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Abstract

Existence of heavy metals in water resources and wastewater can cause the environmental problems.
Use of low-cost substances as adsorbents has been developed over recent years. The purpose of this study
was to investigate the effect of chitosan on sorption of Cd and Cu heavy metals from agqueous solutions using
response surface method and Box—Behnken methods. The batch experiment was conducted to evaluate the
effects of independent variables such as pH, metal concentration, and ionic strength on the metal sorption
using response surface and Box—Behnken methods. One-way analysis of variance (ANOVA) was applied on
data. High values of R? (0.99) and adjusted R? (0.99) showed that the removal of Cu and Cd can be described
by the response surface method. One-way ANOVA showed (p < 0.001) that quadratic was the best model for
determining the interaction variables. The optimal conditions determined for Cu and Cd initial
concentrations, pH and ionic strength values were 200 and 168.8 mg L?, 5.47 and 5.26 and 0.03 M,
respectively. The predicted adsorption at these settings for Cu and Cd were 83.68 and 45.07 mg g%,
respectively. Response Surface Method could be useful for optimization the adsorption of Cu and Cd from
aqueous solutions by chitosan.

Keywords: Box-Behnken, Chitosan, Cd, Cu, Response surface method

daads

osae sl Susll Gaigin dea BN U8 5 Gue
(Yero sKag 5 S SIl) il

S sl «g5,5laS slague) o e 5 (SIS
O sall ase GBS 5 (ESELB Glsie @ Gus
(V0 OhlSan 5 53) s B8 Gl 4 S 5 O
1o e Dlae aa alle Saselal OT oolulind b
Gab ol s a8 e VY sgas eSSy

S e Slae s alls Sueala] O ol

e 4 bl @IS 31 S 0T LSaslT 8550

O BB G ol ge Laswi T gl 51w, e
oS ookl T ity T LS5 Sl gl oluS s
Ok LT 5 Gas 433 BB e Jals € S 2l
Sasll o o3as el Glle 5 S50 L
RS VIEPINV] (SN - PV« FPC 51 - SO R REECRR S 'V
osnie sla Suyll € i B3k gl 31 S

oo (YoNY GllSaa 5 (5155) il oo ue 89S sla
5 OLLS gl Game oS (oo ps solie 3 (S
Slaga go ol (g O ab)y Ll Lol o) &l gaa
wile oot slgilad S e e alasl s}
SLONEE al wlS el ol weslSoune



N

e il A ) S pSL )b Loy Fl e by (2N

oila b (Saliie glacila (Y- gllSaa 5 ola)
Lo iSh 5 Lag,l deSula dajeie (55050 sla
caldy o csr JB) SeSla Jus Jli) (3l
(Y8 s 5 hel) ) 4358 55 suliieal 350
28 ehaas can pae s & Lase s wd s Tl
o ol Olsie @ Omly dada 5 Gusr pustes
A8 L8 GlEBas iSI aa 55 050 i ol Lda
(Yoo A LK 5 S5 g) ool

ol 0lool s Olslod slasedhss Sl (S ol as
oila S Glsie 4o sub) sla S5 sl € ol
el suslT slacT 51 L Sugll Gia sl JTow!
L OSE 5 ke IS (Y21 E GllSea 5 (LSy)
Soles 5 Gy GBS sl GES s gt HLSS slaaal
— o olad 4 caals o s ge sla ey (01518
9 Lagole dola syl s olydia cuwgy 5o S Wl
Oolsla alSul b 5 Ol g o cun gy Oaiges
usolel€ i (S a (Kae cale dlaa ) by
5 Ol AAAE (Kaa 5 (Y55 50) wsdipe il
PSS 5 mgs OF el QSRS (YT ol lKan
lakauns 5o (O Joil sleas S Saa ) «S ol
255 Y G 5 an) Wl s @b
Teal Sy (S Jals oda daly 4 OIS (Y0
Ot 4ol G5B g b oS8 4 50l s
ol glag s cia gl sl b 4 bl
Cia (Yoot Kapal S) ool sl suliid i
L Gue 5 paelS ca 958 caaalily (JS ail o) slag s
A4 5K 5 Jlo ) el swso S dadlas ol 538
S wlsaly Hlas SEEaT ) (Vo0 A ),Kaa 5 Gul3S
ssay dhaly w0 oils plie 4 Wlg e OHSAS
—S syl Glgie & JauSgoma 5 Gasl slasy S
oS soliin) K @Bl Bia o sunS el

6 chelate

sad GELIS Sl 5o a8 (e VY g gas a0 S yuas
Sl 3B S ameslS (Y1) oLKan 5 LusS) el
L, 590 2 O cnew ol @l €l o
Sl S g e i gl 5 Olsaial dadks
Al 58 Sladl glase 5 Ko 5 ol Jole
(Y VE OLKan 5 (o san (Ve e L Kaa 5 (us)
0 Oleit sl ol 5 O 5o wsa g0 eulS e aa
2 S e IV 5 S s p S e /00T S
— e 0=+ sull GLALS Hu I8 cpl e 5 8 SIS
ey Sosme AN (goll) el a SIS s 8 S
(1443

S oo s aedlS ualS 5 Gia pulud cnly
ool el pusslal O 5 mbs aoa Nl
G G Aliae ladnl i ol ab olkal
o2snd SN (ola,slid 5 sl O ol
S ol Bia slie 4 FGusSan Sad 5 To e
G 8 s s dallas sre (o] slakass 3
ob o) placus gaas Lanul 3 o) 51 S e Ll el
5 e e YA GLlea 5 YInelS) wols
(Y LK

o ) gladiuia wiesls oliad caw 3wl 58
3S oo plrard pad w55 5 ol pliand Jslae 4
wels (S olu,lid (Yo a5 Sy)
s sSae el adlspo pslae Gluly 5 0k 300 oo
9 YL sl (LIS Glo s sladuia © o Jols
O alad G OV (VY Lo S) wols Sl ale [ sl
Olool slacsila S soliinl b o3y 4 S oda dagis,
Blal 5l 5 il ohal clsge 5 YU 586 s
OLlSes 5 Glua) ol et (oot ol
S suliieal sl saien il gladas o Lo (Y01

ol 458 Gl G siead 53 Sad ol slacila

1 Chemical precipitation

2 Electro-coagulation-flotation
3 lon exchange

4 Reverse 0smosis

5 sorption



WAA Jlo /¥ oylous Yauls / S5 g O yzsls 4yt

C R Sy OA

aly8 aladl 5 Gy sde] crws 4 slasaly BT culgs

(Ydjh)&ﬂ)‘ﬂéd@‘d‘)y

ol yott da a4l yu caldicul uy 9o 5L il b =Y Jgua
oad did S A ju 69 gane § yalde

sal sula oS o Biws (sla i
-\ +\
v A gL qek
\ 1 B pH
A A C (mol L_l) S o8
cd cu D O 3h8

09 ODES B aS +/ro dagiuleyl alsk B aa
Lo Gas, eoilgle 00 bl gladl Jals
sl S 5 65 Jslae Sl e Yo Laddgl 5 S5 a
Graie S oo 0 gue Slil g 5 aseslS Bl
Caed Jslae 5o sud alb slagiledl s b
Wk suls HIS el ¥ oae 4 5 G aawsl i
b s (S olialesl aladl b Julss ol
b solic clle dadisad (oS Ssdastla 5 u
oS5 31 suliical b st Glas a5, Jislas Lo swile
oS ool (W AA Jue dgholasd) a3l Qi
sl gladslas 3 solal L opH alS .
pladl Jby S pa anSoma 5 Sy 0
biugi pus g aeal€ (MY gY) (Ge) i Olae a8
Ol ) ad daalas ) dhaly by & OIS
(Y10 oloKan 5 SIS0

[\]

_ (Ci=Ce)xV

qe

5 Kinetics
6 Shimadzu

mlob oo suliiad yse @olel ladae 5 LS
oo S adbiee el ghe Gy wolagledl
OIS g @l Secslal 5 Guia oS Sige wali
) g Lol LS RSM asily o il (slansyl 3
81 clie s S5 Jao Kb WS 0 adidie
OB Gl (Yo VE OS5 gaaal) wlas o algiany
oSL L s TS e Soe ok Bas ¢ OIS s
O3 Baa (VY oan 5 o Kl g5) als alad) TS
G ooue 5 prealS @Bl Cda cud b (g5l Jas 4allas
oo O sl b ol sladslas 3 ol S abiwy
S mon v 0 0Sh Jae glae 5 puly o
Jolids Oda abld 5 Sse JSwe slauiie Jliie
Fll gl cuas g o (S oo 5 olile Sl e pH

by oo

Lagdigy 9 9l g
a0 8L Al sliss s feanly e (o )
SI5 oia) el o Slee s JBse slasuaie b))
Jiie (slasuiie ot suliiul (Gus 5 aaeslS S
(B) PH (A) 35 wlyl ol Jals aallls 5ol Lo
5 Jha o 50 50 (D) B psh 5 (C) S oo
Sose olanbeyl slaas (VJsan) wog Vo) Jilaa
N=2K(K- ahasly 51 oS eSL Jao 51 soliinl b 5o
Slaas K (inle 3T € gad sluad N 4S5 g oo a3 1)+C
Lyl adl o (3550 bl slaas C 5 Lo yise
G+ sogane Ho S8 il clale A B Y o0 50n0 Lo pH
Nse /NG /N G com s siln a S Jha Yo
3 paoalS i Bl g0 Gl (sl sl Al o
(790) OlosaS 51 soliiad b o sladslae 51 Guo
Design-Expert 7.0y 131 a 55 0338 S 5158 (cuuy5m 9590

BERR LA_):LO‘_)L': J‘J;.A ‘L&ng.LA:)T Slaad u;*:":‘ LS‘.)"

1 Response Surface Methodology (RSM)
2 Central composite

3 Box-Behnken

4 Batch



AN

e il A ) S pSL )b Loy Fl e by (2N

395 G (i 5 (S o8 PH cile) ad
ool ags a0 b Ladl By aiKen s b @K
Saine 536 Juo Hu bajialyl ool waa Lol (Y Jsea)
Jaoe LRl Gl O (as Bia b 5 GBI age
g o sieuls

5 385 S P-value Hlase o VoV Ll F-value lude
alpdny Jao S aan o GlEs Jue gl o/ 00
ol 5l aaenlS 5 Gue da wilyd ok s sl
ol cuaal Il o AS b g of sla

Jae € aas e olis R%=4/49 sl oyl i
Dl S b o) ol Jed BB ess gl)ls
R? jlaie s RZ%preg=+/4% sl sad S (i R? el L
Syl Gainad il R%gj=+ /44 L sl sad Julaie
S el s JEKw s saiag las SIS eds
Gl s o9 S sl Jad LB £ ) S5 s
3 o sl psllae Slalie 4S suss VY- sl Siel,l
preolS sl ol sladee eobel sl flas
93 da 0 dolas o e 4 (N dolas) Lue 5 (0 dolas)
ad B L1588 b s o28lg sla il i

il sad sulo GLES 55 sla dasly Lo S

Ycd (Sorb) =+29.14+23.56*A+1.27*B-
1.04*C+0.77*A*B-1.29*A*C-3.80*A?-1.69*B?-
1.87*C? [o]

Yeu (Sorb) =+44.91+40.15*A+2.19*B-
0.50*C+2.70*A* B-0.88*A*C-2.70*A2-2.89*B?-
1.23*C? Ay

G fpaealS 5 Gue Dda sl ad s Gl el Y
whble 55 4 C B A layiahly ((Hsas iy
s Wssgane 55V Jgaa Lo aidl oo (S @08 9 pH

RCIVIN IPSTVE-RPSRY Y

4 Sorb

Sabs cble Cemg L)k aal gl clale Ci o)l Lo «S
Jolas paa V5 (a8 +/-0) Qila asa mymg L)
381 a5 50 eh3li Cin ol dle (Sl LYo
S5 a5l olaabeyl Gll s s talss N Jus)
oo sla, eiSls )Q;l: 0 ! Design-Expert 7.0
ook salEie) Juae Gassl e Cda L3 s
I3 a5 53 (ANOVA) Lasals Guslysly 5aGT i
WS o e 1 Jao b la suls (355 cas R
Ripred 5 (R? ag) sud Jolaie R? (R?) (s (i pus
3 (V) d¥)csla aasly 3ok 51 a5 s Tonsds A oy
(V000 (650K g0) wis daulans H158) a5 abiw g 4 (€)

[¥]
Rz =1- SSres
SStot
s [¥]
RZ.,. =1— res
" MSiot
(¢]
PRESS
RzPred =1-= SStot

SStot s (sw3lasSls wlas o g gans) SSpes ¥ alulas o
MSres 523 ¥ alalas Hu 5 widl oo (US ol se ¢ ganse)
Slase 5Ske) MSw 5 (swiladly ol e (:S5le)
JI58 a Lo PRESS%¢ dlslae Lo .aidle (S
OBl fely by 58 51 aS 0k e il G S|
9 OIS s eSS 1, Jae s o sad sul

;ijaSQLaASStotJASSJAtA?‘LAL.bL@;\TJb&LJJ

b o (Sl
&g g G_)l:d
RSM aldieal b (s Lol 3T g (s beu Juo

Cia 5 Jeola il oS (S
Jsan) sl sty G13aS i
e ol aleusis (sl (Quadratic)

2 Predicted R-squared
3 predicted residual sum of square



WAA Jlo /¥ oylous Yauls / S5 g O yzsls 4yt RSP Iz

01958 dlseu g 43 Cu 9 Cd Baa (51 3 5SSl (g5 Balkae o pladl slagsiiale )T ol jlo alia Y g

Yi b c S A OinbeT o ladt
(Mg g?) i P Mol s ooss (mg L)mskale

§5/vV Cd A ¢/o AR \

Cu N Y . Y

Cu A $/o . Y
AS/-Y Cu RY 1 Y. ¢
Ya/-1 Cd R ¢/o ye- o
Ya/-4 Cd R ¢/o Voo a1
£§ /A% cu ey $/o \e- v
YY/Vo cd AR v \e- A
Y4/4V Cu /N ¥ \e- a
§0/Vo Cd ooy ¥ Y- .

Cu AR ¢/o . X
YV/AY cd /N 1 - VY

Cu oy 1 Y
£V/Ao Cu A 1 - Ve
Ya/AN Cd ey $/0 \e- Vo
EY/\ Cu R 1 \ 1
¢4/oY Cd oo ¢/o Yoo \V
A-/\A Cu R §/0 Y. A
YAIVA Cd ooy ¢/o ye 14

Cd ey ¥ A
§$JAV Cu oy ¢/o \ Y\
§4/A0 Cd R 1 Y.. Yy
£6/4- Cu o[y $/0 yeo Yy
Y£/AA Cd A ¥ - Y¢
YAIYY Cu WA ¥ ye Yo
YUAS cd /1 K Voo "

Cd Y /o . A%

Cd o/ ¢/o . YA
£5/4- Cu ey §/0 \eo Y4
AY/VY Cu A §/0 Y. v

cd /oy 1 v\
£4/44 Cu /¥ ¢/o Voo YY
YA/AY Cd /¥ §/0 \eo ¥r
VY/Yo Cu /¥ ¥ = s




7 o Gl e > S S )b Glis s Gl e B9y 2K

0158 oy @ Cu 9 Cd i (51 99 4 ya Jaa 51 s a9 o] galiss -v Jgua

P value F value Mean df Sum of squares Source

square

<efeeey VWAV YeYY/Aa \Y VAVAA/S ¢ Model

<efeee AYESA/AY  \UYFANA \ VUYYANA Aicon
<ofvey UV §V/AA \ §V/AA B:pH

[Ng- AL a/¢1 \ 4/ ci1s

<ofeey VIVE/EY YAAY/AN \ YAAY/AN D:Element

et \A/go Ye/ \ Ye/ AB

/-NEN V/YY a/s0 \ /80 AC

< feey ASYIVV  AY- -/ \ RRRTAN AD

/YV0 Ya¥s Y/ ¢ \ Y/ ¢ BC

/yVay Y/e i \ Y/to BD

YA < JAV YA \ Ve cD

<efeee WY A/AY \ AA/AY A

<efeeey YY/AS £8/1¢ \ £6/1¢ B?

[e A \o/o- Y. /YY \ Y. /YY c
\/¥- Y. /-4 Residual

<efeee YA Y/\Y \Y Yo/so Lack of fit

RV A A Pure Error

v VAAN§/OF Cor-total

wwirld alale o Jolas pH il Lousls 88 o 9 aseals Clda alal 8 o Layiel b Sl 0 g

i i GIHAS a0 51 0 58 Cda (1o
s (conjabale glayial,ly JlEe ol 8 oY S e
slasial,l £/0 Lol s pH Ls (IS) S o
S i edale 53l 50 JSE ol o oS s LA
> oonsSae GBS a8 Gl o) S o a8
Il GRS iy 4 preslS 5 e Cla Hlale
G Voo ol sl Lo (IS) S @0 s pH L
—Olad ol sud suls Glas £V S o Sl s a S
65X 5 Sl pH ssd e saaline € G <
ROV [ Y PRI FRCVIA

G dallle wyse S BI8 50 5a QA Olhae o
SPH el 5o 3 st clile 580 oS aly
1o duly su S G0k 5 adlioo P o8
dasly cble godane bulad 5o asdge saalin

slans chle (il boasls oda olise 59 gusSae

Ol58S Jowugi
5 e 58 OIS Sy s sulie
fels o o Lapiie ln wl3 b Lilae I3
1580 a5 31 suliieal b Lals sa cute Lacu 55 st il 3
Eeoly o e Dlisel wad 4@ Ghled] alb
SV S e 5o sadte 5o s Slae 4 bigsye abaws
bossse slaslosad VS a0 e ol Lajuite sl
wlgl wlle PH 5l sl o) o 4 pue 5 paealS Qi
Olaa s o las 1y S oL oSl ol
Sl g el oo saaline Ay KE o Sk
Olsie 4 Gue 5 axealS 515 (con) ) cble 5 pH
slasiel,ly susine Lo oS aiies BT glaiel,l
Sy Jolae PH & oo 318 e 5305 wsad iy
OhAIwy Sidus oda aulpd clle e by ol

s 658G PH Sl 5 wxSige I8 ol hmis



WAA Jlo /¥ oylous Yauls / S5 g O yzsls 4yt

e Sy 4l

cage y sad Jslae OH ulie (iol3d) s pH
e 4 95t ge (55 S M) MOH (glas sy ola!
OB e BB 5o Slal s ulal 5 Gad el S
Jlaial (ualS o ol (sl 008 o Jslae 53 95 50
e Dda da e ialS 5 LAl LGl Gl o Jlem)
(Yo Lo 5 olaa ) 95

dolas o SISLEE 5 age Gl 5 (S o
Gl Jolas 5l Lo Gila o sad Lla glag S
S da Gliee Jolae (Sp @u08 Gl L S b
S ey B (1824 Sain) W e luy halS
VISE 50 GIOSAS b §5 Gue 5 prealS Bda Hu S
G/ 5 S a8 Gl b ol sad suls Gl
@V dolae 3 518 g 58 Bia Glhae SY¥ee /0
09 Yors Jla o ohlKas 5w d) il Jhals
saaline ol Jslao 31 JS8 5 avesl€ Gla ooy
oda NaCl il 5o a SV BY aulpdl b oS wa S
03 (V449) wolaw, 5 ! bl RalS US55 paenlS
B0 2 oo 5 oo eaedlS SB des Oda s
S o @8 Ll 8 L aS Wi S sualine il Sio 5o
lag ORalS 5B 4w 58 Qi e S5 /A 4 +/0Y
ssdige saaldie YUSA Lo € G0l S
Ol 5 ol (S 56 g8 4 GIHAS Oda cad b
S odla ol dhis 4 meslS L dnlie 5o e G
oda (Y+04) ohKaa 5 Sl ol Jid o Jslao
paS Gugres s paealS b dinlie Hu ue sidiy
B8 GRS (pleard (B, 4 sud sl
— o B eI Sk Lis o e JB aS
6ol slag s Jladl 51 YL (sl a1 aib
9 9S00 oSsla Dila b 5o e lacula ©
5 p2eal€ (ol g I ] (eddie oS (b len
039 dla el badlioe VA 5 VAR S8 4 Gue
99 logan <€ el (g mol?) VVY/E asealS J<lgn
Sl (g molt AY/e) Gus JSIse 055 2l
S @ Jalae 5 51 30K slag s SoHas S Slas]

sln @, (ol sladslas Lo @3B slags
sladae olad 5 (il 8l Jlail ladae 4 (oo i
SoS e I8 Los L b walse s Jla!
sby b Gl b s b e Gl Cda o
—Os il s Pl mse Qils paw clile
o9 obe Ll e (uAlS Bda wmyu 5 (50 sla
@l o S pia claslKla (uly glackle
09 Lol cmnal a9 S o3l lag 58lS Caa
wwlle 5o 58 Glag el slass SYL slackle
el Sl Slie 4 Ol o0 2 i lasKils
Sl il g Sl gl clale 4 lag o8lS Caa cnl by
(VWAL HLadl juel 5 (gaise YT usin 5 OLKLLL)
Sl 535 (V1)) OLlSan 5 udlS law s a3
ObT b s alas) 555 5 IS8 Jie S @I58
i i @bl gl clle (b S ol ol
€ ghalllae 5o wbe phalS Ciia Gl 5 Lia
BB Bla g5 (Y4IT) OS5 Glasile b s
Jid oS 05108 s mlis Ol ) e
i Jala gl ol 30 aladl )

b slag s oia Lo age sl (BB Jslas pH
sla dalllae o YV Kan 5 Lulill) S o Ll
o9 (VUSE) ols las pH 31 s 0 O Jeals s
Sbaews aseslS o Gue (5318 slag s Lda 1S (slapH
S 5958 Cla Gl V4 Y HIPH Gl b ass Gl
G2 ol 38 S sLapH o oS asy (Bal5dl 5 oS
Jslae oo s8lS b HT Sidis culs) ca e (55000
Ssdee oila Lia 55l slag e sla G HT 5 el
03 paeal 5 Gue Dl dadl o (Ye0 Kis  Ky)
G YL slapH Lo 0o lay (2alS sasl slapH
Al Gl8l 5 slag s oda Hlaie HY LualS wle
QA 5 9)) ssdiee B Bda wiau Slaldl sl
(144
GLoSliS (s sadSa  pH & G Lo sslS

Fot Ol ek po cdly G S 55



al e il A ) S pSL )b Loy Fl e by (2N

Slse (555 22 e oia Sl sad (BHIS (ines uK
(VN bsind) ol Koo @I58 50 jiaw I

Sl S glag s O S Lila mlaw o aels
Jee esKiKI B) allas sy o) el (Sas

Cd Cu

Sorb
84.036

Sorb
84.036

0

X1=A con
X2=B:pH

0

X1=A con

Actual Factors X2=B:pH

C18=003

Pt reacetrecs o,
W erecscrerse rey tes

oo sesste
Seqeeetes
cer,

.

e
e ero e s creoy
Chiee o thot eyt dssetase Faottes
oy elerer %

D:Element=cd £ g o eassosid Actual Factors
b 3 C:15=003
(Y . “) D: Element = cd
Sorb Sorb
84036 84036
e
0 e 0
X1=Acon e oreh s aee et Z A
A 2 P e X1=A:con
X2=C15 % a Peers AL .
Y g eessisecocts 5 ettt et X2=CIS
o Sggatiry ey
o R 0 S
2
Actual Factors Eoerreriseed 2z

B pH=450

L7 l”dl

et Actual Factors
""'31'35:"

D: Element = cd

B:pH=450
D: Element = Cu

sorb Sorb
84.036 84.036

0

X1=B:pH
X2=C:IS

Actual Factors
Az con=100.00
D: Element = cd

i

Sorb

L '5'

ey
Sy,
L Sty

2
P re g
G
it
LA,
/1/1111[,,,’?

e
Pecs e, 523
a bt G T eT e eats
en gt e e a e
rrsssen e eete,
AL

,'l:"l oeres
"::"a,o
by ¥

e
L TR A
e
g e T et Sos Tt oY,
iyt oottt eatos
tineat s
ettty 'o.:«,‘.‘:,*

AT 2R

h':::::'::‘.
t,:o
Z

0

X1=B:pH
X2=C:18

Actual Factors
Az con=100.00
D: Element = Cu

001 300

Y el (Sgs &yad ya (Con) cldle g pH Juliie ol b i () 954 dlain 93 asealS g (pue Cda (a9 daw yla gad - S
SBIE 9 (IS) 598 a8 9 pH Jallie &yl iz ¥/0 yal ju pH ya (Con) il g (IS) (98 & ya8 Juldie &l 430 :0 (Mol L)
(mg L) Ve culs




WAA Jlo /¥ oylous Yauls / S5 g O yzsls 4yt

e Sy ¥

S sl S5y ) ol s e slasiie
59905 Db (A € Gl B e solel e ) suliil
5 sobatsl gladuya (ralS  alKanle )] € gl uluas
Lol e (L gt 4w slacdl S usad A1 (Sl
wa5a3 8,5l ighle Jsa g Guilioly SaIBT bans 5 dinge
IS oS aanls
5 ome ol @Ok Jas el s @l Gulial 5
s O ssliiad L ol sladslas 5 aeslS
oSb Ak sbuae 5 puly plae Gigs 4 GRS
5 s @8 PH la el 31 s s ss (S
e BB go an0 Joe L oda g, o obile
Jolaie R? 5 (+/49) R? (YL Llade 4 da s b .ol
Slg e ool Cuwas Jao @i ol g e (+/4) susk
G a5 ue G o3l Cda i sl
Sy (SomSH Jao adl ol G S i
Olsie G PH 5 5l o5 calale CS 5 4 als oL sus]
o Wil (dn) pasly s Slae 5y SRk G235
O oo g predlS Sl o GesSae Bl S ol
omad bl pd ool OIS b s ol sladslas
ome ol @ GDAS LS Olhse GhaledT sl sud
SSlaa Cda gl g bulsd ad aeslS 51 i
sagane 59 S 4 o) sladslae 3 asealS 5 us
s (Mg L) VWA 5 ¥+ cbale wo/YV 5 o/¢V pH
daaB o el cuwns ¥ ge (MOI L) /0¥ g &
WIS (g, Bl frnly o Ghas @S Ol 55 p0
&l sdslas 3 us s preslS Bia 5l g 5o
BlEe Sl puns v 0SS e hion s @
seiie Ly Jiies (slaiie ol 3 ig S50 5 Lo e

il Gl

m D1 cd
& D2 Cu

X1 =A con
X2 = D: Element

Actual Factors
B: pH =450
CIl1sS =003

Interaction
D: Element

0.00 50.00 100.00 150.00 20000

A:con
dhiag s T Jglao 5l paaals g s Q3 Y Jsub

Y80 /0¥ il s & a8 9 ¥/0 yalyapH u o) gias

Jue sl diags

0 Wi g Lle GHL 5 Jie 3le <
pod thiy 4 ODSAS biw 5 anenlS  ue Ca a8
g bl 51580 a5 5o sk Gul 4l alasl 1580
b ad Guaad faly g sadie 58 4 bsise 5l
oda Gl 5 Ak b e susane o el
cble lulyd ool Ho ad alid plde JSlaa o
JoY S @,d8 5 0/EV Lulys pH o (mg LY. sl
35 paeol8 51 (s 5w Gy e sl (MOI L)
S,a8 9 0/YV uls pH (Mg LYVWWA Ll clale
i Oy ol b (S Gl (MOI L) H/Y S
5 oo sl sad SI dugp byt gl Sda sl
0% & (Mg g7h) €0/-V 5 AYIA i3 4 asenlS
S el L K oo olalbs 3 b
ade 5 SadlS anllhs alas) s & i (slasil i
G albdlas o G S gobel Jus 3 68 s
Blie Sl 31 5 daly uas ane T 5 wle asag
ouldicul 3 g0 aalis

Ahmadi A, Heidarzadeh S, Mokhtari AR, Darezereshki E and Asadi Harouni H, 2014. Optimization of
heavy metal removal from aqueous solutions by maghemite (y-Fe,Os) nanoparticles using response
surface methodology. Journal of Geochemical Exploration. 147:151-158.



< e il A ) S pSL )b Loy Fl e by (2N

Alloway BJ, 1990. Heavy Metals in Soils. John Wiley and Sons Inc, New York.

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

Chiban M, Zerbet M, Carja G, and Sinan F, 2011. Application of low-cost adsorbents for arsenic removal, A
review. Journal of Environmental Chemistry and Ecotoxicology. 4(5): 91-102.

Chowdhury S, and Saha P, 2010. Sea shell powder as a new adsorbent to remove Basic Green 4 (Malachite
Green) from aqueous solutions: Equilibrium, kinetic and thermodynamic studies. Chemical Engineering
Journal 164(1): 168-77.

Dang VBH, Doan HD, Dang-Vu T, and Lohi A, 2009. Equilibrium and kinetics of biosorption of
cadmium(l1) and copper(ll) ions by wheat straw. Bioresource Technology 100:211-9.

Deng SB, and Ting YP, 2005. Characterization of PEI-modified biomass and biosorption of Cu (1), Pb(ll)
and Ni(ll). Water Research 39: 2167-2177.

Davis TA, Volesky B, and Vieira RHSF, 2000. Sargassum seaweed as biosorbent for heavy metals. Water
Research 34 (17): 4270-4278.

El-Naas MH, Abu Al-Rub F, Ashour AAI, and Marzougi M, 2007. Effect of competitive interference on the
biosorption of lead(ll) by Chlorella vulgaris. Chemical Engineering and Processing: Process
Intensification 46(12): 1391-1399.

Gavhane YN, Gurav Atul S, and Yadav Adhikrao V, 2013. Chitosan and its applications, A review of
literature, International Journal of Research in Pharmaceutical and Biomedical Sciences 4(1): 312-332.

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

Han R, ZhangJ, Zou W, Xiao H, Shi J, and Liu H, 2006. Biosorption of copper (I1) and lead (I) from
aqueous solution by chaff in a fixed-bed column. Journal of Hazardous Materials 133(1): 262-8.

Jun C, Jin L, Changgao W, Jianguo L, Ying H, Jianhong Y, Yumin D, and Hua Z, 2013. Parametric
optimization of extracellular chitin deacetylase production by Scopulariopsis brevicaulis. Journal of
Biocatalysis and Biotransformation 2(1): 1-5.

Kaczala F, Marques M, and Hogland W, 2009. Lead and vanadium removal from a real industrial
wastewater by gravitational settling/sedimentation and sorption onto Pinus sylvestris sawdust. Bioresour
Technology 100(1): 235-43.

Katsou E, Malamis S, and Haralambous KJ, 2011. Industrial wastewater pre-treatment for heavy metal
reduction by employing a sorbent-assisted ultrafiltration system. Chemosphere 82(4): 557-64.

Khor E, 2001. Chitin: Fulfilling a Biomaterials Promise, Elsevier Science and Technology: Maryland
Heights, MO, USA, Appendix 2.

Kosa SA, Al-Zhrani G, and Abdel Salam M, 2011. Removal of heavy metals from aqueous solutions by
multi-walled carbon nanotubes modified with 8-hydroxyquinoline. Chemical Engineering Journal. 181-
182: 159-168.

Krajewska B, 2004. Application of chitin- and chitosan-based materials for enzyme immobilizations: A
review. Journal of Enzyme and Microbial Technology 35:126-139.

Kumar U, 2013. Agricultural products and by- products as a low cost adsorbent for heavy metal removal
from water and wastewater, A review. Scientific Research and Creativity 1(1): 1-5.

Kyzas GZ, Kostoglou M, and Lazaridis NK, 2009. Copper and chromium (VI) removal by chitosan
derivatives-Equilibrium and kinetic studies. Journal of Chemical Engineering 152(2-3): 440-448.

Liu A, and Richard G, 1999. Modeling adsorption of copper, cadmium and lead on purified humic acid.
American Chemical Society 16: 3902-3909.

Malairajan S, and Peters E, 2013. Removal of toxic heavy metals from synthetic wastewater using a novel
biocarbon technology. Journal of Environmental Chemical Engineering 4: 629-1384.

Malkoc E, and Nuhoglo Y, 2005. Investigations of nickel (II) removal from aqueous solutions using tea
factory waste. Journal of Hazardous Materials 127: 120-128.

Marandi R, and Amir Afshar H, 1387. Biological uptake of Zn(ll) and Pb(ll) by non-living biomass
Phanerochaete chrysosporium. Environmental Science and Technology 10 (4): 196-206.

Montgomery, DC. 2005. Design and Analysis of Experiments, Wiley, Hoboken, N.J.

Muzzarelli RA, llari P, Tarsi R, Dubini B, and Xia W, 1994. Chitosan from Absidia coerulea. Carbohydrate
Polymers. 25(1): 45-50.



WAA Jlo /Y 0yles YaAs / S g I il 4y 585 e e Sy £

Sanchez AG, Ayuso EA, and De Blas OJ, 1999. Sorption of heavy metals from industrial waste water by
low-cost mineral silicates. Clay Minerals 34: 469-477.

Sannasi P, Kader J, Ismail BS, and Salmijah S, 2006. Sorption of Cr (V1), Cu (I1) and Pb (I1) by growing and
non-growing cells of a bacterial consortium. Bioresource Technology 97(5): 740-7.

Sauerbeck DR, and Hein A, 1991. The nickel uptake from different soils and its prediction by chemical
extractions. Water Air Soil Pollution 57-58: 861-871.

Singanan M, and Peters E, 2013. Removal of toxic heavy metals from synthetic wastewater using a
novel biocarbon technology. Journal of Environmental Chemical Engineering 1(4): 884-90.

Sobhanardakani S, Zandipak R, Bonyadi M, Parvizimosaed H, Moslemi M, Tahergorabi M, Hosseini SM.
2015. Evaluation of removal efficiency of cr (vi) ions from agqueous solution using chitosan. Journal of
Chemical Health Risks 5(1): 29-38.

Stobel BW, 2001. Influence of vegetation of low-molecular weight carboxylic acids in soil solution-a review.
Geoderma 99: 169-198.

Tizaoui C, Rachmawati SD, and Hilal N, 2012. The removal of copper in water using manganese activated
saturated and unsaturated sand filters. Chemical Engineering Journal 209: 334-344.

Yaacoubi H, Zidani O, Mouflih M, Gourai M, and Sebti S, 2014. Removal Cadmium from water using
natural phosphatas as adsorbent. Procedia Engineering 83: 386-393.

Vakili M, Rafatullah M, Salamatinia B, Zuhairi Abdullah A, Hakimi Ibrahim M, Tan K, Gholami Z, and
Amouzgar P, 2014. Application of chitosan and its derivatives as adsorbents for dye removal from water
and wastewater. A review. Carbohydrate Polymers 113: 115-130.

Wang J, and Chen C, 2006. Biosorption of heavy metals by Saccharomyces cerevisiae. a review,
Biotechnology Advances 24(5): 427-51.

Wang L, Meng CG, Han M, and Ma W, 2008. Lithium uptake in fixed-pH solution by ion sieves. Journal of
Colloid and Interface Science 325(1): 31-40.

Xu J, Yang L, Wang Z, Dong G, Huang J and Wang Y, 2006. Toxicity of copper on rice growth and
accumulation of copper in rice grain in copper contaminated soil. Journal of Chemosphere 62: 602-607

Zolgharnein J, Shahmoradi A, and Ghasemi JB, 2013. Comparative study of Box-—Behnken, central
composite, and Doehlert matrix for multivariate optimization of Pb (1) adsorption onto Robinia tree
leaves. Journal of Chemometrics 27(1): 12-20.

Zhou JL, and Kiff RJ, 1991.The uptake of copper from aqueous solution by immobilized. Journal of
Chemical Technology and Biotechnology 52: 317-330.



