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Abstract  
With the influx of agricultural, industrial and hospital pollutants into surface and groundwater, 
human health and other living organisms are facing a serious threat. Zarjoub River is one of the 
most polluted rivers in the country, which passes through the center of Rasht and all kinds of 
dangerous pollutants such as nitrate, phosphate and dangerous heavy metals flow into it. 
Artificial wetlands are one of the low-cost and environmentally friendly wastewater treatment 
methods that have received a lot of attention today. In this study, the use of artificial wetlands in 
sequential using three different plant species of phragmites, lemna and vetiver with two 
different arrangements to remove nitrate in autumn of 2019 and summer of 2020 has been 
investigated. The results showed that the average percentage of nitrate reduction by two plant 
treatments was 73% and 68%, and for the control treatment it was 35%, which indicates the 
effect of plants in wetlands. Also, the result showed that the amount of nitrate reduction from 
the effluent was directly related to temperature changes and growth status of plants. The results 
showed that the use of hybrid wetlands can have a good removal efficiency for pollutants 
compared to their individual use, but the difference in plant arrangement in wetlands, although 
statistically significant at a probability level of 1%, had little effect on the nitrate removal 
process on effluent. 

Keywords: Pollution, Wastewater, Hybrid Wetlands, Removal Efficiency, Plant Specie. 



dx.doi.org/10.22093/wwj.2021.289491.3160 

55

��	
� ��� ���� Journal of Water and Wastewater 
������
�� ���
� ����� Vol. 33, No. 1, 2022 

مقاله پژوهشي

و فاضلاب، دوره 54-64، صفحه:1، شماره33مجله آب

�,�9�
� %> 1� ���"&, IJK *��&� ���� ?=� %�4�1 
.��D&	 %��) G"�&� L� 1� 5��'"�� �  

n9"�D"Z�/�% 0*D&� �!. �"@�!j��
 Do"N ��("� �;j����%�0H,�"�;j@�0/!L
2

=>K��  )��'��? �1��8+*8 �'�������N	
 �+,)���� 5��D+,78 
�*� ��D�N��� #,��6 � ,����� ,����� 5�.��� #��� 

C> �1)�#,�� )���� 5��D+�*� ��D�N���  ,78#,��6 � ,����� ,����� 5�.��� #��� 
�)#5��E (4IE� Sehashemi@ut.ac.ir 

J>��� �,�� )���� 5��D+ �% ,78#a�*�#��6 � ,����� ,����� 5�.��� #��� 
O>��� �,�� )���� 5��D+
����? Z�T 5�N���  ,78�,D 5�.��� �,�9 � ,;'�#��� 

������)�/�/	��� ������/
/	���(

:.&����'  /�.0� ��1 ���$ �  ����� 2�� �  3�4�� ��  
'�� ��U7�
 ��.M'�I�� M�A ?�  ����� �.� .	 ��.M �*��(�� �.M ��0����" �EI� /N�
 #��C �� /6 
� [��+�� �\] *���& '���( ^$ 
� ? �1+�� �( 

/_�3 V+�����$�U��"�/45�, � /6 #"7&88)��(K�;Z�.Doi: 10.22093/wwj.2021.289491.3160 

����� 
*��
�R 	�? $�C�$3 �� *���C$�C � *Gx3 :�"�R �� *��=3�A�� � *=��U 2:C��!; :�92-�X�C ���
�
� $1�� � 	���� J�P3

�� :�� ���"# ���C� *5� O
�C ���n�� .J3� -�? �-�
�R ���n�� <�$# � -�$X; 
K, J? $"? );$� C� �; -�
� 
!; :�9
-���ER ^�
�� *� )��$3 	R �n�� �� s��$xn <�1�3 ��)7� � ��Y�� 2��$=�� ����� s��$xn :�9 ~� C� *5� .�
? _; :�9 ���)9

 :���� ��
# -C�$�� �; J��KH �� ��C�3 � O��V ��Y�#-�? 	R �� OE�# J3� � :�9 *,
����=�9 <X�� � . W9�]XV �$��X;
OE�# �� *,
��� :�9 �X� |X7= � W��6 �� �� 
�#� � ��A� 2*� ���Y=� *9��� ��
� �3 C� -��Y=3� �� *��
=� �
U zBX( 
Xp��

 >�3 )���V ��� �� *H ��$=��uvfi >�3 	�=���# �uvff *3$��?T3
# ��$=�� W9�; �U� <�1���� �; ��� 	�!� ���=� .
 $��$� -��� :��� �A�# ��bv�ji�9�? �A�# :�$� � �U�va	�X!� �; �
� �U� OE�X# � 	�X9��� $�LlX# -�X�9� �X9 JX3� .
��� 	�!� ���=� <��'A9���� O��V C� ��$=�� W9�;{�K#� ���X=� .��� 	�9��� 
A� � �? J��Q� � *���� ��$��m# �� _��=��
OE�# �$��; ��� 	�!� 9 :�9*� :��$K� ���
#*���� -���ER :�$� *K3��� zB( �X�� 2�X?�� �=X?�� �"�R �$Y�� �$��; �� JK�� �9

OE�# � 	�9��� W��6 � ���Y# >�A=(� �x3 � :��R $p� C� �6$�� �9u� :)�6�X� $�LlX# ���XY# <�� ��� -�
� ������ �U�
.J3� �=?�� O��V C� ��$=�� zB( ����$� 

3G�� ��� ���%H :J$2���? JL��! LU�� ��� J����-��$����H ���2 JTV# $���2 

�3��.4� 
/$'"� �"!��	�� �	� �'(�O)��;��� 7-�	���-� 	���	"!0�	B0�$-

�����;.= �7�	&� 	��� �� 	��-�	5 Fd	E��!P�	09  ��.	�
k@(#� :
	� +��@� �
0�����= -�+�	1 	;%$��	�����'	(�� �	�� 

)Schweitzer and Noblet, 2018(.

��		� ��Stuf 		�����S`f�fff l.		0 		� ���		�����$���		��-
��� �(
� +��% ��� i.�� �0� � '�����ufff .	�G�������	b� 

����!G� ���h'���(B) �./ �!��� ��
��J 0�&� '���� - �0�$��
���� ��2 9  ��� �� �0� )Landrigan et al., 2018(.



;'� 7R�
 ���� �� 78 
� ���1�� �$F ��(�� +)��* ... dx.doi.org/10.22093/wwj.2021.289491.3160 

56

��	
� ��� ���� Journal of Water and Wastewater 
������
�� ���
� ����� Vol. 33, No. 1, 2022 

��		
�V% �		�� ��		(�&� �� $		I� ���		b� '		� �		"%��-		�� �		&0
'� ��(B)�./ ����	�� ��	5 �� P�	  - F% ���	
� �� !� 	�$.�	��� 

7^-(�0 +�1��=���.=���� �� '0^-(�0 +�1� k	@(#� !�" �	
0�� 
FdE�� ��� - '�@#= '	;��� ��" - $0�.	�5 +V.	r� - !&	� !�	"

$� ��� '�-��7^-	(�0 $������ !�"�. �	#� �� ����!��-�	*
$� ���- F% ���
� '� �0.� )Hammer, 1986(.

��?(B !�" (�
,$4�=�'F�BJ @D$?R� �����"$�'���0��� 
�"�'
;-��'-10��$��!�� '(	��� -��	
a�" '	� 0	�!- p	�#(� 

!�		� �		&� !���		� 0		�����		0��� ���		
������4(		�� ����		���		"!
��?(B �"!1/�	�$�	
0�� FV�	= �	"!1/�	�$-D.
	��$�	I$��

?		� �"�'		
 		=����� �		"!4		�=�'-�O		5 V%���		
 �		" 		�'�.		� 
V%���
 �"!0�=�($�����
� �%$���(Landrigan et al., 2018).

����� �"!� � �FV�= �� ���4(�� $D.
�� !�"'�7�.	
D 6	� 
�?(B� 4�='���!� ����V% 7����
� �"!F�	BJ �� �.	�.� �	"!

&�!'� '� +����!�.��?(B� !�	" 	�%$	r� '	� ��
(	B" �.	/
�����
� �!��� '(��� Q(B))Walaszek et al., 2017(.

����
0�(�4���I�7.0� -�(�4���I�7.0�I��?B@	,�$'	 Y
0�7^-	( � ���(	* FV�		= �	"!D.
	��$�
(		B" 	/ �� '	�$�		��

����"�
 0.�%�¡�5�0 ���'��."!h�.=!(��� !�	" 0�(��	4�'	�
0�+�( B�����1=�>�$�.	� 5�.	0 �� -$	�$��.	"!	B�.0% -�6

h�.=(���!�"!0��(��4��0�+�( 0 ��) '��7^-( �1=�>$��.� 
)Landrigan et al., 2018(.

���4(			�� ��Q-� !�			" '�4			�= $			��1/ Fd			E�� ��'			@�� 
V�=F!�" �$D.
�� $	�� ��Q-� !�	" �	������ F%-Fd	E�� 
'� �.�  ���/�
� !�B�) ��.	� -���	&0% �	� ���	"� 7.)�	0.) 

'�4�= FdE�� !�" '	9b0 !�-'	9b0�R �!-�	�0 �	� ��	" '�	�.= 
?*Y !�"���0� $��^.;.n� [��
� ���4(	�� 	�$�.	� .(Moazed et 

al., 2008) .
FV�		= !�		" $D.
		�� !�		�@b= ��!�"�		
��� ��V�			J ��

FV�= !�" $��1/ �
(B" 'n'�+�., $��
&� ��� !�� ���4(�� ��
!�"�
��� $��1/ �)�� ��¡�  �	" -7�	"��) $�V�	= -+�	D��(�� 

$���� ���1BY '��&0% !�� �	�n '	� '�4	�= Fd	E�� $	5�/ -
'( �� $��0.�.��
a�" i��= !�"�	
��� i�	m0� ��	� ���	�� l.	0 
FV�= �"'�+�., �(
n ��� �
(B" )Vymazal, 2011(.

FV�= �"!D.
��$� �� 	�7��.	�D!��	�6- ��	, 89	�
V�� �� '� ��.�"!)��.J - (B� 7%�"�$I	*= ���� ��2�>��	�

 ���-O<= V�� �� FdE�� 	�'	�$�.	� '	� -��	=�o� �� 	�7�(	B�
'� �J ������J �.40����$�
� � �=�'I
 '��-�'@�	2�- �	I"� 'I1�

��� �k� �� �-%!'�@#= -.�0�>I�)S(.FV�	= �	"!D.
	��$
� ���7��.�D!� ��$7�.= '�	���� +�.	,$-	��O<= F-�	
(� 	�'
�n . 7�� q�� ��7�FdE�� '	� 	�-�'@�� �	2�- �	I"� 'I1	�

 k��D�� ����m �r�!���%��k��$�.� � '�$�	0�.= 	J �.	" �	�
O<= .�.��'���FdE�� �� (B��D�� )���	b(0� - �.	" 7��	(��

B�� [��
��7Z'� -��10�7%�������0�.=$�0 >	�D�(�4�	��I�7.
�� [�.� $��.�B�� ��*(0� .�7Z'� �." �� '� ;�	�>O<= 	�'F-�	
(�
��?(B $� i�m0� �.� 	B�� ���'0Z � (	B� 7�	��	(@ �b� ���'	B �	�

B�� ��b(0��7Z� ���7�) ��.J�"�$=KX� �b0!�����4$	� �	
n 
)Landrigan et al., 2018(.
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Fig. 3. Nitrate changes in terms of (mg/L) during 13 irrigation periods 
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Fig. 4. Temperature changes during the study period 
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Fig. 5. Percentage of total nitrate reduction during 13 periods in the first treatment 
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Fig. 6. Average nitrate removed by each wetland 
(in percentage) 
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Fig. 7. Nitrate changes in terms of (mg/L) during 13 irrigation periods 
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Fig. 8. Percentage of total nitrate reduction during 13 periods in the second treatment 
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Fig. 9. Average nitrate removed by each wetland (in percentage) 
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Fig. 10. Nitrate changes in terms of (mg/L) during 13 irrigation periods 
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Fig. 11. Percentage of total nitrate reduction during 13 periods in control treatment 
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Fig. 12. Comparison of the mean percentage of total 
nitrate reduction for all three treatments 
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