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

��3 . ��
 ��4 56% 7�$�� ����� "�8� �� "��8 ���9:1�5�.
�3��5 �� 3 <2
 &����� &- =%�2 2>% ��# ,9� �� )Sorghum vulgare 
Pers. Sudanense(�� 3 ?.� �- @�* ���9:1 7A� �� &�!��$B =9:�B �5� ��	 .C��- D$� E�5� $- ���-��F % �� GB =*��H% IJ��# ��� .

3 �(# &-�(� K9�$	 �- &
���3 K >� �� =-���
� �� 2���L$M
 ���� ��� �� C�! �� ���9:1 �M�8 ��$  N% �
.� OPQ&��� )�.�+�	� S��# 
�� 3 (�	 U�V
� .$ W6% =5�$- ��M�� &- � ���* $- ���9:1 O�� 3 09X���9� * ��� GY5 . �� ��% E��� - . S *.$�# '�� � ���-���$- 049� ,  �% 

�&����� C�! . �� 3 �� ��#A� ���9:1 ZF�% '�� � O?.� =[9X���#�	.����
� ��\�5� K5�% ���9:1 �M�8 �$ 3 HPLC *.$�# '�� �O �- S 
S *.$�# ��\�5� �� �����5� S �>% . ]�5 �� �����5� �- ����1 ���
$
 ���*� SPSS�*$3 
��
� .- ]9��
& � ��#A� �� 3 &# ��� '�(
 ���1 �5� '��

 �% ��	 U�F^� K9�$	 �� �� C�! �� ���9:1 7A�_`<9��*� �a�� �5� ����.�>% �2� . b���1 S94L� \
� ���� ,c��� 7J�!� O�� �� ���
% �$d�F^ 3 b����F 3 �e�* . c�� �� �� 6% 9�$#�)`f/`P<.(& ��
 �� ���9:1 &# �	 �-�W U�� , ^ ��$�5.�9�
��
� &- . &9��% �� 3 ���


 S2��� =9����5� ��( .&-�.J^� ���* �� 3 09X���9� * ���OM
 � $ '�� ���5� -*.$�h  - . S ��% E��� b�$ W6% &�	��
 =
���/I��9�i
 .��
�
� $+�A8 9
 c cF
 ���. ��	�.

�$�%!�&' 
,-$#.�� � ��/ 0 %��.�1 ��� &2�� ��* OZF�% O����1 C�! OjAk O=9:�B �� 3 O��'$�
 

��(��� 
�� U.���� �J[(� �� =[9 =��
 ���� &- ����1 j1 . C�! ��k.

 =���
�9�5 7�$�� ��\(9:�B . =��
 ����i�5,-$#.�� � .���
&2����/ 0 %��.�1 ��P(PAHs) l��
� �� =[9 �� =	�
 =��
 ��2�(� 

U�8m ,�!�5 ��
 On�5 �$ 8 . ���#�4���)=� 3 ��B .
O'���[F�Popo.(&k�% �- ,9� &- &#l��
� ,-$#.�� � ��� =�B 0 %��.�1O

����
 O'$�
��* $ M
 O,. ,�
����* ���1.��-=F5 �� '$9�B ���� ,9$%
 �49� K >� ��$- ��	 &�!��	�4��. C�! �� �i
1 7A� ,9�$-��- O�

-1�i����1 ��5� ��.$q.)(Milton,1981; Bjorrseth,1983;
Casrett and Daull's,1995   - ��2 2>% �.� $- ���F( ��i#�!

?.� ,�*�9 ��M�� &- . ����1 ���9:1 7A� ��$- =9�� ���PAHs ��
�5� &�*$3 
��
� C�!.(Kipopoulou,et.al., 1999;  Joner, 

2003 ; Gao, and Zhu,2003).  ?.� ��.$�� ���9� U.���� ���
K >� ���4#�B . & �H% ��$- % &- ����1 =#�! . =-1 ��� ��V #$

=� ��$e �����5� ���� =F5 �- O�$ 3 ��k. K >� �r��� G
�X1 ,9�
O�[9$�1 �49� "5��� ���H�e� . ,9$% ���4#�B ��$- ?.� ,9$%

 �� ����1 ��i#�!"�k �� & �H% ?.� "=*$��$#�5� ��.(Mattney 

Cole., 1994) .?.� �� �����5� &�Fk �� . 09X��� - ���"�� 3 =9:�B"
�5� =��9, �� ���4#�B ��$- '��� 3 �� ���� '���^ &- O����1 ���

&�9�3 U�V2� � 
 ���H�e� s�>� �� &# =9�� �
� &�*$3 ��$e &k�% ���� O
1 . C�! ���4#�B �� �9�k ��$[9.� '���^ &- . �5� ����1 ��i-

�5� ��	 D$��.�	�# �� =9�i
 7�� , �� �� '��� 3 &- ����1 ��� 

PAHs �� �����5� O��%=9�
OjAk ��$- �i
1 =� V� OZF�% %. &9��
 ��V #$% ,9� 7A��5�.O� 
 &�	A3 U�5 ��/ ��3?��� =�V� =9��

��Vi- . DJa� $-#�! �.�� ��i PAHs ��� '��� 3 ��t� ��u��	 &
�5�.(Aprill and Sims,1990; Binet et al., 2000; Joner,  
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2003; Mattina, et al.,2003 ( .'�9�	m�� &# �5� $#
��$� O=F5 ��V #$% �M�8 '��- :�- ���aL< B & �H%O7A� �9 .

?.� �- & �.� ,�!�5 � i� ��M�� &- =[9� * . =9� F 	 ����� ���
 ��.$q O09X��� - ����V� ��$- K9�$	�5�.,9$�( - &- '� 5� ��$-

���9:1 �M�8 �� <��# ���2� . ���9�B =�� 3 <	�B ���9� . ��

.�2� . ��9� �e� �- �9�- '��� 3 O&-&
�3 z�5 �� &# �
�	 j���
� ��
&(9� =�� O��	�- �����!$- "5��� �� . ���- =��- '��� 3 �� �.�2F��

��	�- ��3��5 &2��� C�! K9�$	 &- �V4
.&h �5� ��	 ���� '�(
 
&
�3 E�$3 b��OM
  $3 ���3 ����
�! �� &h 
�3��5 �� '��5� 

=9�
��%. �	� �$	 �- ?��59�e� K cF�����OM
  
$3 b��� . j1 $
�e� . {(! . |3 . &�	�� �� U���� b�� � '���9����
�! ,�
��%9c

:1 7A�9��� h$% �� c	�
 c�1 b�� ���� c-�! &- �� c��
 ��V 
���4�.(Aprill and Sims, 1990; Lee, 1996; Banks, 

1999;Mc Catcheon et al.,2003)  
$q�� <�.}B
�3��5 �� 3 �$[�F^ =5�$- ��M�� &- O

)Sorghum vulgare Pers. Sudanense(O=3��9:1 <��# ��
��9:1 '���^ &- O'$�
��*+�9�5 7�$�� C�! �� "��8 ��3. ��
 ���

- , �~F� .�>
 =5�$+�$	 �� �� 3 �� ���9:1 ZF�% 9&
���3 K&h b�
O��� '1 ���5 . �-���9�e� S���^ $ &-�(� cF�$	9���� &2��� K

� &�����9���	O��5� &�*$3 
��
�.
���)*%� %��


�F
L?.� �- �����5� ���� ���.�(# C�! &- . ����
��5� ���
$9� D$	 ���� �*$3 ��$e =9� F 	 . =[9� * &9��% :

,  �% pH.EC �9� $a��^ ,  �% Ol�V	� ���H^ ��&- bAN�
?.� ASTM E885����
� O$a��^ b$ 3 SF������5� �-��� .$h�� 

�� ��k�� AOAC )����(. c�1 ,-$h ,  �% b�$- ���h ?.� O
E�d9�- ?.���$-  �% ��! c^��� � *$r . ���m $�e ,�����5� 

�	.'$�
��* ���! �- xp%U�H>��#$	 Aldrich&- '���^ 
���9:1���� �*$3 ��$e �����5�.c5�$- ���� &h ���� '�(
 ��L�M�8 

:19���2��� ��L- &����� ����  ,Py�Po� c�h $- 
$3 N�� 
$3�� $
�5� O,9�$-��- �� '$�
��* ���9:1 o�M�8 P`.Pf._`=� � �� 
$3

��#A� C�! �- 0(! C�! 
$3�� # �����	�.'$�
��* ��H�(�
U.�k �� �����5� ������F	 +)P(��	 ���� '�(
�5� .

+%!, -��./ )1:(��� 4�567) ���� 

&
�F
 ���C�! ���9:1 �$�� �� ,�*$3 ��$e �� GB )'$�
��* (
��C��- =9�� <9���3 �- o`Z9��% 
$3�� # 	�
� .�d9 Z9��% �!��

�� '$�
��* �- ��! � UJ��� �����5�b'���.$�h ,9� &- ." %$% 
���a�*$3 &
�F
 &# O��� �$�� �� '�	 0(!�� GB C�! ��� 

<� �- 0�� ��_�)mm y`y/`(�
�	 ���� ��V^ .�.��P`%'�.
���� C�!�����5��� �� '$�
��* U��>� �- .$�#&�(81 '�����	 .

�� GB �� $ �V% '���.$�# OC�!�
�F e�- �- '$�
��* &- &�(81 +C�! 
$ 8����� ����1 �	 ,\F� ..��$-'�� F������ ���9:1 =�!���[9

���� Sa�� C�! O=5�$- ���� �����F % I����- 0�� <�_���V^
���� �	.(Wang and Jones,1994) ��% =5�$- ,9� 6$ W

&H�(� b���������k. $ M
 O��k. 
�^ �9  3 <	�BOc�� 
�M�8 . ���9:1 �� ����� b�� O'��� E�5� $-D$�����1 
C��- ��� IJ��# =*��H%.�-o��$[% ������$e c5�$- �*$3 .

&
�3 &# ��� '�(
 &�*$3 
��
� ������� E�$3 ����� �����7A� 
���9:1 ��� PAHs�� C�!������A- ��M�� ,9� ��$- . ���- $W


�3��5
�3L(Sorghum vulgare Pers. Sudanense) #&��
 �e�|����� b�� �(# S-�e �5��JB �� O=�B ��� ���-� &- =�� %�
�Q×PP`$�F �
�5 .&9: �- . ��- ��	 ���� <	�B 
� � ���1 S9�* �� ��

 �F^ ����f�$�F �
�5 ���
�	 &�	�# z�5 .���-��F % ���V^ ��
�� �
��-:
P(&
�F
 �� ��	 &�	�# U$��# ��� ����1 $ 8 C�! )U$��#(�
_(&
�F
 �� 3 '.�- ����1 C�! U$��# ��� PO_Oo)�(h ��!

��(
(&-�- " %$% o�M�8 P`.Pf._`
$3�� # �� 
$3 =� � �
o(&
�F
 ��	 &�	�# ����1 C�! ��� PO_Oo)��	 �(h ��!(&-

�- " %$%o�M�8 P`.Pf._`=� � 
$3�� # �� 
$3 .�JB ��� 
�	�#-�k &
���3 �� "5��� =
��� Sa��* �� ��	 &&&- . ��	 �k��� 

���2� �- �e� �- . "%$�f`%��� -1 OC�! =^��� � *$r��	 �� .
Ze��� 
.�� &-L� 5.U��>� =����# =
��� ���� �.�� ��� �
�	.

�.�>�+�� �-��� . ��� K >�" %$% &- &
���3 oC�` �_`.Qf�
o` %<9���1 . ���- ���a�* ��L�(iV9��� �9�N� ��9$i	 PopQ
��
�

LogKow ����� ��	
OC��
(mg/lit) 


��� 	�� 
(OC) 

��� ����� 
(g/l) 

��� �������
(g) 

����� 

� � !"

#!� 

�Q/�_x/PP`P Py/P_/Pyp o'$�
��* 

������� 	
��� �
�� ���� ��



O�*$3 ,9�$-��- =(9��$5 |�4 5 |��$* 
.�� Ze��� �� .����
 
% ��$- =^��H�6�����5� &
���3 =9��	.� , �	�.&
�F
 . ����$-

 � ��
1&
�F
 �*$3 
��
� ��(� =
��� Sa��* �� C�! ���.&-
'��� �� ���9:1 �M�8 ,  �% ��M�� �� ���O��� 
�:��- ,9� 

�� " #$%&
�F
 ��$��5� C�! ����	�.��$- '$�
��* ��$��5�O
�� 3 �e�* U$��# �����F % C�!.&�	�# �����F % ��	 &-�e�

ZFk �5 �� GB . &�(3 ,\F� . ��.19�� '�	 �� '.�� O0�� ��
 <� �- ����
��5�_��
�	 ���� ��V^ .&
�F
 GY5 7A� ��$- ��

 �- �-���5����� ����� j1 '.�- |9�5 �
�	.&-L� 5. ����� 
�� UJ� �� �����5� �- . 0 
�5�$��.� '���.$�# ��$��5� 	�
� .,9�

 SF^o^�F�� GY5 . �	 ��$[% ��- L�.�� Z9�� ��* PAHs ��
K5�% �� ���1 . UX�[ � 5 '��5�����P:PUJ� . '���B ���

�� ���� ��V^ '���.$�#�
�	.(Mattney Cole, 1994; Guerin, 

1999; Kipopoulou, et al., 1999; Gao and Zhu, 2004; 
Martinez, et al.,2004; Jason, et al., 2005) (.

�	�
$5 PAHS ��
 �� L"9$q $9��2� 0F# &- $�5.�9� 
j1 &- S
��#� Z9��% (Kow)=3}9. �� =[9 &# O�i
1 ,9� ���

���� '�(
 . ��V #$%+�i
1 � �J� j1 �� �5�=� ,  �% O�	�.
&(9� �� ��V #$% ,9� ZF�% . ��t�&-��� ���2� �- | 2�4�Kow 

=� ��-$� �i
1 � �J� �- E�[�� ��� &-. �	�.
�
�e '���^ &-=O=�# 
�� < - Z9��% "9$q �- =%�V #$% oO�
��5 ��V #$% K5�%+�(8 �

jAk ��(- �� 3 =���5��	 ,9� .��#-�k Z
�� &=9�k ��	 �� 3 �� �i
1
 ��
 �� I�> k$% .L&(9� =� =e�- �� ��
�� ( Dzantor, 2000).$M
 &-

=� - '$�
��* U�2�
� . �#$� '�[�� &# �5� j1 &- S
��#� Z9��% "9$q �
�Q/�OBO&(9� �*�- &- �.�. �� G
��
� $9�5 ��. &e�5 $ M
 �� 3 ���

 C�
� �� 4- �$-�5�.,9�$-��- ���9:1 ZF�%(9� �*�- �� '$�
��*L
=5�$- O�	� =9�i
 S��$� �� . �� 3�	.&
�F
 &# " %$% ,9� &- ���

0(! ��\�5� �� &(9� ���F�
� ,#_�� ����oCf_�-��� &p
�
�	 0(! . &�*$3 ��$e �^�5����2� . ��	 �� 9�5 '.�� �� GY5 

����� �- �i
1 �� =H�(�P:P. ,�5� �� 
�5�$��.� K5�% '��\� . 0 
 ��$��5� �^�5 09 ��� &- �
�	 .&-'1 U�V
� �	 ��k UJ� ��* 

(Gao and Zhu , 2004).�� �F^ ,9�oGY5 . ��	 ��$[% ��-
���4#�B S��$�O&
�F
 �-��� �*$3 
��
� C�! ���.�� ���9:1 '�� � 

&
�F
 ��\�5� K5�% ��=*�$3�%��.$#1��# �- Z9�� 9:�- =o(HPLC) 
,  �% ���2� . &�(3-,9� ��$��* ��M�� Z9��Sa��SVe &��$� ����

�F� $ �V% ���%.� �9��% .UJ�=*$H� S9$� 
��5� �- &�*$3 ���a

 .����1K5�% � ��
1 . �9��% =*�$3�%��.$# ��\�5� 1��# �- Z9��9=�- :�-
S9m ��H�(� �	) .U.�k +��F	 _.(

+%!, -��./)8:(��9��� 4�567) HPLC 

S *.$�# ��\�5� �� �����5� �- S *.$�# '�� � ]�5 Minolta 
U�� SPAD-502 ,  �%	�.K5��� ���2� ��M�� ,9� ��$-&5
����
� �u�$e &%�- $� ��$- �$ 3��	 ��$- C��- $� �� SF^ ,9� .

&��� �� =
��� &��$� ��i/ �� . ���� &%�- ]�B O|i
 O|�(� ���
�*$3 
��
� |����.� . |�� .�.� $!�.� �� �� ��% E��� - '�� �+

&��� �� &��$� .� �� ��- ��	 S��# �� 3 �	� &# �(# ���
 ,  �% |���
�	 . |����.�	�.)O'���[F� . =� #.Popo(���2� 

7A�'$�
��*)=� � "4� $- ��� &- 
$3���	 &�	�# C��- $� (.
��i#�! �� 7A� �a�� , �~F��e�*5� �- ��	 &�	�# . �� 3 �����

 ��?.��	 &V5�>� ��	 & a�% ����
��5� ��� (Gao and Zhu, 

2003).��
�i�9���� � 5. &- ���1 �5� &- ���L�4% ��� 
49�2�L, \
� � &
�F
 b��S2�4� ) T-Test(OG
�9��. � ��
1.�-

�� �����5�&��
$- ����1 SPSS��$e S �>% ���� �	�
.

:	��� 
�3 �� �����5� ���� ��!2��� �� &
��L ��
 �.��� L����1 )��

b� c��
 ��4 56%(c3}9. �- & ��
 �- &-�(� c9� F 	 . cd9� * b��
 j���
� ����1	�.�[9� * �� a�H! &9AN% . =9� F 	 . &2��� C�! ��

U.�k �� &
���3 �� �����5� ���� ��! ��F	+)o(&-&�	�A3 <9�F

��	�5� .����1 �� GB $#* �- C�! '�&
�F
 O'$�
�� �>% C�! ���

. &�*$3 ��$e � ��
1 . ��$��5� �� �F^ . '��� �� ���9:1 �M�8 
�*$3 ��$e =5�$- ���� ����� �����F %.S-�e K5��� &# �5� $#m 

�- C�!�� ���9:1 =-�9��- ?.� ,9�x`%)o=, no�`f/P=RSD(
'�� �. '��5 �*�9��-Oxy) %f=n,fQQ/`=RSD(��- .���2� 
K5���'$�
��* �����
 ����� �����F % �� ��	 �$ 3)�e�* O��	 &�	�#

���	 . �� 3 (Sa��*��=
���U.�k �� ��(� ��F	 +)�('�(
 ����
�5� ��	.

HPLC – WATERS 
Detector: Model 470 – Fluorescence Column : PAH 250 mm × 4.6 mm 

Flow: 1 ml/min. ;  Temperature: 30 OC Injector: Rheodyne Loop 20 micro lit. 
Solvent B: Pure Acetonitrile (Merck – HPLC 

Grade) Solvent A: (H2O/ Acetonitrile) : 35/36  Soft ware: Azur 

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



+%!,-��./ );:(4�567)�.�/�"	<�� 	��� ����) =��% �>?�) ��� ��� 

�!� $ %!& 
��'� %!& �$()� 
�!� $ %!& 
��'� %!& )��$( 

P_/p`y/ppH 
�� 
�� �*�-C�! 
`P/_PQ/_EC 

(mScm-1)
`f/Px_`)%(E�

�/QoQo fO_P
(ppm) 

P`/�Pp/�`)%(,	

_Pf _Po K
(ppm) 

pf/ox_/ox)%(�� 5 

P� P_Fe 
(ppm) 

yf/P_oy/P_)%(c�1 ,-$h 

Pf PQMg 
(ppm) 
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=� '�(
 �
���e '��� 3 &# �������5�� ��<9:�B &- ����1 C�! 

PAHs SF^ �#��.,9� ����H! 
�3��5 �� 3 &#��# ,9� ��
=%�2 2>% �5� ��	 �����5�� 
 ��
�F� �% �5� ���e ��	 $#m ����� 
# '�� �<�����9:1 �}9�- . =�1 ���'$�
��* '�� � &- �� C�! �� 

_o %�.�� �����F % ��ppmP` OPx%�����F %�� �.�� ppmPf 
._`%�.�� �����F % ��ppm_`l�q�� ,9� &# ��� <9��*� 

�� ��! =�e�. � F��=
���=� '�(
 �| 
��- &# �� ���9:1 ���
. ����� $ M
 '1 =�1 l��
� �}9. &- PAHsO=�����M�8 ���

OC�
� �� 4- =��J5 ��$- ��k ��9�i% $(- =� j�4>� �	O�
 
,9�$-��- C�
� <9��*����9:1 7A� '�� � �� ��t� �� ��#A� ���

$ M
 ����� '��� 3OO
�3��5 =(2
 �� 4-���� |i� ��- ����!.
	<KD % J.KDX���� C��D �!�	
� 

S[	 =5�$- +��F	)o(=� '�(
 �� '$�
��* �M�8 &# ���
 . ���- C�! �� '1 �M�8 �� =�-�% O0(! '�. ���V� $- O&(9�

=� <9��*� C�! �� �M�8 <9��*� �- &(9� �*�- �� ZF�% �9�-.
�- &(9� �*�- �� &�*�9 ZF�% ���2� <��# �� =#�� ]9��
 , �~F�

A3=� &# �5� '��� �	 '��% �� '1� ���* &- �� 0 ��-��� ���
��� �V4
 �� 3 S!�� .

���� ����1 S �>% . �� '�(
 G
�9��. � ��
1 ����+7J�!� ��k. 
=��� z�5 �� ���`f/`&(9� �M�8 , - &
�F
 �� ��	 &�	�# ���

 7J�!� , �~F� . ���- ���9:1 �� �.���� $9��2� �.�� C�! ��
, -&(9� �M�8 '��� �� �� =� � 96% �� ����� ��� ��# .

=�� 3 <	�B �e�* ��i#�! �� '$�
��* �M�8 <��# I:�a�
�4	 ��
�� =����^ &- .. {9X��� - &9��% O��! �*�- �� �	 7A� 

$ 8 ���9:1 {9X��� -)���
 '� 5�� 4#� O=>�5 jAk $ M
O$ �V% 
.( ...�5� ��	 ���� �V4
 ��! �*�- �� .�<	�B b���� b����F % �

9��% $- �� 3 $ W6% . c�� 3 jAk S��^ c�� 3L&- � 
 cd9X��� - 
S���^�-�5 $hA�� c� &*�q� ��	(Gao and Zhu , 2003).

,9� &- &k�% �- �- �� ZF�% . jAk &h*9��% � 
 . �� 3 �L
&�	�h b����F % �$d�F^ �� 7J�!� ���9� �^�- c�� 3 {9X��� -

.�- . ��	 �� 3 '�5� ,9�$-��- ZF�% $9��2� ,�	�� �5� �� �- 

Oc�� 3 �V4
 c�� 3 {9X��� - &9��% &- ����F % �$d�F^ , - �.��%
c� ���� ��	 .���� U.�k �� 09X��� - 7A� '��5 ��� +��F	)Q(��

���� '�(
 Ze�.+C�! �� '$�
��* ���2� <��# �� S��^ , F� $ W6% 
�5� .���� &- &k�% �- ���=� $M
 &- U.�k �5�"9��%L=�� 3 "

��#.��5 �� ZF�% ���2� �$9� �	�- =3��9:1 <��# �� U��* . "��8 
�� $�F# �� 3 �*�-ppb x``�M�8 �� ���- ���9:1 �� ����� ���O��

9��% &# =���L�� < - �% =�� 3 ppm_�M�8 �� �� ���9:1 �����
 ��	 &�	�# �����F % �� ���9:1 ����� 7A�$#�5� ��.

9��% <9��*�L��k�� c�1 ��V h$% ���� �� �� 3 K5�% {9X��� - 
�5� &�*$3 ��$e &����� ���� � 
 &�	A3 �� ��! ��.�� '��� 3 |i5

9��%L���9:1 c�1 b��Oj$d � ����% <9��*� �9$� �� �9 ��(Aprill, 

et al., 1990; Reilly, et al., 1996; Binet, et al., 2000) O�9
 ��
�� c-$d � l�F�k� ��Vi- . � ���* <9��*� K5�%L$�5.�9�

(Joner, 2003) �5� .(9� , - S���% . ��V%��Lj$d � �- �� 3 . ��
���9:1 $* O����� 3 ����� b����9 c� ,dF� �� c9:�B ���5 &h���9�i


c
��� . 7A� O&9��% &- $��� b��5PAHsc� �	�(Jiao, 2007).

�.J^O<��- ���.�� �$(
 7�$3��* ��\�5� 09 �� �����5� �- ,9� $- 
&(9� |�4 5 $ W6% 9��% �� U��* ��L��	 ���� '�(
 =9� F 	 ���� 

�5�.(Thoma, 2004) ��. ������� =5�$- &# =9��&-L� 5.��\�5� 
�TPEMO&�*$3 
��
� '$�
��* jAk =5�$- 
�\�� &- ���� U�2�
� 
�^


��
� 9��� ���� 96% �� 3 =��(� . ��		���� ,9� &# ��K2* �% 
�.�>�+U��5 �$k�i� &(9� �5�B ���$#���
.1 =��2�
� |�4 5 &- .
=-�/ �([-1c=F
 �� GB =V #$% , �/ &# �5���� ,9�- ,9� . ��5�

9: �� O�.�>� �#$�LZF��� &(9� �5�B ��	 &- U�2�
� U�F��� .
<�- ��� =9��� �� 3 ��9$������
 ��k. ��
.1 
� 
�[� (Wild, 

2005).c5�$- &� �
 &- � 
 b$\9� b�� �� 5� ci-�(� b$ 3 &h �
�
,-$h.�� � &2�� ��/ b�� O&(9� z�5 �� jAk �� GB { %��.�1 b� 

<�- &- U�2�
� '��% �� �� 3 c9:�- b�� �
���
 (Jones, 1991; 

Fismes, 2002).c� $M
 &- h$% ,9� ��k. �5�O�$- �� ��V  ��
� �
L�	�- b$�4F%� ���m " 5$% .

N�)��
 % F��%�&' !���D ��<�) �
 ��YZD 

��# <9��*� ��M�� &-�?.� =9"=9:�B �� 3 "���9:1 7A� �� ���
O=�1 &
�3 �5� 
�: ��# ,9� ��$- =3���1 $-�$- �� 
.�2� =�� 3 ���

 j���
��	�
.�	� $ M
 09X���9� * ���! �� =t�-O.� �9 �-�W ���2�
OE��� - <9��*� &- &(9� |�4 5 ����i\
 '��% O&�*�9 �	� . ��e ��

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



=� S *.$�# ���2� . j1 <9�F
 ��$- 7$�� '���^ &- ��
��%
�
$ 3 ��$e =5�$- ���� ���9:1 &- �V4
 �� 3 � 5�4� (Huang, 

2004) .��>��S *.$�# OLH�(�� ���* �� �$W�� ���
���- ����5��* .$�( - �� E$�5� <9�F
 ��$- 7$�� '���^ &- 

'��� 3�����5�=���	 .=%� a�H! l�F�� ��O��VW $ M
 O�9
�5�B S *.$�# ���>� � V�% . =�� 3 E��� - <9��*� �V�� ���

��t� �� =	�
 E$�5� $- &V�8 ��$- �� 3PAHs C�! ���5�
(Huang, 1997; Marwood, 2001).U�[	� &- &�k�$� �-

��F	�b��)o.�(�� E��� - . S *.$�# '�� � =V4
 ��VW � 96% .
����� ���� �� 3LO=-���
� =� $M
 &- &�4
��% =5�$- ���� &
�3 �5�

 �� '$�
��* ��t� �� =	�
 <�% . &�*�9 @�V�
� =� >� K9�$	 �-
 SF>% �� K >��#�.<�- �5�B �� $  N% 
�^ O�� 3 =9��� ��� 
$- �� #6% I��������9:1 U�2�
� 
�^O&�*�9 S[	 $  N% 
$* =�� �9 .

�$- &- &(9� �� O�� 3 � ���* $W� �� '1�5� .���� ����1 S �>% ��O
49�2�L, \
� � ��G
�9��. � ��
1 .)�4% Tukey (=� '�(
 &# ���

&
�F
 �- ���	 &
�F
 E��� - . S *.$�# $9��2� , - �� &�*�9 �	� ���
�.��% ����1 K >�=��� z�5�� ����xf%`f)/`p <(����(�

=F
 �	�.

���1 �5� &- ]9��
 =5�$- l�F�� ����� '�(

�3 &# L=-���
� 
. ��! =9� F 	� - . 09X���9� * K9�$	 '��- ���� ��^ &- 
�3��5

O&
���3 �� ��	 U�F^� K9�$	 �>% 
.�2� '$�
��* ���9:1 &- �V4

�# �-�W I��V4
 '�� � . ���- �5�B =^�
 Ze�. �� �� ��% E��� - . S *.$

=F5 $ W6% $- &V�8 �� �� 3 �V�� '��- �� 3 �� ���9:1 ��t� �� =	�

�5� .��VW ��k.O.,9� ���2� �� =9�k ��$  N% �9&H�(� �� =#�� ��


��
� &- ���9:1 U�2�
� 
�^ . ���- =9��� ��� �� �� 3 <2
 &- &k�% �-
� U�2�
� . |�4 5�#�$ �
� �� ���9:1 ���+O=9�A8 ��	 ��9 ����� �� 

=3}9. �� 3 �V�� ���< B &��3=� j�4>� �	�.$\9� ��5 �� 
O=3���1 ��$  N% �
.� . &(9� �� ZF�% '�� � =5�$- =� '�(
 &# ���

9��% '�� � <9��*� �- �5� ���e �� 3 ,9�L=[9X��� - O���9:1 '�� � 
��� <��# C�! �� �� ��#A�.

	A/���� ��
1-Poly Aromatic Hydrocarbons(PAHs)  
2-Freeze drier 
3-High Perfromance Liquid Chromatography (HPLC) 
4-Two Photon Excitation Microscopy 
 

��� ��� ���) J
��) 
E O��B =� 3.� - =V
 O� O����.�.
 O=k$3 ..�.Popo .� �� '�$i% ��\(9:�B "�k ��i#�! =3���1=��
 ��V #$% �(
 $W .O=5��	 K >� =5 U�5 ��F	 O
�+o�O

��f�ox.

7 O=� #..� O=9J^ O.Popo .&
���3 �4% �$3�3 . �.� <	�B �- ��.� ��# � � # U$��# . �� .O=
�9�B ?���3 ��
 ���a ��\(�.}B .

Anderson,T. A., E.A.,Guthrie, B.T.,Walton. 1993. Bioremediation in the rhizosphere, plant roots and 
associated microbes clean contaminated soil, Environ. Sci.Tech. 27(13): 2630-2636. 

Aprill,W., R.C.,Sims. 1990. Evaluation of the use of prairie grasses for stimulating polycyclic aromatic 
hydrocarbon  treatment in soils, Chemosphere 20: 253-265. 
 
Banks,M.K. 1999. Evaluation of dissipation mechanisms for benzo(a) pyrene in the rhizosphere of  tall 
fescue, J. Environ. Qual. 28: 294-29 
 
Binet,P., J.M.,Portal, C.,Leyval. 2000. Dissipation of 3-6 ring polycyclic aromatic hydrocarbons in the 
rhizosphere of ryegrass, Soil Biol. Biochem. 32: 2011-2017. 

Bjorrseth,A. 1983. Handbook of polycyclic aromatic hydrocarbons. Marcel Dekker, Inc. 
Casrett, and Daull's. 1995. Toxicology: The basic science of poisons. 5th edition, Mc Graw- Hill, New York. 

�0����� 	
��� �
�� ���� ��



Dzantor,E.K. 2000. Phytoremediation – Organic Compounds. Department of Natural Resource Sciences and 
Landscape Architecture, Maryland Cooperative Extension, Fact Sheet No. 764. 

Erik,J.J.and et al. 2004. Priming effects on PAH degradation and ecotoxicity during a phytoremediation  
experiment, Environ. Pollut. 128: 429-435. 
 
Fismes,J. 2002. Soil- to- root transfer and translocation of PAHs by vegetables grown on industrial 
contaminated soils, J. Environmental Quality, 31: 1649-1656. 

Gao,Y.Z., L.Z.,Zhu. 2003. Phytoremediation and its models for organic contaminated soils, J. Environ. Sci. 
Tech., 15: 302- 310. 
 
Gao,Y.Z., L.Z.,Zhu. 2004. Plant uptake, accumulation and translocation of Phenanthrene and Pyrene in soils, 
Chemosphere , vol.55, Issue 9: 1169-1178. 

Guerin,T.F. 1999. The extraction of aged polycyclic aromatic hydrocarbon (PAHs) residues from a clay soil 
using sonication and soxhlet procedures: a comparative study, J. Environmental Monitoring, 63-67. 
 
Huang,X.- D. 1997. Mechanism of photoinduced toxicity of photomodified Anthracene to plants: Inhibition 
of  photosynthesis  in the aquatic higher plants  Lemna gibba(duck weed), Environ. Toxicol. Chem. 16: 
1707-1715. 
 
Huang,X.- D. 2004. Responses of three grass species to creosote during phytoremediation, Environmental  
pollution. 130: 453-463. 

Jason, P. and et al. 2005 . Sorption of Aromatic Organic Pollutants to grasses from water. Environ. Sci. 
Tech., 39 : 8369-8373. 

Jiao,X.C. 2007. Adsorption and absorption of polycyclic aromatic hydrocarbons  to rice roots , 
Environmental Pollution . 148: 230-235. 
 
Joner,E.J. 2003. Rhizosphere gradients of PAHs dissipation in two industrial soils and the impact of 
arbuscular mycorhiza, Environ. Sci. Tech. 37: 2371-5. 
 
Jones, K.C. 1991. Contaminants Trends in soils and crops, Environmental Pollution 69: 311-325. 
 
Kipopoulou,A.M. , E., Manoli and C., Samara. 1999. Bioconcentration of PAHs in vegetables grown in an 
industrial area. Environ. Pollut. 106: 369-380. 
 
Lee,E. 1996. The fate of polycyclic aromatic hydrocarbons in the rhizosphere of Festuca arundiancea. Ph.D. 
dissertation, Dept. of Civil engineering , Kansas state university, Manhatan. 
 
Martinez,E. 2004. Simplified procedures for the analysis of PAHs in water, sediments and mussels, J. of  
Chromatography A. vol. 47: 181-188. 
 
Marwood,C.A. 2001. Chlorophyll fluorescence as a bioindicator of  effects on growth in aquatic 
macrophytes from mixtures of PAHs , Environ. Toxicol. Chem. 20: 890-898. 
 

��� 	���� ��
��� ����  !�""$%&'��(")����
 ��
� *+ ���,&
+ ���1



Mattina, M.J.I. and et al. 2003 . Concurrent plant uptake of heavy metals and persistent organic pollutants 
from soil. Environ. Pollut. 124: 375-378. 

Mattney Cole, G. 1994. Assessment and remediation of petroleum sites , Lewis pub., London, Tokyo. 
 
Mc Catcheon,S.C., J.L.,Schnoor. 2003. Phytoremediation, transformation and control of contaminants, 
Wiley- Interscience. 
 
Milton,L.L. 1981. Analytical chemistry of polycyclic aromatic hydrocarbons, academic press, Inc. 
 
Reilly,K., M.K.,Banks, A.P.,Schwab. 1996. Dissipation of polynuclear  aromatic hydrocarbons in the 
rhizosphere, J. of Environ. Qual. 25:212-219. 

Thoma,G. and et al. 2004. A model approved to measurment of rhizosphere effect in phytoremediation. 
Report on IPEC conference. 
 
Wang, M. and K.C.,Jones. 1994. Uptake of chlorobenzens by carrots from spiked and sewage sludge- 
amended soil, Environ. Sci. Technol. 28: 1260-67. 
 
Wild,E.2005. Direct observation of organic contaminant uptake, storage and metabolism within plant roots, 
Environ. Sci. Technol. 39:3695-3702   
 
Zakia,D. and et al. 2005. Bioremediation and Biodegradation, J. of Environ. Quality, 34:206-216. 
 

������� 	
��� �
�� ���� ��


