[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

[ DOR: 20.1001.1.20082029.1392.6.4.5.7 ]

ﬂ}k&ﬁduw‘hﬁm‘gu»@
Ol Jame Clildg ke el

FAC 6TV Sl ) FAY Olis oo oslod 0 05

SOl Sals s el Sld S L Mol s dul B 0,8 wy
) b

*Jr.iuu 4s goars Joslyals 3l 9> dazms GV&L?J Bslo dazes sy’\u.o.g; 948

AN/ POt 5y AV ¥V sl s

s S

s i ol el 45l 28 oM o O o g il 5 s o (slacsl oo ol 3525 35 50 3 lg sl 1,5 05 ol ibikt 5 dis
Ll g o Sladae I i alS 3 8l LS il s 55 Dol O35 Al IS ey il b

45 g O grenloenST A [ s 37 2 sl ol 0k plowil AU Lo T il 3 45T o]y o allln G i ) it 0 S5
[Fe]/[HYOY] /0-0 Jso (slaCu 5T mg/L L0 o s cbole o) o—90 min los Olsj Y=V pH 5 Fe®/Fell/FelllHrOY
o ki3S o S Sl s pulad Ol j HYOY 035581 Ol il S 2815 o G PH 3 alllos ) 55 .2 idy oLl
3,8 oolizad Oe v o /DI o 455 oKl Gl ol i it

[Fel/[HYOY ] Jso Coni XL plw PH folis i 5 0 ol 2 Gl shate 4 O 525 J;f/’,;(.z?‘;/,;%‘;uﬂ/,g;/ww@w;uw'g
deemgrL Sl x4yl Ll IO MIN Wils Oloj s Sl i S Olakily Ll 5 ol Slasl bl 10 MIN ilos Olos 5 /0 b ol o
IV/E NSO ol w5« FellllFeHYOY , Felll. Fell. Fe®. Fell/Fe/HYOY |, ¥ pH 41+ mg/L ol oS 5 o Llé
ol ZVE BV S0

Sl ialS w36 s al 3 Gl b Mol O st AT 545 L3S e e ool G @wmuﬂ’@wwp/ﬁ S s

S 1 sl 5y ge wlie LS 5 Gl (gl Ll o sy ol 5 035 ol aes Sl iy Jaol 5 e

R P O RV N A W BT UL G SV PV KWK 1 [P R W L\ L Y

Ol Ky o 5he o g 0 uSKils damms Cllig (6,53 (g gmdils (U gans o dins $3) =)
karimibehroz@arak.mu.ac.ir

Shl Sl K f_,l.p (il 0 dSiSls ¢ e =Y

Ol Ol ose S 5 o &ls daes il PHD (g g2eiils Y

Ol il Ol Ay odhal 15T olKzils s Jams L)l sl S (g gomils —F


https://dor.isc.ac/dor/20.1001.1.20082029.1392.6.4.5.7
https://journals.tums.ac.ir/ijhe/article-1-5243-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

[ DOR: 20.1001.1.20082029.1392.6.4.5.7 ]

(\')w\ oj:‘.&«} Q‘J,Z.:.a e

S C bl g ey 5 sl Sl Ol Gl
Sl g gla s, 5 S e (Zero-Valent Iron)
ol 3 35 50 L;LAQS/JJHJJ.:- LS\J_!ZVIV.:_EJ_.*AJ.L).J:
ZVI .b.sz g:)lj.:.:.’ ;L;?‘ CM-" ol a.)Lé.L.u\ &_)b_}w) 9 6[}-
YL Sas Sty 5 mi CE..» J> 4 nZVI 5l estinl
oal Old . cad ZVI el (3l Jls sUlse slls
VAN MY 655 e Sl (5115 YO pm 63l L
Cols gl Yo M o311 L cpal O3 5L S Jis s
s S5s3Il 53 ZVI Sl 3 el YO/¥ Mg e
S e 5S sl Hsb s pssal 4 D s 4 e
»NZVE W5 w50 bl 33,5 e p s sl a0 2 5L
S gladlas bl 5 (V)3 g dal g A 2l Ll 5
S 6l w5 Ol o Bl cgr 0K 5 Shin L i
Sl Gl Oleily a8 s S sdal i b S 50 Fee
780 Y-y pH L3 2158 ol ab syl SKeew o5 pH «
AOMas S ol i Gl oleil

LS Fe?' 5o asiFee ol 2o 0 nldns] 5l dn
= e ) B e e 1
S 5L s o L a 1S plnil g 1
A Lol 5 el wl b el Ll 5 sl LPH
)}..é_?- P ('.h F62+ (\Y’)w‘ (AJ:..G 9 MES cCJL:_MJ‘ Jﬁb
5 (Ag* Sn*" Cu?) alex 5l caleis gloa 5500
adlas cpl 53 (V0)35 5 Ol 2 el Cm g Ll 55 o H202
O greldmS| AT 3 plnil g HJO, 52 s Fe™ s 8
w5 g Ol 5 n 1 HS1s sy e oy 50 0528
(V83 500

Fe* — Fe¥ + 2¢” — H,0,+ Fe?— Fe3+ OHs + OH'
Fe+H,0, — Fe2+H"+HO, (1S 5508 sls JSu1)

S e DAL B 53 el plonil Sladllas 4y 4 5
SUlze a5 L 55 0Ll mdl 5 0T 36 5 o sdams 5o

vy

e Nol 988 w158 1) o)

VRV
($3a5LS Gl ey s ol s ol >
5 e 5 (S Bk L SOb Ko ols slas S
S 5 G o 53 Sl 3 OISl S il 6,8
(Sl 0LLS 5 Lacsllr asy Jhll sl o3
S Sl et 5 2l O3S S pae DT PHL 2l
35 NO o Sl 055 250 SlS 5 Jaomac s
oo Sl Ol 0 el IS S NO bl ol o L8
0 ol (Lo 5IS gen oo Wilen) il OIS e
335 oot 5 0 53 30 bappel 5555 JS25 S
ol 3 035 08 O GualsT OF s O s s cnl b
Ol Sl ol s Gl gl il gladal b .(V)ss 8 Gl
o (V) bas Sl sl a1 sl o 35158
S d0) o gSan ol 15, (V) o s o) 503, Sl
Wl 3,08 5 Ll plad b S5 o iy 5 3 e
Shoslay ol galasl Jae 51 S5 ulds
O gl 253 5 050l 58 Ol 5 o0 (N5 e b
O gl S| (sladiy 3 51 oslizal il sladas 55 055 0l I
Sl s 5l iU Sl als ke 4 (AOP) wis iy
ol ()l i S | 3w 5 5,50 DL 5 Ol s
JSood sladlsl, s AOPg gl s,
oo s 03ls LSy I OLS 5L oS el (OH®)
oAl 5SS 058 O gl bS] 53 e LTy 5
O S sy L 0T 53 oS 035y aallae s, 50 sla 2,
Lol bl blse 510V 8 oo oy 0,81 Ul s 38
St 005 B w32 03 (390555 W IS &, 0155 o
()3 S osst oyl b ) 03 sl 5 s S 2uSTy oS
Sl sl 5 (Sl ol o (g5l gias b
3 622h 2l S whal S ReS S b
o gn S dayl 5 Ol RS ol s SOl (65 0 5
IS LotV o 55 ooy Ayl b ool aS el
Lol s b sl (R cpl edes SIS 51 (V)3 55
o1 e PHL s a3 055 &S s ol O ol
e IS dacl i v e VLS| el b aile ool s

U weind ol 3 35 g0 oli b 5 el 5 dacol 5o

o pit %ﬁ tmﬂfﬂ/
1PAP gliwo /g2 o lodh /mbuds 0 93

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://dor.isc.ac/dor/20.1001.1.20082029.1392.6.4.5.7
https://journals.tums.ac.ir/ijhe/article-1-5243-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

[ DOR: 20.1001.1.20082029.1392.6.4.5.7 ]

OS2 5 0255 9542

4L FeCL.6H O Jsloe 45 55 (2)) NaBH, J sl
Sl ity ans s Fet o (Fe™) & pal sl as $
5 dols Gllae NaBH, ;4 im 5 sl 05l
LS e

(1)

Fe(H,0),*"+ 3BH, + 3H,0— Fe'| +3B(OH), + 10.5H |

ol blis O5en SGS' L 5 U1 sles 53 G52 STy
ol o foum sle s s baslg o S
g s S St 0,58 3 g taad Sl e el Sio
(Yo \) oLKes s Jiang Z adles L ples Fe© ol
HQRDIGI JUR VRLIPPo

oslizul 5, 0 slaolKaws

S s 562005 Sk s Sl iS5 xS eIl s
Jsb 55 (DR5000 s HACH) o i 5 o5l oSz
HACH Jus) e pH olSaws s o3l ol YT+ M 50
oslial 3,50 2S1y Jaes PH (5, So5ll (sl (HQ 40d
LS 550 5 S5 s Aol SIPH (s (gl 23 8515
A3 S el Y M i

Lasls Jobowi 5 425 20,

3,8 S 1SS L Yl e el 6 - Solil slas
3l 3ol glacs s [ 5 4 sl
g KS test 05050 51 Il s sslel SPSS Verl4
Jb b s apar s b b eslinal baesls 035 Jbe 3 oy
Sl ool s 51 (P<+/00) Lsesls O35
o ) esli il Laesls JJUT g Willcoxon test
ANOWA ; independent two sample t-test (s ,Li
¢ ol 3 S el Clisr sl S e 0T g
2l 5o B s s Excel [l 5 sl eslinad b odal s
L ) e
oS Al e

sl

pH 35t -

slaoles 57 PH 55 ol pH aul 5 5 S50 sl el Sl

® Z)ﬂ/
%ﬁ J 1P liso ] /@ lg2 0l /muinis 093

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

vy

gy opl 03 35 gm glad i 35 5 055 sNZVI s,
ol ol laases 3l Sl xs 2alS sl s 5L

L by 93l

S Sl g allle SG Gos (nl iRl plasdl B,
Wl 0 ol e gl o 5 AT ke s
23 038 4 oy O gl ST AT 3 s b gy e sl a5
plil STy Jsha 00 e mL g5l Ve mL sty L
slackle sl Sanw OB il QIS ol gl 5 A
Jsbee 3l 2l zs Yoo mE NO, 5 Y00 00 v 00 (Y
5 ST Gk g JUH 1 ey 5 4l olty Sl 25 S el
« Fe(Il) Fee (o al 0L 5 51 5550 nslie PH s
Fe(OH),=, 5» « Fe (IIT ), FeSO, (7H,0) s
LY min 500 N 0 Sl akol s H O, Lol s
Jols Slilosl ads ws S b 5 aslol STy Lo
515 0l JH,0,1/ [Fe] s &oi PH polie (s
Sls 3 s e Jolie 55 ol e 3 Fe s H O, clale
bl e a0 ki S 15 3550 Ja e
Sl g sl ite G etS b e 5 bapie sl (il
e L 2oL et Sl e 38 end a5 5e el
Sy &g Bl 55 Ol 8 Gl Olakil) 058 3
el

o3 ekl a; 50 la 3l g teslitul 5 ) g0 o led 5 5
oA Sl s FECLLOH O oal i 1S Lol iy, ol
53 PYOH 0,055,408 4S8!, «(FeSO,.7H,0)
S g Aesle0)) (0l ool O 520 sy bl
(KNO,) ouly ol =5 (NaOH) s, (H,SO))
«(NaBH,) w1 &la s » (CHCOOH) sl Sl
A5 5 golu = MERCK =5 2 5l San a5 /¥ J 500
FeCl,.6H,0 ;1) mol claks ;5 jis ool 5L s cgr
o3 ol AV 5 JBIZY e 5l gdate ol a s S eslin
035008 S A5 5l (6 Sty s ate 4 A sl
(g b o a5 s sl 5 s e e


https://dor.isc.ac/dor/20.1001.1.20082029.1392.6.4.5.7
https://journals.tums.ac.ir/ijhe/article-1-5243-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

[ DOR: 20.1001.1.20082029.1392.6.4.5.7 ]

e Nol 988 w158 1) o)

ﬁbbbfﬁ@b%JﬁﬁMW@\ﬁwuﬂﬂ CA_MJMQLJJ«WQ' min;9~ X0 nv' NO Ve Ll
w“"_)’f."\.pH)Jw\°J".'.>J§(""")\ J&wd})bﬁpH u'/VVLJJ\jv_:SJSMCt/COQ\ﬂdﬁ‘&i_ﬁl&@bJ_ﬂT
NG| '/V/\} YV /Y /2y 4'/'\/4'/\/‘:%} MCt/CD pH J‘)Jdg;._m‘ '/'9/\) DAY VAV N VRV SVAR ¢

—&—intial pH 2 —&—intial pH 3 —A—intial pH 4

—#—intial pH 6 —fi—intial pH 8 —O—intial pH 10
\ L

AN
T N\

[
=
©
=
x
2
o
O .¥
~
4
(8]
-y

). \0 ¥ 0 5. a.
(min)¥te S

Sl Ve mg/L el s -4 min Wb gle 0L s Ol g8 e gals Y-V s pH LG IS

[Hzoz]/[Fe] Jﬁ‘ dbc"t“"'s -

Frr i # H O fFe wgs e ) 5 slae 1 U AN SO F XY spH s Fe Gl ol
B AN F A T AN SEE OV OMY $+/0 $X/F SN IV S i 5 &
oo [HO,V[Fe]o 57 ¥ ) /0 Jse slacns Sl G ol b pH sl s ol ZVE 4 5510
2315 2 FPH 5 2= min e sladles s ol s il FON VAWK RNV L s s o mFell b g
@l M0 SRS s e 53 S Gl S w3V el VYD YD NN FYIE YD

—o—Fe(lll) —M—Fe (Il) —k—Fe(°)

AN

'S

Ct/CO Nitrate
~o
|

(H202/Fe) (Asa Qs

FpH 5 -4 min wLle sbaole; 55 i e sl [HJO J/[Fe] 05 F0 oY o) /0 Jye slaced 36 Y S

o pit %ﬁ yﬂ/
1PAP gliwo /g2 o lodh /mbuds 0 93

vy Ol bz Cail gy ol ozl gy ale swlibad


https://dor.isc.ac/dor/20.1001.1.20082029.1392.6.4.5.7
https://journals.tums.ac.ir/ijhe/article-1-5243-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

[ DOR: 20.1001.1.20082029.1392.6.4.5.7 ]

OS2 5 0255 9542

[H,0,] 03553 .ol ot aslis Fe™ y Fe'' Fe' Lo
oA ST ST Ol 3 Olosen sb o Felll el o o
sy olilesl ol ol ansls |y ol zo chle 2als 56
4+ min Ll ols; sYpH 5 ol 2oV mg/L e ble

sl a3 S ol

—o0—H202

—8—H202/Fe (I1l)

—h—H202/Fe(ll)

[H,0,] 035331 o5 -
A Al LS 5 L ol s 035 5n STy 035331 Ol
LS|y 035581 &S 55k & 3503 Ay T3 DLkl 3 sl &
CLle Fe' 035550 5l da Vo min LS 0 51 dw O55,0—n
HEY Slasad o ey o als il s ol 2
sl xS s e 2 [H)0,] 005538 0

—E—H202/Fe(0)

Sy CC s o

) . Y

o

Ve A Y.

MAN) o35 0m 41y 035330 0

Fe" s Fe'' [Fe® Lug >34 ol /adyl Ol os cdale  [H)0,] 0553530 0L L850 ¥ s

olis adllas ol 55 S plasl 4 min Al Ol
33 8 o Ol ang palis Olse w0 al LS 540/0-\ g
odys Ol nd Gl Olelily iy slie pl 5 aS g5k

.)}‘«.::LSA

Sle Obey LS50 -
FO X A0 N min ke gla Ol 36 axdlas ol s
5,50 /0 MLH, O /1gFe ey slaclils 34+ 55
ey mg/L e ble s adles o8 15 )y

ilises gl by, b il Wb g0l 4o (ME/L) ol 2 chale Ol s 1) Jd

+/omL HzOz/lFe(m)

+/omL H,0,/1Fe” +/0 mL H,0,/1Fe
A/OEN/O INEA
Vo /ALY IV OF/A£Y/+)
sYLY/8 FA/ALY/0
OVEY/Y Y¥/0£Y/0
O /YEY/¥ YV/YEYV/¥
VYLV /A YY/AEY /N

blank time
VA/SEY/Y Yoo Ve
Yo/rLY Yoo \0
YV/YEV/A Voo s
Y4/4+\ /v Voo Yo
Y\/8£0/) Voo Fe
YANEN/Y Voo q»

® ﬂi@
%2 J 1P9P lino ] /012 0l /uinds 093

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

Vo


https://dor.isc.ac/dor/20.1001.1.20082029.1392.6.4.5.7
https://journals.tums.ac.ir/ijhe/article-1-5243-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

[ DOR: 20.1001.1.20082029.1392.6.4.5.7 ]

S Fe(H,00" 1S5 (V0 31 12e8) b Sl sLapH s
GRS s a3 a1 T Sl ST 0558 b
Al el SRalS a3 5 oS soder Sladisl lds
sbpH s H sl 0y SulasL dTﬂ odle 3 G e
Fe™ slady (iSly pmamen 05 Connl 56 50l Sl
) i GWPH D3 558 0 B 5me 5 ST 05504
33 JAT s3T sla O g o8 s Lo VT o 55 s o
oSS S5 s 4 e ool 5 e G288 sl
b ;3 Fe(OH)y ey s w0l 3L 5 Fe?' oo o
Jas Js LB Ll 5 s Slely S sl ST
H202 QJPJ o 3)9'- Y CM‘ FG(OH)3 — ) a F62+
o sM)e ‘J'.‘SLS" Lgﬂg_,.b-OH‘ LQLAJKiJ\)Ja&iJJ\joJ_.Z
GGty LS| il das o DL Slidos ol
()L o 2als pH Ol s 3 il 590 L 55 OHe
Sl pslle Gl sl Il sl b S5 (55 S|
Mielczarski cldlas olol b o 350 oUWG Ll 2
e S5 A4S 55dea b ST AN Y PH s 0
Qy Cwles pr J:".’.\Jﬁ‘ L’ Ay o u&w JBU@- M.Feo
BE (YY’)J‘JL&S& J:.MS QLAJU\) By 9 ol a))}i&( Y8 Y J:MS‘
el 200 350 Y pH s il 2o Gl Ol axdlas -yl
TAS 550 4y il 31 27 L ol Y PH 3 s JU> s
45J>J§L5° Ju.;j)sH302+ 6LhdﬁVJ|J1quH BE) .u\:_..«:)
f 3 —:opH s .;;;@HZOZ Odd Jbd o o se
3 K ol ol A 53 g s © ol
b Y5l zeS wpH x5 ol WL H O, 4 s
e 3IE dal g aol b Gl Oleily p psllasl LGS
clle s pH Gl sy e ekis ) ISKE 55 a5, 5b Olea
.)J‘)ft;a c)jj'_é‘ u:-}J:-

G s sdaze Slalllas ol i T g0 glaca—us
oolie S u s S 55058 0l wa s Huang YH 51
YU s (YH)sls S oJ5pH 4 H YO, /Fe «. g
2 [H,OJ/[FeJ 0 5 XY o) c/d Jse slac—d 36
pH 5 -4 min 1ol ol js ol 2o chle i alS

fvs

e Nol 988 w158 1) o)

Aol b ol Lkl i e odos ) s 3 4S5k Oles
Ll 0bej 53 aS S 55 .cul ZAr 550~ H O /Fe'"
Okl 3 5 by 45 el s 4 4YV/0 Oleil, Y vmin
Ol I3l b IS 5ok 4o ul b Oboy b ol 25 bd>
Sl ol e ble 5 osg sl ol xs Gl Oleily o ale
L) o o3 Dl CBlE Ol i e ar 5 LAk s
Ol Gl ol Ay min as £ 5l b ol il 53l

holed gl i

Eou
clle rals Y-\ glpH ity s s pH S0
e el 5l sl =4 MiN Kb slaple; 3 ol 2
sHuang oldlas oLul oo WlpH asi s 0 5
53 3 PH J 28 oS el ois §° s s 01
OA) s ol sl oo @l Aol b ool Al 5 oo Y-F
Sl b s sl bl 5 5 A Ses 5 Yang
Oley 53 S5 sb 4 tixdls el ZVI iy (o 108 56
oYmE/L 5l xS 4 ol zs cble YpH 5V min kb
ool s chle O pH s Ll b cpes 5 &S J= 55
Sl adsl cdale adlas ol 3w,y /A ME/L 550
05 Y g/L (Fecble 5V mg/L

2 5 = PH L s s e 5550 53 L ol Ll
3505 s ST PH 05t o i 0 o Sen b
s e s sl 51 s s ol #/0-V/0
sl il ke s wonS bt bl 5 o Sl
S\ el al 3 2 INZ VI leslie ol 9SG O, Glais
SUYEL /Y0 Hldis o ool sl slg i T 658
ssb a (Y0)33 8 aslinad (110 Blaw e 55k ) i ool
NZVI L 5 25 5m e sl 4 i sdenl PH IS
sSong L g ol i spH 86 (Y9, S s
(Tl 0 1)) 5 sla STy b ol en

Fe° + 0, + 2H" —H,0, + Fe**

Fe’" + H,0, — Fe* + OHe + OH~

2NO*+ 5Fe°+ 6H,0 — N, +5Fe*" +120H
NO® + Fe°® +2H" — NO* + Fe*" + H,0

o pit %ﬁ tmﬂfﬂ/
1PAP gliwo /g2 o lodh /mbuds 0 93

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://dor.isc.ac/dor/20.1001.1.20082029.1392.6.4.5.7
https://journals.tums.ac.ir/ijhe/article-1-5243-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

[ DOR: 20.1001.1.20082029.1392.6.4.5.7 ]

OS2 5 0255 9542

Ok, Fe¥ gl 5 el ZYEIV 5 YAD D0/0 fo/Y
FEN XNV Al Jse sl Olea s &l 25 Gl
Sae G B L el s 4 AYY S XF OV FY/Y
Sl 2o Gl okl 51 OHe sl Gl LY a5
Lol G pme b ol as e Rl s ps e alS
il a5 b s s cnl b 5o b el O
e ISl S ad s s w0z Jale G pme Ol
ol b e EalS ol x5 Gl Olely oS 55 s
[Fels [H,0,] cbis 0150 Sl ol 20 a5l clale
O e oz Ble 2l L bz 5 4l it 3G
s bl Slalllas ool s il oo Il 55 0528 ale
YA-Y G PH 5 09 2815 (S g 0 OS5 g,
L 534S cul cpl e il ls | Sleily ey VL
e (Sl Jemily 5 o ilagdl Il IS5 8T (s
OHe JICsl; dd s o b (s Al oo ials 281y
5> OB S pH b Sos G b il e Al
Aol 5 (BB Olie e p s ) So gy il
(Y

g o dsd VS 55 1059508 S 5 D353 O
BUSTESTRPCTICNVA S PERIwRpT) & & O RICEPTLINIPS PN
Lo s s HO, L obsea Fe' ausli aSis5b 4ol
Lasd ooy IS5 (g5, 5l &8 shilen 55, S 2 STy
wlS Gl Oleily Lo 4 H,O, s Fe™ 0l oa 5555
H202 Osk Fe? sFe? sy 548 el 5 ol nsd e
adllas pl 53 S w55 b aalS e Gl Sl
0 o Oles p3Fe” 035381 51 ans HYO, G5 0bes o e
Fe' sl alol cpl 55,8 o513 2 io s\ min b
a5 b 05550 38 L paigel Oy a0 Dl bl s
ale s s Fe?ous st Sa w5 555 5 o pH &
0553 O glidonSt 1S HYO, 5555 b 5ot s Fe?
sty Ay oy Sl i 5 Jos 5 ol ST
753 ,8 o Jiss OHe oS00

ool 3 55 e 0dus Vs 534S sb Oles 1hile 0Ly S0
Llo Oloy 33,8 o il 3 Olaily isl bl o go Ll 0o

53 s bkl i ghls Fe™ 536y minA.

® Z)ﬂ/
%ﬁ J 1P liso ] /@ lg2 0l /muinis 093

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

fvv

3o s 534S W5 S sdalie andllas opl s ol ol
U s aols sy ol s clale o 2es 40 [H)O, ]/[Fe’]
Ol @) 4+ /0 ) SI[HLOLJ/[FETT Jse s i) 38l
PIRA AV IOMA LA SPEA < 5 U I VSR IR R N WP
S Cl gme Ol b e a8 21470 s ZYY/A )
4 (/0 ) a5l SYL s 55 05 s ST,
3035 Jos G5 JeS ssdn adS0al; ool Ol 5e
[H,0,V e o 335 o T3 as3l S2alS o o
S Ol e 4 4 b s Bl 4 s s [FeT]
wsFe" s H O, G rme e ol il 4 haie o
ol STy eSS 51 20 slaetilel Sl Jilos
Dsbe s edl G 4l w5 L ool 3l
sl cBle elas 5o ol 2 SV Gl ol 4 sl
s 3 dys S bl /0 ) Jge Comnd ey 1 3 50
Sl s B aie )3 O Kes JNeamtu Lo 5 ol ol
(T0)s 8 )18 sl o 5 005 STy S
AeSTy 5 Al sl & a5 0523 O g ldnST AT 3 5
el Sl glls RSTs Jamee a0l l03 5581 055 n
Sl e O3 50den ST L STy s pal s S
2 g Sy 3 bl as, S e OHe JISsl, ) 5
Gl o s 5 Sl a4 VL sl
AS1y 0ilesdly Vb slaclale 35 S o a3 Olakl
3o S5 g T 6 S5 s 53 0 O3
(Y9)3 55 0 La sl )15 Sn 5 Sl or g g2 T3
sHuang YH 01,Kes s Huang CP s 18 oLl
Y[R PV 5 N WP [ W PR VS ) JUSA O
O smtlenS1 S 3 g0 Al (NH,T) sl b B do
sbrl s PH 231 L &8 W 5 s pol o oal (S5, 55 L
2 b | s SUsl 41,01 0155 0 L Ll

(YA 5TV)3 505 =l
v [HO[FE] e oo o7 ISty a5
by gl 3l 3oy ol g o ale ralS o 2t
Lyl ol s S g5k w ol Fe?' wnl e oaFe
/0 s slacns pFe b g ol zo Gds ol
YNA XNV s 5 s [HJOJ/[FE] 0 57ef v o


https://dor.isc.ac/dor/20.1001.1.20082029.1392.6.4.5.7
https://journals.tums.ac.ir/ijhe/article-1-5243-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

[ DOR: 20.1001.1.20082029.1392.6.4.5.7 ]

Gty oS sme Ol 5 4y g 3ls A STy JouS s
(b s> Sles 4 x5 L ol ol S e Les OHe
Jol s s S Slstl g Ol Ol e 4 VO MIN 0L
O s 2l s agmd ] b oIS saasOlis ( iass S
ST Lol yon 3 ol aDIS 23,8 oo sle g ol
Al glachle GG 5 ol cilsre glacble 53 035,48
Rl sy s 3133 8y pNZVI AT 3 LS 5
e ol ol 03500 3 PH 5 5,5 )
JooSS 4 e T3 b s ahsl LS 5l gLl
Lo VR PP GH] JCA N B J’;;Sljél.ar_m.glia
b bl ol Bl e pes 5 st 6535 iy
b Aol aS un 8 et ol s 4y A2l
03 g ol damme Sl agy b ot Ol a3 LalS w530
OB eslanad alie OLS 5 Gl gl Ll o By o0l s

5,8

Slaah y Sis
—sn Olge b Slids = b 5l i ol dlis oyl
G 3 i ol 56 Ly Skl O Al 5l esli
Slods 5 (Sdg p ke ol il O pan T
OVF S8 LY Jle 5 S Sy ple iless o el
(g Sl (S5 e e o800 Colas L aS
S alad S Al y s el o3 |l ST Sle s

5SS 358 e G (pl plondl DLl (e Ok S
23,8 o Slayds

Lw

1. Choe S, Liljestrand HM, Khim J. Nitrate reduction
by zero-valent iron under different pH regimes. Ap-
plied Geochemistry. 2004;19(3):335-42.

2. Mizuta K, Matsumoto T, Hatate Y, Nishihara K, Na-
kanishi T. Removal of nitrate-nitrogen from drinking
water using bamboo powder charcoal. Bioresource
Technology. 2004;95(3):255-57.

3. Elmidaoui A, Elhannouni F, Menkouchi Sahli M,
Chay L, Elabbassi H, Hafsi M, et al. Pollution of ni-
trate in Moroccan ground water: Removal by elec-
trodialysis. Desalination. 2001;136(1-3):325-32.

YA

e Nol 988 w158 1) o)

Gl obel, 4emin Lle Ol 5 <l z5) e emg/L clale
Oy 534S J= 3ol ZAv s 5= H O /Fe™ o7
55 ,Sole a5 el s 4 AYY/0 olekil, ) e min Kl
Vdsder w e o Lol Wl 0l b ol 2 il bl
Ol Gd OLAY mIN 4 fr 5l Lle Ol il 31 L
s Huang YHL w5 85 s i led as i

(YA del s & 01, an
Ll 3 STy ol NZVI s o il 20 el J2iST

NO, +4 Fee + 10 H <> NH," + 4Fe’* + 3H,0 ()

(M) dal g ol 2o

S S 4o
el sk 4 g gmd Sy calie Lyl S asllae ol s
el 3lge (g3l 555 5 Ol xd Gl S Oleil) gy
EEaersLad S 58 b s e s ol
glachle plas 53 Ly ol pH s S ol Slisbesl
Sy 5 el (b S bl g PH Ol 4 o 2
Ol B I8 b 5 (7 ) sl Sl sy Il
oSy SV Ol lis @ dauly oS 5 LS5 s
Sadloly b adsl OlS 5 3, Olpe w05 &S a2l

4. Pintar A, Batista J, Levec J. Integrated ion exchange/
catalytic process for efficient removal of nitrates
from drinking water. Chemical Engineering Science.
2001;56(4):1551-59.

5. Schoeman J, Steyn A. Nitrate removal with reverse
osmosis in a rural area in South Africa. Desalination.
2003;155(1):15-26.

6. Pignatello JJ, Oliveros E, MacKay A. Advanced
oxidation processes for organic contaminant destruc-
tion based on the Fenton reaction and related chem-
istry. Critical Reviews in Environmental Science and

o pit %ﬁ tmﬂfﬂ/
1PAP gliwo /g2 o lodh /mbuds 0 93

Ulpl bazo Cublags ole ol Glidg fu ole swlibiad


https://dor.isc.ac/dor/20.1001.1.20082029.1392.6.4.5.7
https://journals.tums.ac.ir/ijhe/article-1-5243-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

[ DOR: 20.1001.1.20082029.1392.6.4.5.7 ]

OS2 5 0255 9542

Technology. 2006;36(1):1-84.

7. Neyens E, Baeyens J. A review of classic Fenton’s
peroxidation as an advanced oxidation technique.
Journal of Hazardous Materials. 2003;98(1):33-50.

8. Benatti CT, Tavares CRG, Guedes TA. Optimiza-
tion of Fenton>s oxidation of chemical laboratory
wastewaters using the response surface method-
ology. Journal of Environmental Management.
2006;80(1):66-74.

9. Barbusinski K. Fenton reaction-controversy con-
cerning the chemistry. Ecological Chemistry and En-
gineering. 2009;16(3):347-58.

10. Li X, Elliott DW, Zhang W. Zero-valent iron
nanoparticles for abatement of environmental pol-
lutants: Materials and engineering aspects. Criti-
cal Reviews in Solid State and Materials Sciences.
2006;31(4):111-22.

11. Chen SS, Hsu HD, Li CW. A new method to pro-
duce nanoscale iron for nitrate removal. Journal of
Nanoparticle Research. 2004;6(6):639-47.

12. Choe S, Chang Y'Y, Hwang KY, Khim J. Kinetics
of reductive denitrification by nanoscale zero-valent
iron. Chemosphere. 2000;41(8):1307-11.

13. Shin KH, Cha DK. Microbial reduction of nitrate
in the presence of nanoscale zero-valent iron. Che-
mosphere. 2008;72(2):257-62.

14. Zawaideh LL, Zhang TC. The effects of pH and
addition of an organic buffer (HEPE) on nitrate
transformation in Fe0 -water system. Water Science
and Technology. 1998;38(7):107-15.

15. Alowitz MJ, Scherer MM. Kinetics of nitrate, ni-
trite, and Cr (VI) reduction by iron metal. Environ-
mental Science & Technology. 2002;36(3):299-306.

16. Ruangchainikom C, Liao CH, Anotai J, Lee MT.
Characteristics of nitrate reduction by zero-valent
iron powder in the recirculated and CO2-bubbled
system. Water Research. 2006;40(2):195-204.

17. Jiang Z, Lv L, Zhang W, Du Q, Pan B, Yang L,
et al. Nitrate reduction using nanosized zero-valent
iron supported by polystyrene resins: Role of surface
functional groups. Water Research. 2011;45(6):2191-
98.

18. Huang YH, Zhang TC. Effects of low pH on ni-
trate reduction by iron powder. Water Research.
2004;38(11):2631-42.

19. Yang GCC, Lee HL. Chemical reduction of nitrate
by nanosized iron: Kinetics and pathways. Water Re-
search. 2005;39(5):884-94.

20. Sohn K, Kang SW, Ahn S, Woo M, Yang SK. Fe

® Z)ﬂ/
%ﬁ J 1P liso ] /@ lg2 0l /muinis 093

Ulpl bazo Cublsgy ole ozl Gudg fu ole swliad

V4

(0) nanoparticles for nitrate reduction: Stability, re-
activity, and transformation. Environmental Science
& Technology. 2006;40(17):5514-19.

21. Song H, Carraway ER. Reduction of chlorinated
ethanes by nanosized zero-valent iron: Kinetics,
pathways, and effects of reaction conditions. Envi-
ronmental Science & Technology. 2005;39(16):6237-
45.

22. Xu XR, Li HB, Wang WH, Gu JD. Degradation
of dyes in aqueous solutions by the Fenton process.
Chemosphere. 2004;57(7):595-600.

23. Mielczarski JA, Atenas GM, Mielczarski E.
Role of iron surface oxidation layers in decompo-
sition of azo-dye water pollutants in weak acidic
solutions. Applied Catalysis B: Environmental.
2005;56(4):289-303.

24. Huang YH, Zhang TC. Effects of low pH on ni-
trate reduction by iron powder. Water Research.
2004;38(11):2631-42.

25. Neamtu M, Yediler A, Siminiceanu I, Kettrup A.
Oxidation of commercial reactive azo dye aqueous
solutions by the photo-Fenton and Fenton-like pro-
cesses. Journal of Photochemistry and Photobiology
A: Chemistry. 2003;161(1):87-93.

26. Duesterberg CK, Waite TD. Process optimization
of Fenton oxidation using kinetic modeling. Environ-
mental Science & Technology. 2006;40(13):4189-
95.

27. Huang CP, Wang HW, Chiu PC. Nitrate reduction
by metallic iron. Water Research. 1998;32(8):2257-
64.

28. Huang YH, Zhang TC. Effects of dissolved oxygen
on formation of corrosion products and concomitant
oxygen and nitrate reduction in zero-valent iron sys-
tems with or without aqueous Fe2+. Water Research.
2005;39(9):1751-60.

29. Ben W, Qiang Z, Pan X, Chen M. Removal of vet-
erinary antibiotics from sequencing batch reactor
(SBR) pretreated swine wastewater by Fentons re-
agent. Water Research. 2009;43(17):4392-402.

30. Wei MC, Wang K, Hsiao TE, Lin I, Wu HJ, Wu
YL, et al. Effects of UV irradiation on humic acid
removal by ozonation, Fenton and FeO/air treatment:
THMFP and biotoxicity evaluation. Journal of Haz-
ardous Materials. 2011;195(7):324-31.

31. Su C, Puls RW. Nitrate reduction by zerovalent
iron: Effects of formate, oxalate, citrate, chloride,
sulfate, borate, and phosphate. Environmental Sci-
ence & Technology. 2004;38(9):2715-20.


https://dor.isc.ac/dor/20.1001.1.20082029.1392.6.4.5.7
https://journals.tums.ac.ir/ijhe/article-1-5243-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

[ DOR: 20.1001.1.20082029.1392.6.4.5.7 ]

Iran. J. Health & Environ., 2014, Vol. 6, No. 4

Performance evaluation of modified Fenton process using Nano scale
zero-valent iron in nitrate reduction from aqueous solution

“12 Behrooz karimi, 2Mohamad sadeg rajaie, *Mohamad javad ghanadzadeh, “Masome mashayekhi

' PHD student of environmental health, Department of Environmental health Engineering, School of health, Tehran University of
medical Science, Tehran, Iran
2MSc of environmental health, Department of Environmental health Engineering, School of health, Arak University of medical
Science, Arak, Iran
3 PHD student of environmental health, Department of Environmental health Engineering, School of health, Tarbat modares
University of medical Science, Tehran, Iran
4 MSc student of environmental engineering, Azad University , Tehran, Iran

Received: 05 September 2012 ; Accepted: 06 June 2012

ABSTACT

Backgrounds and Objectives: Nowadays, global concerns about nitrate in groundwater and
its adverse impact on health have increased. This study aims to evaluate the efficiency of nitrate
reduction from aqueous solution through modified Fenton process using Nano scale zero-valent iron.
Material and Methods: This research was an experimental study and performed at laboratory
scale. Nitrate reduction was conducted by advanced oxidation process of Fe°/Fell/Felll/H202 at
pH 2-10, contact time 10-90 min, nitrate concentrations of 50-300 mg/L, and the molar ratio of
[H202]/[Fe] 0.5-5. The effect of adding H202, molar ratio of reagents, contact time, and pH on
nitrate removal was examined and optimal conditions for each of these parameters were determined.
Spectrophotometer Dr/5000 was used to measure nitrate in the effluent.

Results: We found that the optimal parameters in our studywere pH 3, the molar ratio [H202]/[Fe®]
of 0.5, and the contact time 15 min. By applying these conditions, nitrate removal efficiency at the
retention time 15 min, initial nitrate concentration of 100 mg/L, iron concentration of 10 mg/L, and
pH 4 for Felll¢ Fell« Fe°« Fell/Fe°/H202 and Felll/Fe°/H202 was 10.5, 27.6, 36.5, 62.3, and 74%
respectively.

Conclusion: According to the experimental results, it was determined that modified Fenton process
using zero iron nano-particles can reduce nitrate under optimal conditions and this method can be
used for the removal of similar compounds.
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