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���� ����  : �X����4X9� ��@ Payandeh426@gmail.com  Investigating the removal of heavy metals using nanoclay composite stabilized on chitosan surface Seyed Ghodratullah Mousavi Mombeyni1, Khoshnaz Payandeh*2, Lalleh Roomiani 3  1Department of Environmental Sciences, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran 2Department of Soil Sciences, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran 3Department of Fisheries, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran  Abstract This research aimed to investigate the effect of nanoclay composite stabilized on chitosan surface in removing zinc, copper, iron and aluminum metals from fish meal Company effluent in 2017. Chitosan was prepared from common carp (Cyprinus carpio) skin. The amount of absorption of zinc, copper, iron and aluminum metals by chitosan-clay nanocomposite was investigated in five concentrations of 0, 0.2, 0.5, 0.8 and 1 weight percentage and at contact times of 60, 120 and 180 minutes. . In two concentrations of 0.2% and 0.5% of adsorbent and in contact times of 60 and 120 minutes, zinc and aluminum metals had the highest absorption rate compared to copper and iron metals, and in contact time of 180 minutes, iron metal had the highest absorption percentage (P<0.05). In concentrations of 0.8% and 1% of adsorbent in all three times, zinc metal has the highest removal percentage and aluminum has the lowest removal percentage (P<0.05) and two metals iron and copper rank second without any significant difference were placed (P<0.05). The results of the present study showed that the amount of metal absorption by chitosan-clay nanocomposite is related to the concentration of the adsorbent and the contact time and chitosan-clay nanocomposite can be used to remove and reduce the level of heavy metal contamination in the wastewater of fishmeal and other food factories.  Keywords: fish powder Company wastewater, heavy metals, composite, clay nanoparticles, Chitosan Received: 10/07/2023 Accepted: 12/09/2023 
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%�42  ���4�	 A<��� A/ %�;<= �N<O � ��K ����X� ��Perkin Elemer  ?��3030 ������ �X���� +��" �#�� .�& 7��� �/ ���G �X�=��� �+�" 
A<H& m4��� 7�+�	 ���4�	 3��HGA 400 Programmer  ��+�� m4��� �MHS 10  1�\<)  �& ]21.[  A6/�+ cG" A/ B��@ �� %�;<= B>K �T+	1  �& A'���� ]22:[   )1(           100 × 0C /) tC - 0Metal absorption % = (C   �� +	 A"0C  �tC  ?�<�� +	 %�;<= A�9�� �N<O p�)�) A/ .	�/ [����� 8�E�� �� �H/ �� �N<O �   � A�;E) 7��/d�<�) 8�� �� 7+��� +�;=�SPSS23  �	�\4�� c� :���+�� ;�9��� �� .��	��) A=�eANOVA(  7��/ �N<O 3�/ 0�4#� 	�K� ��i�) � B,�K w<4i� 7� ���� �T+	 3������ A���2� .�& �	�\4�� ��+�/ 	+�� 7� .�=�� %+�T 3X��	 A!��	 �!u ����� cG" A/ B>K!H� 0�4#� 	�K�� 56� +	 +�	 ?�G4��5 .�& 3��H) �T+	  3 .F! (� � GH�   B>K �T+	 �� �)W�/ 	�/ 3� � :� ;<= )05/0<P �	 ��� ( �!H� 0�4#� ����X� �/ 8��!���9� � 7�+ ;<=&��� 7+�	�!4 )05/0>P.( 
�N<O �	 3�� +	  �� :@180  �T+	 
A2�V	  �/ p�)�) A/ 3� ;<= B>K51/2±33/52 �T+	 � 52/1±33/66 +	 
�T+	  %�;<= B>K �T+	 �/ A���2� :� 
7�+ �&�	 7�)W�/ +��2� 8��!���9� � )05/0<P( . +	  �N<O �	8/0  �1 �	���� �	 +	 � B,�K �	�� �T+	  �����60  �120  �� �)W�/ 7�+ ;<= B>K �T+	 
A2�V	%�;<= B>K �T+	 ) 	�/ 8��!���9� � 3� 
:�05/0<P( 
 ��� �!H� 0�4#� ����X� �/ 8��!���9� � 3� 
:� ;<= A� +�	 )�!4&���05/0>P.(  +	180  �N<O �	 +	 � A2�V	8/0  �1  �/ p�)�) A/ 7�+ ;<= 
B,�K �	�� �T+	51/1±66/84  � �T+	17/1±66/93  ;<= � B>K �T+	 3��)W�/ �T+	 �N<O �	 +	 8��!���9�8/0  �1  A/ � B,�K �	�� �T+	 �/ p�)�) 44/1±33/75 � �T+	64/0±66/87  �T+	 ) �&�	 �+ B>K �T+	 3��4G"05/0<P(  ?��K)1.(   B>K ��;�� 7�+ ;<=���� +	 *�G) 7�60 
120  �180  �N<O +	 A2�V	1 �T+	 ����  �/ A���2� +	 B,�K �	�� �N<O 
�\T 7�2/0 
5/0  �8/0 �T+	 ���� 
B,�K �	�� 	�/ �)W�/ )05/0<P.(  B>K ��;������ 3�/ 7�+ ;<= 7� 120  �180 �N<O 8�G) +	 A2�V	 7� %+�, ���� ����-��"����4�" 56� 7�+ �/ ��& ��'() *+�!H� 0�4#� 
	 +� �&��� )05/0>P(  dX&)1.(     
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 ;+<=� >� )��? �!�! ;.��@��9 �� ���0��� �� 14   ?��K1- ;<= B>K �T+	 ��+�/ AH9�6� 	+�� 3��!� %����) ��� +	�@ A��#+�" B��@ ��  56� 7�+ �/ ��& ��'() *+ %+�, ���� ����-��" ����4�"   �������	
�   �������) ����(  ����    2/0  5/0  8/0  1    "��   �� #$60 &'�(�  Ab73/1±00/31  Ac52/1±33/41  Ad52/1±66/52  Ae01/1±66/60   �� #$120 &'�(�  Bb15/1±66/45  Bc02/1±33/58  Bd60/3±00/84  Be15/1±33/93   �� #$180 &'�(�  Bb73/1±00/46  Bc00/1±00/61  Bd51/1±66/84  Be17/1±66/93    #�   �� #$60 &'�(�  Ab 15/1±66/25  Ac15/1±33/34 Ad73/1 ±00/47 Ae 80/1±00/53  �� #$120 &'�(�  Bb 52/1±66/41 Bc64/2±00/52 Bd 98/1±33/73 Be 23/1±33/82  �� #$180 &'�(�  Cb 21/3±33/47 Cc78/1±33/62 Cd 68/1±33/81 Ce 60/1±33/90   �-.   �� #$60 &'�(�  Ab 00/1±00/28 Ac51/2±66/35 Ad 08/2±33/44 Ae 51/2±66/50  �� #$120 &'�(�  Bb 11/1±00/42 Bc 11/1±55 Bd 14/1±33/74 Be 05/1±66/82  �� #$180 &'�(�  Cb 51/2±33/52 Cc52/1±33/66 Cd 00/2±00/80 Ce 08/1±33/90   /0�
��01.   �� #$60 &'�(�  Ab 52/1±33/33 Ac08/2±66/38 Ad 08/2±66/45 Ae 49/1±66/54  �� #$120 &'�(�  Bb 52/1±33/47 Bc51/1±33/60 Bd 75/1±33/76 Be 64/2±00/89  �� #$180 &'�(�  Bb 88/2±66/46 Bc 64/2±60 Bd 44/1±33/75 Be 64/0±66/87 �!H� %��\) ��!	 ���� w�	+ � +	 %��\4� cu�" 0���3������ 3�/ +�	�N<O +	 � B,�K �	�� w<4i� 7���� )05/0<P(.     dX&1- A���2�  B>K ���� ��.�) ;<= +	�@ A��#+�" B��@ �� 7�+  ���) ��� 56� 7�+ �/ ��& ��'() *+ %+�, ���� ����-��"����4�"  �N<O +	 7�2/0 
5/0 
8/0  �1 �T+	 ����  ����-��"  56� 7�+ �/ ��& ��'() *+ %+�, ��������4�" �/  [��;=� ) *�G) ����60 
120  �180 ;<= B>K �T+	 
(A2�V	 :�  	�	 ���� �+ ����;=� 7���+ �+�G�) 8�G) +	 B��@ ��)05/0<P � +	 .(3  ����60 
120  �180  3��)W�/ 
A2�V	  +�G�) +	 B>K ��;��1 ��� ���/ B,�K �	�� �T+	 )05/0<P B>K �T+	 3��)W�/ *��� 3�� �/ .( �/ :� 60/1±33/90  �N<O +	 �T+	1  :@ � B,�K �	�� �T+	  ��180 ) A2�V	60/1±33/90 ��� ���/ (�T+	  dX&)2.(     dX& 2- A���2�  +	�@ A��#+�" B��@ �� :� ;<= B>K ���� ��.�)  ���) ��� 56� 7�+ �/ ��& ��'() *+ %+�, ���� ����-��"����4�"   ���) 3� ;<= B>K �T+	��� ����-��" *+ %+�, � ����4�" 56� 7�+ �/ ��& ��'()�N<O +	 
 7�2/0  �)1  +�G�) +	 
B,�K �	�� �T+	60 �	���� A2�V	 3�/ 7� 66/50-28  +�G�) +	 
�T+	120 �	���� A2�V	 3�/ 7� 66/82-42  +�G�) +	 � �T+	180  A2�V	33/90-33/52  �N<O [��;=� �/ ����;=� ���+ ��!	 ���� A" 	�/ �T+	K B,�K �	�� *�G) ���� � B,� *+ %+�, ���� ����-��"����4�" 56� 7�+ �/ ��& ��'() �@ A��#+�" B��@ � +	 	�/ ��� )05/0<P(  dX&)3.(  
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2 ������� 1402)�,01 � 102 18                         15     dX&3- A���2� ;<= B>K ���� ��.�) 3�  +	�@ A��#+�" B��@ ��  ���) ��� 56� 7�+ �/ ��& ��'() *+ %+�,���� ����-��""����4�  ���+�" ��+�/  7�+ �/ ��& ��'() *+ %+�, ���� ����-��" ����4�" 56�  +	�@ A��#+�" B��@ �� 8��!���9� ;<= 0>� +	 ���  ���� �	 3�/ 8��!���9� ;<= B>K �T+	 A" 	�	 ���� *�G)120  �180 �N<O +	 A2�V	 
B,�K w<4i� 7� �!H� %��\)�&��� 7+�	 )05/0>P �N<O [��;=� �/ ��� .(  �� B,�K �	��2/0  �)1  8��!���9� ;<= B>K �T+	 
�T+	 ����� +�G�) A� � +	60 
120  �180  7���+ 
A2�V	 �&�	 ����;=� )05/0<P(  dX&)4.(    dX&4- 8��!���9�;<= B>K ���� ��.�) ��+�/ +	�@ A��#+�" B��@ ��  ���) ������� ����-��"  56� 7�+ �/ ��& ��'() *+ %+�,����4�"  3 .GH�   3�� +	 ��& ��'() *+ %+�, ���� ����-��" ��.�) 
1�2�)�N<O +	) ����4�" 56� 7�+ �/ 
�\T 7�2/0 
5/0 
8/0                                                                                                                                                             1 Kanchana  �1 �T+	 ����(  � 3� 
:� 
7�+ %�;<= 0>� +	���� %�� +	 � 8��!���9� 7�60 
120  �180  �� A2�V	.�=�� +��V ��+�/ 	+�� ��� +	�@ A��#+�" B��@ �	 +	  �N<O2/0  �5/0 �T+	 ���� ���� +	 
B,�K �	�� 7�60  �120  B>K �T+	 3��)W�/ 8��!���9� � 7�+ ;<= �	 A2�V	 �) 7+������ ���� [��;=� �/ ��� 
�!4&�	 �+180  3�� +	 A2�V	 �� �)W�/ B,�K ���) 3� ;<= B>K �T+	 
�N<O �		�/ %�;<= ���� )05/0P< B,�K �	�� �N<O [��;=� �/ .( )8/0  �1 T+	� �������� +	 ( B>K 7�60 
120  �180  8��!���9� ;<= � B>K �T+	 ��;�� 3��)W�/ 7�+ ;<= 
A2�V	) �&�	 �+ B>K �T+	 ��;�� 3��4G"05/0P< ��;�� .(�!H� 0�4#� ���/ 3� � :� ;<= �	 B>K �T+	 �/ +�	 �!4&�	 +��V 8�	 A')+ +	 ����X� )05/0>P  A/ AK�) �/ .(  
M��4�����-��"  ��& ��'() *+ %+�, ����� 7�+ �/ 56 ��� 7��/ �+ B>K �T+	 ��;�� 3��)W�/ ����4�" 7;<=  7�+ ���{) .�&�	 8��!���9� ;<= 7��/ �+ B>K �T+	 3��4G" � dGl �� �&�� ~W�G4�� 8��!���9� ;<= B>K �T+	 %�& +	�N<O +	 B,�K ���) ;<= ��� b=	 � B,�K 7W�/ 7� ���� B>K A/ d��G) �� %�;<=.�&�/  �T+	 +	 ��	����3� ���e�!{� %�+, ���� ����-��" B,�K ���) B>K- 8����"���  AH9�6� +	 � 8��" ;<= 	+�� +	 ����4�"/�	��# 7	 ) ��+�XG �1395 ��� ��& �", ;�� (]23[ . %�H9�6� +	 ���v!"1 ) ��+�XG �2012 � ("�@�n2 ) ��+�XG �2012 (  �4H��� ?�{&� �� �<l���� %�+,���� 56� +	 �<��l 7���� 7+������ ���� [��;=� �/ %�;<= ���� ���) ]24
25[ . [��;=� %�;<= ��� 0>� ������+ 
*�G) ���� [��;=� �/���� +	 � �=�� B>K �T+	 3��4��/ A�9�� *�G) 7� �� %+�T [�" ��4�� A/ B>K �� �� �H/ � 	��� � B>K +	 ��	���� A" �=�� ���# ���) ;<= b=	 ��  ��	�" ���!l ��� 3�� d��l �+ B,�K]26
27[ . �", A/ 8�W��� ?�t)� � B>K �T+	 +	 ��& 	�E�� %����{) A" ���-  B,�K 56� A/ 7;<= 7� ��'() *+ %+�, ���� ����-��"����4�" 56� 7�+ �/ ��& A/ %�& A/ (pH 
��� A4�/�� 2 Prakash 
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 ;+<=� >� )��? �!�! ;.��@��9 �� ���0��� �� 16   +	 ����pH��{) ;<= � B,�K +�/ w<4i� 7� 3�� � �	�" � B,�K ���) ;<= b=	 �� � B>K �T+	 [��;=� p'� ��� �& ���#]28[. �Go�"7�G�� � 	�y��	�� )2013 +	 (  �.� ��+�/pH ���� �� :� ��� 0>� +	 �/ �/� 7�����-��"���� � 3� ���"� %�+,���� �� �	�\4���"� 7� �� ?�<�� +	 A" ��	�" ���!l ��)�@� ��"�+��/3� �/ 7� pH  b=	 p'� � �	�/ �'(� B,�K ��6� +�/ 
7���� 7� ��� 7�2+Cu ��� 3�/ �4/�V+ 3�!vG .�& 7�+H 	�K�� 
 ��� � ���� +	 7�2+Cu  B,�K 7�+ �/ ��& B>K 7��/ 3�� A4'9� �& B>K ��	�2� [�" |l�/ A" 	+�	 	�K� ���!l A/ � ���	��� ��+�/ �Y�� AH9�6� +	 j�Y��K j�Y���& ���# 	�J!��@ 7�H/ %�H9�6� �J
  �� ��� %�& +	 ���{) ��� 3XG� A" ��� �9�G4�� d�W	 A<GK�� A�K�) �+ 8��!���9� B>K.�!"    � +	4 ;<= AH9�6� 	+��  �N<O [��;=� �/ 
B>K �T+	 �!H� dX& A/ B,�K �	��) �=�� [��;=� 7+�	05/0P< +	 .(  AH9�6� ���	;�) ��+�XG �2018 +	 ( ���+�" ��+�/  ����4�" :X<-G"– ) 7�+II �/ %�\�= B>K ��;�� 
(A4=�� �/ A" �=�� [��;=� B,�K ��;�� � *�G) ���� [��;=� - m �Y�� AH9�6� 7�	+�	 ����# ]30[ ����4�" %�+,���� .�+�	 � W�/ ��6� ����� 34&�	 d�9	 A/ ���� �	�/7� +	�V �.�� +�e A/ 
d��"�/�" � 3��� �<��l ��� 0>� A/ -  ��� 7;<= 7�]31[. ��X� +�G& 
B,�K +��2� [��;=� �/- �� [��;=� 7�+ ;<= 7��/ *�4�	 +	 B>K 7� A" �/�� �� ��& B>K ;<= +��2� [��;=� A/ �E!� %+�'l A/.	�& %�+, ���� ��;�� [��;=� �/ 7�+ 0>� ���+�" [��;=� ���	%�+,���� ��;�� [��;=� �/ A" ��� d�9	 3�� A/��X� 
7� �� %�+, ���� r�6� �/ 	�K�� �9	�')	�& ]32[.  3��� ���� ��� A/ �'�� %�& A/[!"�� 7;<= 7�l A/ .�!4� �� ��� m)����)�" �/ A" ��+�	 	��� ���4X9� 
�s��4�� 7�= 7� 7;< �� [!"�����)�" B>K ?�^�� 3��� ���� 3�� � �!	7� �" m����X� 1��e �� 7;<=& ��9 ��� ��]30[ . [��;=�  %�H9�6� +	 B,�K [��;=� �/ B>K ��+�" 7����"�" � ) ��+�XG2013 %�+,���� B>K ���+�" ��+�/ +	 (4O3Fe ]33[  AH9�6� +	 ��G��+ �	��) ��+�XG �1395 ��+�/ +	 ( B�� � 3� 
:� 
�9�'" 
8���	�" 
8��!���9� %�;<= 0>����) ����4�" ����-��"����  L �� *+m B��@ ����# 	+�	 ]16[ 7���� 7�V�/ .) ��+�XG �1392���� 	�K� (  7� ���� Z�# 56� +	 	��� �\!� � �'(� �<��l ����<�+�� �" d�X�) ��X�� ;�� � (*+ Z�# �l��) A<��� A/ ��9 ���� �+ 8���	�" ��� �/ %�X�<�� A<GK �� Z�# ��6� 7����-��"���� +	 7;<= ��� B>K [��;=� d��l� 7� ��	�" �", �9s�+��  ]17[.   �+���) ��+�XG �2003 ( 	�E�� p'� ����4�" A/ *+ Z�# �	�" A=�Y� A" ��	�	 ���� +�<') ��;�� [�" � ������ �/�. 	�'J/ 
�	�� x��O c� ���!l A/ p�"�) 3�� A/ *+ Z�# �	�" A=�Y� � ��� ��&�� +�" B,�K c� B>K ��9�H= ��!!" A�K�) A" �!"= %�;< 56� 7�+ �/ ��& ��'() *+ %+�, ���� ����-��" ���)��� ����4�" ]34[ . ���� [��;=� 
�<H= AH9�6� M��4� 1'e  �� ����60  A/ A2�V	180  B>K �T+	 [��;=� p'� A2�V	.�& ��� +	�@ A��#+�" B��@ �� %�;<= ���'� ���"	+�� ) ��+�XG2014�/ B�� 0>� ���+�" A" ��	�" ���!l (  �� *�G) ���� [��;=�5  A/60  �� 
A2�V	45  A/ �T+	86  �� *�G) ���� [��;=� 3� 	+�� +	 
���+ �T+	5  A/40  �� �+ 0>� �T+	 
A2�V	52  A/ �T+	97  	�	 [��;=� �T+	 A4=�� �/ A"m �Y�� AH9�6� 7�	+�	 ����# ]27[ . AH9�6� +	  +	 8��!���9� � 7�+ %�;<= B>K ��;�� 
�Y��120  �180 �!H� 0�4#� A2�V	 B,�K A" �!H� 3�� A/ �!4&��� 7+�	 ����4�" 56� 7�+ �/ ��& ��'() *+ %+�, ���� ����-��" +	120  �/ �/��/ ���+�" A2�V	180 �&�	 A2�V	 )05/0P> .( �� ���+ 3�� �<l�����K 	��� 	��H) ����) 	�K�� ?�H= 7� A" �	�/ �!���= 7��4/� +	 B,�K 56� +	 l�� �� ?�'�	 A/ � �� [��;=� B,�K 56� 7�+ �/ B>K �&>� �/ ��� 
�/�� �����K 3�� ���� [�" A/ �E!� ��� 3�� � ��& ?�{&� � �& B>K +	 ���{) 8�l �� �	��/]35[.  [��;=� �/ bV�� +	 ��u ��� 
A4=+ W�/ B>K ���� +��2� �!u � A�9�� �N<O	 A/ ��� �/�. ?�<�� A/ B,�K �'�� �	�/ j�'&� d�9 ��X��N<O +	 
����& B>K �	�� ���) B>K 7� 7�
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2 ������� 1402)�,01 � 102 18                         17   �� [�" B>K ������+ 
W�/ 7�+ ;<= �	 	+�� +	 A" �/�� 	�4=� g�\)� 3�� 8��!���9� � ]32[ 7���� 7�V�/ . ��+�XG � )1392����-��"���� ;4!� ��+�/ +	 (@ �/ �9s�+�� 7� A�� �<�+�� ���� �� �	�\4�� �/ �s�"A" ��	�" n+�;� ��� ?�<�� �� 8���	�" ��6� B>K �("��� +	 ~�'��2) �/� 7� 10 ��	 d/�V B>K �9�� A2�V	�{) 
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