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Qr}iwv=v C_re V}=Ri= <=R= QO [27w23]"CU=We K]U Q@ hrDNt C=QP ?PH
T=U=Q@ w O@=}|t V}=Ri= pwrLt QO =y=We K]U |ivt Q=@ u=R}t 'EDTA-GO

Ovv=t q=@ C}iQ_ =@ uw}D=m |ivt |L]U Q=@ =@ =We '|m}D=DU=wQDmr= |xai=O |wQ}v
'C=QP R}=U QF= x@ xHwD =@ "Ovm|t `iO =Q q=@ C}iQ_ =@ uw}v; w ?PH =Q 2 Mg2+

|R=U=OH u=R}t u}=Q@=v@ 'CU= xOw@ QDW}@ �Cl x@ C@Uv SO�2
4 |xD=QO}y `=aW

x@ =y=We |R=U=OH Q=DiQ |rmQw]x@ "CU= QDW}@ NaCl x@ C@Uv NO2SO4
uw}U=QDr}iwv=v |=y=We Q=DiQ xm CU= NaCl < MgSO4 < Na2SO4 CQwY

[30�28]"CU= xvwou}= |ivt Q=@ =@
|=yuw} =@ xOwr; |=y?; |x}iYD QO xOW xDN=U |=y=We |}=Q=m |@=} RQ= |=Q@
xO=iDU= Cu2+ w Pb2+ u}ovU C=Rri |=yuw} pwrLt uw}U=QDr}i R= 'u}ovU C=Rri
u}ovU C=Rri |=yuw} hPL |}=Q=m u} QDq=@ 'G}=Dv T=U=Q@ "�10pmW� CU= xOW
u} QDtm w OYQO 88 w 85 ?}DQD x@ NFM3 |=We x@ \w@ Qt Cu2+ w Pb2+

C=Rri hPL "CU= xOw@ NFM0 =We x@ \w@ Qt OYQO 21 w 19 'hPL u=tOv=Q
p}mWD �hr= %OyO MQ p}qO u}= x@ Ov=wD|t |}=We uw}U=QDr}i VwQ R= xO=iDU= =@
QO xm 'EDTA-GO |v}t; |rt=a xwQo w u}ovU C=Rri |=yuw} u}@ TmrBtm
C} RwBt=mwv=v uOwRi= �? "OwW C=Rri hPL x@ QHvt 'Ov=xOW xi=[= =We Q=DN=U
'OwW =We K]U QO |ivt Q=@ V}=Ri= x@ QHvt =We T} QD=t QO EDTA-GO

|xai=O |wQ}v j} Q] R= u}ovU C=Rri |=yuw} hPL V}=Ri= Ea=@ xH}Dv QO
|ivt Q=@ =@ =We K]U QO C@Ft Q=@ =@ u}ovU C=Rri |=yuw}� |m}D=DU=wQDmr=
QF= u}ovU C=Rri |=yuw} hPL QO =We Pi=vt `=aW �G "OwW �OvwW|t ?PH
|t=tD |=Q@ Pb2+ < Cu2+ CQwYx@ u}ovU C=Rri |=yuw} hPL ?}DQD "OQ=O

"CU=yu; |xD=QO}y `=aW =@ ?U=vDt xm CU= xOW xDN=U |=y=We
Pi=vt `=aW =@ EDTA-GO Qr}iwv=v =@ xOW KqY= |=y=We xm =Hv; R= =t=
<=We =@ xU}=kt QO =Q u}ovU C=Rri |=yuw} hPL QO |QDq=@ |}=Q=m 'QDnQR@
?r=e |=ysU}v=mt xm CiQo xH}Dv u=wD|t 'OvQ=O QDlJwm Pi=vt `=aW =@ PES

|=y|oS} w 'xOWKqY= |=y=We R= xO=iDU= =@ u}ovU C=Rri |=yuw} hPL |=Q@
=@ 'u}= OwHw =@ [20w3]"CU= xOWKqY= |=y=We l}D=DU=wQDmr= hPL w |@PH
hPL |}=Q=m '|vRw �0=5 =D =y=We T} QD=t QO EDTA-GO C_re V}=Ri=
`tHD p}rO x@ CU= umtt xm 'CU= xDW=O |�RH Vy=m u}ovU C=Rri |=yuw}
w QF-wt K]U Vy=m x@ QHvt xm 'OW=@ =We Q=DN=U QO EDTA-GO |r=tDL=

"CU= xOW p=ai |@PH |=yC}=U Vy=m

" |oDiQo Q@=Q@ QO xOW xDN=U uw}U=QDr}iwv=v |=y=We OQmrta "8 pmW

p}rO x@ 0=25 |vRw OYQO =@ xOW KqY= <=We '=y=We u=}t QO "CU= QDq=@ Q=}U@
QO Q}}eD p}rOx@ CU= umtt xm 'OQ=O |oDiQoO[ |q=@ X=wN 'FRR |q=@ Q=Okt
T} QD=t QO EDTA-GO C} RwBt=mwv=v =@ PES ?}mQD R= |W=v =We K]U |t}W
EDTA-GO C} RwBt=mwv=v QO |v}t; CUwO?; |rt=a |=yxwQo "OW=@ |}=We
l} xQ=wty w Ovm|t Q=QkQ@ ?; |=ypwmrwt =@ |vSwQO}y Ovw}B '=We K]U QO `k=w
pt=a u=wvax@ BSA ?PH `v=t xm 'OQ=O OwHw =We K]U QO ?; lR=v |x}q
C@Uv %xrtH R= '|oDiQoO[ X=wN QDW}@ C=}�RH "OwW|t =We K]U QO |oDiQo
Q}PB=vCWoQ@ |oDiQo C@Uv w �Rr� Q}PBCWoQ@ |oDiQo C@Uv '�Rt� pm |oDiQo
KqY= |=y=We xm OyO|t u=Wv G}=Dv "OwW|t xOy=Wt �?8� pmW QO �Rir�
Rt w Rir Q=Okt u} QDtm w Rr u} QDW}@ |=Q=O 'EDTA-GO Qr}iwv=v =@ xOW
NFM0 |xOWv KqY= <=We |=Q@ Rt w Rir "OvDUy NFM0 |=We x@ C@Uv
KqY= |=y=We QO |yHwDp@=k Qw]x@ w xOw@ OYQO 72=82 w 60=86 ?}DQD x@
xm Ov=xDW=O Vy=m OYQO 41 w 33=66 ?}DQD x@ Qr}iwv=v |vRw �0=25 =@ xOW

"CU= |ak=w ?=UB |x}iYD QO NFM3 R= xO=iDU= C}r@=k |xOvyOu=Wv
w |}=ORltv QO xOWxDN=U uw}U=QDr}iwv=v |=y=We |}=Q=m |UQQ@ "3"3"3

nvQ w u}ovU C=Rri hPL
pwrLt R= '=yltv uw}U=QDr}i QO xOW xDN=U |=y=We OQmrta |UQQ@ Qw_vt x@
|}=Q=m '9 pmW QO "CU= xOW xO=iDU= NaCl w MgSO4 'Na2SO4 |=yltv
w u} QDq=@ '=y=We |xty |=Q@ "CU= xOW x�=Q= xOW xDN=U |=y=We |}=ORltv
T=U= "CU= NaCl w Na2SO4 |=Q@ ?}DQD x@ ltv |R=U=OH u=R}t u} QDtm
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p}yUD =Q =We R= CR nvQ Qw@a xm 'OwW|t |}=We Pi=vt QO |�RH V}=Ri=
|@PH |=y|oS} w =@ CR hPL |=Q@ ?r=e sU}v=mt 'QwmPt \}=QW QO [8]"Ovm|t
Qw[L QO ltv hPL OYQO u}vJty "CU= \@DQt =We |=yxQiL |xR=Ov= w
xm Ci=} QO u=wD|t G}=Dv u}= R= xm CU= xOw@ �54=8 OwOL w C@=F ,=@} QkD nvQ
|�RHOvJ w ltv |�RH lD sDU}U QO NFM3 <=We R= Na2SO4 |}=ORltv
|yHwD p@=k QF= 'nvQ Ovv=ty 'Qo}O |=yxOv}q; Qw[L OyO|t u=Wv xm CU= x@=Wt
C_re u} QDq=@ QO |DL CU= QmP x@ sRq "OQ=Ov |}=ORltv QO =We |}=Q=m QO
xm OyO|t u=Wv Q}N= G}=Dv "CU= �96 CR nvQ hPL OYQO ' Na2SO4
nvQ w ltv u=tRsy |wDLt ?=UB |x}iYD QO |}q=@ p}U=DB 'NFM3 <=We

"OQ=O

|Q}oxH}Dv "4
|=yxwQo =@ K]U KqY= R= TB w RDvU Qt=y VwQ x@ GO 'Q[=L |xar=]t QO
C} RwBt=mwv=v w �GO� xO=twv=v CQwY wO x@ 'EDTA |xOvvmC}rm |rt=a
R= xO=iDU= =@ PES <=We T} QD=t QO xOvvmKqY= u=wvax@ '�EDTA-GO�
T} QD=t QO EDTA-GO C_re QF= "CU= xOW xOwRi= R=i V}=OH VwQ
%xrtH R= '=We OQmrta w K]U |t}W '|SwrwiQwt QO uw}U=QDr}iwv=v |=y=We
'pNrND 'Q=W "CU= xOW |UQQ@ |}=ORltv w |oDiQo '|DUwO?; w pNrND 'Q=W
GO =@ xOW KqY= |=y=We QO |oDiQo Q@=Q@ QO Ctw=kt |=y|oS} w w |DUwO?;
NFM0 |xOWv KqY= <=We x@ C@Uv |yHwD p@=k V}=Ri= EDTA-GO w
Q=DiQ x@=Wt '|}=ORltv QO xOW xDN=U uw}U=QDr}iwv=v |=y=We Q=DiQ "Ov=xDW=O
QO xOWxDN=U |=y=We |}=Q=m u}vJty "CU= xOw@ uw}U=QDr}iwv=v |=y=We pwtat
|�RHlD sDU}U QO Cu+2 Pb+2 u}ovU C=Rri |=yuw} wCR nvQ hPL
QO =Q |}=Q=m w OQmrta u} QDq=@ '|vRw 0=25 =@ NFM3 <=We xm 'OW uwtR;
|}=Q=m "CU= xO=O u=Wv ?=UB R= |r; nvQ w u}ovU C=Rri |=yuw} hPL
u=wva x@ EDTA-GO C} RwBt=mwv=v |vRw 0=25 =@ NFM3 <=We |q=@
w |oDiQoO[ X=wN u} QDy@ 'Q=W w |DUwO?; u=R}t u} QDW}@� p;xO}= <=We
nvQ u=tRsy hPL QO �Cu2+ w Pb2+ uw} w nvQ hPL |}=Q=m u} QDW}@
|=Q@ EDTA-GO C} RwBt=mwv=v =@ xOWKqY= |=y=We xm O=O u=Wv ltv �
w ?=UB '?; |x}iYD QO |oDiQoO[ X=wN =@ Ot;Q=m <=We l} |xaUwD
Ot;Q=m Ov=wD|t u}ovU C=Rri |=yuw} w nvQ hPL QO |DU} R\}Lt |=yOQ@ Q=m

"OW=@

u}ovUC=Rri|=yuw}hPL QO xOW xDN=Uuw}U=QDr}iwv=v |=y=We|}=Q=m "10 pmW
nvQ C_re 'gL�10=1 � C=Rri C_re� CR |r; nvQ w Cu2+ w Pb2+

90 COt x@ O=Qo|Dv=U xHQO 25 |=tO 'bar 3 Q=Wi '6 = pH; gL�10=2
"�xk}kO

10 pmW QO 'xOWxDN=U |=y=We \UwD CR |r; nvQ hPL |}=Q=m
hPL |}=Q=m 'xOWxDN=U uw}U=QDr}iwv=v |=y=We |t=tD QO "OwW|t xOy=Wt
|}=[i Cav=tt |xO}OB 'uw}U=QDr}iwv=v |=y=We QO "CU= xOw@ �98 R= V}@
Q=OQ=@ C=QP hPL w |R=U=OH QO �u=vwO |xO}OB� |m}D=DUwQDmr= |xai=O w
C_re V}=Ri= =@ 'OwW|t x_Lqt 10 pmW QO xm Qw]u=ty "OvQ=O Vkv
98=01 nvQ hPL '=We Q=DN=U QO |vRw �0=25 =D EDTA-GO Qr}iwv=v
p=@ Qe QF= QO V}=Ri= u}= xm 'CU= xDi=} V}=Ri= =We \UwD OYQO 98=78 =D
Q=@ 'CR w =We K]U wO Qy xm =QJ "CU= xOw@ |m}D=DUwQDmr= |xai=O j} Q] R=
|=We "CU= xOW hPL CR 'u=vwO |xai=O |xO}OB |x]U=w x@ w OvQ=O |ivt
xDW=O �98=78 u=R}t x@ =Q CR nvQ hPL QO |}=Q=m u} QDW}@ R}v NFM3

"CU=
?=UB R= OQwovwm |vw}v; nvQ hPL QO ltv C_re QF= "4"3"3

xOW |R=Ux}@W
hPL QO q=@ |}=Q=m '?wN |}=ORltv 'Xr=N ?; |q=@ Q=W =@ NFM3 <=We
xOW |UQQ@ nvQ �ltv u=tRsy |x}iYD QO p;xO}= <=We u=wva x@ =yxOv}q;
=@ Na2SO4 |w=L |�RHwO pwrLt uw}U=QDr}i QO =We |}=Q=m Qw_vt u}O@ "CU=
�gL�1 0=2�C@=FC_re =@ CR w (gL�1) 1 '0=25 '0=1�hrDNt|=yC_re
Na2SO4 C_re V}=Ri= =@ xm O=O u=Wv xOt; CUOx@ G}=Dv "CU= xOW xar=]t
�98=7 R= CR nvQ hPL OYQO '�gl�1� 1 x@ 0=1 R= l =QwN pwrLt QO
C_re QO xm OW=@ p}rO u}= x@ Ov=wD|t xm CU= xDi=} Vy=m OYQO �96=5 x@

=yCWwv=B
1. Congo red (CR)
2. Nano�ltration membrane
3. Chemical precipitation

4. Ion exchange
5. Chemical oxidation
6. Adsorption
7. Membrane �ltration
8. Polyethersulfone
9. Graphene oxide nanosheet
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10. Ethylenediaminetetraacetic acid
11. Dead-end system
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