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��
����� � ��

:����� 	&���� �$h�/��"&� U!0��@8� &�-��� 
��� ���,1Y���� 
)!8?#$�% ����K 
�, g&��, ,�.

$�-� g&��, $-�?�� $��% :�I) &�!�4 ���4 )�07*�g	& ���� 

��I��� �,.����+6	��IB /�? �M 0L:�l? � ��,���  0�8#0�-�� 

`!��8M  -�������&���(�	CaCl2_H2O(0/02), FeCl3(0/05), 
MgSO4_7H2O(0/2), K2HPO4(1), NH4NO3(1) ,

)dKH2PO4(&� pH -����-� p�!��� 	d� 0��8#0�-��� :��I) -�������
90
�,-�8 ):I) f�4 
*�B ��'�
�5l :I) ��;IG�(70) /�� ��!�
� ��;
B 

�u
  +�-? /�M 0L:l? /9�.� �,]h�.[ 

H#`#���� �(�
� $4* 9 ' �����/� �()
 �(�
� k�v ��
+���� &�O%	z��' �C ���? $&��� � �-��> *� 	 ���, 
��I����� #9����EB


��� $��% /�� :��� 
�� � /�� 80��	/�!� *� �@��[  $��%/+05)��0  

/)!�) $�% �[��@  T-Test 	70���)� Y)���&�	 ��� f-�) $&�� � &�7�9� 
SPSS /�7KB �08MB 	.�)�, &�7�9� f-�) *� 7�0) ��%&��!�) ��& $�-�
�@]�d.�, 
��I��� 

1 Excel 

I#B6� ' C4��� 
I#"#$��)2 $�<'� 34�
�� C4��� �:( ' ��� 

�<��,X/��)�!" ���G&� 	 �	-����'	-(� 1f!(&!��� 1!��" ����%�0( #��)*
 
&	� `!> &� �& �?!�@9Xc���l) �%��, 	 
�!��� &���0B 	� &� *	&

#  .�%��08MB $�% $&� � /@��[  +05)�0  /)!�) $�% 1�[�@  ��l)
 v3� &� $&� � DC�4� �!"	 f�� 
�
%�e�G&� /�)�!" $�-� #�)*

 �!��"	 	 �%���, 2���4 /��� :u��@) 
�!���� 2���4 &� f!(&!��� 
�0(&_��
 /�)�!" $�-�� $&� � DC�4� 	 �	-���'	-(� 1!�" ���%�0( &_�� #�)*

 .:��� �%��, 2��4 /�� :u@) 
�!�� 2�4 &� �?!�@9 ��7�0  O%��?
/)�!" 1f!(&!� ��%�0( $�-� �%�, 2�4 /� :u@) 
�!�� 2�4 &� #)*

/� �?!�@9 	 �	-��'	-(� 1!" q�0B-Bdk1h�1�k1�m�!�� ��G&�.
/� !" 	 f!(&!� 
�0( /�)�!" ��G&� +�-��l0� $�&�� q�0B-B &� #�)*

�!� 
�!�� 2�4 `	�")j&_� .( �	-��'	-(� 	 �?!�@9 :u@) /� &_�
��%�0( f!(&!�/� !" 	qu�� +��,�� 
*���)� w�V!? v3�� 	 -�B 

U��B �� -�l0� 2�4 	
�
��� $�% ��7�0  &� $-�l0� O%�? 1#�I) 

/)�!" )*�4 &� #��� 2��l) 
�!���� ��.�	�� #�
*��)� �� f!(&!� &_ 

(�'() K�
� (�'() K�
� 

(�'() K�
� (�'() K�
� 

FG:"#/)�!" �G&� /@��[  
�!�� &��0B 	� &� #)*(P) �%�, 	)(C ��%�0( &�/F��3  �&!  6�  &�dk*	& 

f!(&!�

(�
V
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$��
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 8'�2�#+05)�0  /@��[  6�  &� 
�!�� 	 �%�, $�%&��0B &� /F��3  �&!  ��%�0( &_� #)* /)�!" �G&� $�%Xc*	& 
;)D()/)2K'�4�f'�D��,)��



�!�� 2�4apjbkjcmcj
�%�, 2�4aj/�mao�bjhbh�

#
F  DC�4� ���9 2-�l  D-J w� ����J �� -3� -% ����� v3� &� $&� � &��e.:�� +<)�� �! *� �G&� 

§&7� 
��
��� /�� :u�@) :� 	�[  	 -B +�-��l0� $�&�� #��I) $��%
/)�!" �G&� /� .�!� 
�!�� 2�4 &� #)* # -P) O%	z�' +��� &� ��&

�!"	 
�
��� $�% #�I) &� 2�4/)�!" O%�? Q��� 1!" ��%�0( #)*
 &� �	-��'	-(� 	 �?!�@96�  :�� 
�, O�� *� 
&	�1#��J &� /?

/)�!" �	-, B *	& w� �� L[9 #)*��	-���'	-(� 1!" ��%�0( &� -04
0( /� :u@) �?!�@9 	�� 
��:�� 
�, f�K)� f!(&! �<�,)d�a)� .(�/

qu� O%�? �G&� /)�!" ��!�  /�� 
�!��� 2��4 &� 
��0( �,& 	 #)*
 #�I)# �!,1w� ��K�� /�� D�->� #
H	& &_� :�08��� -� /? :��

 B 
���0( L���!B #��_��H -��G�
� 	 �� �_��"�:���� &�_��(-0R ]h�[.
/���� $�����F�  6����F��3  O��7���9� +0���� �0[����@  �����uB&� �!���"	

+�-?	&���0% /��)�!" 	 2���4 #���I) $���% .���)&�� 
&���,� T0F��. #��)* 
/� ��!
� 6!8? 	 C��  `��  `�� &�h��h /)�!" 
�0( #)* #�� f!���

#B�� f		d/�� 
�!��� 2�4 &� �& +�-?	&��0% ��
V w�0B� 	&� $��%
/[8J $�h/)�!" v3� .�)�-? #�&-� 
�0( #)* #��� f!���jO��7�9� ���

 :P8HPAH 2�4 &� O%�? 
�!�� $�% :P8H &� .:9�� $�% ppm 

d��� 	ppmm� #)* /)�!" �G&� /�� q�0B-B *� -���]do��G&� 	
*� -�l0�pm�G&� /)�!" +��-��
� .�!� 
�0( #)* #�� #B��� f!��� f		 

/� �%�, ��!
� $$�-� ��7�0  O%�?PAH ��, #�9-F  2��4]j�.[ 

��� ��l) 70) 6�F��3  *� #4-� #��I) 6��u0?-B �!�"	 /V -(� /? �)�

/)�!" -� /�@)�!�) 2�4 &� &�_�(-R� ��%�0( *� #4-� #)* ��,��1#��	
�� �-<8�� 	 �,& O%�? q"!  ��&��<�% 	 :0���� .:��� 
�, �% 

`�� &�^~~r /)�!" #�&-� &� �,& 	 #)*:I% f!�5� 	 #I8� /)!(
 T�8�A  �!3�� �� 
�!�� 2�4 &�PAH $��%&��0B /�? ��)�-? ���0�

 
1 Lepidium Sativum 
2 Polycyclic Aromatic Hydrocarbons  (PAH) 
3 Lepidium 

/)�!" -� /F��3  �&!  B ��%�0( #)*�$-0R:,��) O%��? q"!  #�	
�, /F��3  �&!  ��%�0( �,& ]jd[.

I#H#���D 34�
�� C4��� �4?�f 
I#H#"#��GN>P ���
 7h@ ���D 

����) �G�J Y)��&�	 /�7KB *� �-<8�� 
��  wl4 f��)� #��!�% 	
/l�& ��%�0( !" 	 f!(&!� &� &� �%�, 	 
�!�� $�%&��0B `	�" k


�, 
��� ��l).:�� ����) -5)����) �� /�? :�� �!�) 
��0( 	�!�) 

&��0B �-<8�� -� 
��  &�_�(-R� w�l4 
�!�� .:��� #��&-� �����) 

�G�J /@��[  *� +05)�0  �*	 $��% w�l4 f���)� #��!�% 	/�l�&
!���" 	 f!(&!���� &�$�����!( 
�!����� 2����4 ���!���� /���? �!���"	 

+�-?	&�0% $�% #�I) &� q"!  2�4 O%�? �,& 	�-�<8�� 
���  

wl4 f��)� #��!% /l�& 	&�/@��[  ��� .:��� 
��, �%��, &���0B
O%�? �	�Jj�	hh$��G&� &� �-�<8�� 
���  w�l4 	 /�l�&
O%�? �	�Jkh	md
��  �-<8�� &� $�G&� wl4 f��)� #��!% 

/� q0B-B :u�@) 
�!�� &��0B &� f!(&!� 	 !" $�-� �%��, &���0B /��
+�-�l0� .�, 
��� 	 #��!% f��)� wl4 �*	 &��[ &� /l�& &���0B 

f!(&!� 
�0( $�-� �%�, 		 #��!% f��)� wl4 �*	 &��[  +�-��?
/l�& `	�") �!� !" 
�0( $�-� 
�!�� &��0B &�k.(

��&�<�% 	 ��0V `�� &�h��� O%��? /� �!4 /F��3  &� 70)m/mj
	p/h��-<8�� $�G&� 
���  
��0( /�l�& 	 #��!�% f���)� w�l4 

�0��
��)	&� �]!�@9k*� ��F� +�-�0' 	 �-�)��
9 /� 
�!�� 2�4 &�om
�,& *� *	&�]!�@9 ��)�-? 
&��,� ��
8�]jh[/�� -�P) #�  ���& /�? 

:0 !�@  ��K�� 
�, /� qu� �!"	 
�
��� $�% &� #�I) 2�4 	

4 Festuca Arundinacea 

8'�2!#(���8(-� f-() !" 	 f!(&!� 
�0( #��!% f��)� 	 /l�& wl4 
��  �-<8�� Y)��&�	 /�7KB ����) 

�!�� 	 �%�, $�%&��0B &�

���D;)D()/)2)2;)D()/
�%�, 2�4
�!�� 2�4

/l�& wl4 �*	k�/� ak/� ah�/� bj�/� b

#��!% f��)� wl4 �*	d/k a�/h br/X Ch C

v3� &� $&� � &�� #
F  DC�4� ���9 2-�l  D-J w� ����J �� -3� -% �����e+<)�� �! *� �G&�:��.
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+0
a�% :��	�M  ��K�� &� �,& 	/l�& /F�!B 	O%�? :�08��� 

�_" �� 	-G�
� 1#��_H #8�G� � �!� O%��? ��,& 	�-�<8�� 

2�4 &� #%�0( wl4 
�� 
�!�� 
�!� :�� ]jj[.

I#H#H#g��,'(��� F, K�*�
 |�@ ���� ��� 
/)!( &!�J &� /? ��� ��l) $&� � ����) !�" 	 f!(&!�� #%�0( $�%

+�-?	&�0% O%�? ��70  
��0( �	��� $��%&��0B /�� :u@) #�I) $�%
b~ .:�� -�l0� �G&�/��!"	 �0�� DC�4� #
F  &�� $&�� � +0�� 
-R� &!�J #%�0( O,!' !" 	 f!(&!� 	&��0B �	�� #  1
�0( ��!B 

O%��? :�P8H +�-?	&��0% #��I) $��%�&�!��-  /�� O�[) -Ry�  

!" 	 f!(&!� -� O���' 
�
��� $��% #��I) �!�"!  :�@)��./��u��
�!��) (��0
�7��0) �&��$-��R� ��
F #&��$-��� O%���? :��P8H ���?

+�-?	&�0% #�I) $�% ��4�!� /�8<,#/?DC�4� #
F  $&�� +0� 

&� f!(&!� 	 !" O%��? +�-?	&��0% :�P8H $��% #��I) &� &���0B

�!�� 
���� /��7KB .��, 	q��-AB 
��
��� &� #��I) $��% &!��J 

f!(&!� :u@) /� !" 	 f!(&!�� .�!� -�l0� !�" /�� q�0B-B qu�� 

O%�? �	�J ok 	mh$�G&� �? :P8H +�-?	&��0% #��I) $��%
:u@) /� :P8H /0�	� +�� 6��u0?-B &� �	-�, 
&	� O��� *� .��, 

O,!' &!�J #%�0( *� O��7�9� =�-> :�08��� #��-��� #��@�* 

+�-?	&�0% 1�% 1/l�& 6�M,-B w�-MB �,& 	:0��F9 $-�?�� $�% 

/�7KB +�-?	&�0% 
�

? $�% #�I) 	�!�u;� #�<�709 ¡�!�4 12��4 

#  qu� �)�!B O��79� q�-AB +�� 
�
��� $�% &� #�� 2�4 �!�,.
+0�% &� ����& &� T�8�A  ���%�0( O�[) 
&���&� $&�0@� 6�F��3 

 .:��� 
��, f��K)� :�I) /�� 
�!��� 2�4 O���' 	 #���'!] $�����
��&���% `�� &�^~Xb $& 
�0( *� #����� U�-( /�� (�0�!��)&!�P
 

 ������) .��)�!�) 
��I����� #��I) 6��u0]-B ���G&� `�	* ��)	& #��&-�
O�� *� 
�0( $�% �!�� 
��0( *� 
��I��� �� #���' �0reO%��] ��G&�

 6���  #��> �& #���I) 6���u0]-BXx��� ����l) /���I%]jk.[ 	 :��@0�
 &�)�@<�� `�� &�h��� :08���/)�-�0' O%�? $�-� �& #%�0( /)!(

 6�  &� .�)�-? #�&-� 
�!�� 2�4 &� :�l% D_�J +05)��0  /��I%
�-0' 
�0( �� 2�4 *�xc*� -���? 
��0( �	��� 2��4 &� 	 ��G&�c~

�!��� ���G&�]jm.[ ��&���<�% 	 �!��@
0aB�% `���� &�^~~X O%���] 
�	�J r{ 	r^$�G&� :P8H +�-?	&�0% &� #�I) $�% ���4 �& 

/� q0B-B &� &!�J ¢-�  /�K
' $�	g&�7�( !0��@9 ��)�!�)]jo[.
��&��<�% 	 �
' `��� &�h��� #��&��? L��!�  /�? ��)��� ���l)

 D_��JTPH ���//80���	`� ���'��" Y080��-��0 d#��> &�dhp *� *	&
 :l? 
&	�kd�Boj�G&� �!�1#��J &� #�F0u> D_�J ��7�0  /�?

 L[9d��Bjp.�!� �G&�+�� #�  -�P) /�� +0
V /�? ���& q��-AB
 
1 Mirabilis Jalapa L 

:��� -I��	7�& /�[3
  &� #��-<0  :�0��F9 *� #�,�) 2�4 #(�!�� 
]jp[.��&�<�% 	 #���? `�� &�h��o 
�	��M  &� /�? �)��� ��l)

$�& 
�0( $-I�	7�& :I) ��70  U�-(mm/l�& *� -��? �G&� $�%
:�� 2�4 ���% &� ��*��$-�?��� ����FB -I�	7�& &� +0
a�% $��%

/��l�& ���,& ���� 	 �!��� $-I���	7�& -��0H 2���4 *� -���l0� $*�!��% ���%
:,�� :u�  #5�@u�% ]j�[.��&��<�% 	 !B! ��(� `��� &�h�d� 

��� �&!�  +�-?	&��0% &���[  /�? ��)�-? ���0� �!�4 /F��3  &� 
��I�
$-�?�� 
�0( -I�	7�& &� �%	-B�"9U�]&!] �h��@0)�<  	 :��� ���

 -I�	7�& =�-> *� q�-AB :��]j�[.+��� &� O%	z�' ��7�0  7�0)
 ���8( ��[) -��� /� :u@) $-I�	7�& /0J�) &� $-�l0� :I) O%�?

.:,�� �!"	 

I#I#R��9 K�*�
 �/(�� C4��� ���G�
 
�����) ��G�J *� /�@��[  +05)��0  ��7�0  $��% +�-�? $��0�!B 

/� 6&!GCO2#,�) *� &� #�-<0  YI
B 2�4 $�% �%�, 	 
�!��&�
!" 	 f!(&!� ��%�0( &!�J &� /@��[  �� &���0B �	��� 
��0( ���l)

 &� /? ���2�4 �%��, 1#�
F  6	��IB +0�� #��-<0  YI
�B &� $&�� 
/�)!( &!�J �� $�%&��0B $��%&��0B 	 !�" 	 f!(&!�� #%��0( $��%

 
�!��� 2��4 &� #��	 �&���) �!"	 
�0( �	�� #�
F  6	��IB +��� &��
 .:�� &� 2�4YI
B �%�, #�-<0  &� :u@) !" 	 f!(&!� &!�J

/� &��0B L[9 
�0( �	��dd�G&� -�l0� #���J &� �!� 2��4 &� /�?
YI
B 
�!�� #�-<0  &� (&!� &!�J/� :u@) !" 	 f! &��0B �	���

/� 
�0( q0B-Bpd	mk&� +0�
a�% .�!�� -�l0� �G&� 2��4 �%��, 
#�
F  6	��IB 
��0( $	��J $��%&��0B +0�� #��-<0  YI
�B &� $&�� 

:,��) �!"	 !" 
�0( $	�J $�%&��0B �� f!(&!��#B&!G &� &� /?

�!�� 2�4 #�
F  6	��IB +�� 	 �!�� &�� &!��J &� #��-<0  YI
�B

 f!(&!�d��<,) �!� !" *� -�l0� �G&�h:u@) 
�!�� 2�4 &� .( 
/� :�9�� O��7�9� #��-<0  YI
�B ��70  �%�, 2�4�#(�!��� �-��* 

2���4 #���-<0  /��F �" w���-MB Q�����#��  �!��, #��4-� :��0��F9 	
#�  O��7�9� �& #4-� 	 O%�? �& ��&��)�"7�& ��%� ]k�[.O��7�9�

�����J� ��&��)�"7�& /�!�� O[) �0�� /�� #(� $�-�� �-��@�!� ��!�
�
 # !�� ��&���)�"7�& ���* :0��F9 	 #�-<0  /F �" :��� 6��F��3  .


��� ��l) $&�0@� /? �)�+�-?	&�0% q�-AB ��70  2��4 #��I) $�%
 $-�?���� �����FB 	 #���-<0  YI
��B ���� �&�� ����uB&� �-��A  $���% 

]kd 1kh	kj[.&��� ��%�0(�	 #��_H -G�
� $*���%& =�-> *� �) 
q�"!  /�l�& /�0J�) /�� �z0�@?� `��[�)� 	 2��4 &� �!4 6�M,-B

 q���-AB #���-<0  :��0F�" :��0��F9 O��7��9� 	 w���-MB 
���

? 

2 Jatropha Curcas 
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FG:�##80  ��70  +05)�0  /@��[  -9 &� 
�, �0�!B +�-? f-(�2�4 &� #�-<0  YI
B �
� 
�!�� $�%)P(�%�, 	)C(-I�	7�& &� !" 
�0( 	f!(&!� 


�
��� 	 !�" 
��0( .�)!, #�I) $�% -�% f!(&!�� ���@0� $�&�� 	� 
/l�& 
�-�@( $��
�@%/l�& ��@0� �� ��%�0( 1/�� 
�-��@( $� ��0��


z�	 v3� /�� 	 
��, /l�& /0J�) #�-<0  :0��F9 O��79� Q��� ��,
Q��� =�-> +�� 2��4 &� #��I) 6��u0?-B /��7KB :�-�� O��7�9�
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