Downloaded from ijhe.tums.ac.ir at 16:06 IRST on Wednesday October 31st 2018

ﬂj}.wbmuw;h::u}@ww
Ol James Cldlag ke el
AL oV Slin AY‘/\V jf,Ll ;J}‘ o_)Lq.,.'Z «J}l 6595

o S C)Lﬁ‘)y C.Lwox SI) g

LS Kad b o0 ) ol o LD deses S5
Zmehr@zums.ac.ir lasws Cildg o3 S (ol odSils Ol S pole o851 Ol 1 pams ol 53

AVIALE: 5 AVIVIYV sl s

e A

ol iy axllas ol Gl s 5, o et a0 gy ol dlax I Caad Ol (sls o3l il esldza] 4 Gl 435,57 515 a4 55 50 S
Mbw&gjubj/usbéu/)a&lcuLACDLd/)jcCmdﬁtgjjfma.}[fjufdukaw{«w&bb

CM«;/@K/J})}E @j:ké“)@j.:jﬁia u/’j (J,%.IJJ(JJA '/\‘)H]\703 _j(jl':./JJJjA '/f)NﬂOH&L@J}/LmL-J}A Ca-v\/j;’ :J“JJ': u:a'g)
S Sl e slaze 4ol sleible s O;aé.wu,b-élé‘:.fuj/' bl g lde [SUSC Lol gy (sla bl b o o o5 5
Opa il sl o 3 Gy o s (Slo 3l () S5 Sl ol Slga sl i plonil O3l Cilota (slas 5 L H el
ol S b ST g kel Ssloee b ] 0slST i (S 5 5L Islome b ol e o s AL A e e 4Bl
CM‘;/J‘}AWX Jjjfﬂﬁgﬂubwﬁjpf;’pfdbVfdjbk:?v’;) o./l_.JC)’LJ/JjACM»ﬁ L5Jjj.zuj_~uv;r£_w
.Lzét;au:.bgu.b-C,.”JJ.LPHJLAKL}JJJ/GWPHJJ/J‘JL@%Laj/’)f f;f'f;d[?‘ ’/cd.ag.«:/.h::w‘}) oli
QJJEJ)/JJLL"p/“jﬁ/L;LAJHLaL;Lzﬂ/JQWlia.:ﬁ@JuUjJ_é‘JvLay,}fjijﬁfduuﬁjzeo.ufwvlg@bwu/ﬂ:dﬂf4;3.73
.Jj:.im Q)ﬂ&f“ylf Q)Jﬁ[fﬁ.a)&;’zkcffj C,..w/j:...i:.f e ;.JJ..})J ayucxﬂ/jjﬂ C,..wj.;

398 S e 0150 sl O3 e;);:\w Ol (e Cde i gadS 5850,

boe Silig 05 8 Olniy Sy psle Rl g ouSliils skl (ases il (gl S5 -)
.]a.au* C/«:’U.@.» a); AQbU‘) L;\":J" t)l& GK.—:J‘) C,..Z\.L@J 0SSl ¢ ey b Jutwi)ls—“


http://ijhe.tums.ac.ir/article-1-188-fa.html

Downloaded from ijhe.tums.ac.ir at 16:06 IRST on Wednesday October 31st 2018

Sl ol 5158 Ol Ol gie a0 Cilides pudizes Jaw 55 S0
OLi a5 Sl ol b v Ol Cgr 1) o SLE S
V) Wlesls

5 Goslp Sladul b a5l pde 5 sl ol SiSS Ssl
S bl 5V e Sl LIS ey 3
R P E N FPR IS (R RS E

ol g kel o Sles (e S o)l n o
ol odd Jlesl T 5, 2 bl cpl SLIS 032 VL
Ll 3l cpl Osls 13 elas s ol 2ty Sllas ol
el 03y JTOUS 5 o 5 (53L (shol (Sl sl
&;,w;,&;@u@sbj\bdﬁudjag:s;ﬂfw\
o V) Ly VL Ol o b dled e G |
L33 g Ay o 55 65 ol 03,5 5158 OIS an
ol e b 35— 03ls pelad ol A S 55 J gl
OSan 5 o S6 A 352 ol 52 L nsls e
5305 g oS 51 G i S 03,5 20
Jj_ai'&C)&nﬂ())_mdjbwl{&;}l)gj_.d/\Q/Ymg/L
ol e ool 51 65 (6 50s 3l () il
b Sl bl el 4 S Al Lol
(V) calesls OLES ﬁj}j\wj€j;¢g?ﬂ\_é_l>)ﬁl)
el suger bagasse 45 Ll esls OLi O Ken 5 5 5 5>
£ 50038 5 s (e .Uljsdaq)l))bﬁ.uatw_(ﬁl.,aﬁ
Clr 05 20 ke A 188 VY Bl 5
S5l Ol G ol SUL 0L 5 5.00)) asls
o3l St Mol 45 Wles goi o155 5 Ailes S salizal Ko
Sl Al s dadee LI der o B s sl
Ol 5 Obelorad {0Y) KSen Cond 2 i35 S
53 500 ool s BB S50 g 01 5SS
IS, b S 3 O3S SIS 4 Wles gas 5158
OF) el i dws o S

\Jrf;tspj&;:w/w ol O 5 iz sl

oA

el s 31 i 1318 ik

FPRYP)

3 o a5 oS s a3 S S35 L
an oy O 1SS AL el Coma 2l
U PR CHRRCH I E RN U PRy PO PUD.C o P NS
5 ol Sl se 5 03 50 e 0l 35 Ol g 50 Oy 3
ladyl b s Sl ol 5T al 3 1 il Ll U
&}jl@\ﬁd@\)u@gﬁ‘gpbuwgﬁw
3 Bams 3 o laln b 503 T (slajl8 Lzl
S 0350 s JB DB pl Ly d e i
(V) A5l o cpaze 03 Sls g g0 O 53 LT e
e Glplay 3 S SI5ls Gl g ilise sleds,
o Sledins & 015 o dhe OF 5l a8 il 4B, IS
L o sSae ol 5 (o i Ly s 55 (et
2,08 5 2B war gl e Cdr 25, (YVY) 550
33 (O) Cl ok b me Ly op 55 18 5 5l S ol
Bl 53 8 ol il Bl a3 Kas S 55
g o el Dl L o T s - LB s olS S
Glrs 4 S 15 eslinal 3550 sl S pla 3l 51 S
Sl et s SIS SIS 5 ol 5 S Sl
0 il pl il e 055U,S slse 3l el g Jbes Jed
355 o Do Ol 3l Jlad Il 530S VL g se s
Sty b Ol oG b 4 Bl e S OIS Sl
Sl s das s 0L O 5l esleul 5 g Cg 0L
3 ol a5 2550 Saad 0151 sla 3L Sl esla il
il cad Ol gl 3l o 4 S 3 i
woga g LAl oo e tws 53 g odd 3l Sl b 4y aS L
slge 3G es Ledlr pl il o ol Sl LT (g5l o3l
e SHuslAS o st 5 s Slgdled 5l Jels
(F)Lsls il shw mly i 5 s
Plol gy Wy gy o)) S (S il Sl el

3o Gl 5 0 kS g 5 55 e e ol

VAV Jabo [ J9l 049 [ Jgl olous %ﬁ yﬂ[/

Ul gl bazo Cudlsgs pole ozl g jo ole soliliad


http://ijhe.tums.ac.ir/article-1-188-fa.html

Downloaded from ijhe.tums.ac.ir at 16:06 IRST on Wednesday October 31st 2018

Oyt g (oml 0 LS5 docmo

Sl ol b

o i S8 (65l gl il (gl e
a ol oslal (slajge o gy st pslie A 4 wedlS s
Oz dgbows S Jea Vo (gl sla ey 3l Ol e
Ce b cele Y Gl s O5en o g 5 B 03580 (g5
cde G cell ¥ b Olo (A 63 50 2By 5> 593 VA
b i S| ol o5 b el L 5l e
00 2VA) ol o o3ls sl clis calises Sliybel
Aol clle s Sl el wg pH ol g
33 o g odel Sy e PH 35 i plnil 23 e S
Sl sletlasl adS el vy g Slilesl s U3l
ool oy wigy O3r 555 5 PH 5o bap Sl (et S
i el
A GO oK Sl sl clale Sl gleiulesTs
3 eS slelile s sy 53 Js o) 2 rjf e
Cdx) 6,8 o3l By sasedd A 3l ellesl shale Yo
A lelale Sl ol b 1A 55 208 (Sl e 5]
0 53 wdr slelasl s as sl b s 5o Vel
Y 5 chle i oo Lelesl ads s s bl clali
Sl s plonil Ll (505 s sladal b 5 s 4Bl
L 558 5l 5o b ol 0558 Jsboes (G5 Jos pladl 51 ey
b o anliS aids Yo ode 45 4ids j3 jan Vrrer e
o3l 5 e Wyt eSS Sl e s el S0
(YF2 0Ll ) el o olis S ow g5 dor 3l ey |3
Al 5 ,S o5l
Je 53 oS DI a5l ke (3l s pH Ol
Sl Sl Olgae 5 Al eals Luis Ol Olles a8
3 e 03 q Olge S S A (S eIl O3 g
a5 5o Leislasl alS ol sl esls Ol ISl 5 Jslds
(Y+£Y °C) s plol oislesT ool >

%g yﬂﬂ% VWAV 3l / Jsl 0093 / Jsl o lais

Ul 2l bazo Cublsgy pole ozl Gadgfo sole soliliad

o9

ubﬁfﬁwbowcw‘éjw&f_wﬁvﬁﬁd})f
OF) Wlos 5 2

d= el 5 o (ol Sl S B Sl GaS s
w;)‘}f)j})y)y&wﬁ&})fL}JT.]G.:N)JQJ_&
ezugdl;t{j,\:.wlvhiagb\j)ﬂwﬁcﬁul@.@e—.wl
)‘}Jlﬁ)‘)‘.}‘))ﬂc)u\u;j‘)d_wﬁu./\?&;a.:.@}bjo.«\_‘;:
6‘.@)#}‘53&2«&\‘4%.&)@\04\.;&))4&).)\} (_)‘j:ﬂ
0ol el e s @b e SV )
530 e ool Sl eslis b o a5 5 455,815 bl
el 4 S 15 o 5 4 e

s, 9 305
slge 5 3lr (g5l slel
55 3 g 5 el Sl Lo (sl 3 1l S0 oy
i s ke T S eslita [ S 5 (slo 45 4 0
55051 05 Celw Y oo 0 e A B o3l 5B
Ol s g 0 Sz 5l 5 Szt Vo0C ol >
s S gt e 10 D3 w4 oSG sb 4 s s 2
5 0 Solesl Gaims ol 3 e o3l _glen 5 3150 &S
ilos 5y AT ¢ 4 S
S LS Sl p 5003l 5 Sl Sl sl a8 e
S Jslos 3l ol s 03li_wl CA(NO,), s PH(NO,),
el 0l o3lanl pvaa;Q@zNaOH s HCI
sl Cw| I

w1l ST [ sb @ ge at gy 3ol 4 sls &ls
«/F)NaOH sla J e 2 Lo Yor s ool o VF Sl
s ke ST 5 Gl 5 e /EYHNO, 5 (2l 53 e
s Sles haie Of by e i il o
Y Sde w be Odlr e e 2 PH w0 b o 2S00
Lds ey Coyl = s csle


http://ijhe.tums.ac.ir/article-1-188-fa.html

Downloaded from ijhe.tums.ac.ir at 16:06 IRST on Wednesday October 31st 2018

(mg/g) ol

ML) Jyloma s 3 sl s plosl ke - C

@) <3k p o im

o s 5,5 31 (R Smen 5 5 e ol il
Sl p 3 3l szl b o Letalosl sl Lodd oob o
L amlis K aK L s sel sty LS|

la asly
el iz gla g, 5 ol 5 adyl chale of )
Sl Ol p 3

Sla il oy ol Olpe S8 sl ke
Sl el sdd esls gLES YV K s pH =5 55 60 Cw\
S b S p 003l s e ol 3550 03 G 3lie
S el ool Ty (ghenl 5 (50 Jgoes Lol Cyu\
e V7 paeedlS dor slaslad 535 Y e sl les 52 q
iy Rl C) pslie az i ol es 30 S e S
Ol Ll Bl Ll O3 () ol Ol e ol
Sl Al e b gl e AL s Sl
A2 o JUS) Ol a0 g JUs) (g5 el 5
e Ol 55 PH JI

e by s 5B ol Ol npH Y S s
sl e st sl 0L s Sl sls il
Oljee JBl 5 ST 5 ol 030 2 53 0 8 oo 00 513
el ool s Y5 # sla pH 3 5 5 4 o
D3r 593 3G g

e Sla 2l Sl (S a8 3l e 53 el Cger
5> ol slelesT (6 SG Al o o 1S &
A il sl b Sl U3l 33 il slis Ly pH =5
3B O adsl CBle U gl e LT ol plonil g
Vs s aod S g 1) oS e O il

] a.\.AY

el s 31 (i 1318 ik

AL aple 55 iy 3b q palie 5 ol Ol
Efficiency (/) = ((C,~ C)/ C,).100
q= (C,-C)ym
ol sl
Ve glapionl o p s ol mls Jdos g
D e LS RPN JUR

0O el 5 JSe o T Lol

e Y Joke
q=(,-K,C)/1+K,.C) kol dail
Clq=1/(K,q,)+(C/q,) e Jde

& S da
g=K,C"" ol al
logg.logK, +(1/n)logC b

Sy Je

ol aail,

q=(Kz.Cq,)/(Cs =O)[1+(K, =D(C/C)]}
sk dde

C/(Cs = C)gl=(1/ K gy, ) +{[(K —1D)/(Kpq,)I{C/ C5)}
'R PP

3l Al 3 ed ol (38 05 Ol i
(mg/g)

(ME/L) Jslous 53 56 sbladly wali: C

(/L) S 51 15 536 05 2als <,

(mg/g) «¥ & LS55 Gl 2 5 3,50 8 Ol
Sl g (633 s Al o iy b dsles uliin
el O3l 5 3l

Byl Gl (650 a4 (S oS e SV dsl el K
(L/mg)

e panl bk

uJ}u)J:% oA QL&.»dSG:J.b)JB €f}f”" C,\JUKF

TPAV jaly [ Jol 0,95 [ gl olasis %ﬁ y@/

Ul gl bazo Cudlsgs pole ozl g jo ole soliliad


http://ijhe.tums.ac.ir/article-1-188-fa.html

Downloaded from ijhe.tums.ac.ir at 16:06 IRST on Wednesday October 31st 2018

Ol 5ed g (ol jo0 Loy oo

cd
40 -
35 4
30
25 A

20 A

q(mg/g)

0 20 40 60 80
Co(mgiL)

pb
40 4
35
30 A
25 A
S
o 4
£ 20
T
15 4
10 1
51
0 T T T T
0 20 40 60 80
Cy(mglL)

(A) 3k dgloes 5 (M) ool Jglons () s ST L ok 3ol 538 Sy odr Doy (6 O 4yl cale (560 Yo

S gy s gla5s (5955 g3l g e A Ao ys 5 Ol 1) Jgdr
6ok dsloes b ol Ol 5 g0

PbE* cda? e
(mg/g) il 3o
q(mg/g) %A q(mg/g) %A
Y. §e VY \ig \
Ty 24 VRO Ya Y
\N - y. Y. ¥
VY vf y. \ ¥
Y vf A \§ )

ﬁ)}ﬁm%\ﬂw‘a{yﬂ&y‘}@&@jﬁﬁ‘
Aledd el OLES Y sdr 53 wder sladde gla al L

&

—=

Jol> @L\J ol 0l 03ls OGS J&.:)Ms‘«;;tm
Lol Dol (glajgo o sy S 5l OLES Clr Sl sl
Sy 3 o g S (§ i dr b B (5L J sl
S oo Lod b (el Jglee Lol d Yol (gla 5
Ll ey aslS 4 o

SHd bl gl O3l 5 s b gl e B

%g - ®_A ﬂﬂ% VPV Sadly £ Jsl o393 / sl o tads

Ul 2l bazo Cublsgy pole ozl Gadgfo sole soliliad

1)

35

30

pH
S9 # (-)‘.futs, ($)opw da Ulge ppH S0 Y IS
ol C)\-w‘ 385 S s

i sl Sy

ol Slasge Casy 5l dr lage Sl s g
L s pH =8 5 Liulosl s ealit ol Odl Ol yie 4 0
s bl (Co) 536 sl 5 il o) (sleilals
or Y gl Syl edd o gla Je ¥5 ¥ ISl s
o LtleT 5l ol (glaesls 55 p oy 5 s b
el 550 Comgy Sl odd s O3 (G55 e 5eedlS 5 o
;.)J.w;.).'b.-é‘ﬁ;.JJQ-J.XAO.LJZQ.CAMH.LJM\)Q[JJ@M
(Rz)uiw.qﬁg_ﬁij«a el 03 ¢ GJ.,\;)J.e (’j})—i‘ CJ:AJLSJ
R R e T et S S BRI
53 R?slie 5 VL S il sdtel s +/AFA 5 0/40NF


http://ijhe.tums.ac.ir/article-1-188-fa.html

Downloaded from ijhe.tums.ac.ir at 16:06 IRST on Wednesday October 31st 2018

0.4 -
0.35 A
0.3 A
0.25 A
0.2 4
0.15 A
0.1
0.05 A

L

el s 31 (i 1318 ik

& y=0.0041x+ 0.2495
R? = 0.0564
—

*

1.8 1
1.6 A
1.4
1.2 4

0.8 -
0.6 -
0.4 -
0.2 -

C(mgll)

F

05

%
= 09613 2B\
y &= 09

*

10 12

1.2 4

0.8 1
0.6 1
0.4 4
0.2 4

(=2
5 8
30
C
1.4 F
1.2
1
T 08 -
o o
0.6 °
0.4 1
0.2 |
0 T T )
-1 -0.5 0.5 1 1.5
logC
o
b
Q
n
e
~—
(&)

dr glgmialo3T 31 Juol B oh5l 5 Jol sl s sal F YIS

CiCs

(B) <o 5 (L) jor KV (F) g Lisp bt slghe (555 2 poeslS

o Mol 550 o gy (555 g peodlS 5 2 D 5] Sl (Kier al 5 o Rl Y g

0.2 0.4 0.6
logC

0.8

_02 R
-0.4

CiCs

1.2

e slgmialall 3 ol B 23l 5 Jmol (sla sl gas ¥ IS

(B) < 5 (L) oo SY(F) d K55 Jhos slgde 555 2 o

= o SGY T gy P93
Ks Qm R’ K. U R? n Ke R2 S o
/o) .15 - 1690 NAY: VIR .[-0F  VeYY YIRS Y o
V- 15 JI5Y .Yy $7 VEIO JAME O YIAY SIAY <JAFA oxodls
Ty TPAY jadly / Jo 093 ] sl 0tasis %ﬁ yﬂ[/

Ul gl bazo Cudlsgs pole ozl g jo ole soliliad


http://ijhe.tums.ac.ir/article-1-188-fa.html

Downloaded from ijhe.tums.ac.ir at 16:06 IRST on Wednesday October 31st 2018

Ol g (ol jo0 Loy oo

@JJJJJAJJ_U;KFJHJUJ.@ el S Sl
Jj,\e-);sg}i;m},\;_.:p&g;\;—djﬂommk_:;
3lae Sl iy p3lie (l @eeslS dr 53 55 e odalle
S K pslie mmen Ll edel Gy o ol w0 by
e (55 A eas DLt 1 T e ey e SOV J
o Azl B s i 5 S Aas e DL 5 Al s
2 ol el e Sl 3 e ol Sl iy eslS
o (555148 w3 o 0L e Y 5 s 5 ke 55
AL o 2l 551l it eeslS

2ol e S AT e b sl adlllae SIS S5k
iy e 515 Do el s SVl S sy (655
Sl sl 3l e b a0, e s
plad b ) il Jalge A3l o onslS Sl iy e
Olaily 53 (653885 S 5 Sl s (550 sl s
R A R TN

ol s b andlan pl 5l edl oy S ¥ i 5o
il S b gL el aslie alie Sl )
A3 byl U1 5 sn S 45 S O e sal iy

Syl ek sla O3

S dons
Lods 25l 30 Gy oS 5ls DL bl i
sbee b odd ol Glajse Cmn gy 4y o (5L Jplms
e e dr gl 6V LS e T 5 st
S g3 4 e (Sobol J gl Lol Pl 550 S s
AV LS e O 5 (5L low b o Yol (sla 5o
s bl ol Sl s ks psedlS a6l
o Ol o OF Olol 5 s Solws 5 0150 ond 4y
e Sl o gemse ol glghames 31 S I3l Gl
Uy acul 5ol cwd 0l ol ol b So g

%‘A?QJ’LLSJ)J{\Jf_}:”JlS}%‘J—“”fJ;LA?‘ \# o V5 u>

%g yﬂﬂ% VWAV 3l / Jsl 0093 / Jsl o lais

Ul 2l bazo Cublsgy pole ozl Gadgfo sole soliliad

1y

FE T s ) g S st e el S e 3,8
Ao andlis S 63k 5 sl Jalge 25,51 Bk 5l s
R
Olsee il 3l el alse ol aam S L 5l O3l
G5 s oS ol bl ) (M) 5 Y0) Lpd o S
oJ.,LC}’La\ S il 5, aS b ol Olallae s
AsV) Ll o cillas clilas S aenl 550 L

Gl clesn LHO slgs nslie o8l glapH s
sl b dgled o o) o sl s ol
M 3 D3l B DAl meS el Sl el
# 5L PH a5 53 pH ooty o 00 (YY) 53 0
SH sl Sl 5 S o ey 3B Sl e S
Sl Joe 5l U3 oS 358 o ol LT (3Ll 5 gl S
oPH JLlpl 55 q S ren a5 il odd Sl g
() by oo a8 5l 2l olis

33 Sl Bl Ll s osls OLis ) i 3 oS 450 kes
oAl 3l e A 55 B O e Ol 3L
el as ey ol ansls il5sl Oder Oleily Js il
Ll Sl e ol Sl o oS Gl a5 BB 50
OVF) dsile o 3L ok

ST edas 0L @ij;}ﬁ&véuvmstedjt
Y Lo s Ol Sy p Sl 5 il e ol Do Y
Slen o oS cl 0T 5l S il cl Sl 03
ol Pl Sae S S0 2 el 5 o S5
OA) el oV SO o5

sdal s @ 3lie 353 o 0 is ¥ Jsdr 3 oS 45Kl
Gl g e sy BLLES oS 5 e SOV slglts
S e ol e L e Y ST S gl oY
| ARP RS obﬁm»;gg.\;.-gbﬁfqmﬁ;uﬁjl_}]Yb
eV AN ST S gl S S i palie S e


http://ijhe.tums.ac.ir/article-1-188-fa.html

Downloaded from ijhe.tums.ac.ir at 16:06 IRST on Wednesday October 31st 2018

el s 31 (i 1318 ik

lie Sllias gl 5 ol andlhae 31 fols gl anglis ¥ s

o i Sadsb JUCTIT: o0 3ol Jole o3l
(P55 3 P ySdne)
Yo \arls el KV SRV SR o)l Sk
Y4 VA N S8l g S o)l s>
\12 N edlS’ ol T Sl
\Tg Y.vE ouedlS KW PV SR Er Sl
{2 VEIVA edlS el Sy mactas zip Sl
VE o/ ouedlS Sl S o zr Sl
8% \Y/f5 o SQ s Sl 90 Sy
q AR/Y Ny SS9y (o2 Ay
YA A @ 0599 SeS oBL s
ol aslllas A\t oy S 5y (03 s 98 Sewgy
yol> asllas \§ PUPRLy Sy A 90 Sewgs

3 LS Cand g L8 Jue Sl dm Bl e 8
Cud b asle B 4N SO O g 4 wd 4S dade QLIS
W\MJSHJ;\’.'}‘JSYL.%’.’[’.‘Q&‘LE))J{&)J—“’%)J".'

‘Jﬂi."fl?d\éjuﬁa).\sl{ﬁ.)ls ol Js

@Lu

1. Shukla SR, Pai RS. Adsorption of Cu (II), Ni (II)
and Zn (II) on modified jute fibers . Bioresource
Technology 2005; 96: 1430-1438.

2. Esalah JO, Weber ME, Vera JH. Removal of lead,
cadmium and zinc from aqueous solutions by
precipitation with sodium di-(n-octyl) phosphinate.
Canadian Journal of Chemistry. 2000; 78: 948-954.

3. Cardoso VdA, Souza AGd, Sartoratto PPC, Nunes

LM. The ionic exchange process of cobalt, nickel
and copper(Il) in alkaline and acid-layered titanates.
Colloid surface. A: Physicochemical Engineering
Aspects. 2004; 248: 145-149.

4. Weirich DB, Hari R, Xue H, Behra P, Sigg L.
Adsorption of Cu, Cd, and Ni on gocthite in
the presence of natural groundwater ligands.
Environmental Technology. 2002; 36: 328 -336

¢

)JL}&Q)\M&JAL}G&)‘Jﬁ@;@J&L&ﬂbQ .,\.\szk.w

aﬂcw‘ij_ﬁj‘ﬁ;).}r_}f\‘)'J)erﬁéls‘ﬁgﬂ

5 Ao S 4 ol Obekily pH=F 3T e ot

5. Zhou D, Zhang L, Zhou J, Guo S. Cellulose/chitin
beads for adsorption of heavy metals in aqueous
solution. Water Research. 2004; 38: 2643-2650.

6.Bailey. SE, Olin TJ, Bricka RM, Adrian DD. A review
of potentially low-cost sorbents for heavy metals.
Water Research. 1999; 33: 2469-2479

7.Wan Ngah WS, Hanafiah MAKM. Removal of heavy
metal ions from wastewater by chemically modified
plant wastes as adsorbents: A review. 2008; 99 (10):
3935-3943

8.Tarley CRT, Ferreira SLC, Arruda MAZ. Use of
modified rice husks as a natural solid adsorbent of
trace metals: characterization and development of
an on-line preconcentration system for cadmium
and lead determination by FAAS. Microchemical
Journal. 2004; 77: 163-175.

TPAV jaly [ Jol 0,95 [ gl olasis %ﬁ y@/

Ul gl bazo Cudlsgs pole ozl g jo ole soliliad


http://ijhe.tums.ac.ir/article-1-188-fa.html

Downloaded from ijhe.tums.ac.ir at 16:06 IRST on Wednesday October 31st 2018

Oy g (ol jo0 Loy ose

9.Tiemann. KJ, Gamez G, Dokken K, Parsons JG,
Gardea-Torresdey JL. Chemical modification and
X-ray absorption studies for lead (II) binding by
Medicago sativa biomass. Microchemical Journal.
2002; 71: 287-293.

10.Li Q, Zhai J, Zhang W, Wang M, Zhou J. Kinetic
studies of adsorption of Pb (II), Cr (IIT) and Cu (II)
from aqueous solution by sawdust and modified
peanut husk. Journal of Hazardous Material. 2006;
141: 163-167.

11.Junior OK, Gurgel LVA, de Melo JCP, Botaro VR,
Melo TMS, de Freitas Gil RP, Gil LF. Adsorption
of heavy metal ion from aqueous single metal
solution by chemically modified sugarcane bagasse.
Bioresource Technology. 2007 ; 98:1291-1297.

12.Nabi GH, Fazelipishe H. Adsorption of heavy met-
als by sawdust. Journal of Environmental Studies.
1998; 24:15-22

13.Esmailian M, Taebi A, Amirshahi H. Use of chitosan
as an adsorbent for decolorisation of textile waste-
water. Polymer Science and Technology. 1999;
4:237-246

14. Shahmohammadi Z, Moazed H, Jafarzadeh N,
Haghighatjoo P. Removal of Cd*" from dilute aque-
ous solutions by by rice husk. Water and Wastewa-
ter. 2008;67:27-33

15.Karnitz JrO, Gurgel LVA, Julio César Perin de Melo
JC, Botaro VR, Sacramento Melo TM, de Freitas
Gil RP, and Frédéric Gil L. Aqueous single metal
solution by chemically modified sugarcane bagasse.
Bioresource Technology. 2007 ;89: 1291-1297

16.Marshall WE, Wartelle LH, Boler DE, Johns MM,
Toles CA. Enhanced metal adsorption by soybean
hulls modified with citric acid. Bioresource
Technology. 1999 ;69: 263-268

17.Argun ME, Dursun S. Anew approach to modification
of natural adsorbent for heavy metal adsorption.
Bioresource Technology. 2008; 99(7): 2516-2527

18.Sciban M, Radetic B, Kevresan Z, Klasnja M.
Adsorption of heavy metals from electroplating
wastewater by wood sawdust. Bioresource
Technology. 2007; 98: 402-409.

19.Altm O, Ozbelge HO, Dogu T. Use of general
purpose adsorption isotherms for heavy metal—clay

%g yﬂ/ VWAV 3l / Jsl 0093 / Jsl o lais

Ul 2l bazo Cublsgy pole ozl Gadgfo sole soliliad

10

mineral interactions. Journal of Colloid and Interface
Science. 1998 ;198: 130-140.

20.Sciban M, Klasnja M, Skrbic B. Modified softwood
sawdust as adsorbent of heavy metal ions from
water. Journal of Hazardous Material. 2006; 136:
266-271

21.Gurgel LVA, Junior OK, Gil RPF, Gil LF. Adsorption
of Cu(ll), Cd(Il), and Pb(Il) from aqueous single
metal solution by cellulose and mercerized cellulose
chemically modified with succinic anhydride.
Bioresource Technology. 2008; 99: 3077-3083

22.Taty VC, Costodes Fauduet H, Porte C, Delacroix
A. Removal of Cd(II) and Pb(II) ions, from aqueous
solutions, by adsorption onto sawdust of Pinus
sylvestris. Journal of Hazardous Material. 2003;
105:121-142.

23.Sud D, Mahajan G, Kaur MP. Agricultural waste
material as potential adsorbent for sequestering
heavy metal ions from aqueous solutions — A review.
Bioresource Technology. 2008; 99: 6017-6027.

24 Raji C, Anirudhan TS. Kinetics of Pb (II)
adsorption by polyacrylamide grafted sawdust.
Indian journal of Chemical Technology. 1997
;4. 157-162.

25. Memon SQ, Memon N, Shah SW, Khuhawar MY,
Bhanger MI. Saw dust- a green and economical
sorbent for removal of cadmium ions. Journal of
Hazardous Material. 2007; 139; 116-121

26.Kumar U, Bandyopadhyay M. Sorption of cadmium
from aqueous solution using pretreated rice husk.
Bioresource Technology. 2006; 97, 104-109.

27.Low KS, Lee CK, Leo AC. Removal of metals from
electroplating wastes using banana pith. Bioresource
Technology. 1995; 51, 227-231.

28.Gupta VK, Ali I, Removal of lead and cadmium from
wastewater using bagass fly ash- a sugar industry
waste. J. Colloid Interface Science. 2004; 271, 321-
328.

29.Taty VC, Costodes Fauduet H, Porte C, Delacroix
A. Removal of Cd(II) and Pb(II) ions, from aqueous
solutions, by adsorption onto sawdust of Pinus
sylvestris. Journal of Hazardous Material. 2003;
105, 121-142.


http://ijhe.tums.ac.ir/article-1-188-fa.html

Downloaded from ijhe.tums.ac.ir at 16:06 IRST on Wednesday October 31st 2018

Iran. J. Health & Environ., 2008, Vol. 1, No.l

Heavy Metal Removal from Aqueous Solution by Adsorption
on Modified Banana Shell

*IMR. Mehrasbi, 'Z. Farahmand kia
"Department of Environmental Health, School of Public Health, Zanjan University of Medical Sciences, Zanjan, Iran

Received 15 October 2008; Accepted 16 December 2008
ABSTRACT
Background and Objectives: Heavy Metals in Water resources is one of the most important
environmental problems of countries. Up to now various methods of removing of these metals is
considered, which is including using of low prices materials. In this study the potential of banana
shells was assessed for adsorption of heavy metal ions such as Pb** and Cd*" from aqueous solution.
Materials and Methods: Banana shells were pretreated separately with 0.4 mol/L NaOH, 0.4 mol/L
HNO, and distilled water and their adsorption ability were compared. Batch adsorption experiments
were carried out as a function of the initial ion concentration, pH and adsorbent dosage. Adsorption
isotherms of metal ions on adsorbents were determined and correlated with common isotherm
equations such as Lungmuir, Freundlich and BET models.
Results: The maximum adsorption capacities were achieved by alkali modified banana shells (36
mg/g) for Pb** and by acidic modified banana shells (16 mg/g) for Cd**. Experimental results
showed that the best pH for adsorption was 6 and the adsorption values decreased with lowering pH.
Isotherm models indicated best fit for Freundlich model for modified banana shells.
Conclusion: In comparing the parameters of models, it was observed that the capacity of banana
shells for adsorption of lead is higher than for adsorption of cadmium, but the adsorption of cadmium
is stronger than the adsorption of lead.
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