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Abstract  
 
Arsenic exists in compounds present in the Earth's crust in various concentrations. High concentrations 
of arsenic in drinking water may cause skin and lung cancers or other diseases. Unfortunately, in some 
urban and rural areas in Kurdistan Province (e.g., Delbaran), arsenic concentrations of above 70 ppb 
are observed in groundwater resources, which is higher than EPA standards. The objective of this 
study was to evaluate the effects of using membranes for arsenic removal from drinking water. To 
study the practical effects of different membranes on arsenic removal, five types of membranes, 
namely, PVD, TFC-SR, FT30, TFC-ULP, and BW30, were used. Based on the two parameters of 
effluent flux and arsenic removal efficiency (which was above %95), TFC-SR was selected as the best 
membrane. Atmospheric pressure, temperature, and pH were the parameters tested for this membrane 
to obtain an optimum atmospheric pressure of 10 bars and an optimum pH level of 7.57. Results also 
showed that higher temperatures increased both the effluent flux and arsenic removal. 
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d� ?�4 NL. )�A $� ���� ����^ k*���4 <�'� .6�*� �������" �< 
1?�?� �� $3<'� #��@::

�&���� 0; �H��Jc d� ?�4 1H< �" F�2�� 0�B��� a0@�?�,� 
1� <'�.
���� 0; �H��Jc 1A��= ���0B��� p<'� 1� 0@?�,� .

)a(1*��3 d� ?�4 )/�c�0�&�� d� ?�4 )/�c 
a��*

0�&�� d� ?�4 )/�c 
=$!�<�"1H< 

)p((L/hr)1�< 

(m2)��Jc GBU� RB? 
=1A��= ��� 

�$����< ��� ��J�� � ������ ����3��� �< �H��Jc d� d�a�
k*���4 ��� $�4 59: 0� � �*��3 0; 0�H��J�c k*���4 �� �$�4 )?<

 M�$A �<a�5I�p)?� �$� �<�< F�J3 .
�" F�2�� 0� 0A'� �� 1H<1A��= ��� F�2�� � d� ?�4(��J�c 

TFC-SR �0J�*���4 0���<� � $�� ����3� ��Jc 6*���� F�' :����� 
)��� E�73� ��Jc 6*� ��� .� 6*� ��� �{(��J� ��H������" ��fpH �

��J�c 1�A��= ���� � d� �?�4 1�H< ��" ��� ��� h���� 0� ��<
 $*<�� 1?��� �';L�(F�2��� T�U,� 6*� �� 1?�?� N$H ��*� NL�.

<'��� ��J��c 1��A��= ����� � d� ��?�4 .6��*� �< E���= �4 d� ��?�4
k*���4 �� )9�^ ����� ppb v/��<'� .

F���
	G� ��^m3 
�� ��P�� ��H��J� �< ��Jc 0I *� 0� 0A'� �� )9�^ 6*� �<a~���� (

1� ���" $�(k*���4 �*� ����� ��J� ���D �<a~��� E�73� 0; $� 
#��@: �H��J� $3<'� ��:~(a�(ap�ay1�H< ��" �*��3 0; ��� 

�< 0�; k*����4 +*���� 0�� 0�A'� �� 1A��= ��� � ��Jc d� ?�4
 M�$Ap�';L� ��H��J� �< �$*<�� ��J� M�$�A �<p�5I��

v)?� �$� �<�< F�J3 .

F���3m	�� ��^ 
k*���4 �� )9�^ 6*� �<(���< ��f{� ������ ���H #���@: 0�; �4 

$��3<'� �� :z(av(a�(a��pa� $��� 1��?��� e'�����? 0��A�< 
0�A'� �� �$� ����� ��H��< �< ��Jc ��� � d� ?�4 1H< �" �*��3

 ��� 0� k*���4 +*��� 0� M�$Av�5I�y)?� �$� �<�< F�J3 .

F�E���^m3 pH 

(k*���4 �� )9�^ 6*� �< ��f{��pH ������ ���H �4 #���@: 0�; 
$3<'� �� :~(�(z��3 � $�� 1?��� ��" �*��� � d� �?�4 1�H<

 M�$A �< 0; k*���4 +*��� 0� 0A'� �� �';L� ��Jc 1A��= ���y
�$*<�� ��J� M�$A �<y�5I�~)?� �$� �<�< F�J3 .

N�%��@ �8��' �RO� 
J*���4 6*� �<��� " ��Jc S'3 <�'�� k*����4 )���� ����^ �< 0�; 

��" F�2��� k*���4 M�� k�� � 1�H< �'�� �H��J�c 1A��=���� <
��J�c� )�������^ 1?��� PVD ��" 6*��P��� �� d� �?�4 1�H<

)����<C��@*�U� F4 1A��=����� F�2���� F'��D 1��&� 8���J��c ����3 
TFC-SR  <'��(��J�c TFC- SR  ��0)��A ��J�c 6*����� F�'� :

 � 1?���{� ��< (��J� ��H������" ��fpH $*<�� ����3� .(��J�c 6*� 
�� 1H< �" �/3($�� ��Jc��PVD �� ���$U� �� ����a/��$�!�< 

�� d� ?�4 1H< �" 6*��P�� � )��< ���/3 1A��=���~/p���
<�$.� �Q*< ��H��Jc �����L/hr.m2pa/pv� <'�.
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*��+����Jc 1A��= ��� � d� ?�4 1H< �" F�2��TFC-SR����� ��H��J� �<

	G�(bar) N�X���F

d� ?�4 1H< �")$!�<(vz/�~�~/����/�y~v/�y

��<( C° ) aap~p��
pH ~�/�~�/�~�/�~�/�

F���(hr) ��/�zv/�aa�/a

1A��= F�*�A(mL) az� p�a v�� y�a 

1A��= 1�<(L/hr) p�/�vp~/�v��/�ypa/�

1A��= ���(L/hr.m2)�v/app zp/ay� �a/a�� ~v/a�a 
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)�� E�� 1A��= ��� F�2�� ��Jc d� ?�4 NL. $!�<TFC-SR��J� h�.�� 

*��+E���Jc 1A��= ��� � d� ?�4 1H< �" F�2��TFC-SR�< ����� ��H��< 
	��( C° ) V�E�U�W��
d� ?�4 1H< �")$!�<(p~/�a�v/�pp�/�v�y�p/�y

��J�(bar) a�a�a�a�a�
pH ~�/�~�/�~�/�~�/�~�/�

F���(hr) p~/�~/��~/�ap~/a
1A��= F�*�A(mL) aa~ py� y�a ~�� �va 

1A��= 1�<(L/hr) y�/�y�z/�~v~/�~��/�~z~/�
1A��= ���(L/hr.m2)p�� y/pp� pyv v/p~� z/p�~ 

*��+F��" F�2�� ��Jc 1A��= ��� � d� ?�4 1H<TFC-SR �<pH����� ��H 
pH NTVW

d� ?�4 1H< �")$!�<(p~/�a�v/�pp�/�v�y
��J�(bar) a�a�a�a�

��<( C° ) �av�a�
F���(hr) p~/�~/��~/�a

1A��= F�*�A(mL) �zpav v�� y�a 
1A��= 1�<(L/hr) v�p/�yp�/�yap/�y�a/�

��� 1A��=(L/hr.m2)p/a�z  �y/a�v  v/az�  v/azp  
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)��N���Jc d� ?�4 NL. $!�<TFC-SR h�. �� pH 

��J� k*���4�< �< �/3<�'� ��Jc F'D �H��J� ��P�� ���a~
��� (1� ���" $�k*���4 (�<��H��J��~(a�(ap�ay���� E��73� 

�� 0; $*<�� 0� 0A'� 5I�v�" F�2�� ��J� k*�2�� d� �?�4 1H<
�� � kH�; �� 1A��=��� )?� �<�< k*�2�� .��M$�� 0*�/3 0� 0A'�

� M	��,3� r'���3(�2��A �< ���H� M	��. �< �$3'��� 5��. ����c 0���?'" 
� 5����� 1� 5. ��Jc 6Q9H $3'� ��H ��? �<1� r'�3 $� *�93 .

r'�3 �H� d* 0<'A� 0B?�� 0�� g'���� 1*��9��� 5���3��" F�*<���
 1� �2A F4 $��� �< 0; ��J� k*�2�� �7 *� (� M	�. ������ F�2��� 

�� �$3'� 5. 1� k*�2�� $�H< .���� ��� ���H������" ��I: 0�� 0�A'�
 � 1A��=��� �"d� ?�4 1H<(��J� a���� �0��J�� F�' : 0� ���

�$��*<�� ������3� h��?� �(����*� �<���" ��H��J���*6����� ��F4
� V�; 1A��=��� �<��P��� ��H��J�� P��� �O��3� N���� 0� *2H 

1� <�� .
��< k*���4�< ��J� �< a�(��� �� ��Jc �<����� ���< � "z

(av(a�(a��pa0� 0A'��� 0; V*<�; 1?��� e'���? 0A�< 5I�

yH��<������" �"� d� ?�4 1H< �� 1A��=��� ���< 6���� P���
 )��* k*�2��.�<�7 *� ���]� �:�� ��< k*�2�� 0�*�'I�*�[M	�. 

���J� 6���P�� � �29?� � M	. ��*L"r'�3 1� �$3'� 5. 0; $�
 ��< k*�2�� 6*� (M'I&'� Y�,� � M	. ��H F'* ���H d� �?�4 ��

k*�2�� 1�<<�.��� ���A'� � ���$�3� 0�� 0���� F'�* ���H d� �?�4 �<
��� 0��*�U� M'�I&'� Y��,� (M	�. ����H ����34 �� ��J���� h����� 0�� 

M'��I&'� ����H � <'��� �$3'��� 5��. �<$��.�� ������� F�2���� F�����
M'��I&'� ��J���� M	��. ����H ��d� ��?�4 �����3'*<'��� .6*������ �

 � �4 1A��=��� �" F�2�� �� d� ?�4 1H< �� ),�{��f �<�<����^
��H�<��D< k*�2�� $3$�.

�< �� 0B��� �{��fpH ��J��< a���� (����DpH ������ ~(�(z
������ 0; V*<�; 1?��� 0� 0A'� 5I��~��� k*�2���pH (F�2���

�" )?� 0���* k*�2�� d� ?�4 1H< .�<(k*���4 0�&�� 0�.��pH 
������� �4~�/�� <'��� �� 1A��=����� 6*��J���� V������<C6*������ � 

1 Viscosity 
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pH �����~/����0F�'� :pH 0� ����<��/3 1�� V*���� .NL�.�<
 �< 1����- 0? d� ?�4 (<��< <'�A� F4 NL�. k*�2��� ���� ���

 6��;$�����;� M��(III) As0����(V) As�F<��P����� E�<pH �4 
1� $��� .��*�(III) As �< pH �" ��H*1� 6� ��� �< 1&� �<'�pH ���H
P�� ��<��� � �$� < �Z�= 6�9H 0��pH k*�2��� F4 NL�. P��� ��H
1� *$�� .�<�� 0B��� (V) As ()��� $�*�� ��� F4 NL�. k*�2���pH 

�� 07��3 6*� 0; 0���* k*�2�� 0�*27� )���'f 6��� ��2�� N	�=� 0�
H3AsO4�<�< )@�3 $3� .�<pH ����� a(#��r 0�9HAs (V) 1�� = 

$ ��HC0; 1�^� ��� pH �� p/p��P�� 1�� <��(#��r 6�*��)�&�.�
 � 13'��34' � E��� 0�� 1� = �<pH ��P��� ���H ���/��< E��� 0�� 

1� 0*27� 13'�34 $3'��.0�D�H 6*����� � pH $���* k*�2��� ($�!�< 
1� k*�2�� d� ?�4 NL. $��*.

��J�c 0��; ���� d� ?�4 NL. $!�< T�U,� 6*� �< ��P��� ��H
 ��z�J� ��H������" 0; �<���?� <�'� ��Jc �< � �<'� $!�< ���< (��
 �pH $�*<�� k*���4 F4 ��� �� (0�3'93 E��9� �< �� ��P��� ��H��

8��@*�U� F���Q*< ��; �� 0�*�U� �< 0; )?� �<'� $!�< 0��J�� � �<'�� 
�*��3� �� F��Q*< T�U,� {1� $�* $ ;.

���?�� � ����� TZ�� � �� 1���� 0�I *� 0�� 0�A'� ��*F���?� 1
���?� $. �� ��P�� d� ?�4 ����< F��?<�; 1�� )�?� <��$3 �� F�'��

 � ��� 6*� 0�$�� ������ TZ� � �< d� ?�4 NL. ���� 1�9: �'Z
<�; �<���?�.
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