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Abstract  
Biological treatment of wastewater depends on different factors including the nutrient and vitamin contents. In 
this study, the effects of different concentrations of folic acid (0.1 ppm, 0.2 ppm, and 0.4 ppm) together with 
different amounts of nitrogen (20 ppm, 30 ppm, and 40 ppm) and phosphorus (4 ppm, 6 ppm, and 10 ppm) were 
studied on the biological treatment of the industrial effluent from Tabriz Petrochemical Plant. The Taguchi 
method with an L9 orthogonal array was used to determine the optimum conditions for the growth of 
microorganisms. Turbidity, BOD5, TSS, and MLSS were measured as the main parameters of the treated 
effluent. The results showed that only N has a significant effect (78.4%) on BOD5 removal. Folic acid had the 
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greatest effect (42.7%) on TSS reduction. This is while folic acid had a significant effect (90.1%) only on 
increasing MLSS. The optimum conditions for microorganism activity consisted of a folic acid concentration of 
0.2 ppm, an N concentration of 30 ppm, and a P concentration of 4 ppm . Interactions between first level of folic 
acid×second level of P on turbidity reduction, second level of folic acid×second level of P on BOD5 reduction, 
second level of N×second level of P on TSS reduction, and first level of  N×first level of P on increasing MLSS 
were highly significant. These results show that adding folic acid, N, and P to the effluent from Tabriz 
Petrochemical Plant not only enhances the growth of microorganisms but also leads to the improvement of the 
treated effluent for discharge into the environment 
 
Keywords: Folic Acid, Biological Treatment, Taguchi Method, Industrial Wastewater, Nutrients.

������� 
���.5 �<B	� �1&��1 �$# ��1 �$# 0��
�H p���" $ A<8C F��3S�

�� *)$3S� A��� _J� �")	�� P��
� A8�� )	5 /U�z�S . ��E�
 A��� _J� �")	��  .� V��	9 ��AB� �1 �������5��.1 ,��= �1

08C L�)�4� $ �aI� &+#$� ��!�)�"�1 A<�= #) /� ���� �1 )	�5 *
]X.[/��G ��a! &�� ���  .� /���G 2���� �A���� _�J� *��
�:

A��B� /����G ���!	" 2���� �a��I� +����1 .  ����B �� b����� &���� +����
 +��	� ���?	�	1�c! ��� *)�a��B� P�<S 24� qr�% ��H#) .)	�5

  ����B 2���� #) *���
�:� )�	��� A����<S '�3��� ���1 �^����1 &����
 �!�"#�$��� )�	� �� ���1 .)#�) )	C	� +���
!�� 3�	��" &P	!���

0���� y9�1 *�� $��� A���<S 2�� )	�.1 $��^�) ���<1 $ �!	�5
�c! &2(	�	� V�
S $ P�#	S#	S&��!#�) *��!#�)��1 A���% /U�z�S .

*�^-�:�G ��1 ��1�� $ 2�$# +)��� ��)�k� +�#�) Aa! +�� �#	�H
21��$#�� &,�<� ��#� V�% ���� )�	� $ V
S &2^
B $ N�B +��

 ����� _�J� ��1 �a�I� '$��1 �"� �� AB� �^�) *�5 	�5!�&��Q�
��	� �G #) �# A��� _J� �")	��
] A5�) �D������� qr% .[

/U��z�S ���C$�� #) )	��C	� ~���!�Q� �� '	"���!	" 0��
��H +����
 �-1 +�$��� +����!AB� ]m ��B #) ,kJ� >$3� ��� 2�� .[ +��

� �aI��LU���� �# A8\ '��#� P�% 29 #) $ �; ��� 2�5$# .)���B
 #)�� 0��
H0��
H �
!�� �85$��G +�#�) ��� �
���� �<��
�H $3C
/Uz�S *�
�:� h�	!� �1 ���� �� �� �
5�1 ]l$�[.

p$# 2�1 #)  ����B &/U��z�S �a��I� +���� �E�?	���	1 +����
�1 p$# ���B �1 A��! �� �H�� +���3� A�9 �!#�) ��&)#	�� ��-1

�� #��\ *)�a�B� p$# 2�� *�89 +���3� �� .�!�" +#�"��B �� ���-1
 ��1 $ A���� _�J� �1 ] A�B� ��.!� ')	�1 ��Q�[#) .[ +����
���S 

�aI� &����� ��  �!�"#�$��� ��+��1��34� )�	� ��� P	�J� #) 

&/Uz�S *)�a�B� �� .)	5 +��1 *�.1 /U�z�S �aI� bB�
� +#$&
 �!�"#�$�E� �� *)�a�B� #�"���B +��� $$ +r��� )�	�� �� *)�a��B�

2����$ ���a�] )	1 ���	�v[. �!�"#�$�E� qr% #) V�) +��
*�
�:� /Uz�S �� 21�� +��+��1 A��B N�¡��	! �B� &2¡�$�G
�3C� $+��	�B *#�	�) A��.! #) $Vd����	� $ ��5# +���1 ��
���!

�a�S $ '?$��! ��] �
5�1Z.[/Uz�S #) +�.5 +�� &$ '?$���!
�E� +��1 �S�� '�3� �1 �a�S  ��!�"#�$ )	�C	� ��� A�B� ���$ #)

/��G �� ���1 +�� �1 ��<
H ��� *)��)���&AB� 2E8� '?$���! $
)	C$ �a�S�5�1 ��5��! ���1 $/U�z�S 2�� �1 ��� )	�5 *)$3�S� ���

 �a��I� V��1�\ /U��z�S)	��5 ]Y���r��� ����! ���<��Q� ���1 +#���89 .[
 �!�"#�$�E� �H�% ��<
�H /Uz�S �E�?	�	1 �aI� #) �� �� V

�1 $ +��	� _���5 $) #) '	��� 2�$# ��	� ��4�! 2��� ��1 &+��	�
 A����! ���� ���B# +����v/Yff:�:X$�/Xvf:�:X��COD:N:P 

�1 ��1 _����5 #) b���� F���� b��B +��	�� $ +��	��Zf$v�
+�H#)COD �!�5]Xf[.

�1 /Uz�S �E�?	�	1 �aI� +���%�$ ���#�� ��a���� V��:)
 �
!�� 2����$ )	�8���F��� �1�� ]XXN�	S �B� .[ 2�B:	S ��

�� N���	�" V($��G �B� /� #) PU�% 2�����$ N� A�B� ��1 $
>�! 2����$ +��Bc&B93��$ #	���S $] AB� #	.-� 3!XD.[>��S

 ��B� N�	S �B� �E�?	�	1 P�<S �&[&v$ZN�	S$#�������6

'� ��k���-� $A��B� ]Xm��B� .[ 3�
��B 0������ y��9�1 N���	S �
(2��" $ 2!	��) �
�� +���B� $2¡�$�G 3�
B	1 $ ����G) ���

 (2�#	G��)	5 3�
�B $ ��	��B  ��k� #) $Dn*#�	��) #) 2�!:�
+����1 ��	�B �1 2
�8� .�!#�) Fk! ��  ��	1��� �1  �3!�	� '�	
9

�� N8� ��	89 $ ��1 >	8B V���� b�B N�	S �B� .�
� +����%�
N�	� P	E�� �1 ��34�) �� N�	� +�� �� 3! (�� )	5 ]XX$Xl.[

 �!�"#�$�E� �
.1 )��#�� +��1 N�	S �B� )	C$ 2���1�
1 #) ���
  ����B $ /U��z�S �E�?	���	1 �a��I� $ >�: P���<S 2��4� +����

] AB� +#$�zX�.[
/U�z�S �a�I� #) N��	S ��B� )�1#��� �1 �:#�1 $ #$�
B
 '�3�� ��� �!��B# �4�! 2�� �1 *�$# �B �!��� *��1 N� #) �^!��

COD �d����% '�3�� ��1 /U�z�S �C$�� #)ppm[f �1 $�#	�=
�1 2^!��ppmm�nmf���% #) .�B# #���k� ��COD +)$#$ #)

 21 /Uz�Sppm XlffnDff )	1 ���� ]Xl[���kkJ� g����! .
��#3��!: F��3��S� y��9�1 N���	S ���B� )�1#���� ���� )�) '���-!mf

1 THF 



123 ��������	
������� � �

#) N��	S ��B� )�1#��� >��9 A���% ��1 A���! 24� 2B +�H#)
 +�.5 /Uz�S �E�?	�	1 �aI���)	5]X[[)�) '�-! 3!  �$) .

 2�4�  �4% ���5 F��� b�B N�	S �B� )�1#�� ��6��� )	�5 .
% �� 0!�� *)�� 2�� 2
�8�24� '�5  4K�� )	5]Xv[.

�B#�1 #) �� _kS &*�5 >�4!� +��RA�c�� #) N��	S ��B� �; +���
 ���S�" #���\ ��B#�1 )#	�� �E�?	��	1 �aI� )�E�89 +$# j����

 2���� #) �r��� &)	��1���5 pU��� F�$u��G ���RA��c�� �; j������ +����
1 �a�S $ '?$��!� ��!�"#�$�E� +r��� )�	�� '�	
9 *���8� ��1 ���

Ac�� &N��	S ��B� j����� +�� +���1  ���B ���#��� F��3�S� 
+�������#�G )	��.1 $ 3����� �8�5$��G /Uz�S �E�?	�	1 �aI�

 .)�" #��\ �B#�1 )#	� /��G �C$�� 

+�	
� 
 ��� ��
+����1  ���!�"#�$�E� ���5# ���
.1 _�����5 2��<� �a��I� #) ����

 �a�I� /���G ��C$�� +�������#�G )	��.1 $ /U�z�S �E�?	�	1
 >��4!� 3���� �85$��G ��<
H /Uz�S +$# �-����� &�E�?	�	1

5.�
+���#	���# +����3� �1 �C	� �1 ���	��� ���B	G�!M��c! ��
�3� 

µ��%� &2��G *)��1 &:�1 >�9 ��! �1 N!�� �� &�
-! +����# '�B� 

$*�� a�B� *�$���*)� �� 2�� h	! �#	���#�+���1 �a�I� /U�z�S 

0��
H $��9�8�C� N�	� g��#.AB� 2�� #)F�$uG ���!#	���#
 )�<1� �1 ���	�� ��B	G�!�f×XD×XD��!�B ���� #) ��-5 |
�C ��

 VE��5) ���5 *)�a���B� ���^��-����� ����k�X+����) #) ����#	���# .(
) ���� ��	8<�Df��D�	���B �C#)�*��.1 )#	�� ( #���\ +#�)��1

 ��� *�^-�����  ��B #) )	C	� +�	� _� �� ��)�	� +��1 .�
�S�"
��� *)���-S +�	��� +��#�
���B ��R���� 2� .���5 *)�a���B� &)	��5+����1 

@
B �� ��.1 ��)�	� *)�a��B� ��#	���# j� #) +	k�% ��)�	� +��
5.�

p)�" �1 ��#	���# ����89 �#	HDl��1 ��9�B V���5 b����
 &')�� �G +��1 �k\) $)�/DDN�� &(F
���$ ��S) ��)�	� A9�B

�� A9�B )$��% $ ���� +��1 �k\) �B &�
-!D���1 ��k\) '�	�
9
  c
� '	EB ��%�� �5 ��1 ���#	���# .�����DfV���5 �$#��$#

 $ 24� +#�"��B +��1X�)#	�� ���9U=� A��; ���89 +��1 �$#
 .AS�" #��\ �B#�1+��1 *�# ��!� $ P��<S 24� ��� $) �� ��#	���# +�

�1 �� /Uz�S ��� $) +)$#$ $ /U�z�S ���-"�1 _�� �� b����
 ��z	%Equal *)�a�B� &)	1 *�5 �.� 3���� �85$��G �5 ��)��k� .�

�$��G �����#��S +����z��<1 &/U�c
� �� �� COD 1�S� ���')$3 

1 Sludge Volume Index (SVI) 
2 Bulking 
3.Sequencing Batch Reactor (SBR) 

()*���-����� +��#	���# �� ���8! 

+$# '����B�ppm[ff*���!� )#	� &P$��C) AS�" #��\ +�"
X.(A����! /����G �a��I� +����1 +��	��� p$# #)C/N/P �����1
�1 �#	HX/�/Xff ] �5�1ZN��	S ��B� F��3�S� '	�� ���$ .[

 �!�"#�$�E� �5# F��3S� y9�1 �� �� ���! '�3�� ��4�! #) &)	5
 �!�"#�$�E� �� 3! �a�S $ '?$��! �1 �� 2���1��
1 .)	1 ���	� ��

 #���k� 2��5�) ��^! A1�; �1 F����� 2�� #)COD ��1��1ppm[ff &
) N�	S �B� j���� Ac�� �BX/f&D/f$ppml/f'?$���! &(

)Df&mf$ppmlf) �a�S $ (l&[$ppmXf�1 (+������ '�	
9
 .(�QB �B #) #	���S �B) �!�5 /���!� '	���+��1 _����5 2�<�

 �!�"#�$�E� �5# �
.1 p$# �� /Uz�S �E�?	�	1 �aI� #) ��
 P�!	"	�#� ���#� �1 ��	"��L9*)�a�B�5P$�C) �D.(

+��1 Ac�� P�89� '?$#���  �B��G +) �� �a��S j���� +��
) ��a�SK2HPO4A��5 A��B (¥�� ��1Order No: 105109 $

+��1 Ac�� P�89� j���� +�� �!	�� ������ P	��J� �� '?$��!	>
)NH4Cl A��5 A��B (¥�� �1Order No: A0162745 *)�a��B�
5�B� ��$#�) VE5 �� 3! N�	S �B� P	�J� �.� +��1 .�N��	S
G)��!# )#� #)	�@DSM B�a�B� (|(	�5 *)��.�1��� ��2H��#	 

L
�E��)�k���$� �/Uz�S W������#�G �

�����3G.�� G�* {�!C ������ 

BODppmDvX
CODppm[ff
pHl/Z

MLSSppmXXff
'?$��!Trace
�a�STrace
TSSppmDf
@!#Pt/Co[Y
�#$��NTUXD



124���� � ���������	
���

L
�E+��1 F����� t%��= P�!	"	�#� ���#� �1 t�	"�� p$#L9 
M���.8 G��F*

(���'�)
���'��

 !6�� �!"�1
��!��T-�
XXXX
DXDD
mXmm
lDXD
�DDm
[DmX
vmXm
ZmDX
YmmD

Ac�� �1 ��H� P	�J� ���1� ��C�� *)�a��B� ��1 |��B $ ��5 ����B
 ��B�J� ,�#3�  4% #��k� ��� �Q1�#�5:

)X(IV (lit/hour)=(QV×D)/C 

�� �Q1�# 2�� #) 
QV �84% �1) 2Lit/24h &D�)��#	���# �1 *�5 P�89� b��% �1
��� $ ��� #) >�"C*�5 ����B *)�� Ac�� b��% ��1 ,�#3� +��1
��� .AB� ��� #) >�" 

P	��J� N�	S �B� +��1Xfff ���� &���� #) >��"CP)��<�
Xfff ��� ��� #) >�" �.�5�� N� �� +��1 |�B $ �A�c�� ���

 /� �1 $ *�5 ��B�J� �k\) �� #) ,�#3� #��k�DM 6,\#5��� .�
P	�J� 2�� �� N�  �8G @
��$) _B	� ��K��1 ��1 ���B	G �#	�H

 ,�#3� ��#	���#5Ac�� �� N� �� +��1 A\# #��k� .�����89� +��
 P$�C #)m.AB� *�5 �(�#� 

L
�E���� W��1 A\# '�3��Ac�� �� Nt��89� W��B��	S ��1 N
/�DM 

L�?�� 5>?@
)ppm(

*7/^4/^+/^�/^

A\# '�3� Dff Dff Dff Z�f 

*�) ~	5 

1 De-Mineralization 
2 Dosing Pump  

P	�J� 3! '?$��! +��1ppmZff )CP)��<�Zff ���� >��" 
����� #) P	���J� �a���S +����1 $ >	��!	�� ������� �� (ppmDff ��

+) ) ��a�S '?$#��  B��GCP)�<�Dff ��� ��� #) >�" ��.� (
 �Q1�# _B	� $ *�5X+��1 ,�#3�  4%DlA9�B+��1 Ac�� +��

 ���#	���# V���) ��1 VE�B ��� +���1� #) $ ��B�J� ���89� j����
.�5 *)$3S� 
+����1  ���!�"#�$�E� ���5# $ +#�"����B ���1 ���� �$# g
��G �����
A��c�� +����ppm[&�a���Sppmmf $ '?$����!ppm�/f���B�

�1 N�	S # �1 �) ~	5 '�	
9 P�89� ��#	���5�<1 �1  -5 �$# �� .�
�����89 VE�B $ ��5 �S��z� ���#	���# ��1 ���C /Uz�S ��� $)

 h$�5 ��#	���#5.��!	8! +#�)�1 �� /Uz�S ��lZ#���E� A9��B
 ����� '�3� $ AS�" �#	HBOD &�#$�� &TSS $MLSS �1

��B� F����� p$# P$�C #) *�5 �(�#� +��l*���!� +�"5.�
F����� 2�� #)+��1 *)�) +#��� ��34� _����5 ')��� ��G $ ��

 *)�a�B� ��	"�� p$# �� �
.15����! A�8�� ')��� ���G +��1 .�
���C$�� �� >����� ���� +$# ��������#�G �� ���� p$# ����34� +#�����

|!��#�$ �	!�M����! 0���	� ��)�k� .�5 *)�a�B�F0���	� ��H#) $
�1 _1�$# �� b���D$m1���� AB) 

)D(Fi = MSi/MSe

)m(
T

eii

S
)MS(DFSS(%)p −

=

'� #) �� 
SSi��<1�� h	84�O&����#��G ���MSi���<1�� h	�84� 2^!���

 &����#���G ���� +����1DFi+)��� ����C#)]$ ����#	���SSTh	��84�
.AB� V� ��<1�� 

+��1 �Q1�# �� ��#	���S ��H� ���;� ��B�J�l*)�a�B�5�

)l(XLi=(∑Yi)/N 

3 ANOVA 
4 Sum of Square 
5 Degree of Freedom 

 

L
�E4n*#�85F����� p$# .4� $ ��*�5 *)�a�B� ��3+��1 ���� >�4!��F

I��M���.8G��F*M���.8	
���S\!9A0

BOD 5210ABCBOD )#��!��B� p$# BOD P���� 

�#$�� ASTM.D.1889 g
B �#$�� 

TSS 2540D )#��!��B� p$# $���� &*#	� &'$� 

MLSS 2540B )#��!��B� p$# $���� &*#	� &'$� 



125 ��������	
������� � �

)j�� ((/))�(

()*+�k�� ���;�N�	S �B� +��#	���S V1�×N�	S �B� &(j��) '?$��!×'?$��! $ (/) �a�S×�#$�� ����#�G �1 (�) �a�S 

#	���S ��H� �;� �
<�X�QB #)L¨�B�G h	�84� �1 AB� �1��1 ���
¨B�G )��<� �1  �k� &�QB '� #) ���#	���S �� N�� ��� +���1 .���&

�1 �QB '� #) ¨B�G�) qU���� �� $ ���� A�B)L2-L1��c! #) ��1 (
 &)	�1 �#�) �#  .�B 2����-1 ��� +#	����S &)���9� ,��Q� #�\ 2�S�"

 ��-�5�� �aH &Vz�a� �� VH�% )�9 �"� .�&��5 2��� ��1 ��
<�
 .A5��! F����� �%��= #) �8.B �� #	���S '� �� )	1 

�1 ��#	���S �
.1 �QB ¨B�G h	! ��B� ¨�B�G �"� .�5 ��-�
 &A�5�) �# )��9 2���-1 �� �1�	C �#	H '� #) &)	1 ��-1 h	! ��

�1 �� ��S�" �c! #) �
.1 ¨B�G '�	
9 )	1 ��8� h	! �� ¨B�G �"� $ �5
 ��1 &)	�1 �#�) �# )�9 2���8� �� �1�	C �#	H '� #) /�	�C '�	�
9

 �S�<� �
.1���5.
� �1 ��#	���S V1�k�� ���;� ��5 '�3� _�� $) 2�1 ��$�� *���!

) A\) ���5 �1 �� )#�) �^��1SI6*���!� ( �� +�" ��$�� �"� .)	5
 _� $) 21Yf���5 &�5�1SI �1��1Xff ��� ��H#) ��"� $ )	�5

�5�1 �aH _� $) 21 ��$��&#) .AB� �H#) �aH �1��1 ���5 2��
 ���� �4�!SI �#31 �5�1 ��&���-1 #	����S $) V�1�k�� ��;� A8��

�� �����5 2�� �� *)�a�B� �1 .)	5 V�1�k�� �;� A8�� b��� '�	�
FG �# #	����S $) 21 A\) ���5 2<� +��1 .)�� �
1A$B��

 *)�a�B� ��� �Q1�#�5

)�(
ttanCons2

)2B1A2B2A()1B1A()1B2LA(SI −−−
=

�Q1�# 2�� #) ��Constant #���k� 2����8� $ 2���-1 21 qU���
] AB� *�5 ��B�J�XZ.[

+��1 >��! �� V�1�k�� ����;� +���#�)	8!  B# #�3�S� b�� ��
�X[K

*)�a�B��5.

1 Severity Index 
2 Minitab 16 

����� 
 ����� 
����S�
�' 
���R���� �; �#$���� F����� ���1 ���B#�1 )#	��� +����#	���S �� >�����

�
<� /Uz�S ) '?$��! �;�� P�% 29 #) .)	�! #�)[/lm(��H#)
 P$��C) )	1 �^�) #	���S $) �� ��-1 �#$�� F��� �1�2��� #) .(

 ��� V89 �� �<1 _kS '	� F����� +���#	���# /U�z�S �� �
�-!
�!	8! �-����� �
<� 2���1�
1 &�5 +#�)�1 F������ g����! ')	�! #�)

�� �c! �1 �kQ
� �aI� #) .�B# �!�� L:	�8<� /U�z�S +�� �� ��<1
?	�	1 �aI� P:� ��
���S N�� ��S�-G �aI� �� V�\ $ �E� +���B

�� �#	H �C$�� /��G +$# �� �.C	�� V�1�\ #���k� ��1 �� )�"
�� �#$�� '�3� P$�C ,�= .����[F���� +���1 _����5 2���.1
Ac�� #) �#$�� +��ppmD/f&N�	S �B�ppmmf $ '?$���!

ppml1 �a�S�.��� AB) 
�1 ��B�SI #	����S ��1 �	�1�� V�1�k�� ����;� ���5 2���-1

N�	S �B�×) �a�SY/Dl�H#) P$� �	Q�B V�1�k�� ��;� ��� )	1 (
 �#$���� F����� #) �# �;���� 2�����-1 �a���S >$) $N���	S ���B�

 VE5) )�) '�-! /Uz�SDP$�C $v.(
A��c�� )�1#���� ���� A��B� '� �� �����% #$�
��B ����5#�3" +����

z�S +$# N�	S �B� j����/U$ r���� &���
�� &+3��S 0��
H
 )#�	� >�8� #) �#$�� '�3� F��� b�B �^!����)	5]v[.

��+�BOD 
*)�) |!��#�$ ��34� g���! �1 �	1�� +��BOD52�1 �� �� )�) '�-!

��� _��kS &���B#�1 )#	��� +����#	���SRqr��% #) '?$����! #	�����S �;
BOD5#) P�8�%� �QB��
<� �H#) qr�% #) '?$���! .)	�1 #�)
BOD5�1l/vm��1 N��	S ��B� .)	�1  .�B 2���-1 +�#�) �H#)

Y/Xl�1 �a�S $ �H#)X/X��
�S�" #���\ '?$���! �� ��<1 ��H#)
 P$�C)�.(

403020

1.3

1.2

1.1

1.0

0.9

0.8

0.7

0.6

0.5

N

M
ea

n

0.1
0.2
0.4

A.F

Interaction Plot for STDE1
Data Means

1064

1.3

1.2

1.1

1.0

0.9

0.8

0.7

0.6

0.5

P

M
ea

n

0.1
0.2
0.4

A.F

Interaction Plot for STDE1
Data Means

1064

1.3

1.2

1.1

1.0

0.9

0.8

0.7

0.6

0.5

P

M
ea

n

20
30
40

N

Interaction Plot for STDE1
Data Means



126���� � ���������	
���

'�3� ')	1 ��8� F����� 2�� #)BOD5/	��Q� ��C$�� /���G
 ) N���	S ���B� >$) �Q��B 2���1���
1 &)	��1ppmD/fP$� �Q��B &(

'?$��! )ppm Df) �a�S >$) �QB $ (ppm [�� 2���-1 (R�# �;
 qr% #)BOD5Ac�� 2�� �� A5�) )	�1 ��
.1 _����5 �^!��1 ���

 P$�C)[.(
'�3��� 2�����-1SI N���	S ���B� V��1�k�� ���;� #)×) �a���Slf

�H#)1 (�P$��C) ���� AB)vA�c�� 2�1 V�1�k�� ��;� ��� .( +���
ppmD/f$N�	S �B�ppm[�d���% �a�S �RF���� +��1 �# �;

BOD5VE5) )�) '�-!m.(
p#�3" #) '�#��E8� $ >	1��� 3�! #) N��	S ��B� )�1#��� ��1

 '�3� /Uz�S �E�?	�	1 �aI�BOD5�1 _B	�� #	=vv��H#) 
A�S�� F���� N��	S ��B� )�1#��� >��9 _����5 ��1 A��! ]XY[.

#$�
B 3�! ��1 ��� )	�8! p#�3�" A�c�� +�"#���ppmD/f��B�
 '�3�� &+3��S 0��
H /Uz�S +$# N�	SBOD5��1 �# ��C$��

ppmXXDnYf)�) F����� ]v['�3��� #	�r��� F������� #) .BOD5

A��c�� )�1���� ���1 ���C$�� /����G +����ppml/f$ppmXL������k� 
�1 $ *)	1 �1�-�ppm �fnmf.��B# ��#3�!: F�$u�G #) '�	�
9

�5 ��1 �� /U�z�S �E�?	��	1 �a�I� #) N��	S ��B� +�"#���
 F��� b�B +�.5COD �1 �C$�� /��G #) '�3��X�#) ��H#)

 ���5 �E�?	�	1 ��z	% �1 ����k� �5]X[[.

����TSS 
�RF���� +$# �-����� +��#	���S �� N� �� �;TSS ��
<� #�)

 �1 N�	S �B� P�% 2�� �1 .)	�!v/lD�� 2����-1 ��H#)R�; #) �#
 F���TSS �1 '?$��! $ A5�)�/m�N��	S ��B� �� ��<1 �H#)

��� ���� ����#���G 2���� F����� #) �a���S .A��S�" #����\R+�;A��5��! 
P$�C)�F���� +���1 ��
.1 _����5 .(TSS ��B� >$) �	Q�B #)

 A�c�� ��
<� �a�S P$� �QB $ '?$��! $N�	S +���ppmD/f
&N���	S ���B�ppmmf $ '?$����!ppml �����S �a���S���5 

P$�C)[.(
'?$��! V1�k�� �;�×2����-1 +�#�) �a��SSI )Dm��H#) ��1 (

 F���TSS )	�1 /U�z�S$2����-1 ���#	���S 2��� >$) �	Q�B
 F��� #) �# Fk!TSS VE5) �!)�) '�-!lP$�C $[.(

)j�� ((/))�(
()*��N�	S �B� +��#	���S V1�k�� ���;�×N�	S �B� &(j��) '?$��!×'?$��! $ (/) �a�S×����#�G �1 (�) �a�SBOD 

()*4�N�	S �B� +��#	���S V1�k�� ���;×N�	S �B� &(j��) '?$��!×'?$��! $ (/) �a�S×����#�G �1 (�) �a�STSS 

1064

32

30

28

26

24

22

20

P

M
ea

n

20
30
40

N

Interaction Plot for STDE1
Data Means

1064

32

30

28

26

24

22

20

P

M
ea

n

0.1
0.2
0.4

a.f

Interaction Plot for STDE1
Data Means

403020

32

30

28

26

24

22

20

N

M
ea

n

0.1
0.2
0.4

a.f

Interaction Plot for STDE1
Data Means

1064

2.8

2.6

2.4

2.2

2.0

1.8

1.6

1.4

1.2

1.0

P

M
ea

n

20
30
40

N

Interaction Plot for STDE1
Data Means

1064

2.8

2.6

2.4

2.2

2.0

1.8

1.6

1.4

1.2

1.0

P

M
ea

n

0.1
0.2
0.4

A.F

Interaction Plot for STDE1
Data Means

403020

2.8

2.6

2.4

2.2

2.0

1.8

1.6

1.4

1.2

1.0

N

M
ea

n

0.1
0.2
0.4

A.F

Interaction Plot for STDE1
Data Means



>AS ��������	
������� � �

L
�E7���!�34� g�#�$ ��*)�) |!���+&�#$�� �1 �	1��BOD&TSS$MLSS

���'��B�.8 �E��
S�
�'BODTSSMLSS

MS�l��MS�l��MS�l��MS�l��

N�	S �B�DfZD/fvDv/D[[XD/XDYmY/Xl�[�/fvXf/lD*lY/X�ZXXm/Yf

'?$��!DXDv/f[X�/lm*[Ym/�llZv/vmlZD/f�XD/m�v�/lf

�a�SDfll/fDmY/XD[Ym/DXmY/Xfll/ff�l/DYf

�Q�DfXX/flXY/XvZvl/Xlm�/XfX[Y/fvvZ/DXZ[/[�Zv/Y

*P�8�%� �QB #) #�) �
<� :��H#)

L
�E=���5�.1 _��1 �
+&�#$�� F���BOD&TSS&MLSS

S�
�'BODTSSMLSS

���'��5>?@xo"5>?@xo"5>?@xo"5>?@xo"

N�	S �B�D/fDD/fDD/fDX/fX

'?$��!mfDDfXmfDmfD

�a�SlX[DlXlX

L
�EU����5�H#)SI.1 �	QB $��#	���S �


�����'�� (����� S��S�
�'BODTSSMLSS

N�	S �B�×�a�SY/DlfX/lff[/DmmY/vX

'?$��!×�a�SYD/Zv[/m�YX/XDmm/XZ

N�	S �B�×'?$��!Xm/fZY/Xl[v/XD/Xv



128���� � ���������	
���

()*7�N�	S �B� +��#	���S V1�k�� ���;�×N�	S �B� &(j��) '?$��!×�a�S'?$��! $ (/)×����#�G �1 (�) �a�SMLSS 

F�$uG #)>	1��� �5��-� 3! �E�?	��	1 �aI� �
���S ��
 ��1 N��	S �B� )�1#�� �1 #���k� $ ����#) #�����G �#	�HTSS #)

'�3�� ��1 /U�z�S �E�?	��	1 �a�I� �C$�� /��G]O��H#)
)�) '�-! F��� ]XY[.��1 N��	S ��B� ')$3�S� ��1 3�! ��!����B�

 Ac��ppmX/f'�3�� �� )�) '�-! /Uz�S �E�?	�	1 �aI� #)
TS6'�3�� ��1 �C$�� /��G #)�f���[fA�S�� F���� ��H#) 

]Xv['�3� 3! ���$ ��kkJ� #) .TS #���k� ��1 �C$�� /��GmD
)�) '�-! F��� N�	S �B� ')$3S� �1 �H#) ]Df[.

��4�MLSS 
'�3���MLSS '���-! A��B� |�	��1 #����k� *���
�) $2���� F��3��S�

 �!�"#�$�E�  4% F��3S� +��	" &����#�G ��AB� '�3� .MLSS 
�a��I� �E�?	���	1 ����z	% #) '����� #) 3������ �8��5$��G ���!��

 �1��1 &�-����� +��#	���# ')�� �G +��1 24� A5�)�1ppmXXff 
$.)	1 )#��!��B� '�3� �� ��8� A5r" �� �<1 3! ��#	���# #)��$#

 �!�"#�$�E� +#�"��B '��� $ �) ~	5)F��3�S� #���k� 2��� (��
 '�3�� F��3�S� F����� 2�� #) 2���1�
1 &AS�! +�^8-�MLSS 

)	1 �c! )#	� )#��!��B� �% ��.
*)�) |!��#�$ ��34� g���! ��1 �	�1�� +��MLSS #)P$��C�

'� �� ���% �� _kS �� ABR;P�8�%� �QB #) N�	S �B� )�1#�� �
��
<� ����#�G 2�� +$# �H#) 1 &)	1 #�)�+#	= ��1 N�	S �B� �� 

'�3����X/Yf+$# ����H#)MLSS ����R+�����#	���S .A���5�r" �;
 �� ��� �a�S $ '?$��!R2����.1 .�
��5��! ����#��G 2��� +$# +�;

 +��1 _���5MLSS Ac�� #)ppm X/f&N��	S ��B�ppm mf
!$ '?$��ppml*���-� �a�S5P$�C) �[.(

P$�C ,�=['?$���! V�1�k�� ��;�×��1 �a��SmY/vX��H#) 
5 2���-1 +�#�)�\) ����1 A�QB �� )	��� P$� �	�#	����S $) �

� 2���-1RF��3S� #) �# �;MLSS VE5) �!)	1 �#�)�.(
F����� �= 3! '�#�E8� $ >	1��� +�� �1 �� �!)�) '�-! )	� 

1 Total Solid 

 ��1 h$�5 �E�?	��	1 �a�I� #) N��	S ��B� +�"#��� /U�z�S &
��G )	�.1 &)�1#�� �$# 2�$) #) ��	!�; ���a�#U� #)  ��B ���#��

+����1 )��<� �<1 ��a� N� $ )�� *u� +�� 2�4� #) ��� (��a�$#) #�)
 ��UB� �� #) ��	8<�6��]��1 N�	S �B� )�1#�� �1 )	1M�)��9

 ��UB� �� #) ��1��1 +�����1 2�� )��<� 3! )#	� N� #) $ �B#]O
)	1 )�9 ]XY[.

4��A!�� B�!C 
$ '?$���! #���k�  �c
� $���	S ��B� ')$3S� �1 F�$uG 2�� #)

 �!�"#�$��� �� $ ��� $ �d�� 21 &�a�S $ ��5 )��4�� P)�<� ��
  ��!�"#�$��� ��� ��5 b��B ��� 2�� #���\ A�1�; ��5# ���S #) ���

 $ ����; +�#�) 3�! /U�z�S ���?	��	1 �a�I� ��4�! #) .�!�^1
*�.1 /	�Q� +#$ .�5 +�� 

Ac�� +�� ppmD/f&N�	S �B�ppmmf $ '?$���!ppml
$ �#$���� F����� #) �a���STSSA��c�� &+����ppmD/f���B�

 &N���	SppmDf $ '?$����!ppm[F����� #) �a���SBOD5$
A��c�� +����ppmX/f&N���	S ���B�ppmmf $ '?$����!ppml

F��3S� #) �a�SMLSS �
.1 _���5 )�4�� �1 �4
�.�!�5 ')$3�S�
 �� 2����-1 �E�?	��	1 �aI�  ��B �1 '?$��!RF���� #) �# �;

 $ �#$��BOD5�1 .A5�r" F��3�S� y�9�1 N�	S �B� +�"#��
MLSS �1 $ *�5X/YfF��3�S� #) �# F�k! 2����-1 &�;�� �H#)

����#�G 2�� �a�I�  ���B #) N��	S �B� )	C$ 2
�8� .)	1 �#�)
 �1 �E�?	�	1v/lD� �H#)RF���� #) �#  .�B 2���-1 &�;TSS 

+$# �a���S )	��C$ .A��5�) /U��z�S ���C$�� #)MLSS $TSS 
$ �#$�� )#	� #) $ ��5��! �-k!BOD5�� 2����8� 3�!R#) �# �;

 .)�) '�-! �-����� +��#	���S 21 
V�1�k�� ���;� N��	S ��B� P$� �Q�B×��1 �a��S >$) �Q�B

N�	S �B� >$) �QB &�#$�� F���×F���� �1 �a�S >$) �QB
BOD5$���! >$) �Q�B &?'×F���� ��1 �a��S >$) �Q�BTSS $

'?$���! P$� �QB×F��3�S� ��1 �a��S P$� �Q�BMLSS +�#�) &
.�!)	1 �;�� 2���-1 

1064

110

100

90

80

70

60

P

M
ea

n

20
30
40

N

Interaction Plot for STDE1
Data Means

1064

110

100

90

80

70

60

P

M
ea

n

0.1
0.2
0.4

A.F

Interaction Plot for STDE1
Data Means

403020

110

100

90

80

70

60

N

M
ea

n

0.1
0.2
0.4

A.F

Interaction Plot for STDE1
Data Means



129 ��������	
������� � �

�����4!� �� ���5# *���!#�)��1 V����	9 ���� ���!�"#�$�E� #) ����
/Uz�S ��� h	
�� ��<
H +�� �1��-� ���kkJ� >��4!� �r�� &��5�1

/Uz�S 2�� +$# �� �� ')$3�S� .�5�1 ��5�) �# ��$�a�� g���! �!�	�
2������$ �E�?	���	1 �a��I� #) +r���� )�	��� ���1 *����8� ���^�) +����

/Uz�S ��� ��H	� ��<
�H +��� /U�z�S #) .)	�5 +�.�5 +���
�1 )	C$ A�9 &�a��S $ '?$���! �c! +r�� )�	� )��� ��)�k� +���1 

����B ��� $N��	S ��B� P��89� AB� ��.1 &�E�?	�	1 �aI� )	�.1
2����$ .)�" �#	H �a�S $ '?$��! ��)�k� A��!  c
� �� �<1 �� 

7�DE�� 
1. Shariatpanahi, M. (2003). Principles of environmental health, Tehran University Press, Tehran. (In Persian). 
2. Nahid, P., and Kazemi, A. (2004). “Bioactivity improvement in activated sludge treatment of petroleum 

refinery wastewater.” J. of Water and Wastewater, 15-2 (50), 23-28. (In Persian). 
3. Mittal, A., Kurup, K. L., and Gupta, V. K. (2005). “Use of waste materials--bottom ash de-oiled Soya, as 

potential adsorbents for the removal of Amaranth from aqueous solution.” J. of Hazard Mater., 117(2-3), 
171-178. 

4. Berent, J. (2001). “Current management of ethylene glycol poisoning.” J. of Drugs, 61(7), 979-988. 
5. Grzes Kowiak, A. Z., Grzes Kowiak, T., Zembrzuska, J., and Lukaszewski, Z. (2006). “Comparison of 

biodegradation of poly (ethylene glycol) s and poly (propylene glycol) s.” Chemosphere, 64, 803-809. 
6. Golbang, N., Shahiam, M. N., and Emtiazi, G. (2004). “Effect of phenol concentration on growth, respiration 

and biofilm formation of phenol-degrading bacteria in Isfahan steal plant wastewater.” J. of Water and 
Wastewater, 15-4 (52), 31-38. (In Persian). 

7. Senorer, E. (2001). “Determination of effect of folic acid on biological treatment efficiency.” MSc Thesis, 
Istanbul University, Institute of Science and Technology, Istanbul, Turkey. 

8. Maier, R. M. (1999). “Biochemical cycling.” Chapter 14. In: Maier, R. M.,  Pepper, I. L., and Gerba, C. P. 
(Eds)., Environ. Microbiol., Academic Press, Canada. 

9. Hantanirina, J. M. O. (2010). “Improving BOD removal at SNJ wastewater treatment plant by biological 
treatment.” MSc Thesis of Environmental Engineering/Water Science and Technology, Faculty of Science 
and Technology, University of Stavanger, Norway. 

10. Ammary, B. Y. (2004). “Nutrients requirements in biological industrial wastewater treatment.” Afr. J. of 
Biotechnol., 3(4), 236-238. 

11. Strunkheide,  J. (2004). “Stabilized folic acid vitamin for the reduction of excess sludge in sewage treatment 
plants.” <http://www.dosfolat.de/literatare/wwt-papers.html>. (May 2014). 

12. Hassing, L., Wahlin, A., Winblad, B., and Backman, L. (1999). “Further Evidence on effects of vitamin B12 
and folate levels on episodic memory functioning: a population- based study of healthy very old adults.” Soc. 
Biol. Psychol., 45, 1472-1483. 

13. Bassler, K. H., Golly, I., Loew, D., and Pietrzik, K. (1997). Vitamin encyclopedia for doctors, pharamacists 
and nutritionists, 2nd Ed., Fischer verlag, Stuttgart. (In Germany). 

14. Senorer, E., and Barlas, H. (2004). “Effects of folic acid on the efficiency of biological wastewater 
treatment.” Feresen. Environ. Bull., 13(10), 1036-1039. 

15. Rapold, H., and Bacher, A. (1974). “Bacterial degradation of folic acid.” J. Gen. Microbiol., 89, 283-290. 
16. Lanzrath, M. (2007). “Use of the adjuvant dosfolat (folic acid) in sewage treatment plants to improve 

performance and reduce cost using the example of the treatment plant Bonn-Duisdorf.” Thesis for Earning a 
Diploma Engineer, University of Applied Sciences, Cologne, Germany. (In Germany) 

17. Dohme, M. (1988). “The effect of folic acid on the metabolism rate of activated sludge plants as shown by 
the example of the Uelzen and Suderburg sewage treatment works.” Diploma Thesis, Fachhochschule 
Suderburg, Germany. 

18. Roy, R. K. (2010). A primer on the taguchi method, 2nd Ed., Society of Manufacturing Engineers, USA. 
19. Akerboom, R. K., Lutz, P., and Berger, H. F. (1994). “Folic acid reduces the use of secondary treatment 

additives in treating wastewater from paper recycling.” International Environmental Conference and Exhibit,
TAPPI Proceedings, Oregon, Portland.  

20. Wolter, C. (2006). “Biological Sludge reduction and improved performace optimizing operating costs 
through the use of DOSFLAT ®XS.” <<http.//www. Deflate.de/reports/folien-DWA-Tagung-2006. PDF.>> 
(In Germany) 


