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و خانه بررسي کیفیت لجن خشك شده تصفیه هاي فاضDب اصفهان
 کاربرد آن براي مصارف مختلف
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Evaluation of Potentially Harmful Substances in Dried Sludge 
of Isfahan Wastewater Treatment Plants 
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Abstract 
Wastewater sludge is categorized as hazardous waste material which must be stabilized and 

treated before disposal and reuse. Final disposal of sludge from treatment facilities usually involves 
some form of land disposal. However, sludge contains different type of pathogens and heavy metals 
which can causes pollution of surface and ground waters, soils and spread diseases if there is human 
exposure to the sludge. In this respect, U.S.EPA presented requirements for using and disposing of 
sludge. 

*���Z%� �5#>� T��� ��SR:�
 (#���� ��5R:�
 $� R:�

** ��5R:�
 $��
�"K� (#�������Z%� �5#>� T��� ��SR:�
 

*** q '� (#���� �K�
�� �#$� x�
#$�A 

����ب و �ب
�١٣٨٣ل٤٩��



35

Thus, taking into account the potential risks caused by presence of heavy metals in sludge and for 
the control of processes of sludge treatment and disposal and also protect of environmental health 
and enhauncement of public health level, specially for farmers and consumers of raw crops, needs 
sampling and characterization of sludge. In the present research concentration of 11 heavy metals 
and potentially toxic elements in dried sludge of Isfahan South and North and Shahinshahr 
wastewater treatment plants were determined using standard methods. Samples have been taken 
from dried sludge of treatment plants, and been measured after being prepared through atomic 
absorption apparatus and were compared with EPA enacted standards in regulation 40 CFR part 503. 
As well, fertilizer value parameters of sludge were measured and were compared with standards and 
guidelines. The results showed that the average concentration of above elements in all three 
treatment plants, not exceeded from EPA standards, however, regarding the accumulative property of 
these elements and lack of necessary protective effects of EPA standards, in using these sludges in 
the agricultural soils, the necessary caution and care should be taken, in other uses of sludges, 
however, there is no limitation. 

 

G��L� 


@h2�� �AK �+�� �f
�	 @h2�� ��Lo6 T� JU�� '(
�9
 �0 C<� �(9�� ��"9 @h2�� �AK 
�f�� O��4� �� ��  C<�

p � �� '(X�V> kl� �"qX9 �� ��Lo6 Z�8N9 ��H ,-�F9 ��H
  *��-9 T� (9�� ��"9 �T�<�(� ,��# T� @h2�� T� !"�:9  

C�K�F� ��  ����.�) E�<�6 �� ��Lo6 �� �G�m"K"�� ��H �-
�	
�9 C<� �� @h2�� �-��� !"-o:9 ��"-
 
C5�5� ��  (�>

 -S9 /C-<� ��L-o6 �-< �Y ��]%
77 7�[��L-o6 T� k(-H .
 �-0 "� = (�  �wX	 ��"9 �� "�(�  /�A� t�	 �AK J�(46 
�AK

 �-9 
(H(� C<� T� �� �"	 @> �
�<> �� p � .(-)�� �-0 ���-H
 �-9 ��0 �� �AK ��Lo6 ����  g"-
 
'T�(-
� �-� 
(-
 � C-�F+"9

��Lo6  O��-U"o	 
=> �� �"-�"9 ��H(-��  O�-��.� 
�
�	
 ���� �f8M� �AK ���S
 *�� �5��# �� '�	V��  O�(9�� ��(59

]$[�� �8����� �AK �8M��� ���N8
� p � O�"U �H �� �K  

*
�-9h� ?�-:9 �� *-�� �-q
 T� �-0 ���"9 �� ���o8+� �"# ��

(X0 J�(46 
()�� ]77[�AK *�� ����.p � �"�  �L�8N9 ��H
0 �����p � ��� T� �G� => T� �(A9 '��L8<� �"-qX9  C-<�H

 '�-S� 
�-AK '��L8<� T� C-<� => T� ���-o8+� �����-�]7%[�� .
 T� b�-� �.< ��"9 �8)�� (X
�9 ���V� �� �X� �AK *+�"9 ��F�

�.
 ���+ '��L8<� ��"9 
(� *-��) *-�� O�"-U ��� �� �0 ���\
�9 (���S
 ��\ �]7`[
�m�-
� *-4X9 =�"X� �� C<� �G.9 �AK .

 �K�o9 �� !�F� ���0 ��"Y Jw9 ��"9 ��F� (�K"6 *4X9 =�"X� ��
 �"-4S� ���-� ��-9T � � �� '�	V��  t�� ��lr ��  �
�.8	�<

 ��-�\ ���+ '��L8<� ��"9 e�	]7%  7D[�� �-AK T� '��L8-<� .
/S9 T� �G� ��9T p � ���6 <� �(A9 '��L8<� ��H J9�-) �0 C

'��L8<� J-fX� 
�T� �I0 ��H C-	��  ���-0 ��-��� 
���-0
��--9T �--.n 
�--2��� ��--�  !�--46"� J--w9 �T�--� ��--H  !�--�

=�(�9 E<� ��H e��Y 
�
� � �-9 ...  �:��L6 �0�9�  �H �"-)

]7�[��-0 E
�"� ���0 �8M��� jh4+ 
�AK '��L8<� g"
 �H ����.
L8-<� '"-:
 
�-AK ��L-o6 '"-:
 J�4+ T� C-�F+"9 
��-9T T� '��

��L--o6  �--.��+� ?���--) 
�"--�"9 O���--59  ��
�"--+ 
�--
�	
�5;X9 C-�F+"9 
��-9T T� '��L8-<� '"-:
 
e�	 O�oNI9 
��

��Lo6 ��U�� 
��9T C�F2  
����\"Y"6 ��"-9 �-2��� T� �
�	
 ���+ �FK�;9 ��"9 C+� �� 
�P"9 ���.8�� J9�"� '�	V��  �q


 Ju�M9 T �� T� �6 
���\ C-M�T  �8-)�(S� ���\"-�� �-;�:9
 �")]`
77
7% 7&[p � . ]"� '��L8<� ��H t�(-0 �H �0lK�

/S9 .(
��� �4��F9  ���W9 : T� C-<� O��-4� => ��-��W9 ���-6
 '(-XX0 �hU� b5
 �8)�� 
=�H��\ T��
 ��"9 �l�9 ��"9 �"� 

�X�WH �8)�� 
e�	 ���� pT�� �� C�� (-:9 �8-)�(
 
����-Y
< O�W�� /�-qX6 
�T� �I0 ��r k��o9 ���� ��fXpH e�-	

 ....  �wX	 (� ��]7$[.
C-<� (�L9 �H��\ �l�9 ��"9 ����� 
@h2�� �AK �n�\�
 � �-� C<� �G.9 �9� 
���� e�	 ���� '(XX0 �hU� |�"	  

��80�--� � �--�  
�--H C--�T���Y 
�--H�u T"6 �Y 
�--H ���--<  �--H
/M�
�\�� < O�W�� ��  ���.�� (K"9 ��H �-K> O�4�0�6  ��fX

 Jw9 �.<PCBs
7'�I�  b0T� '��L8-<� �-� .(X)�� W�
 ...  �H

�9 �AK ���  =�"-�� 
�T� �-I0 OV"o:9 ���� '"5K�� (
�"6
 �-.n �-� t��-9 ��-.6 !�-8X0 ���T 
()�� e�
�;	 =�M
�  �-H

=> �� �0 �:��L6 �0�9� �9 '��� ��0 �� �AK �H C<� JGI9 �")
 ��--9T ��-Xn  ��-H �\�"--K> !�-8X0 �--q
 T� � �--� �G�9 ��-H
@> ����.�--) 
=�--H��\  e�--	 
�--X�9T��T  �:;--< ��--H

k�o9 b��Y �� T��
 ...  =�X0��0 
=�\(XX0 (-
��� *�-<  ��-H 
]7$[����-M� �9".� C)�(S� C��L� ����  J�K� ��.H �� .

 ��-.H �� .(-
��0 (-X.
"
�+ �� �-AK *-��  '��L8<� �H�"I0 T�
�9T�< �8<�� �G��9> CM�T ?�:9 C��L� =EPA �� �-6���59 


1 Poly Chorinated Bipherryls 

��١٣٨٣ل-٤٩��ر	 
� �� �



36

��--u> =�"--X� C--:6 �--9�
40CFR (Code of Federal 

Regulations) C.M+ J9�) �0 '�".
 /�qX6 : C<� ��T ��H 
i��h�d�;�� nW�A � E�"
A $�_
� G� ��# M�P f�$�L� �<W

ev`�) k]� $
 
C.M+ ��T �� �0 O���59 ���DC.M+ T�$�� ��u> �-9�


"0l9 �h-0 �8-<�  � �-� 
C-<� '(9> �A�h-0  B/�-M56
�9 �h0 O���59 ��U� k(H .(
")A=m"6�-Y bH�-0 
��-H

 �-9 ��N-I6 J-��+ �";< ��T �� @h2�� �AK �-XF� .(-)��
 T� �8.0MPN�
h
".K�<PFU7'� � � �-�  /-N6 3-�  ��

 �H �� � ��� Jf
��3-I	 =T  E-M� �-� J-0 O�(9�� t�\
��  @h2�� �AK T� �8.0MPN7��� �H �� ��"�(9 t�L��0

 b) .�AK 3I	 =T  EM� �� J0 O�(9�� t�\�X�W\ ���-�
 �h0 =m"6�Y bH�0Ap � �-0 ���� �"�  ��H(-X����  �-H

 ���-+ {-:� ��"-9  =�-�� �� ]"-� �";< �� =(�<� ���� tTV
�9 .(XH� 

/H �h0 O���59 ��U� k(H ��XnB
T� C-<� O��-4� 

� T� =�X�.#�=m"6�Y �0 �� ��-A�� �-0 (X��� bH�0 ��";< �� �H

 ?���-) C-:6 
C-M�T ?�-:9  �9"-.� C)�(S� ���� (�(S6
 T� �-8.0 �-XF� 
(-)�� (-�F� '��L8<� �NI9  ��F9�="-���9

MPN =T  E-M� �-� J-0 O�(9�� t�\ �H �� ��"�(9 t�L��0
 �h0 �AK ���� �AK 3I	B�9 ��0 �� ��9T � � �0 .(-
 �

(� �� ���� �-AK �-� =�"��  =�M
� ��.6 J�M
�8Y =(
�<� J+�
C�� (:9 *2  
��F9 �
�9T '� � 3� ���� g"-
 �q
 T� ���H

 �;�:9 ��H�"80�� �6 C<� �� �2 
C)���� =�9T  !"o:9
 =m"6�-Y bH�-0 ���<  �h-0 �-AK .(
T�-< /H��-� �� �-HB��

�.
 �8M� O�"U �� =�"6 �M�0 J	�� �� �(X� k �� ���< �� �H
���H �0 ��� �.2 .C	 �� Z�8N9 k��o9 ��� �-�� T� t�(-0

C�� (:9 �h0 �AK ���� �HA�h0 �� .���(
 �"� BW-�

��X�W\p � 
�h-0 �-�� ��U� k(H =��0 '�� >�� Z�8N9

�9 =��� �� (XX0]7�[=m"6�Y bH�0 O���59 �����0 C����+ . �H
C.M+ ��T ��DC.M+ T�$�� ��u> ! (� �� �9�
��"-# ��

.C<� '(9> �Uh	 
ehe1<@ ���<:��; nW�<A $�<_
� G� ��# Q`� f�$�L�

 k ���:(Vector Attraction)
/M�
�\�� 
���+�
 '(-
T ��-H !�-58
� ���-
�"6 �-0 (X8-MH ��

 (--X
�9 
(--
��� �G�m"--K"�� �--� �G�
�--G9 ,--��# T� �� =m"6�--Y
�9 �0 ...  =�\(
�Y 
=�\(
"� 
O��I� "-�� �� =�M
� (X
�"6 =�

=m"6�Y �� ��.6 �� �� =�"X� ��  (XH� ���+ @h2�� �AK ��H
�9 ��;9 �;	 3� C.M+ .(X)��$�� ��-u> 
�-9�
7��-X�W\ 

C-<� '�"-.
 �-u��� @h2�� �AK �� ���+�
 @l� bH�0 ���� 
]7�[.

lh(�
��'� ��� f�O A�; � k S
K f�>�) ��W 
@h2�� j�4K�r @>  �8FXU ��H ) �IGHT =���� ��H T� '(

=����	 *.� ���A9 �� ���F9  �H �9 ���  @h2�� �� > .(
")
 T� �.0 =�W�9 � �� �K> ��"9 �� ' h� @h2�� �AK ������X�

'(X�V> �-9 '��L8-<� =�(9 *9�"� �� �0 C<� ���H �"-)]7
&

77  7�[O�-
�"��  =�H��\ ���� /H ����.�) �U�X� ��� �0
�9 �9 /H  ()�� (�L9 (
�"6 =�W-�9 �-0 C-<� tTV ������-X� .�
=> �") !�8X0 e�	 �� �H]7�[��-�F6  /-S9 J9�"� T� ="n .

 (X8MH Z�8N9 k��o9 ���� �AK C�L�0 '(XX0]7�[.

��$ � 
��� �W

�"0l-9 ��H���(
�8-<� C���� t(� T� �0�� ��K � O�FK�;9
�AK ��"9 �� k�o9 T� ���\"�� ���# T�  C<� ���o9 ��H

�AK ���  C-�L�0 ���-<�X) �l-K 
C-M�
 '��-< ���-0 W-�
 �-H
 ��L-o6 �-< �8<�� ��� ��  C��\ ���+ �q
 (9 => �hU� �-
�	

��Lo6  =�SLU� !�.)  @"X� ��H�) �
�	 �-FK�;9 ���-� �S)
�AK => ��H b-) � (� O(9 ��  @�N8
� �H �-FK�;9 �-�� '�-9

 
�G�W�� O��U"o	 ���F6 ���� ,�5:6 ��� �� .C��\ O�"U
 O�W-��  �G�m"K"�� 
�G�m"K"�� �G�9 
��"0 pT�� 
����.�)

�AK ��fX< :��H�89���Y 
pH 
�K> ��"9 
C�"#� 
J0 O�(9�� 


/�<�8Y 
/�(< 
�LM� 
OT� 
���0 
(�
(F9 ��"9) �8M0�	C/N 


 � ��-� Jf
� /N6 
��"�(9 t�L��077@�-N8
� i��fX-< W-��
�
".
 O(9 .(
(���\ ������%"�  '�9 �-
".
 JU� �����-�7�

g".A9 �� .() ���F6 T �7���Lo6 �H T� �
".
 j�-F.�  �-
�	
�� ����-o6 �"-# �� '() ��;9 ��H�89���Y ���F6 ���� �
".


 �-0 J-f
� /-N6 ="9T> ��Xw8<� �� 
() �8)����&�-H T� �-
".

��Lo6 �
".
 J:9 .() C)���� �
�	 ��L-o6 �H �� ������ 
�-
�	
�AK ��9> 3I	T� 
�T� �I0 ���� p �� '�-AK �"-Y� J:9

3I	 ��H�8M� �� �
".
 .(���\ ���F6 �0 3� ��H �-� 
C-	�"

 W-�.6 �G�8<hY k �� �� 
*���9 �� '() �0z ?���) �� ��"6

 ="-------9T> ���-------� k �--------�  
���-------� ��-------H

����ب و �ب
�١٣٨٣ل٤٩��



37

Y�!�t_�S� 
��	�, 6����= 6`(= �)  ��	�>� .� .��3 �� T��'� L	�i� ����D6`(=  �z�m 
L	�i�

� 	��+,
���&�
�p�	� 

���  ��-
�`� 

%
��
�	�, 

�,���
�H)��3

 �
I	�h�-

.�(�
�!��
 ����
^���

.�8��
 ��-
�
��$ 

��!�� �-<3��� 
<�

�H?�*

�h0A*********
�h0B 
C�� (:9J:9 ��H

*****

*
�B �!��B�h I�$ ��  �	 �- ��)�h 	
 .����� 

�8<�="9T> ���� '() J� .(
(-) C)���� �G�m"K"�� �G�9 ��H
="9T> ���� �-���6 T� ���\"-�� ���-� 
�G�m"-K"�� �G�9 ��H

�
".
 C�F2  !�-58
� �6 �
".
 k �� 
�F+�  ?���) ¢L�  �H
 ���(Sf
 O���� ���� �q
 T� E<�X9 ?���) �� '�fI��9T> ��

 (
()]7�['�fI��9T> . ="9T> �0 ���H "-U => �� 
C-��\ O�
 t"-�� '�f-I
�� C-)�(S� '(G-I
�� ?�-:9 C)�(S� '�fI��9T>
 C0�-) @h-2��  @> �W-0�9 '�fI��9T>  =�SLU� �G)WY

.(
�"� =��S6 =�8<� @h2��  @> 
="9T> p � T� '��L8<� �� *���9 �� '() �0z ���(
�8<� ��H

  t�A
� C+� �� �48F9 *���9 ���<  (89 ���(
�8<� Jw9 Z�8N9
��--8
(--���\ p��W--\ �]�
�
�
D 7�[t�--L��0 ="--9T> �� .

�
".
 ="n ��"�(9 b�Y  (
�"� (9�� �H �9 �X�� �8�-M
�� (-)
=> �-AK �� �H '��-9> ���-� 
(-)�� V�-� �-
".
 �T�-< �-�S6  �-H

 ���SX--I�Y p � T� 
E--<�X9 �8�--M
��EPA  (--���\ '��L8--<�
 !"--.F9 p � T� '��L8--<� �--� ��--<MPN FK��"8--<� ,--4# J.

E`��7 �-�  C-��� �-9��� b��9T> t(A�H £�n (89 ���(
�8<�
 �-A�8
 
�"-�W9 �
".
 ���� J0 O�(9�� ="9T> �A�8
 T� '��L8<�

 (���\ p��W\]7�  7�[� ��� Jf
� /N6 ="9T> t�A
� ���� .
 �-
".
 ���-� �-U�o8	� p � T� W�
 (-9�� �-.�
  (-9�� ��-H

 ?<"6 '() ��SXI�YEPA � �� .(-) '��L8<� g"-
 (-Xn p � �-�
'� � Jf
� /N6 '(-
T C-����+  '() ��(F6 ���F6  ���<�X) ��

=> =�"� �9 ���F6 �H (
��\]7�[.
\'� � [��": 

��Lo6 �� �(�K"6 '() 3I	 �AK C�L�0 �<��� ���� �
�	
 �-� ���-8
 
Z-�8N9 k��-o9 ���-� �H���(
�8<� �� => �M��59  

���+ {:� ��"9 �":9 ��Sn �� '(9> C<��9.���\ 

ev`�) k]� �5�> ) ( Z A �K$�� 

! (����f
��9 
pH  �-K> ��"-9 
J0 O�(9�� 
C�"#� 

��L-o6 �-< �� @h-2�� �-AK (�8-M0�	) �
(-F9 ��"9  �-
�	

�9 =�I
 �� !".F9 ����59 �� �M��59 =�.H .(H� '(H�I9 �0 �"#
�9 '� (-:9 �� �-f.H 
�-H�89���Y �-�� ����-59 ��f
�-�9 
�")

 !".F9 �-AK �-�� �����0 ������X�  (
��� ���+ �-q
 �-�� T� �-H
 k��-o9 ���-� |"-o	 �-� '() ��;9 Z�8N9 k��o9 ����

��Lo6 �� �K> ��"9 ����59 �K  .C<� *
�9h� �T� �I0 �
�	 �-H
 =�-I
 �0 C<� V�� j�84M
 /8-M�< C-<�� �����-0 t(-� '(-XH�

�� /�H ��Lo6 �� �T�"H �
�	 �9 �AK C�4w6  �H ()�� �8G
 �9� .
 �-H �� 
�-0 C<� ��� 
�") '��)� => �� �8M��� �0 �8�.H� Wu��

��Lo6 j�-4��56 (-
 � 
�8-M� �� �-AK (
�9 =�9T b��W�� �� 
�
�	
 �� �I��W��pH �K> ��"9  C�"#� �� '(XH�0 j�4��56 (
 � W�
  
�-9 '(H�I9 bH�-0 �-� b��W-�� ��H(-
 � �-�� �� �-9� 
���-\
�fXH�.H�
 �"�  ���H.���� 

�
�A ��$� �_: �� ev`�) k]� ( Z A �K$�� 

�--�� �� /�--<�8Y  /�(--< 
�L--M� 
OT� 
���--0 ��--H�89���Y
'T�(
� a�46�� ! (� .() ���\��� �� �-H�89���Y �-�� ��f
��9

��Lo6 �< �9 =�I
 �
�	 �-9 �-q�h9 �0 �"# =�.H .(H� 
�"-)
��Lo6 �< �H �� ���0  /�(< ����59 ��f
��9 � �
�	  '�"-� V�

 
/�(-< ��"-9 �� �84K� �0 
���� ���+ ���(
�8<� '� (:9 T� ���	
 ="�6�-0 ���-< ����-59 �8)�� = (� 
/�W-�X9  /�-M�0 J-w9 �-H

 �-�) ���-0 =�"-� V�-� ��-U� C-�� �-9� .C-<� JGI9 O ��+
 E--�6�6$%
�/%7 %%��L--o6 ���--� % �--
�	 
@"--X� ��--H

 

��١٣٨٣ل-٤٩��ر	
� �� �



38

Y�!�l_�� ��-����	�h �)
�>� ��
����.��$ .��i3 	
 �S� �5)� Y�`F� �)
�>� �� .()�>� � ��A�P� CVp�� ��- 

����	�h ( �	) !��� ���  pH 6��U	 !P	
 %,��!��� !P	
��� 
��� !P	
 
��!F� 
��� !P	


(��(,�$)

@"X�����/����/���/���/��
!�.)����/����/���/���/��

�S) ��H�)����/����/���/���/��
!".F9 ����59�����������������������

Y�!�m_.��$ .��i3 	
 �S� �
�, ^ 	� ��-����	�h �)
�>� ��
���� �!B .�P�3 �)
�>� �� .()�>� � ��A�P� ��- 
����	�h(!P	
) ���,(!P	
) � �(!P	
) ��(�(!P	
) e)!�(!P	
) e����hC/N

@"X�����/���/���/���/��/��
!�.)�/����/���/���/���/��/��

�S) ��H�)����/���/���/���/��/��
!".F9 ����59�����/���/��/���/��/���/��/���/���

��H�-)  !�.) C4-M
 ����-59  (�S-)C/N ¢�-��6  /-�H 

�9 �AK ��Lo6 ��4+ J���9 �� �AK �+�
 .()�� 

! (� �� �0 �"# =�.H���� =�I
 ����59 ��f
��9 
C<� '() '
��Lo6 �< �H �� W�
 �K> ��"9 �-
��0 �-�  '�"-� V�-� j�4��56 �
�	

 C-�� �-� �-0 �-A
> T� .(X8-MH 3��W
 ���(
�8<� '� (:9 �V��
 ���-SX6 �� ���(
�8<� �� ���0 ��(59 �M��59 OT� �� ���0 a�46��

 OT� �-� ���-0 C4-M
 ������-X� 
CM�
 (X.)T�� ���	)C/N(
��Y�9 �M��59 ���� ��8S� �89� ! (� �� �0 �"# =�.H .()���

��f
��9 
() '��� =�I
C/N ��Lo6 �� ��H�) �
�	 j�-4��56 �S-)
) ���(
�8<� (� ���/����Lo6 ��  (��(-+ �-� 
@"-X� �-
�	

�9 �9�M6 ) ���(
�8<� (� �� CL\ =�"67/�7�K  .���� ���+ (
��L--o6 �� 8--<� T� ��(--59 �--�� !�.--) �--
�	 �--8�� �--6��� ���(
�

)D/����2"6 ���0  �K> ��"9 =�"� V�� �XF� => C�� �0 
(
OT� ��T� '(-�(Y g"+  T� ���\"�� ���� !�� �H �� .() '���

� �8M��� 
e�	��� �-AK �-8S� C-�4w6) ���-0 =�W�9 bH�0 ��
�9�
�� 
(�AK ��Lo6 ��H(X���� �# J-��+ .�"-.
 ph6  �W��

 ��T� '(-�(Y �-0 C-<� �0z C4-M
 �� jV"-.F9 OT� ��-HC/N 
�9 �"�  �� V�� ���	 ��L-o6 �-�� �� �-0 (�> �
�8N4-)"	 �-
�	

 ��(59 ��f
��9C/N �8-I�� '(-) *2  ���(
�8<� ��(59 T� ���	
 �--< �--H �� /�--<�8Y  �L--M� 
OT� ����--59 ��f
�--�9 .C--M�


��Lo6 ��"6 �� C��S
 �� .(X8MH *+�  ���(
�8<� '� (:9 �� �
�	
�8
 ���<��� �� ��Lo6 �H =�W-�9 ���-8.0 �8-)�� �-� !�.) �
�	

 C4-M
  /�(-< ��(-59 ���8I�� �8)��  /�<�8Y  �LM� 
OT�
C/N �� �-K  ���� ��"-0 pT�� �q
 T� �� C��"�;9 ���8.0 


�AK ��� ��"0 pT�� g".A9 ����59 � ��  '�"� V�� j�84M
 �H
 �--H��\ (--)� ���--� �� �--2 �l--�9 ��"--9 �S�"--6 J--��+  =

�9 OV"o:9 => �����0 ������X� .(X)�� = (-� �"0 =�"X� �� �H
 '�"� (�L9  *
�9h� �<��� ��"9 ��H�":9 ���< �8��\ �q
 ��

JU�� ¤�56�� {��� 
��:U C���(9 O�"U ��  e�-	 �W�	
�9 .�") 

�"#���� �_: �� ev`�) k]� ( Z A �K$�� 

i��h���)�� T�Z �A 

t�L��0 �<(XH ��f
��9��Lo6 �< �� ��"�(9 
@"-X� �
�	
��H�----)  !�.----) E----�6�6 �----� �S----)MPN/g 7�%*&/7


MPN/g 7��*�/� MPN/g 7�%*%/7�--AK 3--I	 =T  

�9 @h2�� �9 �q�h9 �0 �"# =�.H .()�� �-� �-�"6 �-� �"-)

 O�:�2"6��4+��Lo6 �AK 
�
�	 ��H�-)  @"X� ��H �� �S-)
 �h0B�54# =m"6�Y �(X� �q
 T� �HEPA �9 ���+ ="-n .(
��\

 => ��f
�-�9 ����59 T� �6V�-� �-H7��� ="-���9  � T� �-8.0  
MPN �-9 �-AK J-0 O�(-9�� 3I	 =T  t�\ �� ���-� 
(-)��

�--AK �--�� k�--o9 �h--0 �--� a"--��9 O���--59 �8--M��� �--HB

=m"6�-Y O���59 C�� (-:9  
�-H g"-
 �-� a"-��9 J-:9 ��-H
� ��"9 �� C+� �� 
C)���� =�9T  !"o:9 �9� .�") �8)�l\ ���

����ب و �ب
�١٣٨٣ل٤٩��



39

��Lo6 �� ��"�(9 t�L��0 �8�M
�� ="n T� �8-I�� !�.-) �
�	�
="���9MPN �9 t�\�� �h-0 �� �-8� �l-K 
(-)��BO���-59

 �-AK �-�� k�-o9 T�  �-8��f
 ���-+ =m"6�Y �8-M��� j�(-� �-H
��Lo6 ��K"}M9 j�.8�  ���\ �����"	 �
�	 J-���9 ��"9 �� �H

����) �AK ��Lo6 ��4+'�S� '":
  �H(X (
�9 =�9T W�
  (������
=m"6�Y bH�0 ���� �H�8M� �� tTV p �� T� J4+ 
���0 (� ��

�AK '��L8-<� �-� �XF� .(
� > J.� �� �q
 (�(A6 
k�o9 ����

p � T� �G� T� �X�W\ �� '() (�+ ��H� ��h0BC�L�0 

�h0 O���59 (� �� ��U�� �AKB.���\ �hU� 

��  �-AK ��-Xn p �-� T� O�"-U �-�� ��r ���-� ���-H
 @�-X8�� �(-� �"# �� �T� �I0 |"o	 �� Z�8N9 k��o9

 JG----) .�"----)7�� ��"�(----9 t�L��0����----59 ��f
�----�9
��Lo6 �
�	 �9 =�I
 �� =�SLU� ��H .(H� 

0

500000

1000000

1500000

2000000

2500000

 y
<<R

7f
��<<

��@
T�<

<U
�<<

�
M

PN

e�<<
@ G:�7 G Z�;  E�&# G:�7 G Z�; ��# k W�# G:�7 G Z�;

%5B t_.��i3 	
 �!B k+$ �S� �W��!� :����, �)
�>� ��!�- ��
���� ��A�P� ��- .��$ 

FS:� �H; Fz
FS:� �H;

X�$�{K�
$�$�� �H;

X�$�{K�

e�<
@ G:�7 G Z�;

 E�&# G:�7 G Z�;

��# k W�# G:�7 G Z�;

58 57

28

16
15

8
12

11
9

0

10

20

30

40

50

60

B
CD

ات
1�

�"
�م

F�
�اد

1�8

%5Bl_%
�� e'3 %, �)
�>� ��
���� .()�>�
.��$ .��i3 	
 �!B k+$ �S� g)	�5�� 	�	�� e'3 �g)	�5�� ��A�P� ��- 

M
PN

9
R

7
f

��
��

@
��

T�
U

��

�

��
;

U
9

R
7

f
��

��
@

T�

�6+� �7� ��
�6+� �7�

3��8�9� 
�7�9	9��

8�9�3�� 

��١٣٨٣ل-٤٩��ر	
� �� �



40

Y�!�v_.��$ .��i3 	
 �!B k+$ �S� ��
�� ����� �)
�>� ��
���� N(& �� 
	�!����� �� .()�>� � ��A�P� CVp�� ��-mg/kg 
�P��W

.��$ .��i3
Cr Co Cd Cu Pb Ni Zn Fe Mn As Hg 

@"X����/��/����������������������/��/�
!�.)���/��/����������������������/��/�

�S) ��H�)���/��/����������������������/��/�
���(
�8<�������������������������������������

ehFS:� �H; 

�H �-AK ���� (Xn �h-0B=m"6�-Y O���-59EPA �-SX6 


�0(-
� =�"-X� �� ��"�(9 t�L��0 �8�M
�� ���F6 ="9T> t�A
�

�9 ���0 b��9T> ���< t�A
� �� �T��
  ()�� C�L�0 ���F6 ��H
� ��  Jw9 �G�m"K"�� �G�9 
C-M�
 J-f
� /-N6  h
".K�< 


�-� �U�o8	� ="9T> Jf
� /N6 C�.H� ��:K �� �K  ��-�F6 ��
 �� ��-U� k(-H .(���\ t�A
� �AK �� � ��� Jf
� /N6 �8�M
��
 ����G---<� � ��---� /---N6 p��.---)  ��---�F6 ="---9T> �---��

Jf
� /N6 �0(
� =�"X� �� �(�u"G��4.K t �59) �H /-N6 ���-6
�9 (Jf
� J-f
� /N6 ��(F6 �AX�� �� �9� 
()�� 
� ��-� �-�r ��-H

/H  ����G<>  �V ��(F6 �-< ��(F6 ��Xn J-f
� /-N6 �� ��-H
 �6�
 ����K"X.��H  ���"G���6 
��X6 Jw9 
J< �� '() '(H�I9
 C-��S
 ��  '(-) C-u��+ /H ('�"� W�
 /0 ���M� =�)��(F6 �0)
p��W-\ J-f
� /-N6 J0  ����G<� /N6 J0 ��(F6 O�"U ��

 J-f
� /-N6 �V�-� j�84-M
 ��(-F6 
O�"-U �-H �� .(���\ ��-H
�� (�0(
� =�"X� ��) ����G<> �
".
 '��-)� E-K�;9 (�"9 
�H

 g"-
 �� ��f
T�-� t W-K  C-<� ��"�(9 t�L��0 ��"9 �� '()
/8M�<  �H(X�>�� '�S� ��H �� �� �-AK ��L-o6 J-���9 ������

 ��L-o6 �--
�	 ��L--o6 |"--o	 �--� �--H �--� �--�"6 �--� 
!�.--) �--
�	
 = (-9 ��H���(
�8<�EPA C.-M+ �-�T ��DC.-M+ T�$�� 

��u> �9�
40CFR =���  
�9 =�9T(��L-o6 T� �Y �AK �� ���0
3I	 ��H�8M� �� p �� T� J4+  J:9 �� �0 ���-� 
"Y� ��H

=m"6�Y bH�0 �h-0 �;-< �-� J+�(� �HBC-���� ��-<  
C�� (--:9  C--)���� =�--9T  !"--o:9 �--q
 T� J--:9 ��--H

T"9> p=> �8	�-< '�-\>  =�\(-XX0 k�o9 �� tTV ��H T� �-H
 '�	V��  '"5K�� O��;	 b��-Y '� � ��-H �� �-2 ���-M� 
��

.C<� 
JG)� ����G-<> /-N6 
J-f
� /N6 J0 ����59 ��f
��9

 ��L-o6 �� '(-) 3-I	 �-AK ����G<> � ��� /N6 �-
�	 ��-H

�9 =�I
 �� =�SLU� �9 �q�h9 �0 �"# =�.H .(H� C.M+ �")
Jf
� /N6 '(.� => ��� T� �0 '��� J�GI6 ����G<> /N6 �� �-H

 T� b�� W�
$�%/N6 �9 � ��� �H �
��f
 �0 (X)�� a"��9 '(.�
.C<� �8<� ��� �� 

phk S
K f�>�) �_: �� ev`�) k]� ( Z A �K$�� 

/S9 �-0 
@h2�� �AK �� �.< �
(F9 ����.�) ��"9 ���6
���.�� (
���+ ���� ��  (XX0 ��A�� =�M
� �� �9W9 �� ��� ��H

 X-)�� �8-)�� ¤"-< O��-P� =��"
�-�  =�H��\ �-U�X� j�6(-.� 
(
 ! (��'T�(
� �0 (X8MH O�W-�� /-q�� C.-M+ .(
(-) ��-�\

 �� (�M0� O�"U �� 
@h2�� ��Lo6 O���.� ��� �� 
��fX<
�6 �AK �� (�M0 �(�H �9 ��I
 ��-U�� �-AK �-1
�Xn  (
"-)

 O�W-�� T� �-	�� 
�"-) k�-o9 e�-	 �h-U�  C�"56 ����
 -H��\ ���<  ��  '() ��T> C<� �G.9 ��fX< .(
"-) @l-� =�

e�	 �� j�U"o	 �-0 ���-HpH =>T� �-8.0  �(�-<� �-H$/%
! (� T� �0 �"# =�.H .()����9 �� �-�� ����59 ��f
��9 
(�>

�
".
 �� �U�X� �H> �oX� ��"9 3� W� �� 
b��9T>��"9 ��H
��Lo6 �� ��H�) �
�	 ���(
�8-<� ����-59 T� ���"-9 �-�5� �� 
�S)

 '() *2 EPA �w0�(�)�-�� �����-0 �l-K  �-8��
 �6��� (T�A9
 ��"-9 �-0 �-AK k��-o9 �9�.6 ���� �U�X� ��� ��:K T� �AK
 C-S� �-�� T� ��GI9  C<� *
�9h� j��H�� 
C��\ ���+ {:�
 T� �8M��4
 a�46�� ��� �� �� E�;9  � �� ��"6 �9� .���(
 �"� 
 C�-U�	 �-U�X� �-�� j�-9".� �-0 ��� ! � .C)�� �f
 � � �q


*.A6 �AK ��� �����0 =�W�9 �� ������X�  �8)�� ���lY 3� ��
 !�-< �� W-�
  !�-< !"-# �� 
C-�"
 �H �� 
|�	 e�	 ��-H

 �-AK �����0 ��(59  (�> J.� �� ��8I�� C+� �8M��� 
�K�"89
 T� �-H�89���Y ���-< W-�
  
����# �� /S9 �89���Y 3� =�"X� ��

 �\ �-q
 �� j�-.8� 
e�-	 O�oNI9  ?���) ��.� .(
"-) �-8�
 e�-	 �� �-U�X� ��� �"�  =�W�9 �8I�� 
O ��+ eh9 �XF�

����ب و �ب
�١٣٨٣ل٤٩��



41

=> =�W�9 �6 C<� j��-�	� �-0 C-<� �-�� t � E-�;9 .�AK �� �H
 '() *2  ��H���(
�8<� ��"9 �� �6�5�5:6EPA O�W-�� ���-�

 �-� �H���(
�8-<� *-2  �� (
(58F9 =�55:9  '() t�A
� ��fX<
O �L6 ��.� T� �6�G
 e�-	 �.�-) ��-H ��"-9 O��-P� 
�-AK  

�K>  �
(F9 �� 
�.-< O�W-�� �8-)�� �-f
 !"-�:9 �-�r � �
 /-0 
=�-9T C-)l\ �-� �-AK �8��-L� O��P� =��0 ��� C��P

e�	 �8I�� �� WXfX9 ��H(�M0� ����59 =�"� �wX	 =�"X� �� �H
 O��-P� ������-X�  
'(-I
 ,-�+� �-�"6 ...  �.-< O��P� '(XX0

 � � �-� �-AK �����-0 O(9 �
V"# ���l-\��� �� O�W-� ��-H
 O���59 ?<"6 '() ���F6EPA O��-P�  C<� �NI9�
 T"XH

 => �����-0 �� �-0 �-�� j�-8��S
  i���(-
 �� tTV �8��-L� �� �--H
e�	 �\�"-K> T� �-6 �"-) a��8�� (��� �T� �I0 ��H @>��-H

e�	 
�X�9T��T  �:;< '��A
T �� �8��\ ���+  =�H��\  �H
> �A�8
 ��  ���lr @�-X8�� =�M
�  =�"�� �\�"K �-K  .���-\

�AK ��� k�o9 �-AK �-8L\ b�-Y ��-H�����0 ���-< ���-� �-H
/H .C<� *
�9h� ! (-� �-� �-�"6 ��Xn��-9 =�-I
 �-0 (-H�

 ��L-o6 �� �U�X� �w0� ����59 j�4��56  � �-� C4-M
 !�.-) �-
�	
��Lo6 �w0�(� ��T '� (:9 �� (Xn �H  iC<� �6V�� �f�� �
�	
T�A9 �9 �K  
(X8MH *+�  .()�� J9Q6 J��+ (
�"6 

G] ": f�
��
R � � �� U 

�4-M
 =�"-� V�-� �-� �-�"6 �� 
�G�W�� O��U"o	 �q
 T�
��Lo6 �� �AK �K> ��"9  C�"#� ����59 �
�	 �� �q
 (�(A6 
�H

/8M�< '�S� ��H .C<� �� �2 �AK ��Lo6 ������ 
�AK k�o9 '(-XX0 �h-U� �-�  �"-0 =�"-X� �� �� e�-	

 �-�� �-0 C-<� �����W9 �����  '�"� E<�X9 
�T� �I0 g��W9
:(X8MH /S9  �8��\ ���+ �<��� ��"9 �":9 �< T� ���W9 

�9 �0 ��� CMN
 *4X9 3� =�"X� �� �� @h2�� �AK =�"6
p � T� �G� W�
  �l�9 ��"9 pT�� �� �-X�WH �� �AK *�� ��H

.��� ���+ �<��� ��"9 ����Y 
��� t ��9 �0 �-��W9 �q
 T� @h2�� �AK �����0 �� =�"6

.��0 ��"6 �"< b��W�� (�� T� =���� 
�9 �0 ��� t"<  => �"-4S�  �"-I0 ��o8+� '�\(�� T� =�"6

.��0 ��"6 @h2�� �AK �����0 ��}M9 �� 
�-AK ��� T� '��L8<� 
�G�m"K"��  �G�m"K"�� �G�9 �q
 T� 

�.n : Jw9 ����o9 ���� ��9T ��H �1r�� 
�T�� 
�f
�-	 ��-H
=�(�\ => p ��  �H �8-M� O�"-U �� �H k��-o9 ���-� �(-X�

�.
 E<�X9 Z�8N9 ��Lo6 �AK ��Xw8<� ��  i()�� 
!�.-) �
�	
 ��-9T Jw9 k��o9 ���< ���� J-fX� 
�T� �-I0 ��-H 
���-0

 C-���� �-� �-2��� ��-���  *-6��9 
�-:��L6  �9".� �0�9�
C�� (:9 ���-0 C����+ 
J:9  k��-o9 ���-< ���-� i���� ��

 �-9� iC<� '��L8<� J��+ W�
 C��< C�� (:9 = (� �:;< *��
��Lo6 �AK e�-	 �� ���0 T � �H =���Y �� �1
�Xn 
!�.) �
�	

 .C<� E<�X9 �:;< *�� ���� �SX6 .�") '(
�)"Y 
�-AK ��� 
�.< O�W�� �q
 T� ���-� C�� (-:9 = (-� 
�-H
'��L8<� J��+ �AK k��o9 �9�.6 k��-o9 ���-� �-SX6  C-<�
*.A6 C�U�	 J�K� �� 
�T� �I0 �8-)�(
  O�W�� ��� ���lY

 ��H���(
�8<� tTV �8��L� O��P�EPA => �����0 
�8-M��� �H
.���\ O�"U a��8�� �� 

/8M�< �� �q
 (�(A6  �H(-X���� J-���9 
�AK ��Lo6 ��H
'�S� '":
 /8M�< T� ������ q
  ,�+� !�8X0 !�.�� 
�H �-� O��

'�S� /8M�< ��� T� ���(Sf
  ������ O��-q
 /8M�< t WK  �H
 ��L-o6 �-< �-H �� �-AK *��  !�8X0  .C-<� �� �-2 �-
�	

��Lo6 =�X0��0 pT"9> �
�	 ���-�� ���-<  g��W-9 =��\��0  �H
  �--AK T� '��L8--<� '"--:
 
�8--)�(S� O�--G
 ��"--9 �� ?46�--9

C�� (:9 .���� O� �2 
=> k�o9 ��H 
�� e�-	 =�9�"I0 �0 ��� �� ��"6 ��"-9 �-q
 T� �-�5� ��-H

�X�WH ����.�) ��H�"0 O����  
���� ���T �l�9 �T�� ��-H�
=��-4� J-��+ ��r �\�"K> {��� ���# T�  �8)�� ����T �K���

�9 CM�T ?�:9 �AK ���  i�") ��"-0 pT�� �-q
 T� W-�
 �H
�9 (X.)T�� ���M� �9�
�� i(X)�� ���-� O(-9T��� �W-�� =�-G9�

  ?��"--2 C--���� => �� �--0 
�--AK T� �"--0 (--�K"6 p�8--M\
 pT�� 
����.�--) 
�--G�W�� O��--U"o	 �--q
 T� �H���(
�8--<�
 �-� 
(-)�� '(-) �.-< '"5K�-� �U�X�  �G�m"K"�� �G�9 
��"0
  @> CFX--U ��--o8+� �--� 3--.0  (--9>�� *--4X9 3--� =�"--X�

�9 ��U"6 �"I0 @h2�� .�") 
�<��� �� ��"6 �� J.� �� ��H �-X�9T �� ����(
�8-<� 
'(9>

 3--� �� (--6 i���(--
 �"--�  =��--�� �� �--AK Z--�8N9 k��--o9
 T� =�9�"I0 Z�8N9 a�5
 |�	 ?���) �� ��"6 �� �0 ���(
�8<�
 O�
�G9� 
e�	 O��U"o	  ?���) 
���"H  @> ?���) �q


��Lo6 ���� �"�"9 �� �X�  �-.H T�  OV"-o:9 g"-
 
�AK
O�9�WK�  O��� �2 �8.S9 �-� 
(-)�� '(-) �-�S6 �"-I0 |�	

 =�9T�-< =���0�(-
� C<� 
C-)�(S� O��T  J-w9 ?��-�z ��-H
 ?�:9 C��L� =�9T�< 
�"I0 @h2��  @> �<(XS9 C0�)

��١٣٨٣ل-٤٩��ر	 
� �� �



42

�-9 (�0� ��U"6 ...�T� �I0 O��T   CM�T �.-2 �� .�"-)
 a�-5
 ���-< �� ���-I9 O�-5�5:6 t�A
�  ,�5:6 ��� O��h#�

�9 �"I0  (-6 ���-� �<�<� (
�"6 �-q
 T� �H���(
�8-<� �-�� ��
�AK O��U"o	  �"�"9 C�F2  ���<�X) .()�� �H 
�--9 ��SX--I�Y �(--F� O�--5�5:6 ���--� ��--H�89���Y �"--)

]"� /-N6  ��"�(9 t�L��0  ��fX< O�W�� |"o	 �� �0lK�
e�	 �� Jf
� �-AK �-�� �-0 ����W9 ��H => �� �-H ��-0 �-� �-H

�9 => �� �8��� ()� OV"o:9  (
 � 
�H'T�(
� ���F6  ���\

�AK ��� �����0 �F+�  O��P� =�"8� �6 (
") ��(59 ��-�F6 �� �-H
.�".
 3.0 W�
 =���� |�	 ���(
�8<� *2  ��  '�".
 

�-9 �-q
 �-� �� �2 ��"9 ��� �� �0 ��f�� �FK�;9 
(-<�
3I	 ��H�8M� �� �AK (
�9 =�9T !�8X0 ��Lo6 �� �0 �
�	 �-H

�� (
�9 =�9T �P� �<���  
C-�"#� |"o	 �� �H�89���Y ���<
pH  ?���) �8��\ �q
 �� �� ...  ��"�(9 t�L��0 
Jf
� /N6 


�-f
 ���(
�8-<� =�"8� ���<  ��� �� �6 C<� �;�:9 J9�"� ����
��L--o6 �� �--AK �--
�	 .�� > C--<� �--� p �--� T� J--4+ �� �--H

 
<���� 

t_) K.	." K�!��1/O2".(Q$�B ��	�� *, ��B�!A� ��!�A� ��- L	�*i� 	
 �
��*$ CV*p�� .��*i3  � %*P�& �*S� � C�*(h 
��	�
 K"� 	��+,��V�� 
� � ��
+��
K.��>�>H3 � :��W !&�� 

c_) K.� K���,�31/Oc".(X)�� � ��`�-�	 "CVp�� � C� ��-.��A�P� �5B�h :��W ��
+��
 ��	�+��� K
/_�)	  ) K.: KX�,1/4O" .(K"�
��	�, ����+,�$ 
+��
 ��	�+���.���A3 �� 
2_) K.� .��)
��1/O/" .(�-
��- ���Z� ��	��K.*���  6*���`, 6*���, � 6*�j�3 !��	 �� ���  � 6��U	 K�
�, 6���`, K"��A*B ��*- 

.��A�P� �5B�h :��W ��
+��
 
;_) K.� .Y�>F�1/O/" .(�� e�- �V5+� ��	�� .��*i3 	
 �S� � ��- "��A�*P� ��A*B CV*p�� .*��$ *�� 
� � ��
*+��
 K�V�!*&��

.���W ��>�>H3 � ���`53 �V�iH3 
4_) K.: .�����1/44" .("CVp�� .��i3 K��AB CVp��.���A3 ��
+��
 ��� � ��	�+��� .(��� K:�
 ��� K
O_) K�F�jU <���� � � 	��+, ��>�>H3 .(���1/44" .(^�	 ��B K"I�$ �)��`�B .)�S3 ��- �	�`B .)�+���/.

8- Hong, R., T., (1993). "The Practical Handbook of Compost Engineering", Lews. 
9- Lannelli, M., (1971). "Sludge Treatment and Disposal", Water Services Journal. 
10- Lenores, C., (1977). "Standard Method for the Examination of Water and Wastewater", AWWA. 
A.A.P.HA, AWWA. 
11- Metcalf and Eddy, (1991). "Wastewater Engineering Treatment, Disposal, Reuse", McGraw-Hill Book Co., 
Newyork. 
12- Pescod, M.B., (1992). "Wastewater Treatment and Use in Agriculture", F.A.O. of the United Nations, 
Rome. 
13- Carbitts, R., (1989). "Standard Handbook of Environmental Engineering", McGraw-Hill Publishing Co. 
14- U.S. EPA, (1992). "Environmental Regulations Technology : Control of Patogens and Vector Attrition in 
Sewage Sludge", EPA/G25/R-92/03. 
15- U.S.EPA., (1983). "Process Design Manual for Land Application of Municipal Sludge", EPA-625/1-83-0/6. 
16- U.S.EPA, (1979). "Process Design Manual for Sludge Treatment and Disposal", EPA 625/1-79-Oll. 
17- U.S.EPA, (1977). "Process Design Manual Wastewater Treatment Facilities for Sewere Small 
Communities". 
18- U.S.EPA, (1977). "Process Design Manual for Land Treatment of Municipal Wastewater".
19- U.S.EPA, (1974). "Process Design Manual for Sludge Treatment and Disposal". 
 

����ب و �ب
�١٣٨٣ل٤٩��


