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Abstract  
One of the most important problems in the process of wastewater treatment by the complete 
mix activated sludge method is the production of a large volume of sludge, which poses many 
problems in the management and conditioning of sludge. Since about 60% of the operating costs 
of wastewater treatment plants are related to sludge management, so any modified process that 
can produce less sludge can be effective in reducing costs and better sludge management. The 
use of magnetic fields to treat wastewater has been considered by researchers in recent years 
due to the lack of application of chemicals in these processes. This study considered the use of 
MFs strength in the range of 0.19 to 3.21 mT on diluted sludge volume index for 30 minutes. 
The rate of reduction of this index in the case samples compared to the control samples from 10 
to 100 mL/g was different. During this period, the difference between the temperatures of the 
case samples compared to the control samples was statistically significant and was estimated 
from 0.4 to 20 °C. The difference between mean pH of the case and control samples was 
significant but the dissolved oxygen concentration of them, similar to other variables’ factors 
that affect the process, was not statistically significant (p> 0.05). 
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Y �� *5�9 *QB9
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.(Hong et al., 2009) .
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*� ���a¨&�"��� F��0��1 ���$ &� L��h� 7�� � � �_6 ��6 *V $�
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���� *'�B' �� ������ &��0�+ ����0����N 	
��'� &8���� .�'��4 ��� 1

/�� �� *+ �"�-��MN ����4 *'�B' �� ���0����N /�� ����4 ����
	
��'� 2 ' <��' 
� 	��P0�"� ��� � �'��4 ��� 1 ��2���SPSS20 	����� �

Independent Sample Test �� ���0����N / ('� ���*����V� �(��
.�'�4 

�7��/� �9�� �!
�7�7����� 	0/�0 

/�� ��-��MN * P@6 &D$�� ���� 
� z���" �84 ���� *'�A
	��P0"��4*�'�B' F7����� &Q� ����'�0"� j�� i5L � # �� / B� *� .

 
3 Diluted Sludge Volume Index (DSVI) 
4 Solenoid 
5 Joule Heat  
6 Ohm Heat 
7 Rate of Dissolved Oxygen 
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���4�������4 �*Q��?���� �� 
� ���0B+e*��V $� 	�(��=���
� *���

* P@6 *� ���� *'�A � 2 ��'� <�S'� ��X�� #V0�.�4 
&��S'�
� 7�2 � *+SVI 	
���'� -����
� ����0�� �� 	��4 ��� 1


� - �Ie¨ &Q � �0 � �� <�1 *5"����4j�� 
� FDSVI *���X��
.�4 	��P0"� /S� &BS! �A�4 -S�"/������� e¨¨ &�Q � ��0 � 
�
i $� �WV� � ���V� / B� �� �����4�� ���0 � )�� J�S! �

z���� *'��0"� )� #A�� ����� j�� /��� ��4 *�0��� ���0 � )��
*'�B' �4 <�S'� 2 ' ���4 ��� )Tchobanoglus et al., 2003(.

�7�7�/:;�� P�?qs� 
-S���" ������ ����'�0��"� j��SVI �DSVIF*'��0��"� 
� 	��P0��"�

��"� ���0 � �� �� )� z��� )Tchobanoglus et al., 2003(�� .
/��-��MN � �����) ���R �� ����D6 *� ��0 � )� z��� *'��0"� 
�

z���� *'��0�"� /��� �W$ .�4 	��P0"� (���4�&0'��" `��P6�� � ��0�
7� z��� -��a¨&0'��" *�� .��"� ��0� ��� 1���$ 7��,�� ���X��

J " #A�� �� z��� *'��0"� *��N z��� *'��0"� 
� F*��� &, 0�"�N ���
� 1���$ 
� #5$ �6 �4 	��P0"� 7� *���N ���0+�� �� z���� *'��0�"� ��

.��4 *04���� 

�7�7=%5K�-v� S�&5� P&� 
����� 
� &�� L��h� 7��� � �� ��6 DAZHENG PS-305D (DC 

power) 
� 7����9 �� ��6 *�� ���$ 7���9 K�5� `�' /�� .�4 	��P0"�
��4¨I/¨��6 ��c��e.���� ��c�� )�� ��W$ *�� &�+G J �" 
�
&Q � ���D6 *� � �0� �e¨ ��� *�� (*��� K�L �!�� �� ��� ���D6) ���

*� 	2 '����1 /�� ��� )� *�(' �� *��N 7���R J �" 	��'��� 	��P0�"� ���
	��P0��"� &��+G J ��" K���L .��4 	���4Ie¨ T����� l���N �� ���0�a¨

&0'�" #,4) �"� ��0�I.(
*�� *0���� &� L��h� 7�� � ��4 � ��"� ��|�� 7����9 ���4

J " )� ���� 
� *�����D�*�I&� *5"��� ��4 )Griffiths, 2005(

B = μNI/L  )I(
7� �� *m 

B(��6) &� L��h� 7�� � ��4 = 
= µONv�P'�� &� L��h� ��)H/mfwI¨ ×Uf/I(

NJ " ��� ���D6 = K�L �!�� �� *��� 
I��4 = (�c��) ��|� 7���9 

LJ " K�L = (�0�) *��� 

Fig. 1. Schematic of the reactor 
CD� �7��0+�� ) 6�B4 

�7�7E$��.� ='�"K 
*'�B' /0��� 
� �D� *Q?���� *'��0�"� #�A�� �� ����� ��� ����

���4 �� &� L��h� 7�� � F���4 � ���� z��� *�0P1 ���� *�� 	��4
���a¨*'�B' ��� �� *V $� K�BR� ���� ��� ��4 /��� 7����N �� �

F��� F/S� &BS! �A�4 7��
pH *�'�B' �� K��Q�� 7M ��+� ����
	
��'� .�'�4 �� 1 

�7H7	0/�0 ,�' �!
/�� �� -��MN 
� *,��� *� *9�6 ��I��� � �4 	��P0"� 7�� � ��4

���,6 ��� *" -���
�.�4 /�������eI*'�B' ���� -���
� ��� ����
<�S'� ���4 � �����4�� .*�'�B' ����� ��� *" 7�� � ��4 �� �$��

)�� *�� &�� 0�"� ��6 ��4 ����,6 ����4 *�'�B' ����� ���� *" � ����
7�,�� F]"��� / ('� � .��4 ��ON 

�7J7	0/�0 F��0� =0��. .�) G���") 
����������� ��� ���� *��.�1� F����� ������1 ���� � K���" #��@� � �_��6


� � &,�s��� � ���V� *QB9MLSSI�Q�� ����� �� ���! ����� ��
&� ����� F&����� &���S'�
� ��� �4�� ��|� �'��6 /��� *�+ -��M�N 

����4 ���� *D��W� )�U����4 *�'�B' ��� ����� *�'�B' �� *+ �"�

 
1 Mixed Liquor Volatile Suspended Solids (MLSS) 
2 Case -Control 
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*���V��'�4*'�B' <�S'� 7��
 *� ��"� /���� F*� ������ )�� 7���R
�� ��O1� �_6 �0����N .�"� 	�=' &'���. *9�6 Fl��0' 

/��-��MN K��" 	��� 6 ��Ia�� * P�@6 �� ������ *�'�A
<�S'� z���" �84�4*� &��L 
� . ���V� 7��� � h0� # ��MLSS ��

*'�B' ���
�� �  h6 ]9�� F������SVI 	��4 T�Q�0� ���
�� ��
���V� .�"�MLSS 	����� ��I�f¨ �6UUe¨ &Q � ��0 � ��� <��1

.�'��� ���P0� 

�7Q4) � R$�:0 
�7�7") =%5K�-v� S�&5� "5OpADSVI 

#,4 ��U��4 �� &� L��h� 7�� � � �_6 ��� T�Q0�� ���DSVI 
*'�B' �� *'�B' �� *���V� �� ���� ��� *���� ���4 ��� .�"� 	�4 

Fig. 2. Effect of MFs on DSVI in the case and control samples 
CD� �7�� &� L��h� 7�� � � �_6DSVI *'�B' ���4 � ���� ��� 

/�� ��-��MN 	��� / ('� � *� ����� ���DSVI *��"� 	����
����eI� ����� *�'�B'eI	����� ��� ����4 *�'�B'Independent 

sample t Test 2 ��'��'�4 )K��9I.(

��&B �72 ��'�DSVI *'�B' ���4 � ���� ��� 
Table 1. DSVI analyses of the case and control 

samples 
95% Confidence 

interval of the 
difference

Sig.  
(2-tailed)

Std. 
deviationMean NGroup 

LowerUpper
-

22.324
-

48.8520.000 26.892222.0651Case 
-

22.303
-

48/8740.000 39.451257.6551Control

7�B� 
� *+ *'�1#�4 U���4 �� ��"� ��=� ���� ��0Bm 
�
¨�/U&Q � �� &� L��h� 7�� � � �_6 ��6SVI *'�B' �� ���� ���

*'�B' *� �5�' ��4 /��� 
� ���� �����' &'����. ����P6 ���4 ��� �
������ ����P6 /��� G�� *� 7�� � F��"� *�� *�'�1 *�+ ��SVI ��

*'�B' �� L��h� 7��� � � �_�6 ��6 *+ &��� ����$ &���0��1 
� ��0B+
*��'�B' 
� .���"� �����4 ����� 7���� � � �_��6 #��+ �� 2�� ' ������� ���X'

�� &� L��h�DSVI *'�B' �� *�'�B' *� �5�' ���� ��� ����4 ����
&�D� ��� )¨e/¨‹p(��0��*� .���5R &� �(�� *�+ �P1 7��6 ����V� 

*� &B+ �X'
� J� J0� " 
� &9��A ��N J+��0� # �� /�S� 7�4 �6
�� N -��2�� *� .�"� 	��+ *'�1 7��� � ���4 �� >���� *�+ ��fe/U

&Q � *� ��6 7���R K���I¨¨ &Q � &� �� ��0= � ��N �0 � 
� 7��6
��+ z��A J0� ".*��(�� ���5R J0�� " 
� &�9��A ��N �?��


��¨¨ &Q � *� �0 ��¨¨ &Q � �� N -��2�� �0 � �"� 	��+./��������
L��h� 7�� � *,��� �� 	��R &� SVI &� -��+ �� &� ��� ��� ��'��6

���V� ���N 7�2� � � ��4�� ��|�� J�� J0�� " 
� &�9��A ���N
.��4 z��A J0� " 
� ��0= � &9��A 

��&=��MN K�" �� *+U¨Id <�S'��4*�+ ��4 <��R� F7��� �
� ����� ��2�9� &�,�2 � �� ?�@A -��2�� �R�� F&� L��h�

� 
� �����9 ) ,P6&� ��� ���v ���VD'� `����� /��� #� �� .���4
��0+�� � ��D� -��2�� � �� ��Q+ 7����R ����� �� ��9�� ��� 

������� ���v ���� ���9� &�� L��h� 7�� � *+ &0��! �� .�"� 	�4
�89 �5�� � &P�� &� �� N &5"��� �� 1 *+ 	��+��N ���! 
� � ���+

*� �8'� ���A�� &�� z��A �"� &���@6 ���? `����� /��� .�'��4
&��� ���R�� *��6 � 	���4 )����2' J��� *��� ���v ����4 �'���4 / ��=' 

)Zaidi et al., 2014(.
&� &� L��h� 7�� � �(�� Z�L 
� J� '�1����, � �4� �'��6 ��

*�� .��+ ���=6 �� 7����R ���4 �� K����mT d/II��4� -��2���
J� '�1����, � ���7s�'�0�I���� 
� 7��0� 
��1 � ��6 /�S� �������

� *�� K��D� 7�2� e/�ej��2�1 ��?�� ��"� 	��4.(Zhao et al., 

2020) .
��-��MN /�� 2 '�_6 �� &� L��h� 7�� � � MLSS *+*����L
K�BD� 
��0+������*04� ��U,=6# -���+ ��R�� � ��"� 	��4

SVI F�"� 	�4��6 � &�.��4 
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K���" ��U¨I� &��=��MN ��
� &����	�(��='�� ����� �� �2�����
�_6 ��@A� �0+�� ��� �� &� L��h� 7�� ����� *04� ����9��

<�S'� ���� ���4/�� �� .-��MN ����4 ����R*�+ ��4 7���
&� L��h� 7�� � � ?�A�'���
���� &1 �4�I�0+������ *0�4� ��

����)Zaidi et al., 2019(.
��&=��MN K�" �� *+U¨I� �_6 ��� ��� &�� L��h� 7�� � 

<�S'� /S� �� ?�@A ��F�4 ��R�� &� L��h� 7�� � *+ �4 <�R�
�&��4 � *+ <�S'� �08� /S� 
� �� 1��4 �� . -��M�N /�� <��R�

�_��6 ������ �� *��+ ���4� /��S� �� ��?�@A ���� &��� L��h� 7���� �
&"��� ��� <�S'� &B+ �"� 	�4)Zieliński et al., 2018(.


� &ED�7��(=��MN 
�-��MN ��� ��� �� ��A�_6 ��5�� � 
7�� � ��4¨d/¨&�QN ��� 	���B� ��6 /��� �� ���0,�� *�� ���X�� 

$ /S� -���� � ������� 
� #�5 ����B! ��� 1 ��'��m.(Hrut and 

Kamizela, 2018) .

� &,��A�4 ����� �� J8� �*6='/S� &�  7��B� *�'�1 *�+

�4 	��4�DSVI �A�4 /�� .�"�*�7����R J�8� ��6 �� �A��4 /�
	�8� ����� 
� �P@6* *'�A ��W� ���� ����"� -��+ �7�*�+ 

7�=' 	���� F��"� /�S� �0= � J+��6 7��=' 	����� ]�"��� )� ,P6
&����� ��! ��Q�� ���� 
� �����9 -��.�"� 

�7�7�/ ' V/ 
q� j$� � G� �� ") =%5K�-v� S�&5� "5OpA
=!��/! 
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� *0 ���0,�� 7���9 ��5R # �� F&�QA�� �����V� ��S�� � *���
J " �� ���1 � ��6 ���09� *��� <��' *�� J�� '�,� /��� .��"� ��O�N�'

���� ��84 FJ�� ����1 �� K�s ����1 )Agarwal et al., 2014(.
�� &�� L��h� 7��� � 
� 	��P0�"� &R�� ����2� 
� &,� /�������

/  D6 ���DSVI���� ���� -��2�� F.�"� ���� -��2�� /��
&� *� 8� �! �� J�� '�1����, � ��4� ^���� ��'��6 ��4�� ��� .*�05��

&� ���� K�Q�� 7M �+� -��+ ]9�� ��� -��2�� ��4 #,�4)
o.(
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� *+ *'�1 #�4a7�2� � ���� -��2��� ��� ��"� ��=�
&�� ��� N -���+ (�����) � K�Q�� 7M �+� /��� *�05�� � ���+

*� ��56�� .�� ' &WA ���? 

1 Growth Inhibitory Property 

Fig. 3. Effect of temperature (ºC) on the reductions 
of DO (mg/L) 
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Fig. 4. Increase of temperature (ºC) of the case  
compared to control samples 
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&� �0= � /�� *� ���� *05�� .��4 ���� -��2��� /��� *�+ ��+ 	��4� *0,'
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7�2�� � *��� �� ������ ������ ���"� *0���'��6 ����4U/UU*��9��
.��� -��2�� �� �Q" 
	�8� �� �� Q+ *0,' ���� FK��D� /�S� ������� 
� ������� 7���


&$��/S� 7�'��I7�2� � *�� 7���
 /��� J X�6 �"� J0� " #A�� ��
*�6 *C��! 
� &D�� /S� *���'�� &� �='U7���
 /��� F��"� *0�����

*� *� 	��� ���� ���� *� *0���� ��4 *'�1 ����� �� *+ ��I���6
Ue *��� �� ���Q" *��9�� #����$ &���� ����5 +�6 ZO��! ����X�� *���2S6

&,�s������ �a����6e*����� � 
�� ���Q9 �����X�� ���������� 
� �� 1�
7� "�, P��0 'a������ 2� ' ��0B+ ��� 
�� )�� *�� &�0! 7��
 /��

&� ��4(Burton et al., 2014).
-��MN ��� �_�6 ��� �� &+�'�� ����� ��� &�� L��h� 7��� �

<�S'� &����� ��! ��Q�� ���� �� 7� � /�� �� .�"� 	�4&7���6 
*� &�=��MN K��" �� *�+U¨I¨ �+ 	���4� ����� ���=0'� /��� �� .��

-��MN �_6 ��6 &�� ���� *�2S6 &"��� *�� 
� &�� L��h� 7��� �
�P? ��4 �6e¨¨ &Q � ���� �� ��6 �6�P�? 7���
f¨� �R��"

����I¨�6e¨	��4� �� �Q" *9�� /��� �� .��"� 	�4 -��M�N 
-���+ yc" � -��2�� &�� ���� *�2S6 ��0�� 7�� � ��4 -��2�� ��

*�� 7� "� �6 *�2S6 -��2�� /�� .��+ �� N &�� L��h� 7��� � ���4
U¨ &Q � � ��6	���= �"� 	�4 )Ji et al., 2010(.
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&� ��S�� #,=� 7� "��0Q � ��+)Raynaud et al., 2012(.
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