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|=yuw} u}@ |m}D=DUwQDmr= VWm w ?P=H K]U |rt=a |=yxwQo uOWxvwDwQB w
C=ar=]t 'xt=O= |=Q@ w xO=Di= j=iD= pH = 3 QO ?PH |xv}W}@ 'C@Ft w |ivt
u=UwD}mwv=v pqLv= s=Q;s=Q; '3 R= QDu}}=B |=ypH QO "CU= xDiQo Q=Qk xO=iDU= OQwt
'3 R= QDq=@ |=ypH QO "OQ=O ?PH u=tOv=Q QO |ivt QF= xH}Dv QO w OyO|t MQ
'OwW|t xvwDwQBO ?P=H K]U w xOW Cr2O�2

2 uw} x@ p}O@D HCrO�1
4 uw} uwJ

|wQ Q@ C@Ft Q=@ sm sm =QD w |D@=kQ OH w |ivt Q=@ =@ |}=yuw} Qw[L p}rO x@ =Pr
xOt;CUO x@ G}=Dv =@ pY=L G}=Dv "OwW|t OwOLt CrO�2

4 ?PH '?P=H K]U
xO=iDU= swQm ?PH |=Q@ |Q@}i u=UwD}mwv=v R= u; QO xm '2015 p=U QO |WywSB QO
xO=iDU= =@ xm 'p=U u=ty QO |Qo}O VywSB QO =t= "OQ=O Ck@=]t [20]'CU= xOW
|}=} QO |}=Pe `}=vY ?q[=i R= =Q VI swQmwQm}t w wv=v |Oa@ xU |=yu=UwD}m R=

[15]"CU= xOt; CUOx@ ?PH G}=Dv u} QDy@ '2 R= QDtm pH QO 'Ov=xOQm hPL
?PH u=R}t QO u=tR Q}F-=D "2"2"3

'10 '20 '40 '60 '110 min� |=yu=tR QO =yQDt=Q=B Q}=U uDW=Oxov C@=F =@
xm CU= xO=O u=Wv =yu; OvwQ w xOW s=Hv= xv}y@ u=tR u}}aD |=Q@ =yV}=tR; '�0
|rwRv Q}U u; R= TB w |OwaY Q}U ?PH u=R}t 'xk}kO 60 =D u=tR CWPo =@

"?PH u=R}t QO pH QF= "5 pmW

1:3 '1:2 '1:1 |=yC@Uv =@ u=UwD}m C=QPwv=v %u}}=B x@ q=@ R= ?}DQD x@ "3 pmW
"|vwQDmr= AwmUwQm}t |xr}Uw x@ xOWxDiQo u=UwD}m x@ O}U= 1:4 w

"FT-IR R= pY=L G}=Dv "4 pmW
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yt ?PH u=R}t QO VI swQm |x}rw= C_re Q}F-=D "4"2"3

'30 '50 '70 '90'110 pmm� u}@ |=yxOwOLt QO VI swQm |x}rw= C_re QF=
OYQO C=Q}}eD "CU= xDiQo Q=Qk |UQQ@ OQwt \}=QW Q}=U uDW=Oxov C@=F =@ �10
u=R}t V}=Ri= =@ ?PH OYQO u=R}t xm CU= xO=O u=Wv swQm C_re x@ C@Uv ?PH
OvwQ u; R= TB w xDW=O |Q}osWJ |W}=Ri= MQv 70 ppm x@ 10 ppm R= swQm
C_re V}=Ri= =@ ?PH OYQO u=R}t Cio u=wD|t 'CU= xDiQo OwN x@ |Wy=m
=Q Cra "CU= xDiQo OwN x@ |rwRv Q}U pO=aD x@ uO}UQ R= TB w |OwaY OvwQ swQm
u=R}t 'pwrLt QO OwHwt swQm |=yuw} O=OaD V}=Ri= =@ xm O=O K}[wD xvwou}= u=wD|t
w O@=}|t V}=Ri= ?P=H K]U QO OwHwt |rt=a |=yxwQo =@ QF-wt |=yuw} OQwNQ@
|=yC_re QO =t= "OwW|t Q=QkQ@ TmrBtm p}mWD CyH |QDW}@ |=yOvw}B ,=@k=aDt
QO 'Ov=xOW p=eW= swQm |=yuw} \UwD ?P=H K]U |wQ Q@ ?PH |=yu=mt 'QDq=@
C}iQ_ w ?PH OYQO u; p=@vO x@ w OwW|t xH=wtC}OwOLt =@ Ovw}B |Q=QkQ@ xH}Dv
=@ Q[=L VywSB QO ?PH Q=Okt |xv}y@ [26]"O@=}|t Vy=m pO=aD R= TB ?PH
=@ u=QoWywSB Q}=U xm |r=L QO 'CU= xOt; CUO x@ swQm R= 70 mg/l C_re
Q=Okt w 250 mg/l =Q swQm |x}rw= Q=Okt 16|vwo =y=t =}vD}} wU |xDUwB R= xO=iDU=
[27]"Ov=xOW swQm R= �99 R= V}@ hPL x@ jiwt w xDiQo Q_v QO 0 08 g/l =Q ?P=H

?PH u=R}t QO =tO Q}F-=D "5"2"3
|UQQ@ \}=QW Q}=U uDW=Oxov C@=F =@ �25 '35 '45 0C� |xOwOLt xU QO =tO QF=
'CQ=QL xHQO V}=Ri= =@ xm OyO|t u=Wv xOt;CUO x@ G}=Dv "�7 pmW� CU= xOW
QO =tO V}=Ri= Q}osWJ Q}F-=D u}= "CU= xDi=} Vy=m swQm Rri hPL OYQO u=R}t
=R=tQo w |m} R}i VwQ x@ |L]U ?PH |xOvyOu=Wv Ov=wD|t ?PH u=R}t Vy=m

[28]"OW=@ ?PH Ov}=Qi uOw@

?PH |}=tOsy |=ypOt "3"3
|=yxO=O "OyO|t u=Wv =Q |@ QHD G}=Dv T=U=Q@ Ce x@ C@Uv qe Q=Owtv '8 pmW
Q=Qk p}rLD w x} RHD OQwt TB}U w I}rOvwQi 'Q}tovq |=ypOt R= xO=iDU= =@ pY=L
xm 'CU= xOW x@U=Lt qm w R2 w b Q}O=kt '4 |xrO=at x@ xHwD =@ "CU= xDiQo

"Ov=xOW x�=Q= 1 pwOH QO
OL QO Q}tovq |xrO=at |oDU@ty ?} Q[ '1 pwOH QO GQOvt G}=Dv T=U=Q@
u=UwD}m C=QPwv=v |xr}Uw x@ |D}iQ_ VI swQm ?PH u}=Q@=v@ w OQ=O Q=Qk |}q=@
u=UwD}m C=QPwv=v xm Cio u=wD|t u}=Q@=v@ "Ovm|t C}a@D Q}tovq |xrO=at R=
K]U QO CN=wvm} |oOvm =QB =@ ?PH \=kv R= |YNWt Q=Okt 'xOWQ=Op}Umw@ Qm
?P=H u}= |=Q@ ?PH |xv}W}@ C}iQ_ 'Q}tovq pOt R= xO=iDU= =@ "OQ=O ?P=H

"?PH OYQO QO =tO QF= "7 pmW

pt=m Vvm =w 'u=tR CWPo =@ xm O=O K}[wD xvwou}= u=wD|t =Q Cra "CU= xDW=O
=@ Ovw}B |Q=QkQ@ CyH |i=m CYQi ?P=H K]U QO |rt=a |=yxwQo w CU= xOW
QDW}@ u=tR uOW|QBU =@ xm |r=L QO 'OvQ=O Q=}DN= QO =Q |D}iQ_ VI swQm |=yuw}
|=yuw} |atHD QF= 'CU= Q}PBCWoQ@ w |rO=aD Vvm =w xm =Hv; R= 'xk}kO 60 R=
Vy=m "OwW|t ?PH OYQO Vy=m Ea=@ s=vty |=yuw} pqDN= w swQm |ivt
QO ?PH |=yu=mt uOWp=eW= p}rO x@ u=wD|t =Q u=tR x@ C@Uv ?PH C}iQ_
'2015 p=U QO |WywSB QO [21]"CUv=O VI swQm |=yuw} =@ Ovw}B |=Q@ TQDUO
u=tR COt QO III uy; =@ |[Qa Ovw}B |=Q=O u=UwD}m =@ VI swQm hPL |xv}W}@
R= xO=iDU= =@ hPL |xv}W}@ 'p=U u=ty QO |Qo}O VywSB QO w [22]'xk}kO 100
xOW VQ=Ro xk}kO 180 w 60 |=yu=tR QO wQm}t w wv=v |Oa@ xU |=yu=UwD}m

[15]"CU=
?PH u=R}t QO ?P=H Q=Okt Q}F-=D "3"2"3

�0 5 '1 '1 5 '2 '2 5 '3 '3 5 g/l� |=yxOwOLt QO VI swQm ?PH |oDU@=w
u=Wv =yV}=tR; "CU= xOW xO}HvU \}=QW Q}=U uDW=Oxov C@=F =@ '?P=H R=
u=R}t QD}r Q@ sQo 3 x@ QD}r Q@ sQo 0 5 R= ?P=H u=R}t V}=Ri= =@ xm Ov=xO=O
|Q=QkQ@ |=yu=mt u=R}t '?P=H Q=Okt V}=Ri= =@ "CU= xDW=O |W}=Ri= Q}U ?PH
QO 'O@=}|t V}=Ri= |Rri |=yuw} C@=F O=OaD x@ C@Uv ?P=H K]U |wQ Q@ Ovw}B
�38 51 R= ?PH OYQO xm |Qw] x@ 'CU= xDi=} V}=Ri= Rri hPL OYQO xH}Dv
�3 5 gr/l x@ ?P=H u=R}t V}=Ri= |xt=O= =@ =t= 'CU= xO}UQ �83 33 x@
OYQO hqNQ@ "�6 pmW� CU= xOWv xOy=Wt |Q}}eD w xOv=t |k=@ C@=F ?PH
w xOw@ 3 gr/l QO 3 88 mg/g x@ 38 51 mg/g R= ?PH C}iQ_ '?PH
x@ \w@ Qt CU= umtt xm 'xDW=O |rwRv Q}U |r=tDL= |=y=]N uDiQoQ_vQO uwO@
V}=Ri= =@ "OW=@ ?P=H |wv=v QDq=@ Q}O=kt QO ?PH |=yC}=U R= QDtm |xO=iDU=
O=OaD x@ C@Uv '?P=H K]U |wQ Q@ Ovw}B |Q=QkQ@ |=yu=mt u=R}t '?P=H Q=Okt
V}=Ri= R}v Rri hPL OYQO xH}Dv QO 'CU= xDi=} V}=Ri= |Rri |=yuw} C@=F
'CU= xDW=Po Vy=m x@ wQ hPL OYQO '3 g/l u=R}t R= TB =t= "CU= xDi=}
`tHD w ?PH Ov}=Qi |] QO ?PH |=yu=mt uOW`=@W= x@ \w@ Qt Ov=wD|t xm
QO [23]"OwW|t =yv; |L]U CL=Ut Vy=m x@ QHvt xm 'OW=@ u=UwD}m C=QPwv=v
OQ=wt |NQ@ QO w QDtm OQ=wt |NQ@ QO ?P=H Q=Okt '=y?P=H Q}=U =@ xU}=kt
sOvo Tw@U 50 gr/l R= xO=iDU= =@ u=QoWywSB |NQ@ ,qFt 'CU= xOw@ QDW}@
|NQ@ =} w [24]'Ov=xOW 200 mg/l |x}rw= C_re =@ swQm �50 hPL x@ jiwt
xOWQ=Opt=a p} QD}v wr} Qm = |rB |=yQ@}iwv=v R= 0 02 gr/l R= xO=iDU= =@ Qo}O
swQm �90 R= V}@ hPL x@ jiwt VI swQm 100 mg/l w u}t; |=yxwQo =@

[25]"Ov=xOW

"?PH OYQO QO ?P=H Q=Okt QF= "6 pmW

65



"""|
xr}U

wx@
u=U

wD}m
C=Q

Pwv=v
uOQ

mQ=O
pt=

a'10 |=yC_re QO "CU= xOW x�=Q= 2 pwOH QO pOt u}= |=yQDt=Q=B "CU= xOW
|r=L QO 'CU= xOt; CUO x@ 0 9 R= QDW}@ |oDU@ty ?} Q[ Q}O=kt '90 w 50
|W}=tR; Q=Okt xwqax@ "CU= xDW=O |QDtm |OOa Q}O=kt u; C_re Q}=U QO xm
?PH sU}v=mt u}=Q@=v@ "OQ=Ov j@=]D 8 |xrO=at =@ xOt;CUOx@ |Qw�D Q}O=kt =@ qe
R= |NQ@ QO \ki l} xHQO x@W |xrO=at R= u=UwD}m C=QPwv=v \UwD VI swQm uw}

"CU= xOQm |wQ}B |@ wN x@ =yC_re

?PH l}t=v}OwtQD "5"3
CQwYx@ xOWQ=Op}Umw@ Qm u=UwD}mwv=v |xr}Uw x@ VI swQm |=yuw} ?PH QO =tO QF=
|@Uv |=yQDt=Q=B w xOW sUQ 9 pmW QO |]N |vLvt QO 1=T p@=kt QO ln kd

Vy=m w �H |ivt Q}O=kt "CU= xOW x�=Q= 3 pwOH QO |oDU@ty ?} Q[ w
u=UwD}mwv=v |wQ Q@ VI swQm ?PH xm CU= u; Qou=}@ =tO V}=Ri= =@ kd u=R}t
x@ \w@ Qt ,q=tDL= ?PH |=R=tQo Ca}@] "CU=R=tQo Ov}=Qi l} 'xOW Q=Op}Umw@ Qm
'CU= xOWQ=Op}Umw@ Qm u=UwD}mwv=v K]U QO ?PH |=yu=mt O=} R O=OaD OwHw

"1 xHQO x@W pOt T=U=Q@ ?PH l}Dv}U |=yQDt=Q=B "2 pwOH
l} xHQO x@W C_re Rri

R2 qe1 K1 Rri
1 0 064 0 055 10

(VI) swQm
0 75 0 703 0 001 30
0 94 2 67 0 071 50
0 83 1 89 0 018 70
0 98 1 64 0 059 90
0 87 5 35 0 065 110

C=QPwv=v |xr}Uw x@ VI swQm ?PH |=Q@ 1=T p@=kt QO ln kd |vLvt "9 pmW
|=y=tO QO VI swQm 70 mg/l C_re =@ w 0 5 mg/l ?P=H Q=Okt =@ u=UwD}m

"Cw=iDt
"Cw=iDt |=y=tO QO VI swQm ?PH QO |m}t=v}OwtQD |=yQDt=Q=B "3 pwOH
R2

�S �H �G kd T

(KJ.mol�1) (kJ.mol�1) (kJ.mol�1) (l/g) (K)

0 9830 �365 33 �110 29
�1 42 1 9656 298
2 23 0 3381 308
5 88 0 1204 318

R= xO=iDU= =@ ?PH Ov}=Qi |UQQ@ "CU= xOW x@U=Lt sQo Q@ sQo|r}t 45 59
xm Cio u=wD|t "CU= xOW x�=Q= 8 pmW QO |vLvt sUQ =@ I}rOvQi |xrO=at
xHwD =@ =t= "CU= |@ wr]t Cr=L QO ?PH w OQ=O |voty=v Cr=L ?P=H K]U
(0 9786) Q}tovq pOt R= pY=L |xrO=at QO |oDU@ty ?} Q[ uOw@ QDW}@ x@
|QDy@ pOt Q}tovq pOt VywSB u}= QO '(0 9226) I}rOvQi pOt =@ xU}=kt QO
=@ =ypOt |xty 'CU= xOW x�=Q= 1 pwOH QO xJv; x@ xHwD =@ "CU= ?PH |=Q@
I}rOvQi w Q}tovq pOt R= |@}mQD xm TB}U pOt |rw 'OQ=O j@=]D |@ wN x@ =yxO=O
"Ovm|t h}YwD =Q ?PH sQDwR}= =ypOt Q}=U R= QDy@ 0 9967 Q@=Q@ R2 =@ CU=
|=ypOt xm OyO|t u=Wv |QDt=Q=B 3 CqO=at R= xOt;CUO x@ G}=Dv |rm Qw]x@
< Q}tovq < TB}U %OvDUy s_v u}= CQwYx@ VR=Q@ u} QDy@ QO ?PH sQDwR}=
Ovv=t =y?P=H |NQ@ x@ C@Uv swQm hPL �94 =@ xr}Umw@ Qm u=UwD}mwv=v "I}rOvQi
|QDy@ ?P=H [24]'swQm hPL OYQO 90 w 50 =@ ?}DQD x@ xOWKqY= sOvo Tw@U
=@ PANI/zeolite nanocomposite pFt =y?P=H |NQ@ x@ C@Uv =t= 'CU=
xOy=Wt Q[=L VywSB QO u}vJty [29]"OQ=O |QDtm |}=v=wD 'swQm hPL �100
QO �61 75 R= ?PH OYQO u=R}t s=N u=UwD}m uOQmQ=Opt=a =@ xm CU= xOW
�83 54 x@ xk}kO 60 u=tR COt w 10 ppm swQm C_re w Ph = 8 5 \}=QW

"CU= xDi=} Ow@y@ 3:1 C@Uv =@ xr}Umw@ Qm u=UwD}mwv=v QO

?PH l}Dv}U "4"3
xHQO x@W pOt |xr}Uw x@ ?PH |=yC@=F VywSB QO ?PH sR}v=mt |UQQ@ |=Q@
sUQ l} xHQO x@W |xrO=at |=Q@ t w log(qe� qt) Q=Owtv w xOW |Q}oxR=Ov= l}

VI swQm |=yuw} ?PH |=Q@ TB}U w 'I}rOvQi 'Q}tovq pOt |=yQDt=Q=B "1 pwOH
"l} QD}U O}U= |xr}Uw x@ xOWQ=Op}Umw@ Qm u=UwD}m C=QPwv=v |xr}Uw x@

=ypOt |=yQDt=Q=B =ypOt
R2 b (l/mg) qm (mg/g) Q}tovq0 9786 0 109 45 59
R2 n Kf (mg1�n)Ln (g�1) I}rOvQi0 92226 2 68 9 38

R2 n Ks (l/mg) qm (mg/g) TB}U0 9967 0 59 0 15 38 09

|xr}Uw x@ VI swQm ?PH |=Q@ TB}U w I}rOvQi 'Q}tovq ?PH sQDwR}= "8 pmW
"�xk}kO 120 T=tD u=tR w pH = 4 'QD}r Q@ sQo 3 C_re =@� u=UwD}m C=QPwv=v
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UOv
yt Q=@ 3 QO QwmPt |xv=NQ=m ?q[=i R= xDiQoCQwY |=y|Q=OQ@xvwtv x@ xHwD =@ xm

swQm hPL "CU= xOt; CUO x@ 70 ppm 'VI swQm Rri C_re u}ov=}t 'Q=QmD
=@ w |UQQ@ j=D= |=tO QO pH s}_vD uwO@ |Q=m@; |xv=NQ=m ?=UB |xvwtv R= VI

swO Q=@ QO w 55 98 pw= Q=@ QO ?}DQD x@ pY=L G}=Dv w xDiQo CQwY Q=QmD Q=@ 3
Q}U u}= "CU= xDiQo CQwY |W}=Ri= Q}U =@ OYQO 82 27 swU Q=@ QO w 69 36
C=Rri Q}=U sL=Rt |=yuw} OwHw p}rO x@ Ov=wD|t |ak=w ?q[=i OQwt QO |OwaY

"OW=@ QY=va w

|Q}oxH}Dv "4
x@ xOWKqY= u=UwD}m C=QPwv=v xm OyO|t u=Wv Q[=L VywSB R= pY=L G}=Dv
uwJ |}=yQ}eDt "CU= ?U=vt |@P=H VI swQm hPL |=Q@ l} QD}UO}U= |xr}Uw
CQ=QL xHQO w '?P=H Q=Okt 'x}rw= pH 'T=tD u=tR '|Rri |=yuw} |x}rw= C_re
\UwD VI swQm uw} ?PH sU}v=mt "OvQF-wt pwrLt R= |Rri |=yuw} hPL Q@
|wQ}B |@ wN x@ =yC_re R= |NQ@ QO l} xHQO x@W |xrO=at R= u=UwD}m C=QPwv=v
"CU= xDW=O =Q j@=]D u} QDW}@ TB}U pOt =@ |L]U ?PH |=yxO=O "Ovm|t
xO=O u=Wv =Q �82 27 u=R}t |Q=m@; ?q[=i QO VI swQm ?PH u=R}t u}vJty
u=UwD}mwv=v ?P=H xm OyO|t u=Wv VywSB R= pY=L |=yxDi=} |rm Qw]x@ "CU=
?=UB R= VI swQm |=yuw} hPL |=Q@ l} QD}UO}U= |xr}Uw x@ xOWQ=Op}Umw@ Qm
x@ "CU= |@U=vt ?=NDv= |e=@O w |Q=m@; Ovv=t |O}rwD |=yx=oQ=m w =yxv=NQ=m
xO=iDU= CavY QO ,=OHt w Ci=} R=@ Ov=wD|t ?PH C=}rta R= TB ?P=H u}= xwqa

"OwW

Qou=}@ u}}=B |=yCQ=QL xHQO QO T@}o O=R; |SQv= C=Q}}eD uOw@|ivt u}vJty
xm OyO|t u=Wv |m}t=v}OwtQD C=ar=]t u}=Q@=v@ 'CU=tO u; QO QDq=@ ?PH u=R}t
'CQ=QL xHQO V}=Ri= =@ w xOw@ |OwNx@OwN CQwYx@ VI swQm |=yuw} ?PH OvwQ

"CU= xDW=O |Q}osWJ Vy=m ?PH

?PHR=@ "6"3
R= xO=iDU= =@ 'CU= xOQm ?PH =Q VI swQm Rri ,q@k xm u=UwD}m C=QPwv=v R= `iO Ov}=Qi
(250C) j=D= |=tO QO xk}kO 60 COt x@ 1 M C_re =@ NaCl pwrLt 50 cc

3 |=Q@ ?P=H "CU= xOW s=Hv= pH = 3 w 150 rpm QwO =@ uRty |wQ Q@
xNQJ pw= Q=@ QO ?PH C}iQ_ "CU= xDiQo Q=Qk ?PHR=@ w ?PH |xNQJ QO Q=@
xOW xOR u}tND �35 867 swU Q=@ QO w �57 103 swO Q=@ QO w �78 667
u=Wv C=ar=]t u}= "OyO|t u=Wv ?P=H |=Q@ =Q |@ wN |R=UR=@ C}iQ_ xm 'CU=
|xr}Uw x@ VI swQm `iO "Ovm|t `iO =Q VI swQm |@ wN x@ NaCl xm CU= xO=O
w |Rri |=yuw} u}@ |m}D=DUwQDmr= |=yuWm =QDv}= |xr}Uw x@ CU= umtt NaCl

Ov=wD|t xm |m} QDmr= |x}q wO |R=UxOQWi j} Q] R= xm 'OW=@ QowWDUW pwrLt Q=@
swQm [30]"OQ}o CQwY 'Ovm h}a[D =Q u}ovU Rri w u=UwD}m |x}q wO u}@ pt=aD
x@ CWoQ@ p@=k |D=Q}}eD s=Hv= =@ 'CU= (Na2Cr2O7) CQwYx@ xm xOW?PH=w

[31]"OQ=O =Q `}=vY Q}=U QO xO=iDU= C}r@=k u}vJty w O}rwD |xUwQB

|Q=m@; |xv=NQ=m ?=UB R= VI swQm ?PH "7"3
'CU= xOw@ u=QOvR=t |Q=U QO |Q=m@; |xv=NQ=m 'Q[=L VywSB QO |OQwt |xar=]t

=yCWwv=B
1. biooccumulation
2. biomagni�cation
3. Chromium
4. Chitosan
5. linear Amino Polysacchaides
6. deacetylation
7. Chitin
8. biopolymer
9. Kinetics
10. Sigma-Aldrich
11. Polymerization
12. AA400-Perkin Elmer (USA)
13. Malvern instruments Ltd
14. fourier transform infrared spectroscopy (FT-IR)
15. scanning electron microscopy
16. Swietenia Mahagoni shells
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