[ Downloaded from hsr.mui.ac.ir on 2026-02-03 ]

S35 b e J g5 w3 3 000t b 5T 31 St i Sk

509k i) {SI5A sane Tl sane eunsens fcann ) dus gL 5l pusa
siely dand Sg Suue L yale

0232
e 2 FO ML) 5kl o 51 VL 5 cBle STl Sl GalsT OT (ST e mlial (S ok
S e s gy p andllae ol 51 s 558 0 O35 53 (ot S smgie (S3les 53 e T ) 3 e 8L (D15
Ol ol adsl clale asle gla)sS6 ST Ol caddllae ol 3 oees il o (GFH) K5 4S5 58 U515 55,
A el e S 53 3l 3 03I 5 p ¢ elad
23 sl ST, 6K s O Sz o gloms OT 3 4 s plowil ARalT olie 53 5 ol (gl andllas ol (B9
35 e o Szt b s esls )l Bl b el
ey o A oy i a4 4SS YUY oS Ol s Ol S b (Ol i adyl Chle 10 L aST das e Ol o HEYvCl
33 3 S STy 6 1 5 o 6Kt omen bl e 28T O3l S5 5l el 5 e 55 L code b b
B S e S 23S
b b 5 LT (6,13 0 0 b s (O 5 mm 5 FOMOL™) 5 kil dm 35 s L5 oo vl 35y 0l b o 25 56 8™ Ao
Wl Cod g5l 5808 4 sl 5HGFH YL Gl

WOl ‘j‘k.w »..)..b— 4&T u\:mfjju\:k J‘y‘; GFH :gSv\,\‘.lr 6!&0}!5

i 4l £5

AV/Y dlis u’jji"‘f A/ 1Y clds S5y
doudo

o o3 b (SHb )bl dhwy 4 )y 4 Wl e s el Ol gaelsl O (Sag)l sree pliojl (S5
G ol O g A8 e oo 5 LS I x4 By 5 dg o0 g ddol min SO LS s asbl 4l
ey geoij Slacl Gl 298l By 10795 (plbesd (oS )90 &

Jols ues; ool alps (Sagdl s mlbie Gl ke I yuin cuS S opl &S w3 e F) Sloj S
Sow i Jlas Y8 5 OMSE dacluy Ol olile bl asly den SB > LS dlwg 4 ol

I o 8 (S sl s o Ctligy it 05,5 5 (Jame sloos VT Slidos 38 ol )
Oyl B B (S pole olStily wrudligg 01K care culligy gwdins 09,5 g (Jaime (slaosiy VT Cliding S b chame cubligy wdine (yolidylS =Y
) 8 3 (Kb psle Rl (i 0355 dae Cubligy i 095 cye =
Ol nd 08 (S pole oKl cudlagy 0aSiily e Cubligy qwdige 09,5 care Cubligy (pwdize MBI yolii S —F
lpl gyl wgymls (S5 pole olSuisly cusliny 0uSiily caore Culligy (gwdige 09)5 ¢ ope —0
(5o 02tums ) ol o8 B (S psle olSulils cuihiny 08l chaomo gy (puodine 095 g laome (sloosi VT Cligios 38 50 dlage Cublagy oige olih)lS =5
Email: nvaezi.11@gmail.com

YYAQ 4l c}:)/r.i-:l Jl/ Cedlw (:Uéi Oldise dloes oY

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-207-fa.html

[ Downloaded from hsr.mui.ac.ir on 2026-02-03 ]

OLSen 5 sl e

@ oS ol lodle 35 GFH ol snSgynn Joil,S
D95 o o3l lmosn VT 51 3 Bls cys OO lgie

P @Yb cud b GFH a5 wi ooy lis glaalllas jo
Vol ol g PH SV 5 (8l (il pg)S Clo
Mg/g GFH ks cud,bs iShis aS laisS 4 o)l adds
2Ny pygnl daly 5l o] Qs s cawl +/VAA CrT®
bef )| oslatwl L d)—i’.b dalllao B (\‘) .\lfuo S92
Ol ods bl wigd 0 GFH Cla o163 4 (] SJg8
OETmen S (W Opge (ah 4 8oy (Jeee
g xSogs el o as oh s S Slilhs
b 4 Jol cpl g Bgd o Bl sl SJed lawgio
(8) 33 oy oS b Sgw yd8 g ol PH &y ansl
Ohl&er 5 TaNg buwy wlysls Cls GFH jl eolaol b
b wlsls Ol a8 ab paside § ©8)5 )3 qw)p 3)90
Ol s jl g 9 3950 plol s o 4y izl 1> GFH
PH b cov IS o bl 0 o8 )8 e ylé L5k
Sy S o g prgnl daly loall
1 F) cwl HPPO, > HCOy > SQ? > CL &jo
S obly Clo pyde WKa Gl & L asuie
O/L GFH wils clale 50+ Mgl S As (V) clale
g8 pponl daly jl Gl Gls xigy (V) 8L Y-
(A) $3b e ¥ tisge PH 5 455 o 59302

2 ol ol Coms 4 sladuza g GFH Gls L
@l olSimgg cul (Sen 03 Sbahgy b awslie
aslllao a2 Byw ubl> U‘?“'c' LY ool LJ”‘ )l odlawl 9w
agl chle wls Saw w5l bygsl s, 5k
ub Ju.g“)B 2 u)l> £ ).a‘ 9 u.)l> ul).) o)‘b‘ cu‘)*:.:

Cuopl z8d &S Sl gleclis & e (K
Olized 0,5 (0 Ojgeo (e slacly Bjb 4 OSL
a ol Hlasl g olps dtwgy g JSKde 9 3 el
235 oo s |y a5 slo]

et S Sanelsl O mlie 3 ol (oYL clbale
(o ool o] lade a5 398 0 Cgume (gl
g ol b (oly) oejs sl 2 9 ol
olejl Jg:d BB 5 jlre 1o 5l ] cdale cunl (Sae 3,150
b YL (Sl e YOMQLY) Sl cutlig

2 Yo mgL?) s)lutiul ss 5l 5 YU @lps cble (3]
Slp ol o Bpas hgo ol Wb (Ol cos
5 ol jualoblico (olo dw I jiaS oguas &) 5368
P9 o (sl oo plyie Lo (S)low (£ Son cuw
Sl 2950 am uslSsan ) (il 4w el dg
Cds a3 g wh el el b 5es) dsy
Sy ol el g 1l tls 1 Gl 4 oy 5]
«lowr nl 4 bMasl & 398 by (b Cowgy (A5
& YlS,5 0 g e «iS 35 (Blue baby ol 4
955 bl Gl lulyd wase PH 390 el U
Solowr ol > (e 4 90000 18 Sy 4 ol
(1) sl 8365 yaie

soate 4 (Sofolom 9 (i e aliond Saxie slasb)
OgelSainyiny (g Pl Wb 2y ol Sl
(lagyisdl g (ogSan ol oliond (slo) ¢ Sojolsn
e Clo Ol ol Blo ety Sl S (Y)
5 o) ahal  bods 38 5 adlhe assu,l ol
ol ) oslizl a5 glisS 4 5,1 SYob dil NS
3 33,5 o L VMY b 4 150l ) auhad (slassly
J39)lS 5 (8L o2 J S polate 4 STSub 2 NAY - Jlu
S e olitl (59 Gyge 4 Jd p)S LA
FuSB gy (Jlb S iy @ Glpe ol
(V) 2,5 o)Ll o 93,5 9 28 LB )0 Cawgy ¢ Jled

0y

VYA 4l e}:}/rf’v.i Jl/ S (‘Uﬂa CJU.:Z;J PIESA

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-207-fa.html

[ Downloaded from hsr.mui.ac.ir on 2026-02-03 ]

K S g5 J1S Ol Sleslizad LT 51l 25 ol

lo yisloj/

e b MM | es jlad L GFH L Gl (slayiule]]
Mg ¢ Ver VO B+ aJgl slacdale g 0 ML ol
Lesude dgy gl clale b sas byl 18- NOg/L
lop b plofl 3l oy it (i e gl 29
w8 LYIVO 5 Y/ VYD /5Y0 o5y 4 GFH Giliseo
ool Cwd 4 aigo cdale b elyis Joloxo 10 ML ol
Ol 3 05l 13Ty sl A plosl B als yo ]
iy & GFH olul atels aw 1 Liolejl cods anlys 4
P <OV UM WY UM< o3l < ¥Ye pm <)y mm
7> g9y odel Cuwd & gy Ol pa g 4yl Clale
L GFH o))yl aiels aw .cdly asls) Jolomo 51 0+ ML b
Wb e (WYY M) Ae g (FY M) ¥ o)loss S
e 3l odal Caws & dige bl > ol alyd el
M wyp a8 D g ¥ XY ANA N /0 sl o b
ndiges v iolojl ples 13 3¢ duwle Lils digy loj b
L5 bdigel ded ud bglse Yoo rpM Cepuo b
Lo B35 03 jee /¥ UM eily  Slo
Jsb 15 Sl HACH 8,5 ) DR Fe v jagib i
(V) 54 oklgs YV NM zg0
oss Ll Sl p S Lo dsslne gl ¥ o) dolas ]

1 odlitl Q> )5 S () 2

boaedgo JhE (qwyp 90 1) Jslome il slagys
5 Bt peler > opd ol HSe Al gl 4wy
4 0938li9) LS omizmen g o] Bl b ladye ML
@ G9pe b o pbol (e ol mlie ) ealil

oy 50yl

Lagd g,

2 g Rkl Gipe 4 g cwl bh adlhe oyl
Pl g (53l ool gy Jole 1 plodl osbly (ulide
23,5 o0 al) 5 b 4 Sligle]]

(GFH) <5 euSpkid sla 35 (s buoole]

silu s GFH dllagbj])f KV IR d)‘boalﬁi sly
Wasserchemie Gmb H and §Q,lJl <8, jl oai
588 slaaily o3lul U was SIAA e SII L (KG.
ok Iy GFH (sla 359 V Jods .84 Juols Y mm
u»g) )‘ ool l.s GFH dLth‘)f 0)49 Cja.w Y
A ¥/0 M 5l 555 A8le o yd AV .05 (yuns BET
A Gizxe (piy bwg (PHPZQ) jao )l dais pH ()
2 celo ¥ b gl )5 cgiiind 31w (B) M s VIO
A5,5 48140 °C gled

Sl Jploeo 44

31 (KNO3) pawliy @lyis b il yzs 4 o3g)l Gl (sladiges
VR VO - O N | P SUREX S0

dadllas o oudi 4id S Is ww GFH sla 85291 Jgua

Jads S5

YA+ (ng'l) 0539 peloww
o/FY-Y (Mmm) &l ya o jhaal
FY-FA (s0,9) of aaa
VYo (kg m?) Jisa
VY-vY (s ya) JAIAS

\ARE (0P o2 1 9y92) @8

VAR asl e}:)/v.ifh Jl/ s (=Uaa Oldise dloes

0F

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-207-fa.html

[ Downloaded from hsr.mui.ac.ir on 2026-02-03 ]

OLSen 5 sl e

de (Mg/g)

Qe =(Go-C)xV/m (")

G=(CQ) xV/m (v)

P> 89y » O ol oo lude Qe doleo L)"‘ N &S

ord ia o3bo e G (MQPT) Jobs kulps 53 3

4yl clale Co (MQQ™) t ploj 2 Wb pyr (55 2

sgbly ol cble Cp (MOL™) sussois
. -1

@) 3 prr M (L) Jslo oo V (MQLT)

Sl A Gia St )

t(main)

lagad

y=-0.154x + 2.693
R2=

0.681

Al o
4 )d ey Adlao b Wlg5 o b gl ol S
psd 2y ity hakes (O3 S5l a2y9) 0,5 2Y o
O S e (gilwJde OO ped axyd Gy dbdlas

¢ In C,=1In G - kit ()
In (Qe- ) =In - kit ()

. 1/G=11G+ ky (0)
i t/g=1/ky0°+@/@pt )

JlS cila b ol il i (gl Saiiu Y lagal
Jol a9 & e (B 13 )8 aanS 9 08

Cla el Koy (min) Jg) asys Sty cob Ky &8
A - . I N
M™MIN) pgs v ps 238Tly <ol Ko (MINT) )5 Y
5 (OMG MIN™) L3 e an s LTy cubK 'y o

0 1 2 3
-0.1
0.3
—_ P
> -
A 05 . -
O
S -
£ -
-
0.7 //
///
//
///
0.9 X
t(min)
(<)

y=0.142x-0.935
R2=0.558

MQQ) T plo; )5 3 oy g9y 2 okigd ol Jlade G

b (¢

Misle 5l eolaiwl b imghy cpl 5l Jeob @ls
0355 yandi g s o Scuamed oy 9 EXCE

JSIS Qi b ol i Qida (ol S Y la gal
(OSRY) @il Yol dayo a8y (0 153 8 aas g jusa

00

VYA 4l e}:}/rf&u’b Jl/ S (‘Uﬂa QLZ.:E;J PIESA

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-207-fa.html

[ Downloaded from hsr.mui.ac.ir on 2026-02-03 ]

K S g5 J1S Ol Sleslizad LT 51l 25 ol

i Salii (59, O yiad dal gl Cdale 8T la gal ¥ o gad
GFH laws g3 ol yiss e '
0.11 M ///
25 . g
—~-m=0.625¢ &-m=1.25¢9 +m=25g9 -°-m=3.75¢g gm y=%§)}z‘1)x;3g067
2 / 0.07 *
/// 0.05
a 15 4 0 1 2 3 4 5 6
= t(min)
? (<)
=
° 58 Gila b ol i il lad S Yl g

— P9 4,3 &8y (1S3 8 S 9 jasa

05 —F6—6—6—— o —FH—90

35
0 | | | ‘ |
0 1 2 3 4 5 6 30 y = 6.767x-2.394
{min) R2=0.997
R 25
b g8 ol i cada Sl g9y g3 p 02 08B Y Hlagad "
GFH g
15
10
221
—<-size<lmm  -8-177um<size<240um 4-size<177um 5
. \\6\6\ 0 | | |
/ 0 1 2 3 4 5 6
t(min)
21 (<)
19 I8 il b A Gia bl Sl ¥ s gal
3 IS 2 99 42 3 B8 pru (& 1S 8 S g juad
£ 18
&
174 25 -
--50mg/I -5-75mg/l —4-100mg/I -6-150mg/I
161 N DRSS
15 ' ' 5
0 1 2 3 4 5 6 P s
t(mln) g) //—q—//H
ol S (s, o il 53 o3l Al B o sas N e "
GFH Lo g3 ol jiss Zé/;/k/@,‘*—é—f’
0.5
0.3 0.8 13 18 23 28 33 38 4.3 4.8 53
t(min)
Jol anyd dolee b il o lapesl Ol St Ladasls
9d 4> Gy ddlee g O 9> dnyd dblee oS 5 Y So 8 S gy oS lawg il Ol St o
PG d ply 01090 - @) s el Ded (gilw e O Gy lp piY loy &S wad o i ) Hhses
o> <=l ¥ Jbges Dt ply 0 (e - @) ot ply Gl 48,85 V/0-Y Soop ol g
VWA asbio3s g /v.i."h Jl/ CweDw (3\.194 Oldise dloes S\ 4

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-207-fa.html

[ Downloaded from hsr.mui.ac.ir on 2026-02-03 ]

OLSen 5 sl e

Sloj dely > Oy slayg Bls &S S gl 0 aigS
» P ol 4 ey slp Y plej mde £ olisS
aadd O U wled loj Lioli8l g ol aaBd Y U Y 290
b clalis ol amde olis |, oy B b

(R) )b Slgren o )Ken 5 Chabaniclaalis

b o 3l

by )l Gy JSb oad ) slagiodie ¥ jloges 5
Gl Ols cud b (/EYO-YIVE g) Wil lade yiol58l
@ boye Jobs cdale jlMde oy LS o by Lials
Vol om & adbie +/FY0 g g b p oy keSS
Bl Jobs BE 3508 e JobS Cnisy 4 4B
S5l &S WSl o YIVD g i OOl pya o s

Wy oo P Cundg 4y addd

il )3 ol b

Ghl a Hbged o LA @l ojlil 4 by sla iie
Oy CubdS b g WHla elaie S b v Gl ol
chle i cpyidn Cwl ol 4 4, ol clale
Pt o e Sl a8 HlE L @l 4 bgye (Dol
(488> Y B Y) oligS loj 53 Bl gy cnl b ol
(Sl ey FO MGL?) 5)lskil a5 4 Wy o
I GFH (Y oo bl g plul ()l sy
sl Bl () cnl 558 4 bl
sl Jobre ol Ol 5 ol Sy um Jsil)s
Johte ol aims Lol S o g S5y 5 3 o0
S asS Gl ) osd Wy ) g odilewdl oyal wilys
@ Bly 9 SHn e » wlyse i Bl Uy,
S el 1 Gl aely cnl 98 0 dledudey 29 48,518
AL e wlS Gonen 298 edlitel (b lo b U
5 05 ldie b osd (giluep GFH Wy gyl o3
2 e ool celse jlnl Al 59dS 7)1 GFH 595
& cwl Ol anlyd ) oud edlaiwl GFH ule s
OBk Cype )l @y b g Adbie Ol ool
slaauia o] 5l sume edlitwl g GFH slol ¢l o),

GFH &8 a4 (gjld g 29 02l ialS Wlgh o yig)y (ol

Jobs abas glaces jI Kk g K', KL jyolie 595 0
D950

Seew 59y Clpis adgl chle 13U o) p b
oS amd e ol Vb Jebre I wlps Gls
Wy bbb Sl IS stel cand 4 sla e
4 0-mg NOS/L digs adgl clale o sy (sl oo
ol Caawd

500 mgL-L gl clale Gl g9y pled Gloj 3B
olis ¥ jbses ;3 GFH I Jolite polie lawss il s
IEYOY Ol dingg pr (e 4 d2g b &S Aad e
Vol PR
P e o (mle g O le le paw
ooy e gmio I glacgezme B Hlages )l Cls sy
Aad e s 1y GFH @lyd 5l Sglate slaojlusl ;o uled
5l e b b Qo lyd sl puy sla oo 4 a5 b
W0,5 obasl wlyd oIl ey leie 4 Y mm

&,

o

9d axyd LSl copw Jao i Y Jhges oll
et oy b 1) Gl Gla St (098 4 OO
Am3 e ol YL (R2 = -/a4Y)

Syt adyl cdlé 3T

JSs snel cawd 4 la dome dmd e LS Y lages
b p Pl @ ) Gln pY ol )b Sl
Y 5 (Co=0+ ¥ Voo moL?) aids ¥ ol s adgl clale
e uiomed Gl yuiio (Co = YO+ mgL™?) 4ads
chle ) GFH buwy ol Gls Juwly &5 244 00
e G5 Sy ad) ke |y ol
ol Gloj s3b

ly e GFH L ol Gl St ) Hloged auly p
2 GFH lawy @l Bls (oYh cud)ls o5 s o ol
o 9 b g Jobe plee pled (ol 4ddy din e
ol Lo el o ol Sg J) ol camdy b el

v

VYA 4l e}:}/rf&u’b Jl/ S (‘Uﬂa QLZ.:E;J PIESA

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-207-fa.html

[ Downloaded from hsr.mui.ac.ir on 2026-02-03 ]

K S g5 J1S Ol Sleslizad LT 51l 25 ol

Syl Seulae Ul dgeS” o @ (uimen Dy Jalgd snilesdls

S8 4\5..\.".0.:69 d)‘)i.dlw WB ui.w); P}L@ ol&iisly L

dga3 ol b 1) Ghagsy ol (2Eibl 5 Jlo sl

References

1.

2.

3.

Miranzadeh MB, Mostafavi GR, Jalali A. Survey of nitrate concentration in water supply wells and water

distribution network in Kashan during 2005-2004. Feyz. 2006; 10(2): 39-45. [In Persian].

Chabani M, Amrane A, Bensmaili A. Kinetics of nitrates adsorption on Amberlite IRA 400 resin. Desalination.

2007; 206(1-3): 560-7.

Saeedi M, Jamshidi A, Abessi O, Bayat J. Removal of Dissolved Cadmium by Adsorption onto Walnut and
Almond Shell Charcoal: Comparison with Granular Activated Carbon (GAC). Water & Wastewater Journal.
2009; (70): 16-22.

. Asgari AR, Vaezi F, Nasseri S, Dordelmann O, Mahvi AH, Dehghani Fard E. Removal of hexavalent

chromium from drinking water by granular ferric hydroxide. Iranian Journal of Environmental Health Science
& Engineering. 2008; 5(4): 277-82.

. Genz A, Baumgarten B, Goernitz M, Jekel M. NOM removal by adsorption onto granular ferric hydroxide:

Equilibrium, kinetics, filter and regeneration studies. Water Res. 2008; 42(1-2): 238-48.

. Tang Y, Guan X, Wang J, Gao N, McPhail MR, Chusuei CC. Fluoride adsorption onto granular ferric

hydroxide: effects of ionic strength, pH, surface loading, and major co-existing anions. J Hazard Mater. 2009;
171(1-3): 774-9.

. Guan XH, Wang J, Chusuei CC. Removal of arsenic from water using granular ferric hydroxide: macroscopic

and microscopic studies. J Hazard Mater. 2008; 156(1-3): 178-85.

. Badruzzaman M, Westerhoff P, Knappe DR. Intraparticle diffusion and adsorption of arsenate onto granular

ferric hydroxide (GFH). Water Res. 2004; 38(18): 4002-12.

. Chabani M, Amrane A, Bensmailia A. Kinetic modelling of liquid-phase adsorption of nitrates on ionized

adsorbent. Desalination. 2006; 197(1-3): 117-23.

VWA asbio3s g /v.i.':t Jl/ CweDw (=Uaa Oldise dloes A0A

www.mui.ac.ir


http://hsr.mui.ac.ir/article-1-207-fa.html

[ Downloaded from hsr.mui.ac.ir on 2026-02-03 ]

OLSen 5 sl e

Nitrate Removal from Water Using Granules Ferric Hydroxide
Absorbent

Hassan Izanloo!, Tayebeh Rahimi?, Mohammad Hassan Mahmoodian®, Mohammad
Khazaei*, Zeinab Yavari? Ali Reza Asgari®, Najimeh Vaezi®

Abstract

Background: One of the major sources of drinking water contamination is nitrate. Nitrate concentrations
of more than the standard levels (45mgl-1 based on nitrate) could cause methemoglobinemia in children.
The aim of this study is to investigate the nitrate adsorption on granular ferric hydroxide (GFH). Also in
this study, the effect of factors such as initial concentration of nitrate, contact time, adsorbent mass and
particle size of adsorbent were determined.

Methods: This study was conducted in a laboratory-scale in which the synthetic nitrate solutions were
placed in a batch reactor, in contact with the adsorbent to model the adsorption kinetics.

Findings: The findings of the study indicated that by increasing Nitrate's initial concentration, sorption
capacity reaches to the maximum level in a short time of two to three minutes. Increasing the amount of
adsorbent and decreasing the adsorbent particle size could reduce the adsorption capacity. Also, the
absorption kinetics followed the pseudo-degree reaction model.

Conclusion: This removal method could decrease nitrate concentrations to less than the standard level
(45mgl-1 based on nitrate). Easy operation and high adsorption capacity of GFH are the advantages of this
removal method.

Key words: GFH, Granular Ferric Hydroxide, Adsorption, Nitrate
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