2T W UsIxe jl (59) B3 Hd (Sl adgduisginls b walgs ) 333 9 (s ilwosleT
3D gl 9 Suliow (yaass 9
" shezes 3l g dazms 030y ko Loy 0L ST il < (g3 0l 9 n
) 3lsal ool 3151 oS80S 3lgal dmly i3 Jas uitign 05,5

Q‘ﬁ‘ ‘J‘_}A‘ U‘_}A‘J\ﬁuéu\,\;- é&ﬁ r}lﬁngﬂqbg‘;ﬁkauu S ) LgLaLgJ}Ls uu.:.bd jsf}@;}.b:?ul&_,»:‘.xé.: ke a}/f‘
Ol DI OlsLT (S5 0 ke oudSLisls cdamn oty orkign 035

WR0/0/FY 1 p s B AYRO/YAY e Sy b

oJ.g_S%

o s Ol sls Gila 3l soliied Lol o5ls ssa s oS o5k Ciia (sl Aliae sla by, ndaa g diss)
90 > Bia 38a3 (ol Ho ol 435 K 5108 da 55 0550 OIS 53 b i al sla Sl Do oI5B cpl Sas
ol 58S 518 (s 9550 Olacs by SIS anle il 85 Jaa 53

OB (5l ol s S alail el ity il a5 L i sl o e agtulad T lagligy g 9l g
- el 50t 50liiend (XRD) X aaith (€5 (s oieus 5 (SEM) ik 5 o5 S o sSm s Sn 31 ol 5 (sl S5
O DB 5 (3 8V : V50 5Y 5)) wila Lla(R+ 51- 580 ¥ 5V0) Gl Gley(V+ 5V 50 57 ) PH (sla puite 5T
@IS o 4880 5 550 YO G 3an e s 5 ol slos o (SR s a S e AL A0 A YY) g,
438 S I8 s duse e Sl 5 Laa 390l s 0 B

e el cal 55 b s Bia (sl g lalod s Bia w5l suel ey @l Gl s e 438l
B e ble a3l Ly sad (i 51 e ael cony 4880 Y e Gula Lol s sl s a S0 Lila 550 pHY= Jels
il aale )T slasols b s i 3als (R27/AA)(s 55 sl alii g8 Jae by (il 38 Gda bl Lol (nals
loten sual s (slassls L Ladus ol 51 5ig a g da oo b S Jao o (Siiw slagas sl niges

.u.a.u‘J
5ol Cila S plsie 4 Wl B ee L UK ade il B oS el suls Gl alllae () gl i S daain
00 08 6 o lalaas 51 555 S SIH Bia cyga 1))

S a S (s ek ola G AWK el el B Hguals cilals

Ol sl Gleal 5 als g Koy e se Sl (e S Slasosld Dlids S e pae 5 e Sy edige s S ¥
CAVTOAYY O wles o,led —afshin_ir@yahoo.com : fues!


http://www.sid.ir

Ololsad 9 59819 3395

u.'l_\::\.ké_' ﬁ‘f tJJ_la)\ osle Uﬁ‘ UP =R D u;ul_>-
RRCH P SRCIPINA
STLVVO oo o Okl b ol el slel s
v/ Y J;‘J_>- Lgl_ﬁg:,_hl&bb DR Sy cl_..ﬂ
ol S 1/18mE/L s Sl o/ Sl jluiac
240 od>wle C)YL}“))C\M\OVV EOr g;)'l‘):) S b)}.q_.'
S IS (l_‘>u‘ w)ﬁ))W(Cﬁﬁ)‘j} IR
cl_../a )\ AA% BRI S QYLN" B oLl 4.:1..45 uT C...A YA«
S S Sl Pl e a0 g0
Slde ol sl s S UL)\J-J/ 2/01mg/L 5 0/079,0/003
s 10 -15mg/day oLl Law 5 &l 35, J gene 8L 53

Ve-\Y .
NG PR WPy

L S 3 3 _23ligy s e ) &6 Smen USEPA
o A sl s ol sl 6 SKaen 5 03508 plulid
20mg/L sl Sl il Ol .ol o350 &1l 0T gl
o ld b0 33,5 B 1S olew e &Sl L5 1)
a3l Al g e (5-30mg/L) (g5, SVL slacble .ol
s pls 33,8 OIS G rme culSs sl b ol
g\}:l_?u"\j-_sjj.u:degigévﬁj‘_;ﬁiﬁ&w
slaclile 53 Of asb o Of 0ad e (K8 3 o
Alad o 1y oS 030 20-30mg/L I i
4-10mg/day |, aslys, 8L s 5k 5,5 e WHO
T el 3500 e 5 e 4
anal 3 S byaa |, SME/L ldia Y00 Jlu ,s WHO
Sl e 1/5mg/L e Slas 5 0/Img/L lads sl
L (e b o slaad ) s O (800 sl 1
Jsles (6350 luie (Yrr0) WHO .ol 0350 ann 55
e (Y+AYUSEPA .3 505 rpun 030 bl i |, Smg/L
Sl T s bl Ol 15 sy chile ol
Jslns ol 4SSl 3 ikl 3G 53 Smg/L Jslas(SDWS)

VAV

A}A_' &\)\\QQ~ de 2 )\J:l.aw.q.ﬁ

L VN7

e Pl 3l S S e s (S
S i s M 4 wlinle S dsl e e e
il o Gladilomay 5 SLSB glsil a2 J 28
Tl il s ST s a0l 35 Ol
SLaplll 53 e & Jiled 5w LB e oS I3l
Ol 8l VBl Ln g slags §l5l sy &S il 1 o5
Ol mdlw gl o 55 1 el i T 40 e
L Bl ol gl 5 o b s 515 085 s g 50
cle o ol ladsloe 5l K Sl chle J xS
5 o A3 T b 3l eslizal 3 T sbs Sl IO
2 ot ot oS Ll s Ll S e
T ls Caal sl 355 0 O gimn dral il

S ¢ ol e LTS Ol ay g, U
S35 s o o3lizal oyl ol 5 5 ol (g s
w03 (S8 3 S s sk 4 Ol IS
(=13 3 gmae T sl (Saw¥ Y paams s K,
Ol e Pl papar clasadly cLafidy S
2l s SRS Sl ¢ Dl e S slag bl
Sladedl s 5 oSk Lol Sosjls 5,58 Y sae
L chle ble o g s dimes Sl oS O 53 (535
Tl b sl s )

e J e O s (55 sl 1 ol
J=> e Al Al g 5 dnST Ol S fie
el s e 3L Sl i 4 b sl s )
SIS Ddme mlp 3 o et 4 o gla Sa)l
a5 b day o SOME/L B s esle opl ke,
AU (20mE/L 5l zaS Jle sl ) oS 2ol 55 (g5, 4
52 Sns s 25l Ol psllaelss (S35 58
Sldlas 1 355 00 il Shelal OF 53 ol glachle

VA0 jaly ) o jlac aylgn Sl < auns Cudligs cuodige ddae 4 ¥


http://www.sid.ir

032 p gl 9 S (a9 3T slad gl 31 (59, B3 5 (Al Sl glity gl oaslo Sl iy 3 1S 9 5 lsosle]

s Ao a3 03 5 G Dol W b s S0
S B e s pSU i el gl glasls
Sl s pH g psls conle 5 b ol L 55 v 5
Tl e e 5 sk
Cdgdoms o2 geae oy 3y 3l eslinal CASis 51 S
oS Olgn b Blad la Jshoe (6l a5 ol LT 03 IS &
A3l e e sl Gl Slasle b s Jsle (sl S
oL s fL3) g0t d b By DML (piman
J=lss =l o5 Ol e Dol 5 alals il 3 oS
Lol el LT ad 035 VU 30 5 oS AT land

T ek LT3l stz 3 o s

Sy L
Al e bed S5 e h s sl ¢ o sasn O Sl VL
N s L0 s 03 S Gl S gt (pl 5 OIS e S
" sa eslizal (55LES s o et slaly
o 5 Ol o3 s b mle sy w5 L

e ol Db L ) bl s s bl 51 sl
s s sla sl VT Gl 3 (gl 03 28 5 5wy il 5
e bl slyls bS5 ol S 13 eslinad 355
S Aot (o @51 S J 7 05081 51 0ke) s
351335 5 p 3 feSSIT=N 0 Sl b G WadUS 5 Lso i O 53
313 3 gm s Ol o3 V=T Dl g bas i J=1s s
U5 s o o3l Lol & 5 5 0ozl ol 35
LS S YAV meq/g s s b L SssS
OF Glaaascin 3l oty s ladUls 5 ol i slal
S o p5 58 o sy sl Sl &S 3L s
Vi e 50 G Sy 53 ol IS0 b0y
ol 2 55 o 55 S S Dl S g
il Jgloeall Glagl gy dmy a3 3 5 S
6 1 bbbl b i 5 S Dol slackB
Aobel e Jsdoee ) 555l DS 5l (ol Bl 4
Sl LS 5 Il sl (S0l bl e g

FO & AYA0 Sl olach sl Jlo cdasas Cacdligs seodige dlas

e 35 ol o p5dS 5 o b SSoge 23 S
5 S 50wl B sl clad o 5o Esl el
2 Sa o5y 33,5 o ad s Y (So,
Sl oS sd gmo So 1 s el S O
Oy il o3 pad S 1 s sled5(1440) sl
— e Gl el Zlmnal B sephaal = e i dad
(Inductively (ICP)) Wl by Cir (2g, 5 kel
S A1 53 51 eslizad L 015 e |5 5,.Coupled Plasma
M s e Gl 04515 Jols L SaT L g5l

Sl ol a3 (Sl Sl ol ass o
3 el 4 8 Lol c sl S S 55 by S
(=S e e ol o D5 S0 Slallae
ol e lgnd B L S 5 s S SIS (s
Ve ol 5 g

Sl bt S0 5 aled Gl s Sl ol
Sl o el K S S
bt G Dy O AN ¢l Ladil il
P B P WP [ PTGP AU P
VU DI pe 5 (solatdl 46 0 pde ile placys sdome
o 3 1S Sladlas o5 el L ties oo VT Sl jly 3lia o
o Sl s 4 ol gl eslial slanly s
C il ool Il s LT S5 35 ol 5 b
5 2o b s SLSGl (G S oLl
0 e Shms o3l g sl Sl codr VL o b
e S Sl Gl (gl il 5 8 &S el
S s 5 sl ole A sle ems 53 LS
slasls 5l 3l ST Gl (gl caad 0151 5l 5e 03 5
Sl 43 8 &) o o gl Sl 5 T 1 S
Lo S0 cpl Gl (gl mwmns 3 )l8 45 Sdkne 3150 aler
S a Sl Sl 3l el Aes Ll 585 il o3 S Iy


http://www.sid.ir

Ololsad 9 59819 3395

ailae 53 5 7S oyt Jled (5 e skS A0 s o) UL
5 S 4l (558 50) daiin o) Ole S ailaie (O
Oldaly Jlad 3 S sliwsy) Oldkaly adlaie (!, adlaie
(o3 3Ll e Gble) bl ple (5 5 Olaly eslr uls
oAl el Ol s 0 (S 0,8 WS S
sliie 4 ol G W7 (0 5555 b adlate 5 Lsles g
sla sl (& Gl s Sl sllS e 8s Ll
b 5 T S e il 5 alil ST 5 Db
O CHIVI E S W U W SN (P P E SR
sk sS85 5l eslial Ly T sladasa 51 )

AL o Olias dilaie acb

by 9 Slge
I gileeslal 5 ag

oy Ol S 3 s i) pbae O3lae sy
Ol ey o5 Lt ol s ¥k sS
Ol 4 a5 b 5 sk opl 4oy anlae ol 5o O3Lr
S o 53 @l alae e 4se Sl el el
15 o JEEH 31 ey A o3lil Lot 33 s (51 Oloos
ool OF ) (e sladyl 3 oliylesl & o s
3bweslal ol e 133 8 aslal Latlesl plowil 6l s b A
Al 5 s 4 S

sylbead glal la o g ol 5, e 655 Tl
S s S Er e e oo +/T L +/Y0 ) ASTM
Sl olE 58 s S ol Gl ke 4 gy e
Ahie ST e 5 St Ol Sms Jsane ST L
J_E.E.A;.jb.wl_d):c,.ctﬂ\‘i Sde 4 anlsl s 5w
S5 a0 s Jshoes sla 20 Ol B s esls )l 3
Pl Ve sl o ad s culg o Gl
VS s i el YE Sl s Ol 3 8IS

Lo Sl sis plord 5 (Supd Slhosart 4 ar i b
Sl s 4l by s o s Bl SLS 5 e 55
b Ml VL 1S Jals b b ol o3
s e sk Sl pde ol 3 (Su b 5 SOl
Nl 5,8 13 o a5 35 5e Ol 3 OT Ol

Sl Ol Al p 5 ol lasls
ol o Slasiiie cplyls (Ko O3l OF gl
DB G DLl [l g il sl 3lse L
o st Ol LI e 5 e 4 il Sl s
s (old Pl p mnb sl 55 Vsama il
Sl sl 52 25 50 JTolse 5 b0ssl ol g
D R T Tl b I e L T
(S sl 5 Lao sl Gl (gl calises gl 5o
Masl e Jpens sl

3 el e sdate Slided s el o) e
o4 Ol e g b5 o) bt
S e mle s e e iz sdaie Gl 1S
Speb e aae e Olsie w0 O 51015 o oS 0120 o
Sles S Js0ua 5 lul IS oS S Ol5 e o S5
o=l G 2 Weas il 25 L s s eslital glisl; 5o
O3 3l 5 a8 S 0 o e e
oasde S e Ol 53 5 e

A wbrasy e s sl Ghal bl ) als adaie
(sl 4o s 5o s ale 8 kS 5o 5 by
e 1Bl sl e sl (s 53) e el
adlais (0Ll 2 Ol 3 b il 5 5l Soges 3,0
bl b it (Bl (Seas 5wl ailate) S
Gagle 33 Jlomd 53 5 o e $3LT0 8 53) e
(Ol G 3 2SS A) Ol (35 o ailae
Gt s kS V60 ol s il 059) all sz
il g, adlaie (Sl 55 )8 4l by

VA0 Jualy ) o jlach aylgn Sl dasss Cudiligs eosige dlae 4 ¥F


http://www.sid.ir

32 p gl 9 S a9 (T sLadglae (59 Bin ya (Sl Cual gl gisls cals ual 935 5 3 1S 9 (s jlsosle]

Dl g 0l Gy e S5i5 5 b S5 ) G sa

Ol ol ey OLES ol

s S g5 p g 1) SO

e slap Sl s
e 5 Laesly Ll 5 4 o ol andllae ol s
Jold 255 a8 i sl o 5l 3l C b e
oo o=l 53 35,8 e eslial ccl Sles - Jde oy
Jol> o o o aslinale 55 ¢ iz b glodes S
5235,5 oo dde n la )l end Esl lades
SLadV b ol pH 1 55 5k slap Sl sl bl o)
(Yo adsl skl 5 p 50 il jaaaida aled
W °"L’.L:""’|J':'3jﬁf)§vl~"’\“ SAY Ve o (b

ok plowil AT sl b,
s 5 o gl S ols e elad )\ Jsr s
L 035l s (1 el plnil immen 5 55

C,u.d‘ OJ\A.::I o))jT C,.w‘ 4.:.945 CJ))..,a

Y& AYR0 Sl o lach sl Jlo ¢ dasas Cacdlags seodige dlas

b Lhlesl plosil o gou
e S 53 i La tlesl S fags cal s
Loy sols Ad e Ve o 4 pladipad L 50l
el (53 S e Ve 00 ) 0) ol et slac lale
PRI JO RN PRSI PRI P ERNCNPE SR
Iyl glacble pH (ulas Oley ol ba 2l ol
Sl Il )l o lBle 5 O b glacd )
SRl ¥ il &5 Sl b ad e cnl il e S0
Gl s Al 3 oL gy o b el b ol S
2l s il osle Slaie b e (ol Jlie
b el 5 (ad3aN) b uled Ol 5Vl B pH
N P S I P SNCIE - R CHIW
A3 Wlol loe o (ad b Voe oo 0 300 V505 5))
G Lol les 56 s o Gl LS
W3 S 3 anllan 5 ey 3y Sy CpSo e B
S a4 k)5 gy ekile JL e oas ol
el AAS ol e ol Clor (5 520 535 Sl oo

0 .
o


http://www.sid.ir

OIolSan g (5 a3l 92 53953

sk ool ST sless; t) J9aa

A o o AL B, bl g
ASTM X’Pert MPD XRD Ggad 53 g ge e 3l pe plulis
ASTM . oo D e -
XL30dws ooy 55 S0 Sy S SEM S5 e (5505855
ASTM
D 1687-92 . . . o e "
D 3557-90 AASﬁ‘Mﬁ‘Ub&ﬂ}J}AM‘@&MJ ‘;‘u‘u,\;— S jlﬁk_ﬁhl.}é)b)‘u\db‘
ASTM B
D 1687-92 AAS ) dad o3l Ol (6 e 55 5l oS o oder Gy M eledl clle Ol s (il
D 3557-90
33,5 o Ol ol GladensS &) o 40 o Sl Jool> yaisl
Sed o diMe =Y Jad 3 el &1, 2JUT suls 4 a5 b X . .. . .
S s O Ul 4 a5 L b ol 5 ot 50 8 Sl gt
osls LSCis ) cd gy oW 3l i SI0; Ol &S ..
7 7 o dh glST o 5

RS

ol 8 T (55 pliand S 5 e 5 slite
by 50 5 gl S B rer 5 K S

Cd gy sS85 e oS 5 Y U9

S ks S
WE SiO,
ARTAN Al O;
\/YE Ca0
Y/v K,O
EFAR Na,O
AL Fe,05
/XY MgO

/\ TiO,
Al S
\/vo (I 3130 Ol jue)LOI

Sl 1 e V0 (SosS g slerl slad G I
Wged 31 S gy aex 3l Sl SEM S g andllas

slaslpl 5 (SO SEM) ptus, 555801 S s Son

L;l_a}:ﬁ&—“deC*—‘“}-'b LS))L'J:): oslai! 30

VA0 Gy ) o jlach aylgn Jloo ¢ lasns Cacdlags seutige dlae ¢ FA


http://www.sid.ir

032 p gl 9 S (a9 3T slad gl 31 (59, B3 5 (Al Sl glity gl oaslo Sl iy 3 1S 9 5 lsosle]

sl ol a:)ﬂjbj.a QTL!

v

5 DI S Jolt 55058550 s ooyt
sl Jols S 5 5 e o 3 D3 (6515 e
.))‘JS.\.A. /* )l-m}_""‘)éh.).q_.ﬁué}.m-. ):-b)l-«ﬂ&‘)@)-“«s

%

i, ) -I__‘J‘.

A Fge ‘;_ - E,

i
#

o

A T s 51 G 2l 5 SEML 3 801 0 g8y Ko goai 1Y JSOIR

elasl 00 mg/l (55,5 cble gl poagds e el Ol
G sl il s Ll L Sl ge elel
ops Ol SNL o, 8 55 5l b e SRl )
595 ol el el 4l 5Tl (6 a8 s b
PH > Gl a33l ol a8 i s aig 353 Olpe 4 1)
S A S =l el B b Y s

C_,..w‘ aJ.A| k:»‘-v-'JJY/Yo mg/g E) M))\/Y’/i\fb_q

FA & TR0 Sl olach sl Jlo ¢ asas Cacdligs seodige dlas

sla Jbesl plnil 5l sl oty (slaaily Jals s
Sl s Sk pdS S8 LS e Gl il
SPH ( wlas glaole; o3 andlas 5,50 (g5, cuSiw 3l
el s e kipd Sl 5 OBl Sl sl glackls
—aS edln s e g v n s ol sls
Al o o s 5 5 5eSSY S Walas el

S35 A ol D3 593 s
u.ﬁ:)b E) uJ_>- Q_sﬁj.b e lle ujb clale Q‘j‘.‘.‘.‘.’-’“
V=l pPH s Ol cadiis glasss 5o g5 6 Gl


http://www.sid.ir

0
80 784
70 -
Jo
3
Be) 50 i
|
] 40 i
¥ 30
20 -
10 A
0 T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11
(g/L) s g

aigs Ve led 0les 5V L PH s 0 M@/l 35,5 Claleasile il slajss 5o a6 Bl asil Ol 1Y 10903

(mglg) wis cud fa

0 1 2 3 4 5 6 7 8 9 10 1
(g/L) «ia s

45.:5:'\""\.05 QU}}Vﬁ‘ﬁpH )AO' mg/l S99 C,.&L'ﬁ‘;.)'ﬂ:'-gﬂiﬁuduj‘,:): ‘5;)}155_3:\’ ;.J..\? C,.:ﬁjb Q‘}:ﬂ :Y )I«),.O:’
C ey o3 VATY ki plS o 55 ek S5 ks oy ol sapH D JI-T s s

920
80 1 , 80.3
704
60 1
501
40
30 28.6
201
10
0 ‘ ‘ . . : : : . . :

0 1 2 3 4 5 6 7 8 9 10 11

PH

(%)Jla Oladl
IN
IS
[}

YL/g O3l 593 5 aads Vo0l ;o 00mg/l (539, chleiilisn sLpH ;5 55, 6 Sl 2550 Ol 5w :‘”)lé,.o.')
b s ol e b el 3L cble o S M odr p e Ol S el

jVﬁ‘prj;ﬂ_l;'Nuul_qJ L;L@;LA)): L;j)jljd.k}
1F40 Jaals N o ylads ol Jlw Clasae Cudilags owdigo dlas 4 O


http://www.sid.ir

032 p gl 9 S (a9 3T slad gl 31 (59, B3 5 (Al Sl glity gl oaslo Sl iy 3 1S 9 5 lsosle]

aag Ol Ol w1y Oloy cpl ol oy o ol asl 2ol 53l
Ol ol 3l b by Gl assll RER N

Sl o el C,‘.w.b Y/an mg/g 9 -LP):‘\Q/iqu‘f g_,‘.;j: “

(l_>u‘0' mg/l 35,9 cble d‘ﬁ Yg /L u:l_>- BSE
4_5.33:*' u,ul_q_'“ dl—ﬂ) B v_b ‘LL.'.L;“ u:"'.'.‘jj‘ S bl

SrS Lo L g oo Dol & B asil L8

a o N
o O o o
I I I

N
o
L

38.6

(%)cida glasily

— 76

= N W
o O o o
I I I

15 30

o

45

60 75 90 105

(4283) ulad Ol

Y’g/L ;')3\:'- }j};Vﬁ‘ﬁpHJA X} mg/l 2909 ke calis U“w 6\.@3\.&)’): ‘5;)}15 AT dh:}\e Q‘}'.:A :2)'«),&5

3 Ve mg/Leble js Ll a0 Ao 3VE/Y 4\ s mg/L

J.J:L'k;a .Lp):Y’\ . n:)'l_.' QL..»&_N' .12{\]\::

S0 1 ol p M adyl ke JI s
A3l 5 ol s b el S chle o s
A PH s 5l Cilee gl glaclals 5o (g, 6 Gl
Sy Vg /L ol O3l 5 5 aidsW el Olejy gV
(S Ayl Chle SalS L b e 0lasai ulal 23 S
ClalE s Bl ea3l 4k b e B Bl assls

80

60 -
=
3
9
.4 40
3
<

20

O T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
(mgll) 4y el

110

G i 0Ly sVl PH 5o 0 g/l O3l s 3 Gl sl kile 55 gy, P B a3k Ol 10 Y1093

S35 5 s ¢ p oSN sl Sanl

S ol gﬁb—cﬁwdj)ﬁn.ﬁfi u.b— osle C)\j'-y“ Jsles
))}-A)))C,—H.CQ)(L&)K))}A))))LJJ d‘j‘.".ﬁ)‘ u;ulj

8Y & \YA0 jul ) olach sl Jlo casas Cacdligs seodige dlas

S 33,5 o0 Ol alop Sl Gisb Ol Ve 5


http://www.sid.ir

Ololsad 9 59819 3395

53l sl eslazal 2 s Dig.fxn A Ve
Sl s Djjj-_i\ 95 ol el Cewts (glaesls V5T Hls gl
Sl adel vty (glasls ol sl sl ol OLAS (55,
St s (RP = +/A0) 23 ol (635 50
b pe sla el =T Jsuor s Lap Sl Sos 4 S
b s sls O3l b5 65, S Ol lap Sl &

langmuir

¢ ¢

sl Lol gl Ll pd ek pd Sl eole (Dl
ool i JLA il Lol lap S nl gl ans
ol s e Sl 4 (gl esls e il ol
ATy al s, 0¥ SO S sS Sy Bl
sds Jodse 8 slye 53 Dok 4 oS eSS p sl
S0 S Lo i Ghils as” SLS 5 sl 5 258 o
5 0> 23Sy sl il e (Ym > )utizs
o s SVl e b o Kan Yl sl 53 Sl
E058 o sl LS e Ol 1 edd Sl slad S5
ol 53 sl 3 et e 4B S S 4 Y s Ol
Yo sl SLeV L ol pH sy 58 sl bl
R e A B U S A EAg PRI

——Linear (langmuir)

12 ~

10 - y =0.24x +3.27

g | R2=0.86
& *
8 °

‘e

2 .

0 T T

0 10 20

30 40 50 60
Ce

YL O3l 553 5 PHE Vs ddats i eled Olje b S 85 51 osliinl b (g5 @l 250K p sl ioe 17 1S90

5 - Freundlich
y = 0.6046x - 0.8029 ¢
1.5 1 R? = 0.9902
u ¢
(]
o
£
0.5 - —— Linear (fronlich)
0 T T T 1
‘/

Ince

Y /L O3l 555 5 PHEV addsts i peled Olejeonnb S 5 51 eslital b 55, wdr gl 3 pinnl e 1Y 10903

VA0 Jualy ) o jlach aylgn Jlo Jaass Cudligs euaigo dlae 4 OY


http://www.sid.ir

sy gelS B B g 555 M odr slap sl 4 b sl el tY 9

K K,
R2 f N R2 L max (1M / - ‘ L-"
() (Lime) Qmax (Mg/) Bl
a4 Y/YY V1o VAYE VA VA Sas

Gl Sleally Aol sl el S ga Al slad 5
\i}\r'-u}“:&
S 8 e g g9y A B DL, 59, 2 PH I -
S
o Obkly 555 2 PH bl b Y lssal Gl
Lol 5o 4 s e OLES |y Cd 5 ahe sy 55 518 ()
Ol miw Vigm 5 b pH s ol sl Ol
G 0Ll Vo pH s a3l e s | s
0S5 2 eSS VL Sl O ol i B VAIYY L,

el odel S

=80 b dsde Ll gy peles Ol e i1 -
Gl Slesl,

Slekily 535 2 Oles e el 8B -8 s sl ille
L byl as a5 L s e 0L 1) (555 518 (1) dr
Lol o il 3l (555 Sod OLakly «wled 0les iyl
dey dolad s Oledly) 4B e Ol 5o oSSl s
Lo S 08 bl sppe 5 ad3s ¥ 5l 2 glaols;
5 a8 Hshilen il Gy Jslss 4 Oy Ol oo
Gl Oleily 4235 Ve Oboy s Gl odd yasine Jgde
YA mg/g L ol o Gl e bas 514784 L Ll
st

L ol oleily aids Yo S 5VL eled 0ley Lielshl L

Jole 0o b Blo Olie LS o Iy (1 (ol e e

[~) g 4

1FA0 Gaals o) o yladdi aylgn Jlow ¢ lasas Cudilags ceuaige dlae

o z.
e 0las e dsle il folye Sl 4 a5 L
Cbls 5 Ol s (ke a5l PH Gl gl b 3L
BINE gy E SCNNPS 3 SO O IERSN E AU B P
ﬁdb&‘ﬂﬁ&\f&‘j‘&ﬁ@‘ﬂﬁj“m

238 A e 2550 e 5l )

Gas A Bl bl 59y p Bl 553 f

CETI PR I PRSP I, I g AN I
g LS das e OLE (g5, 1 () ol Oledil
ol e S T il 50 51 S i e Ul sed Dl kS
Uymee L5 OF 31 s 5355 00 o> ldor Lol 3 e
533 ol pls b e Rl (6 S s L SLeil 0 SV
NN SPSCIIT N "R EAPIN 4 /2 S X WS PR PR U
A e O Ul Olge w e S 5 e S JY/YO
SIRE Y

Gl gl ULSen 5 e b g &S R
ol Pol b 5 ) el U lacSia sn !
L as sl s Lol 5 ol s plie ol 235 plon]
A eSSV A s e ST Sl esle s 5
Jeds Laol il il s ps A o Yo 5l Gl oledil
S ol O3l esle s il L1, Gds DLkl il 5l
5 ol e glags s Sl 4 dis pes 0L
5 ek S5 e Sl 5 S Gl la s


http://www.sid.ir

Ololsad 9 59819 3395

S M Sl glap Sanl -

B s 5 clle LUl g b 5 dslee Sl g 555
53l Sl s 5o st o U CBE L el
Ciro 5 3 oo glaesls 3l eslizal "l o cdor Jsles
shesleul PR S8e S e 03 Sledes SVslae
Slaesls o oS5l ol el O3 g S
ol slan bl eslinal bl sl S ol
AS Sl o) S e bl 1 hes dmly S Ol g
ool Ll sla bl & o S nl doles G b 5 Y pane
b embpH 5 ool ez 5o (il ol 5wl
Wolad o Sl (DL, B33 =5 sl Sl AS 0 o
S b Gl e il S S
Sheslaal Vgama. ol (55,5 il Glapi
53 Al e s i eSO 5 s slae s
slap—snl ey bwyg ;U A slas
g 35 3 T s 350 2 5eSY s
Arglac ble e syl sladi s
Yoo eles Oles 1) 53 e S e Ve s Y0 VA
A3 S e s (555 )0 aids

53OS 5 S by Jwilaey oS adss s
sl asls Jlsd o S dw sy o A (595 0 WA JL
Sledeel Cw i R? &S (g 5b 4y ol s 2l A el
S Gt oSN Jies 8l 3l e gl Sl
O sl 4 ol ol okims 0L & Sl 035 s
by gl aallan,s iS50V e
b SIS L Gl 3 aS 5 LS 5 S
A3 S8 s apse s o lad e gl S
Joe Ly st 4 Jaled iyl 3 48 3l OLES Gl ol el
D glin 850 s o5 5 a8 s
53 Ol Cdpy ol G S5 g ) Sl b

L o3l ad poled bl w opl o8 3l 2t ol
T G50 S sl e s 5 Wil e U sl
L fome ol 3lad Oloj coddS L oS il o il O3Lr
3 osle Lo 5 s oo cpl oyl JUdl L 5 AL o talS
Sphiee o edish oo esle lad Sge (i andls (55
53 Aol e kS s i Olea b Gl Olpe

Sl ok ezl Ol 5 Sletol Jole &5 i
ol el odd oo 5 b S5 lan g 3K Sl
53 Sl Wi YO B i 5l elad 0le I3l L o
i3> YO Oloy 3l day Sl 3l Dl Sl s (3L
Cdy e Sl ol 4 B L e LaS Clde s
O s S s e 0l s 3l 53 a sl p Sl s

Tl e Bl s e aaiS sl Ol

Sl Sbkly 5 gy sl ke 5l andlas -
=l Gy adsh el el -0l e Gullas
e L aS das . 0lis 5 () Bl Ol g5,
Ol 508 a gl clle (5l L ol pod Sl
Chls s Gl ey Sbe oS (g om a S3L o als Gl
bl cale sl sl b e STl el Ve mg/l
Sl O3l esle g Al (15 4 el d 318 Ol
\~~@_J_:1jﬁm§dl¢\~j\j-.uc,£l.'oé@uj.cﬁl{
Ao VY Gl Sleily L Rl 2 e S L
Sl am el Sl U Ol Js 3L alS oY
e O s S e S e A G Al
2 S A DAl ele 5o e L Gl e S e S
Jlw 53 ELKas 5 (S ool baw b Gdow 35 2
(S Sl Gl s ke g IS e g LS Y
adsl cble 55 8/YYmg/g o Ol cd b Sl
SYONVT VY mglg IS5 5 e ¢ o 812 sAvmg/L

\2}\\":}{ sdel Ave mg/L atsl Slale 53 \Y/e¥

VA0 july ) o jlac aylgn Sl ¢ auns Cudiligs cuodige ddae 4 OF


http://www.sid.ir

32 p gl 9 S a9 (T sLadglae (59 Bin ya (Sl Cual gl gisls cals ual 935 5 3 1S 9 (s jlsosle]
Slre oWl Ol (ol el sladls sl b aslis

i DI D s Bl b b a3 Dliows Sl 5y gl S 55 Bamn 5 (555 2 Lo B Ole el 1D J932

A Sl o b oy ol
\o T
A E/vY poeslS S 5 Sk s
" WA S S 5 ska s
W v ] s Sk S
v VAo i b S S
\ 7l Jon s ol o sk S
v o/00 poeslS b Sk s
" VrY ¢35l b s
\f3 Yy K e S 555
v oYY e o ld POl ol sl S
A YY/VY olins b o
Yo NYA £ 3238 b g b ol pon o 55
\Y Y+ /AY m«;\s S 5
1 Ya/v oy S
s AN i Sk S
14 £/ S5 S
YY W S5 st
YA AQ/OA Es gk S

P G (ol Gedms) Sl
Sl K0 «Blr 55 Al b Gl assl 2ul5l e LS)"fm

il aamen 5 bl e Clis (215 W
Al O3l mhaw ) Pl L gl L

1w C‘ﬂ‘}wbﬁ
Ly L3 Lo io Vol pH A5 gl .
pdls B 235l iV PH ) b e ol 55 o3l 30 iden e gt S il o
slasl oYL ¢ Loddas gl cdgsbods o _
SLE il o e b il 28 205 b o DS S GBI g 3 aelis OLoil anlllas
Aol B3 e Sl S e Sl onl 8 3l )
Sogo am Lailr opl Kos Bb 5l ik e ol
alS i~ 3L ol Sl e cble Gulsla e
o 23 Ol I8 AR ool e L s spm sy Cand s b
Jy il falS LI ol s onl L ) _
o Pl gl A P e Rt sl Wl g5 e Lol VT Gl 53 K3 sl

B slad 50 e andls slasy 0 ul58l B b L
s

R gl Loy 55 oS (55sb 4 sl el

A ol s S8 el Bl Al

80 & \YA0 uly ) olach sl Jlo casas Cacdligs seodige dlas


http://www.sid.ir

Ololsad 9 59819 3395

&S e

1. Mirzaei A, Takdastan A, Alavi Bakhtiarvand N. Survey of
PAC Performance for Removal of Turbidity, COD,
Coliform Bacteria, Heterotrophic Bacteria from Water of
Karoon River. Iranian J Health Environ. 2011;4(3):267-
76.

2. Mahvi AH, Vosoughi M, Mohammadi MJ, Asadi A,
Hashemzadeh B, Zahedi A, Pourfadakar S. Sodium
Dodecyl Sulfate Modified-Zeolite as a Promising
Adsorbent for the Removal of Natural Organic Matter
From Aqueous Environments. Health Scope. 2016;5(1):
€29966.

3. Takdastan A, Nazarzadeh A, Ramezani Z. Performance
evaluation of dried powder activated sludge on
adsorption of nickel and determining the adsorption
isotherm. J Ilam Univ Med Sci. 2015;23(1):11-7.

4. Niri MV, Mahvi AH, Mohammadi MJ, Takdastan A,
Zahedi A, Hashemzadeh B. Kinetic study of the
adsorption of natural organic matter from aqueous
solution by surfactant modified zeolite. Jundishapur J
Health Sci. 2015;7(3): €29867.

5. Niri MV, Mahvi AH, Alimohammadi M, Shirmardi M,
Golastanifar H, Mohammadi MJ, Naeimabadi A,
Khishdost M. Removal of natural organic matter (NOM)
from an aqueous solution by NaCl and surfactant-
modified clinoptilolite. J] Water Health. 2015;13(2):394-
405.

6. Mirzaiy A, Takdastan A, Alavi N, Mohamadian H.
Removal of Turbidity, Organic Matter, Coliform and
Heterotrophic Bacteria by Coagulants Poly Aluminium
Chloride from Karoon River Water in Iran. Asian J
Chem. 2012;24(6):2389.

7. Giinay A, Arslankaya E, Tosun I. Lead removal from
aqueous solution by natural and pretreated clinoptilolite:
adsorption equilibrium and kinetics. J Hazard Mater.
2007;146(1):362-71.

8. Sprynskyy M, Buszewski B, Terzyk AP, Namie$nik J.
Study of the selection mechanism of heavy metal (Pb *',
Cu %, Ni %, and Cd *") adsorption on clinoptilolite. J
Colloid Interface Sci. 2006;304(1):21-8.

9. Inglezakis V, Grigoropoulou H. Effects of operating
conditions on the removal of heavy metals by zeolite in
fixed bed reactors. J Hazard Mater. 2004;112(1):37-43.

10. Tao YF, Qiu Y ,Fang SY, Liu Z2Y, Wang Y, Zhu JH.

Trapping the lead ion in multi-components aqueous
solution by natural clinoptilolite. J Hazard Mater.
2010;180(1):282-8.

11. Trgo M, Peri¢ J, Medvidovi¢ NV. A comparative study of
ion exchange kinetics in zinc/lead—modified zeolite-
clinoptilolite systems. J Hazard Mater. 2006;136(3):938-
45.

12. Gedik K, Imamoglu I. Removal of cadmium from

Al OBl w555 el ol

S o b e Sl sy B odr p sl e

xUo

aqueous solutions using clinoptilolite: Influence of
pretreatment and regeneration. J Hazard Mater.
2008;155(1):385-92.

13. Nadeem R, Hanif MA, Shaheen F, Perveen S, Zafar MN,
Igbal T. Physical and chemical modification of distillery
sludge for Pb (II) biosorption. J Hazard Mater.
2008;150(2):335-42.

14. El Nemr A. Potential of pomegranate husk carbon for Cr
(VD) removal from wastewater: Kinetic and isotherm
studies. J J Hazard Mater. 2009;161(1):132-41.

15. Ghadiri S, Nabizadeh R, Mahvi A, Nasseri S, Kazemian
H, Mesdaghinia A, et al. Methyl tert-butyl ether
adsorption on surfactant modified natural zeolites. Iranian
J Environ Health Sci Engin. 2010;7(3):241.

16. Zhan Y, Zhu Z, Lin J, Qiu Y, Zhao J. Removal of humic
acid from aqueous solution by cetylpyridinium bromide
modified zeolite J Environ Sci. 2010;22(9):1327-34.

17. Sari A, Tuzen M. Biosorption of total chromium from
aqueous solution by red algae (Ceramium virgatum):
equilibrium, kinetic and thermodynamic studies. J Hazard
Mater. 2008;160(2-3):349-55.

18. Hegazi HA. Removal of heavy metals from wastewater
using agricultural and industrial wastes as adsorbents.
HBRC J. 2013;9(3):276-82.

19. Ouadjenia-Marouf F, Marouf R, Schott J, Yahiaoui A.
Removal of Cu (II), Cd (II) and Cr (III) ions from
aqueous solution by dam silt. Arabian J Chem.
2013;6(4):401-6.

20. Malamis S, Katsou E. A review on zinc and nickel
adsorption on natural and modified zeolite, bentonite and
vermiculite: Examination of process parameters, kinetics
and isotherms. J Hazard Mater. 2013;252:428-61.

21. Kotodynska D. Chitosan as an effective low-cost sorbent
of heavy metal complexes with the polyaspartic acid.
Chem Engin J. 2011;173(2):520-9.

22. Muthukumaran K, Beulah S. Removal of chromium (VI)
from wastewater using chemically activated Syzygium
jambolanum nut carbon by batch studies. Proc Environ
Sci. 2011;4:266-80.

23. Dimirkou A, Doula MK. Use of clinoptilolite and an Fe-
overexchanged clinoptilolite in Zn ** and Mn ?* removal
from drinking water. Desalination. 2008;224(1):280-92.

24. Karapanagioti HK, Sabatini DA, Bowman RS.
Partitioning of hydrophobic organic chemicals (HOC)
into anionic and cationic surfactant-modified sorbents.
Water Res. 2005;39(4):699-709.

25. Bektas N, Kara S. Removal of lead from aqueous
solutions by natural clinoptilolite: equilibrium and kinetic
studies. Sep Purif Technol. 2004;39(3):189-200.

VA0 Jualy ) o jlac aylgn Jlo dasss Cudiligs eosige dlae 4 OF


http://www.sid.ir

032 p gl 9 S (a9 3T slad gl 31 (59, B3 5 (Al Sl glity gl oaslo Sl iy 3 1S 9 5 lsosle]

Study the Efficiency and Effective Factors on the Application
of Clinoptilolite Zeolite for Removal of Zn from Aqueous
Solutions, Determination of the Adsorption Kinetics and

Isotherms

Parviz Javanmardi', Afshin Takdastan", Reza Jalilzadeh', Mohammad Javad Mohammadi’

1. Department of Environmental Engineering, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran
2. Department of Environmental Health Engineering, and Environmental Technologies Research
Center, Ahvaz JundiShapur University of Medical Sciences, Ahvaz, Iran (Corresponding author)
3. Abadan School of Medical Sciences, Abadan, Iran

*E-mail: afshin_ir@yahoo.com

Received: 2 Apr 2016 s Accepted: 21 Aug 2016

ABSTRACT

Background and objective: The industrial wastewaters are considered to be one of the
main sources of heavy metal impurities. The removal of toxic heavy metals from
wastewaters is of great importance from an environmental point of zn are the most
concerning heavy metals in aqueous solutions due their high toxicity in low
concentrations and bioaccumulation in live tissues. Among various removal methods,
adsorption through inexpensive adsorbents has been highly considered by researchers.
The zn removal by natural clinoptilolite zeolite was defined as the main purpose of the
current study.

Methods: The experiments were carried out in batch mode operation with natural zeolite.
The zeolite characteristics were analyzed with SEM and XRD. The effect of pH (5, 6, 7,
8, 10), contact time (15, 30, 45, 60,90min), adsorbent dosage (1, 3, 5, 7, 10) and pb and
zn concentrations (10, 20, 40, 50, 60, 70, 80 and 100 mg/L) on removal efficiency of zn,
adsorption isotherms and kinetics were studied in constant temperature.

Results: Based on the findings, optimum conditions of zn removal by natural zeolite,
included pH, 7, adsorbent dose of 5g/LL and contact time of 30 minutes. The metal
removal was decreased along with metal concentration, but the absorption capacity was
increased. Of the two studied models, the Langmuir isotherm was better fitted Freundlich
for zn (R2=0.98). Also for Zn, the pseudo second order kinetics was consistent with
results.

Conclusion: The results of current study indicated that natural clinoptilolite zeolite can
be considered as an efficient and cost effective adsorbent for zn removal from aqueous
solutions.

Keywords: Natural Zeolite Clinoptilolite, Adsorption, Zn, Isoterm
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