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ABSTRACT 

 

Background and Objectives: Industrial wastewaters containing high amounts of compounds such 

as sulfate can cause serious risks to human health and environment. Therefore, proposing practical 

solutions with the lowest cost and the highest efficiency for pollutants removal is of special 

importance. The purpose of this study is to find a suitable method for treatment wastewater 

containing very high amounts of sulfate. 

Methods: This research is an experimental-research study in which four different practical methods 

have been investigated for treatment of sulfate containing wastewater including chemical precipitation 

with lime, electrocoagulation, biological degradation and thermal distillation. 

Results: After examining the performance of different methods and considering the special 

characteristics of wastewater, the results showed that the methods of chemical precipitation (removal 

efficiency of 5%) and electrocoagulation (removal efficiency of 7%) were less efficient. The distillation 

process also showed an acceptable performance in removing TDS and sulfate from this wastewater 

(removal efficiency of 98.7%) and the biological method could function well after wastewater dilution 

(the removal percentage of sulfate in the first 24 hours for wastewater with dilutions of 10, 25 and 

50%, are about 55, 40 and 17%, respectively). 

Conclusion: According to the results obtained from this study, methods of chemical precipitation 

and electrocoagulation are proposed only as a pre-treatment method and biological treatment can be 

used as a supplementary treatment after pre-treatment. Distillation is also not recommended as a 

practical method due to high cost and energy consumption.  
 

Keywords: Sulfate removal, Wastewater, Chemical precipitation, Electrocoagulation, Biological 

reduction, Distillation 
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<�� R2���

 N-2 � �@�� b�.�� 6HC�@ 8�� �� G�05"� N-2 N

 �3

COD .�"W� ��! �"��� ��  

  

 B-C) ���&D&E #�/=>	 ���(�>�  

��/ b�.�� �(?    *93 &9�
, Y"9E�� &���>�) ��M<�� ��


 �[EF20 ���5 �3 b�� 	���, 
����14 G
9� �� xy� �  ��9��2 

��� �3 *M�;� rpm 150 b�.�� LH�+� R>= ��? 	�#��� �� .
)

 �, �� x�30 &�  	��9�, Y"9E�� �� &�   *93 	
9)   �� �9��5 V9�

*@�C� �"!-� 6��� G
� *3 � 	
)20   ��� �93 *9M�;�rpm  30 

.�@�� G�"A LH�+� R>=  

 

F�:G 1: A":+�G� ?��+ 6HC�@&  %J3R��� 
���  

�3�����  4567  �.��  

pH 56/2  ---  
���

  6/60  mS/cm  
TDS 42  g/L  
��")  3/40  %  

COD  16100  mg/l  
G��
!  5/437  NTU  
G�05"�  57000  mg/l  
G�0�@  14170  mg/l  

���E!  5/42  mg/l  
G�����  116  mg/l  
TSS 55/2  g/L  

  

F�:G2: &�����5� ��M<�� G������, ����)  

8�9 ���31��  ���31�� ���:'  ) ����< *��A(  pH 

R���� 4  10  8  
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8
, 4  10  8  

  
 I;E1: *�0:/ 
'���@ V�/�>) (6) 8
, �����5� �3 4���� �� &?��+ 6HC�@ � (K5�) &�����5� ��M<�� 4���� ��"/ G�05"� ���2 6HC�@  

  

�;��);�	 #�/=>	 ���  

 m�M�/ 8�� �� &���3      
9'�,�@ V9>! *93 G�05"9� N-92

&�����5� ��M<��  ��  �"9�!�� V9�   &
�#9�����, b�9.��  
9����. 

 4�['/ �(?pH   6�9�� 	��0�9����"�  ��NaOH 5/12   �\"9�

 	��0���
). b�.�� ���3 ���,� 9�G�     V9� �� �&9�����5� ��9M<��

 �"�!��*��"�� EC  *93   49.2500 �� 9E&5� �9�   	��0�9����� 9�
 

) R�)1( .*3�"['� �f/�8  *�������5� ����? �[���"9�   79W'� ��

) *�-�/China-MASTECH-HY36010MR� .
) 	��0��� ( �

 �� 4���� 8��4  �
= �����5� x'? ��R����  �   �9<3� �93 89
, �

12×5/5 &���99� ���J99C *993 � �99��mm 1 .
99���� 	��0�99�� 

&99:5�+����99
  �99
�����5� kX99�99W; 	��0�99�� �� R!�� ��99� �"

*3���*E 	��W'� ��� �3 xy� � Q�>/ Y�9��� V� V��E!��
�
 
 


) 	��� "���) �XM� 6, �. �����, ����)G� b�.�� 	
9)  ��

 Y�
?2 *}��� ��� 	
).   

  

�;�J���&� ���  

� 8�� �� `�*3�"['�    G�05"9� &���"95"�3 N-2 &���3

   V99� *9�(/ �993 �
9�3� �� *9=">.��� ��  N��99�)�*99��� 110 

��E&5���� ) 
�0� 4.2 �3100 ��E&5���( ����"+
�&   D9��'�

�, *993�99( �99�� 4�99['/ �  �pH *99�">� ���993 b�\ ����99) ��99


��!�3��
� 2��	
''!�  G�05"� 	
) *�@�� &3����� L"EJ� ��

>�; ��� *�0:/ &����3 8.5 *��+ �� &��	������! ��9
  b��

 �"�P � ���(/ 6"'? ��.
���� 4
��@ *3    �\�93 �9[EF �E=

 G�05"99�  �� �"99?"� 6H99C�@�    G�99�����, &992��P  �993

;��m������
   K9E�J�   G�"9A *9310% )10%  6�9��+90% 

6, �(25% )25% 6�99��+75% 6, �(50% )50% 6�99��+50% 

6,�3 � (6, ��
3) I5�+ � (  ��93 ��   ���9�/  b�9.�� 
9����. 

R/�3 b��&3 ������� ��� �
��� �3 �
� 
) ���"
  6���, �9
 

 *��3 4��� .
) xy�*�">�  �9
  ) �/�93"��� ���9) ��Korea-

WiseCube( �9993  ���rpm 170  �� � ���999; ��999�� ��999��

	���
)
� . R�)2 :/�*�">� ���&� ���� �� �
.

�  

  

  

12� 

3 
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I;E2: m�;� �3 �
 R/�3 b�� V�/�>)G��0�� ����  

  
  

 I;E3: &
�#�����, ��XM/ 4���� V�/�>)  
  

�&A/� ���  

 �� � &
�#�����, ��W� 	�#��� V� V>! *3 `�� 8�� ��

 ����120  *?������&����   �"9� �����
? �(? ��XM/ R>=

 b�.�� G�05"�����
 )  ��"9:/3     N-92 *93 &3���9�� ���93 .(

  4�9��� ��":/ .
���� ����/ *E2�� *� &P ��XM/ R>= ����3

 R�) �� 	��0��� ��"� ��XM/3 ���� 	���	
) .��� 

  ��
9M� G������, �� *E2�� �
 ����� ��TDS  *9�">� �9
 �

XM/�	
999)� *9993999���*E &�5"999� 	�#�999��) ������999�HACK-

HQ40d,USA( .
) *�@�� 	��
��  

 %.'9� �(?      `�� �6�9�� �� G�05"9� N-92 ��Q9��

 ���>�
9�3�"/ )EPA-Method 9038(  �93   Y"99E�� �� 	��0�9��

	��0��� 4���3 
��E! � G�05"� �@�3    `�� 89�� �� .
9����10 

��E&5��� 85�� R+�� �� �� *�">� 25 ��E&5����   xy9� � *�J��

2 ��E&5���  �@�3G�05"� (Conditioning reagent) )mL 30 

HCl �mL 300  �	Q��"�� 6,g  75Nacl  �mL100  Y"��/�95% 

 �mL 50 ��EY���(   *9�">� xy9� .
���� *@�C� �, *3   �93 �9


 �� 	��0���    �9'#� �9�"/ ����9��  L"9EJ�   b�9#'
 �� .
�
9)

 ���! L"EJ�*3 ��
M�1/0 ��E& b�9�      *9�">� *93 4���93 
9��E!

*@�C�  
)  V9� G
9� *3 �     49
 �93�e �=�9� �� *9M�;�  	��


)
� . xy�Y"P �� *�">� ��"� 6-?  "�420   �93 ���"��9� 

  ���"�@����y9�� 	�#�9�� �� 	��0��� )UV/VIS Spectrometer 

P6 instrument Ltd, England (   ���999; &3�999���� ��"999�

�@��15�16.  

  

�)����-  

/ef��  Y"E�� ��">� *@�C�20    6�9�� *93 V
, ���5 �3 b��

 N-2 ^=�35    G�05"9� N-92) ��� 	�"3 G�05"� �
A��

 ��Q�� *31000 ��E&b��  �\�3 *�5�� �[EF *3 *?"/ �3 .(���5 �3

�05"�G      &9ME/ d�9+ 6�9�� V9� �"!-9� 6��� � 9�& �"9) 

  Y��
9�� &���>�) ��

'�,�@ �Q? *! &�� V
, 
'�,�@ 8���3�'3

*3'�   *9�J5 � ��9M<�� �"9[   &9� 6"9��� ���9�   �9.'�� �� �"9)

*3�('/ "#3�"? G�05"� �\�3 ����M� N-2 ���3 &��� �9� �� .

    &9�� V9
, �93 &�����5� ��M<�� G������, 
<3 *E2�� �� ��'��

 *! �"3 �, �� &!�2 ����� .�@�� b�.�� *�5����ef/  
'�,�@ ��M<��

 &�����5��3  ? �� &93, ���� �� G�05"� N-2  &5�9>=� ��9�� 
2mA/cm 23  �8=pH     
9992 ��) �999�� Q�s�999� ���999�3

mg/L4000-2000 %
�! �7   %
�9! ��� �*���"X3 �(�
A��

     �93 6H9C�@ 89�� ���93 
)�3 �[�
� G�05"� �"� *?"/ R3�;

*3 `�� 8�� 	��� G��A":+.�"3 

�"J� "#J��� &��('/  ��

 Y�
?3      ��9M<�� � &���>�9) D�9��/ G�9�����, b�.�� ����)

.��� 	
) 	��� ���� &�����5�  

 R�) �� 8�'Z>
4        ��9�� 	
9) *9}��� Q9�� *9���� �� *9!

  Y�
9? �� �"?"� ����)3      G�"9A *93 G�9�����, ���9�� �

.��� 	
) 4�� &�"�� ���">�  

  

 �����KK� �KK
�� L	!KK&+ M��KK)> �TDS  �# ���KK$>

  ��%��+�C  

 6HC�@ ��XM/ *9<5�X���"�       *93 Q9�� *9E2�� *9� &9P ��

 R�) �� D�/�/5  �6   �� *! �"X��>
 .��� 	
) 	���,  

&� L�W'���  ���">� �� x� ��")3   N-92 
A�� ��XM/ ��3
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 *3 G�05"�7/98% &�  `�� 89�� ��"3 �/�e"� �#���� *! 
��

`�� ���� *3 �W��&� �
.
)�3  

  

  

  

  

 F�:G3: &�����5� ��M<�� � &���>�) D���/ G������, ����� 6HC�@ *�">� �3  

 ����%9 �� /����# ���%�4  �1��31�� ��?:9� *�@����#  �A9� )����  

1  &�� V
, )g/l 20(  

2  , �� 
<3 &�� V
EC�  �� 	��0���&�"�/�! 	
''! 
M<'� V>!� 5/2 = pH 

3  , �� 
<3 &�� V
EC �5/2= pH 

4  ,RW; &�� V
 �� EC �5/2= pH 

5  , �� RW; &�� V
EC � �� 	��0���&�"�/�! 	
''! 
M<'� V>! �5/2= pH 

6  , �� RW; &�� V
EC � �� 	��0���&�"�/�! 	
''! 
M<'� V>!� 8=pH 

7  , &�� V
)g/l 1 ( �� RW;EC &�"�/�! 	
''!
M<'� V>! �8= pHR���� �����5� � 

8   �V
, ��
37= pH R���� �����5� 

9  , &�� V
)g/l 20 ( �� RW;EC � �� 	��0���&�"�/�! 	
''!
M<'� V>!� 8=pHR���� �����5� � 

10   �V
, ��
35/2= pH �R���� �����5� 

11  ,&�� V
 )g/l 40(  �� RW;EC  � �� 	��0���&�"�/�! 	
''!
M<'� V>!� 7= pH �R���� �����5� 

  

 

  
 I;E4:  `�� V>! *3 G�05"� N-2 
A�� �����&�����5� ��M<��  
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I;E 5: :/� i�� ���*�0:/ 6HC�@��@ &P 	
) 
'���XM/ ) ������  *3�s �� D�/�/ *3� R21  �/3(.  

  
 

 I;E6:  ����� ��XM/ `�� V>! *3  *�0:/  

  

 R�) ��6     ���"9>� G�"9:3 �9�XM/ `�� *3 *�0:/ �����

.�") &� 	

��� &�"��   

 *W���� �(?  ���9�� ��Q��     4�9��� ���93 	
9) N�9:�

XM/&� %
��� 8�� �� 	��0��� ��"� ��    &@�9:� ��"9/ �� ��"9/

  �"9� &9/���2 Y
W� 	�#���     V9>! 4�9��� 89�� �� 	��0�9�� �

�@�� 8�� �� *�'�� *3 *?"/ �3 .3  �� *E2��  
9'���@  �9�XM/  *93

 &W��M/ �"P G
� *3 4����2  �=��  ��9�� 	�"3 ��! Y�2 ��

 4���� ��
M� 8�� ���3 &@�:� ����� ��Q��kj 2304   ���,�93


) 

�"+.  

 *s�����XM/ 
'���@ �(? &@�:� ����� ��Q�� &� �� ��"/

�Q�� *3 *?"/�3  ��9�� ���, ��
3 &@�:� &/���2 ����� �  89��

 �"s &E��"= �e� ��/ ����� ��Q�� �6,) ����� ���"+ p"�

 ��J3 �V>� ��Q�� �(���� 6, �� 6��� ��92 � 	
) R���/� G

 ��JW/ 4���� �� .
)�3 &� 	
) R���/ ��J3  w�9� �3 ��J3s M  

  w�9� �3 Q�� 4���� *3 ����� ���"+ � ��� ����? ��fM  ��

 ��������� fT  `"? *XM� �/bT   &9� �
9�� ��� %��Q@�  .
9'!

     Y"9��@ �� �9�JW/ 
9'�,�@ &9P &/���2 ����� ��Q�� 8���3�'39 

;�:��� *W���� R3  

)9(     � � ���� !" # !�$ + �%&' � �(&(  

   �"9@ *95��<� �� *!Q    �&��9��� ���9�� ��Q9�� pC  Q9�� ��

 �(6HC�@) ���"+ &����� ��@��dM   � ��J3 &��? w��λ 

 
)�3 &� ��JW/ ��(� �����17.  

3 *?"/�3 ���*  *�'��   9=HP� *9<5�X� 89�� ���   ���93 �"9@ G

6���    ��9�� 	�"9W� g������ *<5�X� ��"�   ��9��� *W9����

/ ���(� �� � ��JW/ ���3 b�\M ��X
�� ����.  

 ��������,�% �9
�     G
9� &9P &���"95"�3 ��� ��9(s  ��

 R�)7 .��� 	
) 4��  
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 I;E7 : ����� G������, `�� V>! *3  *�0:/&���"5"�3  
  

��>
�"P &� 	

��� *! %��Q@� �3 �")���� 
9���  ��  �9


��(s      G�05"9� N-92 ��Q9�� *9�">� �Q9@��%� *9�@�   �� .�9��

R99A�@
2  Y�� ���*993���  ���99� �� �/\�993 N-992 ��Q99�� b��

��� 	�"3 �
��� ���!�3 ���E>= �#���� *! ��
SRB  �"?"�

 �� 8.5��24 
A�� .���� Y�� �=����
  �� G�05"� N-2

24   6H9C�@ ���3 Y�� �=��  m9�;� �93 ���9� ��9
10 �25  �

50% ��
2 D�/��3 �55 �40  �17% &�.
')�3  

  

PQ�  

 mWP*<5�X���    �93 &3"9'? ��M��@, �"�! �� *! 6H9C�@ 

���2 mg/L 3000  G�05"�   �
9<� �<'9A �� RA�2  b�9.��

� �
)    *93 G�05"9� ��
9M� &�� V
, 
'�,�@ �� xmg/L1900 

�@�� %
�!*! �  �#���3 8����� �,  �� &�� V
, *!�& ��"9/ 

*3��"'=  *E2�� V���%0:/�*  ��� ��('9���11   &9Z� 6"9�� .

 &W��? Y":�� V� Y"E���� �� RA�2    &���>�9) 
9'�,�@ 89��

 9�& 
9)�3   *9! 5� *93 9�R   �9���/pH   w� *9! 9�& 
9
��  R99A�2

&��")18.    ��e�9/ ��� �93 *! &/�<5�X� ��    &9�� V9
, 
9'�,�@

 �
<� 7��'A �� G�05"� %
�! �(?b�.���@�� *.��� 8�� �

 
) RA�2*!     N-92 *93 ���9; V
, 9�[EF �� �9�>! & mg/L 

1000 &�
)�319 .   6�9�� �� 8���3�9'3 *9<5�X���"�   m9�M�/ ��

 �C�2 
) �!S *!�"X��>
 5� *93 9�R    G�05"9� �\�93 �9[EF 

)mg/L 60000-50000( �   Q�s�9� ���9�3 G�05"� N-2 ��Q��

	

��� 
) 8�'Z>
 �3"�� 4.2G�   R9A�2 &Z�  
9'���@ ��

V
, &�� �"3 

�"+ ����  &9� *9! �, �� ��"9/     89�� �93 	�H9=

  89F�� ���2 �"s 6��� 9�& 
9)�3     I5�9+ &9Z� 6"9��

   �
9? 89F�� 
��3 &Z� 6"�� �� 	��0��� ���3 � �"3 

�"J�

 ���� 8�� *! �")*3N�A  .�"3 

�"+ *'�Q
  x��/�9� 8�'Z>


 �6HC�@pH �"� �  8�9�</ �, �� �"9?"� ��
   D9�/�/ 	
9''!

%'!��&� &���>�) ��
	�(3 *! 
')�3  b�9� �� ��9��  ��9
��Q@�

   / ��

9'���@ ���9�5
� �93 �W/��   &9� &���>�9) D�9��  
9��"/

    b�9.�� � &���>�9) ��"9� 
��+ �� RW; �� �

'���@ 8�� ���E>=

.
��>� %����, 
'���@  

%�� *! &/�<5�X� �� �/b�.��	
) ����	
'
� ��� 8��  *!

���� �9[EF ���3 &�����5� ��M<�� 4 ��9
    G�05"9� �� 8���9�

 "#J����&
)�3 �"P�  *9!     �� ����9�>
 � &'�9�2 ���9)"


     ���92 6H9C�@ �93 �"9+ &9���3mg/L  1000   �� G�05"9�

  ���
9��� �l!�
2 *3 �Q�'� 6HC�@71%   
9'�@�� �9��20.  ��

*<5�X�� �>9��� ��"/ *! �#�� � (Densmore)   �93 6, ���

  �"9) D95 (brackish groundwater)    �9[EF �93mg/L1700 

 ����? &5�#s �3 � G�05"� 2mA/cm 7  b�.��
) 8�#���� *3 �

 G�05"� N-240% 
) `��Q�19.  �����>
 � &)�! 8�'Z>


 ��*<5�X��   ���92 &93, *�">� �� G�05"� N-2 ��� �3 *! �

mg/l 100   ���9��5� �3 &�����5� ��M<�� `�� V>! *3 G�05"�

 	���993 *993 
'�99���"/ �x99�100% 
'99��3 G�05"99� N-99221 .

  ���"9! � &Z9����(Girczy and Kupich)   �93 *�09:/  6,

 	�"5,  89
, �
<� KE�J� L�M� �� 93�    �\�93 �9[EF  G�05"9�

�99[EF) ��99
mg/L 1560- 996 �993 (	��0�999�� ��  4�99���

 &���>�)����5�*<5�X�  � 	�">�
'�@����    
�9�!��
�
 *9�J5 *!

 b"�'��"5,� ��"/   �"9�'��"5, 
9�, ���9��5&    ���993 ����99) ��

 *93 G�05"9� �"9� � 
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