kuppusamy S. Two-stage removal
of nitrate from groundwater using_biological and
chemical treatments. Journal of Biotech and Bioeny.
2007;104:129-34

8. Farrokhi, M. Investigation of (advanced oxidation/
activated sludge) system.efficiency to improve the
ability of biodegradation persistent compounds
[dissertation]. Tehran: Tarbiat Modarres University;
2003.

9. Matheson L J and Tratnyek PG. Reductive
dehalogenation of chlorinated methanes by iron metal.
Environmental Sci Technol. 1994;28(12):2045-53.

10. Pignatello JJ. Dark and photoassisted Fe3+
catalyzed degradation of chlorophenoxy herbicides
by hydrogen peroxide. Environmental Sci Technol.
1992;26:944-51.

) R
TPAQ gliso ) / 0,182 0 leud / Pgaw 693

Ulpl bazo Cublsgy Gele ozl g Ju sole owlilad

11.  Kusic H, Koprivanac N, Srsan L. Azo dye
degradation using Fenton type processes assisted
by UV irradiation: A kinetic study, Journal of
Photochemistry and Photobiology. 2006;181:195—
202.

12. Chmarro E, Marco A, Esplugas S. Use of Fenton
reagent to improve organic chemical biodegradability.
Water Res. 2001;35:1047-51.

13. Ghaly MY, Hartel- G, Mayer R, Haseneder R.
Photochemical oxidation of p-chlorophenol by UV/
H202 and photo-Fenton processes; A comparative
study. Waste Management: 2001;21:41-47.

14. Kuo~WS, Wu LN. Fenton degradation of
4-chlorophenol contaminated water promoted by solar
irradiation. Health and Environmental Engineering.
2009;84(1):59-65

150 APHA, AWWA, WEF. Standard Methods for the
Examination of Water and Wastewater. 20th ed.
Washington DC: APHA; 1998.

16. | Farrokhi M, Mesdaghinia AR, Naseri S,
Yazdanbakhsh AR. Oxidation of pentachlorophenol by
Fenton’s reagent. Iranian J Pub Health. 2003;32(1):6-
10.

17. Sedlak DL and Andren AW. Oxidation of
chlorobenzene with fenton reagent. Journal of
Environmental Sci Tech. 1991;25:772-82.

18. Xu XH, Zhao WR , Huang YQ, Wang DH.
2-Chlorophenol oxidation kinetic by photo-assisted
Fenton process. Journal of Environmental Sciences.
2003;15( 4):475-81.

19. Zhihui A, Peng Y, Xiaohua L. Degradation of
4-chlorophenol by amicrowave assisted photocatalysis
method. Journal of Hazardous Materials. 2005; 124:
147-52.

20. Murcia MD, Gomez M, Gomez E, Gomez JL,
Christofi N. comparison of different advanced
oxidation processes for degrading 4-chlorophenol.
World Academy of Science, Engineering and
Technology .2009;55:249-53



Iran. J. Health & Environ., 2011, Vol. 3, NO. 4

Investigation of Effective Factors for Fenton like Process in
Para-Chlorophenol Removal from Aqueous Solutions

Manshouri M., Yazdanbakhsh A.R., *Sardar M., Sheykh Mohammadi A.
Department of Environmental Health, Faculty of Health, Shahid Beheshti University of Medical Sciences, Tehran, Iran

Received; 25 August 2010 Accepted; 23 October 2010

ABSTRACT

Backgrounds and Objectives: Chlorophenol compounds are used frequently in industries including:
petrochemical, producing pesticide and herbicides, producing antimicrobial agents, pharmaceutical
and refineries. These compounds can enter the environment through the wastewater industries.
This investigation has studied the application of Fenton-like progess (Fe’/H,0,) in removal of Para-
chlorophenol.

Materials and Methods: A laboratory scale study was done on a synthetic wastewater containing
Para-chlorophenol. Concentration of 10 mg/L of Para-chlorophenol was prepared then optimal
values of affecting parameters such as pH, hydrogen peroxide, and iron powder and detention time
in the process for Para-chlorophenol removal were determined.

Results: The optimum pH, molar ratiewef hydrogen peroxide on Para-chlorophenol, hydrogen
peroxide on iron powder and time were 4,188, 0.4 and 5 minutes respectively. The results showed
that removal efficiency in optimal conditions for concentrations of 10, 50 and 100 mg/L are 93.9,
94.4 and 94.3 respectively. The study showed the rate of mineralization of Para-chlorophenol is not
completed.

Conclusion: According to.the results of this study and high resistance in degradation by biological
processes, Fenton like process can be used for conversion Para-chlorophenol resistant compound to
other compounds with ability of higher biological degradation and lower toxicity.
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