[ Downloaded from thj.ssu.ac.ir on 2026-02-08 |

AY L1

Sz 9 SRl W T 9 b sy 95 (Jguid SvwnisT S Elgil 8 jKhos (b 5
93 o 4 e 4AS 53 Jglutia

FEE Old ol (S 8L g0 T oMl W1 T gy Alzd T 3933 (e hesmer S N g5

O3l (S oo oRsils 2ilags psle i 38 0 5 obligy 0dSCls Lamms by pign 03 8 5L skl

pole oty milig pole Dlidos S 0 5 Coligs 0aSCails Lasa bl (pantige 05, Ll 1 e ok it

E-mail: z.yousefi2004 @gmail.com oyl S5

O (it ot (S ke olSiils Lty 0aSCails Lame Sl pwtign 03 8 Sl skabienn

1 jle (K p ke olkils Cotlitgy 0aSCails Jamn bl (pankige Lyl it ST aist gaT Eilssesesese

® 3

Ol Gl S 5n sb 4 053 53 5 05 ity 058 ST 5 il g Al
3550 03 (SISl ¢ Jlm cpl bl 5,08 4l b 53 s sl pe 4 T ks 5 pslie JT LS 5
al e agias andllan ol 5 Coa (ol by 305 3 g 4l ob wdal 3 el Ol g auT S 1 eslicl
AL e Ak Sy Ol 4 (3l 5 Snt AT 3L S 5 50 B8 T b an Lo g s e sla U
b plonil AL ST Skl e 1 o3linal b 4 ol (ot aalllae & aalllan oyl g (9
SLST sy 4 4 ges 5JUT Qu@uﬂ@f.uwﬂ@,@r‘u‘;}pdg;y;;\uu:.wta)y@l,,z
b el OB 5 T (slealeT 31kl

ol s 03 ESK 5 50 IS L Ul (leasd il AuT 3 oS sls 0L Gos ol s dbAL
Okl Samb b 3 b adas i T3 S 5 blel o oo 1) COD w5 FO5 50> iS00
Al aw 53 0LSS Llys 53 COD Gl el a5 jskas s oo (2l 53l g 5 W6 gk 1) ol
Ol dnljd awpn 55 3g doys AVAY 5 AB/FE Ad 55 a0 old Slol Ogmb 5 Oy (s
il S il 93 31 i 0528 5 8T8 53 4 b e 1531 BODS/COD) a1 (s 2y oo
5 an Ll il g aled adeal 3 Oledily o il 1> adeal i b O 0T 5 1S i dom
s Al h 93 3l S eds Ol 05 LIS b e S5 uuT 5 53 51 S 0T (6515 10 4 S
b S OTPH (b oS 5 48" o Jos YL PH s sl ol ol el

R T R Y P e B B P Ul adi Gl 1)



https://tbj.ssu.ac.ir/article-1-185-en.html

[ Downloaded from thj.ssu.ac.ir on 2026-02-08 |

A¥

AN

g 5 el T3 LS 5 55 S sl T gl s Shes L)

b 2T s g SST o G ole SV e
whas Gy e 5 K Olse @ dn TS ol el il
ol 03 s B ol JT olpe b5 polie b placley
5 (OH") oS 5508 515T GadKsly Y sane Lo T 5
S 4 iy O graldeeST o T T L5 0 5 s
SLIKl Sl B0 OpelST Ol 1
ST WISty ol 358 o me OH STy 5um
Gl s Ty lils 5 odd A5 codd 03953 (GladlunS)
ity 5 JT LS5 4 o o5 b S

Wb o (B" =Y/ AV )Y 0 pnlisT)
0528 SaduT b Loy 4l ;e deal Slalllas ol sl o
ol aS syls cpl e SOV gy SN 5 O g s (Jslie
5 ST el VT lacble (g5 ysh Al5 o b 53,
ST sl A5l oo LanT 5l o gdlay . dins alS 1, 5,
:LEaS!rn;dxw\w\v».uuaﬁwlbﬂjqﬁ&lé
cadgl pH S o 5b T slge ol )3 1) age oS
0353 et 2l PH (a3lpn 058 lacs e Bl
whal 235l Wls e UV 0 5 )l am s o pme
T 51 K g (s I3 56 cou |y ol
Sl Sl S wsl o e g8 b 4 iy O gl ST
o e odes (sbl3e 0505008 ST 5 (0D aT T b gliee
DSl adains T3 ol & Sl s Corpe 05
LT3 (Y358 oslisal A wlpd adas b 5 pslie
b iy elysle andl 5 05y ASTl S (oS 5 O 2 5
JeS s pn PSSl Osb AuT 5 5 .ol (D) aT

s 0 g o Mg gl 058 ) b aslie o (6 i

dodio

(o 5 S LIy e 2Bl 8> bs, ejspl
Lol L5 5l ge w85 (sl ras psalal g e S
el 15 51 g0 b K5 s ol ke 1 sl e
CokS 5 oS Adlr al s W5 2alig o8 ) @
5 0P ogh 4 dte s slghad 5 95 e a y3 wl b
ol wld (W Y)sy dale Sglite (0@ Joe
Pl o JT s JT OS5 oYL slac kil
ple ST Con Ll oms Sy e pde D s
e slady 851 S )33,8 e 5 5 e slelT
Johize Gl T 3 il o 6T adad 5 GosTmar il
58l 5 Silaie T b pll 5l Wsle al el adaas
SLS 5 opdls Jd al s (P plad bl o
4 e b S BB s by 4 4 ey T
SU a8 i O gl o 51 oland 4dal 4 lipd o
a5 3l e 5035 ol ot STog s il wial
Aales g by e

(ot Gleds, @by OamllnST glaaT
Lug & b bty 2SI 5 SSAIBE g5 (o lach
Gl bs) 5l sk o Cao 5 JeuS 5o ISl Ay
4 Q8 UVIH)Op UV/O5 8 5l 48 iy O gawl eS|
5 4kl (Sl L8150 5 S gl I Gladn T 3 o0 s
bt a2 4 polae 5 (o o ol VT 5l (6ol o
&5 LA.L‘.;»TJ& ol OF) sl azils &T)lf J‘.’."'L.': m»jqdvf
e b g d g BB Slge 4 5 AuST ) polie JT LS 5

W5 5 Gl gdan 4 mie Blg LuanT 3 ol il fus


https://tbj.ssu.ac.ir/article-1-185-en.html

[ Downloaded from thj.ssu.ac.ir on 2026-02-08 |

AD IL_.__!_“

>ku‘%aﬁxlsw}2&uw

Yl 4k (G55 5 O g 5 055 ST b s Sles
LT b opl ST, awslan 5 andllas ol j30dl S5 Lol 5L
ot 10l 3 S5 il 05876 cokim ool 0558 T3
O s 55 5 0l ool 0528 (0555 Sl e alllas ) ]
ahadi )3 (§jlwazsd 5 alaml jlealiial U adai i JU
AU e e 5 SoAS Ll T3 ol aslie 5 4l o
Ll 0 adad ekl Calises gla el )l

T3 Sy Slasis

Ogs 5 Ogs ciluad 5 slinl T3 plnil g
el S 5 20l A Sl s okd =
b oas osls Sioled V S 53 oS (871, 1 g g AT
b S i S osSTy el s eslizal 5 Ll il
VA gLl 5 e (Bl VP b5 w s 1 Y ke oS5l eslinal
Lbuge jlis Sl UV 150 oV i 4y 20 Sl
A SFTS s esle) B fesle 210 J b o
WO dsb s pake YW s e Y8l
T b i SIS STy s by 3 e sl
23 o3 ph g0 S 35 (Flose 38 a0 eV
Jp b T el le@ 23S LA STy o
Sy UV 150 CaV osaiee il 5l di o okilig
Y S ekt an Jsb oSy s 8 eslinl L gia L3
UV- 551 5 e sl YRV aalllas 5l 55 o3linl 5,50 UV
ansl ply s Cbhlis S glasds ST, Ol bl sy C
2S5 LMl s e ili gy asin T L LUV (WY
J13 55 (D3 S plonit 8 5 pmcbline O jan Sl e3lizal L

s S8 S o g ST il el 00 45T,

Fhe M5odiboe s b I Gledn¥T 4
3OSt DLS 5 L S s S aods WIS,
Sl bl 51 UV G5 0i 55 6 slacndils
Ogude g5 AuT 3 5,8 Sl o s Csmone 2y 0
055 Slaptnnm (Dl 0s 21 55 Al 4l s sl
¢S s HoOn sl o 035580 5 conl &jle sl dsl
izl Osmb STy (V! T gladslos & 2T

W35 5 o 36THY0n 5 Fe g
L ol b iy O gl eS| a5 ihibes Sl llas
e (W) 5 3 535 ((V9) 05 555 ¢ (Y MNV-VD)O guid
plamil 5558 5l sl 53 ()b 4k 5 056 5 O 55 T 3
wiar jo e gy oml Sae Ol oINS Cul s 8
Jt1s 534S das o OLES Ogte gy p bl il oo 4l 3
5 alllae i Gl ol ol (63 5w Sldlas a8
Gpduas o Sl 5 g ate 3 WA Jle s 518K
5 0L S aalllan 5 VA0 55 O srslibenSTT 255 4 ) ol
N5 4l 6l ) e 55 SHILSGs
oS (e YAV 2 550> COD L 0l S (6 e ol dilay
Sholdlas ol CAel (V)0 g AT 3 5leslennl b 2 5
05 5 0 gb 525 (LT 35,1515 5 dilos g ealizl 55
4 K5 515 a5 35 pa y2eS wl o el Cger ai sl
3l 5l adal Aot sl By 4 a5 Ll
23S 53 byt O gl Slad T3 s ols )
Slallls 5ol Joms sla o) p 4 42 5 b il o (55,2
O AT b s Shee ain 53 (650§ Slalllae ar 538

e 3458 K5 oLl g 3 el b i 3 o33l


https://tbj.ssu.ac.ir/article-1-185-en.html

[ Downloaded from thj.ssu.ac.ir on 2026-02-08 |

NS

AN

g 5 el T3 LS 5 55 S sl T gl s Shes L)

Lo lales 5l 0 o5 058 T el
Y Ll Suley s Syl b cdbahal iy o 550 1S
315 H0of Fe' s HaO0f Fe® 1 wias i i j 4
wlie Lyls U Ja8 Slalbl adlas ol 5 23 8
Sobe SkilesT ol 38 plowil anlllae 3550 slanT 3
53 ABYe) 035 o 5 HoOp UV/H,05 UV 31 s
5 COD 251k o pie ¢ 2l Ol oJ 28 SlaslesT
S U8 OlalesT 5o s 8 518 5 Sl T
03538 51 U COD ol juss Jli 5 2SI 0557y
Osporbsy 5 PH (bt Cgp) 5w aul H2O
Foo)bunT 3y B, HyOg 555 STl 51 UV (Y
PH (5 Cgor (3 pan &K sodlpm dl 5 (A 5 0 8 o
Aol HyOy io Chile uoen 50 5 ¥ ang polie o
255 15 eslizul 3y (il UV Y 5 S od g
ey aids Fr J S bl e Ol sl S5 w oY
- COD ldas s Sl (6,15 ot g0 S suidd 0o
¢ e 52T BOD (COD L i lagi gai plos .5 a2ds 7+
ol Dl g JIlnS” 055 25 (s S el e
ST OMsly O ST (gl 5 ,lkkul gla sy kS
Kaws 51 UV (Y S o, Sajlll g (YY)l
5 PH (ks Cge EC1-X Jute (Hagnen) Ss 2o g3,
HANNA  Ju 2 pH oKvs 1 Ly (6,565l
5 sl glaunT plxil g ¢ instruments 8521
Jie sl o83 3l ¢ oSl 0525 5 0528 (5 jLwacnd
O o&as I K 3 (6,8 o510l 1 MLK. 2001

A& oslizwl Perkin Elmer Ju. 5

(S35 o b BB ST Gl G s a5
OT bl 53 555 oy 39 25 Sk b (T 5,0 Olsin
J5ls ol i @il S (AP T eslinal
J%a}m,;),,:f\,g}\,w,;-@dugu;u),«s\)

..\4«:; oslarw!

I3 P9
4 Wt S g g5 adlee pg S G ol
Ol s éb ﬁ,&r_:léﬂ,wd\;) B3 Joee 5l o (6413 114 sai
Sl 2 8 15 ket s)pe 5 slaanTp Cau 01050
S5 a3 AS 5 Gilead 5 slanl s 4 4kl iy el
OTPH e 5 L Tl s oslitul oS dinis o3le O gins
S sl il gileay S S ag
Ao e Ske Vi s Ve @ X0 O lac kil
oo 53 5 0353 ot PH b slal o 4 &3 508
Lgaads ¥ e 4 agds jd 3 VY U Cepw b Syl
Al enls I3 a2ds VO e 4 azds 3 e ¥ US S e
Cgr 2y Sblyem 5l e Cele &K 51 e
Obkily g 8 ke .5 S eslizel COD (5,501l
2355 55 S sy S Ol e 4 s ol er 4 1)
Chle il b Lo s Ll o KT s as 8 L
37D F N slie 3pH i 5 (e Chile) 6K 5,5 )8
S PH (T ) il G Lalpd b il Jae ¥
> PH e Olse 4 syl 1) Ood Ol o i

A dal g oslitul adas gladnT 3


https://tbj.ssu.ac.ir/article-1-185-en.html

[ Downloaded from thj.ssu.ac.ir on 2026-02-08 |

AV
L]

35 Cuilg oSl iags sale acllab

JE——

Ogid—gid Wi T 3 10 coliiwl 390 o8 1y eCiladd 1) K&
g)_,:fl)g)b(‘?)‘w:bti.a;)}sk(é)‘&Q(F)‘&T:ﬂ(\‘)“5\4.1:.&)}5‘)(")“&\5\é~ Y el ()

T It s (1) T 05 (V) comas () (55758 b () ¢ o g2e lzs s UV 150 (¥ ()

ol 03 L) Les L;ﬁfa;t,uuluﬁ}vw)ﬁpHmu:p
L c4ids 100 Sote 4 (35 5 Kl 453 YOI 4 /0¥ > e
‘Fe? & HoOs s 5 Fe? s HyOy Ciliis clacbils
W33 55 95 Vrr e b iyl o S5 AN Ll
Olej ol &S ey T3 plonil 51 g 228 5 ) 3 il Zos
N P T - SR
=b A3 5 oslizul 55 COD (5, 80510l Cg 23,
Ll cul S5 4 e odal Vg 53 islesT oyl
ol s AN L i, 'Fe? & HyOy i « pH=3) wg
Sy oedd e 05 adlas 3 (ads Vo ST
Chle LIl L osdie ey sl ol 53 4 skiles
D15 or oS5 b o Uil Cad 0leti, Fe? 5 HaO,
S 5 53 056 Wl 5 LCOD ol g Ll 3 o857 oS
HxO0, 2 s r,fs\:ﬁc»n Cble s gjluasd g slaail L
S8l o BT g PH B 2 s p 8 e Y0 il
Loy VY 4 COD Gods 0Lkl Ll i cpl 5 oS

.v\..»-)@

bl

(akaS i ) (g5l 5 slanl U T 3

45 COD 2l 5o ahai iy T3 1 23w ool 5o
G s S andllan Sl s ol 5358 15 ) 2550
Sheslimal Loy s a8 b s ediSaiaie esle Ol e
OT lia PH o 5 035 gy 0T Sl ) il
o S da 35 e 0ld YIS s 4K skailen S
Verr 65 s 8w Gl niid s gileand olial
) 4zt COD GINY iy o 55 1) 5 p 8 s
Cb LS B s Sl Gileaig Sl ey ke O
plsil e SilejT pH i 5 oo S ke 23S
3 PH o 03 8 o edalin ¥ USG5 4K glailen s
250 2 PH (5 55 871 (g jluassd 5 slanil a0 T 5
ke iy b 0510 T

olinl AT 5 odd ada 4l s Sl candlas I isy ol o
Soleag Sy S ekl Jylde oiih g (gileasd

jﬁbﬁ)LgJ;:JYL;lAJQ);+FCZQM';JH202¢ML


https://tbj.ssu.ac.ir/article-1-185-en.html

[ Downloaded from thj.ssu.ac.ir on 2026-02-08 |

AA

AN

g 5 el T3 LS 5 55 S sl T gl s Shes L)

%) COD Gis e

T T
ae Yo o

Aos Yeos

e ke) 0585908 g
et [daxl s T B 58 il b COD Bis g G B 59 5 Cdald i 1Y IS

-
6.
6/

i £y £olAY
-._'J £+
i I U
@)
o
O y.
<

[P

pH

S ilwdisd (3l W T 3 38 4l s COD Bis g pH g §12F IS
G p S kafore i s COD (il p 8 e Vere i K03 55 IS i)

Ly Sl 8 B 53 o 5l 6
= 58 eslizal (s 5 COD (¢, 5630l Sy 235
Ll s ol }554{(:)'31 Sl odaT Vg 5 asle3T ol
Olj 5 AN L, Fe? & HyO) i « pH=3) wg
Dyoodd ngﬁ_: adlas s (azds VO STl
Chle BBl L osde ek dadr opl )3 4K, sliles
D15 on 55 b e LIl ol Oleit, Fe’ 5 HyOn
S 5 3 g a1 3 L COD Cods ang Lol b o87 oS

Hy0, 2J s r,fg\:ﬁmn Cble s g ileand 5 slanl b

4l g b Ogud T3
ol duT 3 odd adeas ol 51 candllas 51 23 ol o
Gilwang gz A oslimal Jgline oiiw 5 (g ileas
)&@)6EY6MEJJ+FCZQM§)H202¢M§
ol o3 L) bes L;,:fajl.myw}ré”ijmmg
b caids 100 Soe 4 (55 5 Kl 4y YOI +/0Y al e
2 Fe® 4 Hy0s s 5 Fe® 5 Hy0p il sla bl
ool 4ddd 53 93 Vv oy b Sl )yl DK:‘.NJJ)A:\ L

Oloj Cele & T p plonil 5l 238 15 wheas


https://tbj.ssu.ac.ir/article-1-185-en.html

[ Downloaded from thj.ssu.ac.ir on 2026-02-08 |

Al IL_.__!_“

>ku‘%aﬁxlsw}2&uw

LT 3 ;JQ.Q.; dus (20
335 0 i3S ST CBE 58 Dl lT s SSLT
2> Dl 055 DL 4l pd Dl sast iman 5 6
o) o ol il e K ST unl 3 asis 5
5 Gl bl b oS5 50 T e s Slas d e
(g PH 51 8) LSS Lalys 55 (adeai t) ki
T3 ol 0152 b b 8 15 g 3590 Olajan &
(TKN) JS IS 0535 25 BODs «COD s i 1
KL S 5 sl e e (T (Dl
AT 5 ilT ange dul oo 503 135 ol )5 5 deslie
23 ileyT de e opl ml ol Cgz O Jad> s
5 sl LB O Sl S5 4 p5Y oal & Jgdo
Pdader 55 g e Sl 555 ks 53 o

sl 0l sl

W8l o 31 ¥ 55 PHs Fe® ) 5 0 8 o 570 il
Loy VI 4 COD God Olekily Ll b cpl s &
Ay o0

a8 sla bt

S Al oo i 5 a0 a8 SlisleT andllas ol s
opl 53 el e Jgd s e 4l COD ,.% Ol
Aol 5 Lde 65 dwl I PH (h5 S al>
T 55 & ST s 8 eslizal Ve Ve 6, 4d)
KoL GT Lot s UV 487, 5 )03 355 UV ant
53 UV os olasleyT 5 o8 8 plol gmblin O5en
ow.m&g!@;,;,pxuuﬂp,ngka&w;
S it Olej Dule 5 aids 70 J S LT a0l
S Sla 3y aids 0 0a COD 2lesT sy (5,15 14 5o
i oy LT3 a0 ¥ 3 05,5 s edalin &
COD 5 & cbaasT 3 ol 5la,50 % 53 5 55 ,awe COD

W8l 10T e S o Sy 2als

Ogd wisT 9 9 (S iludizdd /3wl W T 9 ploxil 31 ww 4l s COD s S Ol jue 1) Jgu>

Ole Sleo g W 4l Ologas &l b Ol gas Ogid a1 Ll % YA g S0l 54
S I o 4l s 4aaS g 3 Pl
N Oy wal S ke AE cLls s chle
COD pH  Fe** H,0, pH
(Ae33) COD pH COD pH COD (mg/L) (mg/L) 5
(mg/L) e (mg/L) < (mg/L)
mg/L)

VO/FA VYA ¥/% Y Yo oY+ v AVD Voo > Voo

VY/F VEF ¥/9 Y 4/v0 oY+ Y Vo 5 > \

VY/F VFF ¥/% Y Yo oY+ v £Y0 B > Voo

V1/54 VEVY ¥/% Y /Y0 oY+ Y o f > \

VA/+A V8- f ¥/% Y Yo oY+ Y Vo oo 5 Voo



https://tbj.ssu.ac.ir/article-1-185-en.html

[ Downloaded from thj.ssu.ac.ir on 2026-02-08 |

AN

g 5 el T3 LS 5 55 S sl T gl s Shes L)

oMol Hgiud Wi T 9 9 (5 jlwdise [dlaril Wi T 9 plmil 31 wry 4l s COD " i Ol amo YS9

Ol Shogas A Slogas b Slogas  ond ool g T Bl it Bl
OF Sie 3lan 4l a3l e pls

COD  ggmd T s Feone ok PO P gt

(Ae33)  ous o3l pH  (mg/L) H,0, pH ey
COD ~s~pH coD  pH COD (mg/L) (mg/L)
(mg/L) (mg/L) oI (mg/L)

WAF YYA- ¥/ Y. A 85+ > AVD Voo > Yorr

YV/\F VYA ¥/f YYer NY 4K o Vo« Foun ) VYooo

WAF VYA ¥F Y. A 85+ 5 svo dees > yorr

YV/\F VYA f/f Yy AY 4K o O Foon ) VYoo

Y¥/Y4 \FF. ¥/f YYer NY 4K ) Yvo Your ) VYooo

Ogid-gid Wy T 9 9 (S 3lwaid (36l Wiy T 3 ploxit 1 vw 4l s COD ™ Bde O me 2 J9ue>

Ol SOhogas 4l b Ol gas 4l b Obogas O - gid w9 Ll dhai gy Lol 5
G o 4l el Wi gy 3 A Pl
CoD Ogis pH Fe?* H,0, pH I
(we»?) “"COD  _,,spH COD pH  COD (mg/L)  (mg/L) s
(mg/L) (mg/L) aJyl (mg/L)
(mg/L)
A/ ZeA Y/A YYer LYAY4 oY A\ AVO \ARK o Verr
AO/YY YZA Y/A Y'Y LYAY4 OY s i\ \N Foun o Voo
A¥ AYY Y/A Yoo AYAl4 OY . i\ Y0 Oeen o Verr
AY/CA M- ¥/A Y /8 oY+ ¥ O Foon o Voo
AY/NO aYA Y/A Y'Y LYAY4 OY e i\ Yvo Yoo o Voo

oudplmil J 5™ Olisb3T 5o COD Bos Ol F J9oa

COD . >3~ COD 43,/ COD pH ks 435 pH H,0, ¢l J8 bt

(4 y3) (mg/L) (mg/L) (mg/L)
+1F/Y4 S OF e v N¥A X H,0,
+V/ ¥ I aF e o NEY Foon H,0,

. 0% OF s b5 Oy N¥Y Fuan H,0,
—VF/¥4 FA+ - OF e Ay NEY - RESPe

. Y OF o AN - 055 b
+V/\ ¥ Foon OF b o5 MNEA - RYSI
-YY/YY YA+ FAS v AYD - uv
+V/FN aYyY. FAS - v AYD Fuan UV/ H,0,
+4/+9 FYY. 45 TR AYA - uv
HY/PE fo: . Y45 5 09 AYA A UV/ H,0,

Cﬁﬂ‘u-l-i'ﬂ\._.a.\a;Q‘R}J@bb\jwﬁaxw%)lu\iﬂ)}b%


https://tbj.ssu.ac.ir/article-1-185-en.html

[ Downloaded from thj.ssu.ac.ir on 2026-02-08 |

q) IL_.__!_“

>ku‘%aﬁxlsw}2&uw

QST gt b Ogiid (O giud- gid conbz Mol giud (Ogud ST B Olo jod plxil Lyl ph 10 J9ua

5 g 44 day Lyl 4 Sy dne Bal55 X7
RIS Fe™ | 'Fe’cbl  H,0, -kl s FICgERA a3
(min) (mg/L) (mg/L) pH & pH
10 Y0 Bees ¥ Yoon 1) R
q. #Y0 Oees o Yoo ) aki ol O g3
\Y Y0 Bees v Yoon 1) O gi g
DJguer Llyd b Billao 4 b 4 3 (o 5 g TP s 0 Kb Ao F 9o
bogw-gB o s ol Ogub 3 Kl b Oogud o b S MEe aslg Folsl
4adi oy 4 g 00 4 g pL- 4l
WS Sl Ao Sldie Loy Sldie
Cod> odiladls Cod> odiladls Cod> seoblesls
AB/FO ovs AV/IAY Y. A4/ 4 FrY ALY mg /L COD
-\\Y VVE/$ oY/ov YY/0 lalAx V070 FV/§ mg /L BODs
- ALY - B - B4 o/NY - BODs/COD
YV/e0 £Y. v/ AVl s VY FYY/Y oYY mgN /L TKN
vy Y/5F 40/Y) /A 45/F1 ¥/¥4 4y/5¥ mg P /L Sland gyl
\Y/FF VA —A+/AY VFA -V8/5¥ VFO M/A mg /L AT
YA/OY PV O \ VV/FY OV Y mg /L o
Voo . AV/AY /0 AV/AY /0 YINO mg /L JSesS

I3 pasadT b awlie )3 oaT eS8 o 13
Sai LCOD Cod- 0l o855 sy iy oo 6 2y (2T
YA S o m ST e T 5550 55 5708 51w 8T

(Yl 7AA
Ol Olen & 2 08 e = CODYO s aalllas (ol )
3 hoys FOIAY &3 55 IS &) e 8 eV ee s LCOD
Vorr LCOD God Olpe 2 5 0 8 ke COD=Y45 s
b IS sk 55 Ao s VIV &K 5 55 )87 20 50 8 e
b 13 COD Gl s s oS damis Clale 21531
PH K5 5508 b (sluasd /3linl T3 55 < pH
[3linl Sy laiT ol Koo anlllas 3 S5 55 0 il

205 e A0S L1 COD L slal o8 (555 » (s 5luecsd

Sl ol bl aif 1od 3 il domly oy okilaBly s ghits
S5 domd g Com

Olse ay s & 5 (65 lwazied Olanl AT 3 Il e ol 53
oMol 058 (o Al OT JUids 5 adea Sy Sl
S o B o 350 o sl 53 O b

53 2T wha 55 s WTH K (gSleasd /sl
Gl Sy Wlg e slanl (YL o oaie OB
Coodl Ol 55,8 15 eslimul 5,40 55 4l b 3l ety VT
Wsyls STy Lyl d s al el Slasie 4 Sow 0T
g olwasd okl Gl eslinal vy 4 anllae s
Lty b3l Lol s x5 o33 Jows alub i
5 W LS ol Sl () paa T D s

030zl 3 o oIS dinin Ol yims gy sy Dl g 9 IS7 S 5


https://tbj.ssu.ac.ir/article-1-185-en.html

[ Downloaded from thj.ssu.ac.ir on 2026-02-08 |

AN

g 5 el T3 LS 5 55 S sl T gl s Shes L)

Slesin b glaal i 55 COD O Ol a5 sls Ol
2385 dex Gl Calie glbodiSdine buy 5 Osline
Lo dinis ol b goue 5 2T Sl ST o JT (K, 3

AYV)3505 513 7YF-VO 03 gdoen
5O Lyl s 53 358 s odalie # gl 53 5 shilen
e’y Fe? 5 ) 08 ke 0000 1 Oy i
el 055 052 T3 (a33k (g e S e PYO )
Jslae 3 5 4 COD 28l 3w Sy b 0525 5 5 o
Oldly Jole 4 L5l o Lo ys AD/FO 5 AVAY AR/ L
2l Al bl K5 iyl 3 53 51 ST oks 3ol 0 g
Jsaer) J 287 sl hale3T oY 5 ¥ IS ks LV gt
oo T aen 55wl hy MuT 3 (o8 Ol e (F
Cows LT bl 3 03 F COD iy LhalS
ol Sl aHl el 4l s b awlis ;5 BODS/COD
o LT3 sl 5l adeas oy L O g g 0T 5 5o il 3
s o ) Sl L alie adllas ) ol Bl s
B3 S wl e 4ol (g jledig 4 45 S 5 Dm0 0
S eandllan ol 53 dztls ;O g 5 5 05 glady T3 b s
AT 55 s5ab s S gear YU 5LES L (glo g S5 PO (Y
Ol cloes (los 5 ¥/0 (g sbun PH o i oslnul O guo— g0
5L slac bl 53 COD Csd .35 YU Gtas COD ol
G ble I & 5y Byl i s g e sl ws b ool
o 3 8 oslined UV wasl Ol 55 oSy 0T
Ol 4 2B 05 LT3 UV L5 Ol s 5 ang Ll
COD Lol Sl 53 0345 (0360 4l o5 51 COD 7A+ 350>

B do 3 Ve 5l 2aS (b e 5 agS) glaal i s

L COD Cod )l cang Ll js &8 sl ol 2
L) b 5 COD Cold Sl 53 350 7YY 20T 51 osliad
'y e PH &7 Csls pl p CIYs mls 5 VYA &K 55
S e kel S K LIS e T eiS e
@fo@\m VP O elS ane e 5 Ve 5 8/
¥ sy 2o PH atls 58 andllas 53 a2l (YF )sg 2 5
4BODs & 28 85 15 gy 1 5550 SYLPH 555A L
(Y0)5 S5 (6 i o) 3 L adaas 1 A COD

A adnte gl el 4 4l pd adal 53 ediS i S
o 5,03 Koy o BODS/COD s «COD Lol
b 4l el g oS gladlln 5o LS 5 oSSl
53 bl T3 bug 2l 58 Le 0A++ adsl COD
A e S ke Ve 0355 L sl plail § gl
55 pH 4l Caws COD sl /8F & FeCly-6H,0
Gls S PH Slie 503 8 S5 cuy 5558 YA 03 gudons
(Y9)3 5 (6 iy i (235

A3 s e e bl iy allln 4 (HLSs 5 (536
03558 candlan ol 3 dimtls (g luasd —slanil AuT 5 L
212 COD (513 636 al b 4 pfT L S 5 (glaoas dinis
Sde 51 YOYA 2alS 4 i o) a8 e V4
A3 S ¥ 03 b Ol Ol e S COD
b gl YL Ol Gl b e iy 505 4 0T
s 7 g 05 e OFD 3500 COD L i b
e ol 53 350 el IO I el aline sk g AT
b oaT 5V 55 2 PH s LCOD Gl Olee s 20

O Sl (T¥)s 5 VA 5 2 53 o 8 Y bl


https://tbj.ssu.ac.ir/article-1-185-en.html

[ Downloaded from thj.ssu.ac.ir on 2026-02-08 |

ay

[

>ku‘%aﬁxlsw}2&uw

5 O AT 5o b sl oy mhe LALT S L
oo Lo 3 0 aS 5 o e 1ol o e dlim Dol O b
e b T 3 den 55 Jaud gl Ol Oljs (S8 55k 5
05 Osb AT 3y ol g zie b zall aes 1040 )
wn 4 oaT 03531 Jay S ok il il UV
2o s s Pl 5o o T UK Ol T
Glacussdoe 31 (S & Wb Rl Mg ol
UV 5 5l oslinal 558 o o puomn 055wl b ot T3
3 Pl 53 AT Olr o0 5 8T o Ol o il 5 o
Ghls Oz g 5 050 ST B )3 o s dad a1
LT3 3 os B Ol 0 2S5 30 IV I G O
23 (’3; odo Ol e 3 LYA 350> °"“'"”C>*"‘ O gué

P PARNINE P
2 ekl Bl oty 4w s b opsexe o
ol ph ahas s S i Ol5 e b Kbl a5
Al 2T ot S5 adal iy b O 53 40T
535S T o A5 amziys 5 aS aT e s L
23,8 (o D peomn T3l GLlse 51 8 O i AT
e Ja UV Y Sl 6hls e s SIS Jos 5
55 T )l Sk b 5 035 S Sl (85
Sheslizal pomen (LYl Sl B e S 55 0528
Sde Yok 53 el 3yl 85 5y Gs UV Y
A lld ol Lo B e e Sk sl
ool oy e 53 Ogi- B ALT 3 51 0155 & ey o

.Jj.o.;

28 UV 55,8 cdghte 05 unT b avg Lol o Cow
93l 53 1, TOC 3 COD Cods Oljm 5 J6
CLle Wl sy Fe® ke I fis B 5 o ldie Olen
Cor e MY i U Ll e eslinul 3y5e s T
Sals s T 3 55 TOC 5 COD Codom ldie a5 ke
A5 et o oS il ol IV S TFe? Sl eslizal L
oS sokn JGsl, Lltie Olea Wy 6lp 20 SO
Al = 5L 3,50 TOC 3 COD 1 glin Hluie Cod S
B B S R g L L
334 5 055 AT 5 55 g b T 5 0595 ST,
4lie TOC 3 COD Cod dmys 4 Ol 5 o0 O 5 g3 AT 3
45l Jlte 0gb T3 cadeal 4y e K18 s
35 Sl iy ol 5 sladis a5 b3 iy gl 3l
Ol YL G551 5 Dl w055 AT 3
b g 5 055 ST B GHSes 5 5 wlllas Gollas
INYA 5 TEDVO L Ll Se asil by o o
5 esliznl b O genltnS’t 51 s BOD/COD s .zl
Wl g oSl oty /0 & | Sldlas s (O T B
S YU (S (651 4 Sl Ot T b ol IS

(VLS on il iy 7o Rl 3l e 3 5 UV Y
Jows 41,23 COD Codo 015 &8 515 0l 01,05 Slalllas
5 oddm Mol 05t (O sl b Ly Calibes glagis
GO 5l gtz HyOnFe™ TFe’ Jgo o 53 0 26— 53
Slaseia 53 Salis It Yhoom! & Wil o ie Lo y3 AD
Wb LSS Sy 5 ahai e g5 $3005 4l

Sl edkd ot 05 4T3 53 TRN Gl 0l zen (A2 o


https://tbj.ssu.ac.ir/article-1-185-en.html

[ Downloaded from thj.ssu.ac.ir on 2026-02-08 |

AN

g 5 el T3 LS 5 55 S sl T gl s Shes L)

O sl 2k | dglie 53 058 ahedd 3 Lot US04 5
S et NT Jlst gl (olulier aanT 3 ple 5 olis
aor 51238 g gl osle Ko B 4 b oS
Ll 5 gr 05 4hds (S e o (Gl 3 oS sl fage
ekl Al iy O g8 AT ol I 28 b
Vool 5 65 o e Sakt 33 5 3,5 (oS (631 4 55 0 g
s Al g Lgh me il 4 St

S0 9 KL

S ol ol ()5l 5 Slido Sislae I Ak sy
oslad & Flidos b (b Gt pl i 5a el ) 05k

.::_,fo.n 2548 MA-A

References

Ly alsd da Gl el b 6 O Jas o
sl s Jol 58 3 (Golws 4 42 5 S Sl ol (60T 5 0520
sbasr (pld B O, adal a5l
b o )y Slles Sy 5 (6ols 0 5 oS 4l
o al el kel S 6550 psk LilS e OB ST
e Wl ald gl 5 o Lo gaiun 5 335 I 5
FEVL G bl dead g 0510 gl T 5 il
21 S e St gy BB sk 5 03 5l
e oo &) (S5 s ks Gy b a s
bt /(S5 a3 5SS b b alin 55 0555 aheas
w5 JB sk Jlb S (b O 5 oLl s

2 JTOLS 5 Ode e VL (a3l gl

1-Neczaj E, Okoniewska E, Kacprzak M. Treatment of landfill leachate by sequencing batch reactor.
Desalination. 2005; 185(1-3):357-62.

2-Lopez A, Pagano M, Volpe A, et al. Fenton's pre-treatment of mature landfill leachate. Chemosphere.
2004; 54(7):1000-1005.

3-Aktas O, Cecen F. Addition of activated carbon to batch activated sludge reactors in the treatment of
landfill leachate and domestic wastewater. J Chem Technol Biotechnol. 2001; 76:793-802.

4-Tchobanoglous G, Theisen H, Vigil S. Integrated solid waste management. McGrow-Hill; 1993: 417-444.
5-Guinea E, Arias C, Cabot PL, et al. Mineralization of salicylic acid in acidic aqueous medium by
electrochemical advanced oxidation processes using platinum and boron-doped diamond as anode and
cathodically generated hydrogen peroxide. Water Research. 2008;42(1-2):499-511.

6-Kishimoto N, Nakagawa T, Asano M, et al. Ozonation combined with electrolysis of 1,4-dioxane using a
two-compartment electrolytic flow cell with solid electrolyte. Water Research. 2008;42(1-2):379-85.

7-Wang LK, Hung Y-T, Lo HH, et al. Handbook of Industrial and Hazardous Wastes Treatment. 2nd ed.

United states of America: Marcel Dekker; 2004. 1155-1209.


https://tbj.ssu.ac.ir/article-1-185-en.html

[ Downloaded from thj.ssu.ac.ir on 2026-02-08 |

0 IL_.__!_“

>ku‘%aﬁxlsw}2&uw

8-Deng Y, Englehardt JD. Treatment of landfill leachate by the Fenton process. Water Research.
2006;40(20):3683-94.

9-Primo O, Rivero MJ, Ortiz 1. Photo-Fenton process as an efficient alternative to the treatment of landfill
leachates. Journal of Hazardous Materials. 2008;153(1-2): 834-42.

10-Turan-Ertas T, Gurol MD. Oxidation of diethylene glycol with ozone and modified Fenton processes.
Chemosphere. 2002;47(3):293-301.

11-Morais JLd, Zamora PP. Use of advanced oxidation processes to improve the biodegradability of mature
landfill leachates. Journal of Hazardous Materials. 2005;123(1-3):181-6.

12-Zhang H, Choi HJ, Canazo P, et al. Multivariate approach to the Fenton process for the treatment of
landfill leachate. Journal of Hazardous Materials. 2009;161(2-3):1306-12.

13-Goi A, Veressinina Y, Trapido M. Fenton Process for Landfill Leachate Treatment: Evaluation of
Biodegradability and Toxicity. Journal of Environmental Engineering. 2010;136(1):46-53.

14-Batarseh ES, Reinhart DR, Daly L. Liquid Sodium Ferrate and Fenton's Reagent for Treatment of Mature
Landfill Leachate. Journal of Environmental Engineering. 2007;133(11):1042-50.

15-Lau IWC, Wang P, Fang HHP. Organic Removal of Anaerobically Treated Leachate by Fenton
Coagulation. Journal of Environmental Engineering. 2001;127(7):666-9.

16-Hermosilla D, Cortijo M, Huang CP. Optimizing the treatment of landfill leachate by conventional
Fenton and photo-Fenton processes. Science of The Total Environment. 2009;407(11):3473-81.

17-Altin A. An alternative type of photoelectro-Fenton process for the treatment of landfill leachate.
Separation and Purification Technology. 2008;61:391-7.

18-Farrokhi M, Kouti M, Mousavi Gh.R, Takdastan A. The Study on Biodegradability Enhancement of
Landfill Leachate by Fenton Oxidation. Iran. J. Health & Environ., 2009;2(2) [In Persian].

19-Malakootian M, Jafarzadeh Haghighi fard N, Ahmadian M, et al. Influence of Fenton Process on
Treatability of Kerman City Solid Waste Leachate. Iranian Journal of Health and Environment. 2010;3(2) :
123-134[In Persian].

20-Wang Z-P, Zhang Z, Lin Y-J, et al. Landfill leachate treatment by a coagulation-photooxidation process.
Journal of Hazardous Materials. 2002;95:153-9.

21-Tatsi AA, Zouboulis Al, Matis KA, et al. Coagulation—flocculation pretreatment of sanitary landfill

leachates. Chemosphere,. 2003;53: 737-44.


https://tbj.ssu.ac.ir/article-1-185-en.html

[ Downloaded from thj.ssu.ac.ir on 2026-02-08 |

AN

g 5 el T3 LS 5 55 S sl T gl s Shes L)

22-APHA. Standard Methods for the Examination of Water and Wastewater. 21st ed. Washington: American
Public Health Association, American Water Works Association, Water Environment Federation; 2005.
23-Tatsi AA, Zouboulis Al, Matis KA, et al. Coagulation—flocculation pretreatment of sanitary landfill
leachates. Chemosphere. 2003;53 737-44.

24-Zazouli MA, Yousefi Z. Removal of Heavy Metals from Solidwastes Leachates Coagulation-Flocculation
Process. Journal of Applied Sciences2008; 8(11):2142-7.

25-Wang Z-p, Zhang Z, Lin Y-j, et al. Landfill leachate treatment by a coagulation-photo oxidation process.
Journal of Hazardous Materials. 2002;95(1-2):153-9.

26-Rivas FJ, Beltran F, Carvalho F, et al. Stabilized leachates: sequential coagulation-flocculation +
chemical oxidation process. Journal of Hazardous Materials. 2004;116(1-2):95-102.

27-Renou S, Givaudan JG, Poulain S, et al. Landfill leachate treatment: Review and opportunity. Journal of

Hazardous Materials. 2008;150(3):468-93.


https://tbj.ssu.ac.ir/article-1-185-en.html

[ Downloaded from thj.ssu.ac.ir on 2026-02-08 |

v
L]

5}_;;.’2‘J.€;.au&iéb‘5i.a}}7@l;uu.4.é

Evaluation of the Different Fenton Processes Combined with Coagulation- Flocculation
Pretreatment in Landfill Leachate Treatment

etk

Zazouli MA (Ph.D)” Yousefi Z (Ph.D)” Eslami A(Ph.D)“Bagheri Ardebilian M (MSc)
“Assistant professor, Department of Environmental Health Engineering, Faculty of Health and Health Sciences
Research Center, Mazandaran University of Medical Sciences, Sari, Iran.

" Corresponding Author; Associate professor, Department of Environmental Health Engineering, Faculty of Health and
Health Sciences Research Center, Mazandaran University of Medical Sciences, Sari, Iran.

“"Assistant professor,Department of Environmental Health Engineering, School of Public Health, Shahid
Behashti University of Medical Sciences, Tehran, Iran.

“"MSc in Environmental Health Engineering, Department of Environmental Health Engineering, Faculty of Health,
Mazandaran University of Medical Sciences, Sari, Iran.

Abstract
Background: Advanced oxidation processes such as Fenton and photo-Fenton that have been
applied effectively to oxide the persistent organic compounds in leachate and converts them to
unharmful materials and final products. However, there are a few data about application of Fenton-
like process in leachate treatment. Therefore, the aim of this study was to treat the municipal landfill
leachate by above processes..
Methods: This study was an experimental study that was conducted with set up a pilot system. The
used leachate collected from a municipal unsanitary landfill of Qaem-shahr city that located in
Mazandaran province. All examinations and samples were analyzed according to Stndard Methods
for the Examination of Water and Wastewater.
Results: The results showed that the conventional coagulation & flocculation process with chloride
ferric removed about 45% of COD in optimum conditions. The combining of pretratment with
AOPs significantly increased removal efficiency so that the removal efficiency COD for Fenton,
photo-Fenton and modified fenton processes was 89, 85.45 and 81.82 percent in the same
conditions, respectively. After all processes, the biodegradability (BODs/COD ratio) of treated
leachate compared to raw leachate was increased and the highest increasing of BODs/COD ratio
was in the photo-Fenton process.
Conclusion: The efficiency of the Fenton-like process is less than Fenton and photo-Fenton
processes. Instead, the Fenton-like process was done at the higher pH and will not have these
problems.
Keywords: leachate treatment, advanced oxidation processes, photo-Fenton, Fenton, Fenton-like,
landfill
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