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Abstract  
It is essential to use new technologies in water treatment plants to reach high quality potable water. The three-
layer filter is one such new technology. In this paper, we will present the results of a laboratory investigation on 
the pilot scale to evaluate the performance of mineral garnet in multi-layer filters and to compare it with the two-
layer blank filter in the removal of turbidity and biological organisms. All experiments were performed using 
standard methods and the results were evaluated by statistical tests. In the good padding situation and when 
using water and air backwash system, the removal efficiencies obtained by the multi-layered filter for turbidity, 
diatome, algae, and nematode were 92.4, 97.8, 97.6, 94.4, and 96.5%, respectively. The removal efficiencies 
achieved by the two-layer blank filter were 88.8, 85.2, 86.7, 80.5, and 72.1%, respectively. Water and 
wastewater companies, consultants and manufacturers are recommended to consider the multi-media filters as a 
preferrable alternative for designing new water treatment plants or for renewing existing plants. 

Keywords: Three-layer filters, Garnet, Turbidity, Biological Organisms, Backwash, Isfahan Water  
 Treatment Plant 
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 �5�� =�� ��*3�� ���#�� =5
 �*3�� � 1�" ��J.#�.��*3�� � =5�
 
N�����" ����#�� $5*����H 	����c 8����� j5���@� 85:��. " N�����"

:. "��@� 85�j5��I�, ��� ���Ic� �� �#�!�c�.
� $5�1��I 

3 Dunkan 
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	 �F'��?���#�� �  ��" � ��5� t�% � 8����@� 85:. " N��c � j5m	?+, 8���r

1~�7 ]�C �C�� ]�C 
]���*� 

)1,C�/ 
,�(
� L)��C�Ã�C�� 
D �(

)1��� 
,�(

V-E

-1,Y��U% 
��%�� ��j,K& ]�C 


��.#��&���e/�`{/{ ���" 	��c)����"�.*1{(�
���.
� 8���.*��_�{Y �� ��
)�*3�� �
 ��(


�*�tf�`|/�p�/_

 �� 1��I.
���5� � �� �.  


��.#��&���e/�`{/{

�*�tq/`e`|/�p�/_

�H�Y �
 $5*��)4�� �*3��(

&#�0 q/e|�/�_/{

 �� 1��I.
���5� � �� �.  


��.#��&�q�e/�`{/{

�*�tq/{{`|/�p�/_

�H�Y �
 $5*��)=�� �*3��(

&#�0 q/e|�/�_/{

 �� 1��I.
���5� � �� �.  


��.#��&�q�e/�`{/{

�*�tq/{{`|/�p�/_

�H�
 $5*Y ���)=5
 �*3��(

&#�0 q/e|�/�_/{

 �� 1��I.
���5� �.  

� ���� �5��5� �� 	A� �5�� �7�3 ����� 	
�� 5g�� . ��
 ���
@� 85:. "�� j5� ���% v��.# ���� &
���*D ���� �*�D � 	�	

5� �73 ��m�� 	
�� �� ��E,� ���1��I.�
� ��� N�?� ����" 	��c
������ �" j5�@� 85:. " ����0 �73 �5�.

4��% �_	���c �. � $��c5�! 1��� ��@A�B� �5�� 8���
 &
� 1�".�-3 =�%	
�*�
��.#� �t��� &#�0 � &,�, �� ������ i

`/{�qq/_�pq/|�5� .�
�*��
��.#� � t�� 1��I.�
� �5�� &
��c	�H�)3��� =��, � $5* � �. � �� �1���" ��.*{����" 	��@�

�" (��<, .�#�� �?B�� �� 1�" 1��I.
� &#�0����� ����" ���, .

$�0�L)��C� ���& * )��C �*�� !)���  ��(��,/�  �
�" 
9����� ��*� ��I�, �� 1�F:����� )+� � �� ��� ���I�c� �� �#�!

r��EM )�@A�5.��
� ����8�� 1���" 7��!� ����.d��"���8�#�.��
� ��
�������98�����6��;�� � �� ���" =���-#� ]_f[.�5��� 8����F.��
�

 )����" r���?+, (���� � 1��I.��
� v���
 $����� 1�F.��
�u���O4����
 
1 Hach 

P{_�� ������@� ��=�Y 8�����#�.��
�8������ 9�������� =���-#� 
$��� ����# �5� $�>��-,8��� �5���� =�-#� 	��}5�A5�� 8��� �

�:V �� ¡5�
�����	�5� .

#�u-�,C v��  
�5� (��� r�?+, =�-#� )3��� � �$��� ����?� ���5,��� �K�E*%

 8��� �� �,��# � �I�,���V �� K��� �� �$5*���H )���" 1���0
 	���c� ����" 	��c ���.�
� 8���O�Q���� ��I��, 4�� �� ��#�!

 ��"�� $��I.� ���Ic�.��5�g�� � �� ��� 8���� 	�
�� ���R ���
 ����?� ��5� �� ��5�7� � ��� ��8��� 1��I.
� �� �5��� 8���

� 8��� � �*3�� �����?� �#�0��% 5M Pvalue �E
�+� � ��" �
 � )3��� =��,��� �.:�q/������ &
� �5�%� =��D 1���� ��:# �d

 ���@� �6.��!�	� ���c5���! ��5��� �� ��m�=���! �� $��5��� 
)4��%{.(

	 �F��>�A�#� �5��� v��.#C�t#���� ���M �� �5���8��� �� 	I�� $��J:� 
���
� L)��C� 
,��*�b L�& �
�" Pvalue F�
�" ���,C 
4�� $��d pf�/��q|/�

$��d ppq/��{q/�
��5,��� pep/���_/�
�I�,� p`f/���{/�
CE*% e`p/��fe/�

=�� 

�,��# pfp/����/�
=5
 $��d p{{/�_`{/�

>�A�#� �5��� �� 1��I.
� �� � )3��� =��, �
��?� t#���� Pvalue �� �.:�� �q/��d 1�5� 

� �� 	�@� �6.!� �5%� =�D 1���� ��:#
 =�! �� $��c5�! ��5� �� m�5��.
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	 �F#�4�� �*3�� � 1��0��V � $��� �73 �c� (�F#��� 

B���C�* )G�� �7*�(���,C �
�" G�
�C�
*���� S��C��� 
���� �@��� 

�����
�-��)^ 

L 
" 

b* ��/� |/pq pp ef |� 4�.�� 
a �`/� |/p_ pe `p |� $5*��H 
b �`/� {/pq pp e� |� ���.
�_
b �q/� q/pq pp e� |� ���.
�{

*�-�.# � L�.:� ���3 �5%� 	�@� �6.!� �5%� =�D �F#����# 8��0 �� K�� ��� 8Y�� � L�.:� ��R ���3 �5%� � ��
�5.
 �	�@� �6.!� �5%� �F#����# ������0 �� K� �� � ��&
.�7�3 ��c� (�F#���� (���.�d 8��� ��d $5*��H 1��0 ��

 $��d&
� ��3 a	�@� �6.!� �5%� �F#����# � �� 	�@� �6.!� �F��m� �� �d �����0 ���
 �� 1���# ��:# 8�� ���3 �#�
 o�.:�b&
� �.��0 r*@, .

#�'���
� u-�,C 	 � �
��F#����� � $���� �7�3 ��c� (�����c �� C	���8����"�
�H���c � $5*	��8���.
� O�Q��� ��I�, 4�� ���Ic� �� �#�!�

��" j�
����4��% � W��� N_��� � � ���?� �F����� �J:�� 
��0��d ���� $5*��H 1��0 � $��� �73 �c� 	��@� 5�M 8��

���.�� ���F�� 1����0 ���
 �� 1�5��� ����� $����I, ���� ���� ���F�� 1����0 ���

	���@� ���#��# 8��.���� 4�� ���*3�� � )���A� (�������5����� 8����

 �:�# =�-#� 	��}5A5��.��� ��:�# ��*3�� (��� v���.# Y ��d �������8
@�
 P� �� 1��I.�
�� ����-, j��
� ��� 1��" 1��I.
�	�� ���B!

 ��d $��d �73�	�5�! 	���#��=�Y &�
� ��@� ��*3�� �8
?+,�Y r�����8��c �. � 	��H �� $5* a,��� ��� ��5�" 1.��.#�� v

4��%|&
� 1�" 1���.

#�$�! � ���
� u-�,C 
����Y ���*3�� (���� � ����Y j���
� ���� 8����� 8����� � �5��%5� 8����

 �%��� (��,���% �" ��J.#� ]O[ �O\[.k�� �� X/\	.#��
 ��.� 
�&#�0 X/QQ	.#�
 � t�*�
�.� UX	.#�
 &��
��.#� �.� �3��M 	

�"��*3�� ��#��O��5��� ���81����#� ��� �5���� 0���8$���d 
=�-#�&��0 .>��# ��*3�� (���� j5��@� 85:�. " N����" 8����

 � $5*���H 	���c j5���@� 85:�. " N����" ���#�� ����" 	���c
��I�, � ���Ic� �� �#�!�� ���� 1��I.�
� $5�c �5�� �5��.��.#�v

�� 4��% � 1��� &
��1�" 1���&
� ..#��-4��% �� 8��0��
�5��� ��:�# 8���� 8������ 1���0 � $���� �7�3 ��c� ��� 

�� $5*��H �@� 5M	�5� �F�� 1��0 �
 �� �.:�� 8�� 1���0 ��
 ����
 	�@� $��I, �� �� �F�� 8�� �#���# ��:#.1��I.�
� �� �*3�� (�� �

�� �� v��.# (�� �� $5*��H �.*�� �� �" �J:� 1��� &
� ��Y 8����
����	�� ��:�# �5�! �� ��F�� 1���0 �
 �� &E # 8�.�� 	���� �7�A 

�5��� �*3�� (��� >�# 	��}5A5�� 8�� ��" =�-#�.��� =��-#� 5�g��
�5��� 	��}5�A5�� 8������� �� ��#5�# 8��%��!	�� =���d ��� 

��c	��8�H � 4�.�d ���" j�
� �� $5*�� N� W��� $��J:�
 4��%_�."���� �".t�
 =�-#� 8��� ���#�.
� P� �� 1��I.
� ��
 �5���� �K�E*% ����5,��� ��.�A � ����@, P���" 	��}5�A5�� 8���

 ��� �� � ��,��# � �I�,�8��%��!	���c �� =���d ��� 	���8
�H � 4�.�d�$5* �" =�-#� ���� �73 �c� K�� N�
5, ��#�0��% 

�5��� T� ��?� ����0.��� ��:# v��.# ���H 	��c ���Y ��
 $5* 8�
�� 	���c ��� &E �# 	�5�! �� � 8�,�� �*3�� (�� � 1�" 1��I.
�

��Y &"�� �,��# � �I�,� �KE*% ���5,��� �73 � ���" 8�.
�� ��� ��:# r�?+, �� �*3�� (�� v��.#�����$���� �7�3 	

���5,��� � ��I�,� �KE*% ���Y N����" � ��,��# � �5�*B� 8���� 
. ��
 �� 1��I.
� � �� �� 1��I.�
� ��� j5��@� 85:�. " �� �5��

 ���� $5*����H 	����c i���,�,�/p{�f/pe�`/pe��/p��q/p`
�c� ���Y �� ����" 	��c �i��,�, ��� 8�f/ff�{/fq�e/f`�

q/f��_/e{�c� �5� .v��.# (�� ��
 	���c �� 1��I.�
� 8��,��
����Y ����Y �� 	����c ���� &E ��# 8� � 8� �$����� �7��3 5,��� ����

 �,��#��I�,� �KE*%�	� ��:# � ���)4��%q.(

#�#�!�/ ���
� u-�,C 
��Y �*3�� (�� � =�� ��*3�� ���#�� 1��" ���J.#� 8���� �N����"

 85:�. " N����" ���#�� $5*���H 	���c 8���� j5�@� 85:. "
 ��I�, j5�@� � ���Ic� �� �#�!�� ���� 1��I.
� $5c �5�� �5�� .

�� 	A� � 	
�� 5g�� �5� �73 ���� j5�@� 85:. " �. �
 �
����% v��.# ���� &
��� 	��*D ��
�� ��� ���E,� � 	�*�D	

��5�� �7�3 ��m�� 85:�. " ���� 1��I.�
� ��� N�?� ����" 	���c
����0 �73 �5�� �" j5�@�.

� ��>�# �*3�� (� ��.�� 	*E2 )3��� ��#���F#���7�3 ��c� (
��� � $��� �� ���c �� C	���8d�4��.� ��H����c � $5*	���8

���.��
�O�Q����� ��I���, 4�� ���I��c� �� ���#�! ����" j���
� �����N
4����% � W�����_�M �� ���1�����#� r0����8��� �� $����d 8

���� � ������ ���	 �
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%��!�	��c �� =��d �� 	���#�.
� P� �� �� ��� &
� �� .t�
 
�� 8��� ��+A �� v��.# � � ��?� �F���� �J:� ��� �" ���F#��(

� �73 �c� �� � $�� �� ���c �� C	���8�4��.�d ��H�� $5*
��c	��8���.
� O�Q��� ��I�, 4�� ���I�c� �� �#�! ��� ,�, �� i
�/pf�p/p`�`/pf�`/pf�5�.v��.# ��� ��:# �7�3 ��c� �d 

�� $5*��H 1��0 � $��� �@� 5M	��.�� ��F�� 1���0 �
 �� 8�� 
��5� 8�����@� $���I, �� �� �F�� 1��0 �
 ��� ��.�"��#(P<0.05).
�� �5��� �4�� �*3�� ��#�� �*3�� (�� � )�A� (��� 	��}5�A5�� 8�� 

�:# =�-#�)4��%`.(
�� v��.# r��?+, (��� �� 1���� &
� ��d �5��! ���7�3 	� 

��?. � �5�
��.*�� ������ � ���,��# ��� ��� ��:# ��d N�
5.��	�
	��c N
5, 4�@� 8���,��# �73 ���Y C�, 8���f/`f� ��c�

 ����Y ���
p/e|���c� �5��� .	H5m��
��m�� $���@A�B� j���
� ����
1��D �7�3 	���d ��5� (���H &*D (��, ����,��# &�d�3 $��2 

&
��#� .	���c � �73 	���d N
5.� ��� ���Y C�, 8���e/p|
�� ��Y �
 � �c�f/pq	�� 9��>�� �c� ��5�� �,Y��� ��� �����
 �,��# �73 	���� Y �
 	��c ������Y �� 	��c �� &E # 8� 8�

	� ��:# � ��� ]_p[.
� �-�.#�r�?+, � 1��� &
��;�3 #�>��>�� ��7�3 N
5.� 9
��c � �,��#	Y �
 ���8, � ��< ��5�#.

	 �F0�=�� �*3�� � 1��0��V � $��� �73 �c� (�F#��� 
B���C�*)G�� �7*�(

���,C �
�" *���� G�
�C� 
S��C��� 
���� �@��� 

�����
��)^�- L 
" 

ab �e/� f/ff pf `p || 4�.�� 
a �q/� �/p{ pf ep || $5*��H 
b �p/� _/fe pf qf {e ���.
�_
b _/� p/fq pf qp |{ ���.
�{

	 �F3�=�� �*3�� � 1��0 �� � 	m�}5A5�� $��5%5� 
B���C�*)G�� �7*�(

�
�" ���,C *���� G�
�C� 
S��C��� 
���� �@��� 

����� 
-��)^�


,��*�b
L)��C� L�& �
�"  

L 
" 

a _p/� {/fq _�� {p {p 4�.�� 
b �|/� f/pe _�� f� {p 

��5,��� 
$5*��H 

a _`/� e/f` _�� �| {p 4�.�� 
b �,�{ pe,` _�� p| {p 

CE*% 
$5*��H 

a {q/� q/f� _�� � {p 4�.�� 
b _q/� �/p� _�� {� {p 

�I�,� 
$5*��H 

a �,{� _/e{ _�� {� {p 4�.�� 
b �`/� q/p` _�� e{ {p 

�,��# 
$5*��H 

	 �Ft�=5
 �*3�� � 1��0��V � $��� �73 �c� (�F#��� 
B���C�*)G�� �7*�(

���,C �
�" *���� G�
�C� 
S��C��� 
���� �@��� 

�����
�-��)^ L 
" 

b ��`/� �/pf pp pe {{ 4�.�� 

a �_/� `/p` pf p| {{ $5*��H 

b ��|/� `/pf pp pf {_ ���.
�_

b ��|/� `/pf pp pf {_ ���.
�{
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4�
 �OT]T �?�?+, ��.�
��� 	��">H =5*D 1�F:#�� � 	�
, � 	���� 	
�� �����<)���5D �73 � 8�. � ��V 8���.*�� ���

8���� � �� ,<���# �5� �*� 9��� � �� ��� 8��� =��-#� 	�������0 
�".v��.# ��:# �� ��� � =��I�*� �7�3 ����#� � 	D5���� =��I�*� 

�� �,��# 5,�H )��5D ��5�D}��� 	���c �� �.:��� ���Y �
 	��c �
 &
� ��Y]][.

��m���� 	�� 8���d (�-#� �*-� � 1�" �S�� v��.#(AWWA)  
�7��3 �5��� � N��
5.�����5���
5.���d��������} 9��>����

 �73 �c� 	�.��FA�	��c ��V ��Y 	���c ��� &E # 8� K�, 
��Y 8������ i��,�,\/Q���\/T���O/T��� X/T��:�# ������

 &
� 1���]^[.$Y��?� ����
 � ��E,� (��� � >�# 	���:� v��.#
&��
� 1����
 ¡���V ���� 	%���! 	���*D ����d 8���,�� ���d��7��3 	

����5�
5.���d ������} ��Y �
 	��c � 8��&E # 	���c ���
��Y C, �� �� 8�	� ��:# ���]_� �{��{_�{{[.

��d 8�,�� �5� ��$���d �7�3 	� r�*@� $�h �7�3 �
TOC ���Y �
 	��c ���Y C�, ��� �� 	��c �� &E # 8� >��# 8� 

	%��! � 	�*!�� 	��*D ��E.@� $Y�?� � r�?+, (�� ���:� v��.#
 � �,Y�� 1���� ��:# 	F�� �d &
� 1��� $��d �73 ����#� ��5

���Y �
 	��c � r*@� $�h ���
 C�, ��� �� 	��c �� &E # 8�
��Y 8�&
�]O^ �QT[.

0����,C �
�" 
9����� ��*� �r�?+, $�� 45M � ����� �� �%5, �� ������ 1��I.�
� �

��.d"���8���#�.
� �����98�� �6;�� � �� =��-#� ��" �
� v��.#�1��� &
� �5��� �� 1��I.
� �� >�# 8��� 8���*D �	�5��

 �&��0 ��2 	
�� 	�� r��?+, (��� 8���%� �� ���� ��5�� ��5�, �
�-�.# �5�# 8��0:
OZ	��c ��A�� 	3��M � ���� ���Y ���V 8����" 	���� &�2� 5� �

��Y ���. � �� K� �� ����� x�I,� �g# �� i
��� 8��� ��� ��� ��%5,
�E.@� 	�*D ����� ���0 ��2 1��I.
� �5� � ��J.#�.

QZ	� ��:# r�?+, v��.# �� �� 1��I.�
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