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ABSTRACT

Background and Objectives:Nitrate contamination of surface and groundwater
is considered as one of the more serious problems in throughout the world.
High nitrate concentration in water (higher than standards) is very dangerous,
consuming such polluted water can lead to Methemoglobinemia disease in
children and the formation of the carcinogenic nitrosamines in adults. . The
aim of this study was to investigate the possibility using of Modified clinoptilo-
lite Zeolite by Cationic Surfactants adsorbent in nitrate removal from aqueous
solutions.

Materials and Methods: In this empirical study, the effects of different inde-
pendent variables including adsorbent dose (1-3 g/l), initial concentration of
nitrate (50-150 mg/l), pH (4-10) and contact time (15-120 min) on elimination
of nitrate was investigated. Also, adsorption kinetic along with Langmuir and
Freundlich isotherms was studied.

Results:The obtained results showed that the maximum removal efficiency of
NO, was in the initial nitrate concentration of 50 mg/L, pH of 4, adsorbent dose
of 3 g/l, and contact time of 90 min. Also, the results indicate that the nitrate
adsorption by modified Clinoptilolite zeolite was fitted well with Freundlich
isotherm (R2=0.9951), and second- order kinetics (R>=0.9998).
Conclusion:According to the attained results, the Clinoptilolite zeolite can be
considered as an appropriate and economical adsorbent for elimination of ni-
trate from aqueous solutions. Concerning its simple modification method and
low cost, it can be applied as an adsorbent for other anionic pollutions. .

Document Type: Research article
Keywords: aqueous solutions, cationic surfactant, Clinoptilolite zeolite, nitrate,
removal.

P Citation: Alidadi H, Dolatabadi M, Mehrabpour M. Evaluation of clinoptilo-
lite modified by cationic surfactant for Nitrate removal from aqueous solutions.
Journal of Research in Environmental Health.Spring 2017;3 (1) : 21-29.



9903l COlS18yqm b ouls I Cund gk gandS” Cand 95) S Wy

GST ,.5I.AJ 31“0 )‘ ol );53 RS 3

oS>

Ko g0 o s Ghlie Sl ol s Sl & (b 5 o)) SlacT (Fagll :Baa 5 dise
s il 3 3¥L ST 5 03 ST ks Sl T @olio 55 Sz YU e canl g phao (s JSiae
Slagmelsg s JoKis orizmes 9 Lainslsegio Solow 90 el Nlgie OT cnl B jume il
16 g b 0 ol cadglitngils cadgis bl 2 B3 b sl anllba g 150U
@l sldsle 5l s Bis 5 O3l Olgie & by pasgel Juie 55 Jawd 15 Gl
b plos

s B T8, calize lauiie sl aKislosT - 20 allhe ol 5 by 9 Slge
BF pH ad s p S ke 100 b0 olas algl cile i s o5 ¥ b1 O3l Jlade dlas
89,8 g5l 9 e St Slallbe rizred AL () 4883 10T oles Olej 9 1 -
Jud=s 9 45525 5,90 EXCEL ﬂ}élf,} S5l oslazwl b laosls coles 55 .cd,8 1,38 addlhe 3,90 ,905Y 5
=88 %

Jolas 0oy o ¥ Mg/l C3le 55 F b oLy pH o ol B ,i5Tas a8 sl olts axllls -laassly
s S 3 9 (RP=-/2901) b w393 p 39500 51l i ol T3 bl oo Gl 4ads 4
A8 o cuxs (RP=-/494A) pgs

Gty L1 sl Shas Bdo sl ¥l bl b6 g L ssis 3ol i - S domst
951 Slaean¥T b (i sl wlgsn OF o ol o3l Gog, 9 alsis o9 Ol g o i >

(95 aJlis :allio &y
Lsz Sladslxs (555l Colisl g gl ids” cudes) ol is i slasjlg S

ok ol adsbitngilf’ adghs L s slen i @3LTds i golide 3Lzl 4
e wamo il o i dolidas . o1 sladelw 51 ol s Bis 53 Sesl ol ew b
Ya-YY (V) Pavas

3lbde

Sliins S s chams Sl uiige 05 8 Ll

S pske Bl (oihag suSails (il o5l

ol et capa

AP =y

e Cuilag wdige 558 iyl ki %

B (bl sl g preitils Ol 4aS

(Ut eais 53).0l 2] cdgn cagio (S5, o 5le
dolatabadimaryam?222 @gmail.com

282 e O o

S hama Cotlag (uiige 598ty Ll ,lS

pole s8asls gy suSails (o smiils Slids

Ol g cagie So5

1#95 /01 /11 8L 5 2,6
1P95 /0P /P A 2 udg o yls

—
—

\\"‘\iﬂg.dﬂbu.r,ﬂiu:/Ja.yu&..ﬁ.b.@,: iy 50 dalilad



—=
—

...C«}USL.U).«Qa&c&al&#%%@j}dbg@uﬁ/Qb&.@.ﬂbj solade

Aibe Sodshn S s Cusbly wondses ‘V:-JL‘T Lol
b e GGk mgagll gasd Sl gl begs;
S Sty s s 5250 AlOg ooy Ller o )
5SS o 4 ek 1358 5n sl &G 55 it
4 Jols it sl ood AP (530S g 4 psaiaall
Sl s g 2 4 3 35250 St (sla 53l iy
oy & S Sl oo 4 Jaze glanis b5 LU Ll
e S Gl bapypslS ol g o JUil bapysslS 5 Of
I 5358 ol G« Som ol Juds 40 5wz Some
s ,Sos Sl 4 (V=11 slge ool oodss ol
S0l bl o wies Blas DS omgionsdl slassl
ool lasle 5 wibe SB LU 5 LIS Sl
358 AWl ¢ ol e DS ol Gl S 5l sl
sl o B 5 Pz g iS, B ooy Ll
(V=10) 5,8 ol ol oS slosle s sane i
3 bl s Sodslan S sy & (s ) enke e
352 ohols 5 0lyS b oo (Oliaw wisles wsle ol
Slas gl b Cwdd ol D3l l & sz S5l
OV 50 sileon i oSGl 0,868
Wil se DL sl bedgs she & sol 3
b Db Jeily wb S5 by bos] G gl
wile (g3l Lo 5 o] 55 (mbaws PMl ol i | o585
S spin ol ol ST il slpe Ss 5 il pu
bodss s el i 1) bedss orhe Slakis wlg o
NY) wls b cmlie G oaisS asm b S0 )
Sy 2ol phe o) WlE e beanS AWl (VP
Sbd s s S5 Sl Sl T iy 0V K
Dl T Ol (D 53) bossl Cir U5 eas Aol
SbenS s 5 kb ot T sladslone (o8 5 Sy S
s o G5l st PMol sl 55 4 S ) Sl
o) @ sy aadlla s (YO F) ol 5 Sl (VA ,)9)

VRV
5 e S 3l S s N ol b GJ Bl Cusgame
Gooan Wl by roass 5 b Gl (Sopll bl
BL el Kos (g5 5 (e 5 saio o WL 5l ol
S a1 Gis ol home oy dsed LB o> 4
e soeanVl dher 5l Sz o (V) Col s G pile
U S sgn St 4 hain 5 b g gl o
o) v esleS 5 s (Gl rl'; Sl sy, 5
Gk 1T 55 o o) WL slacbile 28] sl il
15520 Sosll Wl ga Lol e iy LB uje 5 ab
Gy M 3l Esly (o Juds 4 5 ails slen @
Olsisn s ol cale bl Silee 51(YHY) a5 e
Ol a9 Sse Oiae bl deotoslSsagie Ol
L 35, Jlazsd IS5 3 Bl e (sl paalss 2 LSt
g Wl on eipen 2,8 Ll s gl 5 et
2 (F) 352 o & b DS 5 (o i (gl 3
ez ool 5 el oy Lo cbli> olajle (bl
Caiyd oy ss.xtAL:T Ol s Shas e LSl il
slogin (057) wilsS slerdy 2 08 e 00 5 YO
bl Gis sl siliien (Sidser 5 salomnd (oS
(oS saml & 0o banld l dlax 51 &S 3l 52
DY) 55 oy ants S s, s o Jols
U5 o splonnd s oial (5l oy gin o
Dlse B 0 5 BB xds St Wb (gl orer e ¢
Uk adsl sl & Coes S il NVpame adss
el 5> Sasime & (Sibsly (b ey 5 eimen 5 Sl
S 5l sy Sl & 5l s o s T gltesse
Wi Ol der 5l b Sl ) o 4 s
e oslizul 5 clxl ClbB VL Ol cudLb o i
Sodle s (H0) 12l s Slsyss e ols Conenl 5 iy o

e S sid @slid ael Syl 5 00 Sl ey 42238



sl pH JJ,J::JPY.J?GLTA\W GO sbckle Lol s
b sls 5,8 plool ids Y+ 61O clagles s Ve b ¥
w02 bl s bosT slas s 5 S (g5 lio S
s 5 el an T 5l an 3l D3 gl ki ¢
oozl i35 0 loj g aids 53 4o Ve v s Cao o b S5 wle
s b 5 ol Sl amy sl Bl 25 e ol s 508
(Shimadzo-1700, Japan Ju) UV/Vis e g5 oSl
RVCIICEIC S i ST VRS FE E D PPN AT A It
e (s sl PH ang slie s Jols b 2alesT
Lo glos 53 5 me Sl 53 2815 0l 58 5 55
5 b pize aled (2ils &G Sl b do e e 55 255 Ll
e b 5590 il (6l ane Sl Geite G i b g
bbbl a3 S5 ) plabl () s S
Solg 5o s S 1S shael S0le 5 28 S Ll 1SS
153 el 5 4525 5590 EXCEL il 5 51 sslizal b Lnosls

NGRS

aadl
Sl hle PH (et plas slo,zably 3l gy ol 5o
28,8 8 s 3y50 Sy Bl lies e el 335
o wu T8 3 pH 3G

=W sl pH J;Q\,:.g;sbcbfa\@uwux
Wl o il 3l Gl gLl PH alS L 55 S5e ol
LB oUW s pH L aslis 5 F il pH s Gl lewsl,
i olonsly F VY SIpH i b S g sbe 3. il
23l e il 7Y 4 ZFY 5 ol s
o Wl 43 el 0l b

5 ey 350 453 VYo VO clapleg anllls ol o
V=Y slis s STy olos Ll 5l Jols el s oS
5 A e Ske O Q‘J:"“‘.‘:"B‘LE"“:)B\.’J.:;?.JJ:’(J;

C::L“a wLﬂ‘j&:MH‘ sl sals OL:;J \ J\éj.o.‘v )Jf lgj‘j pH

S s Lo g b5 pha ' sl8n Wus) 4
4 ol 530 ol Wl S o g sel Lza (55 Jomsl S
Shaslial s, (V4) whie SRl slaaste L6 5k
sysm il gloan VT Glo s cllsis @ psmrp SlS 5
W33 b 0l3 s @ slpe ) ol @B S5
G5 3 gm iy 3 b Jlsengs 5 LT (5 A )3 (e
U5 o Ban b ol addllas (Y051 7) il o o>
il plol Cod gl 58 b S5 by DS Ol
esisal et 55 Joms 18 GslS S sn Lany

SLESY
3 edsbnsnlS culsss (a8l - aalllas ol s
03,5 45 09,500 o=V il b plions sog 0255 0S54
e Sl O b L iy Sl bl o LR,
ol 1Y e oS il s YO0 glas s s 5 0
celu YA Coe 5 28,5 05 T sl 38, s ) 55kt
3 5l 3 YO (slos 55 s 1S Voa S sla
Shie O b ey sladils o 0,8 bolis St Lauys
b otz olS Gbos o Gm Jl sshte & ki L 5
© 5 oad 4oy ClSygm 5l Yso o /) Jsloo ums 5 et
P e o (ColS Uy 0 Suds5) o/ 33 V0 4 ) s
Ced 35y D3 G s 235 - SIS ien by Sl
Col 1Y S 4 S gl s YO glos s et Ao
SYPRCH W ISRy FC SR P R VIPINE JE S XS I
shailea) gadshne aes s (YY1 8,8 5 wolind
s L ss adiges pH (bt 0 02liza KNO3 51 oz
23,5 &9 HQ 440d HACH (s ;2 pH

Vo e o b gleies Gkl olaglesT Ll sl
B oslie 05,8 byle b ol an Tt sslinad 2 e
Jskos s 5mmn 555815 53 0ad pMol Cd 55 51 2d 5s 0 SY

—
-

VW45 ler ol Sl pgm 333/ Jame bl 3 i 3 anlibuad



—=
(>4

...C«}USL.U).«Qa&c&al&#%%@j}dbg@uﬁ/Qb&.@.ﬂbj solade

rodr a1, 50 bl 33 L4

Sl o3l 53l e 5l Jols s el
1PY 5 s B ol i 2 0S¥ 6\ 3l
w3l Oliee GRlBI L S air e 28L e 8 Y 4
sl plas Sl bl il o (1581 Ol s Gl lewsly
a0 e gy 0lsen ) ey 3l Ol Gl L oS
2 S usba 18 o SRalS O3l o oy s sad Sl
8 e ¢S ¥ s O3l e 35 Olalne
tod o 95 5 St Olalllas

aalllos 3550 2 30S0Y 5 s B o S5 55 addllas ol s
che G50 2 1Y SO e gl 58 Jue 235 13
Ll eime LG 5 300 Dl S8 ls (3l asle
1t o3)] (1) dolan 550 4 55V ¢Fan! b dola
(T A) e

(V) dsles

Ce 1 e

Jde me dm

P ez o2 o sad e s i Qi) ) s
ekl C, i o bsams plasq s MP/G s
e 2 b D lam Ul 3 Sad Cdsesle (Jolas
el 55V o6 by mg/l

G 2 gl S oode Gl s s e sl
Oleos 8 5 2150 b33l slls 5 0352 Cio splSa
2 is iy b bl s ole ¢ cul il wls b
Sogo 4548 o0 ol o (5350 5 51 o Seal mhan S
(TF) 558 i (1) sl

logg =log K. +1/nlog C, (V) 4dsles

2 b Sl 5 am sl 5 (s el C
Jolw ooy s i cd b Q) oad s o Sl s
(Y0) wizen gduis b slactn HKe 5 (05 2 0 S ks)

255V (ﬁ“)}:‘ Yol s G::J"‘;JJ'; A gl

© ) Jss s dbpe olis 5 bl 5 aes e plas |

Sl i 0l eled 0o a3l b iz e ol S
s e S slam S 85 g9 2 Ol ol bl (il s
3l b5 S Bl e 0T 3l an 5 s sl 1

lage 3 o Lo

g

g

— 1gL

o
=

—_— 2g/L

() i losdy
(=)
=

A
=

—a 3g/L

(=]
=

=
[

0 20 40 60 80 100 120 140

(4380 el s

Cadg5 5 bawgs B3> Olosily o ywbed Oloj il L) l3ges

Cd Ol Ol gz adgl clale 5T
Ol bl sas wsls olas ¥ s s S sboles
Ol gl 23k oo alS Blo plawly (Dl 2 4l 2lale
) Ol g adgl cble 5l ol Ol mo Gl lade S sls
s S ) o S ke 104 B0 Ghc kil s Sigsbe
5 8l oo a8 AR & ZAA 5l Bl pleusly g Ll

Sl 2 (Jfgl:ﬁ O chle 55 glassly o iy fizeen

% a.,\.bL.f...n
100 ‘_-—gﬁﬂ—-—._.__‘
~ 75 4 .‘\\1
T —— ;
] 1
]
4 % —- 2gL
9
= 251 —_ 3 gﬂ_
0 T
25 50 75 100 125 150 175

(ML) & o eyl it

23 Cdg) bawgi B3> Oloxily ol s clile S P lsges
Lagy ol p



SRR O A Jsl 050 S Slsgad S (o0 (S

sl 0l 03l UL«:\J I K] A J\J}w‘

0 T T T T T T
10 20 30 40 50 60 'jﬂ
1
2
:; ]
% -3 4 -
]
4
5 .
6
(aid) e
Jal 455 St .0 1> 900
30
25
20
=
Fis
10
5
0 T T T T T T
0 20 40 a0 80 100 120 140
(add2) ole

P9 425 Saiamw .5 1> 903

Szl I PH & as et sl sty gl il
F3IPH Gl b oS psbes sl o i a5 iS00
ol oo 288 Sz Bl asys MY s
Cdyis b S (YY) ohlas 5 ols o5 asdlae o
PH il Lo us rt;gl SsS8 ColS g bsns C&La\
35S 5 (Vo) 0) 65a5 0 (V) i sialin Bis 20lS
S Ly 8 2l @3 aallls 53 55 (Vo)) 0 Ken
Oy gl PH 55 Ed 5 b ol s Bl plendly o 2
vy 4 Oz Bis g5, » PH 56 (Y5 0YF) 5,8
05 Jols Slaxin o5 5 e Sl Ly 4 ZoVslay IS

ol suls S a0V 0

1.20 -
0.90 4
=
= 0.60
=
0.30 4
0.00 . . . . .
0 0.25 0.5 0.75 1 125 L5
log ce
T299,8 p 59l ¥ Jlog90s
025
020
0.15
L]
o
=
-
0.10 ¢
0051 ®
0.00 .
000 010 020 030 040 050 060 070 080
1/ce

25053V 059 531 ¥ 13503

P9l dse (Stued cul s 9 by il )l ) Jga=

Langmuir Isotherm

9 b R?
f/fa Y/Yo AVZ A
Fruendlich Isotherm
K¢ n R?
f/-A Y/YA ARTAN
1odr St Olles

ool e ¥ g/l s 4 30 Dl Sz Olalllae
ol ol 5 ¥ Ll pH s Sl 510 mg/l chle was
St slodae Sl GRagg ) 5ol ol i35 4 51O
i olizal Jols glonsls oo 5 5 053 4200 5 Jsl 200
R2=+ /88N 5l o35 4750 St 5l S5 B w13

—
o

\\"‘\iJle.leiJu‘ryEu:/kﬁm;«m%ﬁu&n,}g asllad



—
<

...C«}USL.U).«Qa&c&al&#%,@f&:}j}dbg‘;ﬂ)ﬁ/Qb&.@.ﬂbj solade

L5 O 31 ot o8 s 355 a5l 4 i85 80 0
(V8) wlas 2ol

b b b sl Kp & Slas mduissd o5l
Ol s 50 a5k o w3be e gl 3> i
iz anT b euesplas Vo B ) D ke crimen 5 b o0
O3 05 3L ) & ooy N lie STasb e el
b A dBl Ve Sosp Sy Sl (S s
g Dy Kpons ambun sl luie el ol s
el cls S8 ead e 3L 5 Y/YA 5 F/0A L
YY) Gl i aalllan 55 50 3L (55 Ol i an b
55 ol 5 (Y15) olSes 5 oy sl s (P
T3S sl plas B s S35 IF s 2se 258V
g8 el b bl S o Zuxd o Sanl 0 e 5l Qi
olSan 5 5S5L5) el s iman (T8) 5515 (s e olss
S g dsb el 5 st RZL gl (Y0))
(Y7):5
by sad pVol S5 b Sl Bl olee 168 At
atls O3l 5y ol ol b e Lo ol e
S o S5 esSan daly Ol sl clle s, pH L
3 9 S 31 Sl Bl (S Dldlas
5 b aS o Cond mdaig e s 5l e s n] Ol
ey Oolee 53 SVska S e g 5l b 55 Senl ¢
NEESS C}Lo\ s 3 305 52 5528 blE Sos 5 ol
wpde S b s Wb sl Gl CalSU s b 5
s 5 03Vl ] B (sl 5530 sl s W58
$530 35 4 Wl G cal il Gl sl T s
58 5 eslizd 5 e

Sy g S
4:.45 3 sz&o.é J—:J) “ OL‘"‘""" 2% U’:i’ C,SJ.’:: J‘ 4.1.:....30.3.&

ssdige s 5 S5 Cudylin S Sl

il o 5138 b ¥k IS s 5 Slakite g = E
Ol gos pml PH 5 ool sy ol Coeal
53 sl LIE 8 o sl Lol s S slapg b
4 5558 0n Do gbos PH (2l b s 06,
i Do 4 S Dl i LS Wshe pb b )50
b sl PH s prtmas 55 (YALTY) W5 o0 o s
N P P I Bl BPSIE L R RE
(V) b o 2ol Sz B> 1o

Olse 5 2l Gis plewsly cadsl s VT lude 2ul580 L
S el Js ol @y ol el oo Sl Ol asesle B
w3l VT Ol sl patia B il o) mlaw
s 4 o 53 mhae Cod sl Jlade 181G &S
o b S Wisd ol wb & hanVT bl
L s S (Y15) oblSas 5 05 wllls mls b ol
(T8) Stls Zillan 35 s S Mo 5518 5SS 5 |

e 130 L S sl ot sl aallls ol s
il Sl s Bl a5 Bl o s ead 2ol Sy
iz s 50 5 Jd sl 15l ans 55 S Wl e 158
LS (YO) soliinr 5 b aolllan sl b S aslyo
5wl Ol Gl o ol ol sb 5l sl
by oot s (Y19) ohlan 5 o) anllls s
Sl az e (Yr,¥) cils Slsen 5558 oS
et el 0 Lol e i ol a3l sl bl 53
i 5 il mhe s s gmse Jlad L Sl (s ol gl
S R CIDISCRNC NP O o bl S sl
ols plts Slalllas Lo 5 5l lllas ens b o ialS
iz S ol Gl 4 e 3l ol ol S
o> Wy s sad oo san VT gl yialS S 55,5 o Ol
(F) sl Jlos ¢ 1, o3l

Sl olis (Y1) oL Kas 5 samanls anlllas puizas

sl Ll Ol i plasl eles ey Sl b



References

1.

10.

11.

12.

Golstanifar H, Nasseri S, Mahvi AH. Nitrate Removal from
groundwater Resources using Nano-Gamma-Alumina and
Determining the Adsorption Isotherms. Iranjournal Health
& Environment. 2013;5(4):12.

Fallahi F, Ayati B, Ganjidoust H. Lab Scale Study of Nitrate
Removal By Phytoremediation. water and wastewater
journal. 2011;16(4):9.

Malekian R, Abedi-Koupai J, Eslamian SS. Influences of
clinoptilolite and surfactant-modified clinoptilolite zeolite
on nitrate leaching and plant growth. Journal of Hazardous
Materials. 2011;185(6):7.

Gatkash ME, Younesi H, Shahbazi A. Nitrate Removal
from Aqueous Solution Using Nanoporous MCM-41 Silica
Adsorbent Functionalized with Diamine Group. water and
wastewater journal. 2011;18(4):8.

Naseri s, Heibati b, Asadi a. Performance Evaluation of
Modified Pumice on Removal Nitrate From Aqueous
Solution: Kinetic Studies and Adsorption Isotherm.
Journal of Shahid Sadoughi University of Medical Sciences.
2011;1(38):12.

Soleimani M, Ansarie A, Abassie MH. Investigation of
Nitrate and Ammonium Removal from Groundwater
by Mineral water and wastewater journal.
2008;67(4):9.

Salmani ER, Ghorbanian A, Ahmadzadeh S, Dolatabadi
M, Nemanifar N. Removal of Reactive Red 141 Dye from
Synthetic Wastewater by Electrocoagulation Process:
Investigation of Operational Parameters. Iranian Journal
of Health, Safety and Environment. 2016;3(1):403-11.
Yoosefian M, Ahmadzadeh S, Aghasi M, Dolatabadi M.
Optimization of electrocoagulation process for efficient
removal of ciprofloxacin antibiotic using iron electrode;
kinetic and isotherm studies of adsorption. Journal of
Molecular Liquids. 2017;225:544-53.

Nemati sani O, Sadeghi A, Dehghan AA, Asadzadeh S,
Dolatabadi M. Removal of nitrate from aqueous solutions
using Saccharomyces cerevisiae biosorbent: adsorption
isotherms and kinetics. Journal of North Khorasan
University of Medical Sciences. 2014;6(2):441-9. eng <@
2008-8698 <[ 2014.

Ahmadzadeh S, Asadipour A, Pournamdari M, Behnam B,
Rahimi HR, Dolatabadi M. Removal of ciprofloxacin from
hospital wastewater using electrocoagulation technique
by aluminum electrode: Optimization and modelling
through response surface methodology. Process Safety
and Environmental Protection. 2017 7//;109:538-47.
Asghar NA, Abbasali R. Investigation of Cadmium removal
efficiency by Clinoptilolite from aqueous solutions. Zabol
University of Medical Sciences. 2012;5(3):7.

Nabizadeh r, Mahvi ah. MTBE adsorption on Surfactant-

Filters.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Modified Zeolites from aqueous solutions. Journal of North
Khorasan University of Medical Sciences. 2012;4(3):12.
Mortazavi B, Rasuli L. Reduction of Hexavalent Chromium
fromAqueous Solution Using Modified Zeolite Cationic
Surfactant. Iranian Journal of Health 2010;3(4):10.

Maleki A. Potential of Acid Modified Zeolite for Cadmium
Adsorption in  Aqueous Environment.
University Medical Sciensce. 2011;22(4):11.
Asgari G, Sidmohammadi2 A. Study on phenol removing
by using modified zolite (Clinoptilolite) with FeCl3 from
aqueous solutions. Journal of Health System Research.
2010;6(4):10.

Shamohammadi S, Isfahani A. Removal of Manganese from
Aqueous Solution by Natural Zeolite in the Presence of
Iron, Chrome and Aluminum lons. water and wastewater
journal. 2011;19(4):10.

Zhi-Yong, Yuan J-S, Li X-G. Removal of ammonium from
wastewater using calcium form clinoptilolite. Journal of
Hazardous Materials. 2007;141(3):6.

Rivera A, Farias T, Ménorval LCd. Acid natural clinoptilolite:
Structural properties against adsorption/separation of
n-paraffins. Journal of Colloid and Interface Science.
2011;360(4):7.

Naddafi K, Gholami M. Removal of Reactive Red 120 from
aqueous solutions using surface modified natural zeolite.
Iranian Association of Environmental Health. 2014;7(3):12.
Wang Y, Liu S. Ammonia removal from leachate solution
using natural Chinese clinoptilolite. Journal of Hazardous
Materials. 2006;36(4):6.

Shamohammadi S, Isfahani A. Removal of Manganese from
Aqueous Solution by Natural Zeolite in the Presence of
Iron, Chrome and Aluminum lons. water and wastewater
journal. 2010;1(1):10.

shokohsaljoghi z, malekpour a, bakhtiari m. Using cationic
surfactant as Modified By Hyvlandyt new adsorbent for
the removal of anions from salmon breeding Surveillance.
Journal of Marine Science. 2012;10(2):10.

Najafpoor AA, Soleimani G, Ehrampoush MH, Ghaneian
MT, Salmani ER, Dolatabadi Takabi M. Study on the
adsorption isotherms of chromium (VI) by means of
carbon nano tubes from aqueous solutions. 2014.
Doltabadi M, Alidadi H, Davoudi M. Comparative study of
cationic and anionic dye removal from aqueous solutions
using sawdust-based adsorbent. Environmental Progress
& Sustainable Energy. 2016.

SadeghiA, Dolatabadim. Ability of the yeast Saccharomyces
cerevisiae for biological removal of ciprofloxacin antibiotic
in aqueous solution. Journal of North Khorasan University
of Medical Sciences. 2015;7(1):9.

Onyango MS, Masukume M, Ochieng A, Otieno F.
Functionalised natural zeolite and its potential for treating
drinking water containing excess amount of nitrate. Water

Mazandaran

—=
>

VW45 ler ol Sl pgm 333/ Jame bl 3 i 3 anlibuad



—
D

...C«}USL.U).«Qa&c&al&#%,@f&:}j}dbg‘;ﬂ)ﬁ/Qb&.@.ﬂbj solade

27.

28.

29.

SA. 2010;36(5):655-62.

Dabrowski A, Hubicki Z, Podkoscielny P, Robens E.
Selective removal of the heavy metal ions from waters
and industrial wastewaters by ion-exchange method.
Chemosphere. 2004;56(2):91-106.

Yoshitake H, Yokoi T, Tatsumi T. Adsorption of chromate
and arsenate by amino-functionalized MCM-41 and SBA-
1. Chemistry of Materials. 2002;14(11):4603-10.

Ren H, Jiang J, Wu D, Gao Z, Sun Y, Luo C. Selective
adsorption of Pb (Il) and Cr (VI) by surfactant-modified
and unmodified natural zeolites: a comparative study on
kinetics, equilibrium, and mechanism. Water, Air, & Soil

30.

31.

32.

Pollution. 2016;227(4):1-11.

Farasati M, Jafarzadeh N. Use of Agricultural Nano
Adsorbents for Nitrate Removal from Aqueous Solutions.
Iran-Water Resources Research. 2013;8(3):11.

Vassileva P, Voikova D. Investigation on natural and
pretreated Bulgarian clinoptilolite for ammonium ions
removal from aqueous solutions. Journal of Hazardous
Materials. 2009;170(4):6.

G"unay A, Arslankaya E, Tosun I. Lead removal from
aqueous solution by natural and pretreated clinoptilolite:
Adsorption equilibrium and kinetics. Journal of Hazardous
Materials. 2007;146(5):10.



	000
	001
	002
	003
	004
	005
	006
	007
	008

