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Abstract  
Lime stabilization is a chemical method used for wastewater sludge stabilization. It is capable of decreasing 
large quantities of pathogens and of preventing microbial degradation of sludge organic materials. The main 
objective of the present experimental research was to investigate stabilization of the sludge from west Ahwaz 
wastewater treatment plant by lime addition and to control if the microbial quality of this sludge conforms to the 
USEPA standards for sludge reuse and safe disposal. The study was carried out on a pilot scale in 5 stages over a 
period of 12 months (July 2005 to June 2006) at west Ahwaz wastewater treatment plant laboratory using raw 
sludge. For the purposes of this study, a 30-liter reactor was commissioned and loaded with sludge and 
appropriate quantities of hydrated lime were added based on the solid waste percent. The parameters used to 
determine stabilization efficiency were pH, Total Coliform, Fecal Coliform, and parasite eggs. The results 
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showed that lime addition at a ratio of 265g Ca(OH)2/kg. ds was the optimum level for sludge stabilization in 
west Ahwaz wastewater treatment plant, which is acceptable from both economic and technical viewpoints. The 
method is capable of achieving class B but never satisfied class A of USEPA standards. 
 
Keywords: Wastewater Sludge, Lime Stabilization of Sludge, Public Health Considerations, Western  
 Ahwaz Wastewater Treatment Plant. 
 

������� 
$(���33>83�A�5 J�>83(�� @�
 J� ��E J��>�2 � "����, "8�&��
1����́8 �
 0�� "A��� ���	�� ¶�H&��E �� ��04�
 �-�K
3 �36�I�+

¶�&E 0A��5 �� ³	A��",3 E !0W�H� J34�F �������  ��34F +��Y
( �E����"�Q��0E ³p ��� ���� !��
�� 0�54� =��F ��4�� �� 0��

 B4K� 0E ¶�5��
 0A,4� ��� �3�Q�@�E �c(��� �� !"��$��� 0�
 ¶3
 A�r� �2�� ��� J3��i�	����E 0�A5�8 $(4�C +��3 �� 234�/ ��4�E W.

'� )�	���$�� ( ¶�2�"�Q���O (3 ³p�, k��W	� 0�E Y�,��� ¶��2
 J34�F�3 k�KQ� ¶�	�,3� �� 0�54�  E�P � WH� ¶�2��L23� (3 ³L �� +

³� ³
���� \�2 �E �
34�����E ����4, ��.
F 0��5 (3 �-r�8 � $���� $�4B�  �34�Q³� ���C 0E c��0� �

�E��O 0E �����5 ³	�3�HE � Y,��� k#N�� � ¶����0�4�� .#N���0
B4� �E $�34�2 �-r�8�@�E �� ���4� 0E �4�O 0�E +?B � ���


 $3��2 3>?�",3.
!�-r�8 +?B ���� #N� ��	�� ¶�H��� �� 0� ",3 ¶���5 �0
'� \6C �4d�� 0E���$��Q� � k��A� ¶�2 �O (3 �-�r�8 (3 )4 �� k

�� (3 ���5 �34� ¶(�,3�5�� ����� ����� Y������ ³��B�A8 ��¶��H	
E�M4B4�#N� �� ³L�0³�� "�,� 0�E �-r�8 0
�/ ���KC �� � ��"�K

 �� W�H� ³�F�8 )4NQ� ³F4
 ����3�8 #N�� �"�,3 0]9[.+�?B ¶��2
 3( �34� ���� �� �-r�8t0�K�O ­��
�p/ ��E � $��� ¶���E 0"��F

 E 0� ³�3�p/ Q� � J��
3 ¶3��c(��E !��
�3� "� �� �� ��8� (3  ��P �
Q��!c�����
��I "]:�D[.��� ³�� �4O 0E �+?B "!J4�i ³83�23 

JM4��
 @2�� @2��� � +#A	� ¶�24E \6C !�2 �� ��
�	
 \6�C �� 
6
���8�3� ¶� 0�E )���
���3�.	�,���K84� 0�E ³E �� 3 �� "��0�E $3� +

�8 ��L��F3���� ¶�2����34� \6C �� "�4N�/ 0�E +�?B �� ³�B� 
U���8 �34�����3� ³%	���E J� �3 ]:�V[.c��,4� ���B� �34��� 0���>?�

W��
�I�3����� 0E �?�� �2 JM4��
 ¶��I�
�� � �KE 4�E ¶(�,�3(� !�2�
���8
6�¶����4�]Z[.I4�5 ¶3�E�(3 ¶� 3��4�p���
 ¶��H	B�C +
�E�c,4� ���8 (3 ³L3�E @2�� ¶�2���M4�B4�� ³L �� ���3 ��,3��J4
������U�8 �34� ³�� �34�� J��>83 � �3�����³!�Q� ���KE ¶3��E 3� c1
��
�I�3��L�W���� Y,����
 �2.

��2� ³�
(!������ 0�E +�?B "����� ³�������� ¶�H���� (3 ³�L� 
³� ���.��(� ��AB�p� ����
 � ³2�%&���4�� �� ��4�� � �	
��� �4�
�����2� `�� 0E "³
(!3>83 �� �I3 0� ��� ��&� �0�E ��2� @

!+��?B pH��E 0��E +��?B �(3 @9:!���,�E ���� @2������3���A� �� ¶�

JM4��
 C �� +#A	� ¶�24E � �2�/q +�$�E +?B ¶(�, 0��234/ �45�
���.

�34�� ³�E�L�� 0��>?� (3 ¶��I4��5 !³L2� "���� (3 ³��3 \�2
 W��
�I�3 ¶(�,�4E�
 � +?B ³B� "�,3 J� �� �454� JM4��
 ¶�2 .��

��� ¶3�E ��3�
�	,3 `���� �E +?B "��3� �45� �2!�#N� ³L���E 0
2 �2��� � 0�3���#N� ¶�%�$�
( �2� �E 0b���2 `�� �� +��3 �� 

��E ��H�� � 0�	8�%
 ��4�� ³�B� �34�� ¶�� �E ³��K	�� @2�� 0
4I
@�3>83pH  (3 @�E �� 9:��L�� !³L�M4B4�E 0�>?� � $�� �4E�
 �2

 E ³B� �34� 0³� �P4	� "P4� �4O ����I.³�p�Q� c�3��� 0�E 0	��E 
6I (3 h
 !�4	�3��0	#2 ��i "pH ���C �� +?B990	8�� @2�� 

M4B4�E 0�>?� � ³E�L�� ��� ���� �234/ u��� +?B ³L.�� +�3 (3
��E�+?B (3 ¶��%E� � "���� (3 h
 $��� ³�
( �2� ¶�2!���� �� 

@��3� u��� (3  �P ³��A� J��( (3 $��#	�,3 ��� � +�8� !0��>?� ¶�2
 �3�P 054� ��4� �H
����I .+?B � �� c�3��� 0�E 0	��E ³�L2� ¶��2

 ³� 0Kp�� �� "&� $��� � ³�342 E ��
34� 0�� W�K	��� +�8� ��4�
 ³�r3�3 �� @�
 �� � +��(!� ³*��E �'4s�8 ��E [-	�/3 (3 h�
 

E ­�/ ¶>�����C �4�HE �� � �-�3 "H5 ³F3�( 0�
4� 0	8�I ��� 
]:[.

�I��� +�?B "���� `�� $�
(�3 ¶�2!³I���, ���d
 � ���L��F
0����>2 !¶����23� 0������, +�����
 ¶���2 ¶�36��I!$���HE �4���HE � ¶�3����E

 +?B ¶��%E� "���/!E Y54� 0(3 ¶����� �� `�� +��3 ¶��I���
0�#N� 0
�/ ",3 $�� �
��3 � �L���� �� �-r�8 ¶�2 ]:[.0�54� ��E

 �I��� +�3 0E � � ��2S����2� J�4�E }�	�,� �� � ³�
3(�3 ��E ����
 ³� `�� +�3 !�4&� �E ��
34� 0 �E�P � ¶��E���� 0���>I ��� J34��F

I �3�P 054� ��4� ¶�H� �-r�8 +?B "���� "H5 )4�P���.
��� ³E��(�3 k�KQ� +�3 =�?
3 (3 \�23¶��2�	�3��
 +���A� � ³�

 �2� `�� ³C3�O }���K� �� ¶�H�� �-r�8 +?B "���� �� ³
(
 ³2�%&���(��4E .+�3 0E 0�#N�� �4�d�� �H�� ���* �-�r�8 0�
�/

3+�?B � ��� ����	
3 (342 �3��P ³�,��E ��4�� J� (3 ³�5��/ ¶��2
"8�I .0�#N�� +�3 \���A	� ³2�34�2 ��E )��A8 +�?B `�� 0�E 0�
�/

",3 $�� ³C3�O.

���1b ��
 Z
3�KQ� +���� 0E k9:$��!(3)�, $�����eV���3���/ )��, $��� eZ
����
 ��(� �� 0�C�� �#N� $�%&�0�-r�8 0
�/*=��?
3 (3423 �� 

����� � ����� ����	�
 ���




69

� �� ³�,��E ��4�� ³2�%&���(� }��K� �� +?B ³L2� "���� �
��
"8�I �3�P.

+?B ��2� "���� �
�� �,��E "H5!��0&��� �4�	<3� ��E 13
 �����C W��?CDx� ���� 0	/���, ���	�B����E ����
 +��?B ���E =���/ 1���2

0�#N� �� 1��I��E 0
�/ .3 ¶3�E��4d�� +DxB� �/3� 0�E +?B (3 �	
 � �4	�3��0&)�K	
3 ¶3�3� �3����5 ����� 0�E 054� �E h|, � �� $

�����I 08��r3 J� 0�E ��2� (3 ���A� "��
 !+?B �� �454� .¶3��E
 �&�E ���i 3��	E3 !+�?B 0E �2� Y,��� "��
 J��>83 1���C W�?C 

A��³�(3+?B )Z/xB��	("���
 ��E 3� ��2� � $���� ���	�� ¶��2
p����	A� �53�� �� $�� 0t3�3 �3�F3 kE $��� 08�r3 J� 0E ���� 0�E �
Dx P� ���I )�	�� � =�?
3 [-	/3  �F 0K��]D[.��
�H��	�� "�+

v#C Y�, 0� ³	��
pH (3 @�E J3>�� 0E Z/9:"&�I J34��F 0�E 
�� 0	8�I �d
 �� +?B 0E �2� J��>83 "��
.��2� J��>83 (3 h
 

0�3�3 [-	/3  �F !+?B 0E���� "8�pH ���� 0�E +�?BDxP��0�K
J3>�� (3 ��'�E Z/9:�4� v#C .

(3 $��#	,3 �E 0�C�� �2 �� @�E +�3 �� �/�� ����"pH 13�E 
+��A� W���
�I�3����� @2��< �� ��2� "���� J���
3� ��2 +���A� �

+�?B +��3 (3 ���?� $��#	,3 � "���� "��E�P � ��2 +���A� $��� )4�O
 +?B "����b=�#��< �3�A�  < 1�2^�F48�� �j �%
3 W��� �3��A� �
+?B �� 1�2 @��
 ��4� 0	#2 ��i )4O �� �4	<3� +�3 "8�I �3�P �

³p�Q� "��( ¶�2���A� �E �'���3 "���( c�Q� "��#C J��(�, 
$�Q	�n����I 0���K� 0���( +�3 �� .@����(� =��?
3 �4d�� 0E (3 ��2
$4�� �-�r�8 � �� 13�E ��3�
�	,3 1�H��� ��	< �� �454� 1�2

 13�E �3 �3>83 =�
 (3 �2�3�4�
 W,� ��o����I $��#	,3 ]][.

q�2+	/�01. �
@����(� =�?
3 0�C�� ��
 �� =�/ +?B � �8�N� �2� ����4N/

 )��5 ��9",3 $�� $�3� J�&
 .
 ��9!�3����T� ��
�� pH �	&��E (3 9:3���� )�3 0��C�� ��

 �� Y���� 0E W?�
D!(�� Ve!(�� �
'4�O (3 ��� Vx!(�� Vf(�� 
�Zx$�� v#C (�� ",3.

 �� :!+?B �F48�� =�#��< �3���T� 3� $��� ��
( ��2� 1�2
�� }-�< 1�HN�/�� ����K� � J��( 0E "��
 1�36I��E 0�C�� ��

A�B$��Q	� �'���3 "���( c��Q� "���#C J��(�, �� @����
 
�� �2�.�� J�&
 �3�4�
 +�3 +�?B �� �F48��� =�#��< J3>�� 0< �2�

-E 0�C�� ��
 �� ��2� $�� "�����#� 0E �
( �2� (3 h
 0���8 

1 Total Coliform 
2 Fecal Coliform 
3 U.S- Environmental Protection Agency 
4 Excel 

3��4��=�?
3 0�C�� ��
 �� =�/ +?B � �8�N� �2� ����4N/
@���(� 


�/Y	� �5�� 
��5��
3�� 

��5��
9�� 

��5��
9�` 

��5��
9
	
� 

��5��
Xa�$ 

 <
�3���5 (mg/L) VDeVe Vx]:V D:ef_ Z:ZZx :9fxD 

W?C
+?B (L) Dx :x:x:x:x

05��
 �4�/
�2� 

)%(f/__f/__f/__f/__f/__

"��

 J��>83
�2� 

(gr.) 
Ca(OH)2
/Kg.Ts 

:xx ::x Dex DZx :]Z 

J3>��
 �2�
 08�r3
$�� 

(gr.) 
Ca(OH)2

:]D Vxx :Zx D]e 99] 

0

5

10

15

0 9 17 23 41 45 53

(��
)��	� (	��

pH

PH1

PH2

PH3

PH4

PH5

 
�f����3���T� �
��pH  C3�� �� J��( 0E "��
 9��Z

9

0

5

10

15

20

0 9 17 23 41 45 53

(��
)��	� (	��

9�
xxm

 �Y
���

xx&
bc

+�
xxb

�x
x*

/1
�X

/+

	xx

­%

cx
a%

�
x�

jp
��x

�	4
9�

x!

�

,_
��

�x
�

3�� ��5��

9�� ��5��

9�` ��5��

9
	
� ��5��

Xa�$ ��5��

A¦�Y 

B¦�Y

 
�f���+?B �F48�� =�#��< �3���T� �
��  C3�� �� J��( 0E "��
 9��Z

",3 $��,�.J���( 0E "��
 �/�� +�3 �3���T� �
��! �C3�� �� 
"�6I (3 h
 0
�I ��
VxY����� +�3 0E (�� ��� ����E .0��C�� ��

 0�E �/�� +�3 J3>�� )�3 (3 @��E9]xxx =�� 0��C�� �� !]]ex!
=��Hi !=4, 0�C�� �� �W?�
 �#�� 0�E �/��� +�3 J3>�� >�
 =��I 

",3 $��,� +?B �&/ �3���5.�P�E  %
3 W�� +�%
��� h
 $�
��

�������	�
���
����� � �� 



70

+�?B ����2� "����� (3!MPN/4gr.ds D_e���� \-	��/3 0��< ����E
��A� �3�K� �E 1�3�MPN/4gr.ds 9}-�< 0�E [4E�� A�3���K� 

USEPA��3� )xxZ/xP<<x9/x.(

'�����xi	� �x�	j � m�xb ca% � �ºb ���. �s\ (�[ � c  &b
*� �5�� 
� ,�� �s\ ��
 �. ���s� ���,s	­�+	��\ ��� 

@���(� ���	
 �E 1�36�I��E 0�C�� ��
 �� 0	8�� =�?
3 1�2 0��4��
 ����	
 (3 h�
 )�3 1�36�I��E �� 0�< �3� J�&
 �2�%&���(� �4���


 !0�B�3 "�� +?B 0E �2� J��>83 "��
!��E3�E:xx 0�E ��2� =��I 
����I ���	
3 +?B �&/ �3���5 =�I4��<.

!�4�	<3� �� 0�C�� +�3 ��pH  ��� =4�, (�� (3 �	&��E 9:"��R 
�� .W?�
 (�� (3 h
 �pH  0�E ��	�< (39:)�>�
 c�3��� � ���< 

=�#��< ��� � 1��6
���8 �� � u���� W2��#2 (�� (3 �F48�� 1�2
 1'�E 0E W�� � �, (��9]xxx �&�/ �3����5 =��I ��2 �� ��F 

+?B��,� .�3�2�&� ��� J�&
 J3>��� 0�< �3� �3��A� (3  �%
3 W��� 
_Z: 0E D:9��,� ��F .
�� =�� ¶�36I��E!"��
::x � �� ���	
3 pH � ��, (�� ��� 

(3 @�E =��9:����I `�3>I .0�C�� +�3 �� ���� WH
 (�� �� 3�	E3
=�#��< �F48�� 1�2 J3>�� 0E9]xx ��F 1��2(�� �� � �� $�2�&�

  Hi (�� �� � J� (3 h
 ����Hi=!pH (3 @��E f/99���� � �4�E 
=�#��< 48�� 1�2 �&
 $��� �F.��E W	&�2 �  Hi (�� (3 �B� @2��<

pH +���
 0E (3 ��D/f=�#��< ���  �Hi (�� ��� � ����I $�2�&� �2
 ��F 0E WH
 �]]ex (3  %
3 W�� �3�A� � ��,�ffe 0�E V99 ���F

��,�.
=4, 1�36I��E ��!13�E 1��6
����8 c�3�� ��?�3 (3 1��I4�5
=�� 1�36��I��E ��!��'���E "����
 (3 Dex 0��E 0���3���2 ���2� =���I

 0��C�� +�3 �� � �� $��#	,3 �&/ �3���5 =�I4��< �3��K� pH 0�E 
(3 @�E9:� ��,� =4�, � $��?�
 (�� �� ���A� 1�36I��E 1�H	
3 �� 
+�3pH ����I v#C ��� +�3 )4O �� 0< =�#��< ��� �F48�� 1�2

 �&
 $�2�&�. %
3 W�� �3�A� >�
 (39x]] 0E ��F Vf_ �2 �� ��F �
��,� +?B �&/ �3���5 =�I ��Hi.

=����Hi 1�36��I��E ��!1�	��,3� �� �4���HE1��N��	P3 c�3���� (3
��A� �	�< "��
DZx $��#	,3 ����I ."��
 +�3 �E !pH 
���� 0�
4

 �  �Hi ��
�� J���( ��� � =���Hi 0��C�� 1�H	
3 (�� 0�
 (3 @��E 9:
>I3�&�
 $���� +�?B 1��6
���8 c�3�� 0
4I ��2 � �� `�!���r G�

(3  %
3 W�� �3�A�_f: 0E D:9 "8�� @2�<.
W?��
 0�C�� 1�36I��E �� �4�d�� 0�E !1��N�	P3 +��3 J���< ���

`��!"��
 (3 :]Z �� $��E �4, >�
 "��
 +�3 �E �pH 0�E @��E
 (39:� ��,���0�C�� +�3 1�H	
3 �P��E J��7�2 $��
�� 0�
4I ���2 �

���
 3��
 ��� �F48�� =�#��<.

0E 054� �E $�� =�?
3 �,��E !��"���
 J34�:]Z ��2� =��I
 �4��/ ����� �E +?B �&/ �3���5 =�I4��< 0E 0�3���2ff/__

3�E00��HE "��
 J34�F13�E 0�#N� +?B 0E �2� J��>83 ��* 0
�/
 ��
�� J���( �� � "8�I �d
 �� (3423 �����K� Vx��� Zx(�� >��
 ��

0�#N� �4�
 $��/q  �&� J��E 0
�/����J� (3 J34�	E Y�,��� J��(
 �� � $��#	,3�8� 3� J���< .

q���}x`�b ��x� �x �ºb cxa% �� ��xa� ��	m/`� � �.	R ,.	+�
�
�s\ 

)���, �� $���Q	� �'����3 "����( c���Q� "����#C J��(���,9ffD 
3� ���2��3�
�	��,3 13���E"��8�I ���d
 �� +��?B ���8� � $��#	��,3 .+���3

 0< �3��K� ���E "�Q�ZxD 0���
 +���� 40CFR 4�$��� $�3� ���r
",3 }-< �� 0E !A�B0K�O �� 1��E 13��E �-r�8 +?B 0< �4�

 �3���K� +��3 0E J��,� "�,3 ����/ c�3��� ����(��
 !.}-�< B

"d�*  ��� �	&�EJM4��
 �20E "��
 }-<A",3)=�#��< 1��2
�F48���� (3 ���	�< :xxxxxx ("������Q� 13�3� �13���E ���/�E 
$��#	,3 �< ��
�� ����4, 1�2 �� +��( 1�E� ����E .}-�<A ���� 
	d�* W< 1�H JM4��
 )9<�  %
3 W��9xxx<=�#��< �F48��� 1�2 (

� W< $��#	,3 "����Q� 13�3� �"����Q� J��E �� ",3]V[.
�3� J�&
 �
( �2� `�� 0E +?B "���� J4�(� (3  ��C ���	


 1�	<�E @2�< J3>�� 0< �/�� 1�2)�F48�� =�#��< �  < =�#��< (
-E +�?B 0E ³
( �2� (3 h
 0���8!9xx "��6I (3 h�
 � �����
Vx 0E (��f/ff",3 $��,� ���� .=�#��< J3>�� �� �F48�� 1�2 

0�C�� ��
 �2!"�6I (3 h
 Vx��2� "���� ���3�8 (3 (�� !��	�< 
(39xxx +?B �&/ �3���5 =�I �� ��F)}-�< �E���� �/��
A��3�
�	��,3 USEPA (�4��E.��QB 0��E +�3�E����E ���E���� �/���� ��

 � 0E ���P �F48�� =�#��<SJM4���
 @2�< �3��K� +�� }-�< �� ��2
A�B�� ���E.

+?B ��  %
3 W�� �/�� �,��E $�� "���� 1�2�� J�&
 ��2�
 �H�� 0
 0< (3 �� ��2 �� ��
  C3�� 0
�I! �%
3 W��� @2��< J3>�� 

0E9+?B �&/ �3���5 =�I �2 �� ��F)}-�< ��%
3 �/��A

,3 ��3�
�	USEPA (  ��,�
 0��E ���A� \-	/3 "��3� J� ��E 1�3�.
�� ����3 (3 ���2 �� +�?B ���2� "���� ���3�8 0< "8�I 0?�	
 J34�

 }-< ��?�3 0E ���P 0�C�� ��
 (3 ��AJM4���
 @2��< �3���K�
USEPA }-�< c�3�� ��3 $�4�
 B�� 3� �3���K� +��3 S$�4��
 +��

",3 .�E +�?B +��3 Y����� +�3 0E0 �E�P 1(���&�< �� �4�< J34��F
 
 \�N� "�� ��3 �E4�/ 0�E ��� ��
34� �4�d�� 0�E 1��H<�/ �-��3

 @��4
 � ���%�5 ��r3�3 �� �8� !�4*���
 ��8� 1��H�Q� �� ��2�
E 1��,3 1�H<�/ �-�3 �� � 0B�E( 0�4� 0	8�I ��<.

<�E����
( �2� `�� ���4d�� 0E+?B "���� !E0�B��"��E�P  

����� � ������� ��	�
 ���




71

�,�	,�!�4E J3(�3 ��< � J3�� �4�p� �� 0���>I (3 ��� �
34� 1��2
 E � ���E (�, 0��HE 0� J34��FS0�#N�� ��  ���� �����, 0�
�/ 13��E 

JM4��
 � +#A	� 1�24E )�	�< +?B 1�2 �4� 0	8�I ��< 0E�0����3 �� 
�454� Wr�2 ³E3�/ ��4� �� � =��%�2 �� �A �&�� ��8� � ���J�

�� �
( �2� �����F (3 $��#	,3 J34�13�E "�P4� �4O 0E 3� 0�#N� 
�3� �3�P 054� ��4�.

£��� ! �a /� 
•"��
:]Z �E +?B �&/ �3���5 =�I4��< 0E 0�3���2 �2� =�I 

�4�/ ����ff/__E00��HE "��
 J34�F13�E 0�E ��2� J��>83 
(3423 ��* 0
�/ 0�#N� +?B�����E.

•�� 3� $�� �
( �2� +?B �E J34� G����K� �
�� J��( Vx���Zx(�� 
0�#N� �� �4�
 $��/q  �&� J��E 0
�/ J34	E �� (3 Y�,��� J���( ��

 �� � $��#	,3 J��8� 3� J���< .

•+?B ��2� "���� ���3�8 0�#N� (34�23 ���* 0�
�/ ���?�3 0�E ����P
 }-<AJM4��
 @2�< �3��K� USEPA }-�< c�3�� ��3 $�4�


B� 3� �3��K� +�3S",3 $�4�
 +��.
•2� +?B $�� �
( �0�#N� (34�23 ���* 0�
�/ �E !0�� �4�< J34��F

 
 \�N��  E�P 1(���&< "��� ���3 �E4�/ 0�E ��� ��
34� �4�d�� 0�E 
�� ��2� @�4
 � ��%�5 �r3�3 �� �8� !�4*���
 1�H<�/ �-�3

E 1��,3 1�H<�/ �-�3 �� � 0B�E( �8� 1�H�Q� 0�4� 0	8�I ��<.
•�
( �2� `�� ��E��<13�E E +?B "���� 0B��,�	,� "��E�P  �

 �� �4�p� ��3��< � J�4E J3(�3 �0��>I (3 ��� �
34� 0��HE 1�2 (��,
$�4E E �0� J34�FS0�#N� ��  ��� ����, 0
�/ 13�E 1��24E )��	�<

 JM4��
 � +#A	� +?B 1�2!�4� 0	8�I ��< 0E�0����3 ��� ��4�� �� 
�4��54� W��r�2 ³�E3�/  �&��� ��8� � �����A� =���%�2 ��� !(3 $��#	��,3 
�
( �2� �����F13�E 3� 0�#N� ��J34� 054� ��4� "P4� �4O 0E

�3� �3�P.

��e4��� 
����^"	C
$ �L.�#.��� ,	) .��8� .(”,�_�	 ,�^
1F +��P +�<=� 9:;�$ 6[� B�)v� w�C x�- e#  w�$ w[�F.“3y�1c� +1G%�[�

'��� B&	��J z %4^ sE��� 6��4&�,	��� w_&k` L%5G !�j4�	" .

��
$L ���^"	C.)��8� .(6[� �$" # +�<=� .%?	 9:;�$ z�� �.#	 /�0 �,	��� w_&k` L%5G !�j4�	" 3	 �42�	.

��.����	) .��8� .( ”+�<=� 6[� B�)v� ,	k�� 6��>�  " w1�C x1�- e#  +1J ,�^
1F 9:;�$ +��P w��j41E��C- �1H	#.“!i#
1` 

wF��& �^�,	��� w_&k` L%5G !�j4�	" ,	
E	 �.

4- Gurjar, B. R. (2001). Sludge treatment and disposal, Oxford and IBH Publishing Co., New Delhi. 
5- Tchobanoglous, G., and Burton, F. (1991). Wastewater engineering, treatment disposal, and reuse, 
3rd Ed., McGraw-Hill, Metcalf and Eddy, Inc, USA. 
6- Lenores, C. (1995). Standard methods for the examination of water and wastewater, 19th Ed., 
APHA, AWWA, WPCF, USA. 
7- USEPA. (1992). Environmental regulations technology: control of pathogen and vector attrition in 
sewage sludge, EPA/ 625/R-92-013. 
8- USEPA. (1987). Design manual of dewatering wastewater sludge, EPA 625/10871014. 
9- Vesilind, P. A.(1986). Sludge management and disposal, Lewis Pubisher, Chelsea, MI. 

�������	�
���
����� � �� 


