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Abstract  
The aim of this study was to evaluate the growth of Vetiveria zizanioides under hydroponic conditions and its 
efficiency in removing nitrogen and phosphorus compounds from wastewaters. For this purpose, a pilot plant 
was constructed with a net volume of 60 liters which was intermittently fed for three months with the effluent 
from a domestic wastewater treatment plant. It was found that Vetiver exhibited a significant capability for living 
in polluted waters under hydroponic condition as evidenced by the growth of its leaves to 130 cm. Moreover, the 
average values of total nitrogen, total phosphorus, and biochemical oxidation demand (BOD) removal 
efficiencies over four days of retention time were 91%, 97%, and 75%, respectively. If used as a tertiary 
treatment unit, the plant needs a minimum retention time of two days to allow adequate time for the removal of 
such vital compounds as Ammonia and Phosphate by 95%, which is the typical standard limit for wastewater 
reuse or free discharge. Finally, it was observed that the total values of nitrogen and phosphorus absorbed in the 
leaves were 17 and 2.3 (mg/gr dry weight) while the same elements absorbed in the roots were measured as 13 
and 1.8 (mg/gr dry weight), respectively. 
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2 Typha Angustifolia 
3 Total Phosphorus (TP) 
4 Total Nitrogen (TN) 
5 Fecal Coliforms 
6 E. Coli 
7 Biochemical Oxidation Demand (BOD) 
8 Chemical Oxidation Demand (COD) 
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#~< �� 	
��
 ( �8� 2��� %�L�� #$8A� ( @�$��.B +��/ ( �3 &% ��3
4� &��b !%��$�� %&.� �P�
 J�
 &% @��F< �FD %��f]S(t[.

�� ���� %&.� !��f ����?��? 2&�%�F�D !���f ( +�f W�.��� ��1��
 #7i��) @��F<Q? (#¥A��? ( @�.�/ �&.; 2���? &% ���UA�i� '��L��

�T�@�$��� ( ��Su�S �D #�F<#�.6� #1 	�� �1j +?�b . &.)O�� 2�3
^� ��� #? ��Z,< �� �T ( @���f &% ( 4��8d�? s�B ���� &% J��
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!�D 2&��F�� %��� 2��� &% &.1O�� @�3��f ��.H< .��� 2��3�(& &%
 +�D &% 43��G����� ��UA�i� ����d�S	�� !�D !%�% @�G�.

W8>Y�#�.6� �� §� @�$��� &% !�D OB� #�.fSu�S '�L�� �� n�T
��UA�i� 

Z�Z�U#���. U�%I�� 
#? �E� %&.� ��UA�i� '�L�� &.E�� 2&�O����/ �.����T &% @��3��f

? #�Ov< �? ( !�D#2��83�& #$��.�T�� @���/ �&.; ����D �.����T .
#6�� 4�) 0L
 #? 4$U�;�\#�? ��$�A �� ( +�i$��� c�U,� �&.�;

 4��,�T ��/ J��� &% Y`�fSu�S +��D �?��i�t&% ( #$B���
� +��h!�& ( cH� @��F< *� ��7�7�< #�� 2�����D��E� &% ��? .�

#v�< 	��MP �$��f 4�,�T 0a�b 2�3 !���)��/ Y`f�4��� 2��$�
!&�.�% (2�3S\4��� �.����T 4��) %��U?�  0$���� !��&��F�� 2�$�

 ���?��? c���<�< #��? g����<&� ( ����=  J.��9 +����D�S S�(]t
4$��� �$�%.?�.���T ��� . !&�.�% +��D '��1�3 �3 %.? 4�B�% 2�3 ��� 

J%��U� 4�HMG� 0L
 �<St) @��3��f �� '���1 ��3 2���? �& ��$�A]
��6� 03��� (%&.� �� ( �#�G�& Y��6< �� :���� #�$8A� #�? @��3��f 2��3

 n������ 	��b% n3���1 ( ������� .��D ���3�.�g���<&�!&�.���% ���3Q\
4$��� 4����T ���/ �� ( �$� %.? Y`�f ��� (S\4$���� @� �� ��$�

?#��&�� �&.;%.? *��T �< �?�b	�&(��L� 2�3�
�( #? J�7$�� �&
�D�? #$D�% &��b�? *� ���< 48�� J%�U< (%.D g���<&� &% ����w63 .

u\ 4$���  �.����T �$�? �� 2�$� 2���? &% *���T 	����) 4��&�?
!&(% #�.6� ��D  V�$M� 2�3 �? .��D #�$��f ��E� &% 2��f#&% !(`�=

-b�<� �3 �$�? #��M< ��D#�8U< ����� @� 2.G$�D ( #��M< �< �D
%.D.

Z�[�N�(. U�%I�� 
��� 4?����&�  n3(o�T ���� N���3� �� ���% 4�� NO�
 4��&��1 @��

 �� !%��$�� �? *� �� ���� ( @�(�$��V�= �� #��Ov< ����D &% &.�<(
 4Ub�( *��T%.? .��� #? J"� �
�( 4/(�B ��  &.E�� ( #�.��I ���

#��H< 4����1 �
�( �� n�T @���F< *��d s�F�D #��B 2���? #��Ov<

 @��3��f #�Ov< 2��? '�B *`P�� �� #���� 	�= .�D !%��$�� �.���T 
( 4A� 4�?�1 &�? %./(  �G� !%��$��COD ���8�1�< ����% ( �<"��?

2%(&( *`P�� &% ��U� %�.� �����  %.�? 4A��
&% ���� ��1�6< #�1
 ����� ( @�(��$�� 2O�v� ��8�1�< NO
 �? n3(oT %.�? �? .#@�.��=

 J(�/ �?�i�  #�.6�S4�/(�B *���T ( 2%(&( *`P�� 	���1  
#��H< ���7� %&.� *�d s�FD #��B ��? .	���f &���b #Y���� ����

 !�3�G�4�%.D g.� �� �$G�? '�B *��T &% %./.� #<�� ��8�)�< #1
 +�1 J����1 @�(�$�� �$��&�T �? ( !%.? 4A��4�� !%�% @��G� ����  %.�D

#? 4/(�B *��T �� %./( +�A%� J��U� ��LA N&��U$� 43%�.�3 ����
 �? ( !%.�? #�<��$�� ���8�)�< g.� �� �$G�?#4���U� �&.�; 	��� �� .

4��L�� 2O�v� %�.� ��8�1�< n3�1 ��� n3(oT ��� 4�;� N�3 #1
*� �� *� �����) !%.A� 2�3 *���T ( 4�i�� 2�3 �� 4�/(�B 2��3
#��H< #��B #��.6� *��M$�� �OA  	�� (*`P�� 2�3 *���T �� 2���f
#��H< 4� !�G� 4����1 ( !�D < ( 0
���� +��.= ���� ���.<�&�O�f��I

? �&#�� �� 48�� &.9�#L�$� ( n����� ��� .���6� NO
 2��f 
#��.f ����� #?��G� &.�<( !��f  2�E� ��UA�i� �?�i� ���w63 2��3

 ( "��? ���� @��� �������  4=.�H� 2�3&���� &% !%��$�� %&.� 43��f
4��� &���E$�� ( 	���� '�&� ��$8���� 4��A(&����3 @�����/ 	����?�b �� %(&

 ��D�? &�%&.B�? 2Ov� %�.� NO
 ( 43%�.3]t[!��D %�F��G�T �O�A .
 4���/(�B &% ( !�������OT *� :?������ #���? %(&( �� n����T 	�����

#��H< #��B ? *`P�� 2�3#4��6�< #��H< �
�( @�.�= !%��$��� %&.�
 %���f &��b]S][( @�(��$�� &��? n3��1 	���?�b 4?����&� ����?���? .

 *`P�� #? 	8�� 2�$G�? #�/.< ( 	�63� 4/(�B *��T �� ����
 +�D .%&�% '�Bu2��3�$��&�T #��3�� 	E�d ��.$� �����.� @����

  +1 @�(�$�� ����� BOD #��H< 4/(�B *��T &% �& ��% (#���B
4� @�G� *�d s�FD .�3% 

W8>Z�&.�<( @�3��f 4��6��/ 	F/ �.���T �� 4��6� 
#? &(��D �&.; 

1 Total Kjeldal Nitrogen 
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O?	;LR#��H< �� ¦/(�B *��T  '�B *`P�� ��.$� ��HMG� #�A(� *��T ( #��B n����� %&.� 

��	/�

������. ��#� <�=?� N�(.

5����� 

N�(.

<�:%6 �	> 

N�+� 

@�F 

tS �/t\ S/tt (Y.���� #/&%) *`P�� 2��% 

t< t< t< ¦���) J.��� @o��1� (�$�A &% '�f 

�/� �/� � pH 
Q]� ]/Q�t u/]\t ¦���) J.��� �����/ (�$�A &% '�f 

SS t/S\ �/tS� ��U� �����/¦���)(�$�A &% '�f 

�u� �]\ �\Q ¦$��� &% ��6��(�,��) ¦,��$,A� 	���3 (�$�

St S/St ]/S�� @o��)� ¦���) ¦���6�D.�? ¦3�.B (�$�A &% '�f 

R ]/tQ �/tt] @o��)� ¦���) ¦���6�D ¦3�.B (�$�A &% '�f 

R R �/ut ¦���) +) J���) @�(�$�� (�$�A &% '�f 

]u/\ �/\ R @�(�$��¦���) ¦)���.�� (�$�A &% '�f 

��/\ S R ¦���) 	��$�� (�$�A &% '�f 

�/Q� �/Q� R ���$��¦���)(�$�A &% '�f 

�/t �/t �/� ¦���) ����� (�$�A &% '�f 

Z�h�<&#
& 5����� @�7&� ? ������ �A
!������  n3(oT %���(& �? �?�i� 	�E�d 2���f @�(��$�� ���8�1�<

 &% (������) ����� ���8�1�< ( '.���.�� ( 	���$��  ���$�� +��D
? ( 	D�% &��b 	�.A(�#!������ 4��$�3 ( '(��� &.9 2���f 4�� .��D

#�.6� ? ��� 2��f#�&.�; %.�/.� 2�3���D 4��6< �� 	B�.��� &.9
 n����� �F�� e.�M� ( 	��f�D#��6/ �� 4���1 2��3�$��&�T ���� .

 @����BOD 4����$�A� 	����3 @������*� &% J.���� @o���1�  p 
pH@.� 	E�d  ���?���? ( ���?�1  ���� ���A.� ( ���&.a.�� 2�3

? .�D n�����##���H< �� 4�/(�B *���T 4?����&� &%  !(`�= #���B
�  *�d s�FDh#�A +) ��U� �����/ 2�3|(COD !����� ��� 2��f

 4��&�? 4���6<  �.���T ��� &% ���w63 .�D &% 43���G����� 2��3
 '�L�� ���� 2��%�Dn����� #��1 (���� �6$U� !��G����� &% �3

� 	���h#�.6� �� �T #�;��`? ( *� ��7�7�< #�� �?��i� 2��f
 ���D '���L�� %&����$���� W(& ���?]S�[ &.1O��� 2���3�$��&�T &����1 &% .

!����� 2��f #G�& J.9 2�3 !��f ��? (2���? ��D& @����� 4?����&�
?#!��D *O�/ 	E�d @���� ���U< ���w63 .�D '�L�� 4$�% �&.;

 
1 Electrical Conductivity (EC) 
2 Dissolved Oxygen (DO) 
3 Total Suspended Solids (TSS) 

 #�G�& ( ���? &% 4���(�$�� 2Ov� %�.� ��8�1�< �?��i� !���f 2��3
 %&����$�� W(& nM? ���.< ( @%�1 ^GB �� �T (��/ 2�3 !�D

	��f �&.; ]S\[.

W8>[�#��H< *��T 4��1 �����.� #��H< !�D #��B 
!&(% &% @��F< *�d s�FD#UA�i� 

Z�m�U��=�V� @�7&� W���� 
��? 4<.�����T ����UA�i� '���L�� �� n���T#&%  *� &% &(����D �&.��;

��%&(�� ����� �� +���1 Y��3 �� ��T n������ %&.� @�3��f  !��
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&(��� #�? �< ���D !%�% &��b *� 2(�
 N�
 &% ( �&�B @���f s�B
 #�G�& ���? &.H�� 2" ( +f ( #$��� �?�i< ���� ��� �? &��B ��3 �

#���./  #$�3 #� �� �T .%.D +�?�b ��D& @��3��f 4���6< #b��� 2��3
#��E
`� #��G�& ( !%.��6� 2� W�$���f �����/ 2���3����$��� ����?����? .

4�&�? 	GF8�%&� +��(� �� 4<.���T 2�3Su�t ��d�D%�%��� ��< ( �
!&(% 2��? 2�#��� n��T ( #$�3 �3  #�
�� ��� &% .	��� #��%� #3��

 +��1  *`��P�� @%(����� �~��� ( !���D .��G$�D ( #����M< �.�����T
 *`�P�� 4���1 ��HMG� ������� .�D #��P� �.���T #? *`P��

 J(���/ &% 2%(&(Sn������� q����$� (#���.6� ( ���3 �� +��;�
 2���3
 .	�� !��� q��$� nM? &% �.���T? 	�� �1j @���D# 2��.�� &.�9

 2���% &% ( @����f Y& ( #���� s��B ����� &% @�3��f �� 2%��U<
��<� ?#&% ��F�� ��D& @����� ��< ����D 2&���F�� �3��D #�.6� @�.�=

#�.f �? #���7� !������ +?�b 4?� ����D &% !%��$�� %&.� 2�3 ( 2���f
 .�D�? #���7���� @�3��f ��� #$�3  ��� ��� &% ? #8<�� -� 2�#&.9

#��H< *��T �� #?�G� ���D 2&��?� #��B +�D)Q(.

W8>h���UA�i� '�L�� ( *��T ��&�< �� n�T @�3��f 	�UP(
	GF8�%&�) 43��G����� (

[�]$� ? ^���& 
[�Y����* 	>� ��0�� 

? @�3��f#�? �& ���D&.B &.��  �$���.$� +�6= &% 4U�89 &.9##����(
 +��(��) 2(�
 #) %.B �8� '���� 	��� %�.�� ( *� ( !%.�6� *O�/

#G�& ���9 �� �& '�" 4��Od 4�� 	���&% �3 .����) ���� #�?  c��<�<
4� '����� &% ��D& 2��? �& ���� %&.� %�.� ����.< ��32������ #�9.?��

 &(��� #�? ����Bj ���� �� !%��$�� .����6� !��Bj #b�� �� ( ��?  #G�&
#G�& J.9 n����� c/.� ��? ( �3 '���� ��� ( !�D �3 0)���$� �& ��<

4� �<&.ib (n��? ��D&  ��U� !&(% -� �� �T 	�� �P�( .%���
��? �
 �� N�H� #) �3 ��$��3 4��O�d ����Bj ���� 4�;� @�f���) 

4� K=�? n������ 2����� ( %�.�� *O/ @���� #? N�H� 	8�� %.D
 ����?���? .%&(� 03���� �& ����� %&.�� &���7� ���.$� !��f ���% ( #$���

nM? � 4��34� 2%&� #? (& !��f �!&(% ���� &% @�3��f Y�3 .�����f
4� ���6� ��
 �& !��f �D& 	=�� ���.<]S� (S�[.

@�,��  n3(oT ��� 4�;� N��3� �� ���� &% &.�<( !��f �D& 4L��
 *`�P�� �� #�Ov< �? 4?� %.�?  #�UA�i� !&(% &% ( �$���& ���63 &% .

 @%��) Y�3 �� �T !��f #G�& ( ��? g��<&� ���UA�i� 2���$?� �� (
!����� %&.� g���<&� ���.$� &���7� ���� .�D 	8I ( #$��f &��b 2��f

 2����? ����? ���<�����?q���T �.�����T &% �7$���� &.���<( !����f	���� .
@�63 +,D &% #) &.9]!%�% @�G� 	��� !�D �����D &% !���f ����  

&�%&.�B�? 4�"��? ��D& �� 4?� ���� &% &��7$�� 	��� 4�� (����.<
?#9�< !�(& �; !&(% 49 &% ��.$� &.Su\ 4$���� �Z)���
 �� ��$�

? .�D�? &�%&.B�? ��? g��<&�#? !��f !&(% ��� &%  ���% �&�8=#&.9
 �(& �3 &% ��.$�S/S4$��� #�) 	��� 4A�
 &% ��� .%&�% �D& �$�

 %���U<  #�G�& J.9 +��D) #G�& 0)��<  ��? J.9 n����� �? !(`=
��? ( (�F�� �ib (3#�$��� n������ ���� (��F�� ��ib ( %��U< +��D) �

+,D) 	���.(
��b% 4�&�? �? +,D &�%.6� �<]4� #$��f #L�$� ���C #�) %.�D

 4�� @��G� �& 4<��8I ��? ��(& *��T �� #�Ov< &% &�%.�6� c��D .��3%
 &% *���T ��? 2&��?� ����D�]%(��
 &% ( 	�?�I ���8��7< J(� �(&

u�/S4$��� �(& &% �$�%.? n3�) !&(% ��� �� �T (	���� 	��= .
4� !���T ��� �?��i� #�) ��D�? g.�P.� ���� �� 4�D�� �"�6$
� ���.<

 #�G�& ����9 �� ���$?� 4��Od %�.�  @�3��f �D& N&�U$� ��(& &% ��3
nM? ��? ����� #9.?�� 2�3 #G�& �� �3 2���? �~� ( !�D !��Bj �3

4� &��b !%��$�� %&.� �D& 4��L�� �� .����f )�� 4�/(�B *`P�� #
#��H< 4�� !���f ( !%.�? 4���U� ( 4�A� ���8�)�< 2�&�% #��B �� ����.<

 !��F? (����$�� ( 	���$��  '.��.�� �����) ��8�)�< 4��6<  %.�D ����
 !���Bj ���(& %.�? ��3�.B &%�b �"�6$
� �? �& N��H� ( 2����#&.�9

!�D 2&��?� @�3��f #G�& J.9 �Z)��
  ���w63 .���6� ��
 #$�.�T 
��? #��UA�i� !&(% 2���F$�� &% *����T ���?#���?��? ����.$� &.��9�/Q�

4$��� �$�%.? 4�� @� 0)���< ( #�G�& c����� ��D& ��63 . &% ����.<
��? �D& ��(& �? .�D�? &�Of�I� �3#'��L�� ���7�7�< &% #?��G� &.�9

 @�����  #3�� #� !&(% -� &% #) �D !�3�G� &.T���� &.G) &% !�D
(�
 �� &.�<( !��f g��<&� %t]4$���� #�? ��$�t#�$��� n������ ��$�

 4�� !���f �$G�? �D& 	�= #) 	�� #��Ov< �����D ����.< #�? �&.�;
 .��D�? #�7i�� 4��.$��� ( J��$U� 2�.3 ( *� ( 4?� :8�� �� #$�.�T

 ��D& @�����  ����?� #P.
 ( ����D ��63 &% 	�� �)j @���D ����<
��A.��$�.��� %(�
 �� ���u\4$��� �< �$�t�$�!�<.) !&(% &% (% �<

 !%.? #3�� 	��]SQ[.
��? �D& @���� #���7� q��$� ���w63 !&(% ���� &% &.��<( !��f 2�3

 4�� @��G� s��B ���� &% !�D #$D�1 �3�D #�.6� �? @����� #�) ��3%
 �����D &% !%�1 �D& #�.6� �? 2�&�? �(��< �3�D #�.6� &% !��f �D&
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+,��D) %&�% *� &% &(����D�2���F$�� &% .(����?  #��UA�i� !&(% 2���3
 g���<&� #�? �Z1���
 �3�D #�.6�S]\ ��<S�\ 4$���� #�1 ����& ��$�

 %(�
&%S�4�?� ����� &% *��T �? 2&��?� ����D �� �$G�? �;&%
%.? #�? �"�6$
� �(��< @���� ��� . ( !���f ��D& �$�G�? 4�����.< +��A%

 4i��� c���� ����D ( 2Ov� %�.� *O/	��.

W8>a���? �D& ��.$� ��(& �3*��T �� #�Ov< !&(% &% 

W8>����? �D& @���� �� 4��6� #G�& ( ("�?) �3 �T) �3��(�&%
!�� �.���T ���� &% (%�%��) ��UA�i� '�L�� 4����T 2�3 

W8>����? �D& @���� �� ¦��6� !&(% J.9 &% �3�D #�.6� &% �3
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