
 ���� ����	�
 ��� �����  

 ������ , ����	� 
��� )�����( 

 *����� ����	�
: �
��� ���� ����:������������  E-mail: hasha_agri@yahoo.com 

 

 بادنجان هشهري بر تجمع پيرن و آنتراسن در ميو زبالهاثر كمپوست 
  

  4پروين رمضاني خرازي و 3، جمالعلي الفتي چيراني2، غلامعلي پيوست*1هادي شعباني

� �� ��� ����	
� ��� ���
 �������� ����	
� � ����
 � �������� ������ ����	
�� ���� ��!�	
� 

"� ����	
� �#�� ���� ��$ �% &�'()���� ��!�	
� * 

)��,)�� -)./� :�"/�1/223 ��,)�4, -)5 :��/"/26(  

  

  دهيچك

  

 ������ �� 	�
������� 	������ ��� � �������� ����� � ���
�!� �" �� 	����

#� 	"�$%�� #�& "�� ����� � '(�)�* 
 +�,"�� .��
��(*'�-/0��1 2(3��
�& ��* ��

�� ������ 40��� #����� �#� 4(5!3 �& �" ���� ��* �(��, ����" � ""�6

����� 7�8 
 #���#� #�������� . 9�� �" � 7����& '�� �� :�*;<=>  ���� �"

�5!?�" #3�-(-@3	 !?�" ���
�!�A �� ���� ���� ������ �(B�3 #���� �� C�D?� ��(6 	�

 
" EF8 ���(�*(��
3��
�& '���(-/0 ��1 2G�H�� ��  	��)'���%?& 
 ��(J ( 	�(6 L��3

"�� ��D?"�� . ���� ���� ������ MN� ���1 7����& '�� �")OPQ;PPQ;OPQRPP  �" '3

��%5* (+�/� ��� S��T �" �*�� 	���* ���"�6 9���� ���53 � �� #�"�U3 4��� ��* .

 S(3�3 � '���%?& 
 ��(J ���(� � �?"�" ��!? V��%?W;W/;  
ROO/P #/(� 2� �" C�6

 ������ C�6�/(����� #� ���� � 8�3 �� #�
 ������"��?	�(� 	��U� �� 4��0 ��* �*

 7����� �� #%0RPP  �" S(��3 
" '�� ��%5* �" ���� ���� ������ '3*( �� 2� Y

	�(�  ������ �� 	�� ���(3 ��*���� 	�(� '�� '������� 
 ��"�A? 	�*�!� ���� �**( �N, Y

#%(�� �?���? 	���* � S(��3 
" '�� "��� �" ��.  

  

�Q ������  :كليدي يهاواژه�D?"������  Q������
��(*'�-/0��1 2(3��
�& ��* �� .  

  

  مقدمه

��
�� �� !��� "# $%&� �'() �(��*	(+, �(�� $�� 

-./��0 )( !1�2 �(�� 3*� *
��
( $��4(�5� "6 ���6 

*� �./�� �.
� 4� $��	) ��%789 8�%# -;�<=# "# 

$4(�%&� )( $��	) �(��� >;����� ?@(3 ��@ �4�� �� 

 -;()Montemurro et al., 2006 .(�	( 8�%# -;�<=# 

*/9 �'() �(�� 8�
(�%7)�6 $(%6 *�34 8(��D "6 �	() �(�� 

*� $)43�E# "6�	F� G�H�
 "# ���6" ��
� "6 (4 *=# 

 �4(�)Wolkowski, 2003 .(-;�<=# -.�.# "/�6) 

 $%&�)IJ����$ 0.F	K*� L.=.�*	 ;4 3.7�* 3 

��	4(�$ -;�<=# (�M
 !��� *��HN� !�(�D "6� 

-�
 3 *	(+, ?6��� L8�� -;�<=#����H;( $��  ���  

-;�<=# O34 L89 4�P��6 Q�� ��R 3 $)�; 

)S%T� ����9 -;�<=# (�4(� .U;�� �.�V=�  8���.7 

-;�<=# "6 W�HN� $��"/�6) N� $%&�%X
 )( F.
 W�H 

34 ��4	E*IJ�� 3 �%K�=D L��$ #.�* -;( Q3��H� 

)Hargreaves et al., 2008 .( -;�<=# -	F� �./3("/�6) 

���� YZ2 3 [�6 */9 �(�� 8(F.� �H�(� $%&�$(� Y# 

 -;( 89)Soumare et al., 2003 .("# ��� O4(F7 

 -;�<=#"/�6) 3 */9 �(�� $(�HM� \	(F0( ]D�6 $%&� 

(F0( 8(F.� \	C/N *� ^�J "6 -�
 ^�J��%7 

)Montemurro et al., 2006 .( -;�<=#"/�6) "6 $%&� 

"_
 -.0%` $(4(� [�6 */9 �(�� �H�(� %R�Ja9 $4(� 

                                                                                   
1. Biomass 



��             ���� ��	
�	� ��� ����� ������ ��	�� �� ����� 

*� *	[�6  ���6)Soumare et al., 2003 .(Hargreaves 

et al. (2008)  -;�<=# S%T� "# �
��=
 O4(F7"/�6) 

�(�� \	(F0( b	%R )( $%&� ]D�6 ^�J 4� F	%_69 */9 

W�D ��
�� *	�.=.� �(�� ��T�(\#\	(F0( 3 89 "6 �� 

-./��0 "6 -�
 Q�.#%� �	( $4(�	��*63%K.� $�� 

*�(%6 "#��%7$ W�D �6 �)4����$ �� )%�.� �*���6.  

 -;�<=#"/�6) 4(� $%&�(*;�;( !KE� "; $ 

 !���%#34�.��6���349 $��."5�2 ��c dQ(F�0 L$( 

8e���� 3 �._�; $4�=.6 $��*� *
��
( $()���6 

)Peyvast & Olfati, 2008 .(  

%#34�.��6"5�2 ��c d.���349 $�� $()PAH�( 

"H;�($ 8�R%; Q�.#%� )(f(%H2( )( "# ��H�� () 

-J�; I@�
*� �E�� *�.�0 $�� �
%.7(IARCg 

Working Group, 1983) .)(  "# *	�Z
9PAH 4� 

�HN� $��%H�6-�	) W(�� 3 ^�J La9 !��� *h.M� 

�	( �6 8��
( $%.74(%@ i%�� 4� �	(%6��6 �4(� ��j3 

b	%R )( Q�.#%� �	( 3 ���6 a��Hj( !6�@ %., LQ�.#%� 

Y	e4$F; 3 Qk, ��
�� *	(+, $��8��
( 8�6 �4(3 �� 

*� �
�%7)Phillips, 1999 .( 4(�5� G[�=��PAH ��j�� 

��# 8�K� "6 8���.7 4�^�J *7��/9 3 -89 $�� 

_H�6 "5h��*  �4(�)Larsson & Sahlberg, 1981.( 

 a+j �4�� 4� *#�
( Q�DkR( 8��#��PAH  >;��

�M
 3 ^�J )( 8���.7� ��5H
( ��j3 ��.7 !J(� 4� 8��

 �4(�)Kipopoulou et al., 1999 .( "H�+7 "�� ��R 4�

@kD" �M
 �4�� 4� $��	)�  ?=Z� 3 a+jPAH  >;��

�.7 -�(� ��j3 8��)Howsam et al., 2001 .( 8(��D

*7��/9 "# ���*6%c */9 $�� ��
�� -;3�PAH "6 ��

\N6 "6 Q��*� ^�J */9 $�� *� 4�XH
( 3 ���c �34

 )( ��.7 >;�� ��5H
( 89 l@��H� 3 a+j "6 -�
 "#

���� 8�E
 -�3�5� ��J . �	( ?=Z� $(%6 *�1( %.��

(�� b	%R )( *��.#%� �.�c  -;( m%6 nh; "6

)Kipopoulou et al., 1999 .( *	����oH;( $%; d	 "H/(

�4(� ��j3 Q�.#%� �	( �4�� 4� Y� .Hulster et al. 

(1994) *
�H�6�� 3�# "# �
�%# 8(��D (Cucurbita 

pepo L. convar. Giromontiina cv. Diamant F1)  3

                                                                                   
1. Polycyclic Aromatic Hydrocarbon 
2. International Agency for Research on Cancer 

 !�� 3�#(Cucurbita pepo L. cv. Gelber Zentner) 

^�J 4� "#$%HE.6 4(�5� �
��6 ��� -E# ���/9 $�� 

 ��
�� Q�.#%� �	( )(PCDD/Fs� ��5H
( 3 �%.Jp (4 

�
�(� .�.7 Q�.#%� q�
 "# �(� 8�E
 Q��/�h� �.�V=�� 

*7��/9 a+j $34%.r�� ^�J )( -;3� *6%c $�� 

*� �.7 $���.<./ "# �	�%7 Q�r( 3 �4(+7� )( *K	 

E� q��� 4� Y&� !�(�DQ�.#%� �	( a+j 4� ��� ���� 

*� 8���.7 >;�� %�#�H<� 3 �	4�/�	� L�	4�/9 ��
�����6 

)Fismes et al., 2002 .( $(%6 "c%7(PAH��(�� �� 

3 ��5H
( La+j $��4�H04 *6�	)4( $(%6 *=# Y.5H�� 

�4(� ��j3 ?=Z� .a+j L*;4%6 �	��c L�	( %6 �3kD 

�4��7%6 ?=Z� 3 $(PAH  %��=�( )( (4"� b	%R )( 

 4�N6 )�0 -�E
PAH 8�E
 m%6 *��� \��� $34 

��(� �
()Hulster et al., 1994 .(a+j ��(PAH  ^�J )( 

*� *;4%6 -M� )��� ��.7 !J(� 4� 89 ��5H
( 3���6. 

 a+j �	(%6��6%#34�.��6"5�2��c d.���349 $��$( 

-;( %.sH� F.
 8���.7 >;�� .�.�V=�   

Graf & Winter (1968) ��.5D �	( %6"# �
(  

tLu �  %	�; 3 8%.�3F�6%#34�.��6 8���.7 >;�� ��

"HJ�; *���� . "# -;( �	( -;( Y��� "V
9

%#34�.��6$�� "5�2��c$( 	FZ� b	%R )("  */9 �(��

Y�.
�743(3%K.� >;�� ��
�� */9 �(�� 8�
()�; )( 3 ��

 3 $��@ Q�.#%� L"H;�E
 L�.�_./ LF/��; L�.HK�

	4��H;( -;�<=# 4� "# �"/�6)  ��j�� ^�J 3 $%&�

*�E�� ���6v *��
%.7 .Y�.
�74(3%K.� �.�V=� $��

 "	FZ� (4 Q�.#%� �	( "# �
4(� ��j3 F.
 $%_	�

*� *� 89 )( "# ��	�=
  "6 8(��Burkholderia  �4��(

*� %H#�6���%� )( ��j d	 "# ��=
 "6 %HE.6 "# ���6

$4�=.6 -.1�J %R�J � 89 *	()��� "HJ��(Payvast & 

Olfati, 2009) .Kipopoulou et al. (1999)  *5.5M� 4�

$F; 4� "# �
�(� 8�E
 bR��� 4� ��� -E# $��

"5�2 ��c d.���349 Q�.#%� L*H��1 */�K�� 8)3 �6 $(

$F; "E	4 3 m%6 4� Y#� l/�, ��*���6 .��(�D )(* 

*��� %r( "# #%� -X�, $34 $4(�.6 4� 4�#+� Q�-0� -

$�� $F; *�J(��.7 "
�7 L�4(� ^�J 3 ���  !T0 3

��4 *����6 .Fismes et al. (2002)  L���# -��# �6

                                                                                   
3.Polychlorinated dibenzo-p-dioxins and dibenzofurans 



   ��	
!����	"�# �: � ��$% &��' �� (�)� �*	�+ ,-�.�/ �0� ...  �2 

"j�7 ^�J 4� w	�� 3 *_
%0Q�.#%� "6 ���/9 "# *	�� 

"5�2 ��c d.���3494� �(�� �	( "# �
�(� 8�E
 ��6 $( 

-=�@ "=�����#�3�M� %r( */3 �4(� ��j3 ��.7 $�� $(

��4 $34 *=
 $�Z6 8���.7 �
4(+7 .w	�H
  ���9 -;�6

$F; 4� �&
9 -X�, "# �(� 8�E
 �.�V=� �4�� $�� 

L\	��)9 "5�2��c -X�, \	(F0( �6 $( ^�J 4� �� 

*� \	(F0(x�D )( *#�2 Q�E	��)9 "# *�4�1 4� L�6�	 

 \	(F0(%#34�.��64� �(�� �	( \	(F0( %r( 4� ��.7 4� �� 

��6 ^�J .Tfouni & Toledo (2007) �)(�
( �6 $%.7 

 w�� 8(F.�PAH )3F�6 )a ( 3F�6 L�;(%H
9)b (L�H
(4��0 

 3F�6)k ( 3F�6 L�H
(4��0)a ( 3F�6 $� 3 8%.�)a,h( 

�;(%H
9 (�
�.;4 "Z.H
 �	( "6 %KE.
 W�HN� x�@4( 4� 

 4� Q�.#%� �	( 8(F.� "#yz "
�=
 )( �14� ��(� 4� ��" 

 �� $)�;4�K�9 !6�@%.,ty/| �x%7��.# 4� x%73%K. 

��6 Q3��H� . "# �(� 8�E
 �.�V=� �&
9 w	�H


�3(�H�  �	%�%#34�.�"5�2 ��c d.���349 �6  3F�6 $()a (

 4� "# ��6 �;(%H
9y| "
�=
 )( �14� ��� "	FZ� $�� 

$� "K./�2 4� -�(� ��j33F�6 )a  3h ( 4� �;(%H
9

�"
�=
 )( d.V�E
 -0�	 ��� "	FZ� $��.  

	( )( S��5M� �. -;�<=# %r( *;4%6 b"/�6) $%&� 

 �	( )( *�, ?�� "#%#34�.��6*� �� ?=Z� $34 ���6

 3�%#34�.�5�2 ��c d.���349 �6" 3 8%.� x�
 "6 

�.� 4� �;(%H
9� *� 8�Z
��6���6.  

  

  هامواد و روش

���� ����	
 ����  

D4F� 4� \	��)9 *D(4) !2(%�" ��KE
(� *��5.5M� 

��_E
(� $)43�E# �1�0 4� L8k.7" -E&	�4( *
��) �� 

 ��; ��� %&�|t}z ^��6 ~%R l/�@ 4�!��# $�� 

 �6 *0��T�t �� x�Z
( 4(%K� ."D4F� $)�; ����9 -&j 

W�D (�H6( �	�%7 S+2 *H;� Q4�1 "6 ��j�� )%� $��. 

�� ��) d�	� 3 YN� 4�K	 "D4F� ^�J �<;.  

 �(���g�� U	4�� 4� *�M� 8�Z
��6 4+6 ��D 

t/g/|t}z  f��( $��� 4� 3 ��	�%7 a�NH
()gy j4�" 

�(%_.H
�; (-0%7 4(%@ a�R%� *N
 "c4�� 4� . )( ��u 

 3 ��H0%7 4(%@ 4+6 *�.; !J(� 4� 3 ��) "
(�j ��4+6 )34

 8(F.� "6 -.� �6 �&
9 $34g �� ��.
���� %H=.H
�; .

"V��.7 q���4( "# *��_�� "6 ��g�  ��gy  %H=.H
�;

� ���E
 �.;4 U	4�� 4g}/g/|t}z  !5H�� *�1( �.�) "6

�
�� .���
�=�� )( !1�2 -;�<=# $��4�=.�$  �(��

(+,*	 %&�$  )( ���4�DT0 )-;�<=# 83�6 ����( LT1 

)y� -;�<=# 4�HK� 4� ��( LT2 )|��  4�HK� 4� ��

-;�<=#( LT3 )|y� -;�<=# 4�HK� 4� �� ( 3T4 

)g�� -;�<=# 4�HK� 4� �� .(��4�=.�$ �4��  %X


 -;�<=#"/�6) "6 $%&�  O�<#�J Q4�1)�/�� ( "6

Q%#�� "0��( �� .�1�0 "6 8�Z
��6 $���E
" �� ×�� 

 ��R "6 3 %H=.H
�;|y  3 ��� "H��# �.�) 4� %H=.H
�;

�
�� $4�.69 G��	%; 8�Z
��6 $���E
 -��# )( ��6.  

�	�������  ����������������� ��� ����� 

!����
�"#� � ���� $%&�  

���#����  

"
�=
 \	��)9 �	( 4�d	 8(F.� "6 ��.� $�� 

)( ��6 3 -�(�%6 "
�7(�j 4�R "6 Q%# %� )( x%7��.# 

��.� -;�� 8�%# (�j4� 3 ���=
 -J(��K	 (4 �&
9 L�� 

 $���|y � j4�" $4(�&_
 "	FZ� 8��) �� �(%_.H
�; 

�
��.  

 '�����(&������������� ��� $�!����
 ��� ��  

H;( 3� �4(�
�%#34�.�"5�2��c d.���349 �6 $(

)�;(%H
9 3 8%.� ()( "# �
�� a�NH
( \	��)9 �	( $(%6 

�	�%7 $4(�	%J ^%� *	�.=.� �(�� -#%�.  

�	���� )�����  

�4�TD O34O34 ��;( %6 8�%# S�1 3 $%.7 

Speer et al. (1990) -0%7 x�Z
(.  

��� ���*+  

gy �.� )( x%7�  ��� �%J 8�Z
��6 4� -;�<=# �	

 �6 "# �#k04 d	|�� *�.�  ���M� )( %H./g  4[��

�. Q�� "6 ��6 ��� %� ��
�H� 4� Y.;�H� �.�#34�y 

�� ��
���j -D�; . W.@ d	 "6 (4 ��� *
�6�1 �(��

 4�H
�#�y�� *�.�  �6 (4 �/�6 3 ���=
 !5H�� $%H./|�� 

*�.�  -�
 "6 ��
�H� "6 %h5� a9 ���M� %H./|  "6� 

)2YZ2 "6 YZ (�� "0��( W.@ "6 3 ���=
 �EH�� . 4�

�2%�"  4�H
�#� !J(� ���N� "6 ��6|y� *�.� %H./

 Q�� "6 3 ���=
 "0��( 8(F_� ��K.;g  ��(� 8�K� "5.@�

�� . "	[ 3� �� "H�(+7 �#�; (4 4�H
�#� �<;

	[ 3 ��%7 (�j */9 �(�� 3 8(F_���K.;"  (4 */9 �(��

_	� W.@ 4� 3 ���=
 (�j 89 "6 G(��Z� 3 "HN	4 $%|y� 

*�.� �� !=D !@ "6�E� 3 "0��( 8(F_���K.; %H./ . 3�



��             ���� ��	
�	� ��� ����� ������ ��	�� �� ����� 

 4�H
�#� W.@ d	 4� (4 ��� (�j 8(F_���K.; "	[y�� 

*�.�  89 "6 3 "HN	4 $%_	� $%H./|�� *�.� %H./

 -�
 "6 ��
�H� 3 %h5� a9 ���N�y�:y�  ���=
 "0��(

"H�(+7 �#�; 3 ��) Y� "6 4�6 �	��c 3 	[ 3" 

�� (�j 8(F_���K.; . �6 (4 !=D �	( G(��Z� �<;��� 

*�.�	[ 3 ��(� x�Z
( %h5� a9 %H./"  (�j 8(F_���K.;

�� . �/�6 d	 "6 (4 ���9 -;�6 8(F_���K.;��� 

*�.� ���# %.N� ��_H;� >;�� 3 ��%# !5H�� $%H./� 

4(3�� $��� 4� 3 kJ -M� Lu� %.N� �(%_.H
�; "j4� 

2 3 ���=
 "6 89 YZ�� *�.��� ��
�;4 %H./ . "	[

 (4 8(F_���K.;�  �6 4�6 %� 3 4�6�� *�.� L%H./�� 

*�.�  G(��Z� 3 %H./�� *�.� 3 a9 ���N� )( %H./N, N � 

 �.�9 x%0 !.H� $�)a9 *=Z2 -�
 �6� x%0 3�.�9� (

 8�) Y� "6 4�6 %� )( �� 3 ��(� �EH�� 4�H
�#� W.@ 4�

"H�(+7 �#�; (4 W.@ 	[ 3" N, N �  �.�9 x%0 !.H� $�

�� (�j -�(� ��j3 4�H
�#� "� 4� "# (4 ."	[ $��

N,N �  )( "# �.�9 x%0 !.H� $�t  �EH�� "�2%�

 �6 (4 ��9 -;�6|�� *�.� ���M� )( %H./|  �14�

YZ2 �6 4�6 %� G(��Z� 3 ���=
 b.@4 Y	�; Q��/�;$�� 

y� Lty  3ty *�.���K.; )( %H./@ 4� 8(F_�4�H
�#� W. 

 �� ��(� �EH��)*� "0��( 8(F_���K.; "# 4�6 %���� 

�#�; �<; 3 ��� ��(� 8�K� a�J ���N� �	�6 

	[ �� "H�(+7" ��%7 (�j 8(F_���K.; .(	[ ";" 

?=j (4 8(F_���K.;4�H
�#� W.@ 4� 3 ���=
 $439 

 3 "HN	4u� *�.� 89 3 ���=
 "0��( 89 "6 %h5� a9 %H./

 ��) Y� "6 (4	[ 3 "H�(+7 �#�; 3"  (�j (4 8(F_���K.;

 89 "6 L��%#y/g  8�K� L���=
 "0��( Y	�; Q��/�; x%7

 �<; 3 ��%# S�1 (4 89 *0�1 +,�# �6 ��(�

���#%.N� �6 (4 !1�2 8(F_���K.;�  4(3� 4�u� j4�" 

 "6 (4 89 YZ2 3 ���=
 %.N� �(%_.H
�;y *�.�  %H./


�;4.�� ��.  

���#� �'� ,�-��  

 ���6( "6 (4 *�4�6 "�2%� �	( $(%6g��×|� *�.� %H�

E.� YE� *=# 4(�5� 3 ���=
 a�NH
( (4"� �_E	��)9� )( 

�;%6 Q4�6 "� "6 �� ��(� 4�D Q4�6 !J(� .�  x%7

                                                                                   
1. Rotary Evaporator 
2. Rockwool 

 �6 (4 �e�K.�.;z�� 3 ��%# ���N� %h5� a9 %H./3%K.� 

 �<; "HN	4 Q4�6 !J(� "6y/g Q��/�; x%7 Y	�; 

 (4 dEJ 3 a9 83�6Y	��=
 "0��( 89 $34 .4�TD� 

 )( ���9 -;�6%#34�.��6 "5�2 ��c $�� $34 (4 $(

 w	4�H6 3 "HN	4 a9 83�6 Y	�; Q��/�;�� *�.� %H./

 3 "H�� (4 �4�TD �� ���=
 "0��( 89 $34 8(F_���K.;

 3 "H�(� "_
 )�6 (4 Q4�6 %.� 3 �%6 Q4�6 "� "6�� 

*�.� 4�TD )( %H./�  (4 ��
�=.@�6 3 "HN	4 43� (4 *j3%J

?=j $%E6 4� 439$ �� .N� �6 (4 *j3%J �(��.���#%� 

 d	 "6 89 YZ2 �� ���=
 %.N� Y# 4�E0 4� 4(3�

*�.�  4� 4(�5� �	( �<; 3 �;%6 %H./� *�.� %H./

�� !2 !	%H.
�H;(.  

��.��
 

�4�TD %H�.0 �6 ���9 -;�6 $��uy/�  $%H�3%K.�

�	�%7 S�1 .y� 4�TD )( %H./3%K.��  "6 ��� S�1

 ��_H;�HPLC  ���Waters, MA, USA  )�;4�K�9 �6

)Waters Dual λ Absorbance 2487( UV 8�H; 3 

C18 )Grand II 5C18 RS WK, Packing S.N. 

081211-1, Collum Size 4.6I.D.x 150 mm ( b	4F�

 ��� ��R 4� a+j 8(F.� 3 �	�%7gyu  -'(%@ %H��
�


�	�%7 .0 ��� �F.
�	� a9 3 ��
�H� !��� 89 ^%MH� )�

 -�
 �6)v/v(��:|� *�  8�	%j Q�� )( 3 ���6|  *�.�

 $)�;(�j $(%6 "5.@� 4� %H./%#34�.��6 ����H;( ��

�	�%7.  

  

  نتايج و بحث

 "6 "j�� �64(��=
  ��_H;�HPLC ) !K�| ( %6 3

"H0�	 ��;( ��;( %6 �.�V=� 3 �.55M� %	�; $��

kM
( 8(F.� �;(%H
9 $4(�)�6 8��) L�4(�
�H;( 3� �	( �

 "5.@� 4�gz  "5.@� 4� 8%.� 3g� *����6 . ��;( %6

 -;�<=# )( ���9 -;�6 *�M�� 3 �4(�
�H;( *�M�� �	(

"/�6)  $%&�)!K�g ( 8%.� 3 �;(%H
9 8(F.� ";�M� 3

�H
 *�M�� %	) nh; b	%R )(	 �(� 8�E
 ���9 -;�6 w

# d	 4� �;(%H
9 8(F.� "# �6 %6(%6 -;�<=# x%7��.

gyy/� *�.�  �6 %6(%6 8%.� 8(F.� 3 x%7�|�/| *�.� x%7

*� 4� -;�<=# �4(�
�H;( �6 "�	�5� b	%R )( "# ���6

*7��/9 �4��8(F.� "# ��34( "	��M�( 4� */9 $�� 

 �4(�
�H;(�.�6%#34�"5�2��c d.���349 $�� (4 $(� 



   ��	
!����	"�# �: � ��$% &��' �� (�)� �*	�+ ,-�.�/ �0� ...  �3 

*�.���.# d	 4� x%78(��D %� ���� x%7  �
��=


 -;�<=#"/�6)  -;�<=# d	 -�4 $%&�"/�6) 

*� a��M� �4(�
�H;( )( *�.	�� 8(F.� $(4(� "# ��%7

 3� �	(%#34�.�-;( �6. 

 "6 "j�� �64(��=
4�TD )( !1�2 $��� ��.� ��

)!K�� ( 4� l.#%� 3� �	(���.� )( d	 � 4�=.� $��

��.� �	(%6��6 3 �	�%_
 ����E� -;�<=# �6 �����$ 

��9 -;�6� ��)9 �4��	 \� �4�� 4� (4 *H.=; %hJ �

��H�(�
 �(%=� "6 l.#%� 3� �	( ."H0�	 �	(w	�H
 �6 �� 

Wild et al. (2005) LPeyvast (1976) LSu & Zhu 

(2007)  3Tao et al. (2006) -56�h� �4(� SkJ%6 3 

 w	�H
Kipopoulou et al. (1999) LFismes et al. 

(2002) LTfouni & Toledo (2007) LRojo Camargo 

& Toledo (2002) LWagner (1971) LTao et al. 

(2009) *����6 .Kipopoulou et al. (1999) 6. 8�

%H=&� "# �
��=
	�� �.%$ ( "#	�(�� � �* 4� ��
(��

7.� ?=Z� ��.�=
 (�	%R )( ��	x(�
( b��$ (��*	  ��
��

� m%6*���6 .Tao et al. (2009) 6.�=
 8� "# �
�

%#34�.��6��$ "5�2 4�&c($ �=�	%�[�6 !$ (%6$  a+j

4 )(	� (4(� (4 "E* -X�, 3 ����6%#34�.��6  4� ��

4 4� �&
9 -X�, �6 �4��J��	^�J 3 "E_H�=� ��* 

Ho�* �
4(�.  

Ryan et al. (1988)  a+j "# �
��=
 8�.6PAH  )(

*� �3�M� "E	4 b	%R b	%R )( �(�� �	( 8�c ���6

�� (4 �&
9 a+j !.�
�H� 3 ��� a+j ^�J */9 �(

*� \��# ��.7 >;������ . "# �Z
9 )( �	(%6��6

*� */9 �(�� )( *�, ?�� ��J -;�<=# \��# ���6

 4�XH
( )( 43� 89 a+j x�D �	 3 Q�.#%� �	( a+j

��6 ��(�N
 .Wild et al. (2005)  3 8%H
��0 "# �(� 8�E


E	4 !J(� "6 $��# "6 �;(%H
9" *� !5H�� ��.7 3 �
�%7

�4��J�� "6 8%H
��0 ��5H
( -D%; ������  4� %H�3%K.�

 i%D�� -#%2 "# �
�.;4 "Z.H
 �	( "6 3 ��6 )34 

4(�	� ��R 4� �;(%H
9�  Q4p */��;�  )( %H=# %6(%6

-;( 8%H
��0 . Q�.#%� �	( ��5H
( -D%; "6 "j�� �6

3%� Q�� ��R 4� Q�.#%� �	( "# �	( ��=H2( ��.7 O4

 (�3�2 "#�� �.� "6 "E	4 )( �.��Z
( ��R "6 )34�  ��.7

*� �.	�� 4�.�6 ���# (�.� ��5H
(���6. Chiou et al. 

(2001) "E	4 $(%6 "# �
�(� 8�E
a9 $(�HM� �6 *	�� 

 $(%6 *�1( 8FN� 8(��D "6 "E	4 *69 )�0 L[�6

*7��/9  ���6 a9 4� �kM
( -.�6�@ �6 *	��  3  4� !6�5�L  

  

  
 4"�� 5 ������  HPLC 6�� 7�8 �� ��$% � 9-��;�< ���=�	;-�>2� �;���	� :�5  9-��;�<>5 ��$%  

  

  

 4"�> 5 ������ HPLC  6�� 7�8 �� (�)� �*	�+ ,-�.�/ +� 4?	@ ��	A�>2� �;���	� :� 5  9-��;�<>5 ��$%  



��             ���� ��	
�	� ��� ����� ������ ��	�� �� ����� 

A
U

0.000

0.010

0.020

0.030

Minutes
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00

  

B*� (������  �	D;-� +� 4?	@HPLC � ��$E ��$' �	#	$	� �=� �	�>FF ' ,-�.�/ 9�*	�+ �)�(  

  

A
U

0.00

0.05

0.10

0.15

Minutes
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00

  

G (������  �	D;-� +� 4?	@HPLC � ��$E ��$' �	#	$	� �=� �	��2F  ,-�.�/ 9'�*	�+ �)�(  

  

A
U

0.00

0.05

0.10

0.15

Minutes
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00

  

H (������  �	D;-� +� 4?	@HPLC � ��$E ��$' �	#	$	� �=� �	��FF  ,-�.�/ 9'�*	�+ �)�(  

  

A
U

0.00

0.02

0.04

0.06

0.08

Minutes

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00

  

I (������  �	D;-� +� 4?	@HPLC � ��$E ��$' �	#	$	� �=� �	�2F  9' ,-�.�/�*	�+ �)�(  

  

A
U

0.000

0.005

0.010

0.015

0.020

Minutes

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00

  

J (������  �	D;-� +� 4?	@HPLC � ��$E ��$ ,-�.�/ ��=� �	#	�*	�+ �)�(  

 4"�� 5 ������ �	D;-� +� 4?	@ (	#HPLC ��$� �� ,-�.�/ 	� �=� �	�$' �	���	� (	#�*	�+ (�)�  
  

  

  

  

  

  

  

  



   ��	
!����	"�# �: � ��$% &��' �� (�)� �*	�+ ,-�.�/ �0� ...  �� 

  

 8FN� 8(��D "6 LY# 4(�5� "6 *H2 L"E	4 $���.<./

*7��/9 *�1(�@ %., $��*� a9 4� !2 !6���6 . "j�� �6

 "# �	( "6%#34�.��6 -.�6�@ "# ��H�� *��.#%� ��

*� Y# a9 4� �&
9 �kM
( "6 ��5H
( $(%6 Y� �(�� 3 ���6

-=�@ a+j �(�� !��2 8(��D "6 a9 "6 ��.7 *	(�� $��

-�(� ���(�J )�.
 ��� . "6 Q�.#%� �	( a+j �	(%6��6

*� \��# Q���6�	 .Simonich & Hits (1994)  8�.6

"E	4 a+j "# �
��=
*6%c */9 Q�.#%� $( -;3�

 ��
���.�6%#34� "5�2 ��c d.���349 $�� *_H�=� $(

"E	4 l.#%� �6 *	[�6 "E	4 $���.<./ 8(F.� ��
�� $(

�4(� . $(�HM� a%� 3 w	�� ��
�� *
���.7 �4�� 4�

*6%c E	4 $��" �&
9 *� [�6 8(F.� �	(%6��6 ���6 a+j

� [�6 F.
 Q�.#%� �	(* 8(F.� 8�Z
��6 �4�� 4� ��( ���6

"E	4 a+j "E	4 �.<./ 8(F.� 8��6 �.	�� !./� "6 $(

 "E	4 )( Y� Q�.#%� �	( ��5H
( 89 l@��H� 3 ���6 Y#

 Q�.#%� �	( Y# %	��5� �	( 3 ��6 ��(�J �.	�� ��.� "6

-�(� ���(�N
 (4 $)�;4�K�9 -.�6�@. Kipopoulou et 

al. (1999)  ���/9 �(�� ��H�(� 8�.6���#� *6%cH;3�* 

*� \N� "E	4 x4�.�( \N6 4� "# ��5H
( *	�
(�� �
�%7

�
4(�
 (4 *6�c �
39 �	 *�J(� "E	4 "6 .*� �	(%6��6 8(��

 8�c "# -0%7 "Z.H
%#34�.��6 ��c d.���349 $��

"5�2*6%c Q�.#%� 3Fj $(*� -;3� *	�
(�� 3 ����6

�5H
( %.�� �	%H=&� �	(%6��6 3 "H�(�
 (4 a�c �
39 "6 �

 l@��H� "# �� ��(�J ?h@ ��.� "6 Q�.#%� �	( ��5H
(

(�J ��.� 4� (4 Q�.#%� �	( ?=Z� \��# 89�-�(� Y .  

 "H0�	 "6 "j�� �6*� !1�2 $�� -;�<=# )( 8(��

"/�6)  -.=; %hJ )( *
(%_
 83�6 -�4 4� ��� �./��

3� �	( "6 -�
 89 %#34�.� Q(%r( "6 "j�� �6 3 �6

Ho�* (F0( 3 ^�J 4��0 %6 "#	/��0 \. -

�.
�74(3%K.Y���$ F#�J$ �4(�(Peyvast & Olfati, 

2008) �.�) 4� */9 ��# 8(��D "6 $)43�E# $��

��=
 ����H;( . "�(�( 4� "# -�	43%� "HK
 �	( %#p "H/(

 $34 %6 �	�6 4�# �	( %_	�%#34�.��6�.�V=� 3 ��  $34

-;�<=# 4� ��� �./�� $�� %_	� F.
 4�E# bR���

*;4%6 4� *�# "Z.H
 d	 "6 �� �%.7 Q4�1 x)[ $��

-0�	 -;� $%&� "/�6) -;�<=# )( ����H;( �4��.  

  

REFERENCES 
1. Chiou, C.T., Guang Yao, S. & Manes, M. (2001). A partition-limited model for the plant uptake of 

organic contaminants from soil and water. Environmenta. Science and Technology, 35, 1437–1444. 
2. Fismes, J., Perrin-Ganier, C., Empereur-Bissonnet, P., & Morel, J.L. (2002). Soil-to Root transfer and 

translocation of polycyclic aromatic hydrocarbons by vegetables grown on industrial contaminated soils. 
Journal of environmental quality, 31 (5), 1649-1656. 

3. Gräf, W. & Winter, C. (1968). 3,4-Benzpyren im Erdöl. Arch Hyg Bakteriol, 152(4), 289–293. 
4. Hargreaves, J. C., Adl, M. S. & Warman, P. R. (2008). A review of the use of composted municipal solid 

waste in agriculture. Agriculture, Ecosystems and Environment, 123, 1–14. 
5. Howsam, M., Jones, K.C., & Ineson, P. (2001). PAHs associated with the leaves of three dediduous tree 

species. II: uptake during a growing season. Chemosphere, 44:155–164. 
6. Hülster, J., Müller, F. & Marschner, H. (1994). Soil-plant transfer of polychlorinated dibenzo-p-dioxins 

and dibenzofurans to vegetables of the cucumber family (Cucurbitaceae), Environmental Science and 
Technology, 28, 1110–1115. 

7. IARC Working Group. (1983). Polynuclear aromatic compounds, Part 1, chemical, environmental and 
experimental data. In: Monographs on the Evaluation of Carcinogenic Risk of Chemicals to Human, vol. 
32. International Agency for Research on Cancer, Lyon. 

8. Kipopoulou, A. M., Manoli, E. & Samara, C. (1999). Bioconcentration of polycyclic aromatic 
hydrocarbons in vegetables grown in an industrial area. Environmental Pollution, 106, 369-380. 

9. Larsson, B. K. & Sahlberg, G. (1981). Polycyclic aromatic hydrocarbons in lettuce: influence of a 
highway and an aluminium smelter. In: Proceedings of Sixth International Symposium on Physical and 
Biological Chemistry, Columbus, Ohio. 

10. Montemurro, F., Maiorana, M., Convertini, G. & Ferri, D. (2006). Compost organic amendments in 
fodder crops: Effects on yield, nitrogen utilization and soil characteristics. Compost Science and 
Utilization, 14 (2), 114–123. 

11. Payvast, G. H. (1976). The influence of anaerobic and aerobic composting of seven chosen vegetables in 
relation to polycyclic aromatic hydrocarbons in plant and soil. Ph. D. Speyer, and Justus-Liebig 
University, Giessen, Germany. 

12. Peyvast, G. A. & Olfati, J. A. (2008). Vegetable production in compost. (1st ed.). Abdi press. 



3F             ���� ��	
�	� ��� ����� ������ ��	�� �� ����� 

13. Phillips, D. H. (1999). Polycyclic aromatic hydrocarbons in the diet Mutation Research Journal, 443, 
139-147. 

14. Rojo Camargo, M. C. & Toledo, M. C. F. (2002). Polycyclic aromatic hydrocarbons Brazilian vegetables 
and fruits. Food Control, 14 (1), 49-53. 

15. Ryan, J. A., Bell, R. M., Davidson, J. M. & O’Conner, G. A. (1988). Plant uptake of nonionic organic 
chemicals from soils, Chemosphere, 17, 2299–2323. 

16. Simonich, S. L. & Hites, R. A. (1994). Vegetation–atmosphere partitioning of polycyclic aromatic 
hydrocarbons. Environmental Science and Technology, 28, 939–943. 

17. Soumare, M., Tack, F. & Verloo, M. (2003). Characterisation of Malian and Belgian solid waste 
composts with respect to fertility and suitability for land application. Waste Managment, 23, 517–522. 

18. Speer, K., Steeg, E,, Hortsmann, P., Kuhn, T. & Montag, A. (1990). Determination and distribution of 
polycyclic aromatic hydrocarbons in native vegetables oil, smoked fish products, mussels and  oysters, 
and bream from the river Elbe. Journal of High Resolutoin Chromatography, 13, 104-111. 

19. Su, Y. H. & Zhu, Y. G. (2007). Uptake of selected PAHs from contaminated soils by rice seedlings 
(Oryza sativa) and influence of rhizosphere on PAH distribution. Environmental Pollution, 155, 359-
365. 

20. Tao, S., Jiao, X. C., Chen, S. H., Liu Jr, W. X., Covenery, R. M., Zhu, L. Z. & Luo, Y. M. (2006). 
Accumulation and distribution of polycyclic aromatic hydrocarbons in rice (Oryza sativa). 
Environmental Pollution, 140, 406-415. 

21. Tao, Y., Zhang, S., Zhu, Y. & Christie, P. (2009). Uptake and acropetal translocation of polycyclic 
aromatic hydrocarbons by wheat (Triticum aestivum L.) grown in field-contaminated soil. Environmental 
Scentific and Technology, 43, 3556–3560. 

22. Tfouni, S. A. V. & Toledo, M. C. F. (2007). Determination of polycyclic aromatic hydrocarbons in cane 
sugar. Food Control, 18(8), 948-952. 

23. Wagner, K. H. (1971). Gefaerdung des menschen durch die in industriell hergestelltem compost, muell 
und  klaerschlamm enthaltenen schwermetalle: Arsene, Blei, cadmium und Quecksilber. Broschuere des 
institute fuer ernaeh rungswissen- schaft II, Giessen. (In Germany). 

24. Wild, E., Dent, J., Tomas, G. O. & Jones, K. C. (2005). Direct observation of organic contaminant 
uptakestorage, and metabolism with plant roots. Environmental Science and Technology, 39, 3695-3702. 

25. Wolkowski, R. (2003). Nitrogen management considerations for landspreading municipal solid waste 
compost. Environmental Scientific and Technology, 32, 1844–1850.  

 
 


