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Abstract  
High levels of iron and manganese in drinking water cause sediment, turbidity, bad taste and 
color. As there is a wide area of rice and tea under cultivation in Guilan province with an 
inevitable production of waste from them, it is possible to use it for removal of undesirable 
elements. The present study was discontinuously performed on a laboratory scale. The impact of 
important factors such as pH, contact time, initial concentration, adsorbent dosage and 
temperature were investigated. Also, using group method of data handling, the adsorption 
process of the batch method was modeled. The results showed that the highest iron adsorption 
capacity (in terms of mg/g) for tea leaves and rice straw were 19.44 and 19.99, respectively. 
Considering manganese, it was 19.86 for tea leaves and 19.49 for rice straw. The best conditions 
for removing iron and manganese from aqueous solution are at neutral pH, contact time 40-50 
minutes, absorbent dose 0.05 g and temperature 25-35 °C for tea leaves and rice straw. Overall, 
the GMDH model performs better in predicting the final concentrations of iron and manganese 
in water sources. In general, it can be concluded that rice straw and tea leaves can be used as 
inexpensive and environmentally friendly natural absorbers in the removal of iron and 
manganese from water sources. 
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Fig. 1. FTIR spectral characteristics of a) rice straw and b) tea leaves 
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Fig. 2. SEM images and the EDS (EDAX) spectra of the a) rice straw and tea leaves after adsorption of Fe and Mn 
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Fig. 3. Effect of pH on adsorption percent of Fe and Mn 
by rice straw and tea leaves 
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Fig. 4. Effect of contact time on adsorption percent of Fe 
and Mn by rice straw and tea leaves 
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Fig. 5. Effect of adsorbent dose on adsorption percent of 
Fe and Mn by rice straw and tea leaves 
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Fig. 7. Effect of temperature on adsorption percent of  
Fe and Mn by rice straw and tea leaves 
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Table 1. Parameters of isothermal models of iron and manganese adsorption by rice straw and tea leaves

Isotherm
models Langmuir Freundlich Tamkin Dubinin–Radushkevich

Parameter �� �� ���� �� �� n �� ��(� ) B �� �! ��" ��
Mn

Rice straw 0.823 - 0.996 0.004 714.28 0.0637 30.62 1.06 0.8935 -70.40 0.021 0.9382 1.58e12 5.72 0.9093

Tea leaves 0.295 - 0.954 0.048 555.55 0.1525 25.87 1.03 0.9054 -60.64 0.022 0.9723 2.06e10 4.99 0.9381
Fe

Rice straw 0.037 – 0.655 0.526 250.00 0.9629 64.36 1.37 0.9804 -110.28 0.025 0.8777 5.39e41 20.47 0.8977

Tea leaves 0.070 - 0.790 0.266 294.12 0.8322 50.04 1.29 0.9449 -96.65 0.024 0.8802 2.47e28 13.75 0.8950

��%@�8��������QR�����-X1 �L������( ��B�� 
 C�+��3��
��l m�( 
 ],�( ���
Table 2. Parameters of kinetic models of iron and manganese adsorption by rice straw and tea leaves

Kinetic
model Pseudo first order Pseudo second order Elovich Intraparticle diffusion

Parameter �# �$ �� �� �# �� % β �� & �'" ��

Mn
Rice straw 4.47 0.019 0.9658 0.03 18.90 0.9991 12.88 13.9 0.9200 14.75 0.50 0.9583
Tea leaves 2.18 0.012 0.8825 0.10 18.94 0.9999 36.72 2.21 0.9582 17.40 0.20 0.9132

Fe
Rice straw 1.05 -0.073 0.9854 0.18 20.08 1 53.90 2.94 0.9464 19.01 0.14 0.8496
Tea leaves 0.40 -0.005 0.8747 0.85 19.72 1 559.84 28.82 0.8011 19.57 0.02 0.8550
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��%@�8-X1 �L����$)���� �����M�� C�+ ��l m�( 
 ],�( ��� !��� ��B�� 

Table 3. Parameters of thermodynamics of iron and manganese adsorption by rice straw and tea leaves 

Rice straw
∆)°

(kJ/mol) ∆*°
(kJ/mol) 

∆+°
(J/mol.K) 15 ℃ 25 ℃ 35 ℃ 45 ℃

Fe -3.610 -3.985 -4.359 -4.734 7.186 37.468 
Mn -3.092 -3.325 -3.559 -3.793 3.643 23.374 

Tea leaves
Fe -3.357 -3.703 -4.049 -4.395 6.618 34.618 

Mn -3.006 -3.172 -3.339 -3.506 1.800 16.677 

��%@�8�������Q����.����L&� &06�7�, GMDH 
Table 4. Structural parameters of GMDH type neural network 

Initial 
population

Number of 
iteration

MutationCrossover 
Number of 

layers
Objective 
functions

120 350 0.09 0.98 32

��%@K87�, �&06 �L&� ����$ ����� R��GMDH �(w
s�1
�. �F3G C���� ��( �=}� �$* 
Table 5. Extended model of GMDH type neural network with 4 and 5 hidden layers to determine 

the output concentration 

Process Input variables
3432131114135523

Tea leaves - iron 
3555141343443553
1223441323151514

Rice straw - iron 
4523441425153513
1212111244352422

Rice straw - 
manganese 

5554222314151145
1145111411221112
1232442312111514
4435243321111122

Tea leaves - 
manganese 

1111223355242514
1233351451334532
1434232315343412

�(�&06 7�, �L&��GMDH  ��(w
s*�$�=}� ��R
��1 �)s
P,�� �)) ���)��6 	 ��� ��d�c�h�w
s�(����P,��)) �� 

�������Q��i1
�. �F3G �( �`��� �)�=��.)�6d����) W����

 )�6c�
 �F3G W����)�6 ��h��0� 	
) W����)��6 �-[��1
wW�����pH )���6 
sa���I� �����	 W��������� �) .��$V
� C
M������( ������
) D�����$(�� ��� 9����* 
 %�$������(����
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Fig. 8. Comparison of proposed models for modeling and prediction of the final concentration of  
Fe and Mn in water sources 
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 C�+ 
Table 6. Error resulting from modeling of batch process 

of iron and manganese removal from water sources 
by rice straw and tea leaves 

MSE RMSE R2Systems Model 

0.0054 0.0733 0.9954 Fe-Rice straw

GMDH 
0.0983 0.2989 0.9352 Fe-Tea leaves

0.0060 0.0777 0.9474 Mn-Rice straw

0.0023 0.0478 0.9827 Mn-Tea leaves

�8^8�?�@ DBQ-_ �"1��$ � A� ` a" 1 J�� � DBbG( A�!
MC"1 �$ 
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��B��fc/nw�uI� .)�( ���)���l m��( WX�Y ���) C���(�
C�+hh/nh��B�� 
js( ���)���, .��+ ��)$ ]$��	+ C$S��� 

R
�1 �) ��� �2�)j-[��1 �� )) ��P, ( �����) �)�=��� )����
��$3I6 !����Z(�N )�L3I6 ��&N��,�).

�8"+bL> � c&1 
��I� ���'� �) �� ��: ���( ���S�
\Q T��� �I36���P,���� ))

-[���1 �����	$���#�-+ E(����� 	 -�38����, ������6 WX��Y �)
���+�,��#(��� ��i3�� R��0 � 
) .����#� �`� R�I�� �) �$ ��
l���( 
�� �� ],��( 	 xQ ���U ���)�$	 D��$)���( )�. 	 

��$������������+ -+ E(����� 	 ����B�� 
 C���+�,��.���� >���<, 
�<�$�
3 ��Z�����=3�}�����,��FTIR  
(EDAX) SEM-EDS 
�(�����
 C$O\����-[�1 ���, .�� �)�=�� ��$�<� ]�$�
3 � ��Z

FTIR  ZL�)d�N Z���� �( (�(��
�O C���3��6�-[��1 )�� 

� �����^������� .����-[�1 �8� ZL� �) �� c���� �)) ��P,

��,+ a�� �( .����SEM -[��1 9F���, 
 Z}3}�� ���.�� �����
	$�#��������) �,�������+ �$�������+ ��( � ���B�� 
 C��+

��L� XQ$�uI� .��� ������ �,�I, �) C���	+ �($��( ��BP����,+��
EDS (EDAX)� �H�� ���,�I, ��B�� 
 C�+ ����, �)$]���+ .��

 
��Y -[��1 >��. ��,�I, ��� ��� ��[ �( >	*����3�
 C(��� �x
#���H, �,�I, �) .�� �\�$(���P$� C���$
 C��+ ��( v�(�� ��

�� 
 �)�( ��B��$)�, ����6 �$���, .�,�� ����O ��$�<� ]�$�
3 � �� Z
-[�1 � �� )) ��P, ����( �H,+ 	 ����-�38��, ����6 S��� 

���+ -+ E(��� 	 ��B�� 
 C�+ ��,���,��.)�� �)�=�� 
Q �( �1�� �(����	+ S�����( ��(�( ���) ����� >�<,cs��1�)

a��#3� �( �(�( -[�1 	
) �gs/g�
 ��F3G �>�O �� ��( ��(�( �s
��3�>�O�)��
 ��pH �( �(�(j-[��1 ��'� �O .�� ����O �F, �)

��0��	$���	 ����( )�#( 7�&��,*�: ������( .)�( ���.��`
pH �)ZL�h�� �( �� )) ��P,$� � 	 �+ S�!�����������(

K�. �)
� � �I������ -X1 ��$� � �( )
�
 �( xy� 
S�!
	�(���� S��� -X1 ���$ �� �(�$� � �) C��� !�����( Z���)

( �(�N��CH+  �($������3��� � �) 
�	��( !���( �)��)��1
 Z
�$�����OH− � �)�1 !�
 -X�$ �$<��� )��3� -�������,�� 

Fe(OH)3.�� 
��,$�� )) ��P, ]WXY �K��Y �) ���B�� 
 C�+ pH ��(�(j��(�

-[�1 
) ���� � ��� ���$��( � ���'� C����6pH H(��) ���
�( .���O �F,���	+$S�����(� 	$H( ��'� C��( �� ���6pH 

�
����( .�� �)�=�� R�3 � ��ZL�� �) a��I� ���	 �`w���P,
�� 	�G+�) -[�1 
) �� )��� �) �� ))$�( �-X�1 �����)��)��1
 Z

�1$��B �����. R����-X1 r�, #(��� ��$���XO 	 x�Q .)��( E
( ���	��)��1 ��� �Q Z$��B ���� �-[�1 R����M� %��� ����� D�

 r�, 
 ��I� ���� -X1 �6�� 
S����$����	 ���XO ��( 
 ����
(�M� ��P��) )�HP� D�$�B���B�� 
 C�+ WXY �) >��<, ��P, 

$�( C�)�-[�1 ��� 7�&� Z�� .��,$]��P,)) R)���� ���	 ��

 8� -X1��(���l m��( 
 ],�( ��� -[�1 
) �����(�C��+
wg �( 
���B��sgN)��'�� ZL� �) .s���(��` -[�1 	
) 

��%@[8��=0� -+ ��� �,�I, ��B�� 
 C�+ WXY ���) 
 ���
 �F3G ��$��I�� ��L$��� D�0}P� �J�O �,�. 
Table 7. Physical and chemical characteristics, initial concentration and iron and manganese removal 

percentage of water samples of Guilan water treatment plant 
Inputs Outputs

Effective parameters Initial concentration Removal (%)
Adsorbent Temperature

(℃)
pH
__

Turbidity 
(NTU)

Color
(pt-co)

Fe
(ppm)

Mn
(ppm)

Fe
(%)

Mn
(%)

TL 

10.50 8.08 10.90 50 0.05 0.090 80 66.67
11 7.54 0.66 4 0.07 0.040 71.42 75

12.60 8.12 8.30 7 0.03 0.064 80 68.75
14.20 7.39 0.55 3 0.080 0.012 75 33.33
18.20 7.46 0.65 3 0.060 0.013 83.33 69.23

RS 

10.50 8.08 10.9 50 0.05 0.090 40 33.33
11 7.54 0.66 4 0.07 0.040 42.86 50

12.60 8.12 8.30 7 0.03 0.064 85.94 73.33
14.20 7.39 0.55 3 0.080 0.012 62.5 66.67
18.20 7.46 0.65 3 0.060 0.013 75 84.62
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