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� ������ �� ����� ����� ���� �� �� � �� �!" �#�	$� "��� %&' �(�	# )*� )��� "+� + ,����- + �
��.� /012� COD �13���4 5�� .��  ����� ��7	�
"�!�1����4 /012� �	��� pH) 5708 ���+�  COD)120) 500 + 1000 �0��>�� �� �1�� (+ 5708 ���+� �(�	# )*� )��� "+� +  ,����-))+� 10 + 30 �0��>�� 

�� �1��( A�1�"��� �
�! ��BC"D�� � �� �!" �#�	$� D� ����"�! P.V.C �� ��E �03�� 16 �1����1� + G�H��� 70 �1����1� �13�� J
�K� ���4 ���L� + �C
A��D J���� A�1� �� ��C �B��M� �N��+���! ����  ��COLP A�1� �P+�3 5L�E D� (D+� ��)5Q�� ���E ���
D�� ���� + "�+R.  S
�1� A�T� ��� U����� �T
� 

A�!��� �� �� ��� �1BV� �� A������ %&' ��	
 R�! �1C�� 5�� .S
�1� ���
D�� pH A�T� ��� �� W
�KQ� 5708 �(�	# )"+� ),����- *� + ��� ���.� pH 
W!�- �P+�3 .5Q�
 ,!  �	XJ���� S
�1� W�� A������ 
�� %&' COD )25/17�� (�(�� 5708 500 �0��>�� S
�1� .��1Q� Z�H�� �1�� �� ����� A������ 

%&' ��	
 R�! A�T� ��� �� W
�KQ� 5708 ��	
 R D� +� �0��>�� �� �1�� �� 10 �0��>�� �� �1�� A������ %&' W
�KQ�  5708 �� AR D� *4 + 5Q�
30 �0�� >��
5Q�
 W!�- �1�� �� .W�� 
�� A������ %&' �� A��D 90 �.�E� �� 5708 10 �0��>�� �� �1�� "��� A�
"�! )*� )��� "+� + ,����- �� \���� 84/63 )�(�� 

77/60 )�(�� 14/59 + �(�� 71/57 ��� �(�� .J���� S
�1� ��P+ + �� ���� ���H1�� D� ,1��� � �� �!" �#�	$� �� �1�� �	C ����� �1BV� �� A������ %&' 
�(�	# )*� )��� "+� + ,����- A�T� ��� ��� ����� "��
D �� A������ %&' COD �1C��� 5�� .  

  
���	��
��: � �� )�#�	$� ��H$� )���4 A������ %&') �(�	# �_	�.   
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Abstract 
This study investigated the effect of Phragmites australis in constructed wetlands for removing copper, lead, zinc and cadmium and different 
concentrations of COD. In order to study various parameters such as pH, initial concentrations of COD (120, 500 and 1000 mg / l) and initial 
concentrations of copper, lead, zinc and cadmium (2, 10 and 30 mg / l). PVC pipes with an inner diameter of 16 cm and a height of 70 cm were made 
as columns to simulate the performance of constructed wetlands. For evaluating these parameters, Effluent wastewater samples were calculated 
according to the hydraulic retention time (Three days) from the outlet of the column. The results showed that the biomass of the roots of wetland 
plants had a positive effect on the removal efficiency. In addition, the results of pH evaluation showed that the amount of pH was decreased with 
increasing of zinc, cadmium, copper and lead′s concentrations. Moreover, according to the results, the maximum COD removal efficiency (17.25 
percent) was occurred in 500 mg/l. The results of pollutant removal efficiency showed that with increasing the concentration of pollutants from 2 mg/l 
to 10 mg/l, the removal efficiency was increased, then with increase of initial concentrations of heavy metals to 30 mg/l it was decreased. The highest 
removal efficiencies of copper, lead, zinc and cadmium ions in 90 minutes were 63.84, 60.77, 59.14 and 57.71 percent, respectively. According to the 
results, the presence of Phragmites australis and use of constructed wetland systems with sandy bed showed a positive effect on the removal efficiency 
of copper, lead, zinc and cadmium, but was not effective on COD removal efficiency. 
 
Keywords: Constructed wetland, Trace element, Removal efficiency, Wastewater treatment. 
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�����  

�R"�! ������CR )����R `���3 �1C��a� )\��	��� ��BL- 

`���N�� 5�C "�C+ 5�� \P�� b�� 800000 �H� �� 

����� A�aP �� ��� 2012 ) �CWWAP, 2017(1 .�+�+ 

�cd�Q"�! ��H$� ��T� �� O��	� �R \P�� \��R �� 

�+�' 245000 O����1��0�- D� ,1����-�"�! �
�
�� ��C 

�- `c�C + ���e�D�
�&8 �� 5M� �����  ���E  5�� ����

)UNESCO, 2017(2 .����� �X��� ,e' "��
D D�  �cd�Q

�� ���D+� `��(  �� \��R \P�� f�M� 5�
D �� �� )��C


� ��' 
� ��	
 R "+�' ���� "&g� "��� "D�+�T- W2� 

5�� .��BL- ���� �� "&g� `��( ���Bh + ,!  ��BL- �	X

�R 5�L!� �
���	C ���4�! �� �� ��h i��E 7'c��"� 

W
�KQ� ����  5��)Angelakis & Snyder, 2015 .(���� 

"&g�"� �	��� �H�Q + Aj+�1�� �� ���.� A�+��Q �� �cd�Q 

5Q�
 �� ��C)Abbassi et al., 2014; Egle et al., 2016 (+ 

���	���� ���
D�� + �� ��- i
�B�  ���C)Sengupta et al., 

2015; Gunther et al., 2018 .(  

`�K0Q �_	� "�KP� �0(� ����� "��
D D� )` �$M� 

O
�	( )�1�� "�!�	
��Q )�1�	( "�+�	Q"�! A��� + 

"����� D� ���� �N
j�����  �	1�!)Dominguez-Benetton 

et al., 2018; Nancharaiah et al., 2016 .(��P+ �� 

`�+�d ��P+ `�K0Q �_	� �� 5����Q"�! )/012� 

k��21�� + ���H1�� W�� D� �' D� AR�! \P�� ��e
� �����R 

+ \��R �� f�M� 5�
D �� ��C)Watts, 2003 .(�� A��� 

G���� ��	
 R �! `�K0Q �_	� l����3 
�� ��	
 R�! 

���M� �����C .`�K0Q �_	� �!+�� D� �(�	# �� 

���_X W�� �� D� 4000 >���0�- �� \�N��1� �	1�! .`�K0Q 

�	�_	� �	��� )��� ),����- )>+�- )5��B- )m�	��R )"+� 

���P + iN�� ��L#
�� ��	
 R�! �� 5��aQ *��jR 

5n�H' f�M� 5�
D �� �	C��)Dominguez-Benetton et 

al., 2018.(   

�����R l�3�! �� `�K0Q �_	� �N
 D� ,a� 
�� 

`cNT� 5�
D ���M� )5�� ��
D `�K0Q NL� 5�� D� 

J
�h �
 "�! /012� �
D �M�� �� �R"�! �	��D�
D 

 �	���)Galanis et al., 2009; Perfus-Barbeoch et al., 

2002 .(AR�! ,! �	X NL� 5�� ���+ ���e�D �
�&8 ��C 

+ \P�� ��e
� `cNT� �1�
D �� %�$�A���		- ���C + 

���	���� �� `�B�-�� ���
�4 �� o��3 m�������D3 i
�B� 

���C .�3�� D� `�K0Q �_	� �	��� )��� )m�	��R )���P 

)>+�- ,����- + "+� `����   �1' A���� 5�c� �� �� "��

�� 5708"�! +�N�� �� �0��>�� �� �1�� A�T� �� �	!�

)Wang & Ren, 2014; Wang et al., 2011 .(5708 " �� 

`�K0Q �_	� �� ,1��� )�B$# ,p! + ,1��� �	L
� \��R 

������� .,! �	X \P�� ��e
� "��L��"�! �K� ���a1�� 

�- �	��D D�� A�h�� K�� �	1�! �� ���C)Chowdhury et 

al., 1987; Richards et al., 2007 .(  

�� ��7	� OQ� `cNT� �1�c� + 5�
D ���M� �C�� D� 

`�K0Q )�_	� q+�"�! /012� )�N
K�Q )�
��L�C 

�
��L�C+�1N�� + �N
j����� 5aP %&' 
� ��	
 R�! 

��P+ ���� ."��� %&' 
� G�� ��	
 R�! ��A���  ��

"�+�	Q"�! ���B� )���
 r�H� )�
��L�C )K��+�1N�� 

)K���
�+�1N�� "�!�10�Q )�
�T8 ���� �
 �4 ���C�  ��L�

)Pedersen et al., 2003; Fu & Wang, 2011 .(�N
 D� 

��� "�! A�D�� + A+�.����Q�( �� ��7	� %&' �����R �C�� 

D� `�K0Q )�_	� ���H1�� D� `���P��K
� + A�!��� ���C�� .

�� 
� s�B��� � �� �!" #�	$�� j���	N�" ,- K!�	
"� 

"��� ��H$� ���4�! �� �	C��)Yadav et al., 2012a .(

� �� �!" �#�	$� �� i��� �	
K! "��P� ),- ��N0L# ���� + 

%&' ��R��- ��	
 R"�! )���4 �� A��	# "�+�	Q H$��� 

 ���4���H1������ ���E �� �����)Greenway, 2004; 

Jasper et al., 2014.( � �� �!" �#�	$� �� ���H1�� D� 

A�!��� ��H$���		- ��	
 R�! �� A��	# �.�	� 5n�H' f�M� 
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5�
D iL# ���- + �� �	���� �� A��	# ,1����-�"�! 

�#�	$� "��� ��1	- ���4"�! ��C���+ �� ���3�+��! 

 �	C��)Baldwin & Mitchell, 2012; Wu et al., 2013 .(�� 

� �� �!" �#�	$� A�
�P"�! �M���
D f
��C �� "��� 

A�������-� + W!�- ��	
 R�! ,!��Q ���		- .�X��� ���.� 

��- k��3 ��C D� �T
��! + ��- i.1	� ��C D� J
�h ���4 

"��� W!�- + A�������-� ���.� i��E �aP�� D� ��	
 R�! 

�Q�-  5���)Stein et al., 2007.( "�
�.� �!��� �N
 D� 

b�K� 
�� O��	�  ������- �� � �� �!  �	1�!)2000 -500 

>�� �� �1����1� O��� �� ���( )Hume et al., 2002 .(

)
����	� 5Q�
D�� ��- ��P�� �� �1�� ���� ������� �!�� 

,- �	
K! + ���
�4 "��� W
�KQ� A�������-� + W!�- 

��	
 R �! �� � �� �!" �#�	$� �C��. W!+u4"�! �H012� 

�� �	��D %&' ��	
 R�! �� ���H1�� D� � �� �!" �#�	$� 

>�e�� ��C 5�� .�� A��	# )��V� Saeed et al. (2021) �� 

����� %&' `�K0Q �_	� )"+� )>+�- iN�� + ��� D� 

� �� �!" �#�	$� �� A�
�P �M���
D �	13���4 .S
�1� 

A�T� ��� A������ %&' �(�	# )"+� )>+�- iN�� + ��� 

�� A�
�P "��L# �� \���� �� ��+�M� 98 -75 )�(�� 41 -

29 )�(�� 48 -14 �(�� + 26 -23 �(�� ��� .,! �	X 

A������ %&' �(�	# )"+� )>+�- iN�� + ��� �� A�
�P 

�.Q� �� \���� �� ��+�M� 97 -20 )�(�� 99 -95 )�(�� 

73 -55 �(�� + 83 -69 �(�� ���.  
 Hamad (2020) �� ����� A�!��� Typha latifolia 

and Cyperus Papyrus �� %&' `�K0Q �_	� �� 

� �� �!" �#�	$� 53���4 .S
�1� A�T� ��� A������ 

%&' �(�1# *� + "+� �� ���H1�� D� � �� �!" 

�#�	$� �� \���� 72 + 84 �(�� ��� .,! �	X A������ 

%&' COD) BOD) TSS + >�����R �� ���H1�� D� ���� 

Typha latifolia �� \���� 5/68) 71) 70 + 3/82 �(�� 

��� + A������ %&' COD) BOD) TSS + >�����R �� 

���H1�� D� ���� Cyperus Papyrus �� \���� 5/85) 2/86) 

9/83 + 3/92 �(�� ���.  

 Jia et al. (2020) �� ����� W!�- `��1�� + %&' 

`�K0Q �_	� D� �R"�! �	��D�
D �� � �� �!" 

�#�	$� �	13���4 .S
�1� AR�! A�T� ��� A������ W!�- 

`��1�� 87 �(�� ��� .,! �	X A������ %&' �(�	# 

>+�- + ��� �� ��+�M� 97-75 �(�� ��� .J���� S
�1� 


� W!+u4 A��� ��P+ `�K0Q �_	� ��� ���N�� �� 

W!�- `��1�� 5C�� + �� ��p' �(�	# "K0Q A������ 

W!�- `��1�� 43-19 �(�� ���.  
Yu et al. (2020) �� ����� %&' �(�	# ���-�, + 

+�" D� � �� �!" #�	$�� ���L! �� �.�
�" 

�������+�N�,� �! �1� .�	13���4 �!�C ���L� +
S AR�! A�T� 

��� A������ %&' �(�	# ���-�, + +�" �� \���� �� 

��+�M� 56/99 -92/81 �(�� + 79/98 -05/74 �(�� ��� .

�1� J����
S W�� ��
 ���- �(�	# %&' A�������, )60/99 

+� + (�(��" )41/94  ���L� �� (�(��� �� �!" 

#�	$�� ���L! �� �.�
�" �������+�N�,��!  .�C ��!�T�  

Chen et al. (2016) �� ����� %&' + ��.1�� `�H��� 

�� � �� �!" �#�	$� �	13���4 .S
�1� A�T� ��� ��p' ���� 
cattail (Typha latifolia) ����� �L- �� A������ %&' 

`�H��� )5C�� ���'�� �- ��P+ OB	� ��- \P�� W
�KQ� 

%&' ��	
 R �C .,! �	X J���� S
�1� ��P+ "�1-�� 

��	!�-  `�H���)Desulfobacter (+ "�1-�� ��		-���-� 

 `�H���)Thiobacillus (�� � �� �!" �#�	$� \P�� 

A�������-� + W!�- `�H��� �C.   

 %&' �	��D �� A�	-�� )��C�-r \���� �� �P�� ��

5708 �� "+� + ,����- )��� )*� �(�	# /012� "�!

 + ��	
 RCOD  ��� �� �!`��( �T!+u4 �#�	$� " 

 �� �� ���� ����� �d�' W!+u4 �� 
����	� .5�� �1Q�_�

5708 %&' A������ )��� )*� �(�	# /012� "�!
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,! + "+� + ,����- 5708 �	X /012� "�!COD  ����� +

 ���.� �� /012� "�!��L��pH  ��� �� �! �#�	$� "

����� ��C 5��.  

  

���� 	 �	�� 

������ �	�� ����� � � 


� W!+u4 �� iM� ���20� A���NT��� A�M
���� ��_T��� 

)A��a� OE�+ �� A�1��aC 5C�-�4 �� ��	P �E�C A��a� 

>�e�� �C .A�1��aC 5C�-�4 �N
 D� ,a� 
�� K-��� 5T- 

���20�"� A�1�� )A��a� OE�+ �� 5C� ����+ �� �C�� .

5C�-�4 J���� �.Bh "�	� �L�0E� ����+� +KP Jh�	� 

mT3 ���M� �� ��C �- �� AR �_���� ������� �� �� 

141 �0�� )�1� "��� f��1� �� �� 6/15 �1��� ���� + 

��2B� - Z��� �� �� 1390 �0�� �1� 5��.  

  

�!�" #��"  

���� ��21�� ��C "��� >�e�� W
��DR �! ���� �� �� �� D� 

�1��� )A������	� ���� )A����	� ��� Phragmites + ���� 

P. australis �� >�� �L0# sPhragmites australi ��� .
� 

���� D� iM� 5
�� ���	C��! A���NT��� A�M
���� 

��_T��� A��a� OE�+ �� A�1��aC 5C�-�4 OLP"�+R + �� 

iM� ���20� i.1	� �C .�� A��D OLP"�+R �� "�a1�� 

W
��DR �! ���� �� �0'�� A�CKB� ���E 5C�� .*4 D� 

OLP"�+R �T
�"�! ���� �� ��7	� "���D�� �� f�M� ��R 

+ W!�- U�1�� �� ��0M� A����! �T
� )Dynaroot (

�� `�� WC D+� ���E ���� �C + *v� �� "�!��1-R� 

�'��h ��C i.1	� �C.  

  

$�%���& '�(�  

���4 ���H1�� ��C �� W
��DR �! D� iM� ����- ��P�� �� 

A���NT��� A�M
���� ��_T��� A��a� OLP"�+R �C .

U����� `������ Wang et al. (2004) �� ��7	� i�0M� 

i���# /012� �� ���L� ���4  K-�0�)1000 -120 �0�� >�� 

�� �1�� (+ �(�	# )"+� ),����- *� +  ���)30 -2 

�0�� >�� �� �1��()  NH4Cl, 200 mg) MgSO4.7H2O, 25 

mg )FeSO4.7H2O, 20 mg) K2HPO4.3H2O, 45 mg) 

CaCl2.2H2O, 30 mg )KNO3, 30 mg + 1 �0���1�� s�02� 

�(�	# "�+�d )0.15 g L
-1

 H3BO3) 0.15 g L
-1

 

CaCl2.6H2O) 0.03 g L
-1

 CuSO4.5H2O) 1.5 g L
-1

 

FeCl3.6H2O) 0.12 g L
-1
 ZnSO4.7H2O) 0.03 g L

-1
 KI (

�Q�d� �C)Wang et al., 2004.(  

  

#)��* 	 �+�, '-�& �� #.�/0�  

"�!��1-�� �13�� ��C "��� ��BC"D�� � �� �!" 

�#�	$� D� ����"�! P.V.C �� ��E �03�� 16 �1����1� + 

G�H��� 70 �1����1� ) ���C �13�� iNC1(.  "�a1��

A�1� WC�4 D� ���H1�� �� �! �
�a1�� ��		-�+��� "�!

\�X �� + ���C�4 A�1� ��E J�����R �R�d "�!  "�	�

 A�1� "�a1�� iM� �� �P+�3 ��C + ��C.�C ��B�� 
� 

,1��� i��C �� A�1� "+�' ���� �� + `��r C "��� 

�� 5708 /012� ��	
 R + �� ���.� COD ���� ���H1�� 

���E 5Q��. i3�� �! A�1� +� ��# ���� �� �� G�H��� 10 

�1����1� ���L! >+K
� �1C�- �C )Di et al., 2020 .(

�7HM� A�1� D� /- �� m
 �
  w	� K
� �� G�H���  S	4 

�1�����1 )�D���� `��r 20-10 �0���1� (+ 60 �1�����1 

C )�D���� `��r 5-2 �0���1�() �4 �C .  

  

���1�&  

"�!��L�� ��L#�  ��C ��L�� i��CM1  5708)+� ��0�>�� 

�� �1�� �(�	# )*� )��� ,����- + "+� + 5708 120 

�0��>�� � ���1� COD)( ��L�� M2  5708)10 ��0�>��  ��

��1� ���- )��� )*� �(�	#,� +� +"  5708 +500 ��0� -



/01(" +(�� 2� "� 345 "��6. &7  &8"' ��� �  ��#(* �� 89�1 .:6; � 

  

 ����12 �  ���	
1 �  ����1401 

63

>�� � ���1� COD+ (  ��L�� M3)5708 30 �0��>�� �� �1�� 

�(�	# )*� )��� ,����- + "+� + 5708 1000 �0��>�� 

� ���1� COD( �����.  

 

 

  
Figure 1. Schematic column of artificial wetland 
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,! + ��� + *� ),����- )"+� 708 �	X5 "�!120 )
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 ���4 D� �1�� m
 ���.� `�� 
� �h .�C ���H1�� K-�0�

�� �� ������CR �R �1�� ,�� + ��aX ���L! 5708 ���L! "�!

 + ��	
 R /012�COD ,! + ����� "�+�d �(�	# �	X D��

��0M� D� *4 ���� �� "D��pH �� ��1�� 5H! �����  `��(

A�1� �� ���D+��� �Q�d� �! .�C  

 5C&� D� ���15 �+�N�� 5����Q W
�KQ� 5aP D+� �!

���L� ��	
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�N��+���!4 �B��M�  �P+�3 5L�E D� (D+� ��) ��C

�� .�C >�e�� ��1-R� ��7	�  )\��	� ���� A��D ��21��

A��D  ����� ���� �1H! m
 �� D+� m
 D� /012� ���� "�!

A��D �� %&' A������ + 5Q�� ���E �B��M� /012� "�!

����� JBh .�C`��( "�!  �- ��� A�T� S
�1� �1Q��

i��E %c13� D+� �� A��D �� A������ %c13�  �
�� �� ���BE

A�������� �!
� �&� )�C�� �� A��D  �7� �� ���� A��D A��	#

���L� .�C �1Q��OLP "�! ,- "��� �� "�+R  ��aX D� ��

�1��� �P��W
��DR .�C "���a_� ����  ���20� f�M� �� �!

 "��� �� +22 -18 �1��� �P���D���� .�C >�e�� ���� "���

 ��_1�� D� ���H1�� �� K�� ��� + *� ),����- )"+� �(�	#

) �L�� �&PVARIAN, 220 "K-�� ��_T
��DR iM� �� (

 �
���� 5708 ���.� + A�M
���� A���NT���COD  ���H1�� ��

q+� D� ���.� .�C >�e�� "�1��1Q�1Nv�� ������1�� "�!pH 

 ��_1�� D� ���H1�� �� K��pH )�1�Az 86505�D���� ( .�C "���  

  

�473& 	 ��
 & �����  

8���!�� 9:)  

f��1� 5708"�! COD) )"+� ),����- *� + ��� �� 

i��.� A��D ,�� �C  +A������ %&' �� ���H1�� D� ������ 

)1 (�B��M� �C.  

)1  (������� �		
�
��� �
�����������������

��������
� 100  

�- �� AR) ������ ! 5708 �+��� + �"�� ! 5708 �a��
 

COD + �(�	# +�") ���-�), *� + ��� 5��.  

  

;4�<! 	 = >  

#"�4	�� #�4��?�47�@ ���"  

A�B&�� ���" 	 C����> �D4�  

A�!��� �� �� \P�� W
�KQ� 5��LP "�1-���! �� A�K�� 
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)Wang et al., 2017 .(
����	� �� W
�KQ� �C� )���� 

`�MC�� �T
�"� �- ��$M� K1	��1Q ���C�� K�� 

W
�KQ� �����
 .
����	� ���.� ���� ��R �� ��'�� �	�
�4 

A�1� W
�KQ� �� ���
)Saz et al., 2018 .(A�L! ���� �- 

�� �+�P )1 (A�T� ���� ��C 5�� G�H��� ���� �� ��� D� 

W
��DR �! W
�KQ� 5Q�
 .D� �Q�h W
�KQ� 5708 �(�	# 

)"+� ),����- *� + ��� \P�� A�C��D + W!�- 

�C� A�!��� �C .��P+ �T
�"�! ���	0� �� ,1��� �� �� 

\P�� W
�KQ� ���1�� ,�������+�N���! �� ���� ��R + 

W
�KQ� "�1-���! �C �- �e�1� AR W
�KQ� %&' ��	
 R�! 

 ���)Saz et al., 2018 .(�� �� �� A�1� ���L� M1 

)+� 5708 �0��>�� �� �1�� �(�	# )"+� ),����- *� + 

��� +  5708120 �0��>�� �� �1�� COD (W�� 
�� 

�C� ���� + U����� �T
� �� 5C�� �- i��� AR 

\��	� A��� �1�� 5T- + ,- A��� 5708 ��	
 R�! ��� .

W
�KQ� 5708 ��	
 R�! + �(�	# \P�� \��R A�
� 

�T
�"�! ����  �C)Di et al., 2020 .(D� D+� 110 �� ��� 

�T2� D� �T
�"�! A�!��� D� �� 5Q� + �C� A�!��� 

W!�- 5Q�
 �- 
� W!�- �C� �� 5708"�! W�� �� 

��	
 R�! U��M��� )��� �� ���' �- �� ���L�"�! M1 

W!�- �C� ���� i��E �P�� ��B� .J���� S
�1� �� 5�� ���R 

��A��� 
� ���� ���
D�� ��- �- �� ���L� �� 5708"�! 

,- )�� �C� ���� W�� �� ��� �- A�T� ��	!� >�# "���D�� 

���� �� 5708"�! �� �� ��	
 R + \��R A�
� 5Q��"�! 

�!��� �� 5708 "�! �� �� ���.  

.���
1 '-�& �� #.�/0� �� ��B0& '�(�  

pH. 

pH �1����4 �La� �� ����� "�!�	
��Q  ��+�N��)Yadav et 

al., 2012; Oon et al., 2015; Gupta et al., 2019 (+ ���� 

\��8 A��� �+��"�! �
�
�1-�� �� �C��)O’Flaherty et al., 

1998 .(���.� pH "�+�+ + �P+�3 D� A�1��! �� 

5708 "�! /012� �(�	# )"+� ),����- *� + ��� �� 

A��D"�! /012� ��  iNC)3 (���R 5�� .���.� pH A�
�P 

"�+�+ �� A�1� � �� "�! �#�	$� 7 ��� + ���.� pH 

�P+�3 D� AR �� 5708"�! )+� 10 + 30 �0��>�� �1���� 

�(�	# )"+� ),����- *� + ��� ��  �� \����7 -17/6) 

95/6 -90/5 + 93/6 -52/5 �D����"��� �C .J���� iNC )2( 

�� W
�KQ� 5708 �(�	# )"+� ),����- *� + ��� ���.� 

pH W!�- 5Q�
 �- x �L1'� �� i��� ���� ��X + m�
+��4 

���� �C�� D� �
Ke� �N
j����� ��	
 R"�! ��R ��� �- �e	� 

�� W!�- pH �� ��C)Wang et al., 2017; Di et al., 

2020; Gupta et al., 2021 .(,! �	X OLe� A��+�4"�! 

��C����� �h �	
��Q �
Ke� ���� ��R K�� �e	� �� W!�- 

���.� pH ��  ��C)Gupta et al., 2021.(  

  

8���!�� 9:) COD �� '-�& �� #.�/0�  

A������ %&' COD �� 5708"�! /012� �(�	# )"+� 

),����- *� + ��� �� A��D"�! /012� ��  iNC)4 (

A�T� ���� ��C 5�� .J���� S
�1� A������ %&' COD �� 

� �� "�! �#�	$� �� i��� ��� 5BV� A�!��� �� �� �� %&' 

���� ��R  ���)Oodally et al., 2019; Di et al., 2020.(  

  
Table 1. Physiological characteristics of the plant 

Root 

biomass (g) 
Stem and leaf height 

(cm) 
Plant height 

(cm) 
Number of emerged 

shoots Treatment Time Species Reactors 

27.46 
15 
82 

25 
117 

9 
27 

0 
180 

Beginning 
End 

P.australis M1-2-120 

22.01 
15 

71 

25 

106 

9 

31 

0 

180 

Beginning 

End P.australis M2-10-500 

19.32 
15 

58 

25 

93 

9 

23 

0 

180 

Beginning 

End P.australis M3-30-1000 
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Figure 2. pH values at different concentrations of pollutants 
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W�� W
�KQ�  5708 ��COD  ��1000 �0�� �1���� >��
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,�������+�N�� %&' A������ �e�1� �� + ��C �!

�� W!�-.���
 J���� S
�1� ��P+ � �� �!" �#�	$� 

�� �10�Q �	C ����� "��
D �� A������ %&' COD 

�1C���  5��)Gupta et al., 2021 .(A�L! ���� �- �� 

 iNC)3 (A�T� ���� ��C 5�� A������ %&' COD �� 

�D�� ����D >+� )"�!D+� 120 -61(< �D�� ����D  �+�

)"�!D+� 60 -1(< �D�� ����D  >��)"�!D+� 180-121 (

��� .50# ,- 
�� A��� A������ %&' �� �D�� ����D 

>�� x �L1'� �� i��� W
�KQ� U����� )�T
� W!�- �C� 

)���� W!�- ���� ��R + W!�- 5����Q ��+�N�� �� 
� 

��+� ����D ���C��.  

8���!�� 9:) �F�/. G�	� GH����� I� 	 '�, �� 

'-�& �� #.�/0�  

A������ %&' �(�	# )"+� ),����- *� + ��� �� 

 iNC)4 (A�T� ���� ��C 5�� .J���� iNC �� W
�KQ� 

5708 ��	
 R�! D� +� �� 10 �0��>�� �� �1�� A������ 

%&' W
�KQ�  5Q�
)Oodally et al., 2019; Di et al., 

2020( W�� W
�KQ� �� AR D� *4 +  )"+� �(�	# 5708 ��

 �� ��� + *� ),����-30 �0�� %&' A������ �1�� �� >��

5Q�
 W!�-  .5708 ���� ��	
 R " �� "�!  ��e
� i���

,�������+�N�� )5�L� �1��� �� ��� �	!��2� ���E �!

 5����Q O��� ��
D 5�L� 
����	� + �		- 5����Q

,������+�+�N�� %&' A������ W!�- \P�� + ��C �!

��	
 R�� �!,! .��C �	X W�� 
�� A������ %&' 

��	
 R�! �� �D�� ����D  >+�)60-120 D+� (Z�H��  ��1Q�

)Di et al., 2020; Gupta et al., 2021 .(�V-��' A������ 

%&' �� A��D 90 �.�E� �� 5708"�! )+� 10 + 30 

�0��>�� �� �1�� "��� A�
 *� ��  \����75/60 )�(�� 

84/63 �(�� + 97/58 )�(�� "��� A�
 ��� ��  \����

82/57 )�(�� 77/60 �(�� + 47/55 )�(�� "��� A�
 

"+� ��  \����48/55 )�(�� 14/59 )�(�� 46/53 

�(�� + "��� A�
 ,����- ��  \����82/54  )�(�� 71/57 

�(�� + 47/53 �(�� ��� .  
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Figure 3. Performance of artificial wetlands in the removal of different concentrations of COD 

   

  
  

  
Figure 4. Performance of artificial wetlands in removing different concentrations of copper, lead, cadmium and zinc 
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