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1 World Health Organizationi (WHO) 
2 Chemical Precipitation 
3 Ion Exchange 
4 Reverse Osmosis  
5 Membrane Filtration 
6 Solvent Extraction 
7 Adsorption 
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2 Scanning Electron Microscopy (SEM) 
3 X-ray Diffraction (XRD) 
4 Fourier Transform Infrared (FTIR) 
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4 Pseudo-Second-Order Kinetic Equation 
5 Ho 6 Langmuir Isotherm 
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1LogkLogq +=

/]/3��& +�� &� 

Ce#�80  q�@J-� `!�8M  #���FB :P8H 1-��0� &� f-�(qe:�09-|
 q�@J -�� `��FB :��J &� �_" #�80  f-�( -�� f-�(1qmq�@J-�

#80  1f-( -� f-( b #80  -� -�0� q@J-� /�� f-�( $��%&!�?�9 q�0B-B
 :09-| /� �!�-  �
��@% �_" $N-)� 	 �_" &��!��) ���& ��� /�?

Ce/qe���[  &�Ce/� .�
�� #  :�� 

�#!#�#�
 �<��=9 ;�9'*4�'A�<��d

-9 `�  &�	# �-9 �0��) /� �_" /? �!, :l(-� 6&!G -�� -�_'
��<  $	& # f�K)� �N	-�% $�% ��
V �_�" $�-�� `�  +�� 	 �!,

]:�� q��
  /��X}	^~[
f-B	7��-9	�0��) /�6&!G /3��&}# ��0� ]�!,^^[

)}(n
1

efe ckq =

D-> 	� *� +�9-( ���&�5� /�3��& #�34 f-�9 &�1/�3��& X~���K��
#  �!, 

)X~(efe LogC
n
1LogkLogq +=

L��	& +�� &� /? 
Kf	n/� �_�" 6��, 	 �_�" :�09-| /�� �!�-  q��-. q0B-B

�
�@% &��!�) ��& �� /?Log qe���[  &� Log Ce/� # :�� .�
�� 
/3��& $�% `!8M  *� Y  �_" f-B	7�� `	��" &� #��� $��%X

.:�� 
�, 
��� ��l) 

�#B6� ' C4��� 
�#�#�DE4' ���*�+�
 ���,� �� -�(. )��� 

�<�,X6�&t!)��) -�!��EB 
��I���� �&!��  
�5����� L���!BSEM �&
#  ��l) # ��l) �<, +�� .�%� $� 6�&t!)��) 1��%� 7�
5
  �0�@?�

 
1 Freundlich Isotherm 

�<, 
&t!)�) �C ��? 	 /��,�� #F�KB :��J /? �&�� $� 
�0u�@V ��;�
 
�	��M  &� 
�, 
�%�l  6�&t!)�) 
*��)� .�
�@%b~��Be~-� !)��)

:�� �<, .^$!5��XRD # ��l) �& w0' .�%� 
��, 
�%�l  $�%
 T�0> +�� &� *��9 ��� 1��%α	γ$� &� .�&�� :�[��3  7�
5
  �0�@?�

 $!5��XRD �0% n&� 6�-��0) ��� �0@?	&�0% /� �!�-  #<0' /)!(
#�) 
��� 
�, �!�� 	 $&��4�� �� � �? D_J -5)�0� /? �)!, $��%

 6�08�� `!> &� 6�-�0)/� .:�� #B&�-J # #8?&!> /�? :I( ��!B
$� q���H *��9 	� $�&�� g	& +��� &� 
��, /0;B 7
5
  �0@?�α	γ

:��]^b	^cB 	 $7�
�� 6�!�EM  -��;� #����
, $�-� .[���0�
 *� ��G�J ����)XRD /�)!�) *� 1
�	��M  &� $7�
�� $��%c~~ ��B 

cm–1c~~~ T0>FT-IR .�, /�9-( �<,bT�0>FT-IR �!��- 
$� 6�&t!)�) /� # ��l) �& 7
5
  �0@?� &� �!�"!  ��;  6�<) .�%�

 T���0> +�����#���  �����l) ����%� 1w���0' &� 
����, 
�%����l  $����% 
cm–1 34450-3460 	cm–1 1630-1640 &� #M3��� �� �!��"	

 /�)!�) +�� B �& ��%�#�  ��0� w�0' �!�"	 f��� .��
? $��% /�� �!��- 
 
�	��M  &� 6�-��0) 
	-�( 6�,�FB&� cm–1 1385-1390 *� #?��J

4�08�� -R� &� 6�-�0) � �? ��, n&��0' .:�� #B&�-J 6�w$�% 

FG:"#-�!EB SEM *�6�&t!)�) $��0@?� 7
5
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FG: H#$!5�� XRD 6�&t!)�) $��0@?� 7
5
  

FG:I#T0> FT-IR 6�&t!)�) $��0@?� 7
5
  

&� 
�, 
�%�l  cm–11520-1530 	cm–11395-1410 /� �!�- 
�����J� /? :�� 6�
�-? 
	-( /)!�) L�!B �!% =�-> *� O
�?�	) �%

 �� �0@?	&�0%CO2
�, �_" (�!% w0' .�)� &� 
��, 
�%��l  $��% 
cm–1 580-560 ���  /���`#��,�FB&�Mn-O-Mn 	 
�!��� �!���- 

B�/)!�) +�� ��!� �0@?� -� $�0� ]:�� �%^e.[

�#�#9JK�
�L��( �L� MLN�O
 F
�)P ��Q 5L/)9 RL
 S1L�
�� -�(.)��� *�+�
 ���,� 

�#�#�#�Q�pH R
S1� K�
���( �� 
��B�-0RpH 6�&t!)���) L���!B Y��  D_��J #��&���? -��� #���� `!��8M 

$� &� -00�B �� 7
5
  �0@?�pH *� #�� `!8M b�Bx&�6�  X^~ 

��
��� /0�	� :P8H 1/[0��X~#�80  f-�(&��t��" &���[  	 -��0�

^e/~f-( &�-�0� f�K)� .:9-( �<,c-R�pH &� �& T�8�A  $��%
#  ��l) Y  D_J .�%� # ��l) �<, +�� ����) 6�&t!)��) /? �%�

$� &� 7
5
  �0@?�pH Y�  O����' &� $-��? #��&�? +0��' $�%
 &� Y  �_" :09-| 	 #��&�? .�)&��pH �� -��-�b��J +�-��? &�

 q0B-B /� #
F� �!4X/e^	 �G&�{c/^~#80  f-(&�.:�� f-(
 O��79� ��pH *�b�BxY�  �_�" :�09-| 	 D_�J �G&� ��70 

 /�� #�
F� �!�4 -�?���J /�� 	 :9�� O��79� q�0B-Br/}r	 ��G&�
rc/b{#80  f-(&�+��-��
� .�0�& f-(pH -���-�x/�� ��!�
�pH 

&� .�, ��A�)� Y  D_J /
0;�pH �!� :P8H +0��' $�% $��%H+

:�� ���* `!8M  &� �!�� +0�� :����& ���K�� Q���� 	$��% Cu2+ 	
�!� $�%H+��<  &� �_" $�-� #�  �t�" #��4 $�% �!�, .�� &�

/)!( 
70)!�� f-�9 /�� Y  $�% $��%Cu2+ 1Cu(OH)+1Cu(OH)2+ 	
Cu(OH)2 �"!�]�
�@% �!^rP8H .[�( :�0% /)!�0�	&��, 7�� 
��/

FG:T#-R� pH Y D_J �_" :09-| 	 D_J �� �)�& -� 
$� 6�&t!)�) L�!B 7
5
  �0@?� /0�	� :P8H)d�#80  f-(&�&��[  1-�0�

 �t�"hm/�f-(&�U��B �� * 	 -�0�dh� (/[0�� 

	 Y  :P8HpH �!�� .�&�� #5��@� `!8M  $��% Cu2+/�)!( ��;
B
.�J #)!��8M  &� -�&� `!pH ?�wV! �B�*� -r]�
��@%^x&� .[ 

pH $�0�� $�%^	b
	-( �� &� �!�"!  ��0)!�-? $��%�6�&t v3
"��� �t���K�� Q���� ����, :u�  &���u� 	 
� ��� �!�� ��9� q$��% 

Cu2+ #  �!� +0� #����& +0
a�% .�!, $�% H+	 L0�M  &� �!�"! 
�!� $�% Cu2+	 �&�� �!�"	 �t��" $	& ���, �_�" $�-� Q����

�[  O%�?&�# �_" �!, &� .pH $�%e1r	x/�� O��7�9� :�8�
 &��[ OH-�!0B��? �_�" :�09-| 	 ��G&� 1L0M  &� $��% Cu2+ 

#  O��79� ���� ]^{	^}[.&� ��&�<�% 	 	&-%#l%	z' 
��I���� ��
$� 6�&t!)�) *� 7
5
  �0@?���0@?�-' �N	&�0% &�pH /
0;�x/��

 D_J �	�J}}�G&� 789+%� /��9�� :�� ��)�]b~.[#�l%	z' &�
 #�@0>�
�  6�&t!)��) ��� �& Y�  	 f	-? -G�
� �_" �)�� 	 #,

 -��� *� �G�J ����) .�)��� &�-� #���*&� �&! O%	z' �%���l) 7�0)
 O��79� �� /? :�� 
���pH *�X��BeO��7�9� Y�  �_�" &���[  1

#  ]����bX.[

�#�#�#R
S1� K�
���( �� U�>9 K�
� �Q� 
B�U��B �� * -0R 6�&t!)��) L��!B Y�  D_�J #��&��? -� O
?�	 

$� 0@?�� * &� -00�B �� 7
5
  ���*� U��B ��-IG �BX^~ [0���&� /
�� #�!8M pH -��-�x
�
��� /0�	� :P8H 1X~#�80  f-�(&�	 -��0�

 �t�" &��[ ^e/~f-( &�-�0� �<, .:9-( f�K)�eD_�J &��!�)

*�� &� Y  !)��) L��!B +0F  #)� * $�%$� 6�&t �& 7�
5
  �0�@?�

#  ��l) .�%� 1U���B ��� * O��7�9� ��� /�? ��� ���l) �G�J ����)
 O��79� Y  �_" �G&�:9�� �� * �B �)	& +�� .r~�B}~/�[0��

 ��0�& 	`��FB �� * /�:,�� / ���.D_�J �� ��)�& ��� * +��� &�
 /� Y {/}rO%��? �_�" :�-�� 6�  +�� *� �F� .�0�& �G&�

 ����  	 D��G #�
M
  w� /� #;�
  	 /�9�� ��, ���l) �<�, +��� .
#  �� * &� /? �%� 1�t�" L�!B 789 *� #���� -���[  70) 
�B!? $�% 

S
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�
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7 ��������	
��
����� � ��

($%���)U�>9 K�
� 
FG:[#B��� * -0R Y �_" :09-| 	 D_J �� �)�& -� T8�A  $�%

$� 6�&t!)�) L�!B 7
5
  �0@?� /0�	� :P8H)d�#80  f-(&�:P8H 1-�0�
 �t�"hm/�f-(&�	 -�0� pH -��-� p(

/� :�� 
�, �_" $&!�> #�
F� �_�" *� #;"!�B ����� O�A� /�?
 �	�J}~�G&� &� 1�_"b~� .�!� �_" /8J-  `	� /[0����/&!>

8?��9� �� #� * O��7���0  U��B �� * 1O
?�	 ���!� $�% 
��
���
�!� 	 /�9�� O��79� 6�&t!)�) 	EB� $�-� �& $-�l0� �� * �%�`�/��

< ���%�" $��.��)&�� 6�&t �!3�� -�� �!�"!  �_ 	 �& ��
0 !�
$� 6�&t!)�) *� #l%	z' &� ��&�<�% 
5
  �0@?� Y�  �_" $�-� 7

.�)�-? 
��I��� �-� 	O%	z' +�� &� ��� *X^~ /�� /�[0�� ��!�
�
 `��FB /� ��0�& $�-� f*� �� * �!� q��
 ]XX.[	 !��N +085)	�

��&�<�% $� 6�&t!)�) *� #l%	z' &� �-�� D_�J &� 7
5
  �0@?�
 
��I����)�-] U���B ��� * O��7�9� ��� /�? ��� ��l) ����) .1��7�0 

#  O��79� �-� �_" /�� :���� w�� ��� * 	 ����� ��� * ��!�
�
 `��FB/�� � :��]b^.[

�#�#�#9JR
S1� K�
���( �� 0.�2 (��%
 ��Q 
B #�&-��D_�J #��&�? -� �t�" &��[  -0R Y�  6�&t!)��) L��!B

 *� 6�&t!)�) ��70  &� -00�B �� 17
5
  �0@?�Xe/~��B e/~f-�( &�
-�0� �� #�!8M  &�pH -��-�xU��B �� * 	/�
0;� ��/*� 
�� � :���

 #
F� �u� O�� *�r~	 /[0�� 
�
��� /0�	� :P8H X~#80  f-(&�
.:9-( f�K)� -�0� �<�,r�B�	 D_�J ��G&� -�� �t��" &���[  -0R

�!� �_" :09-| $� 6�&t!)��) L��!B Y  $�% �& 7�
5
  �0�@?�
#  ��l) .�%� " ��70  O��79� �� *� �t�Xe/~f-( &�-�0� ��Be/~

f-( &�-��0� *� D_�J �� ��)�& 1x/}^��B^/}x	 O��7�9� ��G&�
 *� �_" :09-|{/rX/�cc/X}#80  .:�9�� O%��? f-�( -� f-(

 *� �t�" ��70  O��79� ��^e/~�Be/~f-( &�-�0� #)���
V -�00�B
 
�%��l  Y�  �_" :09-| 	 �� �)�& &� ��l) ��7�0  O��7�9� ��� .

 O%��? �_" :09-| #�	 O��79� D_J �� �)�& 1�t�" #�  ����� 1
�!� :��R /0�	� :P8H �-�*
f���B *� �t��" *� -��l0� O��7�9� ��� 	

) 
��I��� �t�" #�_" :09-|#��!, � 	�:�� " $�%�-� ��*� #�_ 

(���< (� ;�D)0.�2 X\N] 
FG:^#B�-0R Y  �_" :09-| 	 D_J �� �)�& -� �t�" &��[ 

$� 6�&t!)�) L�!B 7
5
  �0@?� /0�	� :P8H)d�#80  f-(&��� * 1-�0�
 U��B��	 /[0��pH -��-� p(

�!�"	 �t�" v3� $	&�&��.+0�
a�% �t��" &���[  O��7�9� ���
� �t�" �&!4-� `���J��? ���!0B� ��9�� O��79� $789 $�%/qu�� 	

�
��� �_" O��79� # .�!�, /�� �� ��)�& O��7�9� -�5�� 6&��u�

/� �t�" *� O��79� �� Y  D_J U-���� &� 	 ���, -��l0� ��0��
:��� ��!� 
z�	 v3� 	 #���uB $�% :��]bb	bc[.	 !�� ��
 

 ��&���<�% #��l%	z'/��� 6�&t *� 
��I����� ���� �-��� �_��" &!��P
 
$� 1��)��� f�K)� &���� 7
5
  �0@?� �)�0��& /�K0�) +��� /�� 	��� /�?

 #��  O��7��9� D_��J ���G&� �t���" ��7��0  O��7��9� ] ������be.[
��&���<�% 	 +0%�!��;0��, 7��0) &�#��l%	z' 6�&t!)���) *� 
��I����� ����

 #��&��? 1�t��" ��7�0  O��7�9� ��� /�? ��)�-? g&�7( 7
5
  �0@?�
#  O��79� D_J �? �_" :09-| #�	 ����# O% ����]br[.

�#�#!#R
S1� K�
���( �� $�<'� X\N] �Q� 
#�&-�B�L��!B Y�  D_�J #��&��? -�� 
��
��� /�0�	� :�P8H -0R

$� 6�&t!)�) -����[  &� 
�
��� :P8H &� -00�B �� 7
5
  �0@?�X~1
^e 1e~	xe#80  f-(&���� #�!�8M  &� -��0�pH -���-�x��7�0  1

6�&t!)�)e/~f-(&�-��0� 6��  #�> 	r~.:�9-( f��K)� /�[0��
 �<��,x:��P8H -��R� L���!B D_��J #��&���? -��� Y��  T��8�A  $���%

$� 6�&t!)�) 7
5
  �0@?� �& #�  ��l) .��%� 
�%��l  /�? /�)!5)��%
#  L��!B Y�  �_�" :�09-| 1Y�  /0�	� :P8H O��79� �� 1�!,

$� 6�&t!)�) *� 7
5
  �0@?�c{/X}�Br/Xcx #80  f-�( -�� f-�(
��79� O#�  ���l) 	 :�� /�9�� ��%� Y�  /�0�	� :�P8H /�? #)�� *

#  O��79� :��� 	 v3� ���[9 1���� &� �_" ��� $�-� `�F9 $�%
 $-��? �_" Q��� 1��� :P8H# 1�!,:��� 	 v3� +�� ��70  �%

#  O��79� :P8H /? #)� * 	 :�� #���R ����1:��� 	 v3� -�' ��%
#  �!, # O��79� �_" :09-| 	����]bx[.

+�� &�O%	z' 0�	� :P8H O��79� ����)�& 1Y�  /��J �� ��D_
0)�O��79� 7:9��+�� . @ �/8+�� /� �0���!� :P8H /? /0�	� $�% 
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�N�
) $�<'� X\N] (���< (� ;�D 
FG:_#Y �_" :09-| 	 D_J �� �)�& -� /0�	� :P8H -R� 

$� 6�&t!)�) L�!B 7
5
  �0@?� �t�" &��[ )m/�f-(&�1-�0� 
U��B �� *��	 /[0��pH -��-� p(

+��� &� 
��I���� �&!  O%	z��' �| *� 1����;) :09-�/8�G�9 �_�" #
$���*:,���� +��-��
� 1�_�" 1/0�	� :P8H O��79� ����% /�� 7�0)

 O��79� :u@)# O��79� �� 	 ���� w� *� :P8H ��7�0  /�� :�P8H
 O%��? D_J �G&� �F� #�  �����.&� 7�0) ��&��<�% 	 �& ��
0 !�

 $� 6�&t!)��) *� 
��I���� �� #l%	z' Y�  D_�J &� 7�
5
  �0�@?�
 �� �& #;��l  ����)/��)�&	� :��� ]XX[.&� ��&��<�% 	 !�� ��
 
$-��5�� O%	z��' /��� /��? 6�&t *� 
��I����� ���� �-��� �_��" &!��P
 

$� 1��)��� f��K)� &����� 7
5
  �0@?� /�K0�) +��� /�� �)�0��& ��� /�?
#  O��79� �_" :09-| 1�-� /0�	� :P8H O��79� ����]be[.

�#�#R
 012 7����/ 
�_" w0�
0�-9 `-�
? �@0)�<  +00FB $�-��#M3� �_" $�%�
�

#  
��I��� .�!, O0�' 	 O
?�	 w0 �
�� 2&� $�-� :0F�.	 #�
0�
-9 w0�
0� *� �C>� 1�� * �� �_"���;  &�0�@� �%�
� :���]b{	

b}[.O���� *� *� ���G�J ������) *� Y��  �_��" w0�
0��� $���%
`!8M  $� 6�&t!)��) L��!B #��� $�% *� 
��I���� ��� 7�
5
  �0�@?�

`�  `	�" &� f	� /uB-  /u, 	 `	� /uB-  /u, w0�
0� $�%^��l)
 `	���" +��� /�? /�)!5)��% .:�� 
�, 
��� #�  ���l) ��%� q�-�. 1

+00FB )R2*� -B���� f	� /�uB-  /u, `�  &� ( `	� /�uB-  /u�, `�� 
 #�  ���l) /? :�� &� $-��l0� :�08��� f	� /�uB-  /u�, `��  ��%�
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