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Abstract  
Nitrate removal is important for reuse of agricultural drainage, controlling nutrition and 
reducing its environmental impacts. For this purpose, the effect of zeolite modification 
with concentrations of 0, 10, 15, 20 and 25 mg/L of HDTMABr surfactant, in columns 
with height of 30 cm and 32 mm diameter was investigated. In order to model the 
breakthrough curve of adsorption column, three models of Bohart-Adams, Thomas and 
modified dose-response plus Artificial Intelligence model of ANFIS were evaluated. 
The results showed that when the equilibrium adsorption capacity is increased from 
0.07 to 0.74 mg/g, the breakthrough and exhausting times are also increased. 
Modification of natural zeolite with a concentration of 25 mg/L of surfactant was 
selected as the best surfactant concentration. Among the adsorption models, Thomas 
model and the modified dose-response model were able to predict the dynamic 
absorption coefficients, but the modified dose-response model, was more efficient and 
more accurate. The results of the study showed that increasing the concentration of 
surfactant leads to an increase in the equilibrium adsorption capacity. ANFIS with 
average relative error of 23.3%, root mean square and chi-square of 3.9 and 7.2 mg/L, 
had a higher efficiency than the modified response dose model, and in total has shown 
higher performance to mathematical adsorption models. 

Keywords: Adsorption Capacity, Artificial Intelligence, Adsorption Model, Cationic 
Modifier, Modified Zeolite. 
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Fig. 1. The structure of an example of an ANFIS model 
with five-layers, three inputs, and two membership 

functions for each entry 
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Table 1. Elemental analysis of zeolite sample used in 

research 

- e?	�� - >n �1B��1� �� S �O - &�8,  �?" .�2�t
 �1 ��� =� � �1 !
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2 Root mean square error (RMSE) 
3 Average relative error (ARE) 
4 Chi-square 
5 Energy Dispersive X-ray Spectroscopy (EDS) 

Element O Na Al Si S K Ca

Value 
(%) 37.89 1.97 6.11 35.38 4.28 5.82 8.55 
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Fig. 2. Breakthrough curve of absorption column for 
different surfactant levels 
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Table 2. Breakthrough curve parameters for adsorption of nitrate from a fixed bed column under different levels 

of surfactant concentration 
Surfactant 

concentration 
)mg/l(

tb
(min) 

te
(min) 

qe
(mg/g) 

qtotal 
(mg) 

Wtotal 
(mg) R% ∆t

(min) 
MTZ 
(cm) 

0 2.65 20 0.07 10.18 19.01 53.55 17.35 26.03 
10 11.7 60.8 0.23 23.76 56.29 58.19 49.1 24.23 
15 26.5 194 0.44 63.76 181.23 35.18 167.5 25.90 
20 45 212 0.54 78.92 174.89 45.12 167 23.63 
25 65 227.8 0.74 106.84 190.45 56.10 162.8 21.44 
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Table 3. Statistical and dynamic parameters of the fitting of the Bohart-Adams, Thomas and modified dose-
response models on the results of outflow concentration of adsorbing column 

Modified dose-response 
model Thomas model Bohart Adams model 

Concentration  
)mg/L( R2
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kTh*103

(L/min mg) 
R2

(/)

kAB*103

(L/mg min)
No

(mg/L) 

0.9757 1.52 0.069 0.9179 0.082 1.521 0.5930 0.438 135.97 0
0.9750 2.065 0.176 0.9739 0.202 0.918 0.7579 0.328 239.45 10 
0.9715 2.32 0.318 0.8196 0.505 0.226 0.5849 0.079 802.15 15 
0.9789 2.59 0.431 0.8512 0.659 0.294 0.6363 0.141 727.11 20 
0.9757 2.39 0.595 0.9541 0.816 0.283 0.9726 0.344 458.70 25
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�}��|$2 () E �D16 ��
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�%O��� ���) ���Li et al., 2017.( 
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� >���� �;'�}/$��z ��� �CECO ^ 6�1=���� s( �3�7 =

(�����81� � =�2�� 03<1��
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)%� M� T�� � =2�<�:�  ��) )��2007 ,.Mahadevaiah et al.( 
��� 0;, ��� ���.��-n�4 () 6� �B�) ��-n�4 �%�O� �����
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1- ��  �� �
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7��� �;Z�O�)�) M�I� )Ozdemira et al., 2009 .( 
.1�_� N(�%D 2�t
 =C8F �� =	� >��1>����� �;�'� ��� =

���1���=�C8F ��{2 () E �D1=�C8F ��� =����  �� ����z6|-}
 ��� ) �85����( ��( 03< ()1=	� ����) )(
 �.(Faki et al., 

2008).
2)1� &����� - >����� �3�7 >)�� p�� () 0;�,� .1�3�7 L��
� 6=	� �(�Q ���� � ����%�O���O ^ �1=2�t
 e?�	 6�3�7 �1=

�Q1@�����(�Q��;'�)�� ��� �� 2�t
 e?�	 ����� �1=� �(1 ��I 
��  D�%g��, Y5�� ��8� ����M) �� ���(����o���2�t
 �1 =)��� 

(Ozdemira et al., 2009).

1 Cetylpyridinium bromide 
2 Hydrophobic 

B/./�0� ^#A� '?�� �rQ '�! 
B/./*/:��!#6 �0�/%���� 
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��0QE/A,�� ����
(� T�� ����V� �� � �?, ��� G(���� ����6%��)� 
) -s�����T�� �� >�� �;'� K	�4ANFIS 
Table 4. Evaluating error indicators for comparison of Bohart-Adams, Thomas and modified dose-response 

models with ANFIS 

ANFIS 

Modified 
Dose- 

Response 
Model 

Thomas 
model 

Bohart- 
Adams 
model 

Surfactant 
concentration 

)mg/L(
χ 2

RM
SE 

AR
E

R2χ 2
RM
SE 

AR
E

R2χ 2
RM
SE 

AR
E

R2χ 2
RM
SE 

AR
E

R2

4.4 11.0 11.9 0.91267.0 13.6 14.2 0.980812.3 13.9 13.1 0.997971.9 39.4 41.4 0.63810

2.7 3.2 10.4 0.99274.3 6.0 10.9 0.97526.5 7.8 11.1 0.9666155.128.4 31.6 0.694810 

12.8 7.0 17.9 0.98625.0 5.2 16.1 0.976251.5 17.3 84.0 0.8463400.144.7 104.70.679715 

11.6 3.0 45.5 0.99469.6 5.3 47.9 0.984363.2 11.7 72.0 0.8612391.935.8 103.50.735920 

1.6 2.3 19.3 0.996315.6 6.9 60.2 0.977114.5 8.4 28.3 0.95788.9 7.4 10.9 0.969025 

7.2 3.9 23.3 0.97658.3 7.4 29.9 0.980729.6 11.8 14.7 0.9259205.631.1 58.4 0.7435Average 

��V� .=	� =O��)�V� ���O ^  1T-�7) s���� T�� �37 ={��� (
)�V����  	)��� 
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