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Abstract  
Treatment of the produced water, as a major wastewater in oil and gas industry, is 
concerned with  reduction of the wastewater volume or providing water for some 
applications such as agriculture. Since membrane technologies play an important role in 
the separation of dissolved and emulsified oil droplets, forward osmosis (FO) was used 
in this research as a novel process to reduce the volume of such wastewater. A cellulose 
commercial flat membrane was applied in a FO laboratory system. The results showed 
that by increasing the concentrations of the most important inorganic solutes in 
produced water from 0 to 20 g/L, water flux decreased from 11 to 6.6 L/m2.h due to an 
increase in feed osmotic pressure. In the presence of 1000 and 3000 mg/L oil in 
deionized feed water, 12 and 15 percent reduction of the water flux was observed, 
respectively. This was due to the increased viscosity of feed and the precipitation and 
adsorption of emulsified oil particles on the membrane surface. On the other hand, 
adding oil to the solution with different salt concentrations, led to a further reduction in 
the water flux. This was a result of the increase in feed osmotic pressure and changes in 
the condition of oil-water emulsion in the presence of salts. The salts increased the 
surface tension of the solution, which caused coagulation of oil droplets and higher 
fouling in the membrane surface. 

Keywords: Water Recovery, Forward Osmosis, Produced Water, Internal Concentration 
Polarization. 
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Table 1. FO membrane specifications 

Property Specification
Membrane 

configuration Flat sheet — hydrophilic 

Membrane type Cellulose triacetate with 
Polyester support layer 

Maximum temperature 71 ºC 
pH range 3-8 

Salt rejection 99% 
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Table 2. Concentrations of different salts (mg/L) in 

produced water simulated with concentrations of 10, 15, 
and 20 g/L 

Concentration (mg/L) Salts g/L20g/L15g/L10
12571 9429 6286 NaCl 

971 729 486 CaCl2.2H2O
1143 857 571 KCl 
4343 3257 2171 MgCl2.6H2O
457 343 229 NaHCO3

286 214 143 MgSO4.7H2O
217 163 109 NH4Cl 
25 19 13 KH2PO4

20013 15011 100080 Total concentration( mg/L) 
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Table 3. Produced water osmotic pressure in 
concentrations of 10, 15, and 20 g/L at 25 °C 

 
2 Water Permeability Coefficient 

Osmotic 
pressure 
of draw 
solutions 

(atm) 

Concentration 
of draw 

solution (M) 

Osmotic 
pressure 
of feed 

solutions 
(atm) 

Concentration 
of simulated 
feed solution 

(g/L) 

56.87 1.2 

00
6.410 

9.5715 
12.7520 
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Table 4. List of experiments (1.2 M sodium chloride as 

draw solution and 25 °C in all experiments) 
Concentration 
of simulated 
feed solution 

(g/L) 

Concentration 
of oil in feed 

solution (g/L) 

Experiment 
aim No. 

0

0Salt effect in 
the feed 1 10 

15 
20 
01000 Oil effect in 

feed solution 
(Salt free) 

2 03000 

10 1000 Oil effect in  
feed 

solution (10 
g/L Salt) 

3 10 3000 

15 1000 Oil effect in 
feed 

solution (15 
g/L Salt) 

4 15 3000 

20 1000 Oil effect in 
feed 

solution (20 
g/L Salt) 

5 20 3000 
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Fig. 2. The effect of salt concentration in simulated PW 
samples (0 to 20 g/L) as the feed solution on water flux 
(in absence of oil and with sodim chloride 1.2 M as the 

draw solution at 25°C) 
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Fig. 3. Comparing theoretical and experimental flux in 
simulated PWs in different concentrations (0 to 20 g/L) 
as the feed solution (sodim chloride 1.2 M as the draw 

solution at 25 °C) 
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Fig. 4. The effect of oil concentration in feed solution 
on water flux (in absence of salt and with sodium 

chloride 1.2 M as the draw solution at 25 °) 
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Fig. 5. The effect of oil concentration in simulated PWs 
(10 g/L) as the feed solution on water flux (sodium 

chloride 1.2 M as the draw solution at 25 °C) 
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Fig. 6. The effect of oil concentration in simulated PWs 
(15 g/L) as the feed solution on water flux (sodium 

chloride 1.2 M as the draw solution at 25 °C) 
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Fig. 7. The effect of oil concentration in simulated PWs 
(20 g/L) as the feed solution on water flux (sodium 

chloride 1.2 M as the draw solution at 25 °C) 
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Fig. 8. Attachment of oil drops on the FO membrane and the glass walls 
 Kc��9��BR ��	 �� �4� 1��&!KFO �B�8 #	%
�$ ����
�3 �% 

y	9� �- �� ������. W
4� 0(�
 $
�8 %������ .�� 	��2��3 �6 � <�V�
� �X�V4�%��
AJ

 6�������w�	
3 F�����.�� � �����1U 0�� ��
�
��AJ

 �������
 �����. TU � ���4�($
��8 andMcClements (.

1993) ,Dungan . 
�N���3	�� 	$ 6(����w�	
3 ���R����
(����. �3% #�8 1�

DM3 @B.(�*. E�� 	
�? 	$ �
*D
��3 ��%9��% ��@�� �����
'
��#'%���% Gy	9�� �%��M/ ���3 ��� �%	W �
 ���(G�/%� 	$ .$�	

	
��8�DM��3 @��B.(%9���% %	 �
��*D
��	 ���� � #$%$ @�#'%����%
���� ����4� �%����M/^H����
 �($	%=����(Eftekhardadkhah and 

Hashemabadi, 2011).

(A�	
�3 1$�9��% ��� ��4� 1%
�����
�*D
 ��� ��TU/��4� �

DM3 @B.(@��. �
*D
�� v��B
 ]M3 � ������ ��4� 6TU
1���3U % �����$���I(��
 $
��8
��3 '% .�$��E���� 1$���. �����-% ���� ���> 

@�A���� ���
/���.�1
4�
 0M/ �� ��(�U � TU�1
��� �� 0�M/

 	%�/ �� TU �&i
(1U �K��% .$
8 �BQ� ��(7 '%�� ���
 �����	�(


 <�Q
 %	 TU(
:� ��+�� �
% ���. �� DM�3 @�B. �(� #��8 TU
%�,�� �4� �%�M/ @����B (�
 $
�8 y	9�� �%��M/ �����%�$��I

(%����� .$
8�6y	9�� #'%��% �� �4� �%�M/ �V���
 ���:��% 	$ ���

&!K �EJ����	 �4� �%�M/ 1��%9�% �BR ]M3�@�	��8 � �����
3 	$ TU�� @��. ��!���B��8%$ ��%
2.

3	�� 	$(%9�%�
 @�	
8 1%9�v%	
2 	$ ���&8��'�3�#�8
 ���*R �� r� �ru�������J 	$ [���%	%$ ��r��� (�*�
 	$ [���

 ���J ��� ��� TU 	��8 L�3
�
 ���4� �� 0�/��u/���/u��� ����J
 �+�3 	$ G��
��
��%9�% �� �. �3% jQB
 .�
U �3$�	
�8 @�

9�3% 	�B� �v%	
2 	$�%9�%�@�� � ��������%�� �.�D
�%�$��I

 @��. 	�8(�1��� .��� �;&/ �. 	
  	$ � �8 #	�8%@��m7 �����9

%9�% �� �3% #�8 #$%$ 1�B��	
8 @��
*D
 	$ �����? v%	
2�
�QB
 	%�:
(�4���J$�%9�% <�DM3 @B. @(���TU � ��4� 6

F� �4� �%�M/��<A8 ��� ��W�, � �����1U 6�,
� <��/ �� (�
 $
�8 
�� 	$ ��
 �	 �4� �%�M/ 1�8 ��QJ � G�I� �I(���$Binks et (.
2012) ,Kumar ,2000 ,al. 

%������
 6(J$ 1%
��$ <�@��. 	$ �> �%��M/ ��V���
 %	 	��8
y	9� 1U G�I� �EJ�� 	$ TU �.�? 	$ �4� �� ��BR ]M�3 	$ ���
�!�%$ <A8)��N�� .(�%9��% �� 6�
@���
�*D
 	$ ��4� 1%9 ����

&8��'�3��� #�8s��� (*�
 ���J 	$ [�� ��4� � 	��8 @���.����B
 � #�8
��1U 1%9 ��� ��� �� 0����/�����/u	$ G���
��
 ��� ����J
 �+�3
(<A8) �3	u����.(

��  '%(	
�? �1
����$��h��(�y	9� ����	
  "+���
 
@B. DM3(�
�*D
 %	%9��%�@�
(����$ (Lima et al., 2013).

���%�����6��E��� 1$�9�% �����MgCl2�CaCl2�DM3 @�B.(�
E�� �� �&!� �
*D
NaCl %9�%�@�����B�% .��8%$ ���%
2 �� 6

F���DM3 @B. 	$ �%�(E��� $
,� �	
a 	$ ������h �$���(
� TU 	�8 @��. 	$�� 9^H�	%=���3%.

e9�,3 ArD�)R A��)5 
<A8�
����
�*D
 <��:
 	$ 6���� 	%�/ ��V
 	$ '% n7 �BR �

v%	
2�����J 	$ [�� �r��� (�*�
 ����J 	$ [��� 1��B� %	 ��4� 

(��$�&!K .���M/ 1���I� � �4� �%��1U G�	 �� ����BR ]M3 



)��*E\@� �  ;\� ;.�g �h���... dx.doi.org/10.22093/wwj.2017.85465.2404 
75

����� ��� 	
�� Journal of Water and Wastewater 

��� ��
���� ����� ����� Vol. 29, No. 6, 2019 

Fig. 9. Comparing the flux on the new and clogged membranes  
(simulated solution with 10 g/L concentration as the feed solution 

 and sodium chloride 1.2 M as the draw solution at 25 °C) 
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Fig. 10. SEM pictures in two magnifications of 100 and 10 �m and FO’s membrane contact angle for new 
and used membranes for different oil concentrations 

Kc���9������SEM (�����	9� �$ 	$)r�� �µmr�#'%��% � (
� ��BR 	$ ��:�!
 9�3% ��BR `��� ���%' ���� 
��*R 	$ #�8 #$�4�3% ��4� ���4�
 ��� 



��:�����R� ����S�� 	 5 �� dx.doi.org/10.22093/wwj.2017.85465.2404 
76

����� ��� 	
�� Journal of Water and Wastewater 

��� ��
���� ����� ����� Vol. 29, No. 6, 2019 

�;
�. ��� .�3% jQB
���	�8 z���%�� #�
U �3$��BR�$	
�

	%�/ '% �V� � <&/ #$�4�3% �
*D
 ��V
 	$ 6���� ����4�(���?�

r��� (*�
 ���J 	$ [�� <A8 	$ �4�t.�3% #�8 #$%$ 1�B� 
%�� TU 	�8 L3
�
�&8 �
*D
��'�3�#��8r�����J 	$ [���

�
'U '% �V� � <&/�@�����?���� �4� ��� �� 0��u/u��� ����J
 �+�3 	$ G��
��
��.�
U �3$ 
$��? @��.�sr�a	$��� TU 	��8 	$�1��B� #��
U ��3$

>���� #���$(��BR�FO v%	
�2 ��� ���,%

 	$ ����%	%$���4�
3	�� .�3%(������SEM #'%��% ������%'�`��� �����^ #����. �

>����(�
 v%	
�2 	$ $
�,

 ��4� ��� `���� '% n�7 �BR(��8�� 
<A8)r����� .(�
 ��7
A3��A(AB� ��<�XE��4� �(]M�3 ���

�BR `��� %	
 1�B�(.��$ 

 #���B
 �. ��
>����(%9�% �� $
8��v%	
2 	$ �4� ��*R @

�%'�'% �BR `��� �u/lt%�� �,	$��BR�$�:
 �� 
����X�� ���
������� ���,	$ ������%���� 0�%	%$ �
��*D
����4� ����*Rr��� �

s��� (*�
 ���J 	$ [��%9�%�@�.�3% ���� 
%�6����� ��1�B� a�2 @��. #���$�TU ��3�$(��H% 	$ ��BR

�4� �%�M/ T=,(�	 ����#���� 1��8 #����8
7 � 1U ]M�3 ����
��!.����BR ]M3 <�3%.

h9	�$DC ?)$R 
% 	$�%	��. �@��m�7 6(�%���:��!
 9��3% ����'% #$�4��3% ��� ���E

���
�3U�
'���>�B(%����v%	
�2 ����&�8��'��3���i.% '% #��8
E�� �����V
(	
8 �� T�!7 	$ $
,

���6�4a ����	$ [��� 

���J �4� ��*R �r��� ��s��� (*�
 ����J 	$ [�� �3	�� $	
�
(
#$%$ .���� 	%�/ .�? ��(
 �. �3% 1U '% �� 	
�8 1%9���H% v%	
�2

�,
� <��/(�	���
� �� ��8%$ TU 	�8 %�%9��% ��� TU 	��8 �.�@
	
8��������J 	$ [�� $���? �l�@���. ��a	$�	�����% .����


(�7 �. $�	�	;7 #��3%9���*R 1
(*2%$()ICP *�a% <
�+ ((	$
��I� 	�8 @��.(.��8�� 	����% $	

 	�8 �� �&!� ��. ��I�U '% ��
%

%9�%�	
8 @�%9��% ��� �I�
 v%	
2�9��3% 	��B� @��v%	
�2
�� TU 	�8 @��. 1U ��&�$ (�
 $
�8 �7 ��H% ���#�ICP � #��8 ����.
%�����FO 
(�� ��%
� 1%
�+�%�� E�
% ���%�� #���. 	%���*F��� �
4���v%	
2 ����.$
8 ��M
 	
8 

�N����6&8 v%	
2 �� �4� 1$�9�% ����'��3�	
�8 ��� #��8�
�� �����J 	$ [���� 	$ L��3
�
 	���8 ��
��*D
 �����r��� �s��� 
(*�
 ���J 	$ [����4� �� �4� 1��� �
*D
 	�8 �� �&!� ��� �� ��� 0


�1%9ru��/�r.$%$ 1�B� @��. �a	$ �����%9��% z�1��
9�� @

�	
�8 1%9��*F� ��H% 	$ ��. $%$ 1��B� ��4� ��$�	� v%	
�2 ��
�� J$�%9�% <�	
8 @�DM�3 @B. 6��	 X�� �(�%��M/ ��
�*D


�� �4� AB� ��QJ �	
a��	 �� � #�8 <��
 ��BR ]M3(� ��&�!K
% � 	�8 @��. �� �I�
�>���� $�I(�BR(�1�
' 	$ ����X
 (���


(% <? .��
8�
 @J�K 6(S
-

 ��%
�@��m7 ���� U�	%��/ #���
��.$� 

�9AC���'\ 
%���? �� �J�:
 6��B7 � ����&(�
��, `	��7 '�� G��I
 �.�8(�

#	��B
 �V�a(U�/��? `���
�A�
.�$ �-	�(����3% #�8 ���
(
 �wB� � ���:� $
8.

References 
Akther, N., Sodiq, A., Giwa, A., Daer, S., Arafat, H.A. & Hasan, S.W. 2015. Recent advancements in forward 

osmosis desalination: A review. Chemical Engineering Journal, 281, 502-522. 
Bae, C., Park, K., Heo, H. & Yang, D.R. 2017. Quantitative estimation of internal concentration polarization in a 

spiral wound forward osmosis membrane module compared to a flat sheet membrane module. Korean 
Journal of Chemical Engineering, 34(3), 844-853.  

Bell, E.A., Poynor, T.E., Newhart, K.B., Regnery, J., Coday, B.D. & Cath, T.Y. 2017. Produced water treatment 
using forward osmosis membranes: Evaluation of extended-time performance and fouling. Journal of 
Membrane Science, 525, 77-88. 

Binks, B.P., Cho, W.G., Fletcher, P.D.I. & Petsev, D.N. 2000. Stability of oil-in-water emulsions in a low 
interfacial tension system. Langmuir, 16(3), 1025-1034. 



)��*E\@� �  ;\� ;.�g �h���... dx.doi.org/10.22093/wwj.2017.85465.2404 
77

����� ��� 	
�� Journal of Water and Wastewater 

��� ��
���� ����� ����� Vol. 29, No. 6, 2019 

Blandin, G., Verliefde, A.R., Comas, J., Rodriguez-Roda, I. & Le-Clech, P. 2016. Efficiently combining water 
reuse and desalination through forward osmosis reverse osmosis (FO-RO) hybrids: A critical review. 
Membranes, 6(3), Article No. 37. 

Choi, Y., Cho, H. Shin, Y., Jang, Y. & Lee, S. 2015. Economic evaluation of a hybrid desalination system 
combining forward and reverse osmosis. Membranes, 6(1), Article No.3. 

Chowdhury, M.R., Ren, J., Reimund, K. & McCutcheon, J.R. 2016. A hybrid dead-end/cross-flow forward 
osmosis system for evaluating osmotic flux performance at high recovery of produced water. Desalination,
421, 127-134. 

Chung, T.S., Luo, L., Wan, C.F., Cui, Y. & Amy, G. 2015. What is next for forward osmosis (FO) and pressure 
retarded osmosis (PRO). Separation and Purification Technology, 156, 856-860. 

Cath, T.Y., Childress, A.E. & Elimelech, M. 2006. Forward osmosis: Principles, applications, and recent 
developments. Journal of Membrane Science, 281(1), 70-87. 

Duong, P.H. & Chung, T.S. 2014. Application of thin film composite membranes with forward osmosis 
technology for the separation of emulsified oil–water. Journal of Membrane Science, 452, 117-126. 

Eftekhardadkhah, M. & Hashemabadi, S.H. 2011. Influence of salinity, surfactants and power of ultrasonic 
homogenizer on droplet size distribution of crude oil/water emulsions. Iranian Journal of Chemical 
Engineering, 8(3), 55-63. 

Fakhru’l-Razi, A., Pendashteh, A., Abdullah, L.C., Biak, D.R.A., Madaeni, S.S. & Abidin, Z.Z. 2009. Review of 
technologies for oil and gas produced water treatment. Journal of Hazardous Materials, 170(2), 530-551. 

Garcia-Castello, E.M., McCutcheon, J.R. & Elimelech, M. 2009. Performance evaluation of sucrose 
concentration using forward osmosis. Journal of Membrane Science, 338(1), 61-66. 

Han, G., de Wit, J.S. & Chung, T.S. 2015. Water reclamation from emulsified oily wastewater via effective 
forward osmosis hollow fiber membranes under the PRO mode. Water Research, 81, 54-63. 

Han, G., Chan, S.S. & Chung, T.S. 2016. Forward osmosis (FO) for water reclamation from emulsified oil/water 
solutions: Effects of membrane and emulsion characteristics. ACS Sustainable Chemistry and Engineering,
4(9), 5021-5032. 

Hasanoğlu, A. & Gül, K. 2016. Concentration of skim milk and dairy products by forward osmosis. Journal of 
the Turkish Chemical Society, Section B: Chemical Engineering, 1(1), 149-160.  

Kim, J., Jeong, K., Park, M.J., Shon, H.K. & Kim, J.H. 2015. Recent advances in osmotic energy generation via 
pressure-retarded osmosis (PRO): A review. Energies, 8(10), 11821-11845. 

Kumar, B. 2012. Effect of salinity on the interfacial tension of model and crude oil systems. Doctoral 
Dissertation, University of Calgary, Alberta, Canada. 

Le, N.L. & Nunes, S.P. 2016. Materials and membrane technologies for water and energy sustainability. 
Sustainable Materials and Technologies, 7, 1-28. 

Lee, S., Boo, C., Elimelech, M. & Hong, S. 2010. Comparison of fouling behavior in forward osmosis (FO) and 
reverse osmosis (RO). Journal of Membrane Science, 365(1), 34-39. 

Li, P., Lim, S.S., Neo, J.G., Ong, R.C., Weber, M., Staudt, C., Widjojo, N., Maletzko, C. & Chung, T.S. 2014. 
Short-and long-term performance of the thin-film composite forward osmosis (TFC-FO) hollow fiber 
membranes for oily wastewater purification. Industrial and Engineering Chemistry Research, 53(36), 14056-
14064. 

Li, L., Liu, X.P. & Li, H.Q. 2017. A review of forward osmosis membrane fouling: Types, research methods and 
future prospects. Environmental Technology Reviews, 6(1), 26-46.  

Lima, E.R.A., De Melo, B.M., Baptista, L.T. & Paredes, M.L.L. 2013. Specific ion effects on the interfacial 
tension of water/hydrocarbon systems. Brazilian Journal of Chemical Engineering, 30(1), 55-62. 

Lutchmiah, K., Verliefde, A.R.D., Roest, K., Rietveld, L.C. & Cornelissen, E.R. 2014. Forward osmosis for 
application in wastewater treatment: A review. Water Research, 58, 179-197. 



���R� ��:�� ����S�� 	 5 �� dx.doi.org/10.22093/wwj.2017.85465.2404 
78

����� ��� 	
�� Journal of Water and Wastewater 

��� ��
���� ����� ����� Vol. 29, No. 6, 2019 

Lv, L., Xu, J., Shan, B. & Gao, C. 2017. Concentration performance and cleaning strategy for controlling 
membrane fouling during forward osmosis concentration of actual oily wastewater. Journal of Membrane 
Science, 523, 15-23. 

McClements, D.J. & Dungan, S.R. 1993. Factors that affect the rate of oil exchange between oil-in-water 
emulsion droplets stabilized by a nonionic surfactant: Droplet size, surfactant concentration, and ionic 
strength. The Journal of Physical Chemistry, 97(28), 7304-7308. 

McCutcheon, J.R., McGinnis, R.L. & Elimelech, M. 2006. Desalination by ammonia–carbon dioxide forward 
osmosis: influence of draw and feed solution concentrations on process performance. Journal of Membrane 
Science, 278(1), 114-123. 

Mazlan, N.M., Marchetti, P., Maples, H.A., Gu, B., Karan, S., Bismarck, A. & Livingston, A.G. 2016. Organic 
fouling behaviour of structurally and chemically different forward osmosis membranes–A study of cellulose 
triacetate and thin film composite membranes. Journal of Membrane Science, 520, 247-261. 

Mi, B. & Elimelech, M. 2010. Organic fouling of forward osmosis membranes: Fouling reversibility and 
cleaning without chemical reagents. Journal of Membrane Science, 348(1), 337-345. 

Minier-Matar, J., Santos, A., Hussain, A., Janson, A., Wang, R., Fane, A.G. & Adham, S. 2016. Application of 
hollow fiber forward osmosis membranes for produced and process water volume reduction: An osmotic 
concentration process. Environmental Science and Technology, 50(11), 6044-6052.  

Nasiri, M. & Jafari, I. 2017. Produced water from oil-gas plants: A short review on challenges and opportunities. 
Periodica Polytechnica. Chemical Engineering, 61(2), 73. 

Qin, J.J., Lay, W.C.L. & Kekre, K.A. 2012. Recent developments and future challenges of forward osmosis for 
desalination: A review. Desalination and Water Treatment, 39(1-3), 123-136. 

Ortega-Bravo, J.C., Ruiz-Filippi, G., Donoso-Bravo, A., Reyes-Caniupán, I.E. & Jeison, D. 2016. Forward 
osmosis: Evaluation thin-film-composite membrane for municipal sewage concentration. Chemical 
Engineering Journal, 306, 531-537. 

Shu, L., Obagbemi, I.J., Jegatheesan, V., Liyanaarachchi, S. & Baskaran, K. 2015. Effect of multiple cations in 
the feed solution on the performance of forward osmosis. Desalination and Water Treatment, 54(4-5), 845-
852. 

Valladares Linares, R. 2014. Hybrid membrane system for desalination and wastewater treatment: Integrating 
forward osmosis and low pressure reverse osmosis. Doctoral Dissertation, TU Delft, Delft University of 
Technology, Netherland. 

Venketeswari, P., Leong, O.S. & Yong, N.H. 2014. Seawater desalination using forward osmosis process. 
Journal of Water Reuse and Desalination, 4(1), 34-40.  

Wang, J., Pathak, N., Chekli, L., Phuntsho, S., Kim, Y., Li, D. & Shon, H.K. 2017. Performance of a novel 
fertilizer-drawn forward osmosis aerobic membrane bioreactor (FDFO-MBR): Mitigating salinity build-up 
by integrating microfiltration. Water, 9(1), 21-27. 

Yangali-Quintanilla, V., Li, Z., Valladares, R., Li, Q. & Amy, G. 2011. Indirect desalination of Red Sea water 
with forward osmosis and low pressure reverse osmosis for water reuse. Desalination, 280(1), 160-166. 

Zhang, S., Wang, P., Fu, X. & Chung, T.S. 2014. Sustainable water recovery from oily wastewater via forward 
osmosis-membrane distillation (FO-MD). Water Research, 52, 112-121. 

Zhao, S., Minier-Matar, J., Chou, S., Wang, R., Fane, A.G. & Adham, S. 2017. Gas field produced/process water 
treatment using forward osmosis hollow fiber membrane: Membrane fouling and chemical cleaning. 
Desalination, 402, 143-151. 

Zheng, J., Chen, B., Thanyamanta, W., Hawboldt, K., Zhang, B. & Liu, B. 2016. Offshore produced water 
management: A review of current practice and challenges in harsh/Arctic environments. Marine Pollution 
Bulletin, 104(1), 7-19. 


