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 1	9!� z�	9.� +9; 5�9� '	9��� 1��	u$� � ,�	� ,: K4�� ��	� g	�L�

 �� 7�� 5����pWF �U���EPA 	� �	J� �� '��; <� VW	�]WW 
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z�	.� 1��4�
� H�PD� ,� 1	!� �9�� 	� �.���	� %�� +; ��� �9>v� ��
,� ��	� 1��4�
� +:�	3� iO�; ����� � ��� ���9L� %���P-value 

�4�8,� 1	!� +; %������� ���H�	) �� �9P) +� &� %.9� [��9_
��(99� �99�1��994�
� +99:�	3� �� �(99�� P-value i99O�; �994� �99� .
,4��� ���L� +; ��� 1	!� 	�pH ���F �� +��2� ]W�4� %9�� �� +9;

pH �S	� &� ��.�-� ��� �(9P6 1�9� &� �w9� +9� oG�	9; B��9U
����� ���� K�D� �� #	36.

(��9 ��7�	��� w� 1�� ,�	��	� � ��(6� '�� K4�� 5�� ,F��0 �	� 

pH 
�T	9
�G-�)([�@

K	�Y
(��-��)

K 7 �]Gs
)kGP

�5	7Y	5 �E�� 

1020603099.39
41006015033.32
760379099.06
760379099/ 09 
4100603072.37
420153031/05 
760379099.07
7140379099/53 
160379076.56
4100153058.86
710379096.67
760379099/11
420603048.80

10206015099.03
1360379099.29
760371098.59

10100153099.55
760379098.94

1090153099.16
4201515016.33
760379098.55

10201515099.51
101006030100
41001515034.73

101001515099.61
7603721099.05
760829098.97

101006015099.59
4206015018.21
76059099.43
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(��9��1��4�
� [��_ %�$N� 
SourceSquaresdfSquareValueProb > F
Model17365.06141240.363.04<0.0001

pH11599.49111599.4928.42<0.0001
Adso830.771830.772.04<0.0021
Time162.11162.10.40.5381
ppm290.511290.510.71<0.0041

Adso*Adso 1239.4411239.443.040.1019
Time*Time 768.831768.831.880.1901
ppm*ppm 440.541440.541.080.3153
pH*Adso432.951432.951.060.3194
pH*Time62.15162.150.150.7019
pH*Adso432.951432.951.060.3194
pH*ppm1230.1411230.143.01<0.0001

Adso*Time 2.9512.950.030.9334
Adso*ppm 20.71120.710.0510.8248
Time*ppm 63.9163.90.160.6979

(��9.������ �� 5�� �	N.�� K���� %��.2�,�	��	� �v;��F +� 1��4� ���� ��	2�!�� 
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 �� �93� ,2��9� H�	I ���pH � ����9L �S	9� �9�.�-���	� �9���.�� 
�4�� ��� +; 8���L ,� �S	� %9�� ��� �9� ����� H9�	) ��9� ���|9�

 ,9��� ���9L� ����� �9�� %9�� [��9_ .����-� ��9�� 8�94� 96�(7��
 1�� �EPAw��9�	� ���9L� i9� ���9� ��� 1�(�� 7�	; �)	�
,� �S	� .��� 

.���2�K 7 �5	7Y	5 K
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B�
+" ��@�	$� �� #���XH�	I5��	!� 8�4� �9� ���� H�	L.� ��� 	2��

 1�� ,�	��	� 1�(��8w� 1	�($� ���pH �(9P6 1�9� �EPA 1�(�� �
.�4� ?@94 �� H9���) +9�L� 8H9�	) �� H�	L.� ��� ,4��� ����'�� 

,� +.6�
 �E� �� ��	� ����.
+D�U ,�D�� H�	L.� ��� ��pH 1�9� �9EPA 1�(9�� ��(9P6 ��

Hd9�].�94� 5�9� 5��� 1	9!� 7��(96�pH 1�(9�� 7��(96� [>94
,� w� 1�� ��� [��9_ ,9
�(� �9P) +9� H9�	) %9�� �9�� .��9�

 +9� 5�9� ��9JD� &92� H9�	) i9� 1��4�
� +:�	3� �� 1� +0����
 ��9� 1�(9�� �� g�d3� ���� +; �(P6 1�� 7��(6� ,².F +; ���0

 �� ����pH.��� 1	!� ,��  +� �� ��  ��� +.J���.� C	� �	� 

&*���+D�U ,�D�� H�	L.� ��� ��pH �(P6 1�� �EPA 1�(�� �
,�	��	� 1�(�� ��Cu2+ 

.���[�� ~�X �5 �+-�5 �7
�� I--/L �
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+� �� 5�	�.94� 	9� �(9P6 1�9� ,�	9��	� 1�(�� 1��4� �v"��F +� ��E��

�S	� �9� +9.6�
 �E� �� 1	Jd� ����� +$� �� 1	�� 8�E� ���� �	�
1�� ���� �(P6 1�� �EPA �w� �	�ppm XW%�� �� .�� �	N.��

�E� �� 	� �(P6 1�� ���� 5�� %��3� �	N.�� �� ���	9L� %.6�9
pH 8
#��9� �� � 5�9� �	9N.�� +9��(
 %��.2� 8,�	��	� � �S	�X5����
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� �	J� )�� z7	�YU 
w9� �9=�) 	9� +; �4� ��U	�) ��	F +$!O�4 w� 1�3� �	J�
 .�99��; ,9� ,9���$� ����:�994 �	��	9J�	; �� �� w9� � �9��(����	�

B�	>) �U	�) %�� 5�$) : �� ���Ni, Cr, Co, Pb, Zn Fe Mn, Cd, As  
�S,
h�� +� +��� 	� �U	�) %�� ���L� 	�� . T��9  � ,�	�$�� �	�

 �94� B�	�.� 5��A � ����� +��� 8����� ����� H�	� ,d�(�6]��
p[#��9� �� �S	9� ��	� ��� �� w� ��� �����6 7�	��� z�	.� .
a.�4� 5�� +Q��� 

(��92��	J� +��$� ��w� �(P6 1�� ���L� 
Kk�! ���S(rpm) B� kGP �
���(ppm) )kGP K 7

750 02/W ��� �� 7��
750 014/W ��� �� w�

2��?-$� )�-@ 
��9dP$) ,9
h�� %��3� ���� ,�	��.���	� ,4��� 	� �(P6 1�� <�F

'�� �� 5�	�.4� 	� .�6�
 B��U �S	� #�� � ��(6�CCD  � +�(�� +�
 +4 �� �� H�	) �	2O � �� +. ���� ����� �	��.���	� ��	�� H�PD�

.��� ���I ,4��� ���� ?@4 1	9!� ���.� �	2O ���� H�PD� � +�(��
 ,9� B�(P6 <�F +" ��� [��9_ 	9� +9P$� �9�O #�9� i9� �� �9����

,�C	� 	.>J��p=R2���|9� 5�9��; 1	9�� +9; 8��9� 5��� `�9�pH �� 8
� �S	� .�94� �	9J� �� w9� 1�9� <�9F �9� �(9P6 1�9� �EPA

 1�(9�� 8,93I�� �	J� �� &F�(� �U	�) �� ��	�J� ���� 	� %��Z$�
 �S	9���	� ��9� �C	� ��P�	I 5���� 1	!� � 5��� H�	� H�	I ���

�4� w� 1�� <�F 	� � ,�	��	� �� 5��(.�4 ��.�-� ����.��.
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