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Abstract

Biosorbents have become increasingly important for removal of heavy metal from water and wastewater due to
their and biodegradability low costs. Chitosan is a hydrophilic and cationic polymer product of chitin
deacetylation and used as an absorbent for removal of heavy metals. In the present study, the adsorption of Pb(II)
metal ions from aqueous solution by chitosan nanoparticles was investigated. Nanoparticles are formed by
reacting of the free amino groups of chitosan with carboxyl groups of maleic acid as crosslinking agent.
Nanoparticles were characterized by Scanning Electron Microscopy (SEM) and fourier transform infrared
spectrometry (FT-IR). The average size of the nanoparticles obtained was about 65-250 nm. Adsorption
experiments were performed at room temperature in batch system. The effects of pH, concentration of metal ions
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and adsorbent dose were conducted. Optimization of adsorption was carried out by the initial solution pH ranged
from 3 to 6, the initial metal ions concentration ranged from 10 to 100 mg/l and the adsorbent dose ranged from
1 to 7.5 g/l. Under these conditions, optimal values of initial pH solution, concentration of metal ions and
adsorbent dose were found at 6, 100 mg/I and 2.5 g/1 respectively. The maximum removal efficiently of 86% for
Pb(I) in concentration of 10mg/l was achieved. The adsorption data fairly fitted to Langmuir and Freundlich
isotherms. The maximum adsorption capacity of 25.8 mg/g based on Langmuir isotherm was obtained.

Keywords: Nanoparticles, Chitosan, Adsorption, Lead, Aqueous Solutions.

Sl ol Olse e ‘QJT Ol a3 5 035 e 53 il
LVYIl 8 8 518 pliims 1SV ax 55 5550 S olie Ol
G 5 S el 558 5 sl ganly | ol g2
FIRNER. UV [PSCUNVTIPS PSPPSR oy M pPLPY 4
b oy ol b s 5 ey o S0l A s
5 Dl i J 5555 5500 oKz B gy aiile il s )
Ol 28 el 2l gl BB LS 5 bz 6 (5 Jsk o)l
L oS 0 ol ot e S5 o ol e e
Ciz gl gl S s be b e ol (5 Glao s
L ol 528 [AW] ol s sl al 8 1506 slagy o
Ol st Dliz o g 5 sbaiads b 5 (58 sloasy| 3
53 e L (o gaisy Sl slens S 03550 Crey)
s ~ S| (ECIPITPTIPI I EPRWRLEVPIr) SO R S P
anls o STy J S gl syl b ol [VF-V Fle
s gpinolasl o ol ol LS s 2Y0)
oslit ] Ol St 052 YU L (ane i 1 PH o3 5ue
e i anl b (b skt ey Cons g S ol sas
5SS o3l Cogr 51 0s S 8 4 ante S5yl
b Lo (YL s cd b ol phe ol
0355 23Ul (IS5 el gl e VY]l os S sl
o N ALl iy 8 s gl S Uy oo 5 sl S
ol g O3l ol gieas Wl g5 o0 ol 528 oS Wlsls lis Slidss
Sl LS plsany JoaSysum 5 el clgns S35 2
RV IV 235,85 sslazdl U'S""“ Sl Gl s sanSeld S
SV gl ol 58 asle ol 528 Slizii b g6 slagy s
SIS g PTG J5{ SO gy I EE S WX g
2 5 Ol S asr Slin e 5 ol S oy 5 5l

LYF-YY 508 0\ 0]uwhws S
Slos Bix s ol 5,0, 5 plasmS Sls 65U e s cpl
PH Lo ol b i a8 oo o el shonn 51 o
G i al b o o3l e 5 o5l o sl clale

NUI ISt BRIV

16 Chitosan
Chilation

" ullsla g ol

doddo -\

Sler e Lame s G Ko I3l e 5 T (S5
irio siolan 3l 6ol g w5l s lgrlad danly 4 oS S
IVl @bl 2l e oS el 53 (ki g 5 oS
P o2 Sl e b s S DI slap
sl Vg,d"—w-u' LS5 55 @it s s dsb s 5wl
st i YU s ol 5l s LT Coon 31 il
e 5l gaacd S 5115 o [Y] S o Ty 5 505
s 5 S e e el 5§30 Sloas sl
 sminn Sl o S SU ks o 52 58 55 o sas e 515
SO g s 4 S D s s e V)05 S
LF153 800 (il (s 81 5 5 Olusl CaSs g0z g
o5 B 5l S D5 3L 5L G e gled s,
YV L L L PO S R V5 WA Y S P
T e S UL ® et 0 pealanS) g S s
oS5 e el 3 s Dol sl i
tl T b i 5 sy Sl i 2 S
83551 B man ool s Shos Jsay (b Cir 25, [0]55
i g YU LS 55l 5 ol e b sle (5oIaSS (S
[Plecal 4 3515 eslizal 5550 03 28 5 sbay OSL 5 o
ey b gslate (Laslr (sl 5los i o0l s
W3k Lo 8L 5 b B sl oo aile (5505
S sl il s a5 5 oy JLes s JUab JUe
35 Copoms o st o ey s a5 1) [V -V wless 8

Bioaccumulation
Biomagnification
Filtration
Reverse Osmosis
Chemical Oxidation
Reduction
Activated Carbon
Precipitation
Coagulation
Ion Exchange
Membrane Processing
Electrolytic Technologies
Electrochemical Treatment
Adsorption
5 Biopolymer

= O 0 N N WU R W N =
=}

I49P Jlus | aglod



i ot sz 3l s s syl e Dl
3528 23 FTIRI650 535kt Jao 4559 a5 503 050l
L osesbferom’ G g5 b sagizme 5o ol
Sz gpus ;a8 S ) KB g 6 5e5 51V 00 s
N el o 5l el L aid s Wsmy 0l szS S5 51U

e el 528 2 sl e

S0 Loy Jsle 4 -F-¥
)énu-?mh)f&:{'“@‘}uﬁﬁpf&c‘ Veor sl iy
3550 e L acs e 5 58 Sai 035 domlonn Lot Lo 51 oLl
B gl eslinal 550 S ad plonil Jsle 55 5 5l )
ol 2 PO(NOs)y Jssle Jse Ly o Sl i
=0 Sl 5 e S p—f\/;' Ceiie skt
RUJNCUES W) PERIPUSPTING 1% J AP SR
a5 sms slatalosT (61 505 55m (5588 sl oo

s S g

iz sb il -0-Y

I md o Vo v Jolt 2 La YO © slac sl s bt lesl
S s 3 e Loy ) i slezble b (58 oy sy
253 5L 5 g alin it Lol o sa glos 535 ) ¢+ 1pm
..x_.i.:x.él_.ol\g)\4_3(0_6’/\/03’/0"/\“0‘~/\)Ql_.”:._5
VYo g8e Fe 0 Fe X Yo N0 claples s b gas
Al 4 i (5 a8 VY LU Sl ey ciis Clls ,y 4ids
2153 5 s sanlte o Ol 53 (6 et 5ty Jolss
Slaids Ve Suean VP mpm s L §and sl b plu S
Sl plae ,old 5l e 5ol bz (56 slag s Jsle
b clagsm bl i osls jys 20y oo o /FO Wbl
Joe e &858 e o3| Ol os L auslel,
S hle 55 Y e gume 43 pH i) .ad (5.5 511 PU9400
el 5o --*—ibfuwxf-;ﬁ (stl:ﬂ\‘ A RETPREV R
ol V daly 5l sl ol le b b

g - Co=CV 0)
e m

42.1‘)&‘))45

C, oisls 0 s>y sl sads G (o5 sy s Llade g

7 Shimadzo FTIR1650
Zetameter
? Malvern, 3000 HS
Deionized Water

I49P Jlu | aglodi

sy 5olpe-Y

Sl s\ Y

o3 VY S S al 5 o e s ey S g
9 o demaS gy 0S5l S ST S p 282 51 S
€ gy 3 o 4 (o3 AO ) zis olss ezl 45 55) ol oS
05 s it 5 a5 sl LS 2552 5 K
Sl 5 gs o Sk Ve e sl 5laads b 58
J=lom b o pH b s g wad b0 T
Y S Ml 5 Ve /Y e Sy s b ]
Pl 5y 528 Jpame Sl sl Jun 2o pH L 5 Y 50
58

Ol s Ol 3 U 4 -Y-Y
sl 008 s 4l s Cenga] 53 U ags anllas oyl 5o
.| Ak Ve s 158 ol S J e s e
Sadie o & s et o> Setllo sl Jgo o/ 0¥ i o i
L sl ¥ a5 e 5 0 6Ll plu sz 5l Jgo o/ + 08
SV eslazal U pH o 51 ey [Y0]05 8 b slsn ¢y 5l asliz
LCSER P RVA IVRUNNVINR FERWAPIE VEEUL NI Y PR EN
HM&U\dL&JJ)ﬁ)Q&L&/\QMQQ}AJJJ_inJJL»)
395318 5l Sl sl 3T el G5 23 815 085
SSsr slad sS050 5 525 Jdsts 0 gl 32 oy r\-“m"-;‘ (\i&
QJ)V‘ dl‘b):)i’,)c";\*‘\‘ QMQ‘U’PﬁDM 4.5\.9'\‘..:....»\;‘.3:
aids Y Saean Ve rpm)j:lgj},».o;ij:ib\.gamTQw:q
Gl g oacs i a5, L sl Gty O3 il las

-

LYF s 3 508 sslazal 5550 3 la iules)
MR
j‘ OL.»)::SQ‘JS ‘,5\_; b)".\.;‘j wudij J}E.;Aiz “9...Q.>U"“ 5 Oi‘))

4 .
5528 LSLTXLB0 s Jao® g 928U 0 53 oo
= osbiedn sad s sl ge Sl s ol sslina) wils

Merck

Sigma-Aldrich

Cyberscan

Polymerization

Scanning Electron Microscopy
Philips XL30

[ Y N P N

ullsls g ol 'y



LYo e sagame 0ud S 55 9 O3 65U s Sl wl
Q\J)yujbwu%ﬂ‘)wG'OH&JSOL}JJAYJO"
S 1l 1 ol S

- [
h /

23 A )
Ve
——

4000 3000 2000 1000 o}
(em™) zmus

OlsaS (@ ol g8 O3 5l 4 by s 508 0 psle cik -\ S
oluszS olys 66 (b

e s A o s Y-

AN @ S Son b 5 Gl 525 D5 S sl 5 IS
S1s $U ol 4 b e SEM jglad ¥ IS s e (o0
oL ¥ nlupH 5 Sadbo sl € 0l sz SYeY g0 Cs s
Ol S S5 $U 5l sl 48 61 Sl 5 L aes e
gdganls H13 5l al ga, Ol mS Sl S g5l Jle
il b s LS solnb gls S b s ol s
2390 53 el Ol s g eslasl s o NTORE S
s Ol g sl L NGO IRV FCAWEYVRC RN VI TARS VAR IO
sl s sy plas ¥ IS

O §0g D3z Ol see U sbne 4l pH 3T -¥-Y
Ol = 7 LV esgamme 55 Jsdone I pH 51 addllas ) s
FeSPH 5388 S5 01,58 s 23550 o 58 Slag s i
G ” 3 FYUPH 53 5 058 e J> ol mS O3 gL Y5
VUSS aa e £5  aS a0 Dok 58 Gl
Do giS O3 5L g 0 538 sbaps 23z pH b

s o ol

PH il 580 L 658 slagy s Bis as )3 4S5 58 o0 sualin
7 =l PH 53 Qs ao s o i S (gosbe b o 2158
O sl y (3L Slade 4 8 slag i ol Lol
Sk 508 5 unl 5lens S 05 6555 b 5 005 G555

Jsboeo pH 2lS L ¥+ Tt gl 1S S5 5 s 55 5o

2 Scanning Elecron Microscope (SEM)

'Y ullsla g ol

Ceesd 5 (quk—ﬂ e 5 Jslme 55 (518 slapy s sl 2l
Bl rjjgrl“‘ G e 03 658 glap s ol bl
e 23l 035m 5 2 s cm y Jslne (2> Ve 2

! rjf
oS 138 gy o gl 3l LUl 5y o s Shee
ss5m gis b 5 SV pleses sbadun b o sl S|
ST s i S S e slgnty eSSV Jae 28 515 L5
wh § 8, ol 53 i splSe 5l (2l Sl s L oY
N2 b ol bl s sl s 6550 Qi slaplse en
Y il 55 aSsY ilan [TV] el oKan ol Sles e oS s s

quLCe
T 1+k,C,

™)

daf,y ol 5 &S
05 ¢ Sk e 5 Dol end Qi slag s e g
Ce ‘fJS/J—.’ p—f@l—‘ G i Qi S b i g
kp 5 2 s r;—i;Lﬂ e S5l 3 658 05 Dol bl
Sl oS5 on 5 o i (55,51 S ol Y b
[YA-YAT s 0 ol 1 Jlas

o 55 |y (el s 3 i @ sleses Jus
[YAJCul ¥ dlasl ) &y oty Juo o) aiS o

9.

9. = kFCel/n )
daly pl g3 S

05 e S e 5B el sl Qlr slep g e g
o (Jju—l‘:‘ e 1 Jsle 53 558 0 ol clle Ce
g olsn 5 oale S b sanS e  duis b Sl ke
WS ool | Qls ud b s STl

Sy gl -

"FTIR i —\-Y

sad Jeol> Ol 5 ol S olend sl snlin skl
FTIR S5 51 acSetle el U ot bl ol ynS O3 b o
S 5 sbolen as oslinal (4,8 Jas 508 Gsle (i b))
23 Ol S (i Sy v (2o 53 s d(on sanlia ) S5 s
Ya¥\ em” (-NH; 5-OH 2iSa by ¥ 0-¥F+cm’
S by Ve A CH_iS by o YAVY e
il Ly S o5, 8 by o C=0 Sy 552 5 sl -C-O

! Fourier Transform Infrared Spectroscopy (FTIR)

I49P Jlu | aglods



100

g0 EEE Po(i)

60 -
40 -
) l
25 3.0 35 4.0 45 5.0 55 6.0 6.5
pH

35U oy e slaey s Bis aw s pH 3G -F JSCs
e S0 3l Slade 5 1l s 0 Sl Ve sl clle s plo S
fcjﬁ

Bl S )2

o

Sl L ol i8S O3 5L S5 53 55790 ol (sleas S
O 3 6\_&0\54: 5‘4_33'4_73‘;‘.3): ‘.\J}.:;go 43335_)._3. Q)Lﬁ;‘.o
155 ez se bl ol (65l slag i 03,5 S S 6l
sl pH s Ll [¥V ] 58 e (650 sl 58 (Solensl 5 2SI
e 5l adls cCOO™ usle 3l 55 55 50 &S L YL
é::\:_w}_):g‘ wdl> sy sls il \.NJK:JCE..M SS9 s
g4l il bl w55 cte JL L 56 gl
S ddse 7 51 5YG g pH s il sel g iy Gl wo s
LS g sd O yoin (5548 (lag s s COH slapy s
CJL’JLE.A BL .[Y"‘]b}_&w hTJ..)-? J—aﬁ)b ui.buw 9 QML:LA
of Slizta 5 ole Sk g3l b s wix PH U il
by oS ctagy s e plyea ol 48 8 518 s 5 50
iy o bty Conlaad bl VoA L s (S s
I35 el V¥ Gl s oS o S ke VAN oS ol
Yoo dlo s ohlSen 5 5 5lailSaly suiman [V O]l sas
logtbesl s e PH olsisas 15,7 sl pH 555 G 3 3
158 sans Sl S o snS a5 (1) s sla 32 3
PH g ol Yo A Jlo s ol lon 5 SLUSYYiles S
SLB G s [YFwles S s V 5 F Ve 501, ol S

[VIcwl sas 3,158 anp PH ol pew 0 ol pH 55 (s

Xu

Qi

Vasconcelos et al.
Copello et al.

AW -

1M Jlu | aglods

pH=fJJ

14
12
10

ol b ds s

L= N 2

o4 &7 129 163 209 248 337

(e 56) L3 231
YV m o b 0l S S5 56050 55 ¥ IS

ullsls g ol s



P Olien st e 50 &gl il Ll -0-¥
Co Ol 1S D13 5L dn g 578 glag g i as s
P I R O P SICRTIF S VR P JON - (G
o 3350 A 53 e SY/0 Clr Slade 57 ol pH 5 2 s
Ol o Dl ao s p |y gl clale 517 IS8 .28 5 )13
SialS i 1o s w5 clagyss sl L 1581 L ans o
rj_irl:n\' Chle 53 s s AP Gl wo s o i s b e
el el 8 2 DH 5 2 s ¢ SY/0 il ke 2 s
sl S S e g3, il s s 36 sl o5l e
ol sleBle s e VL) ol cd b e Skl
osls Sy Oila s Jld ol oS b (5518 slapy s 4oe
22 e35ls 55 3l mas 3T i sLaolSa 55 s
b g Jlsd i 08 558 glog s YL slgshile
A 03 JBAIL el ply o580 bl (g 22 56 o s
AL lelale ol oo il Qi b b oin sbolse
Bt L3l 5 (30 ol Sl b Ly i e b
S Y e e s ol s 5 SWIS [Tl i sl
Cd /O35S S5 b5 e oy Bl 3 555 G
S I cBle 2l L il S 5 et ol
el Bl ol Ol b b m s e S Y 4005
A 03 0,50 sleslat il U sael sy Olr b b iy
bad o) gie rj_f)_g rj_f‘_slta VaF celu ¥l gloy 5 o3>
IS 58 0es 5 s Slidos s wlie s [ ]l

100

I Ph(l)

80 |
60 |
40
20

20 49 60 80
(o 53 p ) 30 slagy s ke
S Lo B a6 sbp sy chle Sb-F JSS
7 A»pH 5 2 5 (,5 V/0 3lr sl s olu snS SIos $b b s

JJ’MJ.}

o

2 Driving force
3 Kalyani et al.

18 ullsla g ol

o O 23 O 3y e b -F-F
Shie 31 s gLt el w3l e 55 i st
Sl3 S b 5 o 5 Gl i ] By il
3l Dl o xS Ol 28 S k5 s b 5 ad el ol S
Sl o3 gumme casl anils | Qs (ol o i W15 0 S
PH s =) 53 0, SV/0 50 /0. Ciksio slia 55 3Lz
b S ks s e Sl ) e sl ekl 57
by o glap s i ao s 5 oilr i 560 IS
G\ 51 osl e o581 L oams o ol | ol S &3 56
S o g Glagn Bl as s 2 (waa
COV/Y 5l s e ol sl by a1 AF/YY 4 OF/FA
w3l e SRl Ll o 2alS S e Sl Y+ /0)
o e 1Sl e Gl 8 e s 3 i GlaplSe Lo
Ll cod b halS sl e sad Gl 5 jlade 58
3 o sbaple pats pLal e Baas 3l lada 25l
S el D3l (VL ol 55 D15 mead 5 i anl 3 (b
sles 8 s [YV-Y0]555 o0 ) Cls.d Colus Jials e e
Lasls o (2 5ol 4 3B STl S5l e o 28 b (a8l
A s 5 s Bie GlhSw g b epl by s 8 Sl asl
U o 1 m 53 e Sishen Vo v 1 S letlle 8.8
G935 3 a3 S e 33 slade gum do e s O3l ke
Sl sk /03528 oS5 31V 08 Jl s oyl 5 ol
b, S8 by Ol 5 Clond oslizal e slap s Sis
los S IS 53 o YU ) s o S Ve 2Bl s
sdel Cawsy 0 8 0 S W/ Qi b b Lyl ol s

JYA e
100
= Po(l)
80
3 60
A
]
401
20
o
0 20 40 60 80 100
(03 ¢ Side) 53 slooy s il

U a5 o sy Bl ao sy ol lade 3l —0 S
P AapH 5 xd ss o S Ve sl lle s plu Sl

! Sun et al.

PP Jls | aglods



30

25 A

20 o

(5 2 ¢ Sbe) Polad 2 e

-
15 o -
-
.~
2
10 v
L) Pb(ll), nanochitosan
Langmuir isotherm
54 /) — — —  Freundlich isotherm
/
0 T T T
0 10 20 30 40
rd ol
() 23 p Soshee) (ol cile

w}:-—ul“?).)“a 6\-"3394%‘po‘;3:-‘)°()§*/0 ;,;3\.?)‘.\.3.»):G:ijjé)xafd\]@b:rﬁdudm—vJS\.:G

G054 5 oSV e 5550 sledan sleslizal b glo s D3 56 b g o e 5 5Bl g5ldae =) Jpi

O

s 2 *q e
SE R’ n ki(Umg)  SE R R qu(mgy (el
OYF VS VAYA L Y/AD YN /AY /e8) YO/A 0 o

Es A i S b ke (05 5 0 Skes) 5SSV ol S8 b it (5 5 0 Sike) 8 i S b g *

ol slep 8 055 Lls 5 YU (e co b 2ils sa
s 538 s Bim 4 30 50 sbay JonS S 5 el
slao s sl bile 5 s luie pH asle Lol ye iz
RN PSSP U FC J S SRP S
Voo bl md s 0, SY/0 3l ke ol pH s

b Jeolo 08 0 Sk YO/A 2 3¢ S o

38 -0

b psde 5 b mlie saSils (Slaxiy L G el ol
355 dlie Bt 5 el B S 0 e S 5 o801
Mg_ﬂj.\brﬂ_&j\\ﬁp @\;)ug\f.us\;@rﬂ
S o iils ¢ b rle 20l Cos 5 boms 525 L 5
s e slemler Jdsa 55l 5 Dlidos o 5le 155 5 e
sl Josts (ole

iz sl gbdas-F-¥

sad oals oLV IS8 s s b5 eSSV i (glalosen
L Ay asls cillas ia (ol gbaesls b Jae 55 .2l
Slosps S 55000 sanlin | Joazr glaesls 5 balssei 4 258
L glop s ol sl 2 s B 4 S 1aSSY
Cb 8wt ol g5 oo opl ol S ot | ole S Ols 5t
ST Dot Bas (b 5 el (w3 b
SLa0 i i 52 Y Jass Lo el w58 o ol Y
A o5 44 Ql.l.:o.b‘ch.ujédjl»‘ .BL?J}‘AT)JNJV.:.A)\S
SRIS/AAY o gume 5 53k slao g () (Stmser 3
ot o 8152 () i b b aty el Ceses +/44FY
305 5 e Sk YO/A

S S ¥
OLN)::S_:;\)s};usJM@QLu,A,MJ\JA,@u

&le-#

1- Rostami, K., and Joodaki, M.R. (2002). “Some studies of cadmium adsorption using Aspergillus niger,

Penicillium austurianum, employing an airlift fermenter.” J. of Chemical Engineering, 89(1-3), 239-252.

2- Ahluwalia, S.S., and Goyal, D. (2007). “Microbial and plant derived biomass for removal of heavy metals
from wastewater.” J. of Bioresource Technology, 98(12), 2243-2257.

3- Amini, M., Younesi, H., Bahramifar, N., Lorestani, A.A.Z., Ghorbani, F., Daneshi, A., and Sharifzadeh, M.
(2008). “Application of response surface methodology for optimization of lead biosorption in an aqueous
solution by Aspergillus niger.” J. of Hazardous Materials, 154(1-3), 694-702.

I49P Jlu | aglodi

ulsligal 15



4- Kumar, U., and Bandyopadhyay, M. (2006). “Sorption of cadmium from aqueous solution using pretreated
rice husk.” J. of Bioresource Technology, 97(1), 104-109.

5- Yunus Pamukoglu, M., and Kargi, F. (2006). “Removal of copper(Il) ions from aqueous medium by
biosorption onto powdered waste sludge.” J. of Process Biochemistry, 41(5), 1047-1054.

6- Zhou, D., Zhang, L., Zhou, J., and Guo, S. (2004). “Cellulose/chitin beads for adsorption of heavy metals in
aqueous solution.” J. of Water Research, 38(11), 2643-2650.

7- Ghorbani, F., and Younesi, H. (2008). “Biosorption of cadmium(Il) Ions by Saccharomyces cerevisiae
Biomass from Aqueous Solutions.” J. of Water and Wastewater, 68, 33-39. (In Persian)

8- Naddafi, K., Nabizadeh, R., Saeedi, R., Mahvi, A.H., Vaezi, F., Yaghmaeian, K., Ghasri, A., and Nazmara,
Sh. (2007). “Biosorption of lead(Il) and cadmium(Il) by protonated Sargassum glaucescens biomass in a
continuous packed bed column.” J. of Hazardous Materials, 147(3), 785-791.

9- Kobya, M., Demirbas, E., Senturk, E., and Ince, M. (2005). “Adsorption of heavy metal ions from aqueous
solutions by activated carbon prepared from apricot stone.” J. of Bioresource Technology, 96(13), 1518-1521.
10- Pamukoglu, M.Y., and Kargi, F. (2006). “Batch kinetics and isotherms for biosorption of copper(Il) ions
onto pre-treated powdered waste sludge (PWS).” J. of Hazardous Materials, 138(3), 479-484.

11- Amini, M., Younesi, H., and Bahramifar, N. (2009). “Statistical modeling and optimization of the cadmium
biosorption process in an aqueous solution using Aspergillus niger.” J. of Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 337(1-3), 67-73.

12- Wang, L., Meng, C.G., Han, M., and Ma, W. (2008). “Lithium uptake in fixed-pH solution by ion sieves.” J.
of Colloid and Interface Science, 325(1), 31-40.

13- Krajewska, B. (2004). “Application of chitin- and chitosan-based materials for enzyme immobilizations: A
review.” J. of Enzyme and Microbial Technology, 35(2-3), 126-139.

14- Wan Ngah, W.S., Endud, C.S., and Mayanar, R. (2002). “Removal of copper(Il) ions from aqueous solution
onto chitosan and cross-linked chitosan beads.” J. of Reactive and Functional Polymers, 50(2), 181-190.

15- Qi, L., and Xu, Z. (2004). “Lead sorption from aqueous solutions on chitosan nanoparticles.” J. of Colloids
and Surfaces A: Physicochemical and Engineering Aspects, 251(1-3), 183-190.

16- Pillai, C.K.S., Paul, W., and Sharma, C.P. (2009). “Chitin and chitosan polymers: Chemistry, solubility and
fiber formation.” J. of Progress in Polymer Science, 34(7), 641-678.

17- Janes, K.A., Fresneau, M.P., Marazuela, A., Fabra, A., and Alonso, M.J. (2001). “Chitosan nanoparticles as
delivery systems for doxorubicin.” J. of Controlled Release, 73(2-3), 255-267.

18- Guibal, E., Saucedo, 1., Roussy, J., and Le Cloirec, P. (1994). “Uptake of uranyl ions by new sorbing
polymers: Discussion of adsorption isotherms and pH effect.” J. of Reactive Polymers, 23(2-3), 147-156.

19- Becker, T., Schlaak, M., and Strasdeit, H. (2000). “Adsorption of nickel(Il), zinc(II) and cadmium(Il) by
new chitosan derivatives.” J. of Reactive and Functional Polymers, 44(3), 289-298.

20- Jansson-Charrier, M., Guibal, E., Roussy, J., Delanghe, B., and Le Cloirec, P. (1996). “Vanadium (IV)
sorption by chitosan: Kinetics and equilibrium.” J. of Water Research, 30(2), 465-475.

21- Kyzas, G.Z., Kostoglou, M., and Lazaridis, N.K. (2009). “Copper and chromium(VI) removal by chitosan
derivatives-Equilibrium and kinetic studies.” J. of Chemical Engineering, 152(2-3), 440-448.

22- Vasconcelos, H.L., Camargo, T.P., Gongalves, N.S., Neves, A., Laranjeira, M.C.M., and Favere, V.T.
(2008). “Chitosan crosslinked with a metal complexing agent: Synthesis, characterization and copper(Il) ions
adsorption.” J. of Reactive and Functional Polymers, 68(2), 572-579.

23- Kawamura, Y., Mitsuhashi, M., Tanibe, H., and Yoshida, H. (1993). “Adsorption of metal ions on
polyaminated highly porous chitosan chelating resin.” J. of Industrial and Engineering Chemistry Research,
32(2), 386-391.

\Y allsslé g ol I49F Jlu | aglods



24- Nagib, S., Inoue, K., Yamaguchi, T., and Tamaru, T. (1999). “Recovery of Ni from a large excess of Al
generated from spent hydrodesulfurization catalyst using picolylamine type chelating resin and complexane
types of chemically modified chitosan.” J. of Hydrometallurgy, 51(1), 73-85.

25- Bodnar, M., Hartmann, J.F., and Borbely, J. (2005). “Preparation and characterization of chitosan-based
nanoparticles.” J. of Biomacromolecules, 6(5), 2521-2527.

26- De Moura, M.R., Aouada, F.A., and Mattoso, L.H.C. (2008) “Preparation of chitosan nanoparticles using
methacrylic acid.” J. of Colloid and Interface Science, 321(2), 477-483.

27- Chen, A.H., Liu, S.C., Chen, C.Y., and Chen, C.Y. (2008). “Comparative adsorption of Cu(Il), Zn(II), and
Pb(Il) ions in aqueous solution on the crosslinked chitosan with epichlorohydrin.” J. of Hazardous Materials,
154(1-3), 184-191.

28- Ramesh, A., Hasegawa, H., Sugimoto, W., Maki, T., and Ueda, K. (2008). “Adsorption of gold(Ill),
platinum(IV) and palladium(II) onto glycine modified crosslinked chitosan resin.” J. of Bioresource Technology,
99(9), 3801-3809.

29- Rozada, F., Otero, M., Garcia, A.IL., and Moran, A. (2007). “Application in fixed-bed systems of adsorbents
obtained from sewage sludge and discarded tyres.” J. of Dyes and Pigments, 72(1), 47-56.

30- Sreejalekshmi, K.G., Krishnan, K.A., and Anirudhan, T.S. (2009). “Adsorption of Pb(II) and Pb(II)-citric
acid on sawdust activated carbon: Kinetic and equilibrium isotherm studies.” J. of Hazardous Materials, 161(2-
3), 1506-1513.

31- Chu, K.H. (2002). “Removal of copper from aqueous solution by chitosan in prawn shell: Adsorption
equilibrium and kinetics.” J. of Hazardous Materials, 90(1), 77-95.

32- Crist, R.H., Oberholser, K., Shank, N., and Ming, N. (1981). “Nature of bonding between metallic ions and
algal cell walls.” J. of Environmental Science and Technology, 15(10), 1212-1217.

33- Vasconcelos, H.L., Camargo, T.P., Gongalves, N.S., Neves, A., Laranjeira, M.C.M., and Favere, V.T.
(2008). “Chitosan crosslinked with a metal complexing agent: Synthesis, characterization and copper(Il) ions
adsorption.” J. of Reactive and Functional Polymers, 68(2), 572-579.

34- Copello, G.J., Varela, F., Vivot, R M., and Diaz, L.E. (2008). “Immobilized chitosan as biosorbent for the
removal of Cd(II), Cr(IIT) and Cr(VI) from aqueous solutions.” J. of Bioresource Technology, 99(14),6538-6544.
35- Ozacar, M., and Sengil, I.A. (2005). “Adsorption of metal complex dyes from aqueous solutions by pine
sawdust.” J. of Bioresource Technology, 96(7), 791-795.

36- Rawajfih, Z., and Nsour, N. (2008). “Thermodynamic analysis of sorption isotherms of chromium(VI)
anionic species on reed biomass.” J. of Chemical Thermodynamics, 40(5), 846-851.

37- Shukla, A., Zhang, Y.H., Dubey, P., Margrave, J.L., and Shukla, S.S. (2002). “The role of sawdust in the
removal of unwanted materials from water.” J. of Hazardous Materials, 95(1-2), 137-152.

38- Sun, X., Peng, B., Ji, Y., Chen, J., and Li, D. (2009). “Chitosan(chitin)/cellulose composite biosorbents
prepared using ionic liquid for heavy metal ions adsorption.” J. of AIChE, 55(8), 2062-2069.

39- Sarl, A., Tuzen, M., Uluzlii, O.D., and Soylak, M. (2007). “Biosorption of Pb(II) and Ni(II) from aqueous
solution by lichen (Cladonia furcata) biomass.” J. of Biochemical Engineering, 37(2), 151-158.

40- Swayampakula, K., Boddu, V.M., Nadavala, S.K., and Abburi, K. (2009). “Competitive adsorption of Cull),
Co(Il) and Ni(II) from their binary and tertiary aqueous solutions using chitosan-coated perlite beads as
biosorbent.” J. of Hazardous Materials, 170(2-3), 680-689.

41- Heidari, A., Younesi, H., and Mehraban, Z. (2009). “Removal of Cd(II), Ni(II), and Pb(II) ions in an aqueous
solution by chemically modified nanoporous MCM-41.” J. of Water and Wastewater, 73, 25-33. (In Persian)

149F Jlu | aglods alsligal 1A



