w3 g Wlog y pawigoT WK b ol Z oo Cud gt S’ Cuad 933 936 (S S 91 5 iiws
Sl s gt 39T 30 BT 31 O jid B> 1,8

O‘I Bl Cuwl 0l Cous ) .Lz..’?m 4 LS')L) dl.hwu] [evon) 405...»[5\.39)45) J.u—l)s 0 uf).w 9 uT CJLA Ls)l""

Sl g glisy) g gl clale ¢l > il PH aalllas cpx HF Cm gyl o Y Cm i L g, Y
olyid Liosuw gl 9 DLS ¢ FTIR «TEM ¢<SEM «<XRD (sl ;. UM Slaguil ascio (pund (gl

5 {Bohart-Adams) PR Heg «(Thomas)  wlegs (sl Jio jl ol UV-Vis Arr

28l l38 YAD & YV jl lyis g jals
B pobos gloj pald s & o cad )b (ol
FOYE molg plyp Gls cud )b OF cm gl o .ol o3l
e ﬂ@%ﬁm @l Blo bl wlegy posgel LIS

Oab Gl b as Jbs yd cdly nliEl ols cud )b
2 0F em g glisyl g AL ply pH el clale ;5 3

logs Jdo ol g 1957, 0ids 2 Mol s 9l 1205 1gulS



EPRVTY
as-lail o bolsee 4 1) bl Cadlo g 00591 3975 a0 piamwsST (sl 1) (g0 Ot o ; Jauzme 4o o 0uin VT g

s a5 aib e ol (FogdT b e Jalse op Spte 5l (S0 bysds & oS (Esmaili Sari et al. 2007) ol
Zolfaghari et al., 2006; Zolfaghari et al., ) oS oo <ol of slo piaswsST jo 1) alts (ol by ooV o

D9 0 Dgwme e gwejp; sl ) olewd slroau YT 3 oli j> ol s (;2016; Zolfaghari, 2018a,b
2 Ol S e B lnl g JSS 4 ilan 452 53 g 03 (LS 3 (B Fiw lp y9x rals e
(Malakootian et al., 2011; 59 o CBb Cumj e 102U Hlade 4 5 29 0 Sl (5950 (ol jguwlipnST aes
Ol g Cano Ay Lol 398 0 Mg (SBd 658L el bwy b jb 4 ol Misiti et al., 2011)
(Bhatnagar et al., 2011; cuwl osd (gj)sliS Lisu 0 (oaad 4 Ol dy)l8 9‘: 2\
il meing 9 e ol ) Gl (Sl pie e il sleagS

.Sarioglu, 2005)

s(u.’l.)&);) \quﬁS9):9.\ .\,.,—I).e » uf)w 9 uT é.:L.A LS)L“’ < ‘u] » YL\ u.J W ol 0l
L)")"mb" )1 uSJ “\"‘9"@ Qb;‘.u ja...uy u] Oy ob9ﬂ L‘Jw 045} u|b9>9.a 9 <& ) LSLQW"T [

Karpuzcu et al., 2012; Arulkumar et al., 2012; Malak@iiti 5 A Cow ) Loy ! zole> (gl Jiluno
LSM.’" )." 2 U")‘; olKtwd uL‘o).w o ))lA.»L.w‘ )] P Y0 N 5b > )‘ u‘).u.’ .(aI., 2011

Lo U5t poliol 2 Stalil O > i g
s ool mino Sladss 3 lbivl duwwhe bl o

e e (Silols pds & Sey POl daw Cds  oleewd ol & Gle o el
@ sl yogy 5l (S0 (WY (l)Ken g 85U ols)) 3,8 o)Ll wgSae semsl g plond

Sl Glo cap 0 ol Jpame b 4l YT adg pas e glo 21V 4 Crlas pie (35 0y Al
b 3 DIl geod a5 0l dbml dalr e Sy () Lo Sl Sl (Saiee b &S AL S
i ol des 5 L(VFR0 () Sad 5 bl it A5l e oigd s 5 wdla ol & g L 6 g3 ey S o
g, Y5890 J51Sekows (b slisogll & lgiom sl a5 )15 oalisl 390 (o il Al 8 50 Sl Bl ey
hlSon 5 gbl 65T) 3,5 )8l Jho bl L pal 5 (S S5 disogll Wl 5 LS dacd s ( JoSUse oIl L
Jid 5 dlge (B g 14wl Jb oS o o ol ]85 oalil 350 slacBle et S S0 (VYAE
5 ey g amaly Of Gds 4 oS ki g 00gs (odad ye LAyl ..\Ju.o Cand 4 0l 5 ¢ lostin] (g «Siw JI&5

! Eutrophication



)l u.‘>-).» Gl pis ‘Jl:@ u;; dYb L...M.u AU Cuw Lol .l ALY )lb)9‘>).g Lmu.,)f”m L.:..\> ‘Sl).’ LF’YL’ u).\B
;A.J;») u.)l:- JJLO.» 5 Cwl o\ﬂm u.»l.mwbg.\m L’ L_J.)l> L)”l )l odlisiwl 18l F R u.i’.‘ﬁ)f Oed 9 (265 o..\uYT b‘}a
Gl Vb lessly b Hlaws S92 (g Cubld piomen bl o S lugied] 5| JSiize g 0391 31, d8lie glyls anb
ot ) 5o s 1y il ol & el ola S S0 Sl eoml duje g ool s daoai VT el 5 g e
Alwga il (\\”A“\ Ul)lfw.m 9 &“L’b SYYA cu]ol?u 9 Ls")’) ol o.))f Lf’i CJLJ) )‘ k_)]).u..) Bl 61)4 huib
s 33 55 o 5l olainl 3y50 iyt Bls (gl &S diid ol gt dles I ((liloy) diwanl i g ((Soiw)
e U" )WL;O ).,.LB u.)l> cub JA.C rﬁl?o‘ )l a9 X W) 10917(4 J9l>u l; &S 039 g Cygo L u.)L> ‘M}A)L
o Sledbl 1 585 ol (sl ey ooy opl ) aSL adled Ll LB (o)l o Wl ool 53 5 009 o0kl
Cygo ) OO b oolyen Jlw a5 onds oolaiw] diwey piwsw | pols adllas )d 2gd > sl sl cas
g oSl slal 5 (03Kl Sl (ilulia o YU glosly s ol sla S 5 4xsly 2 090 (95
3G yokaie pl (slp )l 039l ST wlie dbual )3 oo LEE (092 Ao d ygyhe g o b ol 51 ool
4 s G g el wlogy podisel Jito o Jred ISe (gsls ol 29lS (b CS

W5 gy g E)] g gl clale OBl e « S35 syl

e, Ol s Bls

B sigy golgo

Sly & oly adats I culslingils cgs;
. sl B2k S 3 o3l (S5 ials gm ol
Mol 0956 .05 (5 )35 L HD-Clinoptilolite pb 4 g 4 (leJ] S yo) (HDTMABY) Wilogy posigel Juie (55
. L S5 b o5 Ver oS sl 25 (0l @ gl
Moo o) @)iﬁ‘ 5 e H oelas sl (VUS3) w03 Joil)S & o (55l (bl ealatel L
Che )5 L IMGFY - - - e b Jloud (g95ly 5l onds oolatwl slge 59 (535 03Il (gl b oolal

‘ . 5 odlitwl « S S il donometer MS ¢S i o pH oSiws I pH oo
UV- o VY. zge Job > il osile B cdale 5,5 s zu il LeSw <8y 5l ¢ iole]
w5 gy 50 ool Jadie Il edlatul bl Jgle oled ¢ )8 i ¢l jglo il Vis
WSS 5 s S 5k ls wy o > (X-Ray Fluorescence (XRF)) uSS) o5y (il yeld  yog,
Trans ctron (TEM)) gy S9,Sl CoSuwg o 51 l)d gl 3l (yuund (gl «(Ray Diffraction (XRD)

(Fourier- Zyogy 45)88 oo  orwcab gy 5l CiliSéyaw b culgsy ai jb Jole e cuqs g «(microscopy
Dynamic (DLS)) Seolud jo (SaSly (yog) 5l piomed .0 ealatwl transform infrared spectroscopy (FTIR))

W) C)A..ol il dlge doldl jo )

ol 04 oLl @l yd o0l &s595 o)y (gl (Light Scattering

Ol g W0 Gliglo 3T
Jolome il Ol gl Ol as slp calnli @08 o0 )18 Lol 2)90 2l 4 Sl sl gl & el o &
Ol 3 KNOs jl p)5 </ g (9,8 Jo b el clyis Sgml Jolowe 0+ MO/l Cas oot 4 .33,5 augs S gind]

2 Clinoptilolite



SoylS 50 jYae V Jolore 39580 5l 5 PH oalais jolaie 4 .50 ags plo Joloro (g5lw (348, B,k 3l V- +mg/L
A odlatwl o PH o&uwd I edlitwl b odlitwl 3)50 pox> 4 (NAOH) s g50ud modws j¥50 ) Jglee o (HCD) sun]
e, wdale (8,8 s s e big Ay & ¥ plp pH L ols wses «lyis Ols anl)d 0 pH 8l iorw cas

b ans gl ©Ad g g
(S

s [ B Ol 2 gt €8] Sl adlas
R Cde e oAb 4B 5 ) <l PH g ol
36 pH g g gls)l cclale gla ol )l o as odlal
A5 4l 45 el 4

g S 3Ifel 5 g wuct

Yokt & gladd e I AQB08A  Juo Sl oy 1 oolainl b ladiges
Pedg) ob JoilS @3l ol <ol yinn b g 51 YL 4 9y ol LY eeml
Al by )y ol 9 Vb Cond 3 (g0l oad Mol ClBipll sl JoilS 95
(Y JS) B 48 g (295 Clug Sl adBs YO 9 & 0 ¥ N0 b

U

Logs 00 Mol culsiy 9 oad J9i,S OImF atd oY Sellio oo Sz & 39 Jobram) 100l g b 5t Silod Jlged =¥ JSib

-

L

(29 Slarmd 5 (olsE) 9



clale oS Sloj g8 e pasuie JSB S (Govie) Cusld (gotie bawgi OBl (ol (g 3Ses il pn b g
OEmed g e dbul JSb S dxie g9y CunsSd dal oy 395 gl clale Sl ao Ve 4 (g I (298 Ol
CanSs Gotin D9 0 Joul yiun adsd dlads sy 355 dsl Clale jlus A 4 g | g Gl clale &8 o
daly J ) e G (Verp) Slay o dmlone Caa Cunl jin el glp Clay o b gloj 5l (B (CYCo)
S e e (Qrorar) OB o buwgs odd Gla (636 b (e Sl lya CulS ove i slad (V)
035 3)ly sl (g U5 jlade (¥) dlatly J 2 2 25 (e e 1 (Geg) Bl by Sl (g il Sk (V)
L ol oloj 9 0) dlasly bawgs (R) Sl (g Jol5' Bl w03 (F) dlally bawgi p )5 ul~° o>y (Meorar) G &

Sl oads z,0 ) Jgaz 50 595 e aly, ] se s 4 (£) alal, » EBCT JB yuw

Wogy ol Gy ) kil 3)00 Lily; =Y Jgaa

Veff = Qttotal

t=ttoml QA _
ft:o dt Atotal = 1000
qtotal
Qeq = m
_ CoQtotal
Miotqr =

1000

Total removal% = Hrotar

Motal

EBCT (min) = be

tiotar «cmL/min) ub)> e Q LQAL»‘) O" 59 aS
Q’A‘!Obﬁé Cad Sl gotio 5 sLad A (min)
o3> oS 5 4 jos sl il g > @) 3>
o §l 0 S35 gy 56 il ol gt 12,
smuo (o y)lS jslae 4y (Yoon-Nelson model) youwli 495 5 (model

(¥ Jsi2)

OOl (gho > Ve pludl 4 s (Sl ol Sy ()b )3
I Sis jam g aqminy oL

oley te (Mg/L) o

Thomas ) _ywlegs «(Bohart-Adam

Cowl ol o3la] ?i.iﬁuﬂ

0192 9 (uleg pabl-lagy) s St o gzall g b Juo =Y Jou

e Sw s Jao

omJae | KenCot = Ingh= S8 0k Juo | In S ko t= (P20 bl lags Jao
sl el S Folyly @b &y 5 »elly pb
Ky Er i b (St o ps K o3l gy Jdo e e culs Kas
(mML/mg.min) olog s (L/mg.min)
4 ol gl 55 2550 oo o (Mglg) e b b Qmx (min) 11,3 plos! lo t
(Min) aoyd 8wl
(Min) s oles t O 3 b ke m (ME/L) wis cud)ls No
(ML/Min) ez o F (Cm) (5w yimn glis)| z
(min) 5k olos JS t s (CMY/MINY  ordass s s U
(yian ghaiie gy gl (2




g s

O i Cud 993996 ST 309

Si0;, Ti0; \MgO Fe:03,  (olosd LS 5 5l cudsliyonds” culgly «XRF) uSilgiyy (il jgls o () Bk
Ja...oy Laso..\;.).\ﬂ LY J?“"u‘" Cow @95) Ls"l""‘"""" u..f)., Cawl 044 J..S“J P,0Os, SOz, K20, Na;O, CaO, MnO, Al,O3
ol oy LS auls g b ol Sl ele o 0g)S oyl bawgs oY 9 355 ol O oyl pdaw 4 Jlole gla 09,5
Sl )0 de3g0 oS 5 oy ik Bl 0 do > VOFY diged )8 LS 5 duopd o £/O0 yuly SIO2/ALO3 Caunss S sl
¥ Jaie ol ool iS5 1y 3l 5l o3 PY Ly o Ao SI02 olasd Jsosb b 518 cclsbinsils s

o pw dilate cl) (XRF) (plowd cuS 5 gladoy =Y Joas

Lor 503 Fe203 P205 CaO MnO T|02 Kzo MgO NaZO

\EIOY | ] V¥ ofy NI /- AN VIS Iy

33,5 0 delaio 03lo S 1515 Glw sl v Ol g0 Sl S b )

Cawl 005 030> uL.\.\J Y JS“, 5 ).JLT u.;] )1 J.ol:- L5L°°
03945t 5 denb o 5698 Ll ol adlw C :
a)"A.}‘ &»)9) 9 ‘5)..5 o)'l..U] dl).g LA—LC‘ &S Cwl LSS“\"Sl)" U"’ﬁ) ..\.wl.,L;o Yo )1..\9.4 9 yYa/d

o ¥ USS o a8 jsb led g oo edlatel il

- Particle Size Distribution
. 50
[ 45
625
' | 40
e i ‘g 35
{ c‘ 4
Iy £ 60 30 &
L RL : @
o) ‘ﬂ‘ \ y A £ w0 203
30 15
| | 10 5
L | H L \I [ Lot ”“‘W L HlH ™ 0 0
e o - 0.1 1 10 100 1,000 10,000
085 Canre [ [ ngssoupon | [ I [ Size(nanometers)

) DLS (g, b )3 o)l i 9 (e o) g athaio Clips (XRD) (ol 550 (bl i (555 gl =V JSud

e i <8 L TEM 59 oSl oSy e jl sl b g (635 slo diged ojlil 5 &) (5968550 (awyp Ctr
@ pola .l oud &I Y IS » cdg; il sl 9 S5 TEM }Qlﬂ 5l odal Cundy ol G 0 odlitwl gogil
Ab o yogil ool Be o3gam0 ;5 Culgi) ¢ l)d a8 conl ol odimd LS g Sl ¢Sy ;Sue 5 ol s




z9e Jgb 4ty ;> FTIR cab I cunl o oSt oolSiluwginogll 51 i a5 ¢ lole (cla o () Co>
(Wl bl o ool Sy 93 sy el ais ool Fywgyd dyyed bds  oriwcal ol cee-fe. cmt

l.’Sl'O'Si O)LQ-AAL; L;u...f C)L.ul:u)l 4\ ~V~ Cm-l OJ?J..’?DO ).) 45 \Y"—\c" Cm_l D.)s I 9 Sl'O'SI ‘_i.u

03gae 0 45T VA +=YVe o CMT odgie 45 cg ) >,§-|zo S (@ 93y i? S olils)|
JS5 0 &S FTIR U151 Jols s il o el yo]Re Dgay (S 5 Lo yo XYY cm?
oy A by)ﬁ ULA)L’U)‘ 9 Yeee=YA++ cm? 639

| odws odld ULMJ IA)

Adbge (2)S g

8 b Jele

a . '
' s
{
r.,_\,—'-'_'_"'_'_\' . A ~
T SN s e
N N A f
A i | \
b b /
\_/_F
— s — / ave
. eyt W { N
s A ) -
~ { Vi
¢ j ¥
L

4000 3600 3200 2800 2400 2000 1800 g0 MO0 1200 1000 80 600 1400
ar

CelghinglS sl (€) 5 «alshitngul 3 (0)ecilisdgu(a) {FTIR) il 50T b -0 JSWo

Gl i i wiliceo L2yl g
b alK Ips > Yoo mg/L g Voo B & L;me..lél{: ol awlg ol,as u9| cble ;l adllas O,l 5
ol Ce-eﬂo ure'}s‘ @‘9 » -Mb@ a»ble ckw 2399 Jw st» o o‘x.w gl ure.‘}s' Jéb @ ol byl
Oldllas o o)Ken ¢ Schick .5yl culgi; ol mdaw (59) 3 29390 Jd slo Ko 5 wlyis clale y daly & (St
cos A g &Y slapH p Gls anlyd 5 pH Bl piomen (Bergero et al., 1994) 15,8 iy s golie gl 4 345
JS&) €88 18 Liolesl 3,90 Voo MOIL clale 5 OF CM ygie glisy) MO LMIN obys o g b aBislejl byl s

O il s Ol (35,08 w1y Cnns odlitnl B o > Gt (gl pH &Yl pH & iy a0 L (P
PH (cdgiiol) i ot <o (2hb 3 55 9 mte slajelll 1 (S o5 3 (s @l 2980 i (58,
STPH olise Lial3al b 0)li8 oo pil s anlys g3 Clyns Jlisle 5 Ol odaw Hb g o Sluogas 5 oS w3k o



Ci/Co

Ci/Co

OH iwliél Lo 4 A5l YL el pH o loj cuidS L Glalllas b Lol b o il Cls cud )b LB 4 gal
S Jil g Ol g9y pag2ge Jlub slaplSe g9y i ol (BLSI-OH L Sliis ol glagg o 2ol 5
= dalllo b bl cpl (WAB () So g (o) Mbio GRS Oyt Qo Glise —OH bwg cdg) 6 slaolSl
Lls cod OF cm g % A cla gli)l o Ols auld p g gw)) 5l oyl Slgken WAY Jlo o Fuwe 4
5V S ol pcd)S L5 Gialesl 390 Voo MOIL cdale g S L plp pH /0 LIMin obys g b oKkl
PYIVA mglg & 0F/-¥ 5l o cud )b ol Ol ol> gy gl)) Gl b o a3 o Lt @l ¥ Joi
Oexed b (Il g0 JUb sl (e bl g cds g it e eled lej )] GRIEIL b e (14
29> Slay e g Yoo Min @ WO 5l g a5 lej o 4 OF em 4 YA 1 elas)l (oalidl b ses o LS gl
Cos X0 LMIN g VD ol copo b ole T by cud gl e ool KO- - ML 4 YEYO I et
s s A3 o 5 gl 8,8 15 Ltulojl 3y90 Voo MO/L cdale 5 S L oy pH DA ol losl Loyl s
Sad GRIEILY Jgo 5V IS8 3 bl Ol la Jolbxe 1 0l Bls anl
290 Sl b Ol g5l Jolne (S (pwled pas g O3l g Oy sl (g o

FEEY malg & SYIYA 5l Gl cud b codls mdaw o dgn g0 Jlad sl 1S 10 i 5 Coll ylus g )
J —_ Wb oo sials
1.2
10 ageosenass
0.8 e
G 06 el O
0.4 vl
0.2 Yeocdilé
0.0
0 100 200 300 400 500 600

Time (min)

12 1.2

1.0 1.0

0.8 0.8

06 S 06 .
el )0 i YOGU e wul oY e ilw VA gl

o 0.4 By Sl Yo el
el o il VBl 2 oo '

el 32 A VBGh Sl o lw OF gLyl
0.2 02
00 0.0
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Time (min) Time (min)

HD-Clinoptilolite Jg!5 cug; o b ol Bis bty p (o cuom) glys @b ¢ (Conly Coom) oyt gl il - JSUD



plosl il (6y9ld 5l ealatwl b I 3l el Bls (sla o351l fygelp VA Jlo > o) en ¢ Tyagi bowgs dmgh
oS 15 e ) ot 03lil s o 3osalS 5 g b Ayl b Agdgil ol 3ol alsi (s3lge g 5l L ol 3 A
dalllas (glyy )35 oo 3B D30 el DS (59 adgl e 5 ¢ ules o e lgegil e PH szmen gl il
5 Ghe s p (Qrorar) A e g 0ud Gl (g5 o g o) e cus g (Verp) Gl po> pob>
2 Meorar) Oyt & 038 3)ly lo g S e @)5 0 )5 (o a2 (Geg) 3> by Sy (o o Sl
oald i ¥ Jodn )0 4l caws  EBCT JB i b wled yloj o R @lyis e JolS Gl diojd 05 Lo s
Sl Gls s el g FesOs clydgib b odds aidlo CojamlSel VY Jlo jo ) ed g o5 (ingh 50 Cuwl ol
S ol i oslimel 3)00 SOl Gl Ced)l (uyp B Pl jetee Gl b Glngg g odlatul (Hly Ol

55 015 s CajgnalS 5

o Slys Bls ) Cdgiy ol bl Ll a5 3 Glay ) s wis s M

A S o (803 V) cddg sl 53 e S 5 (1050 TY) CujorelSgil o3l 3 &

S i g 3 038 kol g ol by o sloyelly ¥ Jgsa
H R EBCT
(cm) ) (min)
YA AYA/FYD WO Y/AVF
\rg WYY/ Yy Y/AVY
Ny YYO- SYINA ya. Y/AVE
of WY/0 \rAYs e YIAVE
of AR WIYA YAD Y/AVY
Ny YYA- /Y Yo- Y/AVE
Ny VOAY/YFas ¥¥/5Y VAL Y/o
of SA-15Y0 ARVAYA AT Y/AVE
Ny YyYe. W/ys Yo Y/AVE

HD-Clinoptilolite (g 3 cud g3 ) 9b Wi S
L)) wls cud )b i3Sl (Kag (L/MG.min)) selsl—c)lags cob sl ol b adllas ol 5
oS Sol cuwd & (Time (Min)) gyloj Jlie p3 (LN (CY/Co)) ot jlages G,k 31 (cm/min))
5 Sl g 4l alS +/-VY Limg.min a «/NAY I selsl=c)lag el glis,) il b ols s
[N ML 4 VA ebl-olag ol gt 4 Ol g 639y cdale il b e il

ST g ial38l < /YN Limg.min a4 +/-YY I elsl-clagy cob by e Gl bbb e Ll Gl cud b
g b oo ptals /FY Limgmin & +/V+ 5 elbl-olag ol PH Gl b e b (IS 5 Ol bl
03gixs )3 (R?) jolob-lmgy Juo (Stuad o pd polio ¥ oo & drgi b iS00 lag Sl 55 Gl cd b Sl
jebl o lag e oS a0 i Jde ol jl ool Cand 4 Lgd  Stuved o b 4 dagi il e +/AAAS I - /AFS)

Syb Callas (Y2 +) oh)Ken s Wang zols b subos cpl gols o)l 1) awypm cpl gla 0dld youds ol



oy (gt 3 0 eMol Sl bausgs Sl e (sl ol @ ylag Jao (sla o)l —O Jgu

H Co Q pH Kas 10° No R?

(cm) (mg/L) (L/h) (L/mg.min) (mg/L)

A Voo Vo 5 -IvY VWVE AL

v5 Ve Vo 5 VWY VOAs -« e s <[00\

of Voo Vo 5 o[ YEAYYOS - [AASY

of Y. Vo 5 VA \PAFF AR

of o- Vo 5 Y D -/avey

of D Vo 5 WAL Ve yYYRY AtV

of Ve v/o 5 i yay AV

of Voo Vo Y e £ YATS

of Ve Vo A o[vs DFAYFY
Jlie 5 (LN ColC)) as jlages Tase 5 (o ye 5 cad 2yl 5l lyis Ll (sl wlogs Cawd 4 sl il )b
51 (K (mL/mg.min)) yologs cob piws glasy)) iulidl b & Blas ol ol >, (Time (min)) l;
ol gl clale (ioli8l bl o il 38l (Qmax (MO/GR <o A W SRS \Y cm 4 o/ 0

G & Ol Caspo QLI L Bl )3 b e a8l
S e Ly (RS 55 e cud )b Sk 5 8

Cuslize Gyl cul il oo SRl Gl b
5 9 e Ol @ adgl clile g W)l PH 50 oS
li»)f o CdF5 g Al (gl ol s (g
) I s (g sl 03> oy sl (VL (Ul

Pla ly by Joo slajialyl =7 Jgi

Ky 10 Omax R?
(mL/mg.min) (mg/g)
Vo 4 RN AN/ RRR FAVARS
A 4 of %Y YEYYEYY <[5y
Vo 4 ofeN. OYAY - QA NANAE
Vo 5 -IyY Y¥-Yo +[A¥VY
Vo 5 o/+¥0 YEYOvY < [A5¥Y
Vo 5 ofe¥ \FAVYD- - < [2a¥yY
Y/ 5 o[+¥y YAYA¥D- - [20Y0
Ny Voo A A <IYA VAY¥YD AAREN
Ny Voo A A of«¥¥ VOFYAN Y ALV

ol Mol culgiy gl Gl lawgy (tso (MIN)) (gduo)d B+ Bl gl 5L 3)50 loj 9 (Kyn (LIMIN)) - audi= a0 <ol
eyl gl clale > (Time (Min)) slo; blas j3 (Ln (CYCo-Cp)) Jos (slajloges 3l oolaiol b cwol yiws (ygiw o
&S 0 jaseie Vi )l ool Cowd & s ololy 00,5 dloe ¥ Joda b Billae glate PHy (4l Cas yu o3>
GRIE e laio il to. blie 55 5 403l (5alS VY M 4 VY 51 gy 2o bl £l65) el
sy ]38l bl o Giali8l ty. blae j3 g a8l (EalS < /FF MmO/l 4 Y5l eudi= e ol lyis ol clale

\0



o9 <ol pH Lol bl o Gials ty, blae )0 5 Wb o il VAV LIh o AN 1 audi= e <ol obys
a9 bl ol lyis e (guo)d B ds gl L 3yse loj il s g Wb o HERS /DA & VIO I yguds
e Ogebimgm Jae gy ol (gt | dol (s 03l b gl Jue (RY) (Stwsod cups 053 il &,

Al o Gimgh cpl ) edlitwl 3yg0 Cub yi gt jl odel Cawd 4y (gla 03>y ¢l Canlio

Sy g 3 0l 2ol Sl bawg iz Gl sl gl 02 slayell =Y Jgae

H Co Q pH Kyn 10 tso R?
(cm) (mg/L) (L/h) (L.min) (min)

A Voo A 4 ¥/5 P /AYYY

\td Voo Vo 4 V/ay Y&)‘

Ny Voo A 4 +/AA -

of A Vo 4 Y/5- Ve

Ny [\ A 4 \Vizd A

of Y Vo 4 < /¥¥

Ny Voo Y/o 4 V/ay

of Voo Vo \§

Ny Voo A

C b gl g ggwse
A Hlis gls sl bl PuroliteA-400

iy 3 Dl gt 5l edlil b (ej
g plod )3 dtudly K ygdg 9 Sy 5o
A8 G |y b g 2 Oloas Jlog clale ged jlows <5 b )

S5 A
ogiw Ol olde 3,Sles e 0ol s adol clale pbas ola o)l b adllas o)y

A0/YY mglg 4 YVl Gls cud LaVe jl alus ado clale ml8l b .cd)S )18 wyp d)50 dlwge
4 (St odo cud )b (Bl ABlg )3 b e GRlB1 (e Yol i)
NG Y) & sl 5 PH Sl G115 s 9 w555 5
SRS (S5 e yope & mlio O gl o pH I solatwl b o iol3dl

5 el il b oes e o ey 4 Sl aYL eoes Jsl e 5 008 ahuns

malg & FY/YA 5l Cls cud )b (il mdaw p dgnge Jlad sl 16 (0 il Cls pie 5 Coll s (5w )0 9350
Sl logyy pasgel WS b oad Mol culolinsils clgiisl la Joil,S &l bl il by ials FR/EY
9l yaw (sla giw 10 g 45,5 wlide 3 adllae (! g se Sl D> oYU e & 1y Saselil Ol 5l el s

29 plosl gl e g



&bw

SB35l dlome 05 GB35 3 (B g clale yy pISILT L sy (loglis Sass g aas ¢ Jid Bl (i ¢y b
AV VAN ) (ond owdige dgpuls .ALBIS amnd

bl ol )8 4ol bl ol 5l Paxe g uﬁ sl oY Olojed Bls g ‘5:9»] iy Nas wyy (VYAY) L sdpe oo il
'C)‘ﬂﬁn oKl

FVA-YYY (Y)Y sloinl ca

oSisly 1ol (il sles bl (gl Ol - olosd slaygiST) oL Jool (VFVA)

I )&.x? LS'A'.";? f‘)La) ‘L')Lulé‘ w‘.’...

byl i pg,S Bl

IR d).'a.ﬁ dlﬁ c_JT )l d.)‘.\a.'{ 2 ul).u.’ )JbLmo =3 (\\“AV) Odumw cLu ez g 5)51 46‘)445 Ok

Mol Lol 3 o0l b &z GBls (IYAR) .
XEAFVE (F)F LS

ol S 351650 015 23l s b ) )
Cailigy Glo Ghlod remdl ilog pasgel e (55
) OWIED) Lo)hes ¢ Slales (aw) ()l (bl (el
s 3 lagll LS Laoss F 'y UOZ" (sloy sl
() Il (Sl g plas el s b SIS
VY (ONR e bame (539955 g pole S 4B WS Saelis]
slatwl b gwejps o 5l il Gls (WAL) L opme gl g ¢ e dw (sqmwge

AV=YF (BN S g O sl 4 i

;J olx I wlpws Luals jo ond z

PuroliteA-400 *L”b (-

U_;.Lé) 9 fulc cL;L:él)wl o] cd)si.w.'? Ehi> 5Q|9)*J}93| R WIS 9] foﬁ.:.:Jl FI ‘@jl_;
FEY=YOF (V)0 chaseo § CaoDlw dloe g o odd 05l yauo ol @lyd b 1 edlisl b

> Clgbs ollS )y .(\\°~Y) OB e (5 0155 g 9lex (g alae lgn Saze L (54568 Shosre g

pole OBl Tore . ol sleslono 51 Syt Bl 1> dilogr pgrind ey St N g LK posigel Site 65 Jpwod 1350 (sl iS850
FEYYOF ()N b, Sij

References

Akbari Binabaj, M., Nowee, S.M., & Ramezanian, N. (2015). An overview of new method for removing
hexavalent chromium from industrial wastewater in the last decade. Iranian Chemical Engineering Journal,
14(79):61-79 (In Persian).

Arabi, F., & Askari, G. (2003).Investigation of nitrate removal process from aqueous solution by zeolite
modified with surfactant hexadecyltrimethylammonium bromide. 16th National Environmental Health
Conference Iran, Tabtiz University of Medical Sciences (In Persian).



Atabati, A., Adab, H., Zolfaghari, G., & Nasrabadi, M. (2022). Modeling groundwater nitrate concentrations
using spatial and non-spatial regression models in a semi-arid environment. Water Science and Engineering, 15
(3), 218-227.

Banafsheafshan, S., Jonidi Jafari, H., Rezaei Kalantary, R., & Esrafily, A. (2016). Purification method of
industrial waste water with hexavalent chromium removal. Commonity Health, 3(3):219-227 (In Persian).
Banshi, M. Evaluation of the performance of anionic resins and simultaneous removal of organic and inorganic
pollutants from water. Master's thesis, 2002, Faculty of Health, University of Tehran (In Persian).

Bhatnagar, A., & Sillanpaa, M. (2011). A review of emerging adsorbents for nitrate removal from water.
Chemical Engineering Journal, 168, 493-504.

Chatterjee, S., Lee, D.S., Lee, M\W., & Woo, S.H. (2009). Nitrate removal from aqueous solutions by cross-
linked chitosan beads conditioned with sodium bisulfate. Journal of Hazardous Materials, 166(1):508-13.

Cho, D.W., Chon, C.M., Jeon, B.H., Kim, Y., Khan, M.A., & Song, H. (2010).The role of clay minerals in the
reduction of nitrate in groundwater by zero-valent iron. Chemosphere, 81(5):611-6.
Esmaili Sari, A., Zolfaghari, G., Ghasempouri, S. M., Shayegh, S. S, & Hasani ‘atabei, M. (2007). Effect of
age, gender, years of practice, specialty and number of amalgam restorations on me ncentration in nails
of dentists practicing in Tehran. Journal of Iranian Dental Association, 19(1), 97-10
Fatemi, K., Sayyari, R., Mohajerani, H., Rezvaniyanzadeh, M., Ghasemi, M., S
(2011). Separation of UO,** and F by y-Alumina from aqueous solutions containin
Nuclear Science and Technology (JONSAT), 31(4): 25-36 (In Persian).

Jahed Khaniki, G.R, Mahdavi M., Ghasri, A., & Saeednia, S. (2088). Investigati
some bottle water available in Tehran. Iranian Journal*alth and Environ
Karpuzcu, M.E., & Stringfellow, W.T. (2012). Kineti@lof pitrate removal in
drainage. Ecological Engineering, 42: 295-303.
Arulkumar, M., Thirumalai, K., Sathishkumar, P., 012). Rapid r
aqurous solution using shell activeated carbon", Che urnal, 185-
Sarioglu, M. (2005). Removal of ammoniu
Separation and Purification Technology, 4

Gheysari, O.
F. Journal of

e concentration in
5-50 (In Persian).
St ing agricultural

| of chromium from
8- 186.
ish (Dogantepe) Solute.

Malakootian, M., Yousefi, N., & Fatehizadeh, A’ vey efficiency of electrocoagulation on nitrate
removal from aqueous solutio onmgental Science and Technology, 8(1): 107-14.
Misiti, T.M., Hajaya, M.G., duction in a simulated free-water surface
wetland system.Water researc
Moussavi, S., & Asadi, H. (201
column. Water and Soil Science,
Naeej, O.B., Mohseni Bandpi,
Nitrate from Watqmmusing Su
Environment, 5( 43-35
Neptog, M., vinia, M.

ndwater by Purolite A-400 resin in a fixed bed

srafili, A., & Rezaei Kalantary, R. (2012). Removal of
Nano Iron on Zeolite. lranian Journal of Health and

, J., & Zendehdel, M. (2023). Investigation of zeolite efficiency in nitrate
€304 nano particles in industrial scale. Iranian Water Researches Journal,
1.2023.14219.2490 (In Persian).

hi, M., & Mozaffari, S. (2016). Performance evaluation of hexadecyltrimethyl
A-CL) and cetylpyridinium bromide (CPB) modified zeolite clinopitolite in
aqueous solutions. The Journal of Rafsanjan University of Medical Sciences, 15 (4):

olaimany, Aminabad, M, Asgari, G., & Barjasteh Askari, F. (2011). Removal of nitrate by
d pumice and zero-valent magnesium from aqueous solution. Iranian Journal of Health and
, 3(4):461-74 (In Persian).

Rodriguez-Maroto, J., Garcia-Herruzo, F., Garcia-Rubio, A., Gomez-Lahoz, C., & Vereda-Alonso, C. (2009).
Kinetics of the chemical reduction of nitrate by zero-valent iron. Chemosphere, 74(6):804-9.

Torabi, M. and Mokhatab, S. Principles of designing chemical reactors (Volume 1). Publications of Jihad
University Industrial Unit Amir Kabir. First Edition, 1999, Page 111-150 (In Persian).

Tyagi, S., Rawtani, D., Khatri, N., & Tharmavaram, M. (2018). Strategies for Nitrate removal from aqueous
environment using Nanotechnology: A Review. Journal of Water Process Engineering, 21, 84-95.

Wang, S., & Peng, Y. (2010). Natural zeolites as effective adsorbents in water and wastewater treatment.
Chemical Engineering Journal, 156(1):11-24

Zolfaghari, G. (2018a). Risk assessment of mercury and lead in fish species from Iranian international wetlands.
MethodsX, 5, 438-447.

Zolfaghari, G., Akhgari Sang Atash, Z., & Sazgar, A. (2018b). Baseline heavy metals in plant species from
some industrial and rural areas: Carcinogenic and non-carcinogenic risk assessment. MethodsX, 5, 43-60.

Y



Zolfaghari, G., Delsooz, M., & Rajaee, S. (2016). Study of mercury pollution in water, sediments, and fish from
Hamoon international wetland. Journal of Water and Wastewater, 27 (5), 25-37 (in Persian).

Zolfaghari, G., Esmaili Sari, A., Ghasempouri, S. M., Ghorbani, F., Ahmadifard, N., & Shokri, N. (2006).
Relationship beetween age, gender and weight with mercury concentration in different organs of Chalcalburnus
chalcalburnus from Anzali wetland. Iranian Journal of Marine Science and Technology, 5(3-4), 23-31 (in
Persian).

Zolfaghari, G., Esmaili-Sari, A., & Younesi, H. (2011). Surface modification of ordered nanoporous carbons
CMK-3 via a chemical oxidation approach and its application in removal of lead pollution from water.
Proceedings of the 2nd International Conference on Environmental Science and Technology, Proceedings of the
2nd International Conference on Environmental Science and Technology, IPCBEE, 6, 174-178.

Zolfaghari, G., & Kargar, M. (2019). Nanofiltration and microfiltration for the removal of chromium, total
dissolved solids, and sulfate from water. MethodsX, 6, 549-557.

¥



Synthesis of clinoptilolite nanozeolite granules modified with ammonium bromide
ligand to investigate the efficiency of nitrate removal from water in a continuous reactor

Abstract
Due to participation in the process of eutrophication, nitrate has caused a lot of damage to the environment. In this research,

Clinoptilolite nanozeolite granules modified by hexadecyltrimethylammonium bromide surfactant named HD-Clinoptilolite
were synthesized. The clinoptilolite zeolite of Sabzevar region was converted into nanozeolite by ball mill and then its
granules were prepared. In this study, a continuous reactor with a fixed bed equipped wit‘peristaltic pump has been used
to provide the necessary flow to remove nitrate from polluted water. For adsorption process, a us flow reactor with a
diameter of 3 cm and a height of 54 cm, for investigation of pH parameters, flow intensity, in ation, and column
height have been fabricated. A Uv-vis Array spectrophotometer was used to measure nitrate. Bohart-Adams,
and Yoon-Nelson models have been used to predict column behavior. According to the res creasing nitrate
concentration, the adsorption capacity increased from 3.16 to 95.21 due to the increased pr te ions. Also, with
increasing pH and column height, the adsorption capacity increased, while with increasi sity, the adsorption
capacity decreased due to the reduction of contact time. The Est adsorption capaci t a concentration of 200,
pH equal to 8 and a column height of 54 cm. At a column h&#@ht of 54 cm, the adsorpt ity al to 91.26 mg/g.
The results indicate that the clinoptilolite nanozeolite gra ith ammonium bro If@@nd has the ability to
remove nitrate from drinking water to a high extent.

Keywords: Bohart Adams model, Continuous re rate, Thomas model, Yoon-Nelson model
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Synthesis of clinoptilolite nanozeolite granules modified with ammonium bromide
ligand to investigate the efficiency of nitrate removal from water in a continuous reactor

EXTENDED ABSTRACT

Introduction
Nitrate is one of the most common chemical pollutants in underground water in the world:
are the most important source of nitrate pollution in surface and underground waters (Atab.
untreated urban and industrial wastewaters into surface and underground waters and the disc
plants and the excessive use of nitrogenous fertilizers in agriculture have caused an increase i ation of nitrates
in water environments. Today, there are various methods for water purification that can b Id (Zolfaghari et
al., 2011; Zolfaghari and Kargar, 2019). Among the methods that have been used so fa nitrate from water
resources, we can mention chemical reduction, surface adsorption, ion exchange, n, membrane-based
separation, denitrification, chemical precipitation, and reverse osis. Natural zeolite s fine pores and consists
of aluminosilicate. Also, high ion exchange capability, hig ciency, quick and c c?f pollutants, easy
access, and low cost are other features that make this adsgrbent e best adsorbents jtrai@removal from water
sources.

ch as nitrate fertilizers
022). The disposal of

Material and Methodes

In this research, Clinoptilolite nanozeolite gran
HD-Clinoptilolite were synthesized. For this pu
and Ball mill was used to reduce the size of zeoll
fixed bed equipped with a peristaltic pump has bee
water. For adsorption process, a continuous flow reacto
pH parameters, flow intensityy initial concentration,
spectrophotometer was used to m emi omposition of zeolite from X-Ray Fluorescence
(XRF), to check the crystal st XRD), to determine the size of nanoparticles from
Transmission Electron Microscop ionalization of zeolite with surfactant from Fourier-
Results and Dissc

us

The images obtainﬂm the cope show that the nano zeolite particles are in the range of 50 to 400 nm. The
at with Qe in rate concentration, the adsorption capacity increases from 3.16 to 21.95 (more
e presence of nitrate ions. The results show that by increasing the height of the
bent, the adsorption capacity increases from 54.04 to 63.38 mg/g. As the height
een nitrate and zeolite and the number of available active sites increase. The highest
concentration of 200, pH equal to 8 and a column height of 54 cm. At a column height of
ty was equal to 91.26 mg/g.

te from Sabzevar region was first prepared
ns. In this study, a continuous reactor with a

er of 3 cm and a height of 54 cm, for investigation of
n Jheight have been fabricated. A Uv-vis Array

e that the clinoptilolite nanozeolite granules modified with ammonium bromide ligand has the ability to
m drinking water to a high extent. It is suggested that this study be done on a larger scale and in fluidize
compare the results.

Keywords: Bohart Adams model, Continuous reactor, Modified nanozeolite, Nitrate, Thomas model, Yoon-Nelson model



