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Abstract  
Nowadays water pollution is one of the most important problems in different societies. 
This problem increases with the development of countries. Existence of various dyes in 
waters is one of these important pollutions so adsorption can be used as an effective 
method to eliminate dyes from waters. . In this research, the adsorption of Malachite 
Green on odorant Do Ghazal tea waste was studied. The study of this issue was 
performed at laboratory temperature, with variation of different parameters like pH, 
adsorption time, amount of adsorbent and dye concentration. The results of the 
experiments show that the adsorption efficiency increases with more adsorbent addition, 
higher pH levels and time enhancement. Also, the reduction of dye concentration causes 
better adsorption efficiencies. Moreover, the study on isotherms of adsorption process 
confirmed that the adsorption obeys the Freundlich model. The results of this study 
show that the efficiency of Malachite Green elimination in aqueous solutions on odorant 
Do Ghazal tea waste was higher than 95%. An artificial neural network (ANN) model 
was developed to predict the performance of the decolorization efficiency by the 
adsorption process based on the experimental data. A comparison between the predicted 
results of the designed ANN model and experimental data was also conducted. The 
ANN model yielded a determination coefficient of R2=0.9981. The model can describe 
the decolorization efficiency under different conditions. Odorant Do Ghazal tea can be 
used as a low cost and available adsorbent for removal of organic pollutants from 
contaminated waters. Artificial neural networks can be employed as an appropriate 
method for adsorption process modeling too.

Keywords: Artificial Neural Networks, Adsorption, Malachite Green, Wastewater Treatment, 
Odorant Do Ghazal Tea.



dx.doi.org/10.22093/wwj.2019.139943.2714 52
مقاله پژوهشي

����� ��� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 30, No. 6, 2019 

و فاضلاب، دوره 15-62، صفحه:6، شماره30مجله آب

��- ������O$� �� �P F� �7FP �67� �� QR! $���� �(��
 
 ��8 $&�E�� (� '��,��� �� )7� ����������� /�;
)�� 

H��M �+�>�a'?�� �)�5
v�a.���% `K^% �&.U�"9: w�c� �^�b*�(� 6v,��+?� �&	3�+-g

N>#�2)����, 5��O��A#�*��?@, 5�B���#��A,�Q� 5�/���#�,(�Q��,(����� 
�)�5��I (4KI�mzarei@tabrizu.ac.ir 

G>"���#@)�� ��?A, 5��O��A#�*��?@, 5�B���#��A,�Q� 5�/���#�,(�Q��,(����� 
P>"���#@)�� ��?A� ��, 5��O��A��("�, 5�B���#��A,�Q� 5�/���#�,(�Q��,(����� 
[>"���#@)�� ��?A 5��O ,� ����A#�*��?@, 5�B���#��A,�Q� 5�/���#�,(�Q��,(����� 

������)��/�/������	�/�/�(

:$�����,� /�$0� ��( �� 1 �� �2��� 3�� �� 4�5�� A��� 
	�[��" .O	�2\1 	X�9]F 	.X 	���3� 	.
	.� 	%T*�� ��M'� 	.
	�1���� 	"��. ������^�* �� �[� R* �=R[ %<=> �! _`' � !��1 �"�� 

,��? ���M�F "� ������ �� #=� )�>a�*����� O�A,#!� "	(0&�1 , ($ %23*�4)6	(6b�Z�.Doi: 10.22093/wwj.2019.139943.2714 

����� 
6@��	# �	#�; ]�	 �M1�	 @# &1� LO &�
��OG/# 6��� �	#�; G���%Z �� ��	$>5 �.&	 Q�#$�# $%� 1�	 8�# &R1� .����

]�	 @# )���BO 8��� ���>� �
 ��� 
�;� .�5 &�O 6�5G/# @# �9R/
 8R�# V?R" 6#�R� �5�R��#�� 8����I�	 @# &1� &D_/ L?; .
)���BO �5G/#:�3D	 @# $H/ G%<B�	 ��� V?" ��%�� ^�#�< � ���#�� &/��� �� Q5�[Z 8�# �
 . 6�R2 ���>�Z ^/�� &�O 6�5

 .�< �9\#
�Z :#$j�
 6�_(6#�� �#�R�	 .Lh�; ��; .��� :�3D	 �%��# Ge3j 6�5�9	#��Z .)���BO V?" ��%�� ^�#�< �� &��%9/

pH :�3D	 �%��# ��
 ��� � Lh�; k�>� ��	@ ��	 �R� �R7 
#
 ��R�� RW�" S��R9� .G��� �#�T &/��� 
��	 )�-���	@O 6�	


 �%��# Ge3j Q5�7 8%�!>5 � Lh�; ��; Q�#$�#��� .&�#��} Q�#$�# )���BO V?"&	���� )�5��	 8%�!>5 . R< �
 �R7 �pH 
.&��%3T ��� V?" �#$%	 .��� � Lh�; k�>� ��	@ ��	 Q�#$�# �� � G��� Q�#$�# ��� V?" )
@�� &R�O ^%D	 @# Lh�; ^/��

.�< �9�%� 6��%Z �%������ 6�	�>5 :�	 @# 6�2 ���>�Z 6�� �� $H/ G%<B�	 ��� L?;&	�R�} �R��#�� )
@�R� �@# Q%R� .rn
�W�
G/#�� .:�	 ��e�	 �1HR< :�R	 @# W�" S��9� � &��K� S��9� �7 �< )
�a9/# &(���	 &H�( �1H< :�	 @# ���#�� 6@�/

	 &(���	 &H�( G���_6
��@ g��N � ��
#
 ���� #�8%%�� �� ��#�� ��%/���rr�y/m��GR/
 .�R	O ���>R�Z 6�R_( 6�R2
�� :#$j�
 &	k�9/
 �
 � G>%T �#@�# Lh�; J� �#��( )���BO V?" 6#�� ��#�� ^%D	 @# &�O 6�5 �R� &R�O 6�5 .
�R< )
�R� ��R7

�� &(���	 &H�( �1H< 8%�!>5 	 6#�� g/��	 `�� J� �#��(:�&	 L?; ���#�� 6@�/ .
�%� �#�T )
�a9/# 
��	 ��#�� 

�K�# ��- L��-:U�+B#� -�V! -�S NO��. 8��J: N+'
 H�?W�� N&/V
 OR2 N&!�J� &'J! 8Q'? 

�/	�*0� 
�6=G�$��� �� �+��� )D69" /�%3���� �,C$ 4��,.� ��%3�.�=

G� ����� �!? �� �	�1=B( ���C�<� -=��� 4P��Z 4K�X�	 4��9=$
8R�
J�=��$��� ���"=
����)Akar and Uysal, 2010(.��1�=

����� �� Y5��� ���%=$��8�=G������ ��
!8��<% $���� �$�$ �� -��B(
M"�E�%3B��1=���
:�+��.
�,R �D����!?� C�<�=$���3

h�,�� �,V���,V=���� �� B( �� ��% ��-���� ��%3+��	��,=4�����,=4
��V,V34�$������� $��%3$���3a6'��5	 ��%3��'�3���� 

)Robinson et al., 2001(.��� ��%3�$�� ���4"��G�� �,�� _,�:�
��R�,W���!\5% $ 
���<	� ���H'X /�%���	 �� �� �� 0,��'M" GS

"=$ 
!%� -�.� /�5% ��� )��@��G����33���� V�G��,���C $ G��%�
M"�E�%3��=
���� =� ������!� .��� /�%3��,.� ��� ����43����

�<�� E�M" -d9" 
!8<% ���)Zuorro et al., 2013(.

!Z���� [$� /3� �K��k� �� �8�� /��
! �'5C �� �%����
�!

Ml� �KC=�2+ 4��,� �3�2+ 4�" �����6=��� $��%
�!3��<	��



��? +)��*��# +D�\� +Q\D �BQ  +�... dx.doi.org/10.22093/wwj.2019.139943.2714 
53

����� ��� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 30, No. 6, 2019 

���8��9�!? ���>�?,�O" $ N'8O"  �!?�C�<�  =���
�R ��J!�9
���.(Caselatto et al., 2011, Zuorro and Lavecchia, 2014, 

Zarei et al., 2017).�%��[$� �� ���%3����" �
�R ��J!�9 �� $ �
�1"��,W ��W `
���� ����� .3<� 0�]"���3��� �� �%3�.�=��

�2+ -��i"��,� �43JC $ P$�i" ��
!8<% 8� $="=��M+ 
�!��,+
��R�l="� ���/�%3+�"$���G���� �� ���
B+ ��
�,R -.(Noori 

otlagh et al., 2013) .
�6=[$� �� �%3`��!" :�+ ���V�,�.� �=��%3���W $ ��4

V �� ���:8���G�%� )�,? $� ���KC ��8<=$V����k���=����� .
<��8� �� ���:8���-�%3�����,.,�6=V�N�'� h�,���) �B� G�%� ��%3

V 4��%����� G�%�3�����" $=V 4������ G��%�=�8� $=�� (G��8W��
k� �KC $ 0�8!	��
! �%3.�=�
1" $=��k��" G�,!���� "�B�� 

�� ��!	�[$� ��%3:�+�� 4�D��� ��G�,!���% &	 [$� ����!
 ��l"��� .(Cristaldi et al., 2017) . 

3�8!� ��� Rk�"����� �B�� �3��� 4��B!� G���	 �����4&�9
4KX�	 R�i� ��� �W�� $ P�Z=�R�i� �%,C $=�" ���:8���=.�,�R
Rk�"�!\5% �B� ��/�6=��%$��� ��3[�$��� �� ���:8��� ��,�"
%�"=�� .��� .��� )��@� N9	 -�G����Rk�"��B� ��� 4��� $�

<� �� G� �� ���:8�� �	 ��� �%����3�� ��i� ���h,!5" ��
R ���� 
)Srivastava et al., 2004(.%$S� 3�% W��G�9� ����� ���� ��	
������ �� G���� �� D8�� �lW ���" /�" =��� $ 
%�30,'�� ��%3

�<� G���
��8<� G
��Y5�� ��=����.(Khattri and Singh, 1999, 

Rao, 1995, Chang, 2015) .
�_�C �%3�,!8"=���3�Rk�" �K������<� �� �B�� ���%3

����8��V ������( ���:8����� ��,���" ��,���.� 
����� ����'5C �� 0����1� /�����	 
)Önal et al., 2006(4� ��	�W��6�9)Hameed et al., 2007(4

0�X� (Garg et al., 2004) �8<	�W )��_ 4)Janoš et al., 2003(4
	�+�	 `�8�",.� $ �
R 0�1� �,Z 0�X� ���5% /�/)Shukla and 

Singh, 1999(�,8!� $���.(İnel and Askin, 1996) ���� �� ���/
.��� �8��V ���( ���:8�� ��," �8��� 

��$��9	 $ ������,W G�"��� �� �
R �98!" ��"�3�
�M8" -�'"
 0��{|�� " G�9�=�� ��k��� ��	 
�%���� �/}|�� /�+ ����%

�Z g��3.,+ G�JC ���" 
=&J� $ �,RG���� � �� ��.,+ /��
4}/{�

1 Food and Agriculture Organizatoin (FAO) 

/��+ �����%����� $)�,��? ���� ���%3h,��!8" �� ����� ^�8���� 
)Chang, 2015(�� ..��&2� -���� ��Z ���"3&�2� 4�,�9	 ��

� �$� �.�:+ $ 
��5<��� G� �
R ��<� ���C,+ -��( ����� �����	 �	
��?,�W=������
� � $�� �89�G�,!��.��� ��l" �.��� �

�Z3��l�30���X$���6=����"�� �� ��+���Z h�,��� /3��
�� G� �� -�?�� 
��5�<� �� ���:8��� ��	 ��� �,9	�.������$��� -=4

<�����? �� G$�i" $ `��!" ������ �� �$D� .�/4��8��=G���
�� $��� 4 �:�+ �B� [$� 4�_�C G�,� G�#�'��( 4����% �� ��C� �
$�^��i" �"���%�#9=81!? $=$����� =����e Ml�� �K�C4=��
��"��3� �� ���:8����_�C /���.$� 3��Z �.�:+ �� %$S� /�� ��

�� 0��X 0,'M" �� �B� ��Rk�" ��� �K� �,H!" ���:8��� =�� 3�%
0
" $ 
R =�,!�" =B�� �dBR �� 
!���� 3���{.���V P�2�� 

1/� ��+�2�� �"
�Z3�l�30��X$� ���'M" ��#R$�� �=�B+ ����W ����
3.
�R

J+ $ G��	 P� �� a����Z3��+ 
�R �
��R,C �li" �� �� G� �.�:+ 4
�Z ���3�� 0,'M" ���$=�,�R ��Z g��� 
��5�<� E�i� $3=(���

��5�� a�� .��� 
��5<� /)
"{>D"�	 G$� �� ���� �9W
R.

% E�,+ 4G
R �9W �� a�Z G$��!=��)�,?���� �W�,!6���

� $���,� )�,? 
R ���$� �� 
�1� -����" �� 4-?�� ��,� .3��� $

�5	�$���+ �3��� ^�<�3�"�� P�2����%�,+�/
R.
-dR �� �B� ��Rk�" ��� =���5�R ��8W����
�R ���� G�9�

.��� 

Fig. 1. Structure of Malachite green 
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Fig. 3. Effect of the number of neurons in hidden layer 
on the performance of the neural network 
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Fig. 4. Effect of the initial concentration of the dye on 
the removal efficiency (adsorbent weight = 0.5 g, 

pH=6.5) 
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Fig. 5. Effect of different dosages of adsorbent on 
adsorption of Malachite green ([MG]o=30 mg/L, 

pH=6.5) 
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Fig. 6. Effect of pH on adsorption of Malachite green 
([MG]o = 30 mg/L, adsorbent weight=0.5 g) 
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Fig. 7. a) Fit of Langmuir isotherm, (b) Freundlich isotherm data for the adsorption of MG onto the adsorbent 
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Fig. 8. Comparison of the experimental results with those calculated via neural network modeling; a) traingdm as a 
training function, b) trainscg as a training function 
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Fig. 9. Relative importance (%) of input variables on the value of MG adsorption efficiency 
 67�lI���� ��*8" �� �B� ��Rk�" �KC 
!���� 3�$�$ 3�%��*8" =B<� ��@L+ (��� �K� 
?��)

0 10 20 30 40 50 60 70

Adsorption time

Adsorbent weight

pH

Initial dye concentration

68.62

16.23

10.09

5.06



����T�	 � +D��
 #�6� dx.doi.org/10.22093/wwj.2019.139943.2714 

60

	
������� ��� Journal of Water and Wastewater 
��������� ����� ����� Vol. 30, No. 6, 2019 

Fig. 10. Comparison between ANN predicted and 
experimental values of dye removal (%) as a function of 

pH. [MG]o=30mg/L, adsorption time=20 min and 
adsorbent weight=0.5 g 
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Fig. 12. Comparison between ANN predicted and 
experimental values of dye removal (%) as a function of 

initial dye concentration. Adsorption time = 20 min, 
adsorbent weight=0.5 g and pH=6.5 
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Fig. 11. Comparison between ANN predicted and 
experimental values of dye removal (%) as a function of 
adsorbent weight. [MG]o = 30mg/L, adsorption time=20 

min and pH=6.5 
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