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�����: ����	
������ ����	�  	� ����	� ���� �� � 	!� "�	��� �	� #�! $	� %���   �� &'(	) *+, �  	��-�����  	� . "/)  *+, $*!���	0�

��	��� 12�� 3���4 5%0�  6	7���  "8�9� :�!� 5%0!;< =! ���04 �� "!	>� "� ����  ��� 	� %?	� .�<#�!��  "!	02� 3�	4 ���04 �� 	�

:!������@	
 :��	A�   	B �	� �>� �� "�! $	� ����	� *!�� 5 � �	� %0��� �	��� "��'@ �� �CD� �� . $E�79� *!� �� F%�"�	! � ��<#�!�  	�

��GH�   "/)  *+, �   �� �	>GI� �  ��	J. 

��	 
�:  E�79� *!� � 30 ��GH�   �� ����� %? :?� �� &'(	) ��	J .5��%�� �� %/� ����� $K���B ���  ���
 L!	��<  37�0� 5	MN!	��< �� 	�  

  ���) K�%�	� $3� K�%�	�<#�!���  %��  ��%�	�@� #	@� �� 	�) LP�F 9510 ( &'(	) *+, �  *��U	� &V�  ����	� 6��0� �	�0��� 

]EPA )Environmental Protection Agency ( ����(F [%? Y	+��. 

��
� 
�: ����� K���B ���  *�M�	��  	�23 "��	@ ���   ��  ��
 .  �%/� *�M�	��<#�!��� ��GH�   �  	�  ��	JA  B  1���� ��106 × 5/4   

105 × 7/7  ^'� 5%0�  3��N� %B�)Plaque-forming unit  	!PFU ( � 4  �� "!	>� "/)  *+, Y�
 ."0/� _	2��� ��	�< `�,	�<  *�� "�>� �� 

<#�!���  �  �	N� ���) K�%�	�  	� .  �%/�<#�!���  �� ��N�� `�!	� 	� ��!	7� �  �	���	� �  	�. 

����� ����: ����� ��  �  �	N� a!	��  #'� K	��`,� %0������� 	�A  	� b2���<#�!���  	� �>���� �  Y �� ���� �8J 3���	��  %0�  L?�� ��

 ��   �� "/)  *+, 	� .:@� ���( :�!� b�9�  "���4 :�'@ �� :c	GB ���� *��� �   ���	� :! %9� $*!���	0� . ���� 6	B �� ��

����	� L�	� d� %!	� $*��� �  *+,  ���	� �	� ��%�	�@� �� "�	��@   	� � *+, ��GH� e	J �	� ��
 ���U 5 	G�@�  ��.  

���� ����� �
�: ��GH� $#�!���� $"!	>� "/)  *+, ��	J &'(	) �	�  
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	��� 3��T �	�.��� 	3�� U�V  �.� 	�W�" � X>/� ���"

($����3���+�� Y���� 	�Z� 7���D� P�<	 �" �3���" ��1  
-G 3	 �&

�3���" Y���� 	���� [*�"  �� F+��  	�! (�	 � -�%�� 3	 �1  
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-���T �	� ��� ��� . #���  ]�.D -��&�� ����3 F��1 3	

 �+���G  %�&)Environmental Protection Agency  ��

EPA(  ���3���)F��G -���*  ��  ����40CFR part 503 (

  �� �	��� A�?��)3( .^W_ ����� ��3��� => 	3��A  �

�� 	������ 	3��� 3	 F�< 	�"3� ���" =���� 
�!�"  ��1

�	�3  ��)G=�������� �1 ( �1 3	 �3` E�4  P �����Z (��

�� Q>R�S F�< E�V -&� a%D �"  �!�")4( . bV�!

=���� �"��&3� ���" ��3�" 	3�� �	�3 ��1  F�< 3	 ��

=��������G �� �1 ��!�" .=��������G \T�� 3	  -��� P�<	 �" �1

A�� c3��� A�%�� ^��_ &� 7����� � c	��  ���� F���

��3�" 3	 ������  Y���� 7�����  �Z &� �d���  %�& ��1

3���" A�� � ���.���  �����D ��*���Z� 
���%�� \���Z �" �1

�� A ��3` 	��e� 3	 ��D �"G  %�& #��� �  ��!�")8-5(.  

=��������G  ^��_ &� �'�	 bh! �" �ih! &� a)j� �1

�*�S�� A�%��-  ���%1 7����� P"�T ���1	)13-9( . F��

=����  QG � �	�<G Q>R�S 3	 �1  -���* �" � ����&��& ��1

�� 3��T �	�.��� 	3�� ������!G \W��  ���%1 	�Z�� 
�����

)14( .=��������G �� �1  A�%�� �� -����!G ^��_ &� ������

 ��.* [*�" � ���! -�" 	3�� �%.��  	�D ������������� ��1

 ���! �������" ��j)15( . Y�S�� �" ��	�<G) �	  
k��] 
�1

QG � �Nj (=���� F�� 3����� 7��e� ��3  �� �1 .

=��������G  #��� ���� � ���%�� �	�3 ����� �e�W_ 3�)S �1

�� \S	 -�	�&�� � -�	� a)j� � �	�<G 	��S� ���! . -�$��

��d�� &� ��Z�� P"�T 3�_ �" ������ ��	�<G �d�� �" �� �

 �	�i�T� � ��!���" #���! �" ��%"�� �  �� ���.�� �'�	

�� �e��Z �!�" . -;���, =��������G l)�h� ���� �/ &� ����"

	3�	 	�Z� (�V F�< 3	 ���%�� .=���� F�� 3�0D �� �1  �����

  ���m1 �3���" &��" aZ��A����, ��e��R 
 �	3���� 
- 

�3���" 
�_�h� a� ��1 ����������� � 3�	 ���!  )18-16( .  

=��������G 	�3� A�>* F��o�1  �Wi* A�%�� �" �1

����� �1�?� 	�D P! p)S �3�/ �"  �� F+�� �$�� . �"

 	�Z� �" P�<	 F��1���3  ��<�, =���� ��)Poliovirus ( 3	

=��������G &� �!�� 	�D P! p)S 
-��Z ��13�� a)j�  �1

  �� \��! -��o�1)8 .( � Y��! #��� ��S�� �3�/ �e<�d�

F�� 	�Z� �" 
	�	 -��� -�3�+�1  7�� &� -���� �2000  �"

 7�._� p)S &� �3�* ����Z  !���" -��&�� c3�$� =���

��  ��� 
�!�" &� �!�� � 	�D P! p)SG=��������   �� �1

  �� ��S��� q1� -��o�1)19( . 3	 ��S�� �3�/ ��e<�d�

 �  �� �	�	 -��� 3��95   ���m1 F�	�, r<�" 	��S� �/3	

A  ��3�	 	�V -�V 3	 �3 	��S� F�� �  �� ��e� F��" F�� �

��! >�W� =���� F�� �" �	� -�3�	 3	  ���)9 .( �S�_ &�

Q>R�S �" ���� �" 7����� F�� QG �� �eS	 ��1  �	�<G ��1

�� #W���  ���� F�� q��, ���" $�� (�.�) bV�! � �!�"

��� �S� � 7�WT P"�T ���$�  �!�")22-20( .  

=�������G &� �e��� �	���� 3	 �1 pH  � ���%1 (���� ��	

)21(  �  �e�Z A��� 
��!���" ��S ����� �d���! 3	 �

A�%�� -	�" a������  q��$S� aZ�� 
Q>R�S ��)h� ��1

 ��.* 7����� �� ����������G ��1  ���!)8 .( ���* 3�_ �"

=��������G ��.1 F���B ���" �	�<G 	��S�  	�V Y�S�� 3	 �3 �1

�� \S	 =���� &� �	��& 	��e� a���� F��" 
������ �1 \S	 �

#��� 3	 ��! �� ��s�_ ��� �" �"G ��1  �3�/ �" ������

 �����" �T�" ���.*)14 
6(. =��������G  ��1�����S P"��� 3	 �1

�� (���� $�� QG ��.i�  ��!�")23( P�<	 �" F��o�1 


c�3 P"��� 3	 �����Z �" QNZ &����� &� �3�	3�V�"  ��1

���	&��� Q>R�S  ����� �1UV )Ultra violet ( p��3 ��&�) �

QG �� (���� �1  ��!�")25 
24( . �e<�d�Sano  -�3�+�1 �

 F�� � 	�	 -���=����  ��s�_ P/��S �� ��	�<G \W�� &� �1

��  ��.* � ��"�� 7����� ������ ��� t.D �3 	�V ���& . QNZ

-G 
�<G 	��� � ��"��3 �" =����   t.D -�! 7�eS ��j &� �3 �1

�� E� -�!3����� �" � �	�  ��)14( .� ��! (���� ��e<�d

��	�&�S #��� )26 (	�&�S ����V�1�_ � �� )27(  ��1��! 3	

 ���" (&s ��1	3�������  ��*3 (�* &� ��D 3�� l)�h�

�� ����� �eS	 F�< �!�" . 
k�1 �" �R�D �e<�d� ����3 F�� 3	

=��������G �� ��3�" ��.i� �	 ����� �eS	 F�< 3	 �1  ���V

Q>R�S ��!  -��./��! (����.  

  

��� �   

 �e<�d� F�� 3	15 ��.i� �1 �eS	 F�< &� �����  A�D �" ���V  
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 �!  !�	�" u�)h� �3�/ �" � (���)� E� �����  

)10  �����100 -�+� &� ����  �eS	 F�< �	�� l)�h� ��1

 ����� A�D 3	 � u�)h� 
 !�	�"1000  ����� -���* �" (��

�! ��S�� �?� 3	 ����� .(�����  ��! 7��� #���!  �� �1

)v� ���D �?.�� ( �! �	�	 7����� ��'����&G �")4( . ������!

 qh" =��� �" =����F 9510  ��� 	3�������2005  �

-;���, 7��� ����1�3  ��1EPA  ����RF  �)D�� �� �_

 ��	�� (����)20 
4( . 7�� �)D�� 3	12  Q�V F�< &� (��

 3	 � ��! u�)h�100 �)��  �)��� �" � ��h�3 �d�� QG ���<

�! �	& A1  �'� .�)�� E� wm�  ����) (������<G ���<05/0 

 � ��	�� �S�R� 3s��pH  ��3 �"1 ± 5/3  �! A�?��  

) -;�3��1 ���) &� �	�.��� �"1 3s�� .( ��� �" -	& A130 

 ��� �" u�)h� �  S�� ���	� ���T	15  ���	 3	 ���T	4 

����� �Z3	  3	 	���G 2500 �! ;�.������ . ���3 \��� wm�

 � �! ��h�3 3�	100 �)��   !�� �3�i* ���<10  �" �/3	

 � �S�R� ��! P/�D Q��3pH  ��31/0 ± 7 ��	�� A�?�� .

 ��� �"  �'� ��3 �" �����Z 
=���� x��h���  �Z30 

 ��� �" wm� � ���! �	& A1 ���T	30  ���	 3	 ���T	4 

����� �Z3	  � 	���G 10000 ����	�� ;�.������ .  

 �<�)� �	3 (�	 �)D�� 3	2- Caco  ������! ���"

=����  -;���, ��1)�" � �" 3����,����%�� &� ��! ���� E�

 -���� �<�)�139C (�	��G �! �&��.  �)/�S>" �<�)� �	3

�	 3���"�+�� �" 7����� &� w, F"���%�  #���!  �� 3�	

 ����")2CO  =5 �/3	
  "�_3  =60-50 �/3	  ���	 �37 

����� �Z3	 	��� ( S�� 3��T .�	��G ���"  �<�)� �	3 �&��

)�S� 	��e� �" ��z+�(7�)� -���3 &� w, 
 " �1 �S� �D �

 {�+���+�� &� �	�.��� �" #���! � Y��! �<�)� �	3 ;���,

��	�� 7��� �3���� .  

3	 �)D�� (�� ���"� ^�T3 �! (���� |��)� wm� � �&�� .

 �! �	�	 ���%! �<�)� �	3 ���"� �)D�� F�� 3	  

]PBS )Phosphate buffer saline (10 �/3	[
  wm�

 T3 ����� �1 ���" ��1 1-10 
2-10 
3-10 
4-10 � 5 -10 

�! ��V�� .�����  ��)�S &� |��)� &� PWT �12/0  3�W* -��+��

���! �	�	 . �), 
|��)� &� w,  �" � �! �	�	 -�+� ���3G �" �1

 ���60-30  3���"�+�� 3	 ���T	) ���	37 ����� �Z3	 	��� (

��! �	�	 3��T =���� QNZ ���"� . �), �)/�S>"  ��& �" �1

 � P���� 	�11-5/0  � (�� ���D  � #��� ���<��+��

���G  � E����"5/1-1 �)��  �S�R� b<�V  � #��� ���<

�! . �),  
(�	 ��1&�3 3	 p���� � ���S�� 3��T 3���"�+�� 3	 �1

  W� p���� � 7��� �3���� {�+���+�� �" A�.1 � (��

 ��	��) P+!1 .(" p���� c�3 &� �	�.��� �  

Reed and Meunch �3�/ �" � �W���� 50 �)�� (�� 

TCID )Tissue culture infectious dose(  �" wm� �

 �D�� �� � (�� �1 3	 U>, ���1	 P�+�� �D�� �3�/

 3	 U>, ���1	 P�+��4  (��)29 
28( c3�$�  � ��	��

#��� (��  3�$S�Excell  �SPSS  �h%�18   

)version 18, SPSS Inc., Chicago, IL ( P�)�� � ��$��

�!.
  

                 
l<�  Q  

!"� 1 :$%& ��'��. )��: ��*+� ,��� -: ��*+� $./�
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=��������G � �+�$�S ��1����3�, F�'����  7��Z 3	 �11 

 �� ��! �	�	 -��� .  �� bh�� 7��Z 3	 � 3�_ -��1

����� � #��� �3��D �Z3	 F�'���� ��.i� �	 3	 �1  ���V

 %�� �	��& -���� ��3�	 . �'�%W�1 -��&GPearson  -���

����� � #��� �3��D �Z3	 F�" � 	�	 =��������G �" �1 1 �

��e� �d"�3 ���� ��1 	3��� 	�Z� �3�	 . � 	�	 -��� p����

 P �����Z)Total solids  ��TS (��e� u�W�3� ��3�	  �3�	

=��������G �" ��� �1 �<� 
�!�" 3��S �����Z  

)Volatile solids  ��VS( ��e� u�W�3� ��3�	  =�+e� 3�	

��  �!�")006/0  =P  �45/0  =r .(  

+! 3	 � 3�_ -��1 P2  �����O� ���3 
 �� ���G

=��������G ��.i� �	 3	 �1  ���%+�  W%� �" ��'<� &� ���V

��  �eW� ��� . � -��%"�� 3	 �+� 
����& A�� �3�	 �	 	�Z�

 ����& �����O� ���3 3	 A�� ��+� &� $���, P���� 3	 ��'�	

=��������G �� �1 �!�" . 7��Z 3	 x3��� p���� F��o�11 

�� -��� �1	  ��1	3������� ���� �� �EPA  F�<  �Z

 &� ����S 3��%" p���� �+)" 
 �� ���� ^��� ����� �eS	

�� 	3������� �!�".  

  

234  

=��������G ��  S�� ���	 ��Z ��1 3	 �1  #���! 3	 � 	�!

 ����" $���, � -��%"�� 3	 � ��� 
3��" � -��%�& ����1 � QG

 ��3�	 	�Z�)19( . P+! 3	 � 3�_ -��12 �� bh��  �!�"

=��������G -�$�� F�����"  3	 $���, P���� � -��%"�� 3	 �1

��3�	 	�Z� F�< .�e<�d� �" ����� F�� ���" �%���S 3	 � �� 

=��������G ���'13 7�� P/��S 3	 �1  ��12000  ��2004 

-G �)iS \�&�� ��'<� � 	�	 -��� � �! (����  3	 ����" �1

� 
 �� $���, 3	 ��� a�! �" � -��%"�� 	3�	  �"�d)30 
19( .

�e<�d� 3	  qV�B �"��&3� ���" -���� 3	 � ��

=�������G %�� -���� 3	 ����<�, ��j ��1 -��%B�)" � -��

 ��! ������! 	3��� F�����" 
�! (����)16/51 �/3	 (3	  
  

 5��61: '������0�� � �"�7�1 8� �0����9 ��:���� ;��0� ��,<= �> ��� ���?�� 8�  ���@ �?��4 >�*� 8�   

  
��*+� A���� �6�>  � 

)�0��? >��C(  

E�3� A���� �6�>  

)�0��? >��C(  
TS 

)�F�>( 
VS 

)�F�>( 
'������0��  

)GH9 �� > !�"%= ���� /4 ����� �K1> �L� M�C( 

 �������)	�
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Detection of Enteroviruses in Biosolids 
 

Rahim Aali1, Mahnaz Nikaeen2, Sharareh Moghim3 
 

Abstract 
Background: There are high numbers of human pathogenic microorganisms existing in municipal sewage 
sludge including bacteria, viruses, and protozoan parasites. Therefore, biosolids could be considered as the 
environmental contaminants and a major carrier of disease causing diseases. As the etiological agents of 
acute gastroenteritis and hepatitis, enteroviruses are one of the most significant enteric pathogens affecting 
human health. The aim of this research was to detect the enteroviruses in the sludge of two wastewater 
treatment plants (WWTP) in Isfahan, Iran. 

Methods: In this study, 30 biosolid samples were taken from two WWTPs. After measuring the 
temperature, the samples were transported to the laboratory and analyzed for total solids (TS), volatile 
solids (VS) and enteroviruses according to the test methods of Standard Methods (part 9510F) and manual 
of Control of Pathogens and Vector Attraction in Sewage Sludge from Environmental Protection Agency 
(EPA) appendix F. 

Findings: Average temperature of the samples was about 23° C. The average number of enteroviruses was 
4.5 × 106 and 7.7 × 105 plaque-forming unit (PFU) in 4 grams sludge for two WWTPs, respectively. The 
statistical analysis revealed a significant association between the enteroviruses and volatile solids. The 
number of enteroviruses was higher in summer in comparison to autumn. 

Conclusion: The results showed that all the biosolid samples could not meet the Class A pathogen 
requirements for enteroviruses and poses a potential health risk for people exposed to. Therefore, 
restrictions in land application of biosolids are required in order to protect public health and the 
environment. Moreover, special biosolid treatment procedures must be used to reduce pathogens and to 
meet land-application standards. 
Keywords: Biosolids, Enteroviruses, Wastewater Treatment Plants 
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