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Abstract  
Considering the severe shortage of water resources in Iran, the utilization of treated municipal 
wastewater in the agricultural sector is an effective way for supplying water requirement of 
plants and reducing environmental pollution. Phytoremediation is an environmentally- friendly 
method to eliminate many pollutants. Vetiver (Vetiver zizanioides L. Nash) and reed plant 
(Phragmites australis) are two special plants for phytoremediation because of their unique 
physiological and morphological characteristics. The present research was carried out to 
improve the quality of leachate by vetiver and reed plant and, using hydroponic system evaluate 
their efficiency in the removal of contaminants. For this purpose a pilot study (containers 
containing 200 L leachate) was conducted including two plants, two densities, four retention 
times (3, 7, 14, 21 day) and control (with no plants). All experiments were performed with three 
replications. At the end of each period, BOD, COD, nitrate and phosphate were determined and 
evaluated. Results showed that the amount of COD, BOD, phosphate and nitrate was decreased 
by 68, 60, 82 and 83%, respectively, for the vetiver grass after 21 days. Also, results showed 
that the amount of COD, BOD, phosphate and nitrate was decreased by 65, 30, 60 and 63%, 
respectively, for the reed plant after 21 days. Finally, the results indicated that the best density 
for the treatment of vetiver grass and reed plant was a density of 4 in a closed environment. 
According to the results of this study, the vetiver plant and the reed plant have good potential to 
reduce pollutants. 
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1 Cyperus alternifolius L. 
2 Tifa Latifolia L. 
3 Cynodon dactylon L. 
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�	� S*� /�A� ^:R� ��*S*� ���� �X�) �
 + ���� � (X�� 	�� 0�#'� @ 7�# � + 0	�  .��� �-$��; I�@�#

	-�
 ^:R �) �� �	(� [��� ��� ��� ���� � �-(�   �X�� � �-�(
� X��  � ��*S*� + ��*S*� � �-(�     �*M!� .��� 0�#�� X�� � �-�(� �

)	R /	�'	4��  ��� �� �) �#�   � 5#�Q ���Wu
 @ ��( �� 0	 �����  ��  
��	�� �� '���� &
� �:9 �t4� >�   ���� �-��	�� + �#� ��#$ �-(

S*� /�A��� �+�� �
 � ��(�   ��� �.	�� � �-�( )Suelee et al., 

2017(. 
>�+?; �	� �
 ��S�  F�,  ��� �� �� ���   ��	!�%; ���� &�8�   ���

 E+�@�0	  w	�;�
  @ 7��# � �	��	�  �#�M!�  #�'�
h  F�� 5���$ ���i �
� �; \��2
�(k���� 0�	-� �l  �� 0�� E��@.(Song et al., 

2018, Vaverková et al., 2018, Bharathiraja et al., 2018, 

Kumar and Chopra, 2018) . 

 �� :'
F,  �	�� �>�+?; ��� �� ��� �6�� ��	!%; ��� &8� 
 0�	F-� 	� �	6FZ O��  �	��� @ ��  + �	��	 �� �� + I�@�#�   E+� ���

@�0	 w	;�
�� � �� �� 0�	F-� �#H*� ���	�  	�b��    ����� ��#�� ����� 
���@ ��..  

  
43 5�� � ��6� ��  

�
 �� >�+?; �  + ]A2�@ + �#�� 0	� �9 .�� 0�	F-�� n�Q �� 
�)��   �6�� ��	!�%; ���  �	6F�Z    �����@ �� _�.+ �
 �� &�* �+� fp 
 �#�*9�  ���  /	�,-G�X: 577024 +Y: 3609230  C	�D�  :�;
���. 
*M!��A) ��	��� �
> 	�� 
 �>�+?; 	��� ��
) 5�-*) 0	S(�F� �

�� �	��	�
�
���6� ��	!%; �� .���@ /�#Z �	6FZ  
@ �() � X;�    ��+	�() 0���(�� ���	GA@ �� �	��	�   0	S�(��

-�*Z� A) ��	6FZ� ��� �6� ��	!%; ��� �)�� �� 	�    5	�W-� �	6F�Z
;�� ��� �-%� � ��� + ����) �
�( �9 + 	��
 ��     ��� x	�$ � 	��

�� ���) �W-%� �#H*� 8� �� 	��� 7��#;+����� �\    ��-F� +� /���
&@ ��� �9 V�� �� ��� �� �+�� + w�  �� �#,8��� �
 ��(   �	��

��6S��  .���� 0�� E�+�; + 
                                                 
4 Typha gustifolial L. 
5 Sinapis alba L. 
6 Spirodela polyrrhiza L. 
7 Trapa natans L. 
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 �	��	!�  �
    @ v#�� (&��	2)�#-)	� &�	�� >�+?�; � �� +� �� 0	
  �� #� O)��  &�	2 + t4� [*; �� �	�� &�	2 �t4� �   t4�� +� ��

�� .�#�� 
 	���� �� ���  �	D
     .��� ��-��@ ��H� �� ���G� ��� �> 
*M!�� ��� �#H*�  ��� YG(�TU �@ ��   �#��6� ��� 0�	F-� ��#� �	�	

)�F�� ��  � ����� ) ��	� �	!� �+�� �	!@�  ��� .�� 0�	F-� (0	 �
 �
�#H*�� 	;
 #A� A) ODR ��� aqq '�   	�� X*�9 � ��-
6  I1@�� �� �

��*M!� .�����  �� ��@ O)���  +� � 	����	!����	� )a 	�� �
  +h 	�� �
 
��pkq -�	��    + (_���� �-��   @ �+���) ��	�� �	�! ��  .��� 0�	F-�� (0	 

��
�	!  �� 7�  ���G�    g1�	�) 	��
   ��	�*� .�#�� �	�%�
 	���� �
 >
�� �#-)	� /�#Z
 n�Q V'	. �� &��	,  g1�	)�     ��9 ����  ��� 	�

  .��  
 � �������
 ���-F� +� ����� 0�+� \ � @� ��8� �� �	���	� �� 7

�	�������	@�	� V�� �� �� 8� 	�� '	�$ �� � ��	G� �7�  �����  +
� � g��D���� �; �'	�� �����   �	��� 	�   	���     TU�  + ]�A-G� ���	�� �

�� 	� �	; ^:R + �:9 ��	��-�� ��!�	�
    ����� ��#�� ]�A-G�� 
 @ ���.��� .�� 	����
8� �� >���4� g1�	��)    .��� C	��D� �	������ �#��H*� 

�	����+	*�� @ ��W-��� +� ��� t4��� �� �	���	� ���	��G� �+�� ���

'#�#�� 	��
  O��� ��	G� ��	�� �4. �� ��� @ +�  �+�� �	��	��  	�� 

	9
�:S� �� .���� '���8  &�@ O�	9 �� �	�	�  �8� ��#$�7 �
  ��(
@� �� s� 	� �	�	
'#�#�� 	� +�
�� .����  

9+�$ �-��@�  K!2 � �	� �� ���	G� �lq -�	�� �-��   C	�D�
�� 	��� X�� + ��
> 	�� +� C�w� �� 	� � C	D�� �	!  .���@� 

E+� 	�� 0��� @��� 	��-��	;� W8 �  ����	-�� I	� �� �y	R K
APHA   ���� C	��D�)Dull and Wernstedt, 2010(���� .
 �

�-�'
��  +pH    	���� v+��� ��H8' �� ��#!�
>   ��� 	��  �  �� Vh/o 
��� �
 + �-� �� X*!f/o .�#�  

	���
> COD �� E+� 4W �� �	� + �� \!)  0	S-���  �#�%��*) 
5��Jasco V– 530 C	D� �� .	�+
& + 5#A8�  	���  ��#��  0�	F-�� 

�� ��
� 	�����
> &�	��� �� /	����) ���	-;��O ����� �#F'#���
�\ 
�@	�	*� e+����    �#�� ]2	�b� /	F'#�� ����	-�� 5#A8� + ��C#  +

 ���.�#�  
��� 0��� @��� BOD5 �4� �� 	��     .��� 0�	F-�� B#�,G�

%)��?  ��#!� 5#A8���� � .��K �	�� +  ��+���  �#��  :�L���  ��� 
E+� +
�	�* 0��� @��� �� +  X�; � �� �+��  0	S-���  �# 	��#�� 

�� 5�Fan Azma Gostar �� �� /�i � �� + �+���
7 8��4���    

%) ��W� g��D� �YG(���? .�� �e�. 5#A8�  
������ ��/���- �#��9#� �� ����#!� 	���� ������� 0���� ���� E+� 

;#��+�-���� 5��)V– 530 (+  5#A8� 	� HCl� ��� ��.  
/	F��%�  �� �#��9#�����#!� 	��� ���� �-�#-�+�-����� E+�� + 	��� 

) �-�#-�+�-��� 0	S-�� � 0�	F-�5��Jasco V– 530 (0��� @��� 
	��� .��
> 	�� � /	F%��� ��  ����  I	��    C	�D� �@	��	*� ��� 

� :� ���#� /�	�2 �)��  �#F'#�
�\ �#�� �/�	 �	  ��C# '#�� /��� 
��#��� +�\ ���.  

	-�
	��� [
C�� 7�#  >  ���SAS 9.4  ������    �	����� .���
   �	�W� ^1-��$ � 0�	F-�� 	��� ^:�R
 @ ��.	� ����G� ���� + (��	���) 0	

��G� 	�� 	 �	6u + +� O)� �
 @ ���0	  �%W �   ��	�� ���W� ��� O   ���
 �*M!� .��� ���� ��� �� 	W�
  	�-� ��%
  ^+��� [� ���#;+���  	�� \

�!�
�#��� � �S &.�R /+	F  *��� �� )LSD!Q t4� �� (� �	*
pi �Z�� �� 0�	F-�.  

  
�3 Q-< � R%�H1  
��w� ^:R ��
0�* 8� � 	��� 7��'	�� ���    v#�� �#-)	�� �	6u �� 	�
@��	�� �O)�  �0	 �� &�	W-� /�T + ��	�     �*M!� .��� >D*�� 	��� �

^�� 2���  ��
 �>G� �	�	*��
 ��)�  ^:R ���   5#�Q �� /	��
	��� /��
�� 	  ��#� >
)�  ^�,� 0#8� �*� �!� � + ]A-G� /	�

O6� �  A8 ��	�� & � ��	��'+����� 6�� � ��*��  ���	� ��%� � �
�  � ��� �
�	��  � ��	�� �� ��#   -� �#�*2�  �*� ��D�  �
  ��� >�+?�; ��   >�G�
	b�� �� ��� @ � 0�	F-� �#H*�� + 0	�� + �#� ��  F�,  �R+ �#*2� �

�� �'	�� ��� 0�	F-� ��#� @ ���. ���D  .�� �
A8  + � �� 	���-��	; &� 
0��� @��� �	(� 0��  )�  ��) �� �) ���  @ v#�� �#-)	�� �� /	� �� �0	

�� ��	�� + O)� � *�� n#4�� ���  t4� ��J�Z��  ���  �*��	� .
*M!��@ v#� 0�	� /�T �� �0	�	�� ��	�  O)�  +� #� � �� �*���  ��

)	R �) �� 0���  ��T��  ��#�
) �#�6� �� &�#2 ��F� �� �� ���
�� 5+�9 .J�D  � �
�+ � �
 	���-��	; X�	�  0���� @ ����   � 0���

� �	(�� .���  
  
�3�3  F��#<BOD5  

AZ ^��� F, �� ��)�  ^:R �����'� /	�� �� @�#�'� �u�� .� 
��`#'#
�� � �����	� �-(�  ��W�BOD � V �� �� O� �
 � �	  ���

(Vaverková et al., 2018) .  
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 5+�9a  +f ^:R �	���� �BOD5 @ 7�#  �� + 0	 ��@ + �# �� 0	
���� �	���� �� 	����  ����	�f �l �Jh  +aJ 	��!� � �+�
��� >�  .�����

 ^1-$ � 0�	F-� 	� ^:R �	����BOD5 @ �.	� ��G�� (��	�) 0	
��G� + 	��  O)� a  +h	 �
 @ ���0	 %W ���	� ��W� �� O ��   ����

.�� 0���  
 5+�9 �� �9# 	�a  +f�� 	� �
�	�� >  '	�� ���	���-)	� �� 	� 

8� ����� 7
 >�� ��	
 -� �� +�'� �#� ��W� �D� � O)�    ��) �#��

 >�	) v#y#� �BOD5 ; �� ��  ��� .���� @ �� + 0	 ��@ + �# �� 0	
��   �*�� /+	�F � ���  ���  O)��  �a  	� �
  +h  	� �
    .��� 0��	�(�

�u�@ @��#$ �� 0	�  >�	) �� ��	. �#$ BOD5��  ��� 	�� ��% '� �� &
w	� ODR� �
�( 	��  +�@ + �#�� 0	� *M!� +��-)	� ��� ��   �� 	��

 ���
�#$ �� �-��	; ��  >�	)
	6� �� .�� �-�	
�� ���   �#-)	��  
��� �'	�� ����  >�	) �# kf �Z��� BOD5 �� �� @�0	  + �� �#

 >�	) +ff �Z��� BOD5 �� �� @ �� �� 0	�  �+� ��aJ   0��	�(�
.��) *M!�� ���  �#�  ��
 ���	    �	��� �	�8' � ��)� � ����   ^:�R

BOD ��� 	 +� O)� �
 @�0	  +��# �	�� ��   ��	�f    O)��  	�� 0�+�

	 �	6u�
 @�0	 ��  �	��� ��    ���	�l   �*�� /+	�F  0�+�� ���   .�����
�� >�	) ��BOD5   	�-� 	�� �	�� 5#Q ��
  + j�	�%�#� [ ��	��!� 

�� .��� �W�	4� �#Q�   ���.�� 	�� �)�   � ���	� �	����   �	��� ��-�(
�	� �
�	�  ���
 ���� V��	*� 7�  ) �#��6��F ��  >�	��) �� �1�y	� �

BOD5  O�������� �)Boonsong et al., 2008(��*M!� .� �� ��
	���
> 	��  + j�� ��	�!� ��	-� �
6�	(� [�  �� .��� &Z	R   	��
 ��
-� ���� �D��� 	� �) ���
�	�� > � ���	�� ��BOD5   �+��� ��

  �(�	) ���+�� �� �-�(�    ���� ���#$)Truong et al., 2001(. 

����	@�� ��	���!� + 	��� >�	��) �oi ���Z��� BOD5  �w	��  �� �
2#*,�� +	R�   @ � 0�	F-�� 	�� �1y	� �	%; �� + 0	 ��  E���@ �#

���� )García et al., 2013(.  
  

�343  F��#<COD  
 5+�9h  +i   ^:�R �	���� ��W�COD  @ 7��# �  + �	��	 �� + �#

@�� 0	� �	�� �� 	��  ��	�f �l �Jh  +aJ 	!� � �+�
� >� .�*�� 	� 
 �� �9#�9 �� 5+�h  +i ��W� �COD � �� C#� �+� ����� ��kq  

  

 ��"P�3 0��� �	��-��	; X�	
�+ �
�D  0�� ���@ )BOD� COD� 3-
4PO +-3NO(

 

Table 1. Analysis of variance of measured parameters (BOD, COD, PO4
-3 and NO3

-) 

SV df 
 Mean of Squared   

BOD 
(mg/L) 

COD 

(mg/L) 
PO4

-3 

(mg/L) 
NO3

- 

(mg/L) 
Plant 1 196934.4** 1091201** 2.37** 9715.6** 
Time 4 1205620.3** 4545951** 9.98** 4370.3** 
Density 2 734210.5** 20040615** 24.8** 71391.7** 
Plant× Time 4 18759.9** 190083** 0.18** 709.4** 
Plant× Density 2 49737.9** 276003** 0.6** 2428.9** 
Time× Density 8 47486.4** 1365360** 1.72** 4592** 
Plant× Time × Density 8 4776.7** 48012** 0.06** 180** 

                           ns: not significant   *: P<0.05   **: P<0.01 
  

 ��"P43  ^:R �	���� ��S�	��5BOD �#� + 0	�@ 7�#  
Table 2. BOD5 removal efficiency by Vetiver zizanioides 

Removal efficiency 
(%) 

4 Plants 
(mg/L) 

Removal efficiency 
(%) 

2 Plants 
(mg/L) 

Control 
(mg/L) 

Residence time 
(day) 

0 1153b 0 1153b 1153b 0 
33.2 806.7i 30.8 836g 1207.7a 3 
33.4 738jk 32 754j 1108.7c 7 
55.8 363.3pq 54.4 375.3p 822.3h 14 
62.9 301rs 60.5 320r 810.3i 21 

Numbers with one common letter have no significant difference based on the 5% LSD test. 
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 ��"P�3  ^:R �	���� ��S�	��5BOD �� 0	�@ 7�#  
Table 3. BOD5 removal efficiency by Phragmites australis 

Removal efficiency 
(%) 

4 Plants 
(mg/L) 

Removal efficiency 
(%) 

2 Plants 
(mg/L) 

Control 
(mg/L) 

Residence time 
(day) 

0 1153b 0 1153b 1153b 0 
22.9 931/7e 17.1 1000.7d 1207.7a 3 
24.6 836g 22.6 858f 1108.7c 7 
31.8 561n 28.2 590.7l 822.3h 14 
33.2 541n 28.6 578.7m 810.3gi 21 

  
 ��"PC3  ^:R �	���� ��S�	��COD �#� + 0	�@ 7�#  

Table 4. COD removal efficiency by Vetiver zizanioides 

Removal efficiency 
(%) 

4 Plants 
(mg/L) 

Removal efficiency 
(%) 

2 Plants 
(mg/L) 

Control 
(mg/L) 

Residence time 
(day) 

0 2895d 0 2895d 2895d 0 
59.7 1458.7m 56.7 1567l 3622.3a 3 
64.6 996pq 61.1 1093.7n 2813e 7 
67.4 965.7r 65.7 1016.3o 2963.7c 14 
69.6 908t 68.1 952.7s 2982b 21 

  

 ��"P[3  ^:R �	���� ��S�	��COD �� 0	�@ 7�#  
Table 5. COD removal efficiency by Phragmites australis 

Removal efficiency 
(%) 

4 Plants 
(mg/L) 

Removal efficiency 
(%) 

2 Plants 
(mg/L) 

Control 
(mg/L) 

Residence time 
(day) 

0 2895d 0 2895d 2895d 0 
50.5 1794g 49.8 1818f 3622.3a 3 
39.3 1707.7i 38.4 1732h 2813e 7 
46.3 1590.7k 45.2 1623.7j 2963.7c 14 
66.8 991q 66.3 1004.3p 2982b 21 

  

�� �Z��� @� + 0	� + �#iq �� �Z��� @�� 0	�  >�	)
  ��� �-�	
� �)�  �F@ �# 
� ���� �� '��  w	�� O�DR &� �
 ��(  	��� @�  �	��	

  w	�� ����	�) ��#� �� .�� 0�#��  � O�DR
 ��(     �� w	�� O)��  + 	��
 �	��	!� +	R� @� + 0	� �� �# �+�aJ �� � �#Q�S�	� �kp   + ��Z��
 �	����	!� +	��R� @������ 0	� kk  >�	��) ���Z��COD �-���� � .���� 
�� �#   O)�  �F@h	 �
 @�0	  +��# �	�� ��   ��	�l   O)��  	� 0�+�
a  +h	 �
 @�0	 �� �	�� ��    ���	�aJ   �	��� �	�8' � 0�+��   /+	�F 

*��� ��� ����.  + j�� ��	�!� 	��� ��
> 	��   >�	�) �� �#$
lq �Z��� COD 8� ����w	  7�  ���
  	�� ��) �*-�	  	�-�
 [ �
 �

 >�+?�;   ��� ��W�	4�)Truong et al., 2001(  >�	�) .COD  ��
	��+�� �-��
  �(�	) ��+�� �� �-�(�    	���+� ��� ���%��   �O-�F�

� + O���	6u� �%  + 
 O����  �)
	-� 	� v#y#� �
  j�	�%�#� [ +
��	�!� �� �#�G!� ��  ���)Boonsong et al., 2008( .�#)�  + #�*

 ^:R �	���� ��	�!�oq �Z���  ��'	4� �� ��w	  	�   E���@
���� )Comino et al., 2011( . �� �9#  	�
 ��*COD @�� ���  0����

 �'� �#� &)�  ����    ���2 ���W� :�'�  � ��BOD ��   + ��� �-�(
� �	(�1-$ �u�����	� �-(� �	(�  0��*��  �� �#�9+    �#�� � �-���
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 ��"Pa3  7�#  /	F%� ^:R �	���� ��S�	���#� + 0	�@ 
Table 6. Phosphate removal efficiency by Vetiver zizanioides 

Removal efficiency 
(%) 

4 Plants 
(mg/L) 

Removal efficiency 
(%) 

2 Plants 
(mg/L) 

Control 
(mg/L) 

Residence Time 
(day) 

0 3.2b 0 3.2b 3.2b 0 
74.4 1kjli 60.8 1.6fg 4a 3 
75.6 0.8kl 71.6 1kjl 3.3b 7 
79.8 0.5mn 68.1 0.9kl 2.7c 14 
82.7 0.4n 68.6 0.8ml 2.5c 21 

 

 ��"Pb3 �� 0	�@ 7�#  /	F%� ^:R �	���� ��S�	�� 
Table 7. Phosphate removal efficiency by Phragmites australis 

Removal efficiency 
(%) 

4 Plants 
(mg/L) 

Removal efficiency 
(%) 

2 Plants 
(mg/L) 

Control 
(mg/L) 

Residence time 
(day) 

0 3.2b 0 3.2b 3.2b 0 
52.1 1.9de 46.9 2.1d 4a 3 
56.2 1.5hg 45.1 1.8fe 3.3b 7 
60 1.1kji 53.1 1.3hi 2.7c 14 

60.2 1kjl 52.6 1.2ji 2.5c 21 
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��"P c3 ��S�	�� �	���� ^:R ��/�- 7�#  @�0	  +��# 
Table 8. Nitrate removal efficiency by Vetiver zizanioides 

Removal efficiency 
(%) 

4 Plants 
(mg/L) 

Removal efficiency 
(%) 

2 Plants 
(mg/L) 

Control 
(mg/L) 

Residence time 
(day) 

0 121d 0 121d 121d 0 
45.7 78.2j 41.6 84.1i 144c 3 
67.8 38.9o 58.5 50.1m 120.7d 7 
79.5 32p 72.9 42.3n 155.9b 14 
83.5 28.3q 80.5 33.4p 171.5a 21 

 

 ��"P�3 7�#  /�-�� ^:R �	���� ��S�	�� �� 0	�@ 
Table 9. Nitrate removal efficiency by Phragmites australis 

Removal efficiency 
(%) 

4 Plants 
(mg/L) 

Removal efficiency 
(%) 

2 Plants 
(mg/L) 

Control 
(mg/L) 

Residence time 
(day) 

0 121d 0 121d 121d 0 
25.1 107.9f 20.8 114.1e 144c 3 
25.6 89.8h 18.2 98.7g 120.7d 7 
53.2 72.9k 48.4 80.5j 155.9b 14 
63.3 63l 58 72.1k 171.5a 21 
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