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��+ و �6
( ا��$  h ا�Rى �"
 �+ ا���3��ت، و %��3 و %��

4�م ا���Dما�!�دى ��K ا7%�م  �����T و 
4�Aالله ا���� ا��7 ا�  �
 ��  $�  ، ا���اج ا�$��� �6 %� �
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�ى  واD اً  �����4"��ول ھRا ا�A"�ب �jذن الله "�� ��
 �Dو�W$ت ا��
�k��� أھ
 ا�$
 
ا�"�  و ��9W� &� ا����
 �� �����+ و ������+أى و ا�"� �A$4 L أن ��8� أى دو�� �C ا^ن ا����

2�ر ط�ق ا�$أ�� �� lث ا���#� و ذ��
�� ا�bK7 و ا����] أL و ھ� ا�"� �!�J2� H9� �B���

�� ��  �&�ا��َ  �4"�� ا�"��ث ا���#� ھ� %"�B� ط����� �"� ى ا<%��ن m�Dا������� ا�$�" ا�� 

��+ ا��ُ D ء�T C� ��

��+ D وث  ���ه و أرض�� 3�ر  f��� ىRاء ا��7 ا��و 6$�ء و ھ
+��
 V�8ن و ا��Aو ����� ا� +%��� ا4�  و إذا ر���� إ��. C�K رھ�f &� ا�"�ازن ا�Rى &�W الله �6

 B% V�8ء ��ن �ُ  أن ا��T C� ُ� و !#��ً � اً و Cول �8 �� ا<%��ن  �� أ��D �� ن�
�6 �A� و

�� ��4�Bت ا�7�ر �ُ  –
� �!C &� ا�� ا4�  –ا<%��ن  �W��4 أن ��
�ھ$�ً �`ن ا����Wة "

�6
�ن �� ظ!� ا����د &� ا����W� ھ� أ�� L�  ��S��4 RK`& + &� ا7رض &َ  l�R� داً و��C� 
��%+ و ������$� ���H أ4 ى ا���س �$� أوSk ذ�l ��� ا��V 6ُ و ��اً  اً ���اً و ����Aن �.  

�� أ ���"��ث ا���#�  =J=� أ��اب –�jذن الله ����� و ��&�9+  –و 6�ف 4"��ول ھRا ا�A"�ب 
+��

��+ ؟و ��ھ� ��3دره ؟و �� أ�4 %�` ؟���+ و �� H���� �"ا� C���$و  ؟و ھ� ا� �دور �� ھ

 �
�ن ا��را
� أD  أھ
 ��3درا�"��ث؟ =
 أو ھ�A$4 C  ؟&� ��B�!� ھRا ا��W8��Wع ا��راA� ن
 ������
� ط�V4 ا�$���B� ا������� أو ا��� lاء ��ن ذ��
 &� ط�ق 
Jج ھRا ا�"��ث 6A� ف�W%

9�ق ا���7ل ا��9د�� D s��&� ��#� أو D"� ا���#�� و\�Lً إ�� ا�$���B� ا������� ا�$�" ا�� و ا�"� �
 
و  ���C3 ا�:��m� %"��ول��2%� �"�ا&� �!� �$�e ا�$�ارد ا�����W� ا�"� ���D �$bة ��$4� =

��K7ن  ا���94 �$�����A����� ��?اRdاد ا��و &�+  �� m�D�t ا���س أى ���ث ا������ت و ا�$
 M�� و ����Aا��� ��A�$� دأ%"��ض��اLور�� ���_  \�S أD  أھ
 أ��6ب ر&_ ا<�

�ى 
�� �� �94رب  �K\�درات ا�$4�3� ا��3"��C ا<���د ا�$�$�ح �+ �� �ِ  &�� 50ا�"� �
�ف 
�� ��3در ھRا ا�"��ث و  �� �����4 ا�"3 ����4ر ا7ورو�� �$ِ ���� ھ�� ��ن ��ا��ً 
���� ا�

+��
�اء ا������ت و ا�$�اد ا�Rdا?�� "Dإ C��9� ���^ ل�\����� و ����� ا�A�����.  
4
 و أن ��B4+ &� ���ان ������D و أن و الله %�`ل أ�Aا� +��� ً�3��K C$ا ا��Rھ C�B4 ن
�:�� و ط��� ا� را�6ت ا����� ا�����Bت و ا�$�ا�� ا ار���6 و طJب �����4 �+ و e��4 �+ ا��� C� و

� �\�K و ا���#�� و ��
���� ا������ت�� �B� �& Cd"�4ل ا����م ا��را��، إ%+ L�Bت �4Rd� و &��
��� و %�
 ا�$���%�
 ا�$.  
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- ��Nـــــــــــ�	:  

 ��ات 
 4 ة ) ا�"���(%��H ا7رض �A�4
 &9  ذ��ھ� ا����4 ا��A�9آن ا�����2$�ً 
 ً�&�T

�%�ت  ،�`�� اً 
�� أھ$�"!� و دورھ� &� ��Dة ا<%��نA$& �!?��Dا7م ا�"� %�` ا<%��ن �� أ �!&
�ان أأ��
 ا<%��ن ��
��ت ا�� وو ا�!�ُ�$�  eW9�� ً���$"ا7رض إھ H�9� l�R� و ��3 ره ا�"��

4
 ا7زل و D"� ���م ا���
� �`�� رب ا����$�� � R�� ه . ا����2 �� ا���$�ءRھ ��\ H%�� �$� و
�
� �C �� ھ f�9�"و ا� m�v4دى  أدى أو ا�"��� و ���D!� أ�� �  ��WK &9  أf!6 ا���$�ء &� ا��


� ����� ر&e ���ءة ا7رض إ�� إ���ق ا��bر �!� �" m�J&�+ أو ���D�% �� +�J� و ا��
و �$� ��%H ا�"��� . ا<%"���� إ�� أ��3 در�� و ا����ظ 
�� ھRه ا�$� Lت �� %��D� آ�Kى

�%�ت ا���#� &9  ��ن ��ا��ً 
�� ا����) ا7رض(A� 
 –�C ا����  – و ا�$�ء و ا�!�اء ھ� أھ
  .م �!� و ���!� �� ا�"��ث او ا�" ھ�ر � ر ا<��Aنو ا<ھ"$�
�� ھRه ا���#�  ا����ظ


�ت ا�!��� 4ُ و �k��ث ا���#� �� ا�$�� ��"� e�$� ر إھ"$�م��� Hو ��زا� H%�� �"و ا�
6�اء ا���mD أو ��wه %�2اً 7ن أ�kار ھRا ا�"��ث ا���#� �$"  �� e�$B�J إ6":��ء  e$"B$ت ا��#&

6� �$��� و��د ���ث ���$��ه e�$B��� �b4 Cھ�Bأو ا� 
و �� ھ�� ��%H أھ$�� ���ث اء ا�$"��
�ع . ا���#�k�� H�و 6�ف %"��ول �jذن الله &� ھRا ا���ب ��_ ا��V?�9 و ا�$��ھ�
 ا�"� �� رج �

�ث ا�!�اء،  ���ث ا�$��ه،  ���ث ا�"���و أ%�ا
+ �:C ا�"��ث ا���#� ��  
�ث ا���2م ا���#� و �� =��
�
�$���8ت ، ��67$ ة ،ا�"��ث ���$�� ات"��ث ا�CA� C:� ���"8$ و أ�b4ً ��3در ا� ا��را

�4�"��ا�"��ث  isotopes ا�$���ا��emissions  ، �?�2 ، ا<%���=�تا�"��ث ���$��دن ا�:��9�، ا���%
 �
 Eا����رات����8ت ��ا��ت ا���� car park ا� 

� $���C و ��wھ� =
 %��ج إ�� أھ �Bا����

�ن را
�ا�� �W9ع"��ض �=
 %ا�"��ث A4  � ىRث؟ و ا��و �`=�� ھRا ا�"��ث  أD  أھ
 ��3درا�"�

�+ �� إ E"�4 و f��"4 �� ع و�W9ا ا�Rھ ��
�ى و ��w (ا<�!�د %�ا
+ �!�د و أ%��+ ��ا�

�ى�D( 
�6�ك ا����ت ��H ظ�وف ا<�!�د =.  

 – ا�f"A –و sDJ4 أ%�� 6�ف %��� &� �$�e %�9ط ھRا ا���ب 
�� إ6"��اض ا�L�9$ت 
 ُ4 �� C� e�"� �& mD�� CA� ة���Aا7ھ$�� ا� m�D ھ���w ت ا�$����� وL�9$ا���9ط ا�"� ا� �
 ���

��\  ا�$�ا�e ا�!��� أsDJ ً�b4 &� ھRا ا�A"�ب إھ"$���� ا���k���.  ُ4 �$� ���A �!� &� ھRا ا���ب
 �A$4 L �"ا��mD��� �9ً &! أو ا� ارس�W� �!�
 ��d"�4 أنx�  �D���ث � ا�$Jذ ا��– f"Aا� – 

 ����
��ض أھ
 ھRه ا�$�ا�e ا���$�� ا�"� �"ن %أا�L�9$ت ا���$�� و ��wھ� و �� ھ�� ��ن ��ا��ً 
mDا���  
4�"��+ �A"��� ���9"+ أو
� و ا� ارس ��� �� C� د�B4إ �  m���w ذ�l �� ����8ت ا��


�� ھ �D�"$ت ا����Rه ا�$�ا�e و ��M ا���$� �$� S�"ٌ4 ���9رىء ا�"��ف 
�� ��3در ا�$��

�ت  َ \ِ ا�f"A ا�"� رُ  "��اض 7ھ
 ا�L�9$ت وإJK � 6ل�4"��د ��!� ��k�ت �""��ول ھRه ا�$

C�3�"ء �� ا����.  
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1 – ,	�
��
�	�ن�ت ا
�	F! =! ("ا�� ا
  ا
:."ث ا

Environmental Pollution in International Data Base 
  

�ع ا�"��ث ��3� 
��� �� ا�k�� ��"�4 Hو ��زا� H��% �"ت ا�!��� ا��
�k�و 6�ف  –$
 C2�–  ل��� ��
�ى ا����
 �$� �!Rا ا�$�Bل �� �`=�� "�� ��
 ��:Dا��� C�� �� 
ا<ھ"$�م ا���2


�� ذ�l �� ��ء  Cأ��� د�� C�� ث و�
�� و ��3در ھRا ا�"��%�2م ا����ة �`�6ھ� 
�� إJ"Kف %
�ث ا���#� أو ا<&��د &� ا7رض ��  �$�ا�e ا���m ا���$� ا�$�!�رة و ا����#4��� C�� و

4
 &9  ذ��ت �Aت ا�!��� � اً و ا�"� ���و�!� ا��9آن ا��
�k�6
 د  ا
��2د =! ا'رض �$��ا�$ 
4
 ا<&��د &� ا7رض ��H أى ��  أو ���"� 
�H أى ُ��$��ات �$� �v4  إھ"$�م ا�V��8 ا���2� 

4
 &� و �6��ن الله ا���2
 ��Aار ھRه ا�B$�� ��ن ��� ��
�ا4�w ek� &� ا� �� و ا�"`��  �
�ى ا��َ "�� ��
 lاء ��ن ذ���4+ ا������ و ا��َ ا<&��د &� ا7رض 6"��4+ � و �� �"��� أى ���

 َ��ى ا�"�� ��
4
 ا��bر ) أى �$�L�B� eت ا��را
�(�ث ا���#�ت ا�$�?�� أو ��و ا���C أى �
�ان و ا���W و���� آدم و �� 
�� C:� (� �� +"���T ا�"��ث(��ا��A?��ت ا����  �$�A�$ e� ا�

�$4�Aو ����� �$� &� ا^4� ا� +%��  :ا� ��9� و ��wھ� �� ��8�&�ت الله �6
  

  
  

� �3D ��4 �$�& ت وL �$ار�A� ث ا����$�� �."ثذ�� ��$�  وأ��9�ا
  ا����%�ت و ا7��:  
  

1 –  P)"�
�, أو/�2"رد # ا
+�ص �17ا��HOxford University Press 
  


 و ھ� =�%� ھ�  ا<%4���B� ��"�� دار %�� ����� أو����رد������ ������ ���W� م أ��� �أ

ول أ\ ر 
�!�  m�D )م1534ا�"� � أت 
�م  ��  ���W� ����� �����4 ج( دار %�� &� ا����

م و ھ� 1586
�م  اً ��ر�
"�إ م =
 أRKت دار ا���� و ا�$��W� &� %�� ا��1478f"A"�ب 
�م 
�� �
  4�4 �� ً�4��6 E"6000  ً�%ا��
titles ،
�ل ا����D  ا���D أو دور4�  3�100 ر ��B�


�ت ا����ن و ا����م ا<%��%��، ا�%�9�ن، ا�fW و ا�3��، ا����م و ا����k�4ت و ا����م �W� 8 م�
��
�ا��  �!Rا ا�$���A& eن �."ثأ�� 
� �� ل ��Aار ��$�  .ا<�"$�D32165 ة��.  

  

2 –  P)"� �8ج����/ ,���H# ص�+
 Cambridge University Pressا
�17 ا
  

�`m�D  H�6 أ� م دار %�� &� ا����
 ��  ����� أو����ردھ� دار %�� إ%4���B� و ھ� 

��!� &� أ�:� ��  King Henry VIIIم ���C ا�$�l ھ��ى 1534
�م ��W� ���� 40و ھ� 
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 �

� �� ا�Aُ"� 50000دو�� �� 4�4  �$B$� ً�%ا��
�ا�� دو��  100ب �� أ�:� �� D 3 ر�

�ت  360�W� أو دور4� �8 م ��B�� V��"م������،  

 و ���ُ���� ،������"Aا�!� 6� و ا� ،fWا�

�م ا�"���
�ا�� . ��ا��d� ا<%4���B� و D �& e�� 19653أ�� 
� �� ل ��Aار ��$� ���ث �!Rا ا�$
  .��ة

  

   P)"�Sciencedirect ا
ـ  – 3
  

��4 e��� �
� و ھ  �3500 �� 4�4  �
  4�4 �$� �&�k>�� ��B� ب  34000دور4� أو�"�

 %��ه �6��4ً و �����m &� ھRا ا�$��e و�  أن �� ل ��Aار ��$� ���ث "4pollution  ��3�

388927
��� ��ن  ) z�� f"Aار &� ا��A� $� ل�ث 40839��و ذ�l ) و ا����� &�$� Y84 ا7�
�3 4�م ( ��13509ن  2016�$� ل ��Aار 
�م �و &� ) م��2016رس  D26"� إ��اء 
$��� ا�

2015
�م  z�� م  27101م�
  .و ھRAا 21347م ��z 2013و &� 
�م  23544م ��z 2014و &� 
  

   P)"�Springerlink ا
ـ  – 4
  

�� أ� م دور ا���� &� ا����
 m�D %�`ت &� ا�$�%��  ��T �B%��Springer"�� دار ا���� 

�  و ھ� �� دور 1842
�م   4�4 �� ��% ���"� m�D أو دور4� و  2900ا���� ا��ا? ة ��B�

�"�ب و ھ� ر�
 �RھC &� %�� ا�f"A أ�� 
� �� ل ��Aار ��$� ���ث &�Aن  200000أ�:� �� 
��e ا����M ا�m�D ��R ذ��ت ھRه ا��A$� �� ��4دل $��� �3�m�D  �9�336440ر��ً �$� ��ء ���

�ا�� D f"A��� �$�Aه ا�Rرت ھ�A�2103 ��$K رھ� � f"� C6J�� و  �
�$B� رة��
و ا����� 
  .ا�L�9$ت

  

  P)"�PubMed ا
ــ  – 5
  

�ا�� D �$�Aه ا�Rة  115697ذ��ت ھ��K7ات ا���ن و ��ة ��!� &JK t9ل ا��6 [$8
   .��33488 ل ا�"�Aار 

  

  P)"�Library Genesis ا
ـ  – 6
  

��Y38"� e &� ا�t9& f"A ��ن ا�� د � �6�اء  799و ھf"Aه ا�Rھ C6J6 أو f"�.  
  

   P)"�Google Scholar ا
ـ  – 7
  


 أھ
 أ
$�ل ا���D:�� &� ا����
 &� L�B� �"Tت ا���m ا���$� b4 e��sDJ4 أن ھRا ا�$
�ى ا����
 و �  و� ت ��$� ا�"��ث �$� ل ����e � اً "�� ��
  C\2320000و  f�3% ن��
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�3 2016
�م �4�م ا� �"D م��2016رس  26(م ( z��25600  R�� ا ا�� دRھ C\و ��D �&
2012
�م  z�� 139000م.  

  

  P)"�Elsevier ا
ـ  – 8
  

&� ھ��� ا 
�م  Lodewijk Elzevirأ%�`ھ� ��� &� ا����
 m�D ا�ھ� واD ة �� أ� م دور 
�"�ب ����ھ�  �B�33000� أو دور4� و أ�:� ��  2500و ھ� دار %�� � 4!� أ�:� �� م 1580

� m�D و� ت و ��Aرت ��$�% e��  .��ة 251000� ���ث 
�� ھRا ا�$
  

9-  P)"� 6	دار ن�1 ��8."ر و =�ان�Taylor & Francis   
  

 �� ًJ� �!�64� أ���B%و ھ� دار %�� إWilliam Francis and Richard Taylor 
 �"�ب � 4  �6��4ً  5000و أ�:� �� دور4� أو ��B�  2400م و ھ� �3 ر أ�:� �� 1852
�م 

�ى 
��  m�D و�  أن ��$�"��� e��� ور4� أو  �142400"�ب و  ��25682�ث ��Aرت ���$
  .��B� و ��wھ�

  

10 –  P)"� !.8دار ن�1 واJohn Wiley & Sons   
  

 ��A4�6 و ھ� دار %�� أ������
�م  �9�Hoboken, New Jerseyھ� %� H�6`�

� ط�V4 م 1807Charles Wiley  ا���D و �3 ر  1500و ھ� �3 ر ��B� دور4� أو

��e ھRه ا� ار 
� �� ل ��Aار ���ث ��%H ا��"�B�  .�"�ب �61500��4ً أ�:� �� $� ��:�� �� �
و 
&� ��D �& H%�� ��D�  �4145083ت ھ� ��3D H%�� m�D� ا�"�Aار &� ا� ور 163563ھ� 

 f"A18342ا�.  
  

�ث 
�� �$�e ا�$�"��4ت 6�اء ��ن ���ث ھ�اء �"��� 
أو ��v4 V�6 �� C  � ى إھ"$�م ا����
�ف 
�� آ�K ا<\ ارات ا�"� %��ت �� JKل . ��ء أو ���� أو ��wھ���و ��C �� ا�$��  ا�

�ى ��دور ا���� ا�$8"��� و �K\� أ�!�ت ا�f"A ا�"� �A$4 L ا<��d"6ء 
�!� &� ھRا ا�$�Bل ا�
�ر �� ���ور ھRا ا�A"�ب �6j"��اض ��_ ا�$���vت و �� C� �4ا �دا?$�ً  C!"�% ف��Rا 6

� �\�K ا��9$� ا�"� %��ت f"Aاً � ا��Kv�.  
 C���$� �$ھ"$�م ا����a� ً�2ا%!F	�
ا�� 4  و ا�� 4   – ر 3ُ و ��زال 4َ  –  ر&9  \َ  ا
:."ث ا

�ع و أ��k�� و ا�"� إھ"$H أھ
 C6J6 ا�f"A ا�$��و&
�  �� ا�f"A ا�"� ���و�H ھRا ا�$

�� رأ`"��ث ا���#� &���� �� f"� ����6 �!6Environmental Pollution Series  أى

و ا�"� � أت �����C &� ا�3 ور ��Springer  Rو ا�"� �3 ر 
� دار ا���� ا����$�� ���ث ا���#� 
� ا�"���1998
�م �
�� ا�� H%�� م و:  
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(1) Wim de Vries, J.-P. Hettelingh and M. Posch (2015). Critical loads 
and dynamic risk assessments nitrogen, acidity and metals in 
terrestrial and aquatic ecosystems. Vol. 25 

(2) Meuser H. (2013). Soil remediation and rehabilitation: treatment of 
contaminated and disturbed land. Vol. 23 

(3) Brian J. Alloway (2013). Heavy metals in soils: trace metals and 
metalloids in soils and their bioavailability. Vol. 22 

(4) Naser A. Anjum, I. Ahmad, M. E. Pereira, A. C. Duarte, S. Umar 
and N. A. Khan (2012). The plant family Brassicaceae: contribution 
towards phytoremediation. Vol. 21 

(4) Mohammad S. Khan, A. Zaidi, R. Goel and J. Musarrat (2011). 
Biomanagement of metal-contaminated soils. Vol. 20  

(5) Mihalis Lazaridis (2011). First principles of meteorology and air 
pollution. Vol. 19 

(6) Helmut Meuser (2010). Contaminated urban soils. Vol. 18 
(7) Mihalis Lazaridis and I. Colbeck (2010). Human exposure to 

pollutants via dermal absorption and inhalation. Vol. 17 
(8) Despo Fatta-Kassinos, K. Bester and K. Kümmerer (2010). 

Xenobiotics in the urban water cycle: mass flows, environmental 
processes, mitigation and treatment strategies. Vol. 16 

(9) Mikhail Kozlov, Elena Zvereva and Vitali Zverev (2009). Impacts 
of point polluters on terrestrial biota: comparative analysis of 18 
contaminated areas. Vol. 15 

(10) Jan Vymazal, Lenka Kröpfelová (2008). Wastewater treatment in 
constructed wetlands with horizontal sub-surface flow. Vol. 14 

(11) Fengxiang X. Han, Arieh Singer (2007). Biogeochemistry of trace 
elements in arid environments. Vol. 13 

(12) Yasuo Onishi, Oleg V. Voitsekhovich and M. J. Zheleznyak 
(2007). Chernobyl – what have we learned? The successes and 
failures to mitigate water contamination over 20 years. Vol. 12 

(13) Mary Beth Adams, D. R. DeWalle and J. L. Hom (2006). The 
fernow watershed acidification study. Vol. 11 

(14) John Davenport (2006). The ecology of transportation: managing 
mobility for the environment. Vol. 10 

(15) Paolo F. Ricci (2006). Environmental and Health Risk Assessment 
and Management: Principles and Practices. Vol. 9 

(16) Lars Landner and Rudolf Reuther (2005). Metals in society and in 
the environment: a critical review of current knowledge on fluxes, 
speciation, bioavailability and risk for adverse effects of copper, 
chromium, nickel and zinc. Vol. 8 

(17) Richard Tykva and Dieter Berg (2004). Man-made and natural 
radioactivity in environmental pollution and radiochronology. Vol. 7 
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(18) Kofi Asante-Duah (2002). Public health risk assessment for human 
exposure to chemicals. Vol. 6 

(19) Paul L. Younger, Steven A. Banwart, Robert S. Hedin (2002). 
Mine water: hydrology, pollution, remediation. Vol. 5 

(20) C. Kennes and M. C. Veiga (2001). Bioreactors for waste gas 
treatment. Vol. 4  

(21) Simon J. Langan (1999). The impact of nitrogen deposition on 
natural and semi-natural ecosystems. Vol. 3 

(22) Douglas Cormack (1999). Response to marine oil pollution — 
review and assessment. Vol. 2 

(23) Jes Fenger, Ole Hertel and Finn Palmgren (1998). Urban air 
pollution — European aspects. Vol. 1 

  
ا�� 4  و ا�� C6J6 ��  4 ا�f"A ا��9$� � اً و ا�"� �"��ول ا�"��ث   �Springer$� �3 ر

C:� �#ا��� : 
- Pollution Monitoring Series 
- Air Pollution Problems Series 
- Air Pollution Research Reports Series 
- Environmental Science and Engineering Series 
- The Handbook of Environmental Chemistry Series 
- Handbook of Global Environmental Pollution Series 
- Environmental Chemistry for a Sustainable World Series 
- Reviews of Environmental Contamination and Toxicology Series 
 


 �$���C ا�"��ث ا���#� &!��ك  ا�"� Journalsأ�� 
�� \��  ا� ور�4ت أو ا�$JBت "!�
���&] D$�  را?e ��� دور ا���� ا�8$"��� 
�� إ\ ار �:C ھRه ا� ور�4ت ا��ا?�� و &�$� ��4 

 
  :ا� ور�4تھRه إ6"��اض &t9 7ھ
�ان أ
 اد �� �3�Elsevier ��B ر دار ا�����  – 1�
 C$�� !F	�
و ا�"� ��%H  ا
:."ث ا

�$�9� �k�$ا� �& ��
ا�"��ث أى  Environmental Pollution ��$� ا^ن ��$C إ6
� إ�� &�
t9& �#ا���:  

Environmental Pollution Series A: Ecological and Biological 
Environmental Pollution Series B: Chemical and Physical 


 د �K\ ر آ  �و  C$�
��  .م��2016!� 4�%�+  213ر�
  ��!� و 4 �!"���"� �A$4 و
t�ا��ا : z�� ��=`� C���� م  4.143و ھ� ذات�
  م2014

http://www.journals.elsevier.com/environmental-pollution/  
 


� أ�Kى �� ا� ور�4ت�$B� ه ا� ارRھ �
  :�:C ا�$!$� �$� 34 ر 
1- Marine Pollution Bulletin –Journal – Elsevier (IF: 2.991) 

www.journals.elsevier.com/marine-pollution-bulletin/ 
2- Atmospheric Pollution Research – Journal – Elsevier  
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www.journals.elsevier.com/atmospheric-pollution-research/ 
3- Process Safety and Environmental Protection – Journal (IF: 2.551) 
www.journals.elsevier.com/process-safety-and-environmental-protection/ 
4- International Journal of Sustainable Built Environment – Elsevier 

www.journals.elsevier.com/international-journal-of-sustainable-built- environment/ 
5- Atmospheric Environment – Journal – Elsevier (IF: 3.281) 

www.journals.elsevier.com/atmospheric-environment/ 
6- Environmental Research – Journal – Elsevier (IF: 4.373) 

www.journals.elsevier.com/environmental-research/ 
7- International Soil and Water Conservation Research – Journal  

www.journals.elsevier.com/international-soil-and-water-conservation- research/ 
8- Science of the Total Environment – Journal – Elsevier (IF: 4.099) 

www.journals.elsevier.com/science-of-the-total-environment/ 
9- Ecotoxicology and Environmental Safety –Journal– (IF: 2.752) 

www.journals.elsevier.com/ecotoxicology-and-environmental-safety/ 
10- Journal of Hazardous Materials – Elsevier (IF: 4.529) 

www.journals.elsevier.com/journal-of-hazardous-materials/ 
11- Pedosphere – Journal – Elsevier (IF: 1.500) 

www.journals.elsevier.com/pedosphere/ 
12- Journal of Environmental Management – Elsevier (IF: 2.723) 

www.journals.elsevier.com/journal-of-environmental-management/ 
13- Environmental Science & Policy – Journal – Elsevier (IF: 3.018) 

www.journals.elsevier.com/environmental-science-and-policy/ 
14- Agriculture, Ecosystems & Environment – Journal– (IF: 3.402) 

www.journals.elsevier.com/agriculture-ecosystems-and-environment/ 
15- Chemosphere – Journal – Elsevier (IF: 3.340) 

www.journals.elsevier.com/chemosphere/ 
16- International Journal of Hygiene and Environmental Health, IF: 3.829 
www.journals.elsevier.com/international-journal-of-hygiene-and- 
environmental-health/ 
17- Agricultural Water Management  – Journal – Elsevier (IF: 2.286) 

www.journals.elsevier.com/agricultural-water-management/ 
 


� ��$� ھ�?�� �� ا� ور�4ت ا�"�  T �B%��Springerدار ا����  – 2�$B� ً����D 3 ر�
 ُ�C���$� ��� �!$ث ا���#� أھ�  :ا�"�

 
1- Agronomy for Sustainable Development (IF: 3.992) 

http://www.springer.com/life+sciences/agriculture/journal/13593 
2- Air Quality, Atmosphere & Health (IF: 1.804) 
http://www.springer.com/environment/environmental+health+-
+public+health/journal/11869  
3- Archives of Environmental Contamination and Toxicology (IF: 1.895) 



�
�	F!  �ب ا'ولا
 ا
:."ث ا

10 

http://www.springer.com/environment/environmental+toxicology/journal/244 
4- Biology and Fertility of Soils (IF: 3.398) 

http://www.springer.com/life+sciences/agriculture/journal/374 
5- Bulletin of Engineering Geology and the Environment (IF: 0.760) 
http://www.springer.com/earth+sciences+and+geography/environmental+
science+%26+engineering/journal/10064  
6- Bulletin of Environmental Contamination and Toxicology (IF: 1.255) 
http://www.springer.com/environment/pollution+and+remediation/journal/128  
7- Clean Technologies and Environmental Policy (IF: 1.934) 
http://www.springer.com/environment/sustainable+development/journal/10098  
8- Ecotoxicology (IF: 2.706) 
http://www.springer.com/environment/journal/10646  
9- Environmental Chemistry Letters (IF: 2.573) 
http://www.springer.com/environment/environmental+chemistry/journal/10311 
10- Environmental Earth Sciences (IF: 1.765) 

http://www.springer.com/earth+sciences+and+geography/geology/journal/12665 
11- Environmental Science and Pollution Research (IF: 2.828) 

http://www.springer.com/environment/journal/11356 
12- Environmental Geochemistry and Health (IF: 2.556) 

http://www.springer.com/environment/environmental+health+-
+public+health/journal/10653 

13- Environmental Management (IF: 1.724) 
http://www.springer.com/environment/environmental+management/journal/267 

14- Environmental Monitoring and Assessment (IF: 1.679) 
http://www.springer.com/environment/monitoring+-

+environmental+analysis/journal/10661 
15- Environmental Science and Pollution Research (IF: 2.828) 
http://www.springer.com/environment/journal/11356 
16- Journal of Soils and Sediments (IF: 2.139) 

http://www.springer.com/environment/soil+science/journal/11368 
17- Plant and Soil (IF: 2.952) 

http://www.springer.com/life+sciences/plant+sciences/journal/11104 
18- Water, Air, & Soil Pollution (IF: 1.554) 
http://www.springer.com/environment/journal/11270 
 

ا�"� %4���B� ا<��� ا�و ھ� دار  Taylor & Francis دار ن�1 ��8."ر و =�ان�	6 -3

� ����ة �� ا� ور�4ت 
 دھ� �$B� ً����D دھ�  3�2682 ر 
��V��"4 �!b �����#� و ا��را
� و 

ا�"� �"��V  و أ�� 
� أھ
 ا� ور�4ت �B�120� و ا^V��"4 �K �����#� و ا<6" ا�� و 
 دھ�  204
�ع �k� :أھ$!� ا���#� "��ثا�$

1- Environmental Hazards (IF: 0.868) 
http://www.tandfonline.com/toc/tenh20/current 

2- Journal of Environmental Science and Health, Part B:  
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    Pesticides, Food Contaminants, and Agricultural Wastes (IF: 1.202) 
http://www.tandfonline.com/toc/lesb20/current 

3- Soil Science and Plant Nutrition (IF: 0.729) 
http://www.tandfonline.com/toc/tssp20/current 

4- Journal of Integrative Environmental Sciences (IF: 0.644) 
http://www.tandfonline.com/toc/nens20/current 

5- Australasian Journal of Environmental Management (IF: 0.917) 
http://www.tandfonline.com/toc/tjem20/current 

  

� �"$��ة � اً �� �3 ر John Wiley & Sons  ً����Dدار ن�1 وا8.!  – 4�$B�

�ع ا�"��ث أھ$!� �� ��4k�$� V��"� �"ا� ور�4ت ا�:  
1- Water and Environment Journal (IF: 1.344) 

http://eu.wiley.com/WileyCDA/WileyTitle/productCd-WEJ.html 
2- European Journal of Soil Science (IF: 2.649) 

http://eu.wiley.com/WileyCDA/WileyTitle/productCd-EJSS.html 
3- Journal of Plant Nutrition and Soil Science (IF: 1.459) 

http://eu.wiley.com/WileyCDA/WileyTitle/productCd-2045.html 
4- Environmental Progress & Sustainable Energy (IF: 1.403) 

http://eu.wiley.com/WileyCDA/WileyTitle/productCd-EP.html 
5- Environmental Toxicology (IF: 3.197) 

http://eu.wiley.com/WileyCDA/WileyTitle/productCd-TOX.html 
6- Land Degradation & Development (IF: 3.089) 

http://eu.wiley.com/WileyCDA/WileyTitle/productCd-LDR.html 
7- Plant, Cell & Environment (IF: 6.96) 

http://eu.wiley.com/WileyCDA/WileyTitle/productCd-PCE.html 
8- Geo: Geography and Environment (IF:-----) 

http://eu.wiley.com/WileyCDA/WileyTitle/productCd-GEO2.html 
9- Culture, Agriculture, Food and Environment (IF:-----) 

http://eu.wiley.com/WileyCDA/WileyTitle/productCd-CUAG.html 
10- Wiley Interdisciplinary Reviews: Energy and Environment (IF:---) 

http://eu.wiley.com/WileyCDA/WileyTitle/productCd-WEN4.html 
11- Physiologia Plantarum (IF: 3.138) 

http://eu.wiley.com/WileyCDA/WileyTitle/productCd-PPL.html 
12- Environmental Microbiology (IF: 6.201) 

http://eu.wiley.com/WileyCDA/WileyTitle/productCd-EMI.html 
13- Geological Journal (IF: 1.627) 

http://eu.wiley.com/WileyCDA/WileyTitle/productCd-GJ.html 
14- Global Change Biology (IF: 8.044) 

http://eu.wiley.com/WileyCDA/WileyTitle/productCd-GCB.html 
15- Groundwater (IF: 2.307) 

http://eu.wiley.com/WileyCDA/WileyTitle/productCd-GWAT.html 
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�, أو/�2"رد – 5��� ,��S� �1دار ن Oxford University Press  و ا�"� �3 ر


� �$��ة�$B� أھ$!� �� ا� ور�4ت:  
1- Annals of Botany (IF: 3.654) 

http://aob.oxfordjournals.org/ 
2- FEMS Microbiology Ecology (IF: 3.568) 

http://femsec.oxfordjournals.org/ 
3- Journal of Plant Ecology (IF: 2.546) 

http://jpe.oxfordjournals.org/ 
4- Journal of Experimental Botany (IF: 5.526) 

https://jxb.oxfordjournals.org/  
5- Plant and Cell Physiology (IF: 4.931) 

http://pcp.oxfordjournals.org/ 
  

��� �4 Bأ%+ ا� ��Rن�1ت <�2
U5=  �"Dم 2016ا�"� ��ت �� 
�م  ا
G@ث ا
N1"ر T@ل #�

� �$��ة �� �"f ا�"��ث �A$4 إ�$��!� &�$� ��4ا^ن �$B�: 

(1)- Khalaf Moayad N (2016). Green polymers and environmental 
pollution control. Apple Academic Press; Boca Raton 

(2)- Angela Carpenter (2016). Oil Pollution in the North Sea. The 
Handbook of Environmental Chemistry 41, Springer International 
Publishing. 

(3)- Beidou Xi, Y. Jiang, M. Li, Y. Yang and C. Huang (2016). 
Optimization of Solid Waste Conversion Process and Risk Control 
of Groundwater Pollution. Springer Briefs in Environmental 
Science, Springer-Verlag Berlin Heidelberg 

(4)- Ramesha Chandrappa and U. C. Kulshrestha (2016). Sustainable 
Air Pollution Management: Theory and Practice. Environmental 
Science and Engineering, Springer International Publishing 

(5)- Tinglin Huang (2016). Water Pollution and Water Quality Control 
of Selected Chinese Reservoir Basins. The Handbook of 
Environmental Chemistry 38, Springer International Publishing 

(6)- Dunn, Russell; Schnelle, Karl B.; Ternes, Mary Ellen (2016). Air 
pollution control technology handbook. 2nd edition, CRC Press 

(7)- Tanya Wyatt (2016). Hazardous Waste and Pollution: Detecting and 
Preventing Green Crimes. Springer International Publishing 

(8)- John H. Seinfeld and S. N. Pandis (2016). Atmospheric Chemistry 
and Physics: From Air Pollution to Climate Change. Wiley; 3rd 
edition. 

(9)- Ronald M. Heck, R. J. Farrauto and S. T. Gulati (2016). Catalytic 
Air Pollution Control: Commercial Technology. 3rd Edition, Wiley 
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(10)- Vandana Shiva (2016). Water Wars: Privatization, Pollution, and 
Profit. North Atlantic Books 

(11)- Walter Leal Filho and U. M. Azeiteiro (2016). Climate Change 
and Health: Improving Resilience and Reducing Risks (Climate 
Change Management). The 1st ed., Springer  

(12)- Mira Petrovic, S. Sabater, A. Elosegi and D. Barceló (2016). 
Emerging Contaminants in River Ecosystems: Occurrence and 
Effects Under Multiple Stress Conditions. The Handbook of 
Environmental Chemistry Series Vol. 46, Springer 

(13)- Magalie Lesueur Jannoyer, P. Cattan and T. Woignier (2016). 
Crisis Management of Chronic Pollution: Contaminated Soil and 
Human Health (Urbanization, Industrialization, and the 
Environment). CRC Press 

 
 َ6 �& ً�� � �b$% أن �A$4 L م و�
م �2016د و ا�"��ض 7ھ
 ا�f"A ا�"� �
 %��ھ� &� 


�� ا<طJق &�  f"Aا� C6J6 
دون أن %"��M و %"��ض ������ �� ا�f"A ھ� واD ة �� أھ
�م ا7را�k و�

) ا
:."ث� ���"�Cw & ا�"� اT"!�ت ��Bل ��  f"� ����6 و ھ� Lأ" �	�"
"	#

,#�:

� ا�f"A ا�"���� k$� ھRه ا������ ��!� m�D \ ر Soil Biology" ا�$B� ا^ن �"D:  
 

   
 

List of Soil Biology Series: 
 
1- Alessandra Zambonelli, M. Iotti and C. Murat (2016). True Truffle 

(Tuber spp.) in the World: Soil Ecology, Systematics and 
Biochemistry. Soil Biology (Vol. 47) 

 
2- Mukesh K. Meghvansi and A. Varma (2015). Organic Amendments 

and Soil Suppressiveness in Plant Disease Management. Soil 
Biology (Vol. 46) 
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3- Lala Behari Sukla, Nilotpala Pradhan, Sandeep Panda and Barada 
Kanta Mishra (2015). Environmental Microbial Biotechnology. 
Soil Biology (Vol. 45) 

 
4- Irena Sherameti and A. Varma (2015). Heavy Metal Contamination 

of Soils: Monitoring and Remediation. Soil Biology (Vol. 44)  
 
5- K. Sowjanya Sree and A. Varma (2015). Biocontrol of Lepidopteran 

Pests: Use of Soil Microbes and their Metabolites. Soil Biology 
(Vol. 43) 

 
6- Dilfuza Egamberdieva, S. Shrivastava and A. Varma (2015). Plant-

Growth-Promoting Rhizobacteria (PGPR) and Medicinal Plants. Soil 
Biology (Vol. 42) 

 
7- Zakaria M. Solaiman, Lynette K. Abbott and A. Varma (2014). 

Mycorrhizal Fungi: Use in Sustainable Agriculture and Land 
Restoration. Soil Biology (Vol. 41)  

 
8- Asunción Morte and A. Varma (2014). Root Engineering: Basic and 

Applied Concepts. Soil Biology (Vol. 40)  
 
9- Nagina Parmar and A. Singh (2014). Geomicrobiology and 

Biogeochemistry. Soil Biology (Vol. 39) 
 
10- Varda Kagan-Zur, N. Roth-Bejerano, Y. Sitrit and A. Morte 

(2014). Desert Truffles: Phylogeny, Physiology, Distribution and 
Domestication. Soil Biology (Vol. 38) 

 
11- Ricardo Aroca (2013). Symbiotic Endophytes. Soil Biology Vol. 37 
 
12- Benjamin A. Horwitz, P. K. Mukherjee, M. Mukher jee and C. P. 

Kubicek (2013). Genomics of Soil- and Plant-Associated Fungi. 
Soil Biology (Vol. 36) 

 
13- Dharmendra Kumar Gupta (2013). Plant-Based Remediation 

Processes. Soil Biology (Vol. 35) 
 
14- Alessandra Zambonelli and G. M Bonito (2013). Edible 

Ectomycorrhizal Mushrooms: Current Knowledge and Future 
Prospects. Soil Biology (Vol. 34) 
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15- Ajit Varma, G. Kost and R. Oelmuller (2013). Piriformospora 
indica Sebacinales and Their Biotechnological Applications. Soil 
Biology (Vol. 33) 

 
16- Ebrahim Mohammadi Goltapeh, Y. R. Danesh and A. Varma 

(2013). Fungi as Bioremediators. Soil Biology (Vol. 32) 
 
17- Erika Kothe and A. Varma (2012). Bio-Geo Interactions in Metal-

Contaminated Soils. Soil Biology (Vol. 31) 
 
18- Irena Sherameti and A. Varma (2012). Detoxification of Heavy 

Metals. Soil Biology (Vol. 30) 
 
19- Bhupinder Pal Singh, A. L. Cowie and K. Yin Chan (2011). Soil 

Health and Climate Change. Soil Biology (Vol. 29) 
 
20- Ajay Singh, N. Parmar and R. C. Kuhad (2011). Bioaugmentation, 

Biostimulation and Biocontrol. Soil Biology (Vol. 28) 
 
21- Niall A. Logan and P. De Vos (2011). Endospore-forming Soil 

Bacteria. Soil Biology (Vol. 27) 
 
22- Else K. Bunemann, A. Oberson and E. Frossard (2011). 

Phosphorus in Action: Biological Processes in Soil Phosphorus 
Cycling. Soil Biology (Vol. 26) 

 
23- Mahendra Rai and A. Varma (2011). Diversity and Biotechnology 

of Ectomycorrhizae. Soil Biology (Vol. 25) 
 
24- Ayten Karaca (2011). Biology of Earthworms. Soil Biology Vol. 24 
 
25- Guenther Witzany (2011). Biocommunication in Soil 

Microorganisms. Soil Biology (Vol. 23) 
 
26- Girish Shukla and A. Varma (2011). Soil Enzymology. Soil 

Biology (Vol. 22) 
 
27- Patrice Dion (2010). Soil Biology and Agriculture in the Tropics. 

Soil Biology (Vol. 21) 
 
28- Athanasios P. Dedousis andT. Bartzanas (2010). Soil Engineering. 

Soil Biology Vol. 20 
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�A$4 L �$� �b4أ  l4�4إ e?ل ���6� ا��ا��wإEric Lichtfouse ان��
 C$�  :و ا�"� �

Environmental Chemistry for a Sustainable World Series 
  :أ
 اد ھ� 7و ا�"� \ ر ��!� D"� ا^ن 

1- Pollutants in Buildings, Water and Living Organisms (Vol. 7) 
2- Hydrogen production and remediation of carbon and pollutants (Vol 6) 
3- CO2 Sequestration, Biofuels and Depollution (Vol. 5) 
4- Pollutant Diseases, Remediation and Recycling (Vol. 4) 
5- Green Materials for Energy, Products and Depollution (Vol. 3) 
6- Remediation of Air and Water Pollution (Vol. 2) 
7- Nanotechnology and Health Risk (Vol. 1) 
 

��%+ و ����� 
���� الله 6ُ و ا�"� �َ � �
�$B� ���� اب أو��� �f"A ھRه ا������ &3�ل أ�
��
 YK7اد ا 
  :و ھ� ا��K7ة ا�:Jث ��7

(1) Chapter 6: Selenium and its Role in Higher Plants (Vol. 7) 
(2) Chapter 4: Selenium Phytoremediation by Giant Reed (Vol. 6) 
(3) Chapter 5: Selenium in Agriculture: Water, Air, Soil, Plants, Food, 

Animals and Nanoselenium (Vol. 5) 
 

 f"� ����6Handbook of Environmental chemistry  ھ��ك ا� �4 B�����R أن
  :ھ� 
 داً �"$��اً  15م \ ر ��!� 2016 )��4� 20(\ ر ��!� D"� ا^ن 

1- Mar Viana (2016). Indoor and Outdoor Nanoparticles: Determinants 
of Release and Exposure Scenarios (Vol. 48) 

2- Tamim Younos and Tammy Parece (2016). Sustainable Water 
Management in Urban Environments (Vol. 47) 

3- Mira Petrovic, S. Sabater, A. Elosegi and D. Barceló (2016). 
Emerging Contaminants in River Ecosystems: Occurrence and Effects 
Under Multiple Stress Conditions (Vol. 46) 

4- Despo Fatta-Kassinos, D. D. Dionysiou and K. Kümmerer (2016). 
Advanced treatment technologies for urban wastewater reuse (Vol. 45) 

5- Despo Fatta-Kassinos, D. D. Dionysiou and K. Kümmerer (2016). 
Wastewater Reuse and Current Challenges (Vol. 44) 

6- Antoni Munné, A. Ginebreda and N. Prat (2016). Experiences from 
Ground, Coastal and Transitional Water Quality Monitoring: The EU 
Water Framework Directive Implementation in the Catalan River Basin 
District (Part II) (Vol. 43) 



�
�	F!  �ب ا'ولا
 ا
:."ث ا

17 

7- Antoni Munné, A. Ginebreda and N. Prat (2016). Experiences from 
surface water quality monitoring: the EU water framework directive 
implementation in the Catalan River Basin District (Part I) (Vol. 42) 

8- Angela Carpenter (2016). Oil Pollution in the North Sea (Vol. 41) 
9- Andrea Scozzari and Elissavet Dotsika (2016). Threats to the 

Quality of Groundwater Resources: Prevention and Control (Vol. 40) 
10- Igor Liska (2016). The Danube River Basin (Vol. 39) 
11- Tinglin Huang (2016). Water Pollution and Water Quality Control of 

Selected Chinese Reservoir Basins (Vol. 38) 
12- Ivan Bergier and Mario Luis Assine (2016). Dynamics of the 

Pantanal Wetland in South America (Vol. 37) 
13- M. Silvia Díaz‐Cruz and Damià Barceló (2016). Personal Care 

Products in the Aquatic Environment (Vol. 36) 
14- Detlef W. Bahnemann and P. K. J. Robertson (2016). 

Environmental Photochemistry Part III (Vol. 35) 
15- Gilles Lefebvre, E. Jiménez and B. Cabañas (2016). Environment, 

Energy and Climate Change II: Energies from New Resources and the 
Climate Change (Vol. 34)  

 
�%H  و ھ� دار( �CRC Press$� أ\ رت دار ا���� A� ا���`ة ��A4أ��K ��Jل  ���T

��4 آر=� 1903
�م  Chemical Rubber Companyا�$�Wط أو Kx� م 
و �  أRKت ا<6
م ��d�1973 إ6
 ا����� و �H338 &� ا���� � ا4� �� 
�م R!�  m�Dه ا����� �� إK"�3ر

م أ\��H ��ءاً �� دار ا���� ا�$��و&� 2003و &� 
�م  ��wCRC Pressت إ6$!� إ��  � و
 
6j�Taylor & Francis  و ا�"� ��9ھ�Boca Raton, Florida (ه ا� اروRا��  ھ�D �!�
  :أھ$!�C6J6 �� ����6 ا�f"A ا�$�9�  949

Advances in Industrial and Hazardous Wastes Treatment Series 
 
 

�	F! و أن"ا�� – 2
  Environmental pollution and its types  :ا
:."ث ا
 
 �� �!�
 E"% �� و ��
�4"�� ا�"��ث ا���#� �� ��4�b ا���3 ا�� m�D H4 ا�:�رة ا���3

�رة ��از4� &� ا�$���8ت= wastes B"% �"اع ا�����ً أھ
 أ%$

� ا���3
�ت ا�� 4:� و  H
 
��ت ا�$�?�� و ا�!�اء و ا��2W�$و ا� ��ث ا�"��ا�"��ث ����ً ��$�Aن ا�Rى ��4%� �� ا�"��ث ��


�� ا�$��ث��94
 إ�� ���ث  m�D أو ا�$3 ر ا��را
�� �$� أن ھRا ا�"��ث  M�"84�J"Kjف %
4�، ���ث �����"��4�، ���ث ���$�� ات 
�دH%�� �4 أو %�%�"����\� ا�:��9� 
�دH%�� �4 أو %�%


�ت، ���ث ��7��T>�� ث�4�، ���ث ���$���8ت ا<�A"�و%��، ���"��6$ ة ا���د4� أو ا���%
   .��<%���=�ت و ��wھ�
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                                                      Soil pollution �."ث ا
:�#, –أ 
  

4
 )ا�"���( ا'رضذ��ت ��$� �A�9آن ا����ة  444 ��Wار�� H د و ا<&��د������2$!� ��
 12و &� 6�رة 6�رة ا7
�اف  آ4� 14آ�4ت &� 6�رة ا���9ة و  17��7رض أو &� ا7رض ��!� 

ھ�  ��"�� ا�"���و ) http://www.alawfa.com �$� ��ء �$��e(و ھRAا آ4� &� 6�رة ا�$�? ة 
 &� &� أ��D?!� و ��!� m��ُ4 ��ة =�%�� �jذن الله أ\C ا����ة &$�!� V�Kُ ا<%��ن و إ��!� �4�د و 4ُ 

 ُ6 V���%+ و ������3 �94ً �9�ل ا��:  
 

 
 

Rھ �� 
wا�� ��
ا7ھ$�� إL أن ا<%��ن %�� و ����6 و ط�d و ���A و 
�ش &�  هو 
L اً و��4"�ك  
�اً ���اً  ا7رض &��داً و إ&��داً و �� L و �

$  أو  �
إL و أ\��+ ����bر 


  :)C!� ) <9�S2 �$� ��ء ����9آن ا���2
 

 
 
 ��
 +��#& e�$B� e$أ� 
و �����2 إ�� ��ا
  ا����%�ت ا����$�� %B  � ى أھ$�� و �3D ا����

�ع k�6�ف %�\ ه �� أر��م ��Bدة �$� ل �."ث ا
:�#,���ول � �� lذ� ��
 C�� ار  و ا��A�
  :�$� soil pollution or soil contamination ��4 �."ث ا
:�#, ���ول أو

 
   P)"�sciencedirect ا
ـ  –) 1(

 e���ع ���ث ا�"��� �!Rا ا�$k�� H�3?��ت ا�"� ���و�D>م (ا�415  C4��م2016ا ( H%��
 ���� ا�"��� �A� m�Dرت ھRه ا�9$��$�� و ��ة &� ا�L�9$ت ا�� 117634) ���ث ا�"���(
�� ا��

&� ��D ��ن ھRا  105544ا�f"A و ��wھ� و ��ن �� ل ا�"�Aار ���$JBت و ا� ور�4ت ا����$�� 
4�م ا��\  ��2016ة و ��ن f�3%  15539ا�$� ل &� ا��B� f"Aوز ا�ـ  �"D م) M3"��

C4��ة ��4689ن ) ا��.  
 

)2 (–  �Hن��� P)"�Springerlink  
�ث ا�"��� إ�� �� �����ة و ��%C�\��� H ھRا ا�$� ل 
��  149325و\C �� ل ��Aار �9

� ا�"����  :ا��
Articles or papers (97 496), 
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Book Chapters (46 631), 
Reference Work Entry (1 777), 
Books (326), etc. 
 

  P)"�PubMed ا
ـ  –) 3(
���
� ا�$����� ا������9 �."ث ا
:�#, أو 
��رة �
 C94 �� ل ��Aار �9 e���C  &� ھRا ا�$

��ة m�D ��ن f�3% ا��!�ر ا7ر��� ا�$��3ة  432851زاد 
�!$� وو\C �� ل ا�"�Aار إ�� 
�ا�� ��2016 D 2236م  ��ث ا�"��
�ت ���k�$� ��:Dو ا��� 
��ة �$� A�4] � ى إھ"$�م ا����

  .�!$� ط�ل أو ��3 ا����ن
�
�نھ�  –ھ� ���وف  �$�و  – أو ا�"��� ا7رض أ�� A� رة &"�ت \�8ى��
  C���

��4 ا7رضA� ت���$
�ا�C و 
  �"D ���"�
�ت ا�$��Aو��� ا�$�$B$ا� +� H$% ة و���%�`ت �+ ا�
�ا?!� . ا� �� ���"8$�A"��4 و ط���f و &�4�Wت و ��wھ�"D���4 إ ��ث ا�"��و 
�� ذ�j& lن ��


�� ا�$��=�ت ا�$� %�� أو /�� ��
�ى �!� أو ��
�� ا����ط ا� �=v� "����ات�4� �bت و ا��L 
���ً t���"�� �A$4 ط�ح ھRه ا�"��ؤLت أوLً إ%"�ج ھRه ا7رض $
  :إL أ%+ 

 
What is pollution?      ث؟��� �$�� ���� ��                                                        
Why is it important?                                                     �"�4 ث �!$�؟ً�$�ذا�� ا�"�  
What causes pollution?                                ث؟�
�� ا�"� f��"� �"ا� E?�"ھ� ا���� 
Is it always harmful?                          ر�k ن�A4 �� �$?ث دا�            ؟      اً ھC ا�"�
How do pollutants change once in the environment?    ���#����� ت�=�4� ث ��$�  
 


� ��3در ا����ة ا��?����  &9  %�`أ�� 
� ا�"��ث  
!:�%"�B� ز�4دة �A6ن ا����
 و ز�4دة �
 ��D�% �� ت����� ط��� و ط��م و ���ء و ��ء ا��7 ا�Rى أدى إ�� ا<&�اط &� إ6"8 ام ھRه ا�9$

over-use ء إ6"8 ام�
� !Rه ا�$�3در � abuse أو 6 �"D أو C!� �
 lذ� �
 E"% �$� 
�

�6ُ��%+ و ����� ھRا ا�C�8 &� أ
�� در���+ $4:�+  V��8ھ� ا��W& �"ا���#� ا� �& C�K وث D

�ن ھRا ا�"��ث أو ا�" ھ�ر أو ��wھ� ��Aن &� ا���%a� �&ا��� CK "ا� .  
�%��+ �$�  Pollutionا
:."ث ��ف 4ٌ A� ا<%��ن &� ا���#� أو ا���2م ا���#� و CK � +%أ ��


4vCA� �#و ا���2م ا��� �����Wارد ا��$�� l�R� ا<%��ن و ��3� M�"ر أو ا��bوث ا� D دى إ�� .
��ور ا�"��ث ا���#� 
�� ا<طJق و ا�7:� إھ"$���ً � 
�ث ا�!�اء و ا�$�ء و ا�"��� أھ�� C:$4 m�D


�ث ا���#� إ6"8 ام �. �� ��C ا���$�ء &� �$�e أ%��ء ا������ ��
��  ا� ى دى و ��C أوSk �:�ل 
 ��DDT  ا���#&� ا��"���ت C���$� 
&� ا�������ت و �3D  �و إذا ��ن ا����
 ��ن �  إھ"

�<%��Bر ا���A%� و ا�$��دن ا�:��9� و ا�$�� ات إL أ%+ وe6 �� دا?�ة إھ"$��+ &� ا<ھ"$�م �
و  acid rainو ا�W�7ر ا����C$���smoke  ��b ا7��8ة أو ا� �Kن ا�:$�%��ت و ا�"�����ت 

 �
��T>ا����ط اradioactivity  ا7وزون f9= وozone hole  ارى��و ظ�ھ�ة ا<D"��س ا�
greenhouse effect  �����  ).biodiversity )van der Perk 2014و ا�"��ع ا���
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 �����Wم ا��
�� ا�f%�B ا^B% �K  أن ا���) �����Wا&�� ا��dBو ا� �����A4>ا 
�
 �& ��:$�
������Bو ا��kم ا7را��
���$��ء و ا�!� رو���� و �Bم ا�!� �6� ) � و ا���$:�� &� (و ا���

��
�ث ) ا�!� 6� ا�$ %�� و ا�!� 6� ا��را��  ط�رت �� ا����م ا���#�� و 
H$2 �� إ��Bھ�ت �

� �� ا� ور�4ت أو ا�$JBت ا����$�� &� ��Bل أ���ث �$B� ر�ا���#� ا��7 ا�Rى �8$_ 
� ظ!

�� ��
�ى ا����
 �$:�H &�ا���#� ":  
(1) – Environmental Pollution (1970; Elsevier),  
(2) – Water, Air and Soil Pollution (1971; Kluwer, now Springer), and  
(3) – Journal of Environmental Quality (1972; The American Society of 

Agronomy, Crop Science Society of America, and Soil Science 
Society of America). 

 

�� ا�$ tdbو ��زال ا���kارد ا�$�?�� و ا7ر��ى ا����
 m�D إ6"��اف ھRه  "�� ��


�$� ��ء ا�$�ارد أو ا�"� ى 
��!� أو إھ$��!� و �$�v4 V�6 �� eدى إ�� � ھ�ر ھRه ا�$�ارد 
  :و ا�"� ���و�Smith et al. (2016) H���$��9� ا��ا?�� �ـ 

Global change pressures on soils from land use and management 
  


� m�D �"��ول ھRه ا�$��9� �� �"��ض �+ ا�"��� �� در��ت  Eر ا������"��و�� �� ا�" ھ
�ى ا����
 و �"b$� ھRه ا����ط�ت ���d إ6"8 ام ا7را�k و إدارة "�� ��
ا����ط ا����ى 

� �B�"% �kه ا7راRر ھ��$���ت ا�"��4� و ا�"tw�b ��"��� و ا<%�L��ت ا7را�k و � ھ
أ�� 
� �:�&� إ6"8 ام ا7راC:$� �!& �k �! 4 اً \�4��ً E"�4 m�D . ا7ر�k� و �$��S ا�"���


� ا�W�7ر ا�����b� و ���=!� ������\� ا�:��9� Eث ا�����، �� ھ�� �2!� 
� ذ�l أ�WKر ا�"�
�رة ا�"���e� C ا�"��� و \��%"WK أھ$�� و e� �A$4 �� C�رھ� إ�� أ�!� �C��9� e &�ص � ھ

 lو ذ� l�R� �4دv$ا�"`=��ات ا���#�� ا� C�9� �!%`T �� �"�4ت ا� ��ط و ا�"dbا� e�$� 
�kورة ��!
 �%��\ ��  �L ا ا���2م ا���#� وRھ �
���3%� ا���2م ا���#� ا��را
� &��"��� ���H �$��ل 

3��"!� R!� �A$4 �"Dا ا���2م ا���#� أنK +و� C$أ� ��
94�م ��$�+ . 
 S�k�� �& C6�"�% أن C�� و,#�:
��ت ا��8\� ���"��ث  �."ث ا�W3$_ ا���ھ��ك 

�!� أو�!� ا���ق ��� �k�� �d��4Pollution and contamination  ����W3$ا� JA&
�4"8 ��ن ���] ا�"�W�V &� ا�$��� J� ���4 m�Dھ$� إ�� � CK ا<%��ن �v� �94�Wدى �� وث 


� ا�$��=�ت أو ��M ا���#� ا�"�  ~��4��k  �!ر�$B� ن�A"4 m�Dpollutants or 
contaminants  ط ا<%��ن��% �
 E"�� �"و ا�anthropogenic  �
 E"�4 �� C� ً��W� و

�� �&�k>�� �#����� أو %��ط ا<%��ن CK � اد�
� إ�k&� ا�$ �B#� و ا���������ث  ��Lت ا�"� ��"
���ً �4ى ��Kاء ا���#� أن ھ��ك &���ً ���  .�C ذ�v4 lدى �� وث ا�"��ث ا��A$��و4� ا�8$"���$
و 

 ���W3�pollution  وcontamination  د�m�D �4"8 م ا��K7 &� ا�"���� 
� و�
  �
ا�$��=�ت &� ا���#� دون إD اث أى �kر ���$� ا7ول ���4 إ�� ظ!�ر ا��bر 
�� ا���#� 

 ًJ� l!� �$� ذ�� ذ��ت �=�و �e ذ�j& lن  ��Alloway and Ayres (1997)  و��د ا�$�
�� و kوا H��� ����W3$ا� ���ا���ق  e��4 دة����ن �A�  � ر�bإ�� أن �`=��ات ا� lذ�
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����w �!�A �� �����#� و� ً���$
��� ��اد&�� ��A$� ظ� أو ��?�� و �W3$ر أن ا���"
�A$4 إ
��] ا�"���� ا����V � أ�b4ً و ��_ ا���$�ء m�D �4ى ذ�van der Perk 2014 (l(واD ة 

C:�:  
Mirsal (2004), Stengel et al. (2006) and Mohammed et al. (2011) 

  
�دة إ�� ���ث ا���#� %B ه &� ا��b"4 �9�9$� ��_ ا�$����ت ا�C:� �����W =�%� أ���  
و 

�ن أو ا67$ ة �:C ا��"�ات ��Aا� t9& اد�
�� ا�$ 94"�3 L ث��C 4"� ى ذ�l و 
�� ذ�j& lن ا�"�
��kءbءة أو ا��k>ارة أو ا��و &� . إ�� أ%+ �  ���4 إ�� &9  و إJ!"6ك ا��W�� �$:�� &� ا�

�ال &jن D7ا e�$ث�".:

"�	, أو  "���4 إ�� ا"	�
�	, و ا
9	�	�و8, و ا	�S
ا
:L	�ات ا
��� �	L� ه أو�	�
���	, ا
:! �Wدى إ
! (:> ا'ن"اع أو ا'��7س #�
:�#, أو ا�X"ھ� أو ا�ت نY

��ً أو #D"رة ��9	, �.! ]�, اXن��ن و ا
�7J�9ت .� �]W8 ��� ,	JاKL
ا
:�اT> =! ا
�.�., ا
,	�
  .van der Perk (2014(�$� ورد 
�  "ا

وsDJ4 أن ا�$��=�ت L�  و أن �4"�ط &�!� أن �"�ا�  ����t6 أو ا���#� ���A$��ت ا����Aة &� 
C أ��t �:�ل 
�� ذ�l و��د �:Jً ا���� أو ا����3 أو ا���A ا�$�Aن و ا����ن ��w ا�f6��$ و ��

�=�ت(�� H��� ً��W� ن و ز��ن �� ) و ھ��A� �& ت ����ة��$A�� ف���ت ��?�� �� 6W�$� م�9
�9
 ا�$��=�ت إ��  و .��$C ا�$��=�ت و إD اث ا��bر�  � ً���$
�=�ت ���ى و \�dى أى ��

Macro- and micro-pollutants ت�=�و آ�Kى =�%�primary pollutants  �4أو���  أو ��
secondary pollutants   �
�د ا�$��ث ��� �B�"% ر�bوث ا� D ا7و�� إ�� ���� m�D


Jت ��$��و4� ����t6 أو ا���#� ���$� ا��K7 ���4 إ��  ����رھ��"� �B�"% ت�=���4 ھRه ا�$�A�

 ة أ6] أھ$!� و ا�J8\ .���"��� أو ا���#� و ھ� أ��k Cراً �� ا7و�� ��
�9
 ا�$��=�ت � �

، �`=��ھ� �3K persistence?3!� ا�����W� و ا��A$��و4�، � ى إ%"��رھ�، �� ل ��9?!� �����#� 

�� ا���2م ا���#� ecosystems  �!"�$6 اً �� ل��Kو أtoxicity.  

$��� و أ�� 
� أھ
 ا�$��=�ت ا�C:$""& ���3 &� ا�$�4Rdت و ا����\� ا�:��9� و ا�$�اد ا�
�4� و ھ� ���=�ت �Rوب &� ا�$�ء أو ا�"��� bت ا���=�� =� ا�$���C ا���#�� l�R� E"�4 m�D ا�$��

��ت ا�$�?�� W�$�� ة�T��� ��w ة أو�T��� �94�W� ت�=�

� اW�%7� ا����4� و\�ل ھRه ا�$�= 
��2$!� و ��"�� ���=�ت ا�"���  point sourceا�"��� m�D �2!� أھ$�� �3 ر ھRه ا�$��=�ت 

�� ا�$��=�ت ا���Aى أى ا�"� �"�ا�  �A$��ت ����ة ���$� ا��d3ى ھ� ا�"� �"�ا�  ���"��� 
  :و �A$4 ر\  ���=�ت ا�"��� �$� ��4�A$��ت \��dة 

Type of soil chemical pollutants 
(1) – Macropollutants: 

- Acid deposits 
- Fertilizers (mainly P and N) 

(2) – Micropollutants: 
- Inorganic pollutants: heavy metals, radionuclides, metal-

nanoparticles, electronic wastes, etc. 
- Organic pollutants (pesticides and non-pesiticides including 

pesticides, polychlorinated biphenyls (PCBs), polycyclic aromatic 
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hydrocarbons (PAHs), organic solvents and pharmaceutical and personal 
care products (PPCPs) (Mirsal 2004; Li et al. 2016) 
 
�ر ا7و�� �� 
�م !T ثJ:ل ا�JK ت ا�"� %��تL�9$_ ا���إ6"��اض و ذ��  �A$4 و

�ث ا�"��� ��H م و ا2016�� ��
 H4ظ�وف�"� أ�� �& C:$"� �"ا�$8"��� و ا� ��ث ا�"���� 
�ث ا�"��� ���$�اد أو ا�$���8ت ا���%��"�4�و �����\� ا�:��9� ����$�� ات و ا�"��� ���ث �� l�R� 

  :�$� ��4 ا�8$"���
(1)- Soil pollution with pesticides (e.g., lindane, isoproturon, atrazine) 

such as Ouyang et al. (2016a, b), Boulahia et al. (2016), Sun et al. 
(2016), Haddaoui et al. (2016), Lichiheb et al. (2016), Lou et al. 
(2016), Yaqubi et al. (2016), Tang et al. (2016), Kumar et al. 
(2016), Álvarez-Martín et al. (2016a, b), Gao et al. (2016)  

(2)- Heavy metals (e.g., cadmium, copper, mercury, arsenic) such as 
Azarbad et al. (2016), Lin et al. (2016), Chen et al. (2016), Liu et 
al. (2016), Yakun et al. (2016), Deng et al. (2016), Gutiérrez et al. 
(2016), Zhang et al. (2016), Smart et al. (2016), Pan et al. (2016), 
Ran et al. (2016), Mahar et al. (2016) 

(3)- Nanoparticles or nanomaterials such as Sarbatly et al. (2016), 
Durenkamp et al. (2016), He et al. (2016), Nguyen et al. (2016), 
Rasulia and Mahvi (2016), Li et al. (2016), Yirsaw et al. (2016), 
Xue et al. (2016), Moftakhar et al. (2016) 

(4)- Acid deposits (e.g., sulphur dioxide: SO2, nitrogen oxide: NOx, which 
are transformed into sulphuric acid (H2SO4) and nitric acid (HNO3) 
(such as Moiseenko and Bazova 2016; Moiseenko et al. 2016) 

(5)- Municipal wastes or sewage sludge (such as Zhang et al. 2016a; 
Antonkiewicz et al. 2016; Zhang et al. 2016b; Bonomo et al. 
2016; Babić et al. 2016; Şevik et al. 2016; Mohamed et al. (2016); 
Tai et al. 2016; Jin et al. 2016; Moretti et al. 2016; Szabó et al. 
2016; Phoungthong et al. 2016; Yobouet et al. 2016; Mohapatra 
et al. 2016) 

(6)- Industrial wastes (e.g., Subrahmanyam et al. 2016; Senthivelan et 
al. 2016; Krishna and Mohan 2016; Gelmanova and Filatov 
2016; Sikka and Nayyar 2016; Sigalos et al. 2016; Akintola et al. 
2016; Deng et al. 2016) 

(7)- Mine wastes (e.g., Pan and Li 2016; Rodríguez-Vila et al. 2016; 
Tozsin 2016; Bori  et al. 2016; Novak et al. 2016; Gutierrez et al. 
2016; Lam et al. 2016; Liu et al. 2016; Nawab et al. 2016) 
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(8)- Organic pollutants: including cyanide: CN-, polycyclic aromatic 
hydrocarbons:PAHs, polychlorinated biphenyls: PCBs, asbestos, 
methane (e.g., Xu et al. 2016; Kästner and Miltner 2016; Li et al. 
2016; de Solla 2016; Cetin et al. 2016; Wu et al. 2016; Sannino et 
al. 2016; Yamamoto et al. 2016) 

(9)- Radionuclides (e.g., radioiodine: 131I, radiocaesium: 134Cs or 137Cs, 
and radiostrontium: 90Sr) such as Takahashi (2106), Nagao (2016), 
Lin et al. (2016), Montes et al. (2016), Wang et al. (2016), Jibiri 
et al. (2016), Karataslı et al. (2016), Ohta et al. (2016) 

(10)- Upward seepage of contaminated groundwater may also be a source 
of contaminants in the soil profile (e.g., Nazarova and Nazarov 
2016; Li et al. 2016; Rehman et al. 2016) 

(11)- Electronic wastes or e-wastes (e.g., Beiyuan et al. 2016; Awasthi 
et al. 2016a, b; Bisschop 2016; Long et al. 2016; Duan et al. 2016) 

(12)- Fertilizers (e.g., Chen et al. 2016; Antolín-Rodríguez et al. 2016; 
Prashar and Shah 2106; Baldi et al. 2016; Yang et al. 2016) 

 
ً  M�"84 :�#, =! ا
��7ط` ا
-را�	,�."ث ا
ا� �4 B�����R أن  ���$�  �4�b�
� ا�$��طV ا�

urban soils   �b��ر ���ث ھRه ا7راv� m�Durbanization  �k=� ا�$ %�� أو ا�"\ ��

� m�D"�& �b���"JK �� Eل إ%���=�ت  و ا�"�ا����\� ا�:C:$  ���9 ��3در ���ث ا�"��� ���

�ادم ا����رات 
&� ��D ا�$���8ت  exhaust, tire-wear debris particlesا�$�ور و 

 و ������ت ا�e%�3$ و ا���3
�ت �ا���3
�� ا�"� ���ث ا�"��� &� ا��C:$"� �b &� إD"�اق ا��

�S��3 ا����رات و �e%�3 ا��A$��و�4ت �$� �"$:C ��3در ���ث ا�"��� ا�"� ��4� و \��
�ت 
��b &� ����8ت أو �$��� ا�$��زل ���household garbage  �4�B"ت ا����$
 Eا��% l�R� و

�ىBاء ا���ا%f ا��Wق و ا�"����6ت ا�$8"��� �� ا�!� ��
 . �3��� ��
���$� &� ا�$��طV ا��را
�م��� �  .��3در ���ث ا�"��� &� ا<�6اف &� � اول ا67$ ة و ا�$�� ات و ��wھ� �$� ھ

 C�� 8,و�*�

��7ط` ا�# ,#�:
�� ا� را�6ت 
� �� ورد ���� 4   أھ) ���Wات �."ث ا
 ��=`� �b���� fو ا��� ��� ا7ط��ل �`���� ا��!\ ��
 ا�� ا?V و ا�$"��ھ�ت ا�����(ا�"��� 

public children’s parks ( ول � H$� �"ا�� 4  و ا�� 4  �� ا� را�6ت ا� H�kأو m�D
 �!��

 4 ة أن ا�"��� ا�"� f��4 ا7ط��ل playgrounds �"
�ء �!� �!Rه اL ����7�  �� ا<

 

��!� و �� = f����� ة�T��� ا7ط��ل �!� l"�4 m�D ت�=��ھ� �� أى ���K ��  �`"و ا� ً���$�
�ادم 

�� ا�$��=�ت �� 
��\� =��9� أو �% ��
 l�4"$  ذ� m�D `��اض �:��ة� ��ا<\� ��%�Aإ�

�ل ا����رات أو ��wھ� �2DJ� e� أن أ�kار ھRه ا�$��=�ت x� C34ط��ل �� JKل Kد

� ط�V4 ا��
 أو ا<6"���ق أو �� JKل ا��B  أ 
!����oral ingestion, inhalation, or 

in a dermal contact  �!b�� ز�B4إ �A$�& ه ا��2ھ�ةRا� را�6ت ا�"� ر\ ت ھ 
و أ�� 
� أھ
��4 �$�&:  
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1- Bosnia and Herzegovina (Sapcanin et al. 2016) 
2- Italy (Imperato et al. 2003; Bretzel and Calderisi 2006)  
3- Norway (Jartun et al. 2003; Ottesen et al. 2008)  
4- Sweden (Ljung et al. 2006)  
5- Brazil (Figueiredo et al. 2010)  
6- Serbia (Marjanovic et al. 2009)  
7- France (Glorennec et al. 2012)  
8- Nigeria (Popoola et al. 2012)  
9- Hungary (Puskas et al. 2014) 
10- Poland (Aleksander-Kwaterczak and Rajca 2015; Kroten et al. 2016) 
11- China (Qiang et al. 2015; Wang et al. 2016) 
12- Romania (Gagiu et al. 2015) 
13- Egypt (Shurvilin et al. 2010; Abdel-Latif et al. 2013; Farghly et al. 

2014; Shaltout et al. 2016; Abu Khatita et al. 2016) 
 

 �

� و��د ا�$�اد ا����� أو ا�$��=�ت ���"��� 6�اء ��%H  �."ث ا
:�#,أ��  ���4 �!&
��k �4رة ���"�b

�� أو ����8ت ��Tاد إ��4� أو �b
� أو ����8ت �
��\� =��9� أو ���=�ت 


� ا�$�اد و ا�7!�ة ا<�A"�و HB"% ��%و�"Aه إ�Rھ� و ھ��w ت وJ������ات و ا�$��$Aا� C:� ��%
 l�R� و ���"��� �
ا�$��=�ت �"��D �& f وث ا�k7ار و ا�$���C ا�3��� �������ت ا�$��ر

�ان �a%��ن������T��� �T��� . e�Wاً او ��w را�Rى e� C���"4 ھRه ا�"��� 6�اء ��ن ا��b و ا�
�"� �vدى �� وث ���ث ا�"��� 6�اء ��%H ھRه ھ��ك ا�� 4  و ا�� 4  �� ا��Wق و ا��C?�6 ا

أ�� 
� ا��Wق ا�$���Tة &"�$C ا<&�اط &� إ6"8 ام ا�$�� ات و . ا��Wق ����Tة أو �T��� ��wة
��ت W�$ا� C$D �& C:$""& ة�T��$ا� ��w ق�W$� ا����ا�$8"���  ��
ا67$ ة و ا�$���8ت ا���3

  .)2 و ��1ول ر() ( ��bرا�$�?�� �!Rه ا�$��=�ت �� ��Aن ^�K و إD اث ا
 
Table 1: Heavy metal concentrations (mg kg-1) in soil observed in some studies 

(adapted from Li et al. 2014) 
Site (*) As Cd Cr Cu Ni Pb Zn Hg 
China (72) 195.5 11.0 84.28 211.9 106.6 641.3 1163 3.82 
Iran (3) 146.2 1.49 ----- 88.40 ---- 1002 363.4 3.13 
Spain (16) 191.9 6.59 63.20 120.8 28.35 881.8 465.8 52.9 
S Korea, 70 70.08 1.99 ----- 79.09 22.0 111.1 183.2 1.12 
Vietnam (3) 3144 135 1501 271.4 2254 30.63 41.1 ---- 
India (5) 18.62 3.82 1509 63.49 1069 304.7 338.8 ---- 
China (21) 15.00 0.88 76.8 99.2 99.6 61.3 133 0.35 
China (9) ------ 2.03 109.2 149.6 56.75 238.7 655.9 ---- 
China (12) 10.18 0.43 58.87 31.71 27.53 37.55 117.7 0.24 
* The number of examined mines, for China (21) belongs urban soils, for China (9) 
belongs urban road dusts, for China (12) belongs agricultural soils.  
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Table 2: Threats to soil resource quality and functioning under increasing intensity of 

agricultural management (adapted from Smith et al. 2106) 
Agricultural 
management 

practice 

Specific issue Distribution Major environmental 
consequence 

Knowledge 
gap 

Cropping 
practice 

Harvest 
frequency 

Global Soil quality and 
resilience 

Impact on total 
C and nutrient 
cycles 

 Monoculture Global but 
particularly in 
developing and 
transition 
countries 

Soil health, pesticide 
residue in intensively 
managed monocultures 

Biological 
resilience 

Use of agro-
chemicals 

Over 
fertilization 

Particularly in 
some 
developing 
countries 

Soil acidification, water 
pollution, N2O emission 
and nitrate accumulation 

Rate reducing 
vs. balancing 

Irrigation Submerged 
Rice 

Developing 
countries, Asian 

Water scarcity, methane 
emission 

Trade-offs C 
and water 

 Arid/semi-arid 
regions 

Arid/semi-arid 
regions 

Secondary salinization, 
water scarcity 

Competition 
use of water 

Livestock 
management 

Overgrazing Largely in 
developing 
countries 

Soil degradation, water 
storage, C loss 

Forage vs. feed 
crops? 

 Industrial 
breeding 

Largely in 
industrialized 
and transition 
countries 

Waste pressure, water 
pollution, residue of 
veterinary medicine and 
antibiotics 

Safe waste 
treatment and 
recycling 

Agriculture in 
wetlands 

Wetland 
drainage 

Developing and 
transition 
countries 

C loss Agro-benefit 
vs. natural 
value 

 
 

 �
&!� &� � V��"� �!�$B���k>ار �3��  أھ) ا'&�ار ا
H��7, �� �."ث ا
:�#,أ�� 
 lذ� C� ق��ان و ا����ت و &��و ا�"� ھ� ا�$��e ا�Rى  soil healthة ا�"��� ��دا<%��ن و ا�

 �d��4S\ S\ دو��ً 7%+ إن +��
و ��"�� ا�"��� ھ� ا��T C� . �?�Aء �����2م ا���#� ا����ظ 
Rا� ���ى 
�� ا���2م ا���#� ا��را
� �CAا�"��ى و 4�و ��J�3ً 7ھ
 أ�kار ���ث . ى 4

��� ���"��� و ا�"`=�� ��3��� و ا�"��ع ا���K ��
ا�"��� 
�� ا��را
� %B ھ� �"$:C &� ا�"`=�� 

�� إ%"���� ا�$�رو
�ت ا�"� ���B �� ھRه ا�"��� و ز�4دة &�ص ���ض ا�"��� ��" ھ�ر و ا��9  

$4 L �$ث��  . �A أن %��� D وث 
 م ��ازن ��#� ���"��� %"�R!� �Bا ا�"�
 �
&�"$:C &� ���&� و �� 4  ا��67ب ا�"� � &e ا�"���  /	2	, ا
:L.� �.! �."ث ا
:�#,أ�� 

 C��9� وث أو D �� ���"ا� �$��ن ���� M��B�e ا�"��ث 4���ر ا�"��ث �!� و �� =
 و �$� 94!2�
t��و أ ��"����ث �
�� ذ�l أ%+ ��<6"8 ام ا�D  ��9$ وث ا�"� C6$ ة و د��x� ب���و ا�$

���$� &� . و ���$:C ����� أ%�اع ا�$��=�ت ا�$�� ات C��9� �& ���A$4 &�ص ���ث ا�"��� �!$� و ھRAا
��D� ا�$��=�ت ا���3
�� &��d��4  ��`� CA ا�"��� �!�� C��D CAم و ��e إ��9ء أى ����8ت 
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��� ً���� ���"��� ��
4
 ھRه ا����� 6�اء ��%H ھRه ا�$���8ت ا���3
�� إ�A"�و%�� أو \���B� و C� ً�

�"!� ا�$����� �
�� ا�3�رة ا���د �4��d��4 C ������ ھRه ا�$���8ت ط��9ً �� �"D 4� أو�"��%�%
�� ا<%��ن و ا���2م \ ��
 �A$4 �� �WKأ �� ��
ا� �\�8�m�D �! ��"�� ا�$��=�ت ا���3

CA� �#.ا��� ���و�4 و  � ���$
 e�Wrecycling  ا�$���8ت ��
�ث ا���#� �� C��9� ط�ق 
2
�� أ
  .ا<طJق �C وا<6"8 ام اC:$� C:�7 ھRه ا�$���8ت

 

  Water pollution                                                 �."ث ا
�	�ه –ب 
 


 د  ا
��ء ذ��ت ��$� 
4�A�9آن ا����ة 17��  Sk�2!� � رة ا�V��8 و �ٌ ��!� آ�4ت �

Jوة �6��%+ و �����  C?Lد 
2

2$� ھRا ا��8$�ق و ھ� ا�$�ء و ��M ���+ الله �� أ ��


 ��
�ن �DJ6ً رھ���ً 4 ل A4 M�� ىء أو�Bا ا�R�4 و %�`ة ھ�A� �$2
 �& lاء ��ن ذ��� ر�+ 6

�� إ���ق  
�6��%+ و ����� ھRا أو ��M �86 الله ا��Bاء ا�f6��$ �����2$��� رة ا�V��8 ا���2 


�Dا�� �$Dرة ا�� �و  �$Dر C?Lد �� lذ� ��w ت و��Bء ا���4"�� ���ث و . ا�$�ء &� V�K و %�
��ت ا�$�?�� �� أ�WK ا��4�b9 ا���#�� ا�"� ��4%� ��!� ا�� 4  �� دول ا�W�$ا�$��ه أو ا� m�D 
���

 �4�bت ا���=��4�و\�ل ا�$�bا�� ��w ھ� و��w ت و��W�$ه ا�R!�  ٌ4 ��?�$ا� Y?�3K �� ��d
 +�
 E"�4 ىRه ا�$��ه ا��7 ا�Rأھ ��3� �b� �"ت ا��=��ن �3 راً ��$�A� ه ا�$��ه وRھ C$�ن �

6�اء �� CA� �#ان و ا���2م ا������ذ� l��T��� �94�Wة أو �T��� ��wة �$� أن  نا<%��ن و ا�
�ن A4  � ت�=�أھ
 ��2ھ� ���ث ا�$�Bرى و ��C  �3 ره زرا
� أو \��
� أو ��w ذ�lھRه ا�$�


� ا<&�اط &� 
$���ت ا�"�$�  ا7زو�� و ا�������6 �� �4$� ���ــ  �B�4ت ا����Rd$��� ��?�$ا�
Eutrophication  �"ذ و ا���% e�$4 �$� ه ا�$��هRھ SW6 ��
 f���W�� M�:� �$% �!�
 E"�4

�ء �6x$�ك و ا��A?��ت ا���� ا�"� ���~ �!Rه ا�$��ه �$� v4دى bه ا�Rت ھ�� e� ق ا67$�ك����
�ع ���ث ا�$��ه &� ط���+ 
 ة ���ور أھ$!�. ا��A?��تk�� C$�4 ً���$
  :و 
  أ��6ب أو ��3در ���ث ا�$��ه – 1
�ث ا�$��ه – 2�� �
 �Bار ا�����k7ا  
3 – ������A��  ط�ق 
Jج ���ث ا�$��ه �$� &� ذ�l ا���%

  
�ا
  ا����%�ت ا����$�� %B  � ى  �إ�و �����2 �& e�$B� e$أ� 

�� أھ$�� و �3D ا���� +��#

�ع ���ث ا�$��هk�6�ف %�\ ه �� أر��م ��Bدة �$� ل ���ول  ���ول � �� lذ� ��
 C�� و أو ا�
  :�$� water pollution ��4 �	�ه�."ث ا
��Aار 

  
   P)"�sciencedirect ا
ـ  –) 1(

 e���ع ���ث ا�$��ه �!Rا ا�$k�� H�3?��ت ا�"� ���و�D>م (ا�415  C4��م2016ا ( H%��
 ���� ا�"��� �A� m�Dرت ھRه ا�9$���ة &� ا�L�9$ت ا���$�� و  292138) ���ث ا�$��ه(
�� ا��

&� ��D ��ن ھRا  265688ا�f"A و ��wھ� و ��ن �� ل ا�"�Aار ���$JBت و ا� ور�4ت ا����$�� 
4�م ا��\��2016ة و ��ن f�3%  32789ا�$� ل &� ا��B� f"Aوز ا�ـ  �"D م  ) M3"��

C4��ة ��12096ن ) ا��.  
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)2 (–  �Hن��� P)"�Springerlink  

�ث ا�$��ه إ�� �� �����ة و ��%C�\��� H ھRا ا�$� ل 
��  259724و\C �� ل ��Aار �9
� ا�"����  :ا��

Articles or papers (169 094), 
Book Chapters (85 630), 
Reference Work Entry (3 733), 
Books (1 052),  
Protocol (183), etc. 
 

  P)"�PubMed ا
ـ  –) 3(
�ث ا�$��ه�� ���و\C �� ل أ�C �� ا�$����� ا����m�D ��9 &� ھRا ا�$��e  �� ل ��Aار �9

�ا�� ��2016ة m�D ��ن f�3% ا��!�ر ا7ر��� ا�$��3ة ��  41850ا�"�Aار إ�� D 932م 

�ت ���k�$� ��:Dو ا��� 
  .ا�$��ه�ث ��ة �$� A�4] � ى إھ"$�م ا����

  
���ً ھ��ك أ%�اع 
 4 ة ��و $
 ا�$�?�� ا���#�ت أو water bodiesا�$�Bرى ا�$�?��  

aqueous environments  ��&�Bا�$��ه ا� �& C:$"�groundwater رأ�� و ���ه ا��
أو ا��8ا%�ت ا��B&�� أى wells و ا^��ر أ riversو ا7%!�ر أ marine water وا�$���Wت
aquifers ھ� و��w ث �`=��ا�!� و �6�اء 
�� ا��D7ء  ا�"� �C3 إ��!� ا�$��=�ت ا�$8"��� و �
�ن  \�� ا<%��ن
��  �`=��ه  4C3��CA ���~ �!� أو ��T��� ��w �94�Wة ا�$�?�� ا�"�A�  � و

��Wت ����B� ����8ت ا��3ف ا�3��  ��D� ا�$�Bرى ا�$�?�� ھ� � ا4� �3 ر ا�"��ث �$� &��
point sources  ن�A� ث أو��ث ا�$�Bرى ا�$�?�� ��� اً 
� �3 ر ا�"���non-point 

sources ��% �$67$ ة ا���ث �و �A$4 L أن %���  .�$� ھ� ا���ل &� ��2
 ا�$��=�ت �:C ا�"�
�&�� �$� ���4 إ\��"!
 ���� 4  �� ا��7اضBه ا�$��ه ا�Rن �� ھ��$� &�  أن ��_ ا���س ��4�


 4 ة �$�3 و &����W و ��wھ Vط��� ���و ��ا e�""� ����3در � �� ھ�� ��%H ا��bورة ا�$�
+"�
��&�� و ���س ��"��4ت ا�"��ث �!� و %Bت  و ا�$��ه ا��=�&�$� ��4 إ6"��اض e4�6 7ھ
 ا�$�

  :ا�"� ���ث ا�$�Bرى ا�$�?��
��ن	, – 1�
�� أھ
 ��3در &9  ا�$�4Rdت ��$�Bرى  ا�$� %�� ا67$ ة��"�� : ا'���ة ا

A� ا�$�?�� و�& lث ا�$��ه و ذ���$C ا�$��D e$"B� ا<�6اف &� إ6"8 ا�!� �%�ً ر?����ً �"�"4 m�D 
C��A���  �� ��?�$رى ا��B$��� ��#�� C���� +�
 E"�4 �$� ث�و ا���2م ا���#� �����ت ھRا ا�"�


�� ���ه ا���ب  �=v4 �$� ��?�$رى ا��B$ه ا�R!� ��?�$ء ا���Dx� zر ا�����bو ا� ��A$6 ارع��
�Dإ6"8 ا�!� &� ا���ب �& ��wا�� ���D �& �=�و أm . �WK إر���ع �M���A ������ ھRه ا�$��ه ا�$�

�6�ر��ى 
�� ا7وزت و ا��"�إL  و أھ
 ا67$ ة ا�"� ���ث ا�$�Bرى ا�$�?�� ھ� ا67$ ة ا�"� �
�ق ��T Cء �`�� \�� ا<%��ن ا�"� �"`=� �$���ُ �!Rه ا�$��=�ت أ%+&.   
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2 – D�
�� أ�WK ا�$��=�ت 
�� ا<طJق و  ����8ت ا�e%�3$ �$� ��"��: �ن�P+.�2ت ا
��م ر��!� ���$�Bرى ا�$�?�� و �K\� ا�"� ��"8 م &� ���ه ا���ب �:C ا7%!�ر �  ��`� CA� �"ا�

�رة 
� ا�����4ت WK C9= L ت�=�
�� و ��wھ� و ھ� ����T>و4� و ا�  ا��
�	�ات – 3�
�ث ا: ا
:."ث #��� ���� ���D ا<6"8 ام ھ� �B��% $�� ات���رى ا�$�?�� �B$�

  ا�$��ط ��w ا�$��9 ���$�� ات ا�"� ��ش 
�� ا��را
�ت ا�8$"��� 

9:�ون	, – 4X�2ت ا.+�
�ر ا��ھ�f &� ا���3
�ت : اW"ا� �
 HB"% �:4 D ��
�و ھ� %

�9�9D ��A�� و%�� و ھ��"A�7ا S�\م و أ�ه ھrecycling R � و�4 � أت ��ا�+ ا����
 ا��
�ل ���ل �!Rه ا�$���8ت &� إط�ر ا��D د�B4ا� ول ا�$"9 �� &� إ V���"� و +��  �L ًا�$���8ت أ��ا

  .ا���#�� ا�"� ��$V ا<6" ا��
5 – ,����
ھRه ا�����4ت �"$:C &� ����8ت ا�$�"����ت و ا�$���C ا���و4�  :ا
�8�27ت ا

9�م � m�D ��
��T>إ�� ا�����4ت ا �&�k>�� _��$ا� ول ا� �
�$B$� ا�$�ل �� z���� e& � �� 9"
 t���� ا�$����� &� ا� ول ا������ ��9�C د&� ھRه ا�����4ت &� أرا�k ھRه ا� ول ا������ أو &� �
 J� ت����رة 
�� ا�3�� �e�$B ا��8$W8ه ا�����4ت &� ��"!� ا�Rھ e�W��� $�� و���ھ� ا<���

  .إ6":��ء
�@�	, و  – 6
8�7, #�
�"اد ا
�"اد ا�
   :�H)ا

Pharmaceuticals and personal care products (PPCPs) 
 ���Jاد ا���
) ا7دو4�(��"�� ا�$�B��� �4اد ا������اد ا<6"8 ا��ت ا���38� ( و ��

���� ا�"� دH�K ��?$� ا�$��=�ت �� أھ
 ا�$�اد و ا�$����ت ا��A$��و4� ا�� 4:� ا��!  %����ً  )ا��

� ذ�l و\�ل �����اتm�D ا�"�e6 &� إ6"8 ا�!� �3�ر E"% �$� �2��� �"��� ة ��!�  ة����

�&�� و ا�"� ھ� ا�$3 ر ا��?��� �$��ه ا���ب &� ا�� �B$�� ��  4رى ا�$�?�� و ��!� ا�$��Bه ا�

 و �CA �`��  دول ا����
 ا�$"��b ��م 
�� ا���ر ��ek ا�"����4ت ا����7 &� ا����

Regulations  C\م و�B� �"ا%�� ا����ت ا�$�?�� و ���R ھRه و ا�9W�$�� اد��:C ھRه ا�$

 ��?$� ھRه ا�$�اد ����4 ا�"����4ت ��D CAمb� و:  

 �4��� – �b&�Kت ا���ارة – ا�L"#�ب ��bدات – ا�$���Wت – ا�$���Aت –ا�$�bدات ا�
�ر – ا�$W!�ات – ا��Bا=�
 ��bدات – ����WتWات – ا���b�"�� C�$B"ا� – ��:Aا�  ��

�$�Aاد ا��
�� أ�6س 4��� 7ا�$ e6ق وا�W% ��
�$�  �wاض �8"����?�� ا�K7ى ا�"� ��"8 م 

�� �� ا�$��=�ت  .)3(ا
�Hول ر() &� �&9  \ رت ا�� 4  �� و %�2اً ��2
 و أھ$�� ھRه ا��

�� ا<%��ن و إ�"�3\!� \ ��
ا�L�9$ت ا���$�� ا�"� �����D Sk� ھRه ا�$��=�ت و �`=��ا�!� 

�ت �$� ��4 
� ط�V4 ا������ت و�k�  :��w ذ�l �� ا�$

  
Bu et al. (2013); Liu et al. (2013); Li (2014); Luo et al. (2014); Jung 

et al. (2015); Subedi et al. (2015); Sui et al. (2015); Wang et al. (2015); 
Wu et al. (2015); Hopkins and Blaney (2016); Gao et al. (2016); Wu et al. 
(2016). 
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Table 3: Classification of pharmaceuticals & personal care products (Liu et al. 2013) 
Main categories  Subgroups Representative compounds 
Pharmaceuticals Antibiotics Clarithromycin, Erythromycin, 

Sulfamethoxazole, Sulfadimethoxine, 
Ciprofloxacin, Norfloxacin, 
Chloramphenicol 

 Hormones Estrone (E1) Estradiol (E2) Ethinylestradiol 
(EE2) 

 Analgesics and anti-
inflammatory drugs 

Diclofenac, Ibuprofen, Acetaminophen, 
Acetylsalicylic acid 

 Antiepileptic drugs Carbamazepine Primidone 
 Blood lipid 

regulators 
Clofibrate, Gemfibrozil 

 β-blockers Metoprolol, Propanolol 
 Contrast media Diatrizoate, Iopromide 
 Cytostatic drugs Ifosfamide, Cyclophosphamide 
Personal Care 
Products  

Antimicrobial 
agents/Disinfectants 

Triclosan, Triclocarban 

 Synthetic musks/ 
Fragrances  

Galaxolide (HHCB), Toxalide (AHTN) 

 Insect repellants N,N-diethyl-m-toluamide (DEET) 
 Preservatives Parabens (alkyl-p-hydroxybenzoates)  
 Sunscreen UV filters 2-ethyl-hexyl-4-trimethoxycinnamate 

(EHMC), 4-methyl-benzilidine-camphor 
(4MBC) 

 
 
 ��

�� ا��2
 ا���#�� ا��را �4�bا�� �\�K ت و�=�أ�� 
� أھ
 أ�WKر و أ�kار ا�$�

 ���x� ھ�ت��mutagenicity  l�Rو D وث ط��ات  D �& C:$""&embryotoxicity وث ��
�Wkا��ت ا�3��� و�l�R ا< carcinogenicity ا<\��� �����ط�نو teratogenicityا�ـ 

وا�B!�ز ا�"��C�K Cdysfunction of kidney  ��6 &� ا�a�  health disorders :� ��A%��ن
reproductive system   �Aوا�liver وا�$� brain ���$ز ا����3 ا��!Bىوا� central 

nervous system )Zhou et al. 2015(.  
  

�!
�ث ا�$��ه �M�"8$ أ%�ا�� Hا� را�6ت ا�"� ���و� 
  :و &�$� ��4 إ6"��اض 7ھ
  

                      groundwater pollutionا
H"=	, �."ث ا
�	�ه  – 1
  

�=�ت &9  �$��� ��&�Bث ا�$��ه ا��
 د ��ات ��Aارھ� �2�$
 ��Bوزت %�2اً ��2
 أھ$�� ��
 e�ا��  
�&�� �3 راً ر?����ً  و أ
� ��ة 50ا
ـ ا����%�ت ا����$�� ��اBا�$��ه ا� ��"�� V�6 �$�


 �$� أ
�W أھ$�� ����ة �!Rا ا�$�رد ا�$�?� ��k eورة �$��ه ا���ب ���_ ا�$��طV &� ا����
�ن أ��A$4 �� C و &� ا�� ود ا� و��� ا�$�$�ح A"� +� ث���4ت ا�"�"�� ��
ا����ظ 
��+ و ا����ظ 
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�!�  ��&�Bث ا�$��ه ا���� أ�WK ا�$���C ا���#�� �e�$B دول ا����
 HB"% m�D ھRه و�4"�� ��
�&�� �� ���ب ا�$��=�ت �� ا�ا�$��A� �� و\�ل ا�$��=�ت إ�� ا�Bا�"� �8ا%�ت$��ه ا�  H��

�ا�septic systems  e أ%2$� ا��3ف ا�3�� ،landfills  � ا&� ا�����4ت ،ا7رض� ،
 manufacturing facilities  ��ا&V ا�"hazardous waste sites ، e��3 ا�����4ت ا��W8ة

��
�&�� و ��. و ��wھ� agricultural sites وا�$�ا�e ا��راBا�$��ه ا� �B���� ���$
 ��"
 ����
 H��
� �� ا�$�����ت 
�  إ��ا?!� �"$:C ا�"M���A و ��"�ج ��$B� ��
�ف ��ط�C4 و �d��4 ا�


�"!� ���$�Aن و �
�� اW�%7� �+ و �����ات ا�$��=�ت و %�&� Y?�3K ا�$�Aن و أ���ده و %
  :ت ھRا ا���م &�$� �A$4��4 ر\  أھ
 ا� را�6ت أو ا�L�9$ت ا�"� %��و . ��wھ�

1 – Zeng Y., J. Zhan, N. Wu, Y. Luo and W. Cai (2016). Numerical 
investigation of electricity generation potential from fractured 
granite reservoir by water circulating through three horizontal wells 
at Yangbajing geothermal field. Applied Thermal Engineering, Doi: 
http://dx.doi.org/10.1016/j.applthermaleng. 2016.03.148  

2 – Li J., Y. Yang, H. Huan, M. Li, B. Xi, N. Lv, Y. Wu, Y. Xie X. Li 
and J. Yang (2016). Method for screening prevention and control 
measures and technologies based on groundwater pollution intensity 
assessment. Science of The Total Environment, 551–552: 143-154 

3 – M. Tamer Ayvaz (2016). A hybrid simulation–optimization 
approach for solving the areal groundwater pollution source 
identification problems. Journal of Hydrology, 538: 161-176. 

4 – Ouedraogo I., P. Defourny and M. Vanclooster (2016). Mapping 
the groundwater vulnerability for pollution at the pan African scale. 
Science of The Total Environment, 544: 939-953. 

5 – Stuart ME and Lapworth DJ (2016). Macronutrient status of UK 
groundwater: Nitrogen, phosphorus and organic carbon. Sci Total 
Environ. Doi: 10.1016/j.scitotenv.2016.02.181.  

6 – Tran N. H., K. Y.-H. Gin and H. H. Ngo (2015). Fecal pollution 
source tracking toolbox for identification, evaluation and 
characterization of fecal contamination in receiving urban surface 
waters and groundwater. Science of The Total Environment 538 
(15): 38-57.  

7 – Yolcubal I., Ö. C. Gündüz and F. Sönmez (2016). Assessment of 
impact of environmental pollution on groundwater and surface water 
qualities in a heavily industrialized district of Kocaeli (Dilovası), 
Turkey. Environ Earth Sci 75:170. DOI: 10.1007/s12665-015-4986-
2. 
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8 – Manamsa K, Crane E, Stuart M, Talbot J, Lapworth D, Hart A 
(2016). A national-scale assessment of micro-organic contaminants 
in groundwater of England and Wales. Sci Total Environ. Doi: 
10.1016/j.scitotenv.2016.03.017. 

9 – Hemme CL, Green SJ, Rishishwar L, Prakash O, Pettenato A, 
Chakraborty R, Deutschbauer AM et al. (2016). Lateral Gene 
Transfer in a Heavy Metal-Contaminated-Groundwater Microbial 
Community. MBio. Doi: 10.1128/mBio.02234-15. 

10 – Caraballo M. A., F. Macías, J. M. Nieto and C. Ayora 
(2016).Long term fluctuations of groundwater mine pollution in a 
sulfide mining district with dry Mediterranean climate: Implications 
for water resources management and remediation. Science of The 
Total Environment, 539: 427-435. 

 

� ا�f"A ا�"� \ رت 
� دار�$B� C�d% أن �A$4L و �Hن��� Springer  لJK �����


�م  �� H��3%ر ا�"� ا��ث  )م2016ا��D) C4"� ا^ن  م2016
 ة ا��!�� Hو ا�"� ���و�
 L ا�$:�ل C��6 ��
 t9& �!�� ��R% ��&�B�3ا�$��ه ا��  :ا�

– Xi et al. (2016). Optimization of Solid Waste Conversion Process and 
Risk Control of Groundwater Pollution. SpringerBriefs in 
Environmental Science Series, Springer 

– Das et al. (2016). Socio-Economic Analysis of Arsenic Contamination 
of Groundwater in West Bengal. India Studies in Business and 
Economics Series, Springer 

– Scozzari A. and E. Dotsika (2016). Threats to the Quality of 
Groundwater Resources: Prevention and Control. The Handbook of 
Environmental Chemistry Series Vol. 40, Springer  

 

���ر وا
��	�Sت  - 2
         marine water pollution�."ث �	�ه ا
 

 +%��2
 ا�$�ارد ا�$�?�� ا�����W� ا�"� أ%�
 الله �6
��"�� ���ه ا����ر و ا�$���Wت �� أھ
 وأ
���و �  ذ��ت ��$�  و ����� �!� 
�� ا<%��ن

 د  ا 
4�Aذ��ت  ��ة 37&� ا��9آن ا� ��D �&

 �$��(	
��!� آ�4ت �� Sk�CA ���� ا�M�� �$�A أن ا���� �� V�6 ���4�9ً و 
 د ��ات M�k  ا
2
 آ�4ت الله �6��%+ و �����

 ا��Wى  �� أ�و %�$� ) ا67$�ك(&$�!� �4"�8ج ا���� و C�`4 ا��

�ى ���ھ!� !� ��Cb& L الله و �� =
 ھRه ا����ر �ا���� ������ �"�$��� إ�� �Jد �� ��� �� ر"��
�ز و�Aا� ��
9   – ����ن الله& –�
 ا���2$� و �e ذ�l ا�� & �$� ��ظ!� ا����د &� ا��� و ا��

�
� ا����ط ا����ى ���H أ4 ى ا���س و ��C أھ
 ا�$� HB"% �"و =�ت ا�=��H  ه ا�$��هRھ
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�ارث ا�"� Aھ� �� ا���w ا��"�ول و e9� و ا�$�� ات و ا67$ ة و l�"6J$���8ت ا���ر ���ث ا����
�� ا�$"�t6 �$� &� و �A$4 L أن %������ ��� �� �B4ى �� ر�� و �Rف ����8ت ا��3ف ا�3

 .)��4ول ر() ( ��3 و �� �9�4+ �� ��ت ا67$�ك و ا��D7ء ا�$�?�� و ��wھ�
 

 
 
 
Table 4: Permissible limits and health effects of various toxic heavy metals (adapted 

from Bazrafshan et al. 2015) 
Metal 

contaminant 
Permissible limits (µg/l) 
by international bodies 

Health hazards 

WHO US EPA 
Arsenic 10  50 Carcinogenic, producing liver tumors, 

skin and gastrointestinal effects 
Mercury 0.01  0.02 Corrosive to skin, eyes and muscle 

membrane, dermatitis, anorexia, kidney 
damage and severe muscle pain 

Cadmium 0.03  0.05 Carcinogenic, cause lung fibrosis, 
dyspnea and weight loss 

Lead 10 0.05 Suspected carcinogen, loss of appetite, 
anemia, muscle and joint pains, 
diminishing IQ, cause sterility, kidney 
problem and high blood pressure 

Chromium 50 100 Suspected human Carcinogen, producing 
lung tumors, allergic dermatitis 

Nickel – – Causes chronic bronchitis, reduced lung 
function, cancer of lungs and nasal sinus 

Zinc –  – Causes short-term illness called “metal 
fume fever” and restlessness 

Copper – 1300 Long term exposure causes irritation of 
nose, mouth, eyes, headache, 
stomachache, dizziness, diarrhea 

 
 
 �
�$B� ًL4 ة &!��ك أو 
�ث ا����ر &!� �� Hا� را�6ت ا�"� ���و� 
أ�� 
�� \��  أھ

�� ���� 

�ت ���ث ا����ر �:l�� C ا�"� �3 رھ� دار ا�������دور�4ت �!"�k  م��
 ��B� و
�B%��T ت ا�"� �3 رھ��W��  :ا�$

  
- Marine Pollution Bulletin (IF: 2.991) 

(website: http://www.journals.elsevier.com/marine-pollution-bulletin/)  
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- Ocean Science Journal (IF:---) 
(website: http://link.springer.com/journal/12601)  

 
�� `ھ
 ا�L�9$ت أو �L�9ت ������ & 6�اء &3�ل �f"A أ�� 
�� \��  ا�L�9$ت ا���$��

  :ا�"������4 
Leonov A. V., V. M. Pishchalnik and O. V. Chicherina (2016). 

Biohydrochemistry of Marine Environment and Transformations of 
Biogenic Substances and Oil Hydrocarbons on the Southeastern 
Sakhalin Shelf. Water Resources, 43 (2): 306–327.  

Türetken P. S. Ç. and G. Altuğ (2016). Bacterial pollution, activity and 
heterotrophic diversity of the northern part of the Aegean Sea, 
Turkey. Environ Monit Assess (2016) 188: 127. DOI: 
10.1007/s10661-016-5109-6 

Freije A. M. (2015). Heavy metal, trace element and petroleum 
hydrocarbon pollution in the Arabian Gulf: Review. Journal of the 
Association of Arab Universities for Basic and Applied Sciences, 
17: 90-100. 

Zhang Z, IMC Lo and DYS Yan (2015). An integrated bioremediation 
process for petroleum hydrocarbons removal and odor mitigation 
from contaminated marine sediment. Water Res 83:21-30.  

Szopińska M., J. Namieśnik and Ż. Polkowska (2016). How Important 
Is Research on Pollution Levels in Antarctica? Historical Approach, 
Difficulties and Current Trends. In: Part of the series Reviews of 
Environmental Contamination and Toxicology, pp: 1-78 

Sumalde Z. M., K. L. A. Francisco and M. Peñales (2016). 
Productivity Effects of Water Pollution Due to Excessive 
Aquaculture Structures and Overstocking. In: Oliwiler et al. (eds.) 
Marine and Coastal Ecosystem Valuation, Institutions, and Policy in 
Southeast Asia. pp 185-199 

Chernova E. N. (2016). The Biogeochemical Background and Trace 
Metal Accumulation by Brown Algae of the Genus Fucus in Coastal 
Waters of the Sea of Japan, the Sea of Okhotsk, and the White Sea. 
Russian Journal of Marine Biology, 42 (1): 87–96. 

Bulycheva E. V., A. V. Krek and A. G. Kostianoy (2016). Peculiarities 
of Distribution of Oil Polution in the Southeastern Baltic by Satellite 
Data and In Situ Measurements. Oceanology, 56 (1): 75–83. 

Yang X., X. Shen and B. Zhu (2016). Characteristics of diffuse 
pollution of nitrogen and phosphorous from a small town in the hilly 
area of the central Sichuan Basin, China. J. Mt. Sci. 13(2): 292-301 

  
  



�
�	F!  �ب ا'ولا
 ا
:."ث ا

34 

  

                                    Rivers pollution�."ث �	�ه ا'ن�Nر  – 3
 

2
 ا�$�ارد ا�$�?�� ا�"� وھ�!� و ���!� الله �6��%+ و �����
 ���� ا���� ��"�� ا7%!�ر �� أ
2
 دC?L ا���
 &� ا� %�� و ا^�Kة و �  ذ��ت ��$� 
4
  أن�Nر&!� �� أ�A�9آن ا����ة  49��

 �!�� m�Dد�H ا� �!��2
 ا���
 ا�"� ��
 ��
V��8 ن��%a�  �W�4 ����� و +%��و ��M أن الله �6
و �e ا�:�رة . "7�ََّ�تٌ �Hَِْ�ي ِ�� �َْ�:�Nَِ اْ'ن�Nََْرُ " و f!4 ا���Bت ا�"� ��Bى �� ��"!� ا7%!�ر

 ��
D"� و ��wھ� ا���3
�� أ\��H ا7%!�ر ��"��D� �$���8ت ا<%��ن ا�8$"��� \��
�� و زرا
 َ6 �& H
�س و ا�$�$� �"��ث ا���#�ت ا�$�?�� &`�6��Aا ا�Rھ ��
� &��H ا� ول ا�$"9 �� 

�Bم ا�"� ى 
�� ھRه ا�$�Bرى ا�$�?�� و �K\� ا7%!�ر �ُ  ����4ت و ا�9�ا%�� ا�"� �ُ��م �Cا�"
�ارد� ��
ھ� � ر�� أ%+ �A$4 ا�9�ل �`ن � %�� و �9 م أى أ�� أو دو�� �94س ا^ن �$ ى ا����ظ 

��� �"���V �� أ�D Cِ ) أو 
�� اS\7 ا���4$�(ا7ر�k� و ا�$�?�� و \��%"!� ���$� ا� ول ا������ 
ا� ول ا^�Kى ����� ��%H أو ���w �"D ���Bھ� �� �� ا� وLرات �"��9 �$����8!� و ����8ت 

  !!!!و �� ��%H %���4ت %�و4�
� �$� �4�"�� :�ء �� 4  �� ا� را�6ت �:Cو ��C أ�WK ا�����4ت ا^ن ا�����4ت ا���%

 
Ates M., V. Demir, Z. Arslan, M. Camas and F. Celik (2016). Toxicity 

of Engineered Nickel Oxide and Cobalt Oxide Nanoparticles to 
Artemia salina in Seawater. Water Air Soil Pollut (2016) 227: 70. 
DOI: 10.1007/s11270-016-2771-9 

Song U. and S. Lee (2016). Phytotoxicity and accumulation of zinc oxide 
nanoparticles on the aquatic plants Hydrilla verticillata and 
Phragmites Australis: leaf-type-dependent responses. Environ Sci 
Pollut Res, DOI: 10.1007/s11356-015-5982-5 

Branca M., M. Ibrahim, D. Ciuculescu, K. Philippot and Catherine 
Amiens (2016). Water Transfer of Hydrophobic Nanoparticles: 
Principles and Methods. In: M. Aliofkhazraei (ed.) Handbook of 
Nanoparticles. Springer International Publishing Switzerland, DOI: 
10.1007/978-3-319-15338-4_29, pp: 1279 – 1311. 

Kango S. and R Kumar (2016). Magnetite nanoparticles coated sand for 
arsenic removal from drinking water. Environ Earth Sci 75:381. 
DOI: 10.1007/s12665-016-5282-5 

Amr A. Abdel-Khalek, S. R. Badran and M-A S. Marie (2016). 
Toxicity evaluation of copper oxide bulk and nanoparticles in Nile 
tilapia, Oreochromis niloticus, using hematological, 
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bioaccumulation and histological biomarkers. Fish Physiol Biochem, 
DOI: 10.1007/s10695-016-0212-8 

  
�ض D ق &� ��3 و دولJا<ط ��
�4"�� %!� ا���C �� أھ
 ا�$�ارد ا�$�?�� �C أھ$!� 

�A$4 L أن �"�ا�  ��Dة &� ��3 أو  –L � ر الله  –ا���C و ھ� �4�Tن ا����ة &� ��3 و � و%+ 
 f����6��%+ و ����� 
�� ���ن ���D+ و ���W3ه ا� V��ض ا���C و �9  ط$��� ا�D دول) ��\

+��
6�ف �9�م �jذن ر�!� و %!�ان �4�B4ن ا���C و ا���ات) و�6
 الله  �
أو �$� ��ل ( أن ا���

�ن إC���� L –��ن ا���C ذو ��A%�  ھ�� ��. )\�� الله 
��+ و �6A� �� و –  +��
و ��ن ا����ظ 

 ً�
�T و (&�ض ��

و الله أ�

�+ �ا3َ �ِ � 
� �$���ً &����C ��"��ح إL أن 9�9D� ا��7 �4�8ُ�) أ
 – ب �C أ%+ 4`ن و C�� �A�4 %!�ر �� �C ا�"�Bوزات &� 9D+ و �fH%�� l�R و دَ �CA �� ھَ 

�4 ���ث ا���C و ھ��ك  – �jذن الله Lزا�Hو�b� Hا�� 4  �� ا� را�6ت ا�"� ���و�
 ھRه أ�� 
� أھ
�ث %!� ا����A$�& C ر\ ھ� &� ا^�� ا�"� ر\ ت و ا� را�6ت��:  

  
Atef M. Abu Khatita, Helga de Wall and Roman Koch (2016). 

Anthropogenic particle dispersions in topsoils of the Middle Nile 
Delta: a preliminary study on the contamination around industrial 
and commercial areas in Egypt. Environ Earth Sci, 75:264. DOI: 
10.1007/s12665-015-5050-y 

Mohamed Attwa, K. S. Gemail and M. Eleraki (2016). Use of salinity 
and resistivity measurements to study the coastal aquifer salinization 
in a semi-arid region: a case study in northeast Nile Delta, Egypt. 
Environ Earth Sci, 75:784. DOI: 10.1007/s12665-016-5585-6 

El-Kowrany S. I., E. A. El- Zamarany, K. A. El-Nouby, et al. (2015). 
Water pollution in the Middle Nile Delta, Egypt: An environmental 
study. Journal of Advanced Research (In Press) 

Mona El-Sayed and W. M. Salem (2015). Hydrochemical assessments 
of surface Nile water and ground water in an industry area – South 
West Cairo. Egyptian Journal of Petroleum, 24 (3): 277-288. 

Mohamad Saad Abd El-Karim (2015). Survey to compare 
phytoplankton functional approaches: How can these approaches 
assess River Nile waterquality in Egypt? The Egyptian Journal of 
Aquatic Research, 41 (3): 247-255 

Goher M. E., A. M. Hassan, I. A. Abdel-Moniem, A. H. Fahmy and S. 
M. El-sayed (2014). Evaluation of surface water quality and heavy 
metal indices of Ismailia Canal, Nile River, Egypt. The Egyptian 
Journal of Aquatic Research, 40 (3): 225-233. 
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Hala Abou-Ali and Amira El-Ayouti (2014). Nile water pollution and 
technical efficiency of crop production in Egypt: an assessment 
using spatial and non-parametric modeling. Environ Ecol Stat 
21:221–238. DOI: 10.1007/s10651-013-0252-5.  

  
���D �& �$� 
�ث ��_ أ%!�ر ا������ ��
  :�$� sDJ4 و��د ا�� 4  �� ا� را�6ت 

   Chowdhury and Maiti (2016( :ا�!�  -
   Lario et al. (2016( :إ��%��6 -
- �����: )Alptekina and Yuce (2016); Durmaz et al. (2016   
- �  ) Jabłońska-Czapla et al. 2016( :�� ا�
 Zhou et al. (2016); He et al. (2106); Liu et al. (2016); Xiao :ا���3 -

et al. (2016); Lou et al. (2016); Yi et al. (2106); Huang et al. 
(2016); Xu et al. (2016)   

   Nazeer et al. (2016(����"�ن  -
-  ����W4إ)Natali et al. (2016   

  

Air pollution �."ث ا
N"اء –ج                                                        
  

�ع ���ث ا�!�اء أھ$�� k�� C94 L رة�WK و [Aا�� ��
 C� و ا�$��ه ��ث ا�"���� �

�� ا��4�b9  –و �K\� ا� ول ا���3
�� و ��wھ�  –ھ��ك ��_ ا� ول ا�"� ��"�� ���ث ا�!�اء 

�W8ا� C� f���ان و ا���2م ا���#� أ�$e ��] ھRا &���ة � اً و ا�"� �$] \�� ا<%��ن و ا�
ا� ور�4ت و ا�$JBت ا����$�� و �l�R ا�f"A ا�"� �!"
 ��3� ظ!�ت D 4:�ً ا�� 4  و ا�� 4  �� 

�ء و �$����$�� %B  � ى أھ$�� و �3D ا��و �����2 &� ��ا
  ا����%�ت ا. أ�6�6� �"��ث ا�!�اء
6�ف %�\ ه �� أر��م ��Bدة  D:��ا��� �� lذ� ��
 C�� اء و ا���ع ���ث ا�!k�
�� ���ول �

  :�$� N air pollution ��4"اء�."ث ا
و ��Aار أ�$� ل ���ول 
  

   P)"�sciencedirect ا
ـ  –) 1(
�ع ���ث ا�!k�� H�3?��ت ا�"� ���و�D>اءا�  e��415�م (�!Rا ا�$  C4��م2016ا ( H%��

� ا��
�� ا�� �����ة &� ا�L�9$ت ا���$�� و  229010) �اء���ث ا�!("��� �A� m�Dرت ھRه ا�9$
&� ��D ��ن ھRا  206445ا�f"A و ��wھ� و ��ن �� ل ا�"�Aار ���$JBت و ا� ور�4ت ا����$�� 

4�م ا��\  ��2016ة و ��ن f�3%  27938ا�$� ل &� ا��B� f"Aوز ا�ـ  �"D م) M3"��
C4��ة ��8971ن ) ا��.  

  
)2 (–  �Hن��� P)"�Springerlink  

�ث ا�$��ه إ�� �� �����ة و ��%C�\��� H ھRا ا�$� ل 
��  196578و\C �� ل ��Aار �9
� ا�"����  :ا��
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Articles or papers (122 224), 
Book Chapters (70 556), 
Reference Work Entry (2 820), 
Books (836),  
Protocol (124), etc. 

  
  P)"�PubMed ا
ـ  –) 3(

�ث ا�$��ه &� ھRا ا�$��e أ�C �� ا�$����� ا����m�D ��9 و\C �� ل �� ����� ل ��Aار �9
�ا�� ��2016ة m�D ��ن f�3% ا��!�ر ا7ر��� ا�$��3ة ��  59589ا�"�Aار إ�� D 834م 


�ت ���ث ا�!�k�$� ��:Dو ا��� 
�اء��ة �$� A�4] � ى إھ"$�م ا����.  

�ض أھ t9& �A$4 و
4���� ھRا  reviewا�$����� ا�L�9$ت  �"D ا�"� \ رت)C4��ا M3"�� ( ��2016 �"م و ا�

�ع ���ث ا�!�اء �$� ��4k�  :�"��ول �
(1) – Li S, Williams G and Guo Y (2016). Health benefits from 

improved outdoor air quality and intervention in China. Environ 
Pollut. 214: 17-25. Doi: 10.1016/j.envpol.2016.03.066.  

(2) – Kim KE, Cho D and Park HJ (2016). Air pollution and skin 
diseases: Adverse effects of airborne particulate matter on various 
skin diseases. Life Sci. pii: S0024-3205(16)30188-6. Doi: 
10.1016/j.lfs.2016.03.039. 

(3) – Rai PK (2016). Impacts of particulate matter pollution on plants: 
Implications for environmental biomonitoring. Ecotoxicol Environ 
Saf. 129: 120-136. Doi: 10.1016/j.ecoenv.2016.03.012. 

(4) – Pant P, S K Guttikunda and R E Peltier (2016). Exposure to 
particulate matter in India: A synthesis of findings and future 
directions. Environmental Research 147: 480–496. 

(5) – Zhang S, Li G, Tian L, Guo Q and Pan X (2016). Short-term 
exposure to air pollution and morbidity of COPD and asthma in East 
Asian area: A systematic reviewand meta-analysis. Environ Res. 
148:15-23. Doi: 10.1016/j.envres.2016.03.008. 

(6) - Paulin L and Hansel N (2016). Particulate air pollution and 
impaired lung function. F1000Res. Doi: 
10.12688/f1000research.7108.1. eCollection 2016. 

(7) – Clifford A, Lang L, Chen R, Anstey KJ and Seaton A (2016). 
Exposure to air pollution and cognitive functioning across the life 
course - A systematic literature review. Environ Res. 147:383-98. 
Doi: 10.1016/j.envres.2016.01.018. 
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(8) – Jiang XQ, Mei XD and Feng D (2016). Air pollution and chronic 
airway diseases: what should people know and do? J Thorac Dis. 
8(1): E31-40. Doi: 10.3978/j.issn.2072-1439.2015.11.50. 

(9) – Frank U and Ernst D (2016). Effects of NO2 and Ozone on Pollen 
Allergenicity. Front Plant Sci. 7: 91. Doi: 10.3389/fpls.2016.00091. 
eCollection 2016. 

(10) – Franchini M, Mengoli C, Cruciani M, Bonfanti C and 
Mannucci PM (2016). Association between particulate air pollution 
and venous thromboembolism: A systematic literature review. Eur J 
Intern Med. 27:10-3. Doi: 10.1016/j.ejim.2015.11.012. 

  

��$�� ��4%� ��!� ا��6�9 و ا� ا%�، ا� ول ا���d� و ا����9ة، ا� ول  ��A�� اء�و ���ث ا�!
ا�$"��bة و ا� ول ا������ &"��ث ا�!�اء ���%� ��+ T$�ل و ���ب أ���A4، �$� ���%� ��+ أورو�� 

و ��"�� ا���3 ھ� أ
�� دول ا����
 ) WHO 2014(و آ��6 �$� ذ��ت ��2$� ا�3�� ا����$�� 
  :أ�kار ���ث ا�!�اء &"���3 &�و أ�� 
� � �� Lت ���ث ا�!�اء &

  � ا���ط�ن وأ��اض ا�f�9 وا�"��]
 ا���� �B���K CAصو ���9� 7وا%!� ا��&��ت ا� -
-  ��w�� ا� �"Aا��stroke (Shah et al. 2015)  
-  V�9ا�anxiety (Power et al. 2015)  
�4� ا�"`=�� ا����� 
�� ا�f�9 و ا7و
�� ا�  -�)Clifford et al. 2106(  

  
أ�� 
� أھ
 ا�$��=�ت ا�"� �"�ا�  &� ا�!�اء %B ھ� �"��ع �"�$C ا������ت ا����9� &� ا�!�اء 

ا�" ��K و�Dق ا��K7ب &� ا�$�ا� ، وا�$�اد ا��A$��?�� أ��8ة ا�W!�،  ات�wز�:C أ��8ة 
�ا%�ت �W%�أا�$�����، ا�$��و�Tت، و���ا�E إD"�اق  و 
��. و ��wھ� ا���س وا�% ��"�� lذ�

�د و وC?�6 ا�$�ا\Jت و إ%"�ج ا��W�� �� أھ
 ��3در ا������ت ا����9� �!�اء ا���b أى أن ��ا�
�ن �3 رھ� ا�$�ور و ���D� ا����راتA4 اء�  :ا������ت أو ا���ا�V ا�"� �"�ا�  ���!

Szczepaniak-Wnuk and Górka-Kostrubiec (2016) 
  

=��� 
ا
�Hول �ت ا�!�اء و �`=��ا�!� 
�� ا�3�� و ا���#� �e و\�!� &� و Y�8�� �A$4 أھ

! ر() �:

� ا������ ا7ورو��� ����#� )5(ا ًJ9%:  
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Table 5: General facts about air pollutants (adapted EEA 2014) 

Pollutant Description and sources Health and environment effects 
Sulphur 
dioxide 
(SO2) 

SO2 is formed by oxidation of 
sulphur (S), mainly through 
combustion of fuels containing S. 
The electricity generation sector is 
the most important source of SO2. 
SO2 also can contribute to the 
formation of secondary sulphate 
particles in the atmosphere. 

SO2 aggravates asthma and can 
reduce lung function and inflame the 
respiratory tract. It can cause 
headache, general discomfort and 
anxiety. SO2 contributes to acid 
deposition, the impacts of which can 
be significant, causing damage to 
forests and ecosystems in rivers and 
lakes. 

Nitrogen 
oxides 
(NOX) 

NOx is emitted during fuel 
combustion e.g. from industrial 
facilities and the road transport 
sector. NOx is a group of gases 
comprising nitrogen monoxide (NO) 
and nitrogen dioxide (NO2). NO 
makes up the majority of NOx 
emissions. NOx contributes to the 
formation of ozone and particulate 
matter. 

NO2 is associated with adverse 
effects on health: it can affect the 
liver, lung, spleen and blood. It can 
also aggravate lung diseases leading 
to respiratory symptoms and 
increased susceptibility to respiratory 
infection. As with SO2, NOx 
contributes to acid deposition but 
also to eutrophication of soil and 
water. 

Particulate 
matter (PM) 

PM is a mixture of aerosol particles 
(solid and liquid) covering a wide 
range of sizes and chemical 
compositions. PM10 (PM2.5) refers 
to particles with a diameter of 10 
(2.5) micrometres or less. PM is 
either directly emitted as primary 
particles or it forms in the 
atmosphere from emissions of SO2, 
NOx, NH3 and NMVOCs. PM is 
emitted from many anthropogenic 
sources, including both combustion 
and noncombustion sources. 
Important natural sources of PM are 
sea salt and natural re-suspended 
dust. 

PM can cause or aggravate 
cardiovascular and lung diseases, 
heart attacks and arrhythmias. It can 
also affect the central nervous system 
and the reproductive system, and can 
cause cancer. One outcome of 
exposure to PM can be premature 
death. PM also acts as a greenhouse 
gas, mainly cooling the earth’s 
climate, although in some cases it 
can lead to warming. PM in the 
atmosphere can also alter rainfall 
patterns, and affect the surface 
albedo properties of snow (the extent 
to which the snow reflects light). 

Ozone (O3) Ground-level (tropospheric) ozone is 
not directly emitted into the 
atmosphere. Instead, it forms in the 
atmosphere from a chain of chemical 
reactions following emissions of 
certain precursor gases: NOx, carbon 
monoxide (CO) and NMVOCs and 
methane (CH4). 

Elevated levels of ozone can cause 
respiratory health problems, 
including decreased lung function, 
aggravation of asthma, and other 
lung diseases. It can also lead to 
premature mortality. Ozone is also a 
greenhouse gas contributing to 
warming of the atmosphere. 

Ammonia 
(NH3) 

The vast majority of NH3 emissions 
come from the agricultural sector, in 

Exposure to high levels of ammonia 
may irritate skin, eyes, throat, and 
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connection with activities such as 
manure storage, slurry spreading, 
and the use of synthetic nitrogenous 
fertilisers. It also contributes to the 
formation of secondary particles. 

lungs and cause coughing. People 
with asthma may be more sensitive 
to breathing ammonia than others. 
NH3, like NOx, contributes to 
eutrophication and acidification. 

Non 
methane 
volatile 
organic 
compounds 
(NMVOCs) 

NMVOCs produce photochemical 
oxidants by reacting with NOx in the 
presence of sunlight. Anthropogenic 
NMVOCs are emitted from sources 
including paint application, road 
transport, drycleaning and other 
solvent uses. Biogenic NMVOCs are 
emitted by vegetation, with the 
amounts emitted dependent on 
species and on temperature. 

NMVOCs include a variety of 
chemicals. Certain NMVOC species, 
such as benzene (C6H6) and 1,3- 
butadiene, are directly hazardous to 
human health. NMVOCs are also 
precursors of groundlevel ozone. 

Carbon 
monoxide 
(CO) 

CO is emitted due to incomplete 
combustion. Important sources of 
CO include road transport, 
businesses, households, and industry. 
CO reacts with other pollutants 
producing ground-level ozone. 

CO can lead to heart disease and 
damage to the nervous system. It can 
also cause headache, dizziness and 
fatigue. 

Methane 
(CH4) 

CH4 is produced by both 
anthropogenic and natural sources. 
Significant anthropogenic sources 
include the agriculture sector (from 
the enteric fermentation of CH4 from 
livestock), the waste sector, and 
‘fugitive’ emissions from coal 
mining and gas. 

Methane is an important greenhouse 
gas, and is one of the gases 
controlled under the UNFCCC’s 
Kyoto protocol. At the regional and 
global scale methane also contributes 
to the formation of ground level 
ozone. 

 
 

  
�	F! ا
-را�! –د 
  Agroecosystem pollution               �."ث ا
�n7م ا
  

 �
%��ن و ھ� ا���&� ا�"� Cd"�4 �!� ا�� 4  و ا�� 4  �� ا���س �!�� � 4$� � م ا<ا��را
�ل ا����
 و �4"$  
��!� ا����
 �`�6ه &� ��&�� إD"�����+ �� ���] و �`�C و �`وى و أ��Kاً D

�ن ا7ر��ا���و �Food, feed, fibre and fuel (4 F)  �&�D H%�� l�Rإف  ��W�� و �$� 94
 �T��� ��w و �T��� ��=`� �!� �
�ن 
�� ��Dة ا�$B"$��ت ا�$8"��� ا��را� �� 
wا�� ��
و 

 �
9���ت ا����ة �����ب ا�$8"��� إL أ%+ &� ا��"�ة ا��K7ة أ\��H ا��را� 
ا��را
� ھ� أھ
 3� ً�b4أ 
راً ���_ ا�$���C ا���#�� و �K\� &� ظC ا�����6ت ا��را
�� ��w ا�$�" ا�� و أھ

 �

� ا�$$�ر(أ�WK ھRه ا�$���C ا�"��ث ا���#� أو �� �$�4 ���"��ث ا��را E�6ت أى ا����
��

� ا<&�اط �w ا�"�$�  ا7زو�� أو ا�������6  )ا��را E"�4 �� lذ� ��
 أىو ��C أ��t �:�ل 

و ھ� ���� ���ث ا�$�Bرى ا�$�?�� ����"�ات أو  Eutropihication$� ��2ھ�ة ا�ــ %��ء �� �4
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 _�� �
 Eع ا������T>ف اJ8� اR6$ ة و ھLه اR!�  �$�"ا<&�اط &� ا� �
 Eر ا������6�ا��
lذ� ��w و �!��
 �4�"�  .ا67$ ة ا�$


�!� ��A$�  ا
-را�,ذ��ت ��$�  ��

H � ا
��ث����9آن و ��� l�R� و �
��%� ا��را
4
 ����9آن�Aا�  ekا�� �
3�رة را?�� و أ�� �8�9)

�5آن ا�# �N��5:1� را�, و-
&�$�A ا�9�ل  ا

�10�اek ���$� ��$� زرع ��Aرت &�  5ھ�  ا
��ث��$�  &�!� ذ�� ا�"� $�اتا�أن 
 د  
kا�
$��� ا���ث ��7%��م  .راع ذ��ت ��ة واD ةe ���$� ا��ُ � HWإر��  �و  Cو �� أو ا���


�%�ت ا���2م ا���#� ا��را
� ) &��د أو إ&��د(�� ���ث  4� ث &�!A� 
�$� 4 ل 
�� و ھ� �� أھ
أن ا���2م ا���#� ا��را
� 4"`=� �$���ً �`ى %�ا�D &��د أو إ&��د أو ���ث �$� A��4] &� ا��!�4� 

CA� ة ا<%��ن��D ا���#� أو ��
.  
  

  
  


�� إھ"$�م 
�$�ء  Skا�
 و ��C ا� ��C ا�"4 �� �
�ث ا���2م ا���#� ا��را�"� 
و ��D:� ا����

�ت ��:�� �"�� V�R!ا ا�"��ث �:C ا�f"A و ا�L�9$ت و ا�L�9$ت ا�$����� �k�$� ً�4�%��ه �6


�م  �� H��3%ا�"� ا C?J9ر ا����"M3 ا��C4 (م �D ا^ن 2016ا�"� %��ت JKل ا��!
�ع ) م2016k�
�ت �"�� �9�R!ا ا�$�k���m�D e و� ت �� ��
Springer  �& H��&

م D"� و�H ��2016ة &JK t9ل 
�م  آYف ��4ة ��!� �� 4�4  
�  أ
� 94أ
 ادھ� و ��Aارھ� 
� ا�"����
$��� ا��\  أو ا���3 و ���\��!� 
�� ا��:  

Articles or papers (56 545), 
Book Chapters (36 041),  
Reference Work Entry (1 438),  
Books (54),  
Protocol (38) etc. 
 

��e ا�ـ � �
�ع ا�"��ث ا��را
� أB% ً�b4  أن �� ل ��Aار  Sciencedirectأ�� k��
م D"� ا^ن H%�� m�D 2016آLف ��ة &� 
�م  4و ��!� أ�b4ً أ�:� ��  أ
� ��ة 90&�ق 

��. أ�M ��ة �712:� ��  ا
9:� و\�Hأ���D �& M  80ا�L�9$ت ��� ور�4ت &� D ود � �$��� e
  . آLف ��ة D �&6 ود و أ�L ��  Cت ا�"�Aار &PubMed H%�Aا�ـ 

 
�	,و &�$� ��4 إ6"��اض 7ھ���
ا�"� %��ت &� ا��!�ر ا�"�  ا
�Y�5ت و ا
�Y�5ت ا
  :م2016اD H��3%"� ا^ن �� 
�م 
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1 – Collins A. L., Y.S. Zhang, M. Winter, A. Inman, J.I. Jones, P.J. 
Johnes, W. Cleasby, E. Vrain, A. Lovett, L. Noble (2016). 
Tackling agricultural diffuse pollution: What might uptake of 
farmer-preferred measures deliver for emissions to water and air? 
Science of The Total Environment, 547 (15): 269-281 

2 – Fernandez-Mena H, Nesme T and Pellerin S (2016). Towards an 
Agro-Industrial Ecology: A review of nutrient flow modelling and 
assessment tools in agro-food systems at the local scale. Sci Total 
Environ. 543 (Pt A): 467-79. Doi: 10.1016/j.scitotenv.2015.11.032.  

3 – Smith P, House JI, Bustamante M, Sobocká J, Harper R, et al. 
(2016). Global change pressures on soils from land use and 
management. Glob Chang Biol. 22 (3): 1008-28. Doi: 
10.1111/gcb.13068. 

4 – Graveline (2016). Economic calibrated models for water allocation in 
agricultural production: A review. Environmental Modelling & 
Software, 81: 12-25 

5 – Lithourgidis et al. (2016). Farmers’ attitudes towards common 
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  و �A$4 L أن %f"� ����6 C�d ا�"� �3 ر 
� دار ا���� �B%��T و ا�"� ��$C إ6
 ا�ـ 
Reviews of Environmental Contamination and Toxicology Series 

  Pim de Voogt و 4��رھ� ا�!��� ى  اً 
 د 237و ا�"� \ ر ��!� D"� ا^ن 
 

 �
�ث ا���2م ا���#� ا��را�� �

�� &�$أ��  ��
"  ���$C ا��2
 ا���#�� ا��را
�� و ا���3

� ا���D:��و ��C ا�$��9� ا�"� %ُ��ت 
� Agro-industrial ecologyأى  D  ا���اء�$B$ 

Fernandez-Mena et al. (2016)  lذ� ��
 Cه ا�$��9� ���8 د��Rھ Hو���� m�D أن M��
�
6�اء و أن أھ
 إ%��Aس �!Rا ا�"��ث أ\�S �! 4 اً \�4��ً ����#� ا��را
�� و ا���3  D ��
 �

ا�"! 4  &� ��&�� ا�$�4Rdت �A$��ت ����6� و 
�� ا�3�رة ا�$���ة �����ت �C أن ا���4دة ا�$��ط� 
f��"4 &� ا�� 4  و ا�� 4  �� ا�$���C ا���#�� �:�K ( C\� ا�:��9�(&� ا�$�4Rdت و ا����\� 

�$�_ ا�و �water eutrophication  l�Rظ�ھ�ة ا�ـ � ���"soil acidification  �&�k>��
�$� �v=� و �"`=� ا���#�ت ا��را
�� �����2م  greenhouse gas emissionsإ�� إ%���ث ا��dزات 

 �
b"� m�D$� ھRه ا���#�ت ا���3
�� ا��را
�� �kورة ا����ظ 
��!� �� و�!�ت ا���#� ا���3
 ��
�طe و إ��9ء ا���#�ت ا��را
�� �e أن أھ
 %�9ط �9ا���2 ا���#�� و ا<�"�3د4� و ا<�"$�

2%
 ا���3
�ت ا�Rdا?��  �& C:$"� ��
و \��
�ت ا67$ ة  agro-food systemsا���3
 ��
��3
�ت ا�$�� ات ا��را� �&�k>��ھ���w و.  
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 �D�:                                       Sources of pollutionدر ا
:."ث – 3
  

�اء أو ا���2م ا�"�$�b4 �� e�$� Cف ��"��� أو ا�$��ه أو  �"� د و �"��ع ��3در ا�"��ث!�
��=`� +�
 E"�4 و CA� �

�ت  ���6 ا��را�$B$ان أو ا����3�� ا<%��ن أو ا�� V��"4 ر�k أو

و أھ
 ��3در ا�"��ث ��3� 
��� ا�"��ث  أو ا���2م ا���#� ��+ أو ���$��ه ا�$��Aو��� ���"���
 ��
�4� و ��wھ���(ا���3
� �� ����8ت \��b
أو ����8ت أو إ�k&�ت زرا
�� )  %�� أو 

و &� واD ة �� أروع ا�L�9$ت 
�� ا<طJق ط����� ا�!� ى  .�:C ا67$ ة و ا�$�� ات و ��wھ�
Tripathi   +��&م و ر�
4  �� ���=�ت ا�"��� &� إط�ر ا�"��
Jت م 2015&�  ��� Y�8"ا� ����A�

و ا�Rى ر\  أھ
 ا�$��=�ت ت ��H ظ�وف ا�"��dات ا�$���K� ��� ا�$��=�ت و ا�$��Aو��ت و ا����
  ).6(��ول ر()  =!ا���?�� 

 
Table 6: List of common and emerging pollutants (from Tripathi et al.  2015) 
Type of pollutants Examples 
Metals and metalloids As, Ni, Cd, Hg, Pb, Mn, Cr, Mg etc. 
Persistent organic 
pollutants 

Aldrin, chlordane, dieldrin, dioxins, endrin, endosulfans, 
heptachlor, mirex, toxaphane, chlordecone, HCB, a-, b-, g- 
HCH, PCB, DDT, PCDF, PBDE, HBCD etc. 

Petroleum 
hydrocarbons 

Hexane, benzene, toluene, xylenes, naphthalene etc. 

Organophosphorus 
pesticides 

Chlorpyrifos, dichlorvos, dimethoate, malathion, parathion, 
parathion-methyl, phenthoate, phorate etc. 

Carbamate 
insecticides 

Aldicarb, aminocarb, carbaryl, carbofuran, carbosulfan, 
fenoxycarb, methiocarb, methomyl etc. Herbicides 2,4-D-, 
atrazine, simazine, glyphosate etc. 

Radionuclides Uranium, thorium, plutonium, strontium, caesium etc. 
New and emerging 
pollutants 

Antibiotics, antiepileptics, analgesics, anti-inflammatories, 
lipid regulators, betablockers, diuretics, contrast media, 
cosmetics, psychostimulants, disinfectant, antidepressants, 
plasticisers and phthalates, wood preservatives, paint 
additives etc. 

Nanoparticles Carbon nanotubes, TiO2, SiO2, fullerenes, metal-phosphates, 
aluminosilicates, silver nanoparticles, ZnO nanoparticles etc. 

 
  

��د8, و ا
�7ن"�:�8, –أ 
�	�ات ا�
  ا
:."ث #�
  

�4� أو �� %�� ��bف �������ت ��dض ا��  �� %��ط و  –��"�� ا�$�� ات b
ھ� ������ت 
 ��
�2
 �� ا<%"�9دات %"�B� –ا^&�ت ا��را
�اد %��H � ر �  �\�K ا�"`=��ات ا���#�� ا�$ ��ة و

e� 7و ا��7 زاد ا<&�اط &� إ6"8 ا�!� ا ����Wازن ا���#� ا���� ا�Rى أدى D وث C�K &� ا�"

�$�� أن ��_ ا�$�� ات �:C ا� ى دى �� �� �
6�ءاً  DDT  ات���� e��4 �9�"� ��=`� �!�
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 ��

�� ا���#� و ��"$C ا�$�� ات  zرھ� ا�����k ر�!� و�WK ى � [A�4 �$� ا�����

�ت ا�"�����$B$ا�: 

Insecticides, fungicides, herbicides, rodenticides, molluscicides, 
nematocides, plant growth regulators and others (Kumar et al. 2016).  

  
�4� )7 ��ول ر()( sDJ4 m�D أ%+ 
�� C��6 ا�$:�لbر ا����Aات ا� ��� H� 8"6ح  ا�B��


 ���H ھRه  malaria and typhus&� ��9و�� 
 د �� ا��7اض �:C ا�$Jر�4 و ا�"���د =
 �
�$B� C:� �4��D ات ��� �
�$B� H� ُ� 
ا�$�� ات &� ا��"���ت &� ��2
 ا� ول ا�$"9 �� =

 �4�b��6ت ا���
� ا��Aر�$�ت  1960s&� ا��"���ت  organophosphateا���$B� و
carbamates  1970&� ا�������تs  ا����و=�و4 ات �
�$B� وpyrethroids  ا�:$�%��ت �&

1980s  ~?���
� ��� ات ا��$B� H�Kد 
=herbicides  �4ت�Wو ا��fungicides  ا��"�ة �&
  ).Kumar et al. 2016(�� ا�������ت و ا�:$�%��ت 

 
Table 7: The common usages of pesticides (adapted from Kumar et al. 2016) 
Agriculture For control of pests, weeds, rodents, etc. 
Public health For control of malaria, filariasis, dengue, Japanese encephalitis, 

cholera, and louse-borne typhus 
Industrial Control of vegetation in forests and factory sites; fumigation of 

buildings and ships 
Domestic Household and garden spray; control of ecto-parasites in 

animals and birds 
Personal Application of clothing and skin; control of ecto-parasites (fleas, 

lice) 
Material building Incorporation of paints, timber, glues, plastic protection, 

sheeting, foundation of buildings, etc. 
 
 
 ���$
و ���2 ا�ُ$�� ات �9 ر ھ�?C �� ا<ھ"$�م �� �C�ِ ا���sDJ4 m�D ��:D أ%+ ���jاء 

 ا
���J و T��"ن أ
L �$� �3D ً�2ت ��Aار ��$� ا�$�� ات &� ��ا
  ا����%�ت ا����$�� ��Bوز 
��<�k&� إ��  PubMedو ھ� �B%��T و ( ��ة &� ا�:Jث ��ا�e ا����%�ت ا����$�� ا�$�!�رة

Sciencedirect ( ���3�$ا� e�ر ا7ر�و &�$� ��4 
�ض 7ھ
 ا�L�9$ت ا�"� %��ت &� ا��!
 ��2016����� و ا�ُ�$�� م D"� ا^ن و ھ� ���e�W �"��ول �`=�� ھRه ا�$�� ات 
�� ا����ط ا����

Y?�38ا� �� lذ� ��w و �
  :�������ت ا�$��ر
 
1 – Lichiheb et al. (2016). Implementation of the effects of 

physicochemical properties on the foliar penetration of pesticides 
and its potential for estimating pesticide volatilization from plants. 
Science of The Total Environment, 550: 1022-1031. 

2 – Matamoros and Rodríguez (2016). Batch vs continuous-feeding 
operational mode for the removal of pesticides from agricultural run-
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off by microalgae systems: A laboratory scale study. Journal of 
Hazardous Materials, 309: 126-132. 

3 – Azab and Kamel (2016). Sensitive and selective fluorescent 
chemosensor for the detection of some organophosphorus pesticides 
using luminescent Eu(III) comple. Journal of Photochemistry and 
Photobiology A: Chemistry, 321: 33-40. 

4 – Evangelou et al. (2016). Exposure to pesticides and diabetes: A 
systematic review and meta-analysis. Environment International, 91: 
60-68 

5 – Lemos et al. (2016). Risk assessment of exposure to pesticides 
through dietary intake of vegetables typical of the Mediterranean 
diet in the Basque Country. Journal of Food Composition and 
Analysis, 49: 35-41 

 
 +��%�A� و �
���M�"8� e�W ا�$�� ات إJ"K&�ً رھ���ً &� �`=��ا�!� 
�� ا���2م ا���#� ا��را
 ��

��!� ا������ �C 4$"  ذ�l �� ور ا�$R!� �=vه ا�$�� ات �$B� ه ا�$�� ات وRط���� ھ m�D ��
�%�ت ا���2م ا���#� ا��را
� و �l�R أ�6
H ا�� 4  �� ا� ول &� وek ا�"����4تA� M�"8� 

 ً��?�!% �!b�� إ6"8 ام H��D و C� ه ا�$�� اتRإ6"8 ام ھ ��  �و %"�l�R� �B ا��6��$� ��

� � ا?R!� Cه ا�$�� ات ا��A$�و4� وذ� m�
H ا�� 4  �� ا� ول &� ا���T  4 � C�� لJK �� l

�4� 6ُ �� ا�$�� ات ���%�ً أ��6�6ً &� %�2م  biopesticides$� ���$�� ات ا�A� ��"�� �"و ا�
�4� ا����� ا�&�A$integrated pest management  تLJ6 اع أو�m�D ا<
"$�د 
�� أ%

و ���ف ����� �� ا��A?��ت ا���� ا� ��C:� �9 ا��A"��4 &� ��9و�� ��_ ا^&�ت و ا��7اض 
,8"	�
�	�ات ا�

��  �H�"�, ا" ,	�
أنH� �N�"�, ا
�"اد ا
:! �q:7 �� ط�8` ا
�7J�9ت ا

7����تا
�(	5, أو �� �"ا
�	, ��:+�م =! ��5و�, و ��9=�, اr=�ت ا
:! �D	� ا	�و ��9
 ". د ط
�اع ا�"���� ھRه ا�$�� ات ����ً %x� �دة ا������$��)Mnif and Ghribi 2015:(  

(i) micro-organisms, (ii) biochemicals and (iii) semiochemicals 
�9
 إ�� �����Wارد ا��
�ت ا�"�����$� أ%!� 
�� أ�6س ط���� ا�$�$B$ا� �:  

Microbial pesticides, botanical pesticides, zooid pesticides and 
genetically modified plants (Chandler et al. 2011) 

  

� ا�f"A ا��ا?�� ا�"� \ رت ��Kvاً �$B� ع إ���و �$�4  �� ا�$�����ت ���4 ا���

  :�"�$C ا�f"A ا�"����
  

1 – Vijay Veer and Reji Gopalakrishnan (2016). Herbal Insecticides, 
Repellents and Biomedicines: Effectiveness and Commercialization. 
Springer. 
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2 – Dhananjaya Pratap Singh, Harikesh Bahadur Singh and Ratna 
Prabha (2016). Microbial Inoculants in Sustainable Agricultural 
Productivity. Vol. 2: Functional Applications. Springer. 

3 – Leo M. L. Nollet and Hamir S. Rathore (2015). Biopesticides 
Handbook. CRC Press 

4 – Gross A., J. R. Coats, S. O. Duke and J. N. Seiber (2015). 
Biopesticides: State of the Art and Future Opportunities. American 
Chemical Society (ACS Symposium Series) 1st Edition. 

5 – Dwijendra Singh (2014). Advances in Plant Biopesticides. Springer 
6 – K. Sahayaraj (2014). Basic and Applied Aspects of Biopesticides. 

Springer. 
7 – Bailey A., D. Chandler, W. Grant, W. P. Grant, J. Greaves, G. 

Prince and M. Tatchell (2013). Biopesticides: Pest Management 
and Regulation. CABI; Reprint edition 

 

��!� ��� ات ا���%� أو  Vات أط� ��� �
�$B� ة��K7ى ظ!�ت &� ا7و%� ا�Kآ ��D�% ��

 �4�"��و ��ن ��ا��ً وek ا�$����4 و ا�"����4ت ا�"� �"�S و ���ع  Nanopesticidesا���%
�� و ا���#�� و ا<�"�3د4� &�� f�C و 4$"  إ�� ا���ا�D ا�3� $�� ات ��] ھRاا� ھRهإ6"8 ام 
�&�k>��  إ�� 
BD �!��9��W� ه ا�$�� ات وRت ھ��\ 
���� �!Rه ا�$�� ات �$� �"b$� أھ��ا���

�رة ھRه ا�$�� ات WK إ�� � ى �&�k>�� ه ا�$�� اتRت ا�$�� ات و ����� �`=�� أو %��ط ھ��?��

 م د�� و ���D  ا�"��m�D M4 ا�"��M4 أ�� . 
�� ا���#� �� �%��4 +%j& �
� ���M4 ��� ات ا���%


 ��?���!� أ�C �� ا�9BD �"أ%!� ا�$�� ات ا� ��
 �\�100  �
�$B� +�� C$�4  � +%7 �"��%�%
 �4�"���$� ���4 أن ��?��ت ا�$�"����ت ا� ��9� و ا�"�  nanoformulationsا�"�����ت ا���%

 M4��"ا ا�Rق ھ�W% �& CK � ف�و 
�� ذ�l &!��ك �$R�� �!���3� H � ا4� ا�"�����ت 6
� ek�� د �kورة �� M4�� 4� ا����ت��ت و�B"�� e�$� ���D �& +إ6"8 ا� �A$4 f6��� و ��


  :b"4$� ا�$��ھ�
 ا�"���� أن
)1 ( �� C�د أ���ت ذات أ�B"�$ه ا�$�� ات أو ا�R100أن ��?��ت ھ  �"��  %�و%
)2 ( C:� �  nanohybrid, nanocompositesا��B?��ت ا�"� ُ\$$H &� � ى ا���%

 ا��B?��ت �$� !� ا�Y?�38 و ا���3ت ا�"� ����t ا��B?��ت ا�"� �2ُ) 3(BD �d3�

 �
  .Kah and Hofmann (2014)ورد 
  

ا�"�  ���و�H ��� ات ا���%� وو �9  ظ!�ت ��Kvاً ا�� 4  �� ا�L�9$ت ا���$�� و ا�f"A ا�"� 
  :�� ��4 ا�L�9$ت أو ا��A$4 f"A ا����ع إ��!� و �� أھ
 ھRه
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Nanosensors of Pest and Nanotoxicity in Agriculture. Sustainable 
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Application of rice husk nanosorbents containing 2,4-
dichlorophenoxyacetic acid herbicide to control weeds and reduce 
leaching from soil. Journal of the Taiwan Institute of Chemical 
Engineers 000: 1–9 

- Rai M., C. Ribeiro, L. Mattoso, N. Duran (2015). Nanotechnologies 
in Food and Agriculture. Springer 

- Akshay Kumar Chakravarthy (2015). New Horizons in Insect 
Science: Towards Sustainable Pest Management. Springer, DOI: 
10.1007/978-81-322-2089-3  

- Kah M (2015). Nanopesticides and Nanofertilizers: Emerging 
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- Nishisaka et al. (2014). Analysis of the effects of pesticides and 
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- Servin et al. (2015). A review of the use of engineered nanomaterials to 
suppress plant disease and enhance crop yield. Journal of 
Nanoparticle Research 17:92 

- Kah M. and T. Hofmann (2014). Nanopesticide research: Current 
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- Khot L. R., S. Sankaran, J. M. Maja, R. Ehsani and E. W. Schuster 
(2012). Applications of nanomaterials in agricultural production and 
crop protection: A review. Crop Protection 35: 64-70. 

  

��د8, و ا
�7ن"�:�8, –ب 
  ا
:."ث #�'���ة ا
  

 ��
ا�"� ظ!�ت ���agrochemicals  e"�� ا67$ ة و ا�$�� ات �� ا��A$�و�4ت ا��را

� ا67$ ة ا��A$�و4� و ا��\ H99D m�D ��
�$�� ات أر��C�:� L ً�D �!� و �e� �A ا�:�رة ا���3

و ا�"� ا���H و �e ظ!�ر ا�k7ار ا���#�� ا���K$� ا�"� أ
H�9 ا<&�اط &� ھRه ا��A$�و�4ت 
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6�اء   D ��
�ان و ���e�W ا����ت ��ظ!�ت ���� &� ا���ا�D أو ا�k7ار ا�3��� �a%��ن و ا�

�� �$و ��9�jء %�2ة �4�6�  C$"�� ھ� B% ا67$ ة ��
�e ا�$�اد ا�"� ��bف �����ت ��dض 

4�"��!� ا����ت و �  إ
"$  ا���ا�D ا�Rdا?�� أى إ� اد ا����ت ������\� ا�Rdا?�� ا�$8"��� و ا�"� 
 �
�ا%�ت ا�$�ر�D ���8ت� ��
و ����8ت ا�$�رو
�ت ا�$8"��� &� ھRه ) ا��$�د ا��� ى(ا<%��ن 

�6
�ن �� زادت ھRه ا< �A� ا?�� وRdا<� ادات ا� f�Wو ز�4دة ا� 
D"����ت �e ز�4دة �A6ن ا����
 �
و �� ھ�� ظ!�ت و � أت 
�� ا�Rdاء و ا���Aء و ا�$`وى و ا�"� �3 رھ� ا��?��� ھ� ا��را

�6
�ن �� ظ!�ت أ6$ ة ا����\� \��
� ا67$ ة  
= ��6���ا��A$�و4� أزو��� و &�����6� و �
 C:� ����$ا67$ ة ا� 
  .و ��wھ� 20:20:20ا��d3ى =

 ��
�ث ا���#�ت ا��را�� �
�ث ) ھ�اء –���ه  –���� (أ�� �� �& C:$"�& �4و�$�A67$ ة ا���
��ت ا�$�?�� W�$ا�eutrophification  "�ات����ث �ز�4دة ��ا�
 (و ��$�_ ا�"��� و ا�"�

و �Ca, Mg, Na, K (soil acidification  l�Rأ4�%�ت ا�!� رو��� ���"��� �C��w e أ4�%�ت 
و �  �
 ا��  �� ا<&�اط &�  .���\� ا�:��9� أو ا�$��� ا�$"�ا� ة �!Rه ا67$ ة ا��A$�و4���ا�
 ا�

 �4�bا�� �
2%
 ا��را HB!"%ا �� �
 e?را CA�� �4و�$�Aإ6"8 ام ا67$ ة ا�organic agr. 
&�k>�� �4����ء �6x$ ة ا�Bا�� C� l�R� و4� و ا�$�� ات�$�Aإ6"8 ام ا67$ ة ا� ���� e�$� m�D �

�4�bإ�� ا67$ ة ا��.  
��e ��$� 6$�د � �
��e ا����%�ت ا����$�� %B ھ� �"�Aر �$� ل �4�ق  fertilizerأ�� � �&

120 �

�م ��ة D"� ا^ن  ��5000ة &� ��ا�e ا����%�ت ا�:Jث ا��?���� ��!� �� �4�ق  أ �&

 � را6� ا67$ ة 
�� �$�e ا�2016�$������ ��:Dإھ"$�م ا��� [A�4 �$� ه مRھ H%�� �4ت و�"

 �4�bا67$ ة ا�� ���D �& �3?��تD>ا organic fertilizers ا���D70 �
���$� ����  ��ة أ
 �4����ا��  biofertilizersا<�3D?��ت إ�� أن �� ل ��Aار ا67$ ة ا��� C\ة  2000و��

��اً و أA�4 �$� K] و �$� V�6 إھ"$�م ��B� �& C$�4 �� Cل ا���m ا���$� �!Rه ا�$��دات

��!� و ا��7 ��زال 4�"�ج  �� �!��

� ا67$ ة ا���%��"�4� و ا�"� �!� �� �!� و �$B� ظ!�ت

C�\��� CA� �!3?�3K ��
�ف ��و �A$4 ا����ع إ��  .ا�$�4  و ا�$�4  �� ا� را�6ت ��
و ا�"� ���و�H ��_ ا�"����  )ا�f"A و &3��!� –�L�9ت ������ (ا��9اءات أو ا�L�9$ت 

  :ت 
� أ6$ ة ا���%�ا� را�6
  

- Liu R., H. Zhang and R. Lal (2016). Effects of Stabilized 
Nanoparticles of Copper, Zinc, Manganese, and Iron Oxides in Low 
Concentrations on Lettuce (Lactuca sativa) Seed Germination: 
Nanotoxicants or Nanonutrients? Water Air Soil Pollut 227: 42. 
DOI: 10.1007/s11270-015-2738-2 

- Panpatte et al. (2016). Nanoparticles: The Next Generation Technology 
for Sustainable Agriculture. In: Singh et al. (Eds.) Microbial 
Inoculants in Sustainable Agricultural Productivity. Pp: 289-300, 
DOI: 10.1007/978-81-322-2644-4_18 
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- El-Ramady et al. (2016). Selenium and nano-selenium in plant 
nutrition. Environ Chem Lett 14:123–147. DOI: 10.1007/s10311-
015-0535-1 

- Dalmora et al. (2016a). Nanoparticulate mineral matter from basalt 
dust wastes. Chemosphere 144: 2013–2017. 

- Dalmora et al. (2016b). Chemical characterization, nano-particle 
mineralogy and particle size distribution of basalt dust wastes. 
Science of the Total Environment 539: 560–565. 

- Wang et al. (2016). Nanotechnology: A New Opportunity in Plant 
Sciences. Trends in Plant Science, Month Year, Vol. xx, No. yy. 
http://dx.doi.org/10.1016/j.tplants.2016.04.005  

- Narendhran et al. (2016). Toxicity of ZnO nanoparticles on 
germinating Sesamum indicum (Co-1) and their antibacterial 
activity. Bull. Mater. Sci. 39 (2): 415–421.  

- Monreal C. M., M. De Rosa, S. C. Mallubhotla, P. S. Bindraban and 
C. Dimkpa (2016). Biol Fertil Soils 52:423–437. DOI: 
10.1007/s00374-015-1073-5 

- Resham S., M. Khalid and A. G. Kazi (2015). Nanobiotechnology in 
Agricultural Development. In: D. Barh et al. (eds.), Plant Omics: 
The Omics of Plant Science. Pp: 683 – 698. DOI: 10.1007/978-81-
322-2172-2_24, Springer India 

- Liu R and R Lal (2015). Potentials of engineered nanoparticles as 
fertilizers for increasing agronomic productions. Sci Total Environ. 
514:131-9. Doi: 10.1016/j.scitotenv.2015.01.104. 

- Sharonova et al. (2015). Nanostructured Water-Phosphorite 
Suspension is a New Promising Fertilizer. Nanotechnologies in 
Russia, 10 (7–8): 651–661. 

- Sanjog T. Thul and B. K. Sarangi (2015). Implications of 
Nanotechnology on Plant Productivity and Its Rhizospheric 
Environment. In: M.H. Siddiqui et al. (eds.) Nanotechnology and 
Plant Sciences, DOI: 10.1007/978-3-319-14502-0_3 Springer 
International Publishing Switzerland pp: 37 – 53. 
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- Mastronardi E., P. Tsae, X. Zhang, C. Monreal and M. C. De Rosa 
(2015). Strategic Role of Nanotechnology in Fertilizers: Potential 
and Limitations. In: M. Rai et al. (eds.), Nanotechnologies in Food 
and Agriculture, Springer International Publishing Switzerland, pp: 
25 – 67. DOI: 10.1007/978-3-319-14024-7_2 

- Kuppusamy et al. (2015). Bioremediation potential of natural 
polyphenol rich green wastes: A review of current research and 
recommendations for future directions. Environmental Technology 
& Innovation 4: 17–28. 

- Tarafdar J. C., R. Raliya, H. Mahawar and I. Rathore (2014). 
Development of Zinc Nanofertilizer to Enhance Crop Production in 
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�4"�� ���ث ا�$�Bرى ا�$�?�� ����"�ات )NO3

واD ة �� أھ
 ����C ا�"�e6 و ا<&�اط &� ) -
��ك �$��ت �� ا��"�ات ا�"� �
 إ�k&"!� �"�$�  ا�$�رو
�ت و � m�D ت ا�"�$�  ا7زو�����$


�H ظ�وف ا��ى ا�–  �$d�j&�اط � �\�K و lذ� 
C3� m�D ھRه  –&� ��_ ا���Lت 4"
��ت ا�$�?��ا��"�ات إ�� ا�$��W�$إ�� ا� C3�  � و ��&�B��6ت( ه ا���  )�$� &� ��D� ا��$�"&

�ل �6x$�ك \���ت ا�$�?�� &"�fB أ�T� ا��$] 
� ا�W�$ه ا�Rھ SW6 ��
���f و �A:�ة Wا�
��ت ا�$�?�� &"$�ت ا67$�ك أ�� &� ��D� و\�ل ا��"�ات إ�� ا�$��ه W�$ه ا�Rا�"� ���~ &� ھ

�&�� &"��ب ��!� �A6نBا�  sDJ4 و �����_ ا� ول ا������ &""��f &� ا�� 4  �� ا�$���C ا�3
&�B+ &� ا�$��ه ا��ح �� 4  أ��3 ����� ���"�ات ��$� �& M�"8� �4"�� أن ا� ول ً���$
�� و 

ھ� ا��  ا7��3 ا�$�$�ح �+ ط��9ً �9�ا%�� ا�$�%�� و أ�� 
�  %"�ات ا
.:�&�  �Hام�	..	 �����10 
  :���و�H ا�"��ث ا��"�ا�� &�$�A إ�$��!� &� ا^��أھ
 ا� را�6ت ا�"� 

  
Singh and Tripathi (2007), Ehteshami et al. (2016), Yan et al. (2016), 
Menció et al. (2016), Nemcic-Jurec and Jazbec (2016), Sahoo et al. 
(2016), Nakagawa et al. (2016), Chen et al. (2016) 

  
 �$�A�% أن �A$4 L ��
 f��� �$� ���"8$ا� �

�ت ا��را�W9� ������A���م ا���%�
� �wو 

 �
��� &� ا��را
� و ظ!�ر ���$�4 �����%� زرا���A���9� ����م ا���%��W"ا� �Dا�ذ�l ظ!�ر ا��
Nanoagriculture ��4 �$�& �!��9��W� 
  :و ا�"� �A$4 ر\  أھ

���� ا���%� &� ��Bل \��
� ا67$ ة و ا���A� و ا�$��ه ��"8 م ��ج ا�"�J
�$�� ات و ط�ق 
و �l�R &� ��9و�� ا��7اض و ا^&�ت ا������� و ����� �� Lت %$� ��"Y�8 �� ا�$��=�ت 

6�اء و ����� إ%"���� ا�$��\�C ا�$8"��� و ا��  �� إ6"8 ام   D ��
�ا%�ت ��ا������ت و ا�
�
  .ا67$ ة ا�$� %�� و ا�$�� ات &� ا��را
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Applications of nano-agriculture: 
1- Precision farming and crop improvement via nanotechnology 
2- Water and soil resources conservation and remediation 
3- Nanoagriculture and plant disease control 
4- Plant growth and germination via nanotechnology 
5- Agricultural waste recycling by nanotechnology 
6- Nanotechnology improving animal production 
7- Nanofertilizers and nanoagrochemicals (Resham et al. 2015). 
 

 �4�"���ث ا���#�ت ا��را
�� ��67$ ة ا���%�� �
� ا^ن  nanofertilizersأ�� !&
 H��� ت وL�B$ا� e�$� �& ������A���ع ا���
� m�D إ��Bه ��2
 ا���D:�� � را6� ا���%k��

��f ا�$L�Bت & ��
&� ���T C� Cء  –�����دة  –و �� ھ�� � أت ا�$�B�"% ��A� ا<&�اط ا��را
�رة ا���\ ��
و ��C  و ا�3��� ا�"� 6�ف �2!� %� دون إ�"�اث أو إھ"$�م ���$���C ا���#��

 ��
��ف 
�� �$�e ����6ت و إ�B4���ت ھRه ا�����دات ��!B$ج �$�4  �� ا��"�� �أ6$ ة ا���%
�H أن ا67$ ة ا���%��"�4� ا�$��bة ����Wق  ا�B 4 ة �� ا67$ ة �$� أن ��_kا� را�6ت أو

�!� H��� ������  .أى ����6ت أو أ�kار 
�� ا���#�ت ا��را
�� و ��wھ� ا���
  

��د8, و ا
�7ن"�:�8, –ج 
 Nano- and normal wastes  ا
:."ث #�
�+.�2ت ا
  

و �9  �� دت ھRه ا�$���8ت �"��ع ا����ط ا����ى  �"��ع �3 رھ� ا�$���8تو �"��ع �"� د 
و ھ��ك ا�� 4  و ا�� 4   ا�$ %��و زادت ��CA رھ�e� f ا�:�رة ا���3
�� و ا�:�رة ا��b8اء و 

  :�� ا�$���8ت أھ$!�
  Green wastes: ا�$���8ت ا��b8اء -1
  Rock and dust wastes: ����8ت ا�83�ر و ا���dر -2
3- �4�"��  Nano-wastes: ا�$���8ت ا���%
  Electronic wastes (e-wastes)ا�$���8ت ا<�A"�و%��  -4
5- ��  Sewage sludge wastes: ����8ت ا��3ف ا�3
6- e%�3$���8ت ا�� :Industrial wastes  
  Nuclear wastes: ا�$���8ت و ا�����4ت ا���و4� -7
8- l�"6J���8ت ا��� :Plastic wastes  
9- 
  Mine wastes: ����8ت ا�$���

  Municipal Wastes: ����8ت ا�$��زل -10
  


� ا����ط ا����ى�$� V�6 ا�9�ل  E"%  ��
ا���Aى %"�B� ا�:�رة ا���3
industrialization  ��% $و ا�urbanization  ت ھ�?�� �� ا�$���8ت��$�wastes  e�$� ��



�ت ا��را
�� و ا���3
�� و ا�"�Bر4� و ��wھ� �W9ا� e�$� �& �4ت و�و ��C أ��t د��C ا�$�"
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�� ذ�l أن �� ل ��Aار ��$� ����8ت wastes  ا�ـ e��� �&sciencedirect  وز�B�650 �
 أ
2
 ���A� ا�$���8ت أو  ��ة
ِ ��
  �v4 �$��#ا��� ��
و 
�� ذ�j& lن ا����
  � ى �`=��ھ� 

�C��9� C ھRه ا�$���8ت  f��W� waste management �" ��� ا�"���C ا�e�  �B ھRه ا�$���8ت

� ھRا ا����ط  .7��3 در�� E"�� �"ا�$���8ت ا� ��
�% �& fع رھ��و �$� V�6 ھ��ك ��


� ا�"� �"9ٌ�Biomass 8 ر �$�� ا�A"�� ا���� �"!� &��� C��6 ا�$:�ل �C و �$ا����ى  M�
 �
و ا�"� �"$:C &� ��4�9 ا���Wم و ا��d��ت و ا�� ا?green wastes   Vا�$���8ت ا��b8اء(ا��را

 ��
����و ا�$���8ت و ا���4�9 ا��را���ى ا����
 �.	�ر  �6140��4ً �ـ  )ا���3
�� ا���"�� ��
ط� 
(Centore et al. 2014)  ا���D ُ رت أن��60$�   % ���Aا� ��$Aـ (�� ا��6273ا�"� �9 ر  

 ً�4��ن �$���8ت ) ����ن ط� �6A4 ا?� 9�ٌ4  أوRd)�� ا<%"�ج ا�Gustavsson et al. 2011( 
\��%� و ا�"� �"���t �� ا�BT7ر 
�   )ا7زھ�ر –ا7وراق  –ا7&�ع ( m�D �"�ك ا�$���8ت


� �Y ا���f  ا<ھ"$�م ����d��ت �Bا���� l�R� وgrass clippings  
��W� و 
أو ���9
�4� ا�"��� �"�ك �$�shrub prunings and weeds  V�6 �� eا����Bات �� �
 �Bأو ا����

 ���$9�)Kuppusamy et al. 2015 .(  
  :و �A$4 إ6"��اض أھ
 ا� را�6ت ا�"� ���و�H ھRه ا�$����8ت �$� ��4

  

  Green wastes                                :ا
�+.�2ت ا
+*�اء -1
  

 �
�H ��_ ا� را�6ت أن ھRه ا�$���8ت �A$4 و ھ� ����8ت ا����ط ا��راkأو m�D
 ���Wإ%"�ج ا� �& l�R� ت و�
ا�$�?�� و  &� إزا�� ا�$��=�ت �� ا���#�ت وأإ6"8 ا�!� &� ا���3

  :�"� ���و�H ا�$���8ت ا��b8اءو &�$� ��4 إ6"��اض ���_ ا�L�9$ت ا �� ذ�wl ا�$8"��� و
Kuppusamy et al. (2015), Girotto et al. (2015), Thi et al. (2015), Pham et 
al. (2015), Zhou et al. (2015), Matharu et al. (2016), Ravindran and 
Jaiswal (2016), Christoforou and Fokaides (2016), Owhondah et al. 
(2016),  

  

��ر�+.2 -2L
  Rock and dust wastes                  :�ت ا
D+"ر و ا
  


$���ت ا�"e��3 و ا�"� m�D �4 ��"8 م ھRه ��"�� ����8ت ا���dر و ا�83�ر ��  Eا��%
ا�83�ر &� ��Wع ا��را
� �� %��D� ا67$ ة و �� أT!� ھRه ا�83�ر و ��wرھ� \8�ر 

Hا���ز�Basalt Dust Waste  6��6�م و ��wھ� و �l�R رواf6 ا�����و &�$� ��4 ��ت و ا��
 Hت ا�"� ���و�L�9$رإ6"��اض ���_ ا���dر و ا��  :����8ت ا�83

  
Lottermoser (2010), Dalmora et al. (2016a, b)  
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  Nano-wastes                                   :ا
�+.�2ت ا
�7ن"�:�8, -3
  


 �� و��د ��"�� %���8ت ا���%� �� ا�$���8ت ا�"� أwا�� ��
�ء 
��!� ��Kvاً b�9 ا��
�م ا���%� D 4:�ً � أت ا�7�ر ��داد إ6!���ً و �
2
 ��9��Wت �� �A� م ا<%��ن و � R�� ًط����� �ا���%
 �

�� ا���2م ا���#� ا��را ���
�� �� ا�$���8ت و � ى �`=��ا�!� ا���#�� و ا�3���R!� ًJ�3ه ا��

�&� �L�Bت ����� Y?�3K ا�"��� و &� ���9� و إزا�� ا�$��=�ت  و �  أH� 8"6 ��4#�ت ا���%
و &�$� ��4 �� ا�"��� و ا�$��ه أو &� ��Bل �4Rd� ا����ت أو &� ��Bل ا�"e��3 ا�Rdا?� و ��wھ� 

 Hت ا�"� ���و�L�9$4�إ6"��اض ���_ ا��"��  :ا�$���8ت ا���%
Ibrahim et al. (2016), Dalmora et al. (2016a, b), Huang and Wang (2016), 
Jean-Michel et al. (2016), Bottero J.-Y. (2016) 
 


9:�ون	, -4X�2ت ا.+�
  Electronic wastes (e-wastes) :        ا
  

و &�$� ��4 إ6"��اض �� ا�"��\�C &� ا��Bء ا��9دم ھRه ا�$���8ت ���ء 6�ف %"��ول 
 Hت ا�"� ���و�L�9$و%�����_ ا��"A�>ا�$���8ت ا:  

  
Kiddee et al. (2013), Zhan and Xu (2014a, b), Wang and Xu (2014), Park 
et al. (2015), Fujimori et al. (2016), Duan et al. (2016) 
 

5- !�D
  Sewage sludge wastes                  :�+.�2ت ا
�Dف ا
  

��� ا�"� �4ت ��"�� ����8ت ا��3ف ا�3�� �� أھ
 ا�$���8ت ا����4� ا�"� ��%H �� أ

� CD أ�:C و <Jd"6ل أ�:C &� ظC ا�"�$�� ا�$�" ا�� �$���8ت  �!� m�ا�"� وا�!H ا<%��ن ���

 ���W�3در ا�� 

��ء &� ا� ول ا������ و ��A!� أ\��H واD ة �� أھ C:$� �"ه ا� ول ا�Rھ �&
���� � و�4 ھRه ا�$���8ت �C و �e ا�$����� �� ا� ر�� ا��ا������A� HA�"ا�   �
و �� &��!� أ

 ��D�� 9 م� e� ت وL��
� ھRه ا�$����� &� رى ا�BT7ر و &� ��_ ا� �Bإ6"8 ام ا�$��ه ا����
�V إذا �
 ا�"Y�8 ��  ا�$����� أH� 8"6 &� ا���ب� ��و ��"�� ��ر=� ����8ت ا��3ف ا�3

��ت ا�$�?�� �:C ا����ر �$� ھ� ا���ل ��� ولW�$ه ا�$���8ت و إ��9?!� &� ا�Rو &�$� ��4  .ا������ ھ
 Hت ا�"� ���و�L�9$إ6"��اض ���_ ا���  :����8ت ا��3ف ا�3

  
Evangelou et al. (2016), Eriksson et al. (2016), Ulsido and Li (2016), 
Wickham et al. (2016), Tańczuk et al. (2016), Zhang et al. (2016)  
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6- Pن�D�
  Industrial wastes                                 :�+.�2ت ا
  

�ن ��اد �"B دة �:C ا������ت و A�  � �"اد ا��8م و ا���C4 ا�$�� �

 JKل ا���3"4

 و ا����8ت و ا�$��دن و ��wھ� إ�� ��اد ��ا%�ت و ��wھ� أو B"� ��w دة �:C ا��"�ول و ا����ا�

�ن و��د أو ��$�و�4ت أو ��اد  �A$4 إ6"A4  � أو ���3� أو إ%"�ج ���J
Rwا?�� 8 ا�!� أو ��اد 
�ن A�  � �"ا�$���8ت و ا� �� �
�$B� E"% هRھ e��3"ت ا����$
أو أ
Jف و ��wھ� و JKل 
�رة �wزات أو 6�ا?C أو ��اد \��� �� ھ�� ظ!�ت أھ$�� ا�"���e� C ھRه ا�$���8ت \ ��



� ا�:�رة %"E �� ا�$��وف أ%+ �  ). )Al-Dahhan 2016��94�W� �&�k>� إدار�!� 
 m�D ت ھ�?�� �� ا�$���8ت��$� ��

$���ت ا�"e��3 ����8ت ���$�Bرى ا�$�?�� و ا���3 �
 E"%

 �$b"� ت�=��د  –ا�$�Wط  –ا��رق  –���=�ت �e%�3 ا�$�����ت ���Bا�–  l�"6Jاد  –ا���ا�$

  –ا�Rdا?�� � و ��wھ�و ا��d�3ت  pharmaceuticalا�$�اد ا����J�  –ا��"�و��$��و�4ت  –ا��

 Hت ا�"� ���و�L�9$و &�$� ��4 إ6"��اض ���_ ا�e%�3$���8ت ا��:  
Bhatnagar et al. (2106), Mekonnen et al. (2016), Shahid-ul-Islam and 
Mohammad (2106), Mymrin et al. (2016), Kritikaki et al. (2016)  
 

  Nuclear wastes                       :ا
�+.�2ت و ا
�8�27ت ا
7"و8, -7
  

 ��"�� C� �$�Kو ���ھ� أ�WK ا�$���8ت 
�� ا<طJق �$� �!� �� أ�kار ��#�� و \
�ر ��W��� �� 9"$ا� ول ا� ���"�� l�R� ا و � ���A$ر ا��
$��� ا�"Y�8 �� ھRه ا�����4ت �� ا�7

���D C� �� ���ه ھRه ا� ول ��9 � �� أ�C د&� ھRه ا�����4ت �`را�k أوا���8] &� ا� ور ا�����
�6
�ن �� �2!� ا e�W��� رات وLا� و ��
�A6ن ھRه ا��� ان �"��ھ�ت و ا��7اض ا�� 4 ة 

و &�$� ��4 إ6"��اض ���_ ا�L�9$ت ا�"� ���و�H ا�$���8ت ا��4�9� �� �3 ر ھRه ا�����4ت 
  :ا���و4�

Greenberg M. (2013), Brunnengräber et al. (2015), Ding et al. (2016), 
Gunsing et al. (2016) 
 

8- s	:�@�
  Plastic wastes                                      :�+.�2ت ا
  


���ً �$� �+ �� إ6"8 ا��ت  f��4 �� �50 ا��l�"6J دوراً ھ���ً &� ��Dة ا<%��ن ��R أ�:
�& �$�2

�ت ا����ط ا����ى �:�B� Cل �W� e�$� A�>و ا ���"�و%��ت ا�"��#�� و ا��
�4� ا�3

و �� ھ�� ظ!�ت ����8ت و \��
� ا����رات و �l�R ��داد �� Lت إ6"8 ا�+ 4�م ��  4�م 
 f��"4 �$� ���"��� +�&د  �
 C��"4 L +%أ �\�K ا����4� �$��ء و C���� أ���  D`� l�"6Jا��


MW ا<  9& l�"6J�3در ا��� 
%��ن &� ا�� 4  �� ا�$���C ا���#�� و %�2اً 7ن ا��"�ول ھ� أھ
 ��%�Aظ!�ت إ� l�R� دة � و�4ه و�
��3
� ا�� l�"6J� Lً �� ا��"�ول �A$4 إ� C?ا �د �B4إ ��
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 ���Wا�  ���� �& l�"6Jت ا�"� ا<6"��دة �� ����8ت ا��L�9$و &�$� ��4 إ6"��اض ���_ ا�
l�"6J���8ت ا��� Hو����:  

Kumar and Baskar (2015), Sharuddin et al. (2016), Vazquez and Barbosa 
(2016), Wan et al. (2016), Ni et al. (2016) 
 

9- (��7�
  Mine wastes                                          :�+.�2ت ا
  

 �&�k>�� ر��ى 
�� ���Kت ا�$��دن و ا�83"���"�� ا�$���
 �� ا�$�ارد ا�����W� ا�"� �
6�اء �$�3در ا��W�� ا�"� 4�"��!� ا<%��ن &� ا�  D ��
 �
و 
�� ذ�j& lن ��3
� و ا��را

 Eا��
�+ ����8ت �6?�� أو \��� أو �wز4� �� E"�4 ه ا����8تRإ6"�8اج ھ 
= f�9�"ت ا����$

�ن ����w$��� ا<6"�8اج أو ا�"� �4 A�  �  هRن ھ�A�  � "�3د4� و�ا?  ا<�
 4$� ا�� ���w��

�اد �kرة �:C ا�$��دن ا�� ��
 �4�"�:��9� و ا�$�اد ا�$��� و ��wھ� و 
�� ذ�R!& lه ا�$���8ت �
 ��
�ى "�� L 
�  �� أ�kارھ� و ا�� 4  �� ����8ت ا�$����� ����� �B���$� ج�"�ا�$���8ت �

أو �"��f &� �! 4 اً ����#� �C �  ��"8 م ��_ ھRه ا�$���8ت &� ���ء ا�� ود و ��wھ� ���=�ت 

 ة �"f �ھRا و �   �B%��T ��% أ\ رت دار 
�ان ����8ت ا�$����
 C$�� �$�mine 

wastes  ام�
و &�$� ��4 إ6"��اض ���_ ا�L�9$ت ا�"� ���و�H م 2010و  2007و  2003أ

  :����8ت ا�$���

  
Morales et al. (2016), Balanay and Halog (2016), Gimenez et al. (2016), 
Brown and Chaney (2016), Pan and Li (2016), Rodríguez-Vila et al. 
(2016), Tozsin (2016), Bori et al. (2016), Novak et al. (2016), Gutierrez 
et al. (2016), Lam et al. (2016), Liu et al. (2016), Nawab et al. (2016) 

  

10 - �.�
  Municipal Wastes                              : 8,�+.�2ت ا
  


� �� أھ
   4��ا�� ��"�� ����8ت�
�� ��4�9 و ����8ت �"� +4�"���3در ا�"��ث �$� �
 +� 

�� و ��"�ى ا�$���� و � ى �9 م ا� ول �� ��"b$� ھRه  �$���� M�"8� e�W�J"Kjف %

�$��� ���J!"6>ا �Dا� domestic and kitchen wastesزل و �K\� ا�$�W�� �ا�$���8ت ا��
�ر و  �hospital wastesت و ا�$�"��� market wastesو ا�$�Jت ا�"�Bر4� �Wو ����8ت ا�

�ا%�� �� .���8�slaughterhouse wت ا�$�Bزر  livestock and poultry wastesا�:�وة ا�
�9
 ����8ت ا��� 4� . ا����ا��l و ��wھ� –ا�$��دن  –��<�k&� �$���8ت ا����ج � ً���$
و 
 �$b"� ت�
�$B� [$8�)1 ( C��
� ا�$���8ت ا��9��� ��"�$B�biodegradable  C$�� �و ھ

) 2(��4�9 ا���Wم و ا�$C:� ��W ��� ا��b8وات و ا����!+ و ا�$���8ت ا��b8اء و ا7وراق 
 –ا�������ت ا��l�"6J  –و ��$C ا����ج  recyclable materialsا�$�اد ا��9��� ��" و�4 

 l�"6Jا�$��دن  –ا��– ����م
�f ا�7�% �%�Aا�$���8ت ا����8� ) 3( ا�inert waste  C$�� و
ا�$���8ت ا�$���� ) ���8�construction and demolition wastes )4ت ا�! م و ا����ء 
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composite waste  l�"6Jو ا�� [�J$ا� C$�� ة ) 5(و�W8ا�$���8ت ا�hazardous w.  و
 ���Jاد ا��� –�$��ت ا<�kءة  –ا�$�� ات  –ا���Wر�4ت  -ا� ھ�%�ت  –ا7دوb"�–  �4$� ا�$

���ات ا�9 4$� و ا��W���ت  –67$ ة ا��$Aا� C:� ��%و�"A�>ا�$���8ت ا ��?�b�4 ا�J8_ ا���و 
)Osman 2014 .( C3_ ����9ت ا����6"8 ام j� ه ا�$���8تRھ C3& �A$4 و �$� ����dأو ا�

  :)1(ا
91> ر() و  )8 ��ول ر()(&� ا�B ول ا�"��� 
 

 
 

Fig. 1: Average composition of municipal solid waste.  
Source: from Osman (2014), http://css.snre. umich.edu/css_doc/ CSS04-15.pdf  

 
Table 8: Different technologies which can be used in sorting muncipial materials 

targeted (adapted from Osman 2014) 
Technology Materials targeted 
Screening process Large: film plastics, large paper, cardboard misc 

Midsized: recyclables, organics, misc  
Fines: organics, metal fragments, misc 

Handpicking Recyclables, inerts, and chemical contaminants 
Magnetic separation Ferrous plus contaminants associated with ferrous metal 
Eddy current Nonferrous metals 
Separation  
Air classification Lights: paper, plastic  

Heavies: metals, glass, organics 
Wet separation Floats: organics, misc Sinks: metals, glass, gravel, misc 
Ballistic separation Light: plastic, undecomposed paper  
 Medium: compost 
 Heavy: metals, glass, gravel, misc 
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�ا
  ا����%�ت ا����$�� %B  أن �� ل ��Aار ����8ت ا���  �4�  ��Bوز ا�ـ � �& Y� 68و ����

�
و �A$4 إ6"��اض أھ
 ا�L�9$ت ا�"� ���و�H ھRه ا�$���8ت  ��sciencedirectة �$��e ا�ـ  أ
��4 �$�&:  

  
Teixeira et al. (2014), Tandukar and Pavlostathis (2015), Cheng et 

al. (2016), Couto et al. (2016), Chen et al. (2016), Shao et al. (2016) 
  

��د8, و ا
�7ن"�:�8, –د 
��دن ا
5G	., ا�
 Heavy metal pollution ا
:."ث #�
  

�4�ق  �
��ن  5ا�$��دن ا�:��9� ھ� ���دن ذات وزن %A�  � دن��� �
�B� و ھ�
6�اء �:C ا  D ��
�ان ��� 4  و ا����س و ا��%l و ا�$����B أو �  �kور4Rd"� �4� ا����ت و ا��

�H ا�"����ات ا������ �:C ا��Aد���م و � �\�K و �$�Kو ����ن ذات ����C ��#�� و \A�

� ا�"��ث ���$��دن ا�:��9�  Eر ا�����bا� e��4 ھ� و��w و V�?ا��ر%�� و ا��\�ص و ا��

�t6 و �"`=��ا�!� ا��bرة 
�� ا�3�� و��� ����"� ��w �!%�A�  د�!Dإ �� +�& f��"� ��stress 
�H ا�"���� ا����� � ��
�� ا��A?� ا� e�ا�و ��2
 أھ$�� ھRه ا�$��دن ا�:�A�  9& ���9ر ذ��ھ� �$

&� �B� ��Dوز 
 د  ��PubMedة �$��e  أ
� 450و ��ا
  ا����%�ت ا����$�� �� د ��Bوز 
�$� 4 ل 
�� أن ھRه  ��Sciencedirectة �$��e ا�ـ  أ
� �A�75ار ��$� ا�"��ث ���$��دن ا�:��9� 

�2
 &� ا� را�6ت ا���#��
  . ا�$��دن ذات �Tن 
أو ���طV و �"�ا�  ا�$��دن ا�:��9� �"����ات 
���� &� ا�$�Bرى ا�$�?�� أو ا�"��� 


�!� ا<K"����ت ا�$�ور4�  m4 �
�+ ا�"��ث و ا�$���C ا����V ا� E"�4 �$� ھ���w و f6أو ا��وا

�� ا�$��دن و �����ھ� ا�Rى 4� ث 
� ه ھRا ا�"��ث 
�  �و �C �3 ر �% ��
  $"�4 +=�و �9  �

و �$�4    ت ھRه ا�$��A� �$�4  �� ا<ھ"$�مظ!�ت ا�� 4  �� ا�L�9$ت و ا�f"A ا��ا?�� ا�"� ر\
  :�� ا�"��\��A$4 C ا����ع إ�� ا�$�ا�e و ا�L�9$ت ا�"����

  
Chowdhury and Maiti (2016),  Tiwari et al. (2016), Liu et al. (2016), 

Xu et al. (2016), Shao et al. (2016), Fatoba et al. (2016), Yin et al. (2016), 
Huber et al. (2016) 
 

�

�دى  أ��  ��w ھ"$�مj� ًا��Kأ H�2D  9& ��رة ا���%\ ��
ا�"��ث ���$��دن ا�:��9� 
�رة ا�\ ��
���� %�2اً 7ن ��2
 ھRه ا�$��دن ا�:��9� ��
�� ا���ا�D ا���� z��� ��=`� ذات �%��

  4 ��4� �����ت و �� أھ
 ا�7:�� 
�� ا�$��دن ا�:��9� �3�ر�!� ا���%��"�4� ا��� –ا����س  –و ا�
 l%ا��–  ���B�$م  –ا��ا��������م  –ا����4�م  –ا�"�"�%��م  –ا�Rھf  –ا��b�  –ا��?�V  –ا��Aد��

�رة و ��wھ�\ ��
 lاء ��ن ذ��و إذا أرد%� أن %"��ف . أ���  ا�$� ن أو \�ر�+ ا���6 �4�3

�� ھRه ا�3�ر ا���%��"�4� ��$��دن ا�:B�& ���9  أن 
������ ��:Dى إھ"$�م ا��� � ��
�� Lت  

��e ا�ـ  J-� nanoparticles	�ت ن�ن"�:�����D �$��,8ت أو ��Aار $�sciencedirect  وز�B�
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�ن ��ة ��� e�230(ا�� �
 nanomaterial �"اد ا
�7ن"�:�8,� ��ن �� ل ��Aار ��$� &� �D) أ
 �B�  9&130وزت  nano metalا���%� �� ن ��ة ���] ا�$��e ���$� ��$�  أ
� �B�72وز ا�ـ 

�
و أ��Kاً ��ن �� ل ��Aار 
��رة ا�"��ث ������\� أو ا�$��دن ا�:��9� 
�� ��ة ���] ا�$��e  أ
 �4�"��و �A$4  آYف ��ة 3��z أ�:� ��  nano heavy metal pollutionا�3�رة ا���%

 ��
 �4�"��إ6"��اض &t9 أھ
 ا� را�6ت ا�"� ���و�H �`=��ات ��?��ت ا�$��دن ا�:��9� ا���%
  :ا���2م ا���#� ا��را
� �� JKل ا�7:�� ا�"����

  
Mallampati et al. (2014), Kumar and Chawla (2014), An and Dong 

(2015), Horst et al. (2015), Chen et al. (2016), Pogorilyi et al. (2016) 
 

��[�ت  – ـھ�                                   Emission Pollutionا
:."ث #�Xن
  

  ً����Dclimate changes��A�$� ا�"��dات ا�$�� t����emissions  ��K��b� ا<%���=�ت 

� ا����\� أو ا��$B� ه ا<%���=�تR!�  394 رة و�\ ��
�ى Bاء ا��$����ت ا�"� ��9  ���!

�ن ) �4�W"� �\���� )N2O, NOx, NH3ة �:C ا��?�V و ا��������م و ا7زوتأ���6  ��Aو ا�
)CO2, CH4( ھ�  و��w �!"�$4$� و زادت أھ � C� 4 ة � H��� ا<%���=�ت ��A��  ��`� CA� و

�� ا�JAم أن �� ل ��Aار  ً�:4 D��A�$� ا���3 و ھ� ا�"��ث ا���#� و ��C أ\ ق د�\ ��
 C�
��[�ت��$� ���e ا�ـ  إن� ��
Sciencedirect  وز�B� ن و"	.�
��ة �$� ل ��Aار  أ
� 100ا

 emission pollution���$� ���� ا<�3D?��ت إ�� أن �� ت ��Aار ��2� ا�"��ث ��<%���=�ت 
و  Sciencedirect�e ا�ـ �$� أ
� ��130ة �$���B%��T e و ا�ـ أ
�  100إ�� ��Bوز 
 د ا�ـ 

 �
و �A$4 ) ����� ����ة(���ادم ا����رات ) �ھ
 ����� ���t����)���W ا<%���=�ت ������ط ا��را
  :إ6"��اض أھ
 ا�L�9$ت ا�"� ر\ ت ���ث ا���#� ��<%���=�ت �$� ��4

  
Li et al. (2016), Kumar et al. (2016), Gong et al. (2016), Zhong et al. 

(2016), Jia et al. (2016), Basagaña et al. (2016), Simone et al. (2016) 
 

1�,  –و �
                                  Isotope pollutionا
:."ث #�
�J�n7 ا
  


�� ا��A?��ت ا���� و ا���2م  fا�$���8ت �$� �!� �� �`=�� رھ� �WKت �� أ�
��T>ا ��"��
9�م � m�D CA� �

 ا�7!�ت و �l�R  ا�� 4  ا���#� ا��راD4+ ا��7� &� ر�
�ت �"���T>ه اRھ

6�اء  D ��
 ���ھRه ا�$�اد ا�$��� 
�  D وث ���E  f4"و �  �� �� ا�$�8ط� ا���#�� و ا�3

� �� ا�$��
Jت ا���وD �$� �4 ث &� ���%��Tإ�C� ���626&�  `و��ا%�� ا��و  C4��م1986ا 

)Chernobyl(  �6���� �4Lو &� وTennessee  �& ة �م ��2006رس  6�����4Lت ا�$"
)Erwin( ن��م 2011&� ��رس  و &� ا���)Fukushima Daiichi( ھ���w و . �
��e أ�� �

ھRا ا�"��ث و ا�L�9$ت ا�"� %��ت ��Kvاً 
� ھRه ا��A$�& ��b9 إ6"��اض ��_ ھRه ا�L�9$ت 
��4 �$�& f"Aو ا�:  
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Andarani and Goto (2014), Jona-Lasinio et al. (2015), Hiyama et al. 

(2015), Lin et al. (2016), Busygin and Ginzburg (2016), Nagao (2016), 
Takahashi (2016), Montes et al. (2016), Wang et al. (2016), Jibiri et al. 
(2016), Karataslı et al. (2016), Ohta et al. (2016) 
 
Samantha S. Bell (2016). How Can We Reduce Nuclear Pollution? 

Searchlight Books What Can We Do about Pollution?. Lerner 
Classroom 

Tomoyuki Takahashi (2016). Radiological Issues for Fukushima's 
Revitalized Future. Springer. 

  


9:�ون	,  –ل X�2ت ا.+�
  Electronic wastes (e-wastes)      ا
:."ث #�
 

�م �
 �& fو ا��ھ� CھR$ر ا��W"�� و%�� ھ� %"�ج ط�����"A�>ا�$���8ت ا ��"��
���� و ا�"� ط��L�B� e�$� Hت ا����ة &�� ��Wع ا��را
� و ا���3
� و ا�fW و ��wھ� ���A"ا�

 �������A"ه ا�R!� �9ت��W�  B% ا�$���8ت C$�� و��$Aو%�� أ��اء ا��"A�>ا� –ا��W���ت  –��ات 
ا�7!�ة ا<�A"�و%�� ا�8$"��� �� ����J4ت و =��Jت و L��wت و ��wھ� و �4"�� ھRا ا���ع �� 

� ھRا ا�"9 م �� ���ث ��]  E"% �� و ������A"$��� ا�"9 م ا���ر���ط+ > �� ً�
�ا�"��ث � 4 اً %

 C��9���ر�k ��=`� ه ا�$���8ت ذاتRى  – و ھ�K^ت ا�=�
� ا�$� C9� L– ا ��\ ��
<%��ن 
�4+ �� �����ت �:C ا��\�ص و ا��Aد���م و ا�����4�م و ��wھ�  ��<�k&� إ��"�ا���#� �$� �


� ا�"��ث ا<�A"�و%� و  )9ر() (ا
�Hول و �"����ات �kرة  �Bا�"`=��ات ا���#�� ا���� Sk�4
+��%�A�. ه ا�$���8تRإدارة ھ ���$
��!�  �6a"��دة recycle و � و�4ھ� management و ��"�� 

 Awasthi et(أ��اً ����ً و �kورة L�  ��!� &� دول ا����
 و �K\� ا� ول ا������ �:C ا�!�  
al. 2016a, b ( �%�w و)Daso et al. 2016 ( �4��B�% و)Babayemi et al. 2016 ( و

و Liang and Sharp 2016; Long et al. 2016; Duan et al. 2016(  �A$4(ا���3 

� ا�L�9$ت إ6"��اض أھ
 ا�9$�$B� لJK �� �%و�"A�>ث ا��Lت ا�"� ����A�$� Hk� ا�"�

  :ا�"����
 

Kiddee et al. (2013), Zhan and Xu (2014a, b), Wang and Xu (2014), 
Park et al. (2015), Fujimori et al. (2016), Duan et al. (2016), Liang et al. 
(2016), Awasthi et al. (2016a, b), Bisschop (2016), Long et al. (2016)  
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Table 9: The environmental impact of the processing of different electronic waste 

components (adapted from Wath et al. 2011) 
E-Waste Component Process Used Potential Environmental Hazard 

Cathode ray tubes (used 
in TVs, computer 
monitors, ATM, video 
cameras, and more) 

Breaking and removal 
of yoke, then dumping 

Lead, barium and other heavy metals 
leaching into the ground water and 
release of toxic phosphor 

Printed circuit board 
(image behind table – a 
thin plate on which 
chips and other 
electronic components 
are placed) 

De-soldering and 
removal of computer 
chips; open burning 
and acid baths to 
remove metals after 
chips are removed. 

Air emissions and discharge into 
rivers of glass dust, tin, lead, 
brominated dioxin, beryllium 
cadmium, and mercury 

Chips and other gold 
plated components 

Chemical stripping 
using nitric and 
hydrochloric acid and 
burning of chips 

PAHs, heavy metals, brominated 
flame retardants discharged directly 
into rivers acidifying fish and flora. 
Tin and lead contamination of 
surface and groundwater. Air 
emissions of brominated dioxins, 
heavy metals, and PAHs 

Plastics from printers, 
keyboards, monitors, 
etc. 

Shredding and low 
temp melting to be 
reused 

Emissions of brominated dioxins, 
heavy metals and hydrocarbons 

Computer wires Open burning and 
stripping to remove 
copper 

PAHs released into air, water and 
soil. 

 
 

 

  �� ھ! ا
��1/> ا
H��7, �� ا
:."ث؟ – 4
Pollution and its problems 

  
 f��� ��

+ v4=� �`=��اً ����اً 
�� ا����ة ��$� lT L &�+ أن ا�"��ث � ر���+ و %
�ان و ا����ت و ا���2م ا���#� ا��را
� و ا�!�اء و ا�$�ء و ��ا7رض ��+ m�D 4"`=� ا<%��ن و ا�

� �=`"4 C� ء�T C� ] و�ا����!% C�� ���ر  $�� S��4 ن�Aا� C� ن�Aن الله ا���� ون  ر��"��ث &��
2
 ا^4� ا��9ا%�� ا��$�2�
�ر أو ��f و ��أ"& " ٌّ</ُ vِ=  ٍsَ.َ=  َن"�َُ��َْ8" eW9$�2%� إ�� ا�% ��& " </

s.= !=" eW9$ا ا�Rاءة ھ�� �A$4  أن �A$4 L l�& �& 4 ور f��� �$%`A& ا��$�� و �� ا��$�ل ��
�ن ��T Cء ��8�ق ����ب د��V � اً ���3 أAل &� %�2م ا���و ���ف � اl�R� +"4�!% �� +"4 ا�

و �CK � �A ا<%��ن 6�اء ����ب أو �C!B أ��C� M " #5ََِ�رٍ  Tَ.75ََْ�هُ  إنَِّ� ُ/>َّ vْ�َءٍ  "L ��4$+ إL الله 
C���� �� ث�
� ا�"� �B�3 �!� ا����DL �"ا� C���$ا� H%�� l�R� و +��D ء�T  �����#�� و \

 C� ة�&�و إ�"�3د4� و ��Bر4� و ��wھ� 
�� �$�e ا�$�"��4ت و ا��7 &� ا��!� �4�  v4دى إ�� ا�
�ارث ا�"� D �!� �3D L وثAا�.  
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  ھ> ��� ا
-را�, أ�� أھ) ��Dدرا
:."ث أو �� ھ" ا
:."ث ا
-را�! ؟  – 5
Agricultural pollution: an emerging issue 

  
ا��را
� أD  أھ
 اW�%7� ا����4� ا�"� ��&� ا�$`�C و ا�$��] و ا��W�� و �� ا�$��وف أن 


 ا�$`وى wا�� ��
و ذ�JK �� lل زرا
� ا7رض ���$��\�C ا�e� ��6��$ ا��
�4� ا����$� و 

  fB�  ���S�3 أن ا��را
� أھ
 ر��?� ا�"�$�� إL أ%!�  �ا���م �3 راً ��"��ث و ھRا ھ

�+ �� JKل أن ا��را
� أ�� 
� ا�"�!!! �Bبا��ُ �k�� �A$�& ���) ��
�رة ا��$���ت ا��را\ �&
��
�� ا^&�ت ��ش ا�$�� ات و �Dق ا�$���8ت ا��را&�A� ا�"�$�  و C:�  ا7رز ~� C:� ���"8$ا�

�ن �3 راً �" ��� ا���2م  )�و ��wھ ا��d��ت وA�  � ث و��ن �3 راً ��"�A�  � أن �
�A$4 ���را
�ث ا�!�اء و ا�$�ء و ا�"��� �� JKل ا��$���ت ا��را
�� ا����9� و L ا���#� ا��را
� و ���  

�ن �!� �`=�� � �� 
�� ا�3�� ا����� �� JKل ���ض A4  � �
�A$4 أن %��� أن ا��را

��+ �� ا<\��� ����7اض و أھ$!�  f��"4  � �� ه ا�$�� ات وR!� ا������� &� رش ا�$�� اتC� 

  . أ�WKھ� ا���ط�ن
�ا و ار��t ا�"��ث ����را
� ��CA أو ���K و � � �& m��e و ��ا
  ا����%�ت �� JKل ا��

�$� ل و\Agricultural pollution  Cر �S�W3 ا�"��ث ا��را
� ا��A ا����$�� و�  أن
�ا�� ��100 �
و �A$4 إ6"��اض ��_ ا�L�9$ت ا�"� �����sciencedirect  Hkة �$��e  أ

�
�� ا�"� �

 ���A� ا�"��ث �$� �"`=�� ا��را���� �& �T��� ��w أو �T��� CA�� �!��Kث و د
��4:  

Abbasi et al. (2014), Wang et al. (2015), Collins et al. (2016), You et al. 
(2016), Tang et al. (2016), Babin et al. (2016), Tournebize et al. (2016) 

 

  Stress and its typesھ! أن"ا��؟  �� ھ" ا�N�Xد ا
q��7 �� ا
:."ث و �� – 6
  

�ع ا<�!�د k�� ��"�4stress  أن C� ��:Dا��� ��� ًLت ا���$�� � او�
�k��� أ�:� ا�$
$6�H ا����م ا�$"9 �� �"���� ا�� 4  و ا�� 4  ��  m�D ع�k�4�م �  V��"4  4�R!ا ا�$ C� ھ��ك

 [�7�� H%�� �"ر ا����� و �B% l�R  �� ل ��Aار ��ا�7!B� وز�B� ا<�!�د &� ا������ت �$
�
��e ا�ـ ��ة  ا
G@ث ��J, أ� �&sciencedirect  ��$ا���� e�ا�و �� ��4دل ذ�l &� ���� ا�$

�ن ��?� �D &��$� ا^�Kى A4  � ر���K �=v$� ا����ت ���B"6إ C:$� ���D �و ا<�!�د ھ
�ى ��?��ت ا���� ا�C:� �� ���"8$ ا��7اض ا�"� �"��f &�!� ا�biotic stress �A��<�!�د ا�

�ى �D ��w ن�A4 ىRا��8ر�� ا� �=v$$� ا����ھ� ��w �4ت و�W& �4 و�"A�abiotic stress 
 �& C:$"�& ارة ا�"����ات ا������ �� ا����\� ا�:��9� و��ا���Bف و ا�$��D� و ا<��Tع و ا�

 D �& �4�!ا�� �& f��"4 �$� ھ���w ت أو�%�bأو ا��� �b�8�$وث إ%��8ض &� ا������ أو ا�
3�ل�  .إ%"���� ا�$

 �A$�& ا������ت ��

�� ا<�!�د  H$� �"ا<6"��اض ا�"��9 ى ���_ ا� را�6ت ا� �
أ�� 
  :ر\ ھ� &� ا�L�9$ت ا�"����
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Ahmad and Rasool (2014a, b), Fang et al. (2015), Garima Kaushik 

(2015), Sukla et al. (2015), Wani et al. (2016), Liberatore et al. (2016), 
Sponchiado et al. (2016) 

  

7��ت ��y ظ�وف ا�N�Xد ا
�+:.2,؟  – أ
  �� ھ" �."ك ا
  

 َ6 E!�� V&ء ���4 و�T CA& ����D ء�T C� �& 
�+ ا�َ��� ا� �4 9�C أ%+ �6��ن الله ا���2

�� ا���~ M�A"ا� C� ~ا��� ��
�8�ق ا�9 رات ا�"� �vھ�+ � C� fو ����� وھ +%���6  H��


) ا
H.	> ا
�/:"ر أ��3 ا��2وف &A$� ��4$�� ا6L"�ذ و ��
����  ط�ھ� =��8/ ا��أ6"�ذ &��

�� T$] دا?$�ً  �
7��ت Y 8��9 أن �58 �9:"ف ا'�8ى "&� ����kا�+  ا�$��\�C ��را
أن ا

�	, أو ظ�وف ا�N�Xد #> ��7ه ا
��ون, /> ا
��ون, 	�
�nوف ��8�Lة أو }	� ط �&��� �7�
�	| ��� y�	P ا
�nوف�.! ا

 أ�Dد4:+ 
� ا�"��dات ا�$���K� و  "
:9	� �.! اbK �& lو ذ�

�6�ك ا����ت ��C:� H ھRه ا��2وف .  
�ى(و �  �
 ر\  �6�ك ا������ت ��H ظ�وف ا<�!�د ا�8$"��� �D ��w ى و��D ( ��

�H ظ�وف ا��$� اM أن ا����ت ا�� 4  �� ا� را�6ت ا�"� &��ت �� JKل ا�� 4  و� �� �����W�
 �إ�kءة ��&�� و ��"�ى رط��� ���f6 و ��ا&� ا����\� ا�Rdا?�� �A$��ت ����6� &� أو��ت %$

 �6�اء ��ن ذ�l ���� أو ��#� أو �����C أو D"� (ا����ت ا�$���6� و Y?�3K وt6 ا��$
l�%��k� و ���4� و ���D� و ��wھ� �� ا�Y?�38) ھ� رو�$D �� . C�K وث D ���D �& أ��

�
�ارىء �$�ا�!� &� Wا� ���D ���4 �� ن�
�ا�C ا��$� ا����j& �9ن ا����ت �6
�C أو أ�:� �� 
�ا�C ا��$� و ذ� l�� �%��"6>�f?�"A ا�!���%�ت ا������� 
 �& ��d"ا ا�Rھphytohomones 

 �$b"� �"ا7و�����ت ا�$8"��� و ا�auxins –  ت�����ا<=����  – cytokininsا���"
ethylene – 4��Bت ا�����gibberellins )��6�67ا �
�$B$ت ) و ھ� ا��%�
� ا�!���$B� و

$6�%�ت �Bا� �$b"� �"4 ة و ا� Bا�jasmonates –  6"��و4 ات� brassinosteroidsا���از�4
�%�ت  –"�L�B4�"6>اSalicylic acid - strigolactones )Wani et al. 2016 ( و ھ�



� ا�!���%�ت ا�"� �"��� ا� &�ع �$B� +ه و %��ط�$% V��� �ر���K Cا��
� ا����ت k  أى 

�� �� ��bدات ا��7 ة �% l�"$4 ظ�وف ا<�!�د H� 2DJ� e�antioxidants� أن ا����ت �

 �
 �Bار ا�����k7ا C��9� ورة إ���bا� m�D ��$4�%دات أ�� ة إ�b� ا ا<�!�د و ھ�Rھ) C:$"�
 ������Aإ%�4$�ت ا� �&CAT  �4 و ا����وأ���POX ����و آ�Kى ) SODو ا����� أ���6  د��4

�ر�C:$"�–  l &� ا���و��� (��w إ�$4�%� A67ا _$D–  ن��=����Bا�–  ���Lإى أو ا ����"�&
�&��ول ��
$���ت أ4_ ا�B ار ). و ��wھ� –� �
و �� أروع ا�L�9$ت ا�"� \ رت ��Kvاً 

�ى ���� �ـ  55&� ا��8�ى �����ت ��H ظ�وف ا<�!�د ��w ا��\Le Gall et al. (2015) 
 CA�� ى���m�D ا� را6� ا�"����3� ����ك � ار ا����ت ا��8�ى ��M�"8� H ا<�!�د ��w ا�

e?را.  

� �� ا�L�9$ت ا��ا?�� و ا�"� ���� �6�ك ا����ت ��H ظ�وف ا<�!�د �$B� و ھ��ك

  :�A$4 ر\  أھ$!� &�$� ��4
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Le Gall et al. (2015), Benlloch and Benlloch-González (2016), Wani 

et al. (2016), Nguyen et al. (2016), Yamori (2016), Rao and Chaitanya 
(2016), Goossens et al. (2016), Verma et al. (2016), Norton et al. (2016) 

  
$�� �
�$B� ًا�Kv� رت \ l�R� دو�!�>�� V��"� �"ا� f"Aا� �� � C:� ت�������� :  

Yoshinori Kanayama and A. Kochetov (2015). Abiotic Stress Biology 
in Horticultural Plants. Springer Japan 

Usha Chakraborty and B. Chakraborty (2015). Abiotic Stresses in 
Crop Plants. CAB International 

Girdhar K. Pandey (2015). Elucidation of Abiotic Stress Signaling in 
Plants: Functional Genomics Perspectives, Volume 1. Springer-
Verlag New York 

Girdhar K. Pandey (2015). Elucidation of Abiotic Stress Signaling in 
Plants: Functional Genomics Perspectives, Volume 2. Springer-
Verlag New York  

Dharmendra K. Gupta, José M. Palma, Francisco J. Corpas (2015). 
Reactive Oxygen Species and Oxidative Damage in Plants Under 
Stress. Springer International Publishing 

Ramamurthy Mahalingam (2015). Combined Stresses in Plants 
Physiological, Molecular, and Biochemical Aspects. Springer 
International Publishing Switzerland 

Bhumi Nath Tripathi and Maria Mueller (2015).  Stress Responses in 
Plants Mechanisms of Toxicity and Tolerance. Springer 
International Publishing Switzerland 

  

7��ت؟ – ب
  �� ھ" ا
:��2> #	� ا
�."[�ت ا
�+:.2,؟ و �@(:� #�
  

 ��� C

� �� ا7���ث ا��ا?�� و ا�"� ��\  � ى ا�"���$B� ة��K7ظ!�ت &� ا7و%� ا

��C أو   \�� V�ا� را�6ت &� ا��� H%�� �$� ت و������ C
ا�$��=�ت ا�$8"��� و 
J�� ھRا ا�"��

 t9&  Dث وا�
 � را6� أ�:� ��  –e �9 م ا����م ا�$8"��� �9 ��ً رھ���ً � –أ\���� ا���م ��"!%
  Dوا H�و �& C��
H%�� m�D ا� را�6ت &� ا����V ��\  ا�"��
 C��� Y?�3K ا�"��� أو 

ا�$��ه أو وt6 ا�"��
C و ا�$��ث و ��%H ا��J�� ا����9� 4�Y?�3K �!$A ا�"��� ا�����W� و 
A� ظ�وف H�� �������%�ت أو أو�6ط ا�"��� ا�:Jث ا�$��و&� ا���3� وا���?�� ا��A$�و4� و ا���


 ھRا ا�"��
D �& C:$"� C وث A�
� ا��$���ت ا�"� ��$B� H%�� ز4� و�dه ) 1(و ا�R!� l��
D وث ���ك و إ%"�9ل ) 2(
�� أو JKل ��SW ا<د��3ص ���"��� أو  Retentionا�$��=�ت 



�
�	F!  �ب ا'ولا
 ا
:."ث ا

64 

 ��%��ر�!� ا47\ ��
�رة ھRا ) 3(�ل ا7ر�k أو إ�� ا�$��ھRه ا�$��=�ت \ �& ��d� ث �4
�$� &�  Alteration, transformation, and initiationا�$��ث %"�B� ا�"��
Jت ا��A$�و4� 

 8Mirsal (200(�$� ورد 
�  )2(ا
91> ر() 
 

 
 
Fig. 2: A schematic overview of the processes representing soil-pollutant interactions 

(from Mirsal 2008) 
 
 


�ت ا�$��Aو��� ���"��� �CA �`��  �������تو �$B$ھ اً دور و ا��� ً ��4ً &� ا ��D و �� Y�8"�
�JK ��phytoremediation  �4ل �� �4$� ��$��� ا�$���B� ا�������  ا�$��=�ت��أو ا�

bioremediation �� و ��D�% �� ت�=�� ا������ت و ھ��ك 
J��ت �"���A� و ��9 ة ��� ھRه ا�$�

�ت ا�$��Aو��� �� %��D� آ�Kى و ��� Y?�3K ا�"��� أو ا���D�% �� t6� =��:� و �$B$أو ا�
�� ھ�� Sb"4 ��� أن ا�"��
Jت ��� ھRه ا�$��=�ت و ��b!� ا���_ =
 �e ا������ت و ا�$��Aو��ت 


Jت ��� �W�C ��9 ة 4�A$!� ا�� 4  و ا�� 4  �� ا��� H��� �!3?�3K و ��و ا�"� Hو د� Cا����
�ا
   –���$�"�د  –
�� ذ�l ا�� 4  �� ا� را�6ت و �A$4 ر\  ھRه ا�"��
Jت �� JKل �

��e ا�ـ � �A�� ا����%�ت ا����$�� وsciencedirect ���"ا� ��
�� ا�� H%��:  
  .أ�M ��ة �B�270وز " ا�"��
C ��� ا�$��=�ت و ��b!� ا���_"�� ل ��Aار  – 1
�ا�� " C ��� ا�$��=�ت و ا����تا�"��
"�� ل ��Aار  – 2D ة ��200ن�� Mأ�.  
�ا�� " ا�"��
C ��� ا�$��=�ت و ا�"���"�� ل ��Aار  – 3D ة ��100ن�� Mأ�.  
�ا�� " ا�"��
C ��� ا�$��=�ت و ا�$��Aو��ت"�� ل ��Aار  – 4D35 ة�� Mأ�.  
�ا�� " ا�"��
C ��� ا�$��=�ت و ا�"��� و ا����ت"�� ل ��Aار  – 5D60  Mةأ���.  
�ا�� " ا�"��
C ��� ا�$��=�ت و ا�$��Aو��ت و ا�"��� "�� ل ��Aار  – 6D20 ة�� Mأ�.  
  .أ�M ��ة 15" ا�"��
C ��� ا�$��=�ت و ا�"��� و ا�$��Aو��ت و ا����ت"�� ل ��Aار  – 7
  

 �
  :أھ
 ا�f"A ا�"� %��ت ��Kvاً 
� ا�"��ث &�$�A إ6"��اk!� �$� ��4أ�� 
Shin D. – C. (2016). Hazardous air pollutants: case studies from Asia. 

The 1st Edition. CRC Press 
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Ming-Ho Yu, H. Tsunoda and M. Tsunoda (2016). Environmental 
toxicology: biological and health effects of pollutants. 3rd Edition. 
CRC Press 

Kendall R. J., T. E. Lacher and G. C. Cobb (2016). Wildlife 
toxicology: emerging contaminant and biodiversity issues. CRC 
Press 

  :ا�"���� reviewsا�$�����  &�$�A إ6"��اض ا�L�9$تأ�� 
� أھ
 ا�L�9$ت 
Ghosh and Singh (2005), Wu et al. (2012), Bouki et al. (2013), 

Fosso-Kankeu and Mulaba-Bafubiandi (2014), Trellu et al. (2016), Tasho 
and Cho (2016), Ribeiro et al. (2016) 

  

  ا
:�#, و �NDJ�DT ا
�+:.2, =! ��/	, ا
�."[�ت #�N؟�� ھ" دور  – 7
  

���� �v=� �`=��اً ����اً ���Y?�3K  ��`� CA و \��ت ا�"��� ا�����W� و ا��A$�و4� و ا���
��Wا� ��ا�"� Y?�3K ا�$:�ل C��6 ���& �!� ت�=��ى 
�� ���D� ا�$�"��ام و ا�$� �� ���

�ا�C ا��A$�و4���� �&�k>�� ھ���w و ����k� و ���4�  ا��ط$D C:�pH  �D� ECا�"���و ��
soil  ��%����Aو ا���� ا�"��د��� ا�CEC �� ���"ى ا��"��4�  و �bا�$�دة ا��SOM  ل��و ا� 

Humus م و�����Aت ا��%���wھ� ��<�Eh  Y?�38�� �&�k!  ا��7 ة و ا<K"�ال  و ���
 �����������D �& �=v� �9� ا�$��=�ت ���"��� �$�e ا���ا�C ا���:C ا����ط ا�$��Aو�� ���"��� ا���

أو  
�� ��9  أو ����Dت ا���W ا<د��3ص�:C �$���ت D وث ��_ ا�و Y8�"4 ا�"`=�� &� 
�� Volatilization ا��  9���D �4�W" وث و D وث إ�"�3ص 
� ط�R� V4ور ا������ت أ

أو �  4� ث ���C  .)3(ا
91> ر() �$� &�  أوراق ا������ت �$� &� ��D� ا7زوت و ا��������م
�=�ت �$�� �?�k�$��Photochemical degradation  C3� �"D C��w �!� ث �أو �  4

 �
�&�� أو �  4� ث �!� إ%�Bاف ���C ا�$��ه و ا���4ح أو �  4� ث �!� ����A�� Cو�� Bه ا���$��
  .ط���f و ��wھ�و  أ�"������"�ت�A"��4 و &�4�Wت وط�V4 ا�$��Aو��ت ���"��� �� 

��ة �$� A�4]  أ
� 100ذا �"���� ا�$��=�ت ���"��� %B ھ� ��Aرت �$� ل و\C �ـ و إ
 �����
 ھRه ا�A��ع ا�$��=�ت و ���D"!� ���"��� و ا���ا�C ا�"� �k�$� ��:Dإھ"$�م ا��� L و

 C:� �B%��T دار ا���� V4ط� �
 �\�K اً و�Kv� ا�"� %��ت f"A_ ا���أن %���  �A$4
  :�"�ب

Hasegawa H, I M Rahman and M A Rahman (2016). Environmental 
remediation technologies for metal-contaminated soils. Springer 
Japan, DOI: 10.1007/978-4-431-55759-3 

 

��4 �$� �!b�� ر\  و إ6"��اض �A$4 �"ت ا�� 4 ة و ا�L�9$_ ا���أو  :  
Kenessov et al. (2016), Wu and Zhu (2016), Brambilla et al. (2016), 

Milan et al. (2016), Trellu et al. (2016), Goodarzi et al. (2016) 
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Fig. 3: Behavior of pollutants in the soil (with kind permission from Ellen Kandeler, 

from Blume et al. 2016) 
 
 

  �� ھ! ��Yت ا
:."ث ا
�+:.2,؟ – 8
  

�ث واD  أو أ=��� ��"�� L�Dت �� �
 E��% ث�
�� ا�"��ث أى ھC ا�"��% Lث ��ھ� إ�ا�"�
 �� t��K ى او�b
 ��w ى أو�b
�ن ا�$��ث A4  � e�W��� ت و�=�
� �� ا�$��$B� أو


 � را6� ا�$��=�ت ا�$��دة "!� V�ا� را�6ت &� ا��� H%�� و ��
�
 �e ا<ھ"$�م  singleا��=
] ا���H �9 م ا���
 ا��ھ�f ����9ً و 
�� \��  ا�"9 م ا��ا?e &� ا��ھ�f � را6� ا�$��=�ت &� %�


 ا<��Bه � را6� ا�$��=�ت  methodologyط�ق ا� را6� و ا�ـ ���D�3$ا�Combined   أى
أ�:� �� ���ث &� و�H واD  و ھ� ��D� �� دت ا� را�6ت و ا�L�9$ت &�!� و ��زا�H ا� را�6ت 


 ��%H ا����� ا��K7ة و ��Wق �$�e ا��وا��D �& �4� درا6� أ=  Dوا H�ث &� و��� �� �:�
  .multi-pollutantsدرا6� ا�� 4  �� ا�$��=�ت 

  

                                          Single pollutantا
�."[�ت ا
��2دة  – 1
  

�� ���
 �����ن ا���#� أو وt6 ا�"��
C �!�  ھRه ا�A� دة أى��� ���D �& ت�=�درا6� ا�$�

�ً و����T �:�7ا �����ث واt9&  D و ھ� ا�  � H%�� تL����dض ا�"���t أى ����t  ھRه ا�

 C���
H &ا� را6� و ا�"��H%�� �4  � راm�DH%�A �6 �� دت ھRه ا� را�6ت و ��b
ا�$��=�ت 
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 �4�b
 ��w ت &� ا�"�أو�=�%� أھ� ���A"�ب  ��و ظ!� ا�� 4  �� ا�f"A ا��ا?�� ا�"� ر\ ت ا�$�
م و ا�Rى 4"��ض ��"��
Jت ��� ا�$��=�ت ���"��� 2016و ر&��+ 
�م  eHasegawa �ـ ا��ا?

�&�k>�� ��=��ان  �Wق ا�$���B� ا���#�� �xرا�k ا�$���� 
�AD  ��K ب ��$����ى�"� ��ُ% ً�b4و أ  
Plant, soil and microbes: mechanisms and molecular interactions 


��  و �K\� ��ت و ا�$��Aو��ت�ا�"��
C ��� ا�"��� و ا� و ھ� �"�ب 4 رسم 2016
�م 
�#4�Bى ا�����4 ذ�l أن ا� را�6ت ا���م أ\��H أ�:� �9 ��ً و و ���molecular  e�W ا�$�"

�k�$ا� �& lى ا���8� �$� ��ن ذ��"�� ��
 H��� 4#�ت ا���8� و�� �& ًJw� ��� ذ�l ظ!�ر ،�
�� �
�$B� "Aا�f �!أو� ���"�� Öztürk 
 �Plants, pollutants and remediation 
e� "��ون���م  �
94�م ا����ت �� JKل م 2015ر&��+  M�� ت و ا����ت و�=�m�D ا�"��
C ��� ا�$�

�4��اد ا�"$:�C ا�Rdا?� ا�:�%� secondary metabolites  C
و =�%�!� � ورھ� &� ظC ھRا ا�"��
���� ا �Sherameti and Varma"�ب ���� ����6 �$k 
م ���2015م  744را�k ا�� د ر�
m�D C$��ث ا�"��� � ھRا ا�A"�ب 4�� e�"� ����� �
�ا%�ً �
 �B���$دن و ط�ق ا���$��  

 Heavy metal contamination of soils: monitoring and remediation 
= 
 ��Phytoremediation: management of environmental contaminantsن �"�ب 


 ��ن �"�ب ا�!� ى م 2015و ر&��+ 
�م  ��Abid Ali Ansari!� ى =Singh  ان����
Biological remediation of explosive residues  م�
م m�D 4"��ول ا��Jج 2014

�ى ��$��=�ت ��
 ��ن���"��� ا������ و ا�=  �%�W4ب ا�$� ع ا����"�Brian J. Alloway  ىRو ا�

�م  lان و ذ���
 C$�  ��4ھ� �������ت � ى ���D� ا����\� ا�:��9� ���"��� ول و 4"��و م42013

Heavy metals in soils: trace metals and metalloids in soils and their 
bioavailability 

 
و ا�Rى  Bio-Geo Interactions in Metal-Contaminated Soils%�� �"�ب =

� ا�$��دن �$B� ��� ����
� ا�"��
Jت ا�$"�$B�  \ر� ��ث ا�"���"� �� �
�!  �\�K و

�������Bو ا� ������
� ا�"��
Jت ا����$B�  م�
"f ا��ا?�� Aم k$� ���6� ا�)2012(
���� ا�"������� Soil Biology �B%��T ��% و ا�"� �3 رھ� دار،  �b4أ �
 e?ب را�"� ��%

�انKhan et al. (2011) ا�"��
C ��� ا�$��=�ت و ا����ت �ـ �
 C$�  :و 4
Biomanagement of metal-contaminated soils 

�ى "��ع ا�ـو ا�Rى 4k�� ��
 Metal–plant interactions: toxicity and tolerance 
���� ��"Y�8 �� ا�$��=�ت ��و ��wه �� ا7��اب ا�"� ���� 
$���ت ا�$���B� ا������� و ا���

��A& Mا�$� %�� "4 L ا���$�� ا�$$��ة f"Aع ا��4�م ھ��ك ا�B 4  و ا�B 4 و ھRAا ��4 C. 
  

��د – 2:�
�, ةا
�."[�ت ا�H�
   Multi- and combined pollutants     :أو ا
  

k��8%�4!  إ 
Food security  �A$"4 �"Dا�Rdا?�  +أ���ً �Dداً &� �� ا�$��وف أن ا����
�ل 
�م  %�$� و ذ�l �� إط��م �� 4�4  
� ���� ����رات���2050�ر ���9 اً أن م و �� 4�4  ا�7

�� Lت ا<%"�ج ا����$� �� ا�Rdاء L ��داد ���] �� Lت ا���4دة &� ا���Aن ������
 �C ھ��ك 

 4 ة 6�ف  C����� Y���� �& f��" ا<�!�د C���� �!$ت ا����$�� �� ا<%"�ج أھL �$ه ا�Rھ
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stress ى��D اء ��ن�6 biotic ى��D ��w أو abiotic  +ط��� CKى دا�����A� و ا�Rى 4
و ا�"� ��"�� واD ة �� أھ
 أ%�اع  C:� heavy metals ا����\� ا�:pollutants ���9 ا�$��=�ت

 �4����8"��� ا��7 ا�Rى ) أو ���=�ت(و �� 4�4  ا��7 \���� و��د إ�!�دات ا<�!�دات ��w ا�

 ا������ت 
�� �:C ھRه ا��2وف �$� �6��`� ����A� د �����ات � 4 ة� �k f�W"4Vورة و�


� �� ا�f"A ا�"� ���و�H  )10و ا
�Hول ر()  4ا
91> ر() (�$B� ظ!�ت l�R� ه وRھ
�ى ا�4�B#�ت "�� ��
�$�  �$� ��ن &� ا����celluar Vو ��] ا�molecules  ���8ا�"����ات 

 و �l�R �"�ب  ��D �&Hasegawa et al. (2016)� �"�ب ا�!� ى ا��ا?e و ر&��+ 
Mahalingam (2015) انا7 ا�!� ى��
 C$�  : \C ا�A4��7 ا����B� و ا�Rى 4

Combined stresses in plants physiological, molecular and biochemical 
aspects. Springer International Publishing Switzerland. 

 C$��H ا� را�6ت أن ا������ت ��"e�W أن �"kأو  �ط أو ا<�!�دات و �dbا� _��– 
ا�"� ��"�ج  ا�7�ر ��زا�H ھ��ك ��_ –$��=�ت �K\� ا����\� ا�:��9� ا�"� �� ���!� ا�

���ً �A$4 إ6"��اض ��_ ا� را�6ت ا�"� ���و�H درا6� ا�� 4  �� ا�$��=�ت �"����ات �$
و 
��4 �$�&:  

Bostock et al. (2014); Kissoudis et al. (2014); Suzuki et al. (2014), 
Prasch and Sonnewald (2015); Mahalingam (2015), Ramegowda and 
Senthil-Kumar (2015), Naidu et al. (2016), Talib and Randhir (2016), 
Chirakkara et al. (2016), Rodríguez-Mozaz et al. (2016) 

  
Table 10: Physiological and biochemical processes during primary metabolism likely 

to be associated with multi-stress tolerance in plants independently exposed to 
abiotic and/or biotic stresses (Ramegowda and Senthil-Kumar 2015) 

Process/ 
pathway 

Mechanism/ 
activity 

Role under abiotic 
stress tolerance 

Role under biotic stress 
tolerance 

Ref. 

Physiological processes    
Stomatal 
activity 

Closure of 
stomata 

Prevent water loss due 
to transpiration during 
drought stress in 
Arabidopsis 

Prevent entry of 
Pseudomonas syringae pv 
tomato DC3000 through 
stomata in Arabidopsis 

(1) 

Respiration Antioxidant 
capacity 

Less efficient 
respiration and 
photosynthesis; lower 
stomatal conductance 
under drought in 
Nicotiana sylvestri 

Tolerance to Tobacco 
mosaic virus through no 
expression of alternative 
oxidase and enhanced 
expression of cytosolic 
ascorbate peroxidase in 
Nicotiana sylvestris 

(2) 

Biochemical processes:    
Sugar metabolism   
Sucrose Alteration in 

the level of 
sucrose 
between 

Apoplatic invertase 
imparts salt tolerance in 
tobacco 

1. Restriction of sucrose 
efflux by AtSWEET sugar 
transport genes contribute 
to disease resistance 2. 

(3) 
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cytoplasm 
and apoplast 

Defense gene activation in 
tobacco 

Trehalose Osmo-
protection 

Trehalose-6-phosphate 
synthase imparts 
drought tolerance in 
potato 

Resistance to powdery 
mildew in wheat 

(4) 

Galactinol/ 
raffinose 

Osmo-
protection 

Improved drought 
tolerance by reducing 
transpirational water 
loss in Arabidopsis 

Resistance against the 
pathogens Botrytis cinerea 
and Erwinia carotovora in 
tobacco 

(5) 

Mannitol Osmo-
protection 

Water deficit and salt 
tolerance in wheat 

Enhances resistance to 
fungal pathogen Alternaria 
alternata in tobacco 

(6) 

Amino acid metabolism    
Proline Protection of 

cellular 
components 

Increased cellular 
osmolarity under 
drought in Arabidopsis 

Scavenger of reactive 
oxygen species (ROS) in 
Arabidopsis 

(7) 

Gamma-
amino-
butyric acid 

Cellular 
signaling 

Osmolyte and scavenge 
ROS in Arabidopsis 

Maintaining carbon flux in 
tricarboxylic acid cycle 
through succinate supply 
in Arabidopsis 

(8) 

Lipid metabolism    
Wax 
biosynthesis 

Physical 
barrier 

Reduced non-stomatal 
water loss (cuticular 
transpiration) in 
Arabidopsis 

Induction of patho-
genesisrelated genes; 
prevention of adhesion and 
germination of P. syringae 
pv. tomato strain DC3000 
in Arabidopsis 

(9) 

Poly-
unsaturated 
fatty acid 

Desaturation 
of fatty acids 

Increase in ratio of total 
linolenic to linoleic 
acids under drought and 
osmotic stress in 
tobacco 

Systemic acquired 
resistance induction in 
response to P. syringae 
infection in Arabidopsis 

(10) 

Polyamine metabolism    
Putrescine  Stomatal movement 

Reduction of 
transpiration rate under 
drought in Arabidopsis 

Prevents invasion of 
pathogen by lignification 
and exhibits hypersensitive 
in tobacco. 

(11) 

Spermidine Membrane 
protection 
and HR 

ROS scavenging and 
prevention of pero-
xidation of membrane 
lipids under chilling, 
freezing, salinity, 
drought and paraquat 
toxicity in Arabidopsis 

HR against Pseudomonas 
cichorii in tobacco, P. 
syringae in Arabidopsis 
and Magnaporthe grisea 
in rice 

(12) 

Spermine Membrane 
protection 

Osmoprotection and 
oxidative protection of 
membranes under 

Spermine synthase 
Induction of PR proteins 
against TMV in tobacoo 

(13) 
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drought in Arabidopsis 
Glycine 
betaine 

Osmo-
protection 

Serves as osmolyte 
under drought in maize. 

Reduced powdery mildew 
severity caused by 
Blumeria graminis in 
wheat 

(14) 

List of Refs.: (1) Knepper et al. (2011), (2) Djebbar et al. (2012), (3) Chen et al. 
(2012), (4) Kondrák et al. (2012), (5) Kim et al. (2008), (6) Abebe et al. (2003), 
(7) Cecchini et al. (2011), (8) Bolton (2009), (9) Seo and Park (2010), (10) 
Chaturved et al. (2008), (11) Alcázar et al. (2010), (12) Yoda et al. (2009), (13) 
Alcázar et al. (2011), (14) Quan et al. (2004) 

 
 

 
 
Fig. 4: The plant stress matrix with different combinations of potential environmental 

stresses that can affect crops in the field are shown in the form of a matrix 
(Adapted from Mittler 2006; Suzuki et al. 2014; Mahalingam 2015) 
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  Threats to the soil functions     ؟وظ��J ا
:�#,ا
�."[�ت ��Nد ھ>  – 9
  

4 e?ا�7$�ن ھ$� ��ض �"�ب ا�7$�ن ا��ا �kء ا7را�$�
 
2
و ا�Rى 4�$C إ6
 ا=��� �� أ
Scheffer/Schachtschabel  م�
m�D \ ر أول ط��� �� ھRا ا�A"�ب ����d� ا�%�$�7� 

�ان1937�
 C$�و ����ھ� ”Agrikulturchemie, Teil A: Boden“ :م و��ن 4
�4���B%>�� :Agricultural Chemistry, Part A: Soil  �
��  112و ��ن 
��رة �\

�ا�H ا����Wت D"� و\��� ا���م ^�K ط��� و ھ�� 
= ��W16 � ا�ـا�  �d�� �$��"� �8�% e� و

�� ا<6"$�ار4� &�  )م2016(ا<%4���B� و ا�"� \ رت ��R أ�4م  e?را Cب د���"Aا ا�Rو ھ

 e?و ا���ء ا��ا �kل ا7را�B� �& إ=��� �� ا���$�ء ا�7$�ن 
4�$C إ6  �� C$
 
�ا\�� �4 9�

 و ��م 
�� ھRا ا�A"�ب &�V4  ا�:�%� ھ� �$�� ا��&�ء �!�4R ا����$�� و ا��7 ا�:��m ھ� أن��� ��

�ن �� A� e?ء 9را�$�
�:� أو  � C$

� ا�"� �CA �`��  ھ� ����ر ا���Bح 7ى �$Bأى روح ا�
  . أ��د�$4

�دة إ�� 
ا�$��=�ت ا�"� �! د ا�"��� و ���9!� 
�� أداء وظ�?�!� &�B  أن ھ� ا�A"�ب ا��ا?e و 
�ع 6�فk�
� ھRا ا�$ ً���� +����ى ��� \��&$� . MW"9% ��+ ��_ ا�$�����ت ا�!��� 4

 S�\ع أ�k�ا�$��وف أن ا�$��=�ت �$:C �! 4 اً \�4��ً ��"��� و ا���2م ا���#� ���"��� و ھRا ا�$
&� ظ�ھ�ة 
��$�� ���%� ��!� ا�� 4  �� ا� ول إن �
 e�$� �A4 دول ا����
 و A4$� ھRا ا�"! 4  

� 
2
�م أن ! 4  ��"��� ھ� اW�%7� ا����4� إD اث 6$�� ����2م ا���#� ا��را
� و أ��� �&A$� ھ
A�"$� �$� ���"ة ���2$��ا��� �� + filtering, buffering and transformer functions 

�=�ت ���"��� l�"$� m�D ا�"��� �$�� 
�C4 و ���2�94�م ا���2م ا7ر�k ��$���ت &�"�ة و � m�D
��M ذ�l ا�9 رة 
�� إد��3ص ��_ ا�$��=�ت 
�� ��9  ا"4 ً��W� !� و�د��3ص و ا<ر���ط >

�� ا�����ت ا�"� ��$�!� ھRه ا�$��=�ت و �% ��
�k� و $D 
��wھ� �� Y?�3K ا�"��� �� ر�

��ن ��& ���"��� 
�2�� C$
9�م �wزات ا�"��� ��$C إذا�� ���_ ا�$��=�ت ���"��� و � m�D ھ���w

�� ا��2وف ا�"� ��ا�+  الله �$� أن ا����ت ���+ و أ
�Wه الله �6��%+ و 
����� ا�9 رة 
�� ا�"`��

&9  أ
�Wھ� الله أ�b4ً ا�9 رة ا��ا?�� و ا�!�?�� 
�� ��B��ة أى ظ�وف �l�R ا���ل ������� ��"��� 
�D �?�� أى C:� ً���$� �!�?ظ��  .���V ا�"��� �� أدا?!� �


�� ا�"��� ووظ�?�!� و 4" �=v� إ6":��ء J� ت�=�
�� ���e�$� e�W ا�$��% ��
 lذ� M��
 ً�b4أ ������ا�$��=�ت و �����ھ� =
 ���Wً ا�"��� و �3K?3!� ا�$8"��� ط����� و ��$�و4� و ��
 ��
 �=v4 lذ� C� ،���"��� ت�=�
�� ���D� و ذو��ن و إد��3ص و إ%"�9ل ھRه ا�$� �=v�

�K^ا ��
 �$!�� C� ��=`� و ��"����ت �=�أ��  .)5 9> ر()و ا
1 11ا
�Hول ر() ( ��2��� ا�$�

� إ6"��اض ��_ ا� را�6ت ا�"� ���و�H �`=�� ا�$��=�ت 
�� وظ�?M ا�"��� &�$�A ر\ ھ� 

��4 �$�&:  
  

Blume et al. (2016), Azam et al. (2016), Mohapatra et al. (2016), 
Awasthi et al. (2016a), Chirakkara et al. (2016), Krishna and Mohan 
(2016) 
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Table 11: Heavy metal inputs in (g ha−1 year−1) from various sources (Blume et al. 
2016) 

 Atmospheric inputs Direct inputs 
Rural areas/ 
forest sites 

Industrial/ 
urban areas 

Weathering Sewage 
sludge 

Compost Farmyard 
fertilizer 

Mineral 
fertilizer 

As 3 n.d. n.d. 0.12 n.d. n.d. n.d. 
Cd 1.5–3 ≤ 35 0.1 2.21 4.7 0.3–0.6 0.15–2.98 
Cr 3 n.d. 2.0 61 253 6.1–33.8 15.3–464 
Cu 11–13 1526 3.5 520 577 73.1–454 2.89–9.5 
Ni 5–35 n.d. 0.8 43.5 163 8.9–13.6 1.50–6.63 
Hg 0.2–0.8 2 n.d. 1.17 1.6 0.02–0.1 0.00–0.3 
Pb 31–310 270–14000 0.8 76 464 5.1–16.7 0.24–4.93 
Zn 70–618 Up to 4000 2.3 1253 2037 467–

1077 
36.9–54.3 

 
 

 
 
Fig. 5: Direct and indirect effects of emitted pollutants on forests and soils (with kind 

permission from Ellen Kandeler, from Blume et al. 2016) 
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:@=! أو 
:5.	> ��1/> ا
:."ث؟ �� ھ! – 10 ,79��
  ا
�."ل ا
  

�ل ا�$$J"� ��A&� أو �C���� C��9 ا�"��ث &� ����� أوL �� C��9� ًLت ا�"��ث ���A$� ا�
أن ا�$�e أC!6 �� ا��Jج و �����+ 
�$�ً �`ن ا�"��ث �� أ��� 7
�� �� �L!� و ذ�l �� �� أ 

�ا�C � ھ�ر ا���#�،
 ��ن 
� ط�C��9� V4 ا<%���=�ت و � &Vأ�� 
� ����� ا�"A�& ث�
 &� ا�"�A 
 �� lن ذ��A4 �#ث ا������ �& 
A�ا�$��=�ت &� ا�!�اء و ا�$�ء و ا�"��� و 
�� ذ�j& lن 
$��� ا�"

  :JKل ا���ا�D ا�"����
• Recycling 
• Reusing 
• Waste minimization 
• Mitigation  
• Preventing 

إ6"8 ا�!� أو �C��9 ا�$���8ت 7��3 در�� �$�A� أو  أن 
$���ت � و�4 ا�$���8ت أو إ
�دة
  ��`� CA� ت�=�
�� أن ���A� ا�$�  �v4 V�6 �� e�$B& ت�=�
$��� ا�$�e أو ا�$�B��ة �!Rه ا�$�
��� ھRه �\ �� 
wا�� ��
�د ��C:� C ھRه ا�$�JAت و !Bل و ا������9 ة و ��"�ج �"�ا&��C ا�

 C���ل �C و ا�"��e� ~4 ��_ أو �C:� e ھRه ا�$��=�ت و إ�B4د ا�$�JAت إL أ%+ ��] ��"��ا�
2
 إ6"��دة �� ا�$��=�ت ھ� ����� إ%"�ج ا��W�� �� ھRه ا�$���8ت
  .أ

 

9�2> (#�
�.��5ت  �� ا
:."ث /�� =! ا
D"رS(  
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  :ــ�تــا
��:"8ـ
1 – �B���$ا����%�ت ا����$�� ا������� ا�  
�ا� �&  Phytoremediation  
 Phytoremediation concept ا�$���B� ا���������!�م  – 2
  Phytoremediation strategiesآ���ت و ط�ق ا�$���B� ا�������  – 3

  Phytoextraction, phytomining, phytoaccumulationا<6"�8اج ا������  –أ 
  Phytofiltration or rhizofilterationا�"�S�T ا�RBرى  –ب 
  Phytostabilization or phytoimmobilization ��9  ا�$��=�ت %�����ً  –ج 

� ط�V4 ا������ت  –د  �4�W"���  9ا��Phytovolatilization  

 ا������ ا –ه �W���C أو ا�""�Phytodegradation or phytotransformation  

 ا�RBرى  –و �W�  Rhizodegradation or phytostimulationا�"��C أو ا�"
  Phytodesalinationا�"Y�8 �� اJ�7ح 
� ط�V4 ا������ت  –ل 

4  -  �4���  Bioremediationا�$���B� ا�
  Sustainable phytoremediation ا�$���B� ا������� ا�$�" ا�� – 5

  ؟ و �$�ذا أ\���� &� أ�] ا����� إ��!�؟��Sustainabilityھ� ا<6" ا��  –أ 
  ��ھ� %�ا�D ا<6" ا�� ا^�Kى؟��ھ� ا��را
� ا�$�" ا��؟ و  –ب 

  )ا��W�� ا�$�" ا�� إ�� –ا�$���B� ا������� ا�$�" ا��  –ا�"�$�� ا�$�" ا��  –ا��را
� ا�$�" ا�� (
  Sustainable phytoremediation �� ھ� ا�$���B� ا������� ا�$�" ا��؟ –ج 

�=�ت ا�$��دن ���"���  – 6�� �� Y�8"�� ��#ا��� �B���$ا� �������A�  
Environmental remediation technologies for metal-contaminated soils  

7 –  ���Wا������� و إ%"�ج ا� �B���$ا����2�ا� Phytoremediation for green energy  
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��Nـــــــــــ�	:  
�ع ا�"��ث ��  إ6"��اض ��_ ا��V?�9 ا�!��� و ا��8\� �k�$� V��"4 �� ث ا���#� و��"


Jج ����C ا�"��ث  �A$4 M�� ��ع &� 4�w� ا7ھ$�� و ھk�ا���#� %��ج ھ�� إ�� ا�"��ض �$
 �!
6�ف ا���#� و ��ھ� ا��Wق ا�$8"��� ا�"� �A$4 إ��� C� f��&� ھRا ا�3 د ��] ھRا &

إن �Tء الله ����xت أو ا��Wق ا�$8"��� و ا�"� �JK �� �A$4!� إ���ع ط�ق ا�$���B� %"��ض 
 �d��4 �"ق ا�$�" ا�� ا��Wز أھ$�� ا���� m�D �ا������� ا�$�" ا� �B���$94� ا��W� ًL�ا������� و\

�!
  .إ���

�دة إ�� ا�$���B� ا������� %B ھ� �
"$:C &� ا��Wق و ا^���ت ا�$8"��� و ا�"� �"b$� و 

$���ت ا<6"�8اج ا������ Phytoextraction, phytomining, phytoaccumulation  و


 Phytostabilization و �l�R ��9  ا�$��=�ت %�����ً   Phytofiltrationا�"�S�T ا�RBرى=

� ط�V4 ا������ت  �4�W"���  9ط�94� ا��Phytovolatilization  ا������ 
�W�و ا�"��C أو ا�"

Phytodegradation or phytotransformation  رىRBا� 
�W�
 ط�94� ا�"��C أو ا�"=
Rhizodegradation or phytostimulation  V4ط� �
و \�Lً إ�� ا�"Y�8 �� اJ�7ح 

4�  �$� 6�ف %"��ول Phytodesalinationا������ت ����jذن الله  Bioremediationا�$���B� ا�
����� .  

�ع ا<6" ا�� k�
 ھRا ا���ب ���"��ض �$""8% 
��ھ� ا<6" ا�� �� m�D ����ھ� و =
Sustainabilityإ��!�؟ ������ھ� ��ھ� ا��را
� ا�$�" ا��؟ و  =
 ؟ و �$�ذا أ\���� &� أ�] ا�

 �$b"� �"ى؟ و ا��K^ا<6" ا�� ا �Dا�ا�$���B�  –ا�"�$�� ا�$�" ا��  –ا��را
� ا�$�" ا�� %
�=�ت � �� ا�$�" ا�� =
 %"��ضا��W –ا������� ا�$�" ا�� �� �� Y�8"�� ��#ا��� �B���$ا� �������A"

  .و أ��Kاً و ��] ���K %"��ض ��$���B� ا������� و إ%"�ج ا��W�� ا����2�ا�$��دن ���"��� 

اءة �� ا��bورى إ6"��اض و �� –�$� �����ب ا7ول  –و �$� ھ� ��"�د �!Rا ا�A"�ب 

�ت ا�$"�� �9���B���$� ا������� ا�$�" ا�� m�D ا�"��ض �$�ا�e ا����%�ت �k��� ل ��Aار ا�$

 ��

�ت �$� S�"ٌ4 ���9رىء ا�"��ف �k���3در ا����$�� و ����� ���ول ھRه ا�$�ا�R!� eه ا�$

��!� و ��M �4"��د ��!� �e إ6"��اض 7ھ
 ا�L�9$ا� e�ا�
�� ھRه ا�$ �D�"$ت ا����ت $��

C�3�"ء �� ا����ت �
�k�  .��<�k&� إ�� ا�f"A ا�"� ر\ ت �""��ول ھRه ا�$
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1 – ,	�
��
�	�ن�ت ا
7���	, =! ("ا�� ا

H, ا���
  Phytoremediation          ا
  

�� �
 e�W"%  إ6"8 ام%��2 و �&�:� �
 m� )�� ل ��Aار( &� ��ا
  ا����%�ت ا����$�� و %�
 �$��7

H, ا���
���	, اphytoremediation ) م�4 l9ذ�  C4��م2016إ ( m���%E?�"% H ا��

� ا�"����
�� ا��:  
  P)"�Sciencedirect ا
ـ  – )1(

م JK t9&2016ل ا��!�ر ا�"� ا�A�5 678  �!��380  �� Hb9%رت ا��A$� �$� ل ��ن 

��!� �`ھ
 ا�$JBت ا���?�� ا�^ن و ��%H ��_ ا<�3D?��ت ا�"� D"� ا ���3D e� C���"� �"

�ع ا�$���B� ا�������k��  
� ا�"����"���ً  ��523!�
�� ا��:  
Chemosphere (554),  
Journal of Hazardous Materials (418),  
Environmental Pollution (223),  
Ecological Engineering (213), etc. 
 

 
�	,أ�� 
� أھ���
:&�$�A ر\ ھ� &�$� ��4 ا�"� ���و�H ا�$���B� ا������� ا
�Y�5ت ا  
(1) – Mahar et al. (2016). Challenges and opportunities in the 

phytoremediation of heavy metals contaminated soils: a review. 
Ecotoxicology and Environmental Safety 126: 111–121. 

(2) – Wiszniewska et al. (2016). Natural organic amendments for 
improved phytoremediation of polluted soils: a review of recent 
progress. Pedosphere 26 (1): 1–12. Doi: 10.1016/S1002-
0160(15)60017-0 

(3) – Ma et al. (2016). Beneficial role of bacterial endophytes in heavy 
metal phytoremediation. Journal of Environmental Management 
174: 14-25. 

(4) – Tahir et al. (2016). Phytoremediation: potential flora for synthetic 
dyestuff metabolism. Journal of King Saud University – Science 28: 
119–130 

(5) – Tripathi et al. (2016). Towards the coupling of phytoremediation 
with bioenergy production. Renewable and Sustainable Energy 
Reviews 57: 1386–1389. 

(6) – Patil et al. (2016). Nanoparticles for environmental clean-up: a 
review of potential risks and emerging solutions. Environmental 
Technology & Innovation 5: 10–21. 
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(7) – Ettler (2016). Soil contamination near non-ferrous metal smelters: 
A review. Applied Geochemistry 64: 56-74.  

(8) – Floris et al. (2016). Metal systems as tools for soil remediation, 
Inorganica Chimica Acta, doi.org/10.1016/j.ica.2016.04.003 

(9) – Shtangeeva et al. (2016). Phytoextration of bromine from 
contaminated soil. Journal of Geochemical Exploration, 
http://dx.doi.org/10.1016/j.gexplo.2016.03.012  

(10) – Kumarathilaka et al. (2016). Perchlorate as an emerging 
contaminant in soil, water and food. Chemosphere 150: 667-677. 

 
 P)"�Springerlink ا
ــ  – )2(

� ا�"��� �A� m�D5434رت ھRه ا��A$� �$� ل �  :و ��%C�\��� H ھRا ا�"�Aار 
�� ا��
Article (3 806),  
Book Chapter (1 510),  
Protoco (l46),  
Book (15), etc. 

 �
  :D"� ا^ن 
� �B%��T أھ
 ا�f"A ا�"� \ رتو أ�� 
Ajay Singh and Owen P. Ward (2004). Applied bioremediation and 

phytoremediation, Soil Biology Series  
Mackova et al. (2006). Phytoremediation rhizoremediation. 
Jean-Louis Morel et al. (2006). Phytoremediation of metal-

contaminated soils, NATO Science Series 
Neil Willey (2007). Phytoremediation: methods and reviews 
Ashraf et al. (2010). Plant adaptation and phytoremediation 
James E. Landmeyer (2012). Introduction to phytoremediation of 

contaminated groundwater: historical foundation, hydrologic control 
and contaminant remediation  

Naser A. Anjum et al. (2012). The plant family Brassicaceae: 
contribution towards phytoremediation 

Xuebin Yin and L. Yuan (2012). Phytoremediation and biofortification: 
two sides of one coin 

Bhupinder Dhir (2013). Phytoremediation: role of aquatic plants in 
environmental clean-up  

Ansari et al. (2015). Phytoremediation: management of environmental 
contaminants, Volume (1) and Volume (2) 

Öztürk et al. (2015). Phytoremediation for green energy 
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Edita Baltrenaite et al. (2016). The sustainable role of the tree in 
environmental protection technologies 

Hasegawa et al. (2016). Environmental protection technologies: 
environmental remediation technologies for metal-contaminated 
soils 

  
)3( –  �:9.
  P)"�Amazon (Books) ا'��زون 

�ى �$�e  �ة 
����"����ت ا���ا�$��e �� ا�$�ا�e ا�$"�T �& �338اء ھRا "��

��  إD"����ت e���ى ھRا ا�$"�4 m�D f"Aاؤه ا��T �A$4 �� 
ا����
 و ���k �� e�W$� أھ


� �$��ة أھ$!��$B�:  
Sivasubramanian V. (2016). Environmental sustainability using green 

technologies. 
Parvaiz Ahmad (2016). Plant metal interaction: emerging remediation 

techniques. 
Lakshman H. C. (2016). Phytoremediation: a strategy to clean up 

environment  
Albergaria J T and H P A Nouws (2016). Soil remediation applications 

and new technologies. CRC Press, Taylor & Francis Group 
 

  P)"�PubMed ا
ـ  – )4(
�  ��و �A$4 ر\  أھ
 ا�L�9$ت ا�"� %��ت  �A35567ار ��A$� ا�$���B� ا������� 
 دھ� 4

��4 �$�& e��
�� ھRا ا�$:  
 
(1) – Liu Z, Ho SH, Hasunuma T, Chang JS, Ren NQ and Kondo A 

(2016). Recent advances in yeast cell-surface display technologies 
for waste biorefineries. Bioresour Technol. Doi: 
10.1016/j.biortech.2016.03.132.  

(2) – Mosa KA, Saadoun I, Kumar K, Helmy M and Dhankher OP 
(2016). Potential biotechnological strategies for the cleanup of heavy 
metals and metalloids. Front Plant Sci. 7: 303. Doi: 
10.3389/fpls.2016.00303. eCollection 2016. 

(3) – Thijs S, Sillen W, Rineau F, Weyens N, Vangronsveld J. (2016). 
Towards an enhanced understanding of plant-microbiome 
interactions to improve phytoremediation: engineering the 
metaorganism. Front Microbiol. 7: 341. Doi: 
10.3389/fmicb.2016.00341. eCollection 2016. 
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(5) – Taha M, Foda M, Shahsavari E, Aburto-Medina A, Adetutu E, 
Ball A. (2016). Commercial feasibility of lignocellulose 
biodegradation: possibilities and challenges. Curr Opin Biotechnol. 
2016 Mar 21;38:190-197. Doi: 10.1016/j.copbio.2016.02.012. 

(6) – Ma Y, Rajkumar M, Zhang C, Freitas H. (2016). Beneficial role 
of bacterial endophytes in heavy metal phytoremediation. J Environ 
Manage. 174: 14-25. Doi: 10.1016/j.jenvman.2016.02.047. 

(7) – Coyotzi S, Pratscher J, Murrell JC, Neufeld JD. (2016). Targeted 
metagenomics of active microbial populations with stable-isotope 
probing. Curr Opin Biotechnol. 41: 1-8. Doi: 
10.1016/j.copbio.2016.02.017. 

(8) – Jassim SA, Limoges RG, El-Cheikh H. (2016). Bacteriophage 
biocontrol in wastewater treatment. World J Microbiol Biotechnol. 
32 (4): 70. Doi: 10.1007/s11274-016-2028-1. 

(9) – Thakur S, Singh L, Wahid ZA, Siddiqui MF, Atnaw SM, Din 
MF. (2016). Plant-driven removal of heavy metals from soil: uptake, 
translocation, tolerance mechanism, challenges, and future 
perspectives. Environ Monit Assess. 188 (4): 206. Doi: 
10.1007/s10661-016-5211-9. 

(10) – Santoyo G, Moreno-Hagelsieb G, Del Carmen Orozco-
Mosqueda M, Glick BR. (2016). Plant growth-promoting bacterial 
endophytes. Microbiol Res. 183: 92 – 9. Doi: 
10.1016/j.micres.2015.11.008. 

)5 (–  P)"� ـ
  Google Scholarا
 m�D�$�Aو� ت ا� e��
�م  �A�58700  �!��1840رة  �!Rا ا�$ �& t9&2016م.  

  :أھ
 ا�$JBت ا���$�� ا� و��� ا�"� ��$�B� �& Cل ا�$���B� ا������� ھ� –) 6(
1 – International Journal of Phytoremediation (IF: 1.739) 

Published from Taylor & Francis  
Website: http://www.tandfonline.com/loi/bijp20#.VwmyCvl97IU  

2 – International Biodeterioration & Biodegradation (IF: 2.131) 
Website: http://www.sciencedirect.com/science/journal/09648305 

3 – Biodegradation (IF: 2.336), published from Springer 
Website: http://link.springer.com/journal/10532 

 
�ع  –) 7(k��ل �D ت ا�"� %��تL�9$ا� 
7���	,أھ

H, ا���
ا��D)10  C4"� ا���م  ا
  :� &�$� ��4$!ھأ �A$4 ر\ " �B%��T"&� دار ا���� ���9�  161 و 
 دھ� )م2016
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1 – Landmeyer and Effinger (2016). Effect of phytoremediation on 
concentrations of benzene, toluene, naphthalene, and dissolved 
oxygen in groundwater at a former manufactured gas plant site, 
Charleston, South Carolina, USA, 1998–2014. Environ Earth Sci 
75:605. DOI: 10.1007/s12665-016-5408-9 

2 – Wojtczak G. and P. Janik (2016). Phytoremediation with 
Geosiphon-like symbiosis? Environ Sci Pollut Res 23:5992–5994. 
DOI: 10.1007/s11356-016-6135-1 

3 – Chirakkara et al. (2016). Assessing the applicability of 
phytoremediation of soils with mixed organic and heavy metal 
contaminants. Rev Environ Sci Biotechnol, DOI: 10.1007/s11157-
016-9391-0 

4 – Ozkan et al. (2016). Pyrolysis of plants after phytoremediation of 
contaminated soil with lead, cadmium and zinc. Bulletin of 
Environmental Contamination and Toxicology 96 (3): 415-419. 

5 – Nie et al. (2016). Cadmium accumulation and tolerance of Macleaya 
cordata: a newly potential plant for sustainable phytoremediation in 
Cd-contaminated soil. Environ Sci Pollut Res, 23 (10): 10189-
10199. DOI: 10.1007/s11356-016-6263-7 

(6) – González et al. (2016). Metal tolerance in barley and wheat 
cultivars: physiological screening methods and application in 
phytoremediation. J Soils Sediments, DOI: 10.1007/s11368-016-
1387-4. 

(7) – Li et al. (2016). Exogenous IAA treatment enhances 
phytoremediation of soil contaminated with phenanthrene by 
promoting soil enzyme activity and increasing microbial biomass. 
Environ Sci Pollut Res, DOI: 10.1007/s11356-016-6170-y. 

(8) – Chen et al. (2016). Enhanced Scirpus triqueter phytoremediation of 
pyrene and lead co-contaminated soil with alkyl polyglucoside and 
nitrilotriacetic acid combined application. J Soils Sediments DOI: 
10.1007/s11368-016-1394-5 

(9) – Baruah et al. (2016). Phytoremediation of crude oil-contaminated 
soil employing Crotalaria pallid. Environ Sci Pollut Res, DOI: 
10.1007/s11356-016-6227-y 
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(10) – Vargas et al. (2016). Phytoremediation of Cu and Zn by vetiver 
grass in mine soils amended with humic acids. Environ Sci Pollut 
Res, DOI: 10.1007/s11356-016-6430-x 

(11) – Luo et al. (2016). An evaluation of EDTA additions for improving 
the phytoremediation efficiency of different plants under various 
cultivation systems. Ecotoxicology (in press) 

(12) – Newete and Byrne (2016). The capacity of aquatic macrophytes 
for phytoremediation and their disposal with specific reference to 
water hyacinth. Environ Sci Pollut Res, DOI: 10.1007/s11356-016-
6329-6  

(13) – Franchi et al. (2016). Phytoremediation of a multi contaminated 
soil: mercury and arsenic phytoextraction assisted by mobilizing 
agent and plant growth promoting bacteria. J Soils Sediments, DOI: 
10.1007/s11368-015-1346-5. 

(14) – Thakur et al. (2016). Plant-driven removal of heavy metals from 
soil: uptake, translocation, tolerance mechanism, challenges, and 
future perspectives. Environ Monit Assess 188: 206. DOI: 
10.1007/s10661-016-5211-9 

(15) – Rizwan et al. (2016). Use of Maize (Zea mays L.) for 
phytomanagement of Cd-contaminated soils: a critical review. 
Environ Geochem Health, DOI: 10.1007/s10653-016-9826-0 

 
�ع ا�$���B� ا������� D"� أھ
 ا7��اب أو  –) 8(k��ل �D و ا�"� %��ت f"A��� ل�3&
J3&"�B%��T " �A$4ً أو ����ً �A"�ب &� دار ا����  54و 
 دھ� ) م2016ا��C4  10(ا���م 

  :ر\  أھ$!� &�$� ��4
(1) – Azizur Rahma et al. (2016). Phytoremediation of toxic metals in 

soils and wetlands: concepts and applications. In: Hasegawa et al. 
(Eds.): Environmental Remediation Technologies for Metal-
Contaminated Soils. pp: 161-195. DOI: 10.1007/978-4-431-55759-
3_8 

(2) – Guedes et al. (2016). Phytoremediation coupled to electrochemical 
process for arsenic removal from soil. In: Ribeiro et al. (Eds.): 
Electrokinetics Across Disciplines and Continents. Pp: 313-329. 
DOI: 10.1007/978-3-319-20179-5_16 

(3) – Kuppusamy et al. (2016). In-Situ remediation approaches for the 
management of contaminated sites: a comprehensive overview. In: 
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Pim de Voogt (Ed.): Reviews of Environmental Contamination and 
Toxicology Volume 236. Pp: 1-115, DOI: 10.1007/978-3-319-
20013-2_1 

(4) – Deka and Lahkar (2016). Soil Bacteria for Polycyclic Aromatic 
Hydrocarbon (PAH) Remediation: Application Potentialities and 
Limitations In: Hakeem et al. (Eds.): Plant, Soil and Microbes. Pp: 
291-316, DOI: 10.1007/978-3-319-27455-3_15 

(5) – Pilate et al. (2016). Lessons from 25 Years of GM tree field trials in 
Europe and prospects for the future. In: Vettori et al. (Eds.): 
Biosafety of Forest Transgenic Trees: Improving the Scientific Basis 
for Safe Tree Development and Implementation of EU Policy 
Directives. DOI: 10.1007/978-94-017-7531-1_4, pp: 67-100 

(6) – Singh et al. (2016). Remediation of heavy metal-contaminated 
agricultural soils using microbes. In: Singh et al. (Eds.): Microbial 
inoculants in sustainable agricultural productivity. Vol. 2: Functional 
Applications. Pp: 115-132, DOI: 10.1007/978-81-322-2644-4_8 

(7) – Blume et al. (2016). Threats to the Soil Functions. In: Blume et al. 
(Eds.): Scheffer/SchachtschabelSoil Science. Pp: 485-559, DOI: 
10.1007/978-3-642-30942-7_10 

(8) – Kuppusamy et al. (2016). Ex-Situ remediation technologies for 
environmental pollutants: a critical perspective. In: Pim de Voogt 
(Ed.): Reviews of Environmental Contamination and Toxicology 
Vol. 236. pp 117-192, DOI: 10.1007/978-3-319-20013-2_2 

(9) – Shahzad and Akhtar (2016). Biotechnological strategies for the 
conservation of medicinal and ornamental climbers. In: Shahzad et 
al. (Eds.): Secondary Metabolite Enhancement in Medicinal 
Climbers Through the Intervention of Abiotic and Biotic Elicitors. 
Pp: 311 – 323. DOI: 10.1007/978-3-319-19288-8_12 

(10) – Saxena et al. (2106). Environmental pollution, toxicity profile and 
treatment approaches for tannery wastewater and its chemical 
pollutants. In: Reviews of Environmental Contamination and 
Toxicology. Pp: 1 – 30. DOI: 10.1007/398_2015_5009 

 
  �Taylor & Francis"(P =�ان�	6 و ��8."ر  –) 9(

  .�� ��� ��9ل و ��ب أو & C3�A"�ب��ة ���$���A�2251  eرت ��$� ا�$���B� ا������� 
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��e دار � John Wiley & Sons دار ن�1 –) 10(� ��
�Aرت ��$� ا�$���B� ا������� 
�ا��  Wiley on line Libraryا���� D2631  �!�� ت و ��2152ةL�9$��  د 
��ة  479
f"A��. 

  

2 –  ,	���7

H, ا���
  N2�                 Phytoremediation concept"م ا
  

��% �:4 ��م ا�$���B� ا������� �� ا�$��ھ�
 ا�!�� ��"�4� S�W3$ا ا�Rأول �� ا6"8 م ھ m�D ً�
 �
�م  Ilya Raskinإ��� را��A6 ھ lم1989و ذ�  ����� �& lو ذ�Rutgers University's 

Biotechnology Center for Agriculture and the Environment )  �\ر fD�\
�4�ق  �� +=����� أ
� 28ا<6"�!�د �`�A6 C��� �
 ًJ9%google scholar (  ن أول�� 
=

�رى  م 
� ا�$���B� ا������� و 
9  &� و�v�1995�4L$� دو�� 
�م ���Missouri ��4 $� 
��������Columbia   �A4��`� �$�v�  9
 
م و ��ن ��H إ�Tاف و���� D$�4� ا���#� 2000=

 ��A4��7اEPA  م�

�$�� �"338� &� ا�$���B� ا�������  ��B� ظ!�ت اول 
=1999 H%�� م و

�$C إ6�:  

International Journal of Phytoremediation (IF: 1.739) 
Published by Taylor & Francis 


�م �$� %�� أول �"�ب 
� ا�$��� ��A6ا������� ��ا �B1999ان��
 C$�  :م و ��ن 4
Ilya Raskin and Burt D. Ensley (1999). Phytoremediation of Toxic 

Metals: Using Plants to Clean Up the Environment. Wiley 
  

 H�$
 ��J$
�ث و ���Tت �� H9�W%و –و �� ھ�� ا C$�� Hإ6"8 ام  – ��زا� ��


 ا�"���Jت &� ��Bل ا�$���B� ا������� 
�م �� ا�$���B� ا�����BD Hd�� �A4��7ق ا�� ر�� أن ا��


�م  49إ��  30م �� 1999 Hd�� �$��� ً�4��6 �A4ر أ��Lن دو��6�ات  5أى JKل (م ���2004
t9& ( ��100  ا������� و ����� إ6"��دة  150إ�� �B���$"�3د�4ت ا��ر &� إ�W"ا� 
BD [A�4 �$�

����ر دوLر  50إ��  m�D �!25 و\�J���� Hت ا�"�Bرة ا����$�� و ��اوHD �� ��� ا�����ت ��
 ً�4��6 �A4أ��.  

,	���7

H, ا���
ا���2م ا�$"C��A ا����C ا�Rى �� �A$4 +�JK  ���ف 
�� أ%!�: ����8 ا

�� %�Wق واe6 و ذ� l�6j"8 ام ا������ت �=�
Jج ا7را�k و ا�$��طV ا�$�.  

"Phytoremediation is a holistic approach and can be used in large scale 
to remediate the contaminated land resources" (Pandey et al. 2016) 

�ا�� D R�� أت �ھ�  B% �ا������ �B���$�� ��84ا�"�ر �Dا���D �& ��6�  300و أ�� 
� ا��
�� ا�$��=�ت �� 
��\� =��9� و �A& H%�� m�Dة إزا ���wastewater dischargesه ا��3ف 

و أ�� 
� أ\C ��$� ا�$���B� ا������� &� ���Blaylock 2008 ( e(م ��w1983ھ� � أت 
�م 
 ��%�%��ذ �� ا��A$� ا��K`� ����$�  ”Greek “phytoإ�� ����W9 ا7ول و ���4 
� ا����ت و ھ

 C\7ا ����L ����� ��$� ا��Jج أو  و 4�$Latin suffix “remedium” Cا�eW9$ ا�:�%� &!
+��  . )M2�4 )Pandey et al. 2016 أو �4"��  �
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\C ا�A4��7� ا����B� 7&"�ى ا�$� 
� ا�!��� 4� اأ�� 
� أھ
 إ6"8 ا��ت ا�$���B� ا������� 
 m��ا���اElizabeth Pilon-Smits ) ا���D z�� ىRل ا<6"�!�د ا� �� ��D�\9 فYآ  �&

 �
  4�4 �� �!�� ���A61238 م إ�
) م62005"�!�د &t9 �$��9� ا�$���B� ا������� ا�"� %��ت 

Jج ا�!�اء  �& �3���–  f6و ا��وا ��ا�"�–  ��&�Bرى ا�$�?��  –ا�$��ه ا��B$ه ����8ت ا����
wastewater streams ��
�� و زرا
�� و \�ف \��\ . �A$4 �"ت ا��=�أ�� 
� أھ
 ا�$�


�ن &� اا�"�8�% �!& �!�J
�Y7 �4 ��!� أو b
 ��w ت�=��� C\inorganics �& C:$"� : 
- metals (Pb, Cd, Zn, Cr, Hg) 
- metalloids (Se, As) 
- nutrients (K, P, N, S) 
- radionuclides (Cs, U) 

�4� و ا�"� �"$:C &� ا�$�� ات bت ا���=��� إن ��  –ا�!� رو����%�ت  –ا��"�ول  –و ا�$�
– PCBs – PAHs – TCE – MTBE  ھ�و��w . جJ
�$� ��"8 م ا�$���B� ا������� &� 

  :�� ا���#�ت و ا�"� �"$:C &�ا�� 4  
• farming polluted soil 
•  irrigation with polluted groundwater 
•  letting trees tap into groundwater 
•  letting plants filter water streams 

$�?�� أو &� ���`ت ���را
�ت ا��ط�� أى �$� أن ا�$����Bت ا������� �"
 &� ا��را
�ت ا�
constructed wetlands, hydroponics.  

 ���"��� lاء ��ن ذ��و ��"�� ا������ت �� أھ
 ا��C?�6 ا��ا
 ة &� ا�"Y�8 �� ا�$��=�ت 6
 H%�� اء�أو ا�$��ه &!� وC?�6 \ 94� ����#� ذات &�
��� ����ة &� ا�"Y�8 �� ا�$��=�ت 6

�4� أb
�4�b
 ��w و.   
و إذا �����3 و �3D%� �� ل ��Aار ��$� ا�$���B� ا������� &� ��ا
�$� �v4  أن ھRا  ��PubMedة &� ���e ا�ـ  أ
� 35ا����%�ت ا����$�� %B ھ� ��Hd أ�:� �� 


�ت ا�k��ع �� ا�$k�  .�!��� &� �L�Bت و درا�6ت ا���#�ا�$
�3�
�� ا�$�m�D ھ��ك %����ت  ل أو ا����تو �L �� M�"8ت ا�"Y�8 �� ا�$��=�ت ����ً ��


 4 ة ��"8 م &� ا�$���B� ا������� �4"�ط &�!� ا�Y?�38 ا�"����:  
Properties of a good phytoremediator: 

• high tolerance to the pollutants 
•  high biomass production, fast growth  
•  large, deep root system 
•  good accumulator/degrader of pollutant 
•  able to compete with other species 
•  economic value 

�$C ا�"����ات ا������ �� ا�$��=�ت � ��

����  –أى ا�9 رة ا������  � –ذات �� Lت %$
 ���
�� ����A  –ذات �Rور �"�$9�  –ذات �� Lت 
���� &� إ%"�ج ا�A"�� ا� ����
�!� � رة 
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�� ا�"��&] ���w eھ�  –ا�$!� &� أ����!� ا�$��=�ت او D"� إ�"�3\!� و �� ����
ذات � رة 
  .ذات ��$� إ�"�3د4� و أ��Kا�� ا%7�اع ا������� ا^�Kى 

�ن ھRه ا������ت �و A�  )1(  ر��و ا�willow  z$3و ا��3�3ف  poplarأ�BTر �:C ا�
gum Y�8"ا� m�D  ��% �$4� و ا��bت ا���=��ن %����ت 
�د4 )2(�� ا�$�A�  � و أو ��?�
 C:� �


� ا�ـ �$B�Brassicaceae �4�bا�� ��w ت�=�أو  )CB& C:� )3 ا��m�D H4 ا�"Y�8 �� ا�$�
 ~?��� bambooو ا������ أو ا���8ران  hempو ا�C:�kenaf  ��9 ا�"�grasses  C%����ت ا�

�4� أ l�R�giant reed ا��dب ا��$Jق bا�� ��w ت�=�%����ت ��D?~ و m�D ا�"Y�8 �� ا�$�
red fescue  س���Bا� ����Dوbuffalo grass  �4�bت ا���=� أو )m�D)4 ا�"Y�8 �� ا�$�

 – C:�spartina – halophytes - salicornia %����ت  aquatic plants ا�$�?�� ا������ت
�4� أو %����ت  giant reedا��dب ا��$Jق bا�� ��w ت�=�m�D ��"8 م ��"Y�8 �� ا�$�

cattail - parrot feather - poplar, willow �4�bت ا���=�  .m�D ا�"Y�8 �� ا�$�
 �B���$94� ا��W� ت�=�و 
�  ��9ر%� ط�94� ا�$���B� ا������� ��Wق ا�"Y�8 �� ا�$�

C$�� ة��K7ق ا�Wه ا�Rھ  B% ��A�%�A�$و4� أو ا��$�Aا�:  
Mechanical/chemical treatment: 

• Soil washing 
•  Excavation + reburial 
•  Chemical cleanup of soil/water 
•  Combustion 

 
و أن  ��ة 100إ��  10���B% �$  أن ا�$���B� ا������� أرYK �� ھRه ا��Wق ا��A$��و4� �� 

 z��� �4و��$�Aا� �B���$��� ت�=�أ��C3� ��D �& ً��A4 ا�"��A�  �.	"ن دوYراً ���D ���A و د&� ا�$�
�ا�� D �ا������ �B���$ا� ���D �&20 دو �
�CA إ�A4 �$� أن ھRه ا�$����Bت ا������� �$"�ز 
�  Yرأ

  :��wھ� ا��A$��و4� �� ة �$��ات ھ�
 
Advantages of phytoremediation: 

• Less intrusive 
•  Can be more permanent solution 
• Better public acceptance 

  
�� �
�$B�  \ر �A$4 ً���$
و أھ
 أ���س  %�9ط ا�M�b و ا�9�ة ��$���B� ا������� و 

 
= �4�bت ا���=�ا������ت ا�"� ��"8 م &� ا�$���B� ا������� ��"Y�8 �� ا�$��دن ا�:��9� و ا�$�

	, ا
JK �� ��4 �$��Hل  ا7=��� ���ً �:
  .)14، 31، 12أر(�م (اول ا

�ل ا�$���B� ) م2016&� 
�م (أ�� 
� إ6"��اض 7ھ
 ا�L�9$ت ا�"� %��ت أ��Kاً D
Y�8"�� �ا����\� ا�:��9�  ا������ ��heavy metals C:�:  

Ma et al. (2016), Azizur Rahma et al. (2016), Chirakkara et al. 
(2016), Jayasri and Suthindhiran (2016), Ozkan et al. (2016), Nie et al. 
(2016), González et al. (2016), Chen et al. (2016), Vargas et al. (2016), 
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Franchi et al. (2016), Thakur et al. (2016), Rizwan et al. (2016), Tauqeer 
et al. (2016), Rizwan et al. (2016) and Wan et al. (2016)  

  
�4�bت ا���=�  :�� JKل ا�$���B� ا������� �:organic pollutants C أو ا�"Y�8 �� ا�$�

  
Landmeyer and Effinger (2016), Chirakkara et al. (2016), Li et al. 

(2016), Baruah et al. (2016), and Luo et al. (2016) 
 
Table 12: A comparison between advantages and disadvantages for phytoremediation 

(from Gosh and Singh 2005; Fosso-Kankeu and Mulaba-Bafubiandi 2014; 
Chandra et al. 2105) 

Advantages  Disadvantages/Limitations 
Amendable to a variety of organic and 
inorganic compounds. Cheap and 
aesthetically pleasing (no excavation 
required). Generation of a recyclable 
metal-rich plant residue 

Restricted to sites with shallow 
contamination within rooting zone of 
remediative plants The plant can 
accumulate inorganics that it can reach 
through root growth and is soluble in soil 

In Situ/Ex Situ application possible with 
effluent/soil substrate respectively. Soil 
stabilisation and reduced water leaching 
and transport of inorganics in the soil 

Time-consuming process can take years 
for pollutant concentrations to reach 
regulatory levels (long-term commitment) 

In Situ applications decrease the amount 
of soil disturbance compared to 
conventional methods.  

Restricted to sites with low contaminant 
concentrations and the plant must be able 
to grow in the polluted media 

Reduces the amount of waste to be 
landfilled (up to 95%) can be further 
utilized as bio-ore of heavy metals. 
Applicability to a wide range of toxic 
metals and radionuclides 

Harvested plant biomass from 
phytoextraction may be classified as a 
hazardous waste hence disposal should be 
proper 

In situ applications decrease spread of 
contaminant via air and water.  

Climatic conditions are a limiting factor 

Does not require expensive equipment or 
highly specialized personnel 

Introduction of exotic plant species may 
affect biodiversity 

In large scale applications the potential 
energy stored can be utilized to generate 
thermal energy. Enhanced regulatory and 
public acceptance 

Consumption/utilization of contaminated 
plant biomass is a cause of concern. It 
must not pose harm to human health or 
further environmental problems 

 
 

ا�� 4  �� ا�"� �4ت ا�"� ��ا�+ ا�$���B� ا�������  Mahar et al. (2016)و �9  ���ول 
  :��"Y�8 أو إزا�� ا����\� ا�:��9� �� ا�"��� �A$4 إ�$��!� &� ا���9ط ا�"����

  .أن ھRه ا����B� ا������� ��"�ج ��� 4  �� ا����ات �$���B� ا�"��� – 1
2�$
 ا�$"�ا�$�ت &� ��2$!� ��9 ة ��tء  Phytoextractionأن ���ءة 
$��� ا�ـ  – 2�

�!��
 C3�  .�� Lت %$� ھRه ا������ت و إ%��8ض ا�A"�� ا���� ا�$"

��!� ��"�� و ����C �$���8ت ��WKة أو �kرة و ��"�ج  – 3 C3�أن ا�A"�� ا���� ا�$"

  .9� آ���%���� �"�Aرة أو ا�" �!�� Y�8���phytoextraction 4�W$��� إJ8"6ص أو إ6"�8اج 
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�ن �! داً ��<\��� ��^&�ت و ا��7اض  – 4A4 ت��������ا�:��9�  �\����� 
أن �� Lت ��ا�
  .�$� &� ��D� ا�$��طV ا<6"�ا?�� و �T+ ا<6"�ا?��

���4 �� ود4�  – 5 �$� �W���$ا� ��"����ت ا�$��دن �%���ك ��4  �� أ4"� ���أن ھ��ك \�
  .��ت4ُ�� ھRه ا�$��=�ت ا�$� %�� �����

6 –  �
� ا������ت ا����?�� ا��$�$B� إ6"8 ام f�B� fB4invasive  ا�$�ت ��"8 م�"$�
�!�& 
A�  .&� ا�$���B� ا������� �$� �!� �� �� Lت %$� و��?�� �A$4 L ا�"

7 –  ُ� �&�kو إ ��
����ت ا�"��� �`=��اً ����6ً 
�� ���D� ھRه�  �v=� ا�$$�ر�6ت ا��را 
  .=�ت ���"����ا�$�

8 –  ��
  .ا��2وف ا�$���K� ��3� أ�6�6�أن 
$��� ا�$���B� ا������� ا�$�" ا�� ��"$  
أن 
$��� ا�$���B� ا������� ��"��  ً���2%�����D �& V��W"�� C� ا�$�ا�e ا�$��=� ذات  – 9

��4ت ا�"��ث ا�$"�W6� إ�� ��b�8� �� ا����\� ا�:��9� %�2اً 7ن �� Lت %$� ا������ت "��
�"�� H����6��� ��w ن�A� �ث ا������  .�4ت ا�"�
أى أن ��ا�
 ھRه ا�$��=�ت ا�$� %�� ��������ت �   C34��CA أو ���K ������� ا�Rdا?��  – 10

�ى 
�� ھRه ا�$��=�تذ�a� C3�  ���D �& l%��ن و"�  .ا�" اول ا��8ط�ء ��A"�� ا���� ا�"� �
 
Table 13: Potential plant species for phytoremediation of heavy metals (adapted from 

Chirakkara et al. 2016) 
Plant Species Phytoremediation 

potential 
References 

Black Nightshade (Solanum Nigrum) Cd Wei et al. (2010) 
Flax (Linum usitatissimum) Cd Bjelkova et al. (2011) 
Bitter Albizia (Albizia amara) Cr  Shanker et al. (2005) 
Duckweed (Spirodela polyrhiza)  Ni Appenroth et al. (2010) 
Green Onion (Allium fistulosum) Pb Cho et al. (2009) 
Moonlight Fern (Pteris cretica) Pb Cho et al. (2009) 
Pine (Pinus sylvestris) Cd, Pb Ostrowska et al. (2006) 
Ricinus (Ricinus communis) Cd, Pb Zhi-Xin et al. (2007) 
Cattail Millet (Pennisetum americanum) Cd, Zn Zhang et al. (2010) 
Field Mustard (Brassica rapa)  Cd, Cu, Zn Meers et al. (2005) 
Common Reed (Phragmites australis)  Cu, Hg, Pb Weis and Weis (2004) 
Benzoin Tree (Styrax tonkinensis) Cu, Pb, Zn  Shi et al. (2011) 
Vetiver Grass (Vetiveria zizanioides)  Pb, Cu, Cd, Mn Andra et al. (2009) 
Water Hyacinth  
(Eichhornia crassipes)  

Cd, Cu, Ni, Pb, Zn Liao and Chang (2004) 

 Cd, Cr, Cu, Se Zhu et al. (1999) 
Canola (Brassica napus)  Cd, Cr, Cu, Ni, Pb, 

Zn 
Marchiol et al. (2004), 
Saathoff et al. (2011) 

Alpine Pennygrass  
(Thlaspi caerulescens)  

Cr, Cd, Co, Cu, 
Mo, Ni, Pb, Zn, Mn 

Robinson et al. (1998) 
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Table 14: Potential plant species for phytoremediation of heavy metals and organic 
contaminants (adapted from Chirakkara et al. 2016) 

Plant Species Phytoremediation potential References 
Oat (Avena sativa) Zn Ebbs and Kochian (1998) 
 Phenanthrene  Miya and Firestone (2001) 
Rye Grass (Lolium perenne)  Cu, Cd, As O’Connor et al. (2003) 
 Cu, Zn  Zhou et al. (2007) 
 Petroleum hydrocarbons White et al. (2005) 
 Organic contaminants Huang et al. (2004) 
Alfalfa (Medicago sativa)  Pyrene Fan et al. (2008) 
 Cd, Cr, Ni, Zn  Peralta-Videa et al. (2002) 
 Phenanthrene, Pyrene Wang et al. (2008) 
 Petroleum contamination Liu et al. (2012) 
Willow (Salix spp.)  Cd, Organics (Oil) Kuzovkina & Quigley (2005) 
 Zn, Cd, Ni, Cr, Pb, Cu Pulford & Watson (2003) 
 Cd Robinson et al. (2000) 
Poplar Trees (Populus spp.)  BTEX Moore et al. (2006) 
 Cd  Robinson et al. (2000) 
 BTEX, nutrient contaminants Schnoor et al. (1995) 
Mustard (Brassica juncea) Cd, Cr, Cu, Ni, Pb, U, Zn  Singh and Sinha (2005) 
 Motor oil Dominguez-Rosado & Pichtel 

(2004) 
 
 

  

3 – 	���7

H, ا���
  Phytoremediation strategies       ,آ
	�ت و ط�ق ا
  

 �!�JK �� �"ق ا��Wا� �
�$B� �
�A$4 �������ت ���� ا^���ت أو ط�ق ا�$���B� ا������� 
   .)15(ا
�Hول ر() �$� &�  أن �"Y�8 �� ا�$��=�ت �����#� ا�"� �"�ا�  �!�

JK �� �A$4 �"ول أن ھ��ك ا�� 4  �� ا^���ت و ا� Bه ا�Rھ �� ��� Sb"4 ول��� �!�
 �� Y�8"�� أو  ����ً ا�$���B� ا������� �� ھ� إL و��6� �9�م �!� ا������ت ��$
ا�$���B� ا������� و 

 t6��ى 
�� ) و ��wھ� –رواf6  –ھ�اء  –��ء  –���� (ا�$��=�ت ���"�4 �b42� أ%+ أDJ� e�
�� e� ه ا^���تR!� م�
� ا������ت ا�"� �9�$B� ه ا^���ت وR!� M4��� ت�=�
�� ا�$���� S�k

�4�b
 ��w 4� أو�b
.  
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Table 15: Summary of phytoremediation techniques (strategies) based on mechanism 

and nature of contaminants including plant species (El-Ramady et al. 2015b) 
Mechanism and 
pollutant nature 

Description (References) Plant species  
(Element or contaminant) 

(1) Phytoextraction 
or phytomining, 
phytoaccumulation, 
phytoabsorption, 
phytosequestration 
(Hyperaccumulation; 
Inorganics) 

It refers to the uptake, translocation and 
accumulation of metal contaminants in 
the soil by plant roots into aboveground 
components of the plants or harvestable 
biomass in shoots  

Over 400 hyperaccumulator 
include: Elsholtzia splendens, 
Alyssum bertolonii, Thlaspi 
caerulescens Pteris vittata (for 
Cu, Ni, Zn/Cd and As, resp.). 
Astragalus, Stanleya, Xylorhiza, 
Oonopsis, Symphyotrichum (Se) 

(2) Phytofiltration  or 
rhizofiltration 
(Rhizosphere 
accumulation; 
Organic/ inorganics) 

Phytofiltration is the use of plant roots 
(rhizofiltration) or seedlings 
(blastofiltration) to absorb or adsorb 
pollutants, mainly metals, from water and 
aqueous waste streams by adsorption or 
precipitation onto their roots or 
contaminants absorption into their roots 

Promising examples include: 
Helianthus annus, Brassica 
juncea, Phragmites australis, 
Fontinalis antipyretica and 
several species of Salix, 
Populus, Lemna and Callitriche  
(Cd, Cr, Cu, Ni, Pb, Zn and U) 

(3) Phytostabilization 
or phyto-
immobilization 
(Complexation; 
Inorganics) 

It uses certain plant species to immobilize 
contaminants in soil and groundwater, 
through absorption and accumulation by 
roots, adsorption onto roots or 
precipitation within the root zone, and 
physical stabilization of soils. This 
technique is used to reduce the mobility 
and bioavailability of pollutants in the 
environment 

Species of genera 
Haumaniastrum, Eragrostis, 
Ascolepis, Gladiolus and 
Alyssum are examples of plants 
cultivated for this purpose 
Agrostis tenuis cv. Goginan (Pb 
and Zn), Agrostis tenuis cv. 
Parys (Cu), and Festuca rubra 
cv. Merlin (Pb and Zn) 

(4) 
Phytovolatilization 
(Volatilization by 
leaves; Inorganics/ 
organics) 

Plants volatilize or convert of pollutants 
to volatile form and their subsequent 
release to the atmosphere. This technique 
can be used for organic pollutants and 
some heavy metals like As, Hg and Se. It 
is the most controversial of 
phytoremediation technologies  

Astragalus bisulcatus (As)  
Brassica napus (Hg)  
Astragalus bisulcatus, 
Astragalus missouriensis, 
Astragalus racemosus and  
Stanleya pinnata (Se) 

(5) Phytodegradation 
or 
phytotronsfarmation 
(Degradation in plant; 
Organics) 

Degradation of organic xenobiotics by 
plant enzymes within plant tissues such as 
dehalogenase and oxygenase; detoxify 
them through their metabolic activities 
and it is not dependent on rhizospheric 
microorganisms 

Populus species and 
Myriophyllium spicatum are 
examples of plants that have 
these enzymatic systems, 
(PAHs, pesticides, etc.) 

(6) Rhizodegradation 
or phytostimulation 
(Rhizosphere 
accumulation; 
Organics/ inorganics) 

Degradation or breakdown of organic 
xenobiotics in the rhizosphere by 
rhizospheric microorganisms, which are 
the predominant organisms associated 
with roots  

Pseudomonas sp. (petroleum 
hydrocarbons). Medicago sativa;  
Festuca arundinacea Schreb. 
(Benzopyrene and polycyclic 
aromatic hydrocarbons, PAHs) 

(7) Phytodesalination 
(Uptake of salts by 
roots; Inorganics) 

Removal of excess salts from saline soils 
by halophytes, that means the use of 
halophytic plants for removal of salts 
from salt-affected soils 

Suaeda maritima and Sesuvium 
portulacastrum in removal and 
accumulation of NaCl, from 
highly saline soils documented 
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7���! –أ 
�:+�اج اXا  
Phytoextraction, phytomining, phytoaccumulation 

  
�=�ت ا�$� %�� ���� 
$��� ا<6"�8اج ا������ �$�� 
إ�� D وث إ�"�3ص =
 إ%"�9ل =
 ��ا�

 �$� ����ع ا��b8ى أو ا�A"�� ا�$B$�3د ا�D 
= ���"��� �
�ع ا��b8ى �������ت ا�$��ر$B$���
�4+ ھRه ا������"�� 
ت �� ���=�ت أى أن ا������ت �� ھ� إL �"�ا�$�ت أى �"�ا�
 �!� ا�$��=�ت =

�� ھ�� 4"
 ا�"Y�8 �� ھRه ا�$��=�ت و �K\� ا�$� %�� و �d��4 أن 4"�ا&� &� ھRه ا������ت 
  :�!أھ$ا�$"�ا�$�ت �Tوط ����� 

   high biomassو �"�� �D� ����ة  ھRه ا������ت C�v� L ذات �� Lت %$� e4�6 أن – 1
2 – V$�"� رىR� ع�$B� ذاتextended root system    
�$C ا�"����ات ا������ �� ھRه ا�$��=�ت – 3� ��
 ����
    good toleranceذات � رة 

�� ا��$� &� ا���#�ت ا�8$"��� – 4 ����
  .�adaptability to specific env!� � رة 
5 –  +��
��� ا��$���ت ا��را
�� ا�"� ��Bى !6easy agricultural management 

 �
  �Sheoran et (2016)$� ورد 

�� ����� �� ا�$��=�ت أو أ�:� �� ���ث ���"`�� �% C$� 17و ��16ول ر() ( �C %��ت 4"


�� ا<6"�8اج ا������ ��"Y�8 �� و أھ
 ا� را�6ت ا�"� � )18و  H$�  4را��Aا� e%�3� ر��d
 H�$67اcement kiln dust � �W6ا�أو ) McSorley et al. 2016(ا���دى ت ا���ص %��

) Hattab-Hambli et al. 2016(ا�"Y�8 �� ا����س �6j"8 ام %����ت ا� �Kن و 
��د ا��$] 

 ة د4 ان ا�"���  Lantana camaraأو ا�"Y�8 �� ا��\�ص ��اW6� %��ت ��$�

)Jusselme et al. 2015 ( �� Y�8"أو ا��� l���اW6� ا����ت ا��Aوم �$��
 ة D$_ ا�!�
أو ا�"Y�8 �� ا��\�ص ��اW6� %��ت  Lemna minor (Kalčíková et al. 2016)ا�$�?� 
 wavy%����ت أو ا�"Y�8 �� ا��Aد���م ��اGovarthanan et al. 2016( �W6(ا�Rرة 

saltbush (Atriplex undulata) and quail saltbush (Atriplex lentiformis) 
أو ا��Aد���م /أو ا�"Y�8 �� ا��%l و) f3)Eissa 2016 ا���A � و 
�3رة�$��
 ة ا<4 �� 

 H4ا�� CB& ت��% �W6ا�� ��$B� رة ���دة أو�\ �&(Cojocaru et al. 2016).  

�� � ى ��4 ا�$��دن ا�:JK �� ���9ل 
$��� ا<6"�8اج  �=v� �"ا� Cا��أ�� 
� أھ
 ا��

  :&""$:metal bioavailability  �& Cا������ ���"���
�ام ا�"���  – 1� ��
�%texture of the soil  
2 –  ����ى ا�"��� �� ا��ط"��Soil moisture  
�k� ا�"���  – 3$D 
  Soil pHر�
  �Redox potential (Eh)!  ا��7 ة و ا<K"�ال  – 4
5 – ��%����Aا���� ا�"��د��� ا�Cation exchange capacity (CEC)   
  Biochemical processesا��$���ت ا������$�و4�  – 6
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Table 16: Lower limit (mg kg−1) for hyperaccumulation and families of hyper-

accumulators known for various heavy metals (from Sheoran et al. 2016) 
Element Lower limit for 

hyperaccumulation 
Family(ies) of hyperaccumulators 

Arsenic 1000 Brassicaceae, Peraceae  
Cadmium 100 Brassicaceae, Asteraceae, Chenopodiaceae 
Cobalt 300 Lamiaceae, Scrophulariaceae 
Copper 300 Cyperaceae, Lamiaceae, Brassicaceae, Poaceae, 

Scrophulariaceae 
Gold 1 Brassicaceae 
Lead 1000 Compositae, Brassicaceae 
Manganese 10000 Apocynaceae, Cunoniaceae, Proteaceae 
Nickel 1000 Brassicaceae, Cunoniaceae, Flacourtiaceae, 

Violaceae, Euphorbiaceae 
Selenium  100 Fabaceae, Brassicaceae 
Silver 1 Brassicaceae 
Thallium 100 Brassicaceae 
Uranium 1000 Brassicaceae 
Zinc 3000 Brassicaceae, Crassulaceae, Leguminosae 

 
 
Table 17: List of hyperaccumulators plant species for phytoextraction and 

phytostabilization; its accumulation (mg kg-1) (adapted from Mahar et al. 2016) 
Plant species Metal Metal 

accumulation 
References 

Armoracia lapathifolia Hg       0.97 Aleksandra et al. (2008) 
Helianthus tuberosus  Hg       1.89  
Poa pratensis  Hg       2.74  
Salix viminalis Hg       5.69  
Alyssum heldreichii Ni 11800 Bani et al. (2010) 
Alyssum markgrafii Ni 19100  
Alyssum murale Ni   4730– 20100  
Aeolanthus biformifolius Cu 13700 Chaney et al. (2010) 
Alyxia rubricaulis Mn 11500  
Haumaniastrum robertii  Co 10200  
Thlaspi caerulenscens Zn 39600  
Achillea millefolium Hg       18.275 Jianxu et al. (2012) 
Pteris vittata Hg       91.975  
Macleaya cordata Hg         2.775  
Brassica juncea Au        10 Sheoran et al. (2009) 
Haumaniastrum katangense Cu    8356  
Macadamia neurophylla Mn 51800  
Thlaspi caerulescens  Cd   3000  
Thlaspi calaminare  Zn 10000  
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  Phytofiltration or rhizofilteration                ا
:��	� ا
KHرى –ب 
  

9�م أ%�B� ا������ت ��j"�3ص ا�$��=�ت � �!�JK �� �"رى ا��$��� ا�RBا� S�T�"���  394
 ���$
إزا�� ا�$��=�ت �� ا�$�Bرى ا�$�?�� 
� ط�V4 �� ا�$��ه أو �� ا�$�Bرى ا�$�?�� أو ھ� 

أو  blastofiltrationأو 
� ط�V4 ا���درات أو ا��"Jت  R�rhizofilterationور ا������ت 
 eW9ٌ4 ىRى ا��b8ع ا����ت ا��$B� V4ط� �
caulofiltration  �$D�4 ا���
 �
�$� ورد 

4�Sk ��_ ا������ت ا�"�  )91(ا
�Hول ر() و  ).et al. 2016 Azizur Rahman(و ر&��+ 
  .�� JKل 
$��� ا�"�S�T ا�RBرى �A$4!� ا�"Y�8 �� ��_ ا����\� ا�:��9�

 
Table 18: Phytoremediation on the basis of mechanism and nature of contaminant 

(adapted from Ali et al. 2013; Sheoran and Sheoran 2015) 
Process Mechanism  Pollutant  
Phytoextraction  Hyperaccumulation or accumulation of pollutants 

in harvestable biomass (shoots) 
Inorganics 

Phytostabilisation  Complexation or limiting mobility and bio-
availability of pollutants in soil by plant roots 

Inorganics 

Phytovolatilization  Volatilization by leaves (Conversion of pollutants 
to volatile form and their subsequent release to the 
atmosphere) 

Organics/ 
inorganics 

Phytodegradation Degradation in plant (degradation of organic 
xenobiotics by plant enzymes within plant tissues) 

Organics 

Rhizofilteration  Rhizosphere accumulation (sequestration of 
pollutants from contaminated waters by plants) 

Organics/ 
inorganics 

Rhizodegradation Rhizosphere degradation (degradation of organic 
xenobiotics in the rhizosphere by rhizospheric 
microorganisms) 

Organics 

Phytodesalination Uptake of salts by roots (removal of excess salts 
from saline soils by halophytes) 

Inorganics 

 
 
Table 19: Some of the plants with potential for rhizofilteration  of various metals 

(adapted from Sheoran and Sheoran 2015) 
Metals Plant species 
As, Cd, Cr, Ni, Pb, Zn Eichnornia crassipes Populus sp., Thlaspi sp. 
Fe, Cu, Cr Lemna minor, Azolla pinnata 
Cr Hydrocotyle umballata, Bacopa monnieri, Spirodela polyrhiza 
Pb, Cu, U, Sr, Cs, Co Zn Helianthus annus 
Pb, Ni, Cd, Zn, Cd, Cr, Cu Brassica juncea 
Pb Hemidesmus indicus 
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  �5	� ا
�."[�ت ن���	�ً  –ج 
Phytostabilization or phytoimmobilization 

  
9�م ا������ت ���� 
$��� ��9  ا�$��=�ت �� JKل ا������ت � �!�JK �� �"أ%!� ا��$��� ا� ��


�دة �!� �"�9  و ���D _�K� ا�$��=�ت ���"��� و 4ُ ��
�� أ%!� ��ھ� �����#� ا�$ ً�b4و ���ف أ

$��� ا�ـ phytorestoration  لJK �� ���"��� ���9:ت أو ا����\� ا��=�
$��� ���9  ا�$� 
و �"

  :ط�ق �8"��� أھ$!�
�k� و�"D) �$b وث �Y?�3K �& �T��� ��d ا�"���  – 1$�أو ا��9�4� /ظ�وف ا�

��B��7ى ا��4� و ��"bى ا�$�دة ا���"�$� �&�k>�� ( ��
 �=v4 �$� ورRB9� إ%"��ر ا�W�� �&
  .����\� أو ا�$��=�ت ���"������D� ھRه ا

��ر أو إ%JWق إ%�4$�ت 
� ط�R� V4ور ا������ت &� ��9W� ا��ا�4و���6 �$�  – 2�
�ح ا�RBورW6 ��
  .v4دى إ�� ��f�6 أو ���9  ھRه ا�$��=�ت ���"��� أو 

�ع ا�RBرى  – 3$B$��� "��� ���9 ھ����ا����ت و  V4ط� �
D وث إ�"�3ص �!Rه ا�$��=�ت 
  .��ت�!Rه ا����
4 –  V?��� ه ا������تRن ھ�A� أن ��
  
�ن SW6 ا�"��� ��Wd ��������ت �$� ��4A4 أن

 e�� ���"��� و ��ت ��"��=�D e�$4 وث ���4� ��"��� ��اW6� ا���4ح أو ا�$��ه 
�  و\�ل ھRه ا�$�
�ان ��  ).Azizur Rahman et al. 2016(و\��!� ����Tة إ�� ا<%��ن و ا�


! رو �:
4�Sk أ�:�� 
�� ��_ ا������ت ا�"� �9�م ��$��� ا�"��9   )20(() ا
�Hول ا
  .�M�"8$ ا�$��دن ا�:��9�

  
Table 20: Some of the plants with potential for phytostabilization of various metals 

(adapted from Sheoran and Sheoran 2015) 
Plant species Metals 
Agrostis tenuis, Festuca rubra L. Pb, Zn, Cu 
Sesbania rostrata  Pb, Zn 
Cynodon dactylon, Festuca rubra, Typha latifolia, Phragmites 
australis  

Pb, Zn, Cu 

Paspalum notatum, C. dactylcon, Imperata cyclindrica  Pb, Zn 
Lolium italicum, Festuca arundinaceae  Pb, Zn 
Hyparrhenia hirta, Zygophyllum fabago  Pb, Zn, Cu 
Horedeum vulgare, Lupinus angustifolius, Secale cereale  As 
Brassica juncea  Cd Zn, Cu, Mn, 

Fe, Pb, Cd 
Anthyllss vulneraria, Festuca arvernensis, Koeleria vallesiana, 
Armeria arenaria  

Zn, Cd, Pb 

H. hirta, Z. fabago  Pb, Zn, Cu 
 
 

  



��ب 

H                                                                                       ا
�Gن!ا���
7���ا
 	, ا
��:�ا�,, ا

95 

7����ت  –د 
�52 #�
:�8�S �� ط�8` ا
  Phytovolatilization                 ا
  

 C:� ت�=��` )As( ا
+�ر]	����� 
$��� &9  ا�$�J-

�  )Se( و ا
�	.	7	"م )Hg( و ا
ط�V4 ا������ت إ�� � رة ��_ ا������ت ا�"� �$"Y ��_ ا�$��=�ت أو ا����\� ا�:��9� =
 ��9 ھ� 
�ى أى 
$��� إ�"�3ص ��_ ا������ت ا����\� ا�:��9� �� Bاء ا�����"�4�W �� أورا�!� إ�� ا�!

�ى Bاء ا����4!� إ�� \�رة �"�4�Wة �� أوراق ھRه ا������ت ��!�� 
و ��"$  
$��� ا��9  ا�"��� =
� ��K��$ا� Cا��
�� ا�� 4  �� ا�Y?�38 ا��8\� ���"��� و أ�b4ً ا��2وف و ا�� �4�W"��� �& �$

  ).��D)El-Ramady et al. 2015a, b, c; Winkel et al. 2015� ا��������م 
  

7���! – ـھ
  ا
:�.> أو ا
:�S	) ا
Phytodegradation or phytotransformation 

  

�ت �$B� �� �!� t���4 �� ت إ6"8 ام ا������ت و�=�
 ا������ ��$��W�394  ��$��� ا�"


 ا�$�W�
 داCK ا����ت و ��$� ���Aو��� &� ����A و ��W��ن 
$��� ا�"A� m�D �4�bت ا���=��
rhizodegradation  m�Dأو &� ��9W� إ%"��ر ا�RBور و ��$� ���ـ  phytodegradation���ـ 

�ن �A4ا _�����A"ت ا����$
 �& ًL��& ً+ �� دور  )��21ول ر() ( <%�4$�ت دورا�م �9� �$�
   :�A$4 إ�$��+ &� ا^��

�رDehalogenases :���4 ا� 4!� رو�����إ%�4$�ت  – 1�Aا�$����ت ا� C4���  
�C4 ا�$����ت ا��������:Peroxidases إ%�4$�ت ا����و��� �4 – 2��  
�C4 ا�$����ت ا�"� : Nitroreductasesإ%�4$�ت ا���"�ور4 �"�ز  – 3�� ��
 C$��

�ى 
�� ا�$����ت ا��"�ا���"��  
�: Nitrilaseإ%�4$�ت ا���"�Lز  – 4�� H�%ت ا��������� ��
�ى "�C4 ا�$����ت ا�"� �
��9��  .ا�

5 –  �����6��Phosphatases : �4إ%�4$�ت ا��b��6ت ا���
�ت ا���$B� C4���
�!��
�ى "��دة ���$�� ات ا�"� ���  .ا�$

  

  ا
:�.> أو ا
:�S	) ا
KHرى –و 
Rhizodegradation or phytostimulation 

  

 ا�RBرى ��$��W�
�ت 394  ��$��� ا�"�$B� �� �!� t���4 �� ت إ6"8 ام ا������ت و�=�

�ن 
$��� ) �A"��4 و &�4�Wت و ��wھ�(���Aو��� A� m�D �4�bت ا���=�
 ا�$��W�&� ����A و �

 داCK ا����ت و ��$� ���ـ �W�أو &� ��9W� إ%"��ر ا�RBور و ��$�  phytodegradationا�"


�ت ا rhizodegradation���ـ �$B$�� ن�A4 m�D تJ
�$��Aو��� دوراً ����اً &� ��6 ھRه ا�"��

$��� ا�"���A  –و ��"�� ا��J�� ��� ا����ت و ا�$��Aو��ت  
A�و � ى ا�"��
C ���!$� ھ� ا�"� �

 �4���
$��� ا�$���B� ا� Sk� .)9�6> ر() (�!Rه ا�$��=�ت �$� ��ء &� ا��CA ا�Rى 4
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Table 21: Plant enzymes that have a role in transforming organic compounds during 

phytogegradation (adapted from Sheoran and Sheoran 2015) 
Enzymes Plants known to produce 

enzymatic activity 
Application 

Dehalogenases Hybrid poplar (Populus spp.), algae 
(various spp.), Parrot feather 
(Myriophyllum aquaticum) 

Dehalogenates chlorinated 
solvents 

Laccase  Stonewort (Nitella spp.), 
parrotfeather (Myriophyllum 
aquaticum) 

Cleaves aromatic ring after 
TNT is reduced to triamino-
toluene 

Nitrilase Willow (Salix spp.) Cleaves cyanide groups from 
aromatic rings 

Nitroreductase Hybrid poplar (Populus spp.), 
Stonewort (Nitella spp.), parrot 
feather (Myriophyllum aquaticum)  

Reduces nitro groups on 
explosives and other nitro-
aromatic compounds, and 
removes nitrogen from ring 
structures 

Peroxidase Horseradish (Armoracia rusticana 
P. Gaertner, Meyer & Scherb)  

Degradation of phenols 
(mainly used in wastewater 
treatment) 

Phosphatase Giant duckweed (Spirodela 
polyrhiza)  

Cleaves phosphate groups 
from large organophosphate 
pesticides 

 
 

  

7����ت –ل 
  Phytodesalination               ا
:+.� �� ا'�@ح �� ط�8` ا
  


 4 ة ���V �� ا�$��وف أن ا7را�k ا�$"`=�ة ��J�7ح  C���� �� �%��� ���أو ا�$�

$��� ا<%"�ج �$� v4=� &� ا��!�4� 
�� إ%"���� ا�"��� و �J& l�R�  �� ا�"���C:� e� C ھRه 

JK �� ن�A4 �kح ا7راJ�7ا ����� C��9� ت أو����ل إزا�� اJ�7ح ���C��d أو ��kj&� ا�$
�رة\ ��Dأ �& �و ��C أھ
 و أ . �WK�9W�$� إ%"��ر ا�RBور e�W"�4 HD ا����ت ا����� أن $�4


�� ا������ت m�D ز�4دة ا�stress  tdbأ�kار ا�$��D� أ%!� �"��D �& f وث إ�!�د 
��$�ء و ��wھ� �� ا�$���C و 
�� ذ�l &�$��� ا�"Y�8  ا$67�زى �$� V��4 إ�"�3ص ا����ت
أى إ6"8 ام ا������ت ا�$���  Phytodesalination���ـ �� اJ�7ح ��اW6� ا������ت �$�4 

&� ا�"Y�8 �� اJ�7ح �� ا7راJ�x�halophytic plants  �kح أو ا�$"�$�� �J�xح 
 ���  :�$� ��ء ذ�l &� ��_ ا� را�6ت ا�"����ا�$�

Rabhi et al. (2010), Ali et al. (2013), Jlassi et al. (2013), Jesus et al. 
(2015), Rabhi et al. (2015), Wiszniewska et al. (2016), Yan et al. (2016) 

  
�D��$�� ���
�� �� ا������ت ا�$�% H�$T �6و�  &� درا  �و  halophytes  ًJ� �$و ھ

�!$� ا�9 رة 
��  Sesuvium portulacastrum%��ت ا�ـ  و ��Suaeda maritime %��ت ا�ـ 
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�ا�� D �!� ا�$��رع ��م �� ا�"��ھA"�ر ��  and 474 kg 504إزا�� �$��ت �� ���ر4  ا�3�د4
��� JKل �� ���� ��  Dر  4وا�!T)Ravindran et al. 2007.(  

  
4 - ,8"	�

H, ا���
  Bioremediation                                              ا
  


�ت ا�$��Aو��� أو �$B$إ6"8 ام ا� ��%�Aإ� �
 �������4� أو ا��������� ا�$���B� ا�
) ���� أو ���ه أو أى %�2م ��#� زرا
�(ا��A?��ت ا���� ا� ��9� &� ا�"Y�8 �� ا�$��=�ت &� ا���#� 


 و ���A ھRه ا�$��=�تW�
� ط�V4 ا<%�4$�ت ا�$��Aو��� ا�"� � lن ا<%��ن &� و �. و ذ��
94�م � &� %����4+ و &�Jb+ &� ا�"��� و �e ا���H ا�"�M أن ھ��ك ����Dت �"�ا4 ة  �k�$ا�
 ��w ى�Kآ C�6ُ �
 m���"8 م &� د&� ھRه ا��Jbت و �l�R ��ن ��ا��ً 
�� ��� ا<%��ن ا��

W� lه ا�$���8ت و ذ�Rا<6"��دة �� ھ ��%�Aإ� S"�� H���ق ��" ا�� أى �kرة �����#� و &� %�] ا�

�� ھRه ا���#� ����xل ا��9د�� �2&��و ��C  .إ6"8 ام ا���#� و ��A &� %�] ا���L H�  �� ا�$

�ث ا�!�اء Sb"4 m�D دور ا��A?��ت ا����  )6(ا
91> ر() �� ����4�Sk ����� ا�$���B� ا������� �
�=�ت ��9ر%� ���$���B� ا������� ا� ��9� &� ا�"3 ى �!Rا ا���ع �� ا�"��ث و ا�$��ر ا�Rى �"R8ه ا�$�


�� �� ا�$��=�ت�  .�$:C ھRه ا��
 

 
 
Fig. 6: Schematic overview of phytoremediation of air pollution (from Nele Weyens 

with kind permission, Weyens et al. 2015) 
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Bioremediation is a cost effective and nature friendly biotechnology 
that is powered by microbial enzymes. It is a microorganism mediated 
transformation or degradation of contaminants into non-hazardous or 
less-hazardous substances (Karigar and Rao 2011). 

�4� ا�� 4  و ا�� 4  �� ا�$�ات � و �9  ��ارد ذ����9�ا
  ا����%�ت ا����$�� ��$� ا�$���B� ا�
���ً �A$4 ر\  ��_ ا�f"A و ا�L�9$ت ا�"� \ رت أ��Kاً  أ
� �B�18وزت ا�ـ $
��ة و 

  :�$� ��4م JK2016ل ا��!�ر ا7ر�e ا�"� اJK H��3%ل 
�م 
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و �� ث 
$��� ا�$����W��JK �� �4ل 
$��� ا�"���A أو ا�"���ى أو B� ا���ا�$��Aو��  ا�
 ���$
 e�W��� و C
�=�ت ���"��� أو ���$�Bرى ا�$�?�� أو ����واf6 و ��wھ� �� ��#�ت ا�"���$��

�
�$B$ه ا�R!� ى��D ل %��طJK �� ن�A� C��ت ا�$��Aو��� m�D ���ز ا<%�4$�ت ا�$�#��� ا�"
 �4�bا�� ��w ت�=��4� أو ���
Jت آ�Kى ��$�bت ا���=��$�� C����!� �$����ت 
� ھRا ا�"�و �

��w ��6� أو �"�ا�
 ھRه ا�$��=�ت � اCK أ���م ھRه ا��A?��ت ا���� ا� ��9� %�ز
� 6$�� ھRه 
و �"$"e ��<6" ا�� 7%!� ����ط�  �=v� L�����f  ا�$����ت و ��"�� ھRه ا�$���B� ھ� ط�94� &����

 CA� �
)
�� ا���#� و ا���2م ا���#� ا��راMosa et al. 2016(.  
  

7���	, ا
��:�ا�, – 5

H, ا���
  Sustainable phytoremediation          ا
 
�ع ا�$���B� ا������� ا�$�" ا�� 
���� أوL أن %��9 %�2ة و �k�� �& Cw�� ��C أن %"

و �� ھ� أ%�اع ھRه ا<6" ا��  و �$�ذا أ\���� &� أ�] ا����� إ��!��4�6� 
�� ���� ا<6" ا�� 
���� � ءاً �� ا�"�$�� ا�$�" ا�� و ��وراً ����را
� ا�$�" ا�� وو\�Lً إ�� D ء�T C� إدارة


�� ذ�l أن �� Lت ��Aار ��$� إ6" ا�� �$��.  e��Wق 
�$�� ��" ا�� Cأ\ ق د�� C�� و
T وز�B"4 ًJ:� �B%�� م�
�ا�� 2016ا�� ة �#�ت �� ا^ف ��!� &t9 �� ذ�� D"� ا^ن �� D م

ً  50و �t9& l�R  ��ة 10000 �$C إ6
 ا<6" ا�� &� �$�e ا���ا�D ا���#��،  /:�#�� ،��
ا��را
�3�  :ا<�"�3د4� و ��wھ� ��!� 
�� C��6 ا�$:�ل L ا�
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���A6 C��� e��� �
�ى 
�� �� ل ��Aار و\google scholar  C أ�� "Dه إ B�&
�ا�� ��ى ا����
 �.	"ن ��ة  �3"�� ��
 و 
�� �$�e ا�$�"��4ت�$� A�4] أھ$�� ا<6" ا�� 

  .�e�$B دول ا����
 �"9 �� و %����
 

�:�ا�,  –أ Xھ! ا��Sustainability َ�7 =! أ��  �6 ا
���, إ
	�N؟؟ و 
��ذا أ]
 

���� ا<6" ا�� &� أ��t ���%�!� ھ� ��
�� ا�$�ارد ا�����W� أو ا��2
 ا��� �2&������� ا�$
 ����� �D�"$ا� �����Wارد ا��
�� ا�$ �2&���ا�C ���!� أو � ���ھ� أى ��CA آ�K ����� ا�$
  k

�ن ذ�l  و \��%"!� ����xل ا��9د�� و ��ا
�ة VD ھRه ا���7ل &� ��Dة ����� ��$4�A4 و ��
�د ا��D7ى أو ��w ا�$"B دة و �C��9 ا<
"$�د 
�� ا��A$��و�4ت ��JKل �C��9 ا<
"$�د 
�� ا�

�4� ) أ6$ ة و ��� ات و ��wھ�(b6$ ة ا��Lا C:� �����W4� ا��bاد ا���ا� ���3$�C ا<��Bه ��$
�ارد و �C��9 ا�"�Bوزات ��V ا�$�ارد ا�����W� و &� ا��!�4� 
 ا�� إ6"8 ام و إJd"6ل ا$�
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�����Wورة و ��] ��&�ً  ا��k S�\إ��!� و أن ا��7 أ ����و ��"$C . و �l�R أ\���� &� أ�] ا�
�3�  :ا<6" ا�� و �"��ول �$�L�B� eت ا����ة �J إ6":��ء و ��!� 
�� C��6 ا�$:�ل L ا�

 –�" ا�� ا��W�� ا�$ –ا�$���B� ا������� ا�$�" ا��  –ا�"�$�� ا�$�" ا��  –ا��را
� ا�$�" ا�� 
إ�� و �$� &� ....إدارة ا��d��ت ا�$�" ا��  – Sustainable sanitation –ا�$�" ا�� ا����م 

  :ا��9?$� ا�"����
Sustainable types: 
- Sustainable forest management 
- Sustainable phytoremediation 
- Sustainable agroecosystem 
- Sustainable development 
- Sustainable exploitation 
- Sustainable agriculture 
- Sustainable chemistry 
- Sustainable sanitation 
- Sustainable Sciences 
- Sustainable energy 
- Sustainable living 
- Sustainable studies 
- Sustainable city….etc. 
 
Sustainability principles: 

It includes: (1) reduce dependence upon fossil fuels, underground 
metals and minerals, (2) reduce dependence upon synthetic chemicals and 
other unnatural substances, (3) reduce encroachment upon nature and (4) 
meet human needs fairly and efficiently (James 2003). 

 
&�B ھ�  و أ�� 
� أھ
 ا<�3D?��ت ا�"� ���و�H ا<6" ا�� �$�ا�e و ��ا
  ا����%�ت ا����$��

�2 120
�� C��6 ا�$:�ل ��Bوزت 
��J:� �B%��6 eً  أ� �&  �
  4�4 �� t9& �!��9000  ة��
4� 20( مD2016"� ا^ن &� 
�م �� �!T �� ( ھ� D4:�ُ �� ��4 و أنو D ا�"� %��ت f"Aا� 
  :أھ
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�:�ا�, ا�Trى؟ –ب Xا�,؟ و ��ھ! ن"ا�! ا�:��
  ��ھ! ا
-را�, ا
  

 �

 ا�Rى �4اود ��� ا<%��ن ��R ا�9 م و D"� ���م ا�������"�� ا��را
� ا�$�" ا�� ھ� ا�
 �� C?ا<%��ن ا�$�3ى �� أوا C�� و �
3�ر &� ا���~ 
�� �D&� ا��را
 R�� أ ا<%��ن �9  &

�ا
  �!� m�D �4رع و 4�3  و �84ن �`H��� f���6 ��� ة ��رس ا� ekوو 
��را
� &� ا����

$� ر\  ��:A�ه   �ران ا�$�� � ��
�دة ��ا���
 ا�� m4 ا���م و ��"�� ا��9�ش ا�B ار4� ا�$

 ��%�B$�4 ا����$�� ا� ���A4و �
�6�
�� ھRه ا�$������ت و �  ر\ ت � Cا�$4�3� ���8 د��
9�3�ر ھRه ا���� V?�)ر"[ `�.�
  ).1) ة ر(/�� =! ا

 ��
أ�� 
� إ6" ا�� ا��را
� &!� &� أ��t ���%�!� ����� ا���9م ���&� ا��را
� �e ا����ظ 
 �
ا�$�ارد ا7ر�k� و ا�$�?�� ا�"� ��"��!� ا���7ل ا��9د�� أى أ�:C إ6"8 ام �$�ارد ا��را

�ر 
�� ��"C�9 و �� ��"��+ ا���7ل ا��9Bا�$8"��� دون ا� CA� �$4�� ة��D ~ا��� �& 
!9D د�� و
 �$�A4:!� أو ���� ا��ا<6"8 ام ا�$��ط �!� و ا����ظ ھ�� 
�� ا�$�ارد ���4 
 م � ���ھ� أو ��


� �!C أو  ، $
 ��w أو  $
 �
��� �6��9ً أن ا�" CK ا���&� �a%��ن kن و �$� أو�A�>9 ر ا�
�ارده ھ� ا�"� َ
H�B �� ظ!�ر ا�$� Cھ�B� �
 �"D هRھ 
$���C ا���#�� و ��wھ� و ����

C�:� �!� V��4 
  .)22و ا
�Hول ر()  7ا
91> ر() ( ا�$���C � ر�� �
�دة إ�� ا��را
� ا�$�" ا�� 

�� ا���D�و  �Dو�W$ت ا��
�k� %B ھ� �� أھ
 ا�$

Cظ �& �\�K ور ا����$�� و���A ا�"� 4"$��ھ� و ���4 إ��!� ا����
 �`�6ه و �ا�"�$�� ا�$�" ا��  �
 �& �

�� أھ$�� ا��را
� ا�$�" ا�� �����دة ھ�� ��� %��9 %�2ة 
�� ���ان ھRه ا��را 
A�%

2
 ا�$�ا�e  ا
� 70ا
ـ ���ان ��ا
  ا����%�ت ا����$�� %B ھ� ��Aرت �$� ل ��Bوز �� ��
��ة 
 �B%��6 C:� ��$ق ا�ـ ا������4 �� �!��5000 �
م ��ة &JK t9ل ا��!�ر ا7ر�e ا���3�$� �� 
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�ع ا��را
� ا�$�" ا�� �� ��4 ا
9:�م و ��C أھk�� Hاً و ���و���Kا�"� \ رت أ:  
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�	,  ا
�Y�5ت و أ�� 
� أھ���
ا�"� ���و�H ا��را
� ا�$�" ا�� %B ھ�  reviewا
�Y�5ت ا


�� �$�ر�6ت ا��ى  C$"�� �!�$B� �& �"و ا� �
�ع و �"� د ���ا�D و ��338ت ا��را�"�
�&�k>�� �  �$�"ت ا����$���
  :�� ��4 و ��wھ� �� ا�$$�ر�6ت ا��را
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- Bazyli Czyżewski and Anna Matuszczak (2016). A new land rent 
theory for sustainable agriculture. Land Use Policy, 55: 222-229 



��ب 

H                                                                                       ا
�Gن!ا���
7���ا
 	, ا
��:�ا�,, ا

107 

 

 
 
Fig. 7: A Chart of the United Nations Sustainable Development Goals adopted by the 

General Assembly and promoted by the UN (www.wikipedia.org/19.4.2016)  
 
 
Table 22: Effect of pesticides on different earthworm species from 2010 till 2016 

(adapted from Datta et al. 2016) 
Pesticide Earthworm 

species 
Response Ref. 

Atrazine Nsukkadrilus 
mbae 

Chloragogenous layer and epithelial tissue 
damage; prominent vacuolations and 
pyknotic cells 

(1) 

 Imidacloprid 
Lumbricus 
terrestris and A. 
caliginosa 

Decrease in body mass and cast production 
at higher concentrations 

(2) 

Glyphosate and 
2,4-D 

Eisenia fetida Severely affect development and 
reproduction 

(3) 

Butachlor Eisenia fetida The reserve energy from the chloragogen 
tissue is consumed which leads to reduced 
production of biomass and cocoon 
production 

(4) 

Chlorpyrifos, 
carbofuran, 
mancozeb 

Perionyx 
excavatus 

Toxicity decreased in the order— 
carbofuran > chlorpyrifos > mancozeb 

(5) 

Cypermethrin, 
endosulfan, 
carbaryl, 
chlorpyrifos, 
aldicarb, 

Perionyx 
excavatus 

Order of toxicity— cypermethrin > 
endosulfan > carbaryl > - chlorpyrifos > 
aldicarb > monocrotophos 

(6)  
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monocrotophos 
Imidacloprid Pheretima 

posthuma 
Increase in protein content in clitellum, 
inhibition of some proteins in head and no 
change in abdomen after exposure. 

(7) 

Cypermethrin and 
chlorpyrifos 

Eisenia fetida Decrease in growth and reproduction (8) 

Mixture of Ni and 
chlorpyrifos 

Lumbricoid Combinations of Ni and chlorpyrifos cause 
additive toxicity for earthworms. Worms 
accumulate Ni and chlorpyrifos in their 
tissues. 

(9) 

Imidacloprid Lumbricus 
terrestris and A. 
caliginosa 

Burrowing effects on A. caliginosa even at 
lower concentrations but burrowing effects 
for L. terrestris observed only at higher 
concentrations. 

(10) 

R-metalaxyl and 
rac-metalaxyl 

Eisenia fetida Enantioselective bioaccumulation of 
metalaxyl in earthworm observed with 
preferential accumulation of S enantiomer 

(11) 

Dichlorvos Eisenia fetida Weight of earthworm decreases. 
Reproduction and avoidance behavior 
significantly affected. 

(12) 

Dimethoate Eisenia kinneari A disturbance in the cellular enzyme 
system which led to profound changes in 
testes 

(13) 

Azinphos-methyl Eisenia andrei Reduction in burrowing activity and 
inhibition in cholinesterase activity 

(14) 

Chlorpyrifos and 
fenvalerate 

Eisenia fetida Cellulase and SOD (Superoxide 
dismutase) activity inhibited whereas CAT 
(Catalase) activity first increased and then 
decreased. 

(15) 

Cyren, Ridomil, 
Triplen, Mamba 

Lumbricus 
terrestris 

Coiling, swollen body, sluggish 
movements and a significant decrease in 
total sperm numbers. Cyren being most 
toxic; Triplen and Mamba moderately 
toxic, and Ridomil the least 

(16) 

Fomesafen Eisenia fetida Low doses could not lead to oxidative 
stress and peroxidation. 

(17) 

Chlorpyrifos Eisenia fetida Melting and break down of earthworm 
body was observed on higher 
concentration 

(18) 

Imidacloprid, 
acetamiprid, 
nitenpyram, 
clothianidin, 
thiacloprid 

Eisenia fetida Significantly inhibit fecundity and 
cellulase activity and also damage the 
epidermal and midgut cells of earthworm. 

(19) 

Trichlorfon, 
dimethoate, 
carbendazim, 
tebuconazole and 

Eisenia fetida The investigated effects on the enzymatic 
activities of E. fetida and the observed 
histopathological alterations proved to be 
sensitive biomarkers to monitor pesticide 

(20) 
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prochloraz contamination and are proposed as 
alternative measures to evaluate pesticide 
risks on agro-ecosystems 

List of Ref.: (1) Oluah et al. (2010), (2) Dittbrenner et al. (2010), (3) Correia and 
Moreira (2010), (4) Gobi and Gunasekaran (2010), (5) De Silva et al. (2010), (6) 
Gupta et al. (2010), (7) Faheem and Khan (2010), (8) Zhou et al. (2011), (9) Lister et 
al. (2011), (10) Dittbrenner et al. (2011), (11) Xu et al. (2011), (12) Farrukh and Ali 
(2011), (13) Leena et al. (2012), (14) Jordaan et al. (2012), (15) Wang et al. (2012), 
(16) Ahmed (2013), (17) Zhang et al. (2013), (18) Pawar and Ahmad (2014), (19) 
Wang et al. (2015), (20) Rico et al. (2016) 
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��"�� ا��را
� ھ� 
��رة 
� ا���&� ا�"� JK �� E"�4ل �$�ر6"!� إ%"�ج ا�Rdاء و ا���Aء 

%"�ج  �C أن ا�:�رة ا��b8اء ��ھ� إLو ا�$`وى و ا��W�� و ھ� أ\C و �Rور �$�e ا���bرات 
�
إ%"�ج و �e��3 ا67$ ة و و ا�"� إر��Aت 
��   ��Green Revolution$���ت ا�"M�:A ا��را


� ا�:�رة ) 8 �9> ر()(�$� د&e ا���س إ�� ا�"���A &� ا��را
� ا�$�" ا��  ا�$�� ات E"% m�D
3��� ا�"��� و ز�4دة �� Lت � ھ�ر و ���ث ا���#� و K و �����ا��را
�� إ%��8ض ا�"��ع ا���

��
ظ!�ت ا��را
� ا�$�" ا�� �$f�W ��"�$��  ھ�� و ��. ��wھ� �� ا�k7ار ا���#�� و ا<�"$�
  :�$� �$"�ز �+ ھRه ا��را
� ا�$�" ا�� �� ا�$$��ات ا�"����� ا�$�" ا�

�دة� �� ���\��%� ا�"��ع  –ا�"���  أو \�� أن إ%"�ج ا�Rdاء �94�W� ��" ا�� b4$� و 4
 �
��� �e ر&e ���ء�+ و ���
e� +�J ا���2م ا���#� ا��را��
�� د�A����4�  –ا��� �2&�� أىا�$

��� إ���D– ��8%� ا�$�4Rdت ���"��� �W$ا� ���Wت ا�L �� ن  –ض���Aا� [�D و 
��e�B ��ا�
 ���"���–  ����A"$4� ا������ ا�&�A$ت ا�$�9و�� أو ا�L �� e&ر–  ��
�ة ا<�"$�Bا�� _�K

 Cا���� �  .Srivastava et al. 2016)(ا<�"�3د4� �"�V�9 �� ل ا��$
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1 – Sustainable food production and improved soil quality 
2 – Preservation of biodiversity and their interactions for agro- 

ecosystem’s efficiency 
3 – Synchronous nutrient dynamics 
4 – Reduced energy requirement and improved efficiency 
5 - Enhanced accumulation of SOM (carbon sequestration) and resource 

pools 
6 – Effective natural check on pests by natural and integrated pest 

management 
7 – Abridgement of socioeconomic gap for inclusive growth 
 
 

 

Sustainable thinking for 
1- People  

(Social equity, Farmer's support & encourment, Law & Equity) 
2- Water  

(Water effient technology, water storage & conservation) 
3- Air  

(Green house gases emission) 
4- Soil  

(Soil C dynamics, nutrient use effieccy, soil aggregate,  
above-belowground interaction) 

 
 
Fig. 8: Illustrative representation of various environmental components for 

sustainable agriculture according to Srivastava et al. (2016) 
  
  

�ا�D ا<6" ا�� �����#� ا�"�  ا��را
� ا�$�" ا���2DJ� e� أن % e�$B� ھ� إ�" اد ط����
T 4  ط إر�����2وف ا<6" ا�� و ھ� ذات  اW�%7� ا�"� �"$" ~��% e�m�D �! ھ��ك ا�� 4  ��

  .����را
� �:C ا��W�� ا�$�" ا�� و �l�R ا�"�$�� ا�$�" ا�� و\�B���$�� ًL� ا������� ا�$�" ا��
  

7���	, ا
��:�ا�,؟  –ج 

H, ا���
  ��Sustainable phytoremediation ھ! ا
  

���B� ا������� <زا�� ا�$��=�ت �� �" ا�� ھ� إ6"8 ام ط�ق ا�$ُ ���B� ا������� ا�$ُ ��"�� ا�$ُ 
ا�"��� أو ا�$��ه و �e� �A اRK7 &� ا<
"��ر ��ا
  ا<6" ا�� ا�$"��رف 
��!� �$��� s�D ا���2م 

9�ق ا���7ل ا��9د�� &� ا�"��
 ���#� %��2� و ��ارد أر�k� و ��?�� ا���D ��
 �2&��#� و ا�$
 ُ� ��w و �=��� ��w �$��6 ُ$ه ا�Rھ H%�� و �� ھ�� �&R�"� ُ$ا������� ا� �B��� ��Bا�� ھ� إ6"�ا�� "�
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�
 �!
ظ!�ت  و &� ��D� إزا�� ا�$��=�ت و � ا�"���e� C ا�"��ث ا���#�   L ��$"D�  �� إ���
 C:� ���Wت ا�����% �
إ6"�ا���B� � 4 ة ��j" اد ��$���B� ا������� ا�$�" ا�� و ھ� إ��A%�� زرا

�ر �أو  giant reedأو ا��dب ا��$Jق  Miscanthusأو ا��dب  populousأ�BTر ا����ط أو ا�
� أن و ��wھ� �� %����ت ا��W�� ا��ا
 ة �Ricinus 2DJ� eأو ا��8وع  Jatrophaا����Bو&� 


�� أ�6س ����B� ا7را�k و ا���#�ت ا�$��=� و إزا�� ا�$��=�ت و &�  ����� ��Bه ا<6"�ا��Rھ
� l�R� و ���W�� ت ھ� %����ت�=��ن ھRه ا��$��� ذات %�] ا���H ا������ت ا�"� أزا�H ھRه ا�$�A


� ا�L�9$ت ا�"� %��ت ��Kvاً �$B$� ع�و �K\�  &�? ة ����� و �$�4  �� ا�"��\��A$4 C ا���
�ن �� A$ا� �:�  .و ��wھ� 2016و �l�R  2015ور&��+ 
�م  V4����Pandey ا��

  

6 – 
 ,	F	�

H, ا���

"�	� ا"79�,#�:
��دن #��
  :.:+.� �� �."[�ت ا
Env. remediation technologies for metal-contaminated soils 

  
�ث ا�"��� ���$��=�تإ�� �����$� ��:Dا���$�ء و ا��� 

  ا�R�� ���"8$ ز�� ���  ھ"wا�� ��
و 

�ث  ��D  و ُ���م �� ھRا ا<ھ"$�م ا����$� ���"��� و ���=!� إL أ%+ ��] ھ��ك ��%�ن دو���� e�$�
�B���� e� ���"ا�  �=�ا�%�9�%�� ا�$���� ���_  و �l�R ظ!�ت ا�� 4  �� ا�$��دراتا�$��طV ا�$�

� �9ءات �$� H$k رؤ�6ء ا� ول 
�� �َ و 
9 ت � regional legal initiativesا� ول 
3�ر ا��ُ � ek�و  ���ث ا�"���و و�M4�% M  و D$�4� ا7را�k راe�$��k � ھ�ر ا37�ر �

 ���� ا�"3&�A$� ة �و ���درة ا<���د ا7ورو�� ) CCD(أھ
 ھRه ا<������ت إ������ت ا�7
 ا�$"
�$�4� ا�"��� و ط���ً ھ� إ������ت e�$B� ����� ��w دول ا�
����non-binding  �$b"� �"و ا� 

  :(Hasegawa et al. 2016)ا�7:�� ا�"���� 
  

• The Stockholm Declaration on the Human Environment (UN, 1972) 
• The European Soil Charter (Council of Europe, 1972) 
• The World Conservation Strategy (IUCN, 1980) 
• The World Charter for Nature (UNEP, 1982) 
• The World Soil Charter (FAO, 1982) and the World Soils Policy 

(UNEP, 1982) 
• The Rio Declaration on Environment and Development (UN, 1992) 

and Agenda 21 (UN, 1992) 
  


 ظ!�ت ��_ ا<������ت و ا�$��ھ ات و ا���و���Jت ا� و��� ا�$ُ =C:� ����:  
1. The Convention to Combat Desertification (CCD) (UN, 1994) 
2. The Convention on Biological Diversity (CBD) (UN, 1995) 
3. The United Nations Framework Convention on Climate Change 

(UNFCCC) (UN, 1995) 
4. The Kyoto Protocol (UN, 1997) 
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 �4�$D درة��� ��د ا7ورو��أRKت و�"�ً ط�J4ً �� ا���9ش JKل  ا�"��� و ا�"�=
 ���� ا<�

�"D ادھ� 
�ان2006ظ!�ت ا�$��دة �!� 
�م  إ�
 H�$D م و:  
The European Commission released its soil protection strategy 

�"�$C ا�$���8ت ا���3
�� و ا67$ ة ��<�k&� ���وف أن ���=�ت ا�"��� �"��ع � و �$� ھ
�w ات و ��$�� C$�"& ت ا���? ة�=��ھ� �� ا�$�اد ا��A$�و4� ا�"� ��"8 م ����را
� أ�� 
� أھ
 ا�$�

ا����\� ا�:��9� و ا����ات و ا��"�ول و ا�$��4Rت و ا�$�� ات ا����4� و ��� ات ا����?~ و �  
 C:$� ���9:رت درا6� إ�� أن ا����\� ا��T$��ه و %  35و  31أ��� ��ورو`� ���Aت ا��=��� ا�$�


�� ا�"�ا�� ا� ���")van Liedekerke et al. 2014 ( ��\ ��
 �=v4 ���"ث ا��و �$� ��ن ��
��b� و �� =
 ا���#� ��!� &jن ����B� ھRا ا�"��ث �4"��  –ا��را
�  –ا���2م ا���#�  –ا<%��ن 

�� ھ�� ��%H ا�$��وLت  (Hasegawa et al. 2016)����WK ��#ة � اً و L�  �� ا�"3 ى �!� 
����  ��Bل  4 ة �$���B� ھRه ا�$��=�ت و �e ا�"9 م ا��ھ�f &�ا�����A"ا� �������A� ظ!�ت


� و ��Aا�$���B� ا���#�� ����  ��و ھ� �"���A��
 ا���%�
و �  ھ�� 6�ف %��� 
�� ��9��Wت 
 H��� ���6�� e$أ� 
��� �� ا����م ا��ا
 ة ا�$!$� ا�"� �R�H إ%"��ه ا�������A��
 ا���%�
 ��"
أ
 �������A"ه ا�Rأن ھ C� اء�6  D ��
�� ا<��Aن إزا�� ا�$��=�ت �� ا�$��ه و ا�"��� و ا�!�اء 

�$�  environ. Friendlyو \ effective  �#���� �94و &����   ��low cost"�� ر3�K� ا�:$� 
 �
 lورد ذ�Rabbani et al. (2016)  �� ن�A4 ���"ت �� ا��=�أ�� 
� ���A�%�A� إزا�� ا�$�

JK ن�A"& ة���� SW6 �D��� l�"$� �"4� و ا��"���ح ا�4�B#�ت ا���%W6 ث�ل ا�"��
C ��� ا�$�
�ح �� ��ا�m�D �W�% e ھ��ك أ&4�B�� ���b#�ت Wه ا��Rھ +A�"$� �$� ت أ�6عJ
ا�"��

C
�ل �$�ا�e ا�"��\�
�� ا�"�Cw و ا� ��d3ا� 
B��=�ت ا���%��"�4� ذات ا��$�� �Wأو ا��� .
���$
  �A$4�� �4���6���"�� ��اد � و ا�"($�اد ا���% ��w(  ت���W"� f�D 8 مإ6"8 ا�!� أن"�� 


� ا�$��=�ت �ت و ا�"��ث��=$��] &t9 <زا�� ا� M�A�� �b4أ �A9  أ و�& +��
ظ!�ت و 
  .�����#ا$���B� &� ا� ةوا
  أ%!� ��"�� وC?�6 �ا�$�اد ا���%�4� أ%��!Y?�3K ھRه 

�=�ت ا��?���� و �j& l�Rن ا�"Y�8 �� ھRه ا�$��=�ت �4"�� ھ�م �� ا��"�� ا�$��دن ا�:��9� �$�
ا��\�ص  &� آن واD  � اً و أھ
 ھRه ا����\� ا�:��9� ا���? ة و ا�"� �! د \�� ا<%��ن و ا���#�

و �  أ��A إ6"8 ام ا���CA و ��wھ�  –ا��?�V  –ا����س  –ا��Aوم  –ا��Aد���م  –ا��ر%��  –
 �4�"��و ذ�JK �� lل  �9D���Bح  ���"��� &� ا�"Y�8 �� ھRه ا����\� ا�:��9�ا�4�B#�ت ا���%

�رة ���V و �  درH6 ھRه \ ��

�� ا�"��� &""��ك ھRه ا�4�B#�ت  �!Tأو ر ���4#�ت ا���%
و أا�4�B#�ت 
�� %�Wق واe6 &� إزا�� ا����\� ا�:��9� �� ا�"��� �� JKل 
$���ت ا<د��3ص 

�!Rه ا����\� ا�:��9� 
�  adsorption and stabilization or immobilizationا�"��9  
 ��9
 ) Almaroai et al. 2014; Rabbani et al. 2016(ط�V4 ��4#�ت ا���%� ً���$
و 

 adsorptive and reactiveا�$�اد ا�"� �!� ا�9 رة 
�� ����B� ا7را�k ا�$��=� ��9$�� ھ$� 
 �B���$ط�94� ا� ��
 lو �4"$  ذ�(Wei et al. 2013)  �9494� ا7و�� &!� ط��Wا� �
أ�� 

�� ا�"��� m�D �$"�ز  )C:�Cu, Hg, Cd and Cr ( وا
 ة &� ا�"Y�8 �� ا����\� ا�:��9�
 ����

 ا� ��d3� �!%`���b�8�� �W� ا�"M���A ذات ���ءة B�D��� m�D� ا��SW ا����Aة و ا�

 –$� D وث 
$���ت �:C ا�"�reactive materials b""& f�6�����D �& �$� ا�94�W� ا�:�%�� 
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acid-base, redox, precipitation, ion exchange  m�Dا<K"�ال  –ا��7 ة  –ا�Rو��ن 
�ل 4� ث أ=��ء 
$��� ا�$���B� أن ��ا�$��=�ت ا����� �$����ت أ�C 6ُ$�� و ھ��ك ا�� 4  �� "

� ��D� ا�$��ه ا�$���B� أو ا�$�اد ا���%��"�4� ا�"� �A$4 أن ��"8 م &� ا�"Y�8 �� ا�$��=�ت &

 �� و��د ��_ ا�"�9ر�4 ا�"� ��"�� 
$��� ا�"Y�8 �� ا����\� ا�:��9� wا�� ��
 ��&�Bا�

  ). Rabbani et al. 2016(��زال �� وداً 
  

7 –  ,H
���
7���	, و إن:�ج ا
�S(, ا
n7	2,ا
  ا
Phytoremediation for green energy 
 

�4� ا�$���B� ا������� &� ا ��"8 مb
 ��w أو H%�� �4�b
Y�8"�� C\7 �� ا�$��=�ت 
و �e� �A ���ظ
 ا<6"��دة �� ھRه ا�$����Bت ا������� ) ���� أو ���ه أو ھ�اء أو رواf6(�� ا���#� 

3�ل ا�Rى 94�م ��$��� ا�$��ن ا����ت أو ا�$A�� رت�W�  9&C� ت�=� ���B� ��] �"�ا�$�ً ��$�
 ���Wإ6"8 ا�+ &� إ%"�ج ا� �A$4 ا����%�ت  
9�ا� +��"� �A$4 �� lذ� ��
 Cد�� 
2
ا����2� و ��C أ

B% m�D  أ%+ JKل ا�$8] �6�ات ا��K7ة ��Aرت ا�$���B� ا������� و ا��W�� �� 4�4  ا����$�� 
 �
3000 l�R� ����$ا� e�ا�  .��ة &� ��2
 ا�$

 
  : �� ��4و ��wھ� ا�"� أ� ت 
�� ھRه ا��9�9� و ��!�  ا
�Y�5تو �A$4 ر\  أھ
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 V4ط� �
�ث ا�"��� �� �� Y�8"ا� ��� t�ا�� ���$
�� %��D�  –ا�$���B� ا������� و ��"�� 

��  –�� %��D� آ�Kى  –و ��� إ%"�ج ا��W�� �� ا������ت ا�"� ��"8 م &� ھRه ا�$���B� ا�������  –
"�A�� E���� ��Jه ا��Rم %�2اً 7ن ھ�
�� ا���D� ا����$�� ا�� �Dو�W$ت ا��
�k��� أھ
 ا�$

��"#��   Dآن وا �&A�� �$�6ه ھ`� 
و ���Env. Pollution  ��A� ا�"��ث ا���#� �vرق ا����
 ���Wإ%"�ج ا�biofuels or bioenergy plants  H%�� رة �� ھ���W8و ھ$� &� ��"!� ا�

 �& �4���
�$�ً �`ن إ6"8 ام %����ت إ%"�ج ا��W�� ا� ��Jه ا��Rھ ��
 ���� �:4 �ا� را�6ت ا�
 M�2��–  ����"ل  –إن ��ز ا�JK �� lو ذ� �=�7���	,ا7را�k ا�$�

H, ا���
�4"��  ا
��:�ا�, ا


�ق & ��&�kا?  إ�& V�K ض�d� lر4� و ذ��A"�إ ��B�4 $إ6"�ا���A� و ھ� �!��% �B���$ا� ���
 �����% Eا��%phytoproducts  ل� bioethanol and biodieselو ھ� ا����د�4ل و ا����إ4:�%

  .&� إ%"�ج ا��W����"8 م 
�د ا�� 4  �� ا%7�اع ا������� ��ا�"� �A$4 إ6"8 ا�!� &�  plant speciesو %�2اً �

3�ل ��!� 
�� ا�� 4  �� ا�$�"�Bت���!�  أ=��ء 
$��� ا�$���B� ا������� ا�$����k>�4 �B&� إ�� ا�
A�7ى ا���و  .���4 ات و ��wھ�ا����إ4:�%�ل و ا����د�4ل و ا���7ف و ا��K7ب و ا��l�"6J ا�
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�� ا<طJق R� m�D�H إ%"��ه  �!$2
�4� ھ� أ��%�2ة �E"�ٌ4 �� CA �� ا����ت %B  أن ا��W�� ا�

� و �e ذ��d��4 l ا�"��ؤل �� ة أ6#�� &� ا����
 �`�6ه �$� �!� �� �3 ر ���W�� ا����2� �ا�$"�

���4� �� ��"!� ا7ھ$�� L�  �� ط�D!� أو ًL��C ا�"�e6 &� زرا
� ا�$��\�C أو إ%"�ج ا��W�� ا�
ا7را�k ا�$��=� �"$:�k �& Cورة 
$C ���9س %�9ط ا�M�b و ا�9�ة و ا<�B4���ت و ا������ت 

���C ا�ـ ) Tripathi et al. 2016(أو "� �$�4��SWOT  �& تLا�"��ؤ �
�$B� C:$"� و
  :ا���9ط ا�"����

  �k  current status of pollutionورة �� 4  ا��ek ا7و�� �$�"�ى ا�"��ث ) 1(
�ى ا�"��ث و أ%�اع ا�$��=�ت ) 2("��  4 ��the level and types of pollutants   
)3 (t��K رة�\ �& �"D ى ا���دى أو�  � ى 6$�� ا�$��=�ت 
�� ا�$�"

the toxicity of single and mixed pollutants 
�4� ط��9ً �) 4(���$C أو ��9و�� أو �kورة �� 4  و ��د ���\�C ا��W�� ا�� ��
9 ر�!� 

��4ت ا�"��ث �����#� ا�$�اد "�� H�
�� ا���~ � 
��ا�
 ا�$��=�ت � ا�K!� و � ر�!� 
�� ا�"`��
 �!�J
  

inventorying bioenergy crops according to their pollution tolerance/ 
resistance/ accumulation level and adaptation potential (Tripathi et al. 
2016). 
 

&� �:C  و ��� اً 
� ھRه ا�"��ؤLت ا����j&  �9ن ھ��ك �kورة <���ع إ6"�ا����Bت ����6�
 �& C:$"� �����2
 �� Lت %$� ا�$��\�C ) 1(ھRه ا��� ��
  
أن ھRه ا��Wق L�  و أن ���

�M�"8� H ا��2وف ا�$���K� و ا���#�� l4� و ذ����) 2(ت ا��را
�� ا�$8"�رة <%"�ج ا��W�� ا�

�� �C��9 إ%"�9ل ا�$��=�ت �9 را<��Aن إ�� ا�$�"E ا������ ا��!�?�  C$ورة ) 3(ا���k ��
ا�"`��  

�kورة �� 4  ا��9$� ا������ ) 4(ا�"��
Jت ��ا
�ة و �J6� ا���2م ا���#� ا�"� �� ث �+ ھRه 
�ا�R!�)5 ( tه ا�$�"�Bت ا������� k ekورة و�k)دات�!T ه ا) أوR!� �ت ا�������B"�$(�6 ( و

 �& ًJ:$� CA� �#و إ6" ا�� ا���2م ا��� ��J6 ة�
أ��Kاً و ��] ���K ا�"`��  
�� �kورة ��ا
�ا�t و إ6"�ا����Bت k �� 4�، &� ون �� �9 م���
$��� ا�$���B� ا������� و 
$��� إ%"�ج ا��W�� ا�

6�ف 4 �=��4� �� اLرا�k ا�$����D S�3$�ً أ�:� ��+ 9�9D� �$� ورد &jن 
$��� إ%"�ج ا��W�� ا�
 �
 Tripathi et al. (2016)  


�  أھ
 ا������ت ا�"� ��"8 م &� ا�$���B� ا������� و إزا�� M��ا�$��=�ت &�  و �A$4 ا�"

�و�H واJK ��  Dل �$B� ����"ة ا� 
 –ا��8وع  -و ا�"� �"b$� ا��3�3ف  ا������ت ا��ا

�ر�  :)23ا
�Hول ر() ( و ��wھ� 
�f ا���Aرى –ا�z$3  – ا��dب ا��$Jق – ا�
Dedicated and promising energy crops for phytoremediation with 
multiple benefits:  
1- Miscanthus species 
2- Castor bean (Ricinus communis) 
3- Jatropha curcas  
4- Populus species 
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5- Kenaf (Hibiscus cannabinus L.)  
6- Cardoon (Cynara cardunculus) 
7- Giant reed (Arundo donax L.) 
8- Switchgrass (Panicum virgatum) 
9- Canary reed grass (Phalaris arundinacea) 
10- Willows (Salix spp.) 
11- Gum trees (Eucalyptus camalduensis)  
12- Black locust (Robinia pseudoacacia) 
 
Table 23: Energy crops in sustainable phytoremediation (adapted from Pandey et al. 

2016) 
Plant family and 

species 
Pollutant remediation aspects Bioenergy aspects 

Poaceae: 
Miscanthus 

Phytoremediation of sewage water and 
sludge  

Bioethanol production 
from biomass  

 Favors soil microbial and invertebrate 
activity 

 

 Bioaccumulation heavy metals from 
contaminated soil (As, Sn, Cd, Cr, Cu, 
Ni, Pb, Zn and Al) 

 

 Phytoremediation of organic pollutants 
from contaminated soil (Polycyclic 
aromatic hydrocarbons, petroleum and 
pesticides) 

 

Euphorbiaceae: 
Jatropha 

Phytoremediation of heavy metal from 
contaminated soil (Al, Fe, Cr, Mn, Ar, 
Zn, Cd and Pb) 

Biodiesel production 
from seed Oil 

 Phytoremediation of pesticides 
contaminated soil 

 

 Capable to sequestrate atmospheric 
carbon 

 

Euphorbiaceae: 
Ricinus 

Phytoremediation of lubricant oil 
contaminated soil: DDTs, Cd, Pb, Zn, 
Arsenic and other heavy metals 

Biodiesel production 
from seed oil 

 Phytoremediation of municipal waste 
water and sewage sludge 

 

 Capable to sequestrate atmospheric 
carbon 

 

Salicaceae: 
Populus 

Phytoremediation of heavy metal 
contaminated soil 

Bioethanol production 
from biomass 

 Phytoremediation of Cd, Cr, Cu, Se, Pb 
and Zn 

Thermal energy by 
biomass 

 Phytoremediation of industrial organic 
wastes, atrazine, trichloro-ethylene , 
chloroacetanilide 
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 Herbicides as well as toxic explosive 
TNT, landfill leachate and tannery waste 
out flows  

 

 Capable to sequestrate atmospheric 
carbon 

 

Salicaceae: Salix Phytoremediation of Cd and Zn from 
contaminated soil 

Bioethanol production 
from biomass 

 Bioaccumulation heavy metals from 
contaminated soil (Cd, Cr, Cu, Ni, Pb and 
Zn) 

 

Poaceae: Arundo 
donax L. 

Phytoremediation of soil contaminated 
with Cd, As and Ni 

Bioenergy production 
from biomass 

Poaceae: Panicum 
virgatum L. 

Phytoremediation of soil contaminated 
with Cr, Atrazine 

Bioenergy production 
from biomass 

 Phytoremediation of crude oil and PAH 
polluted soil 

 

Myrtaceae: 
Eucalyptus 

Phytoremediation of soil contaminated 
with As and other heavy metals 

Bioenergy production 
from biomass 

 Bioaccumulation of Pb, Zn and Cr  
 Bark in the treatment of water 

contaminated with Hg, Cu and Pb, Cd, 
Cr, Fe, Zn and Cu 

 

 Used for Bio-drainage  
 Adsorption of atmospheric particulates  
Cannabaceae: 
Cannabis sativa L. 

Phytoremediation of soil contaminated 
with Cd, Cu, Pb and Zn, Cd, Cr and Ni 
and other heavy metals 

Bioenergy production 
from biomass 

 Phytoremediation of soil contaminated 
PAHs (Benzo[a]pyrene and chrysene) 
contaminated soil 

 

Linaceae: Linum 
usitatissimum L. 

Phytoremediation of soil contaminated 
with Cd, Ni and other heavy metals 

Bioenergy production 
from seed oil 

Malvaceae: 
Hibiscus 
cannabinus L. 

Phytoremediation of soil contaminated 
with As, Fe, Pb and Cd 

Bioenergy production 
from biomass 

 Sludge contaminated by trace metals  
 Lubricating oil contaminated soil  
Compositae: 
Cynara 
cardunculus L. 

Phytoremediation of soil contaminated 
with Cd and As 

Bioenergy production 
from biomass 

 Phytoremediation of sewage sludge  
Poaceae: Phalaris 
arundinacea L. 

Phytoremediation of soil contaminated 
with different heavy metals and trace 
metal 

Bioenergy production 
from biomass 

 Phytoremediation of soil contaminated 
PAH and Polychlorinated biphenyl- 
(PCB-) 
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 ���W�� C�\��و ���"�$V &� ا��ا�t ��� ا�$���B� ا������� و ا�"Y�8 �� ا�$��=�ت و إ%"�ج �

�B% �4  أن ذ�l 4"��ظ
 &� ��D� ا7را�k ا�!����� ��أو ا7را�k ا�$!$��  marginal landsا�
ذات در�� ��دة ��b�8� و ھ� أ�b4ً ا7را�k ا�"� �W% �& CK � L��D��� �!ت إ%"�ج 

��?���� و ا�"� ��رع ��7را�k ا��B ة و ���"��� ��&�� ����Dت ���را
�ت ا�"��9 4� ا�$��\�C ا
 
BD أن sDJ4 ا�:�%� و C�Bا� �� ���Wا� C�\��� �
�$B� �!& ���Wا� C�\��� �
أ�� 
��\�C ا��W�� و ا�$���B� ا������� ��� H���A:�� و أ%+  �d��4�Rل � ��
 H4ا� را�6ت ا�"� أ��

!Bا� �� ��:Aا� H���\�C ا��W�� ا�"� ��"8 م &� أ�wاض ا�$���B� ا������� �� M�"8� ��%  
�=�  . �M�"8 أ%�اع ا7را�k ا�$�

 ���Wا� C�\��� �

 �� أن ا�"�e6 &� زراwا�� ��
��� إL أن و �W$ر ا���4"�� �� ا�7
���
� ا�$����ت ا�"� ���V ھRا ا�"�e6 أھ$!� D وث إ%��8ض &� ا�"��ع ا����$B� ھ��ك ��

  :J!"6ك ا�$��ه و ��wھ� �$� ��4ز�4دة �� Lت إ –إ6"��اف ��$�4Rdت ���"���  –��"��� 
Constraints and problems in energy crop cultivation  

• The loss of biodiversity  
• Land use change  
• Low yield and limitations of carbon sequestration  
• The nutrient loss in soil  
• Seed poisoning.  
• Much water requirement  
• Scenic changes  
• The fate of phytoaccumulated pollutants 
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  ا��
ب ا�<
�ث

�و�
نا���
� ��وث ��
� �

ت و ا��واد ا�-ذا9  

Nicotine contaminations in plants 
derived foods and commodities  

  

  :ا
��:"8ـــــــ�ت
  
���� و ا� �Kن &� ��ا
  ا����%�ت ا����$�� – 1Aا���  
2 – Eا��% ���$
  Secondary metabolitesا�:�%�4�  ا47_ 
�4 ات  – 3��A�7ا �
�$B�Alkaloids 
 What is tobacco plant �� ھ� %��ت ا� �Kن؟ – 4
����؟ – 5Aا��� �  What is tobacco nicotine �� ھ
������ ھ�  – 6Aا�"�ر�84� ���`ة ا��� �Dا� Hestorical background of nicotine ؟ا��
���� �a%��ن؟ – 7Aا��� �
 �Bرة ا�����bھ� ا^=�ر ا� �� Effects on humans  
���� ا�Jز�� �C"9 ا<%��ن؟��ھ� �$�� ا� – 8A��  
9 – ����Aر ا�����"
  ������ت ا�"� Rd"4ى 
��!� ا<%��ن؟"��ث ا��3 راً  ھ�A$4 C إ

10 – ����A����� و ا�$��ه ��ث ا�"���� contaminated soil and water with nicotine 
11 –  ����A����� �=��4� ��"��� و ا�$��ه ا�$��� Bioremediationا�$���B� ا�
���� � ا�K!�؟ – 21Aا��� V��8� �4 أو�A� ا������ت e�W"�� Cھ  

13 –  ��4��� ھbت ا�"��9 4� و ا���
���� &� %����ت ا��راA؟����� ا���  
14 – Cھ��ك درا�6ت  ھ����A����� ث ا������ت��� ��
 H$؟�  
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   :��N	ــــــ� -
  


�ت ا�"� �ُ  ��"�4��Wع \�درات ا���\Jت ا��را
�� �� أھ
 ا��W9 ُ� ت  ر وJ$ا�� CK 
`�� أھ$�� ھRه ا��3درات و أھ$�� ���3 و �� ھ�� &� �"�$�� ا ا����7� و ا�"� ��"�� و��د

ا����ظ 
�� ھRا ا�$�رد و �9  ظ!�ت &� ا7و%� ا��K7ة ��_ ا�$���C و ا�$����ت ا�"� 

�� ا<طJقHb�K �� ھRه ا��3درات و ا���?  ا�$��� ��!� و ��C أھ
 ھRه ا�$�� C� � ھ


�� �����ات ��
�اء ھRه ا���\Jت ا��را"Dت  إ�=��ح �!� ��� ول ا�$3 ر �� ا�$�$�� ��w
��د  ا���\Jت ا��را
�� \�درات6!� ا<���د ا7ورو�� C:$� m�D و 
�� رأ(إ��!� �a�

أو ا���� ا���� &� ) �� إ�$��� ا��3درات ا��را
�� ا�$4�3�%  45ا7ورو�� �� �94رب 
���� �!Rه ا���\Jت���Wط] اAإر���ع ����� ا��� �K�� [�� اً و��Kو أ .  

 ����A����� ��?اRdاد ا���ث ا������ت و ا�$�� e�""� ������ ھ�� ظ!�ت ا��bورة و ا�
���� و �� ھ� ا���ا�D ا�"�ر�84� ���`ة Aا��� ��ھ�� إ�� �� ھ� �ا��7 ا�Rى f�W"4 ا����ع و �

����؟ =
 %"��ض إ�� �Aول ا�����% 
���� �a%��ن؟ =Aا��� �
 �Bرة ا�����bھ� ا^=�ر ا� �
 ��
���� ا�Jز�� �C"9 ا<%��ن؟ �C ذ�l �� أ�C ا�"$!�  ��"��ف Aل إ�� ��ھ� �$�� ا����\�ا�
���� �3 راً �"��ث ا������ت ا�"� Rd"4ى Aر ا�����"
9�9D� أو إ&"�اض إن ��ز ا�"���� ھ�A$4 C إ


��!� ا<%��ن؟ =
 ھ��ك  �4�A� ا������ت e�W"�� Cو ھ� ھ Lا�"��ض �!� أ ��  �L ى�K9�9� آD
���� � ا�K!�؟ و �� ھ� ا��2وف ا�"� � &�!� إ�� Aا��� V��8� أو �
��4؟ و أ��Kاَ ��ذا A"ا ا�Rھ

 _������A����� ث ا������ت��� ��
 H$� �"ا� را�6ت ا�.  

�� ا��bورى إ6"��اض �e  –�%� �$� �����ب ا7ول و ا�: –و �$� ھ� ��"�د �!Rا ا�A"�ب 
���� و ���ث ا������ت �!Rه ا�$�دة m�D ا�"��ض A����� �9��"$ت ا��
�k���اءة �� ل ��Aار ا�$

�ت �$� S�"ٌ4 ���9رىء ا�"��ف �k��ا�e ا����%�ت ا����$�� و ����� ���ول ھRه ا�$�ا�R!� eه ا�$$�

�!��
ا�f"A ا�"� ر\ ت �""��ول ھRه  و �e إ6"��اض أھ
 ا�L�9$ت و و ��M �4"��د ��!� 
C�3�"ء �� ا����ت �
�k�  .ا�$
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1 – ,	�
��
�	�ن�ت ا
  ا
7	9"�	� و ا
��Tن =! ("ا�� ا
 

 �� �

� �:�&� إ6"8 ام  m��ا
  ا����%�ت ا����$�� و %�� �& e�W"%) ارأى�A� ل ��(  �$��
���� و ا� �KنAا���  
4�م( �!Rه ا�9�ا lم2016إ#�8>  13 ذ� ( ��
�� ا�� m���%E?�"% H ا��

  :ا�"���
  P)"�Sciencedirect ا
ـ  –) 1(

���� و ا� �Kن ��$���Aرت Aا��� z�� $� ل�ر ا�"�  ��748!�  23475 �&JK t9ل ا��!
 �� Hb9%2016ا
 ���3D �"�3?��ت ا�D>ا _�� H%�� ا^ن و �"D ت مJB$ا� 
��!� �`ھ

�ا� ا���?�� ا�"� ذ��ت �!� ��$�تAن���K و ا� ���  
� ا�"��� ��2694!�
�� ا�� ً���"�:  
Nicotine (2941) 
Tobacco (1038) 
Smoke (2772) 
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2 – q�, ن"ا	.�ن"8, ا'�8 ��G
 Secondary metabolites                  ا
 

 Plant metabolism )ا47_(9�م ��$���ت ا�"$:�C ا�Rdا?� �ت ��� ا�$��وف أن ا�����
�Rw �4ا?!A"� ���6�2
 ( �تا����� ه���!� الله �6��%+ و����� �!R و ھ� � رة ھ�?�� ��
ا�"� ��  أ

�نAا� �& e%�3$ھ� رات�� ا�"و ) ا����A�4 ا��A� e�W"� ھ� ��  و ا������w لو ا���و��� وJK 
�ء ا��$] وk و  $�ءا� إ6"8 امCO2 إ�� �&�k>�� �% �$�4ت ا�Rd$اء (� ا�Rd�4 ا��A� ���$
أى 

anabolism �?�bا����ء ا� ���$
�4� إ�� \�رة �� %�� ) �� JKل bاد ا���أو ����A ا�$
 �W���) ا�! م ���$
 �� �A]ا� m�D ھRه ا������ت 
��) �� JKل ا�"��]catabolism أى 

�Rw �4ا?!$� و 
�� ذ�j& lن 
$���ت ا47A� ن��W"�4 L �$!& ان��� _ ھ�ا<%��ن و ا�
�
�$B� ا�J
�?� أو ت ا�����W� و ا��A$��و4� ا�"� �"
 ������ت "��bى ا����ء ا��"�� ��
6�اء 

�9
 ھRه ا���ا�E إ�� %�ا�E أ4_� m�D �4��� أو �$:�Rw Cا?� ا�"��] أو ��wھ� �� ا��$���ت ا�
�4� ا47_أو %�ا�E  ا�$����ت ا7و��� 
�$�ً �`ن ھRه  primary and secondaryأو��� و =�%

� و ��A=� ا��A?��ت ا���� &� �k��Dور4� ��$  �!�A� و �ا�$����ت ا�:�%��k H��� �4ور4� ���$
�$C ا��2وف � ��
�!� �kورة ����ة &� �M�A ا����ت �e ا���#� ا�$��W� �+ و ر&e � رة ا����ت 

A!� ھRه ا�$�اد �$��رات ا�"� ���ا�"��9
 ط��9ً �ا���#�� ا�$�4�dة �� إ�!�د و ��wه 
�$�ً �`ن ھRا 
C$�4 ً�b4وظ�?�!�  أbiosynthetic pathway and functions )()9 �9> ر.(  
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�ا�E ا47_ ا7و��� &� �����ت % C:$"� ض ا� ھ���، ا����7� و�$D7ھ� رات و ا���Aا�
� �4���  �$��Dx� �&�k>$�ضb4� ا����ا�E ا47_ ا�:�%% �
�$B� أ%!� و ا�"� ���ف ��


 Eا��
� ا���$B� �ا7و�� Eا��
�ت ط�C:$"� �$2�� ً�9 &� ا�����W� ا�"� ��"E �� ا���$B� ���أر
��%�W44� ا���Rd"ط��9ً �$� ذ��ه   ا�Hounsome et al. (2008) و ھ�:  


� ا�����Lت  –) 1(�$B�phenolic  تL���& ���
  polyphenolicو ا��b� �"و ا�
�ا�� D8000 �$2
 �
�$B�  C:� phenylpropanoids and flavonoids  

� ا�"�����4 ات –) 2(�$B�or iso-prenoids   terpenoids
b� ا�� و�D 25000 
 ً �����  
)3 (– �
�$B� ا7زوت ��
�ى "��:N-containing compounds  C ا�$����ت ا�"� �

�4 ات ��A�7اglucosinolates and cyanogenic glycosides alkaloids,  ا���D 
b� و
12000  ً �����  
)4( – H4��Aا� ��
�ى "�
� ا�$����ت ا�"� ��$B� sulfur-containing   

�4 ات %�&Jت ا���
�$B� �� ًJ� _474� ا����ً �"b$� ا�$�اد ا�:�%$
و  flavonoidsو 
 phenolicو اD7$�ض ا��������  sterolsو ا<6"��وLت  carotenoidsا��Aرو����4 ات 

acids  4 ات���A�7و اalkaloids �Bت و ا�L��ز�4��glucosinolates  هR24!� دور ھ m�D
 ��
�ا�!� ا��2وف ا���#�� ا�"� �$:C إ�!�داً � ��

 ة ا����ت ��� ���D �& ت������اد �ا�$
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Vol. 1083, Humana Press 
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in Plants. Annual Plant Reviews Series Vol. 48. Wiley-Blackwell 
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�ع %�ا�E ا47_ھ
 ا�L�9$ت ا�"� �أ�� 
� أk�� Hزھ� &�$� ��4 ��و��B4إ �A$�& �4�  :ا�:�%
Morrissey (2009), Neilson et al. (2013), Ljungberg et al. (2013), Ludwig-
Müller et al. (2014), Verma and Shukla (2015), Chatterjee (2015), 
Calabro (2015), Lareen et al. (2016), Zhai et al. (2016) 
 


� وek ھRه ا�$����ت أ� �)�4�
$���ت ا47_ ا�:�% Eا���ا
  ا����%�ت ا����$�� ) %� �&

�� أھ$�� ھRه ا�$����ت  �v� ًا � ����
&� ��Bل ا���m ا���$� �$�  &�B ھ� ��Aرت �$� Lت 


�ت �!$� � اً �W� [$� �!%ع و أ�
 و �L�Bت T 4 ة ا<ر���ط  ����م ا����ت  �!� �� ��� m�D
��e ا�ـ ر\ ھ� &� �sciencedirect  وز�B� $� ل�د &�ق  157 ��أ���ً  137أ���ً وردت ��!� 

�B� m�Dور �� ل  أ���ً  27��� ور�4ت ا����$�� &� ��D ��ن �� ل ��Aرھ� ���f"A �� د &�ق 
���$� ��%L �� Hت ��Aار . ��ة M3"�� (5699 إ��C4(م �A�2016رھ� D"� ا^ن &� 
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$���ت ا7 Eا�����B%��T e ��$�ت %$� �4�
 د ��ات ��Bوز  4springerlink_ ا�:�% ���$�j�
�ا��  87�� C\داً و 
و �`��اب &� �"f و\C ا�� د و &�ق  أ���ً  55أ���ً ��!� �� ورد ���L�9$ت 
�ا��  PubMedأ�� ���e ا�ـ . أ���ً ��ة 30�أ���ً و &�  12&9  و\C �� ل ��Aار ھRه ا��A$�ت �

 e���Google Scholar ة�� M3% ن و���� �
  .و\C ھRا ا�$� ل إ�� �� 4�4  

� �� ا�L�9$ت ا�$����� �$B�  \ر �A$4 +%أ ��R��� �4 Bا�reviews  Hو ا�"� ���و�

 �� t9& ���ر ا7ر�
� ا��!�$B� لJK 4� ا47_ و ا�"� %��ت�م �$� 2016ھRه ا�$�اد ا�:�%
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Zhang MM, Wang Y, Ang EL, Zhao H (2016). Engineering microbial 
hosts for production of bacterial natural products. Nat Prod Rep. (in 
press) 

Xu M, Heidmarsson S, Olafsdottir ES, Buonfiglio R, Kogej T, 
Omarsdottir S (2016). Secondary metabolites from cetrarioid 
lichens: Chemotaxonomy, biological activities and pharmaceutical 
potential. Phytomedicine. 23 (5): 441-59. Doi: 
10.1016/j.phymed.2016.02.012.  

Maonian Xu, Starri Heidmarsson, Elin Soffia Olafsdottir, Rosa 
Buonfiglio, Thierry Kogej, Sesselja Omarsdottir (2016). 
Secondary metabolites from cetrarioid lichens: Chemotaxonomy, 
biological activities and pharmaceutical potential. Phytomedicine, 
23 (5): 441-459 

Christian Zidorn (2016). Secondary metabolites of seagrasses 
(Alismatales and Potamogetonales; Alismatidae): Chemical 
diversity, bioactivity, and ecological function. Phytochemistry, 124: 
5-28. 
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Matthias Erb, Christelle AM Robert (2016). Sequestration of plant 
secondary metabolites by insect herbivores: molecular mechanisms 
and ecological consequences. Current Opinion in Insect Science, 14: 
8-11. 

 

 
 
Fig. 9: Primary and secondary metabolism from photosynthesis 

(http://plantbiotechinfo.blogspot.com.eg/2015/10/introduction-of-plant-
secondary.html/1.3.2016)  

 
 ��� Sb"4 �$� ً���� ً�&J"Kا?�� إRdا� C�\���M�"8 �����ات ھRه ا�$�اد ا�:�%�4� ا47_ ���$

�Sk أھ
  )52(��ول ر()  ���$� )24(ر() ا
�Hول �� �& ��
�ا�E ا47_ ا�:�%�4� و إ%"��رھ� %
� 4  ھ�4� و ا�"��ف  .ا���Wق ا�"�Bرى� 
أ�� 
� %��ت ا�"�z ا�Rى %�� �3 د دراB% +"6 ه �


�ى 
��!� �� اL^ف �� ا�$����ت"�
�ت و ��C  ا�"� 4�$B� 
ت ا�:�%�4� ا47_ ا�$����أھ

�  �!Rا ا����ت�$B� �& C:$"ا�"���� $����تا�� )Nugroho and Verpoorte 2002(:  

  
isoprenoids, alkaloids, cinnamoylputrescines, flavonoids, anthocyanins 
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Table 24: Secondary plant metabolites content in vegetables (Hounsome et al. 2008) 
Compound  Vegetable Concentration Vegetable Concentration 
Flavonoids     
Quercetin  Broccoli 3.12 mg 100 g-1 FW Cabbage      0.01 
 Lettuce  1.95 Onion    13.27 
Apigenin Cabbage  0.01 mg 100 g-1 FW Celery      4.61 
Luteolin Cauliflower 0.08 mg 100 g-1 FW Celery      1.31 
 Spinach  1.11 Sweet pepper     0.63 
Myricetin Lettuce 1.11 mg 100 g-1 FW Spinach      0.01 
Phenolic acids    
Chlorogenic acid Beans  0.29 mg 100 g-1 FW Carrot    10 
 Cauliflower  0.14 Lettuce      0.42 - 23 
Caffeic acid Carrot 0.1 mg 100 g-1 FW   
p-Coumaric acid Cabbage 0.21 mg 100 g-1 FW Cauliflower      0.31 
Sinapic acid Cauliflower 0.15 mg 100 g-1 FW Turnip      1.4 
Lignans     
Lariciresinol Broccoli 972 mg 100 g-1 FW Cauliflower  124 
 Kale  599 Lettuce      5 
 Onion  19 Sweet pepper  164 
Pinoresinol Broccoli 315 mg 100 g-1 FW Cabbage 568 
 Kale 1691 Sweet pepper     1 
Carotenoids     
α-Carotene Tomato  112 mg 100 g-1 FW Carrot     4.6 
 Peas  19 Sweet pepper    59 
β-Carotene Broccoli 779 mg 100 g-1 FW Carrot      8.8 
 Peas  485 Tomato 393 
Tocopherols and tocotrienols    
α-Tocopherol Broccoli 1.44 mg 100 g-1 FW Cabbage      0.21 
 Carrot  0.86 Celery      0.26 
 Onions 0.04 Spinach     1.96 
β-Tocopherol Carrots 0.01 mg 100-1 g FW Lettuce     0.01 
Quinones     
Phylloquinone Broccoli 102 µg 100 g-1 FW Carrot      8.3 
 Celery 29 Cucumber    16.4 
 Lettuce 24.1 - 127 Onion      0.2 
Sterols     
Campesterol Broccoli 6.9 mg 100 g-1 FW Carrot      2.2 
 Cauliflower 9.5 Onion      0.82 
Alkaloids     
α-Tomatine Tomato 521 - 795 µg/g FW   
α-Solanine Potato  0.01-0.43 mg/kg FW   
Glucosinolates     
Glucoiberin Broccoli 17.1 µmol/100 g FW Brussels      1.5 
 Cauliflower 1.34 cabbage     3.88 
Glucoraphanin Broccoli  29.4 µmol/100 g FW Brussels     0.55 
 Cauliflower 0.31 Cabbage      0.35 
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Table 25: Plant secondary metabolites with commercial relevance (adapted from 

Alvarez 2014) 
(1) Dyes, flavours and fragrances 
Dyes: anthocianins, betacianins, catechu, haematoxylin, gamboge, indigo, rubhada, 

saffron, madder, weld 
Flavours: asparagus, celery, cinnamomum, strawberry, vanilla 
Fragrances: cinnamon, capcaicin, eucalyptus, garlic, jasmine, lemon, mint, onion, 

patchouli, rosewood, sassafras, sandalwood, vetiver. Sweeteners: steviosids, 
taumatin, miraculin, monellin 

(2) Agrochemicals 
Azadiachtin, dictamine, ecdysterone, harmaline, indanediones, neriifolin, 

physostigmine, piretrines, polygodial, rotenone, ryanodine, salannin, wyerone 
(3) Pharmaceuticals 
Ajmalicine, artemisinin, atropine, codeine, digoxin, diosgenin, hyoscyamine, L-

dopa, morphine, paclitaxel, quinine, scopolamine, serpentine, shikonin, 
vinblastine, vincristine 

 
 
 

3 – �"�H� �8ات"
�9
 Alkaloids                                                 , ا'
 

�ا
  %�"�و����� ��"9� � ��
�ى "�
� �� ا�$����ت ��$B� 4 ات���A�7ت ا�
�$B� ��"��
�%�� &� ا���� أ�6�6ً �� اD7$�ض ا����7� 
�4 ات ��R ا�9 م �$�3 ا�����A�7ا H� 8"6أ  �و 

�4 ات ھ� ��4#�ت �!� ا�9 رة 
��  و 
Jج ا��Bوح و��A�7ه اRھ� �� ا<6"8 ا��ت �$� أن ھ��w
��4 ��9 ات أ4�%�ت اJ�7حA"� ض�$D7�� ا^ن  ا<ر���ط �D �&4 ات ا�$��و���A�7د ا 
 z��4 و

 �
�4 ات) 26ا
�Hول ر() ( 4�4 ��5500  ��A�7ه اRھ 
��9� �A$4 91> ر() �$� &� ( و
 )10ا

�� أ�6س  ًJ� ��4 �� )Alvarez 2014(:  

  .اD7$�ض ا����7� ا�"� ��"Y?�3K �& �!�� V ا<J"Kف –) 1(
�ى 
�� ذرة  
�� أ�6س ا<J"Kف &� –) 2("� :%�"�و�������f ا����9ت ا�"� �

pyrrolidine-, indole-, piperidine-, pyrrolizidine-, tropane-, quinoline-, 
isoquinoline-, aporphine-, imidazole-, diazocin-, purine-, steroidal-, 
amino-, and diterpene alkaloids 

6�اء ��ن  –) 3( �����
�� أ�6س ا����ط ا���ر���analgesic, narcotic, etc.  
)4 (– m�D +"�?�
�4 ات &� ا���?Jت 
�� أ�6س ���9
 ا����ت و ��A�7�3 ا�ا�������  ��
  Cannabinaceous, Rubiaceous, Solanaceous و���ا����9� و ا�����3� و ا�� ا�"����


�� أ�6س ا���3ت ا����9� أو –) 5(cyclic nucleus   ��w أو ��%�B"� Cھ ���$�
  .�B"�heterocyclic, non-heterocyclic%�� ا����9ت 

�نA� ا������ت 
�ا��  و ��"e� E ا���
 �`ن ��2D20  % E"�� 
!�� �����d4 ات و أن ا����Aأ�
�4 اتأ�:� ���A�7ه اRع �� ھ��4 ات ��������ت &""�Y8 &� أ%!� � %��A�7ه اRدور ھ �
، أ�� 


� ا� &�ع و D$�4� ا����ت �� ���#��:  
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�ا%�ت ا�$�"�6�  –) 1(��9�م �!Rا ا� ور �����ت �:C ا����ات  predatorsا�� m�D
���&�Aو ا� ����Aا��� caffeine  

)2 (– fت ا���Jآ� herbivores �9� m�D �����4  ا����A4� �����ت أ��$�م ��� ور ا�
lupine alkaloids, solasodine  


� ط�V4 �����ت  microorganismsا��$�4� �� ا��A?��ت ا���� ا� ��9�  –) 3( lو ذ�
  .liriodenineو  berberineا������4 

 �!D��  �
 l_ ا������ت و ذ����ن �A"4 ����Aا��� C:�  4���A�7ه اR_ ھ��أو �$� أن 

�  )27(ا
�Hول ر() إ\��"!� �`ى �kر و  E"�� �"ا� ������4�Sk ��_ أھ
 ا�"`=��ات ا����
�4 ات ������ت��A�7ض ا����7�  .ا�$D74 ات ��"9� �� ا���A�7ا 
�$� sDJ4 أن ��2

precursors  C:�ornithine, lysine, tyrosine, tryptophan, and histidine  ن�A"� أو
��Aض ا����$Dأ�� lnicotinic acid  أوanthranilic acid   

 

 
 
Fig. 10: Alkaloid classification according different characteristic and properties (with 

kind permission from Alvarez 2014) 
 
 
�4 ات 
�� رأ6!� ��A�7ا �
�$B� Hو���� f"Aأ�:� �� را?�� �� ا� �
�$B� و ھ��ك

و ا�"� \ رت ��!�  The Alkaloids: Chemistry and Biology Seriesـ f"� ����6 ا�

� آ�Kى
 د  75أ�:� �� �$B� l�R� و f"A�3 �� ا��
�� C��6 ا�$:�ل L ا� �!��:  

 
Hans-Joachim Knölker (2016). The Alkaloids, Volume 76. Academic 
Press. 
Tadeusz Aniszewski (2015). Alkaloids: chemistry, biology, ecology and 

applications. Second Edition, Elsevier Science 
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Hans-Joachim Knölker (2014). The Alkaloids: Chemistry and Biology 
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Nova Science Publishers, Inc. 

Kishan Gopal Ramawat and Jean-Michel Mérillon (2013). Handbook 
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Shakhnoza S Azimova and Marat S Yunusov (2013). Natural 
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Springer New York 

Matsumura E, M Matsuda, F Sato, H Minami, K G Ramawat and J-
M Mérillon (2013). Natural Products: Phytochemistry, Botany and 
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Reference, Springer-Verlag Berlin Heidelberg  
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Springer International Publishing 

 
Table 26: Main types of alkaloids and their chemical groups (from Aniszewski 2015) 
Alkaloid 
type 

Precursor 
Compound 

Chemical Group of 
Alkaloids 

Parent 
Compounds 

Examples 

True 
alkaloids 

L-ornithine Pyrroline alkaloids Pyrrolidine Cuscohygrine, Hygrine 

  Tropane alkaloids Tropane Atropine, Cocaine, 
Hyoscy-amine 
Scopolamine/ hyoscine 

  Pyrrolizidine 
alkaloids 

Pyrrolizidine Acetyl-lycopsamine, 
Acetyl-intermedine, 
Europine, Ilamine, 
Homospermidine, 
Indicine-N-oxide 

 L-lysine Piperidine alkaloids Piperidine Anaferine, Lobeline, 
Piperine, Lobelanine, 
Pelletierine, 
N-methylpelletierine, 
Piperidine 
Pseudopelletierine  

  Quinolizidine 
alkaloids 

Quinolizidine Cytisine, Lupanine, 
Sparteine 

  Indolizine alkaloids Indolizidine Castanospermine, 
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Swansonine 
 Nicotinic 

acid 
Pyridine alkaloids Pyridine/ 

pyrrolidine 
Anabasine, Evoline, 
Cassinine Celapanin, 
Evonoline, Evorine 
Maymyrsine, Wilforine, 
Nicotine Regelidine  

Protoal-
kaloids 

L-tyrosine Phenylethylamino 
alkaloids 

Phenylethyl-
amine 

Hordenine, Mescaline 

 L-
tryptophan 

Terpenoid indole 
alkaloids 

Indole  Yohimbine 

 L-ornithine Pyrrolizidine 
alkaloids 

Pyrrolizidine 4-hydroxy-stachydrine, 
Stachydrine 

Pseudoal- 
kaloids 

Acetate Piperidine alkaloids Piperidine Coniine, Coniceine, 
Pinidine 

  Sesquiterpene 
alkaloids 

Sesquiterpene Cassinine, Celapanin, 
Evonine, Evonoline,  

 Pyruvic 
acid 

Ephedra alkaloids Phenyl C Cathine, Cathinone, 
Ephedrine, Norephedrine 

 Saponins Steroid alkaloids  Cholestane, Conessine, 
Cyclopamine, Jervine, 
Pregnenolone, Solanidine 
Squalamine, Tomatidine 

 Adenine/ 
guanine 

Purine alkaloids Purine Caffeine, Theacrine, 
Theobromine 
Theophylline 

 
 
Table 27: Plant alkaloids with biological activity (adapted from Alvarez 2014) 
Alkaloid Source (scientific name) Biological activity 
Arecoline Areca catechu  Stimulant 
Atropine Atropa belladonna  Anticholinergic 
Berberine Berberis spp.  Pigment, mild antibiotic 
Caffeine Coffea arabiga Stimulant 
Cocaine Erythroxylon coca Anesthesic, stimulant 
Coniine Conium maculatum Paralysis of nerve endings 
Ephedrine Ephedra sinica Bronchodilator 
Mescaline Lophophora williamsii Hallucinogenic 
Nicotine Nicotiana tabacum Neuroactive, insecticide 
Papaverine Papaver somniferum Muscle relaxant 
Piperine Piper nigrum Spice 
Quinine Cinchona ledgeriana Antimalarial, bitter 
Reserpine Rauwolfia Antipsychotic 
Strichnine Strychnos Poison 
Theophylline Camelia sinensis Stimulant 
Vinblastine Catharanthus roseus Antineoplasic 

 
 

�4 ات ا���9�9� &!� ا�"� أH9"T �� اD7$�ض ا����7� ا�"� ��"�ك &� ��A�7ا �
أ�� 
 ��%��"� ��w �9ت�Dheterocyclic ring  ����
�4 ات ذات ��اد ��A�7ه اRا���"�و��� و ھ e�
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�4 ات ذات �Rاق ُ�� و �2!� ��A�7ه اRھ e�$� و �b�8�$ت ا��
�Bا� H�� �"D ً������ا����ط ��
�رة\ ��
  ����Aا ا��� 
و �"�ا�  &� ا������ت 
�� ) ا�Rى ھ�  C?�6��� ���\)���bء &�$� 

�رة أ���6  ا���"�و��� \ ��
�رة أ�Jح أو \ ��
�رة �Dة أو \)Aniszewski 2015.(  
 

 

 ?What is tobacco plant                              ؟�� ھ" ن��ت ا
��Tن – 4
 

���� و ھ��ك ��ا4  � ره ا�$�ط� اR!� ��\7ا ا����ت 4�Bا� �A4إ�� أ�� e��40  % �&
م ط��9ً �$� ورد �� 1997م و D"� 1971ا<%"�ج ا����$� �� ا� �Kن أو ا�"�z &� ا��"�ة �� 

 f���"ا� ��
�ن ط� ورق &� ��D و\C ھRا   5.9و 2��4.2$� ا���و  m�D��z ھRا ا<%"�ج ���
�ا��D 7.5ا<%"�ج ا����$� إ��  �
م �$� A�4] ا<ھ"$�م ا����A �� ��&�� إ%"�ج 2012م ����ن ط� 

�ا�� D ھ� Dا���3 و E"�� و 
�ى ا����"�� ��
�ا�� %  40ا� �Kن D  �!ا� 
=9  % C4و ا���از
�ا�� % 7D �A4أ�� 
4�Sk أ��� 
�� دول  )28(ا
�Hول ر() �� ا<%"�ج ا����$� و %  5=

  .م2014
�م  إ%"���ً �� �Kن &� ا����
 ط��3D> ً�9?��ت ا���و
 �����ت ا���?���  tobacco (Nicotiana tabacum L.)أو ا�"�z %��ت ا� �Kن �4"$�
��%�B%ا���ذ Solanaceae m�D ت ��رع����% z�"!� و ھ��ك  ا��أورا ��
3�ل � 70أ�:� �� ��

z�"اع ا���ع �� أ%% species  �!$أھN. tabacum  l�R� وN. rustica  وفو��� �أن  �$� ھ
�4 z�"ا�����A4  ا������Aأ� ��

�ت و ��"8 م أوراق ا�"�z  )��29ول ر() ( "�ى ��\ �& �&�Bا�

zb$�4"8 م &� ا�  �أو  f4ر و ا����Bو ا��� �?�Bا�$$:�� &� ا�� ��K "ا� chewing tobacco 
و %��ت ا� �Kن �+ ��bره ا�3��� ا���B$� و ا�"�  snuff, dipping tobacco and snus أو

��
 �=v� أ��ا�\�K و �!�� 
�B4  �� أ��اض  ء ا� ��� �&�k>�� �?و ا��  �Aو ا� f�9ا�
�ت &� 
�م ا���ط�ن $�� f��$�  Dوا 
m�D و\�H ��2$� ا�3�� ا����$�� ھRا ا����ت �`%+ ر�

 . )�4:!  3 ا
D"ر #�
�.��5ت أ��9ل أر(�م��4  �� ( م2008
 
Table 28: Top global tobacco producers in 2012 according to FAO (2014) 

Country Production (tonnes) 
China 3,200,000 
India 875,000 
Brazil 810,550 
United States 345,837 
Indonesia 226,700 
Malawi 151,150 
Argentina 148,000 
Tanzania 120,000 
Zimbabwe 115,000 
World  7,490,661.35 
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Table 29: Nicotine and tobacco at a glance (adapted from Naff 2007) 
Item Details 
Prevalence Nicotine, which occurs naturally in tobacco, is one of the most widely 

used drugs in the world. Globally, more than 1.1 billion people use 
tobacco. 

History Use of tobacco began among Native Americans at least 1,500 years 
ago. It spread to the rest of the world after Christopher Columbus’s 
1492 voyage to the New World. 

Usage Tobacco is smoked in various ways or chewed. By far the most 
common use of tobacco is in cigarettes. 

Consumption 
rate 

Around the world, more than 15 billion cigarettes are smoked each 
day. 

Geographic 
trends 

Smoking is declining in most Western nations, but it is on the rise in 
the developing world, especially Asia. One of every three cigarettes 
worldwide is smoked in China. 

Addictive 
effects 

The nicotine in tobacco is highly addictive. Most people who start 
using tobacco find it difficult to quit, despite the health hazards 
tobacco use presents. 

Carcinogenic 
effects 

Tobacco is responsible for 87 % of lung-cancer deaths and for most 
cancers of the larynx, oral cavity and pharynx, esophagus and bladder. 

Other health 
effects 

Tobacco damages virtually every organ in the body, including the 
skin. It contributes to heart disease and worsens diabetes. 

Business Tobacco companies make up a major international industry, with 
estimated annual revenues of $200 billion worldwide. 

Laws Nicotine is unregulated in the United States. The sale of tobacco to 
youths is illegal but commonplace. 

Treatment Nicotine addiction is generally treated by nicotine replacement 
therapy through gum or skin patches, which help the smoker break the 
tobacco habit. 

Cessation 
success rates 

Smokers who try to quit unaided have a failure rate of about 80 %. 
Replacement nicotine and cessation programs cut the failure rate in 
about half. 

Trends In the United States, smoking rates have been falling since the 1960s. 
Today, about 22 percent of Americans smoke. 

 
 
 

ا�� 4  ��  &9  \ ر %�2اً �aھ"$�م ا�eW9�$ ا����2 ����ت ا� �Kن و ا�" ��K و أ�kاره
f"Aو ا�"� ا� "�f"Aه ا�Rھ 
  :��ول ا�" ��K و %��ت ا�"�z و ��C أھ
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 �$�� C\أ �
و  cane pipeإ��  ���� &� اB�& H%�� C\7  أن ا�tobacco �$�Aأ�� 
 (Charlton 2004)و ا�"� ��%H ��"8 م ��
 ا� �Kن  H%��tabaco or tavaco ��$� ���ـ 

 �A4إ�� أ�� z�"ة ا�`�% e��4 ً��84و ��ر ً�b4ن أ�K ا� `�% �$� �����B��30ول ر() ( ا�(  �&
m�D و� ت ��f4  (Hammond 2009)ا�$B"$��ت ا�$4�3� ا�9 4$� و ا���ر�6� و ا<&��94� 

 ��K "ا�Pipe  ���3� ً�$4 � �3� �&) م�
م 1605&� ����� 
�م  ت���$� و� ) 1602
(Robinson 1985)  م�
\C و ا%"�� &� أورو�� م %B  ھRا ا����ت �  و1600و 
� �� ��ء 

&� إ����W4، إ��6%��، &�%��، إ%�B"�ا، ���A�B و 6���4ا و �� أورو�� � أ �4"�� إ�� ا�����ن، 
و أ�b4ً و� ت 
 ة ��9ر�4 ���� إ�� أن  .(Mancall 2004)ا���3، ا�!� ، إ&���94 =
 ا������ 

����  mummiesا�9 ��ء ا�H%�� ��4�3$ ا�$����ء Aا��� ��
�ى "��(1070 BC–395 BC) 
و &�  (BC and 400–1400 AD 4000–5000)و &� أ%�B� ا�!�CA ا��2$� &� ا���دان 

  . �Hammond (2009)$� ورد 
�  AD 1500–200ا�$����ء ا���رJK ��6ل ا��"�ة �� 

�ت ا�"�����$B$ن إ�� ا��K أو ا� z�"ت ا��B"�� 
��9� �A$4:  

)1 (– 
= sdb4و M�4 ىRا� z�"ورق ا� �
�$B�  و �?�Bا�� C:� �K َُ4bidis, kreteks  

� ورق ا�"�z ا�Rى �8�ٌَ4 و �C:� tdb4 L +�A ا����� –) 2(�$B�water pipes, 

hookah, nargile  
4
 ا� �Kن و  –) 3( 
 z�"ا� �
�$B� أو �8�ُ4 و ھ� tdbُ4 L ىRا� z�"ورق ا� �
�$B�

 C:� 
  .�Hammond (2009) ذ�l �$� ذ� snuff, snus, betel quidا�"� �"��ول ����
 
Table 30: Chronology of tobacco and nicotine (from Naff 2007 and ASH 2016) 
Time Details of event 
1492 Native Americans give Columbus tobacco leaves as a gift; he throws them 

away. 
1531 European cultivation of tobacco begins in Santo Domingo 
1548 Portuguese cultivate tobacco in Brazil for commercial export 
1560 French naturalist Jean Nicot experiments with tobacco as a medicine and 

then writes to the queen of France on its supposed curative properties. 
1665 The poisonous nature of tobacco is revealed when a cat dies shortly after 

being fed a drop of oil distilled from tobacco leaves. 
1753 Swedish botanist Carolus Linnaeus classifies tobacco in the plant genus 

nicotiana, after Jean Nicot. 
1791 London physician John Hill reports cases in which snuff appears to have 

caused nasal cancers. 
1809 French chemist Louis Nicolas Vanquelin isolates nicotine from tobacco. 
1847 Philip Morris, whose name is now associated with the world’s largest 

tobacco company, opens a London shop to sell hand-rolled cigarettes. 
1913 The R.J. Reynolds company introduces Camel brand cigarettes. The 

organization now known as the American Cancer Society is formed. 
1950 The first major epidemiological study to definitively link smoking to lung 

cancer is published in the Journal of the American Medical Association. 
1953 Researcher Ernst Wynder publishes a landmark study showing that painting 

cigarette tar on the backs of mice creates tumors. 
1963 U.S. per-capita adult smoking rates peak at 4,336 annually, or about 12 
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cigarettes per day. About half of all American men and a third of American 
women smoke. 

1964 The first surgeon general’s report on smoking is issued. In it, Surgeon 
General Luther Terry reports that there is an association between smoking 
and cancer. 

1968 Aiming to encourage women to smoke, Philip Morris introduces the Virginia 
Slims brand with the slogan, “You’ve come a long way, baby.” 

1971 Congress bans cigarette advertising on television. 
1979 The U.S. surgeon general finds that smokeless tobacco is also a health 

hazard. 
1982 Cigarette sales in the United States peak at 624 billion. 
1984 The FDA approves nicotine gum as a nicotine-replacement therapy. 
1987 The Joe Camel cartoon advertising campaign debuts. A year later, the rate of 

teenage smoking begins to climb for the first time in 15 years. 
1998 To settle a massive lawsuit brought by states, tobacco companies agree to 

halt youth-oriented marketing efforts and to fund antismoking campaigns. 
2004 Congress authorizes a buyout of tobacco farmers, bringing to an end decades 

of federal subsidies for the crop. 
2005 A major study of students finds that youth smoking has fallen sharply since 

the mid-1990s, led by a 56 percent drop in tobacco use by eighth graders. 
2006 Federal judge Gladys Kessler rules that major tobacco companies engaged in 

a long campaign to deceive the public about the dangers of smoking. 
2007 The Government announces that the legal age for the purchase of tobacco 

will be raised to 18 from 1 October 2007 
2008 France bans smoking in public places  

11 out of 16 German states ban smoking in public places  
Turkey's parliament approves a ban on smoking in public places 

2009 Manchester City Council bans smokers from fostering children 
New South Wales in Australia bans the display of tobacco products in shops 

2010 The Australian federal government announces plans to ban branding from 
tobacco packaging  
Finland becomes the 1st country in EU to adopt fire safety standards for 
cigarettes 

2011 Spain introduces a new anti-smoking law which prohibits smoking in public 
places. The law also bans smoking in children’s playgrounds and access 
points to schools and hospitals 
New cigarette safety standards come into force. All cigarettes sold in the EU 
must now meet a reduced ignition propensity (RIP) requirement 

2012 Australia becomes the first country in the world to require tobacco products 
to be sold in plain, standardized packaging 

2013 A manufacturer of electronic cigarettes launches a TV advertising campaign. 
Meanwhile, the Advertising Standards Authority upholds a complaint that 
another company had misled consumers over the safety of its e-cigarettes 
The EU Parliament Environment and Public Health (ENVI) committee votes 
to accept the EU Commission’s proposal to increase health warnings to 
cover 75% of cigarette pack surfaces along with other measures such as a 
ban on flavourings and slim cigarettes 

2014 The Government announces plans to ban the proxy purchasing of tobacco in 
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England and Wales 
Smoking rates in the UK fall below 20% for the first time in 80 years 

2015 The Scottish Public Health Minister announces a proposal to ban the sale of 
electronic cigarettes to under 18 year olds 
The European Commission proposes EU join the Protocol to Eliminate Illicit 
Trade in Tobacco Products under the World Health Organization’s 
Framework Convention on Tobacco Control 
The French parliament passes a law to introduce plain standardised 
packaging for cigarettes. It will come into effect in May 2016 

 
 
 

 ?What is nicotine                                      �� ھ" ا
7	9"�	�؟ – 5
 


�م  ����Aا��� M�"وى 1828أ���$�Aا� +����� �A� م م و�
ا�$��وف �
 D  �v4"� ��ء 
��� � اً أى Y"$4  162.23و ا��زن ا�Kutchan 1995 ( +� �#4�B(م 1904A6و�Bھ� �و ھ

�ل ��%+ إ�� ا���ن ا���� و ا�$�ء ���اھ� ��ء 4"bاء أو ا��&�  و ھ� ذا?f � اً 
� �� 4"��ض ��!
�رو&�رم و ا<4:� و ا���Aو��6 و ا��4�ت �Aل و ا���Aا�(Merck Index 1996)  L m�D

 �� C�ارة أ������و  C°460$�ج ���$�ء إذا ��%H در�� ا�Aا��� )C10H14N2(  �

��رة  �ھ
 �4 4��� �9�Dpyridine  �4 و�����9� �D وpyrrolidine ring )<9� ()ع ��) 11 ر�% � و ھ

�4 ات ��A�7اع ا�4
 ا���ن  alkaloidأ% 
 C?�6 �
���� ا��$�� و ھcolorless  ل إ����"4 L
��ا4   و �9  ر�t ا7ط��ء ��� ا�" ��K و ��� (Shoji et al. 2010)ا���ن ا���� إL إذا إD"�ق 

 &9  ذ�� و أ�  ا�$�!  ا�9��� ،$�ض ا���ط�ن &� ��"M3 ا��9ن ا�����4� أ�WKر ا<\���
�ن 
�k�  ����20ط�ن أن ا��Y8 ا�Rى �A4��  �K 4ا7A4 م��a\��� �$�ض �B�6رة &� ا��

)
��ة أ��kف ��w ا�$  �K����� �C3 إ�� ا���ط�ن Wagner 2003و ھ��ك ا�� 4  و . (
���� و �`=��ا�+ Aا��� Hا�"� ���و� f"Aت ا���$�� و ا�L�9$ا<%��نا�� 4  �� ا� ��
  V�6 �!b��

  :�:C ���ذ��ه ���6َ و ا��
Henningfield et al. (2009), Hammond (2009), Cunningham et al. 

(2011), Cone et al. (2012), González Alonso et al. (2012), Dewey and 
Xie (2013), Roder Green et al. (2014), Mayer (2014), Balfour and 
Munafò (2015a, b), Hall et al. (2015), Falco and Bevins (2015), 
Schindler et al. (2015), Evans et al. (2015), Alasmari et al. (2016), King 
et al. (2016), Van Skike et al. (2016),  

  
���� �D�34+ ا�� 4  �� ا�"`=��ات Aل ا�� 4  �� ا�"�9ر�4 أن ا����و JK\� ا�9�ل �$� �9

���� أى ���&�ر���Aا���psychopharmacological  م�
 ����Aا��� M\1931&9  و ��
م 
��  Henningfield et al. (2009)أ%+ ا����C ا����ل &� %��ت ا� �Kن T#�� أم أ���� �$� ذ�� 

 
A�ھ�� و 
�� ا���ر � أت ��_ ا�$�2$�ت ا� و��� &� وek ا�9�ا
  و ا�9�ا%�� ا�"� ��2
 و �
و ��2$� ا�3�� ) FDA(ء ا�A4��7� إ%"�ج و � اول ا� �Kن &� ا����
 �:C ھ�#� ا�Rdاء و ا� وا



I
�G
��ب ا

�و�
ن  ا��
� �

ت و ا��واد ا�-ذا9�
 ��وث ا���

144 

و أھ
 ھRه ا�"����4ت أو ا�9�ا
  �� أ\ ره ) EC(و ا<���د ا7ورو�� ) WHO(ا����$�� 
 ���
و ���Wً ھ��ك ا�� 4  و ا�� EC 2004, 2007 (  4(م 2007م و 2004ا<���د ا7ورو�� 

� ا�"����4ت ا�"� �� ا�!�#�ت و ا�$�2$�ت ا� و��� ا^�Kى ا�"� إھ"$H و أ\ رت ا�� 4  �
lذ� ��w ا������ و ��
�� ا�3�� ا����� و ا�3 ����Aر\ ت �`=�� ا���.  

 

 
 
Fig. 11: The chemical structure of nicotine: (S)-3-(1-methyl-2- pyrrolidinyl)pyridine 

and Nicotine-3D-vdW or (1-methyl-2-[3-pyridyl-pyrrolidine], C10H14N2), (from 
the free encyclopedia (www.wikipedia.org/27.2.2016) 

 
 
 ��

� ا�" ��K ذات إھ"$�م واe6 ا���Wق  �Bرة ا�����bو ��"�� ا�"`=��ات ا�� 4 ة ا�

 ����Aو�  أن ا��� m�D 
B� e$� –و إن ��ن �T��� ��w  –ھ� ا���f ا��?��� ��"�ى ا����

� ا� �Kن أو ا�" ��K و ذ�JK �� lل ا<د��ن  �Bا��7اض ا����addictiveness  أى

�!��
و ا�"� � ورھ�  (Balfour 2002) ا<6"8 ام ا�$"�ا\�B"�$� Cت ا�"�z أو ا� �Kن و ا�"��د 
�%�ت ا�"�e أو ا� �Kن A� ���� ن ����� ����ط�ن �$� أن�A�)����Aا��� ��w (دىv� اد�&�  ھ� �

!�$B�� ت��دة ���"�z ا�"�Bرى أو ا����Bرة ا�"� ���ع  إ�� ا�$���4  ا�$��A�7و �"�اوح %��� ا
�ا�� D1.5  % ة و Dا�
�� أ�6س ا��زن ا��Bف ����Bرة ا� �Kن ا� �4����ً ��z ا���4دة ا���$



�م  �& 
������ ���K $د ا� 
��e أن �4داد ھRا ا�� د ����million  z 6.7م 2012&� "4 ��D �&
7  �& ً�4��ا�� أ�:� �� ���2020�ن �6�� C34 أن e���ن �6��4ً  8م و 4"���  �
�$� ذ�� 


�2��2008$� ا�3�� ا����$�� 
�م  ً�b4م وأ Shafey et al. (2010).  
  

  �� ھ! ا
7"ا�! ا
:�ر8+	, 
17�ة ا
7	9"�	�؟ – 6
Historical background of nicotine 

  

���A"� M��8�/6 ا�$��وف �� اً أن ا�$�"
"/ �=":  +�� f�W\ن إ�K ت ا���% �&
�� ��&��A"6>ا +�JD4   ر Bا� 

�د �+ إ�� أورو�� ا��7 م 1492
�م ) اA4��7"��(ا���� m�D

ً  125ا�Rى أدى <%"��ر ا� �Kن &� ا����
 JKل  ���

� ط�V4 ا�$�"m�D ����A و\C ھRا 
ا�����dل ���$� و\C ا� �Kن إ�� دول  ا����ت إ�� دول أورو��� 
 4 ة �:C إ��6%��، إ����W4 و

ا���3 و ا�����ن و �Tق ا�!�  �� JKل ا����رة ا�!��� �4 و ا������D �& ����d و\C %��ت 
 V4ط� �
%SB م 1612و &� 
�م  Jean Nicotا� �Kن إ�� &�%�� &� ��"M3 ا�8$����ت 

 Mن رو���John Rolfe  �& ر�4ً و 7ول ��ة�B� ن�K ل ا��3�و  Jamestown&� إ%"�ج �
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�%�Bس ا�A4��7 ��اراً �"1987&� 
�م Aم أ\ ر ا��
�� �"� ا��JDت  ��K "ا� e�� و 
4�
�2
 � اول �� �
 ��A4��7اء و ا� واء اRdھ�#� ا� H��
�6
"�� &� ��D أ �� C�74� ا�Bا�

���� ���9ر أو دواء &� 
�م Aم 1994ا���)Wagner 2003.(  
ا�$Ltobacco  �!B ور�� ��H �!� �$�� �� ا� �Kن �� ا�$��وف أن ا����Bرة �� ھ� إ

 
�B� ����A�9ر ا���
��" ��K و أن ھRه ا����Bرة ھ� &� 9�9D� ا��7 
��رة 
� و��6� �"��ول 

�  إ�"��ف  �\�K ف ا����� وLآ R�� ا ا����تRھ ��
 ��K "ت ا��
��\ H��� m�D ا<%��ن

  �
 ���Dا�� ����ن ا7ور`� ً�$�
 ��"A4��7دة ا���إ�"��&!
 ھRه ا��Jد ��%H %����ت ا� �Kن �
 lذ�� ذ� �$� C4و ا���از �A4��`�Wagner (2003)  �� 
و أ�� 
� %��ت ا� �Kن &�B  أن أھ

 M��  � أو ��K "أو �4"8 م &� ا� 
���� zb$4  � اً أو �� M�B� �"+ ھ� ا7وراق و ا���4"8 م 
  .8cigar م ���ع �� ا����Bر ا7وراق �$� &� �� ان ا�$��طV ا�$ ار4� �"�"

  

�ن��ن؟ – 7
 �	�"9	7
  �� ھ! اr[�ر ا
*�رة ا
H��7, �� ا
Effects of nicotine on humans 
 

��] ھ��ك أد%� lT &� ا�k7ار ا�"� f��"4 &�!� ا�" ��K و ا�"� %��ت &� ا�� 4  �� 
�:C �� ��ت &� ھRا ا�3 د �� �"�ا�f"A و ا� ور�4ت ا�$8"��� إL أ%�� �A$4 أن %9"�] ��  �� ��ء 

 ��4 �
 ًJ9%Naff (2007):  
 
“Almost single-handedly, smoking has transformed lung cancer from a 
virtually unknown disease at the turn of the twentieth century to the 
leading cause of cancer death at its conclusion.” 
—Kenneth E. Warner, quoted in Brian D. Smedley and S. Leonard Syme, eds., 
Promoting Health: Intervention Strategies from Social and Behavioral Research. 
Washington, DC: National Academy Press, 2000, pp. 417–18. 
 

“ You can’t smoke a cigarette in a safe way. Cigarettes are the only 
thing that, if you follow the manufacturers’ instructions, are likely to 
kill you.”  
—John Wyke, quoted in Kevin Mansi, “Banning Cigarette Ads Can Save Lives, 
Claims Expert,” Daily Record, December 6, 2000. http://no-smoking.org.  
 

“Many of the world’s oldest people have smoked. Jeanne Calment 
smoked and rode her bicycle until the age of 100 and died at age 122.” 
—Smokers United, “We Are Americans, Too,” 2001. www.geocities.com.  
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“With tobacco there is terrible withdrawal; it is almost impossible for a 
lot of people. I did; I went cold turkey,… grass was not difficult, 
alcohol not difficult, but tobacco — oh my God!”  
—Larry Hagman, quoted in “Dallas Interviews: Larry Hagman,” 2003. 
www.ultimatedallas.com.  
 

“Estimates of deaths from smoking are based mostly on speculative 
mathematical projections and should be treated with much more 
skepticism than is currently the case.” 
—Joe Jackson, “The Smoking Issue,” 2004. www.forestonline.org.  
 

“ Just like smoking cigarettes, chewing smokeless tobacco can 
eventually rip apart your body and kill you. It’s that simple, really. 
There’s no such thing as a ‘safe’ tobacco product.” 
—Steven Dowshen, "Smokeless Tobacco," KidsHealth, September 2004. 
www.kidshealth.org.  
 

“It’s never too late to eliminate the effects of tobacco on your body for 
both heart disease and for lung cancer, and for other cancers as well. 
But the most important thing I can tell young people or anybody is 
don’t start smoking.” 
—Jay Brooks, quoted in Miranda Hitti, "Peter Jennings Loses Battle with Lung 
Cancer," WebMD Medical News, August 8, 2005. www.webmd.com. 
 

“ Smoking harms nearly every organ of the body, causing many 
diseases and compromising smokers’ health in general. Nicotine, a 
component of tobacco, is the primary reason that tobacco is addictive.” 
—Nora D. Volkow, quoted in NIDA Research Report—Tobacco Addiction, NIH 
publication no. 06-4342, rev. ed., 2006. www.nida.nih.gov  
 

  :أ�� 
� أھ
 ا��V?�9 ا�"� ��v  أ�kار ا�" �A$�& ��K إ�$��!� &�$� ��4
�ن ا���f ا��?��� �$�ت  � � �" �Kأن ا –) 1(A46 ن�A _ ا� ول���4ت و L�
�� رأ6!� ا�

�ن��� M3% ا����� ��K "ا� f��� ����اط� ا�$"� ة اm�D ��A4��7 94 ر 
 د ا�$� 
��9ت �$��� �W4�8�4ً و ا���L �� Skت � ��K دول ا����
 ط��9ً ) 9�12> ر() (�6�

  .م�2008$�2$� ا�3�� ا����$�� 
�م 
���� ھ� 6ُ  أن ��دة –) 2(Aا��� t9& أن m�D ى�� 
���� ا��40  ��&�� �9Aام �� ا����B����

  .)��31ول ر() ( <D اث C�T ��م �9�4+ ا�$�ت
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�ن �� t��K ��9  �� أن دُ  –) 3(A� �?�Bأو ا�� z�"ن ا��Kدة ��$��و4� و ا�"�  �5000:� �� أ��
���ً �"��f ھRه$

� �+ و �ا�$�اد &� إD اث  � ورھ� ���W ا�Y?�38 ا����� ا�$"�
و أھ
 �6DNA  e�6ط�ن %"�B� ا��bر ا�� �B�  4?��ت ا��$_ ا���وى ا� ى إن إ4+ 

�
 ًJ9% رة�Bن ا����K � ت�%�A� Cunningham et al. (2011)  Eر ا�����bا� m�D
�اد �$�اد ���ط�� �"�����d� �& fات &�� eه ا���Rھ �
  .ا��$_ ا���وى 

�د �� –) 4(������ ا�$Aأن ا���  ���3ب 
 �B��10?� �4 أ &�راً &� إD اث �`=��ه 
�� ا�$� و ا7
�ا%� = t9&+و���� ��.  


�  ���و�+ �j%"�2م و ھ��ك ��_ ا���س  –) 5( e���6ة أ 
�ن bw �& ن�A4 ����Aإد��ن ا���
�ر ���و�+ m�D ا�"Y�8 �� ھRا ا<د��ن ��]  ًJ!6�C أ��اً \���ً ا�& ����Aن ا������ 4 �4R

���
 ��

�� %�] در�� إد��ن ا�!��و�4  ����Aا���س � ر�� أ%+ �4"9  أن إد��ن ا���.  
�ا�� %  ����87 ا<�3D?��ت إ�� أن �6ط�ن ا��?� e��4 و �����  –) 6(D أى ����A9إ�� ا��� 

 C� ��10  �3?��ت إ�� أنD>ا ً�b4أ ���� �$� ����A���� e��� �?ط�ن ا�����ت ��إ\�
�ا�� D25 �6 �A4ن أ����ن %"�B� ��7اض ���د إ�� ا�" JK ��Kل ھRا �����ف $4

  .ا��9ن
�$� ���� ا<�3D?��ت إ�� أن ا��7اض ا�"� �!� 
J�� ���M�A� ��K " ا<�"�3د  –) 7(

 �A4��7�4ً  ��157 �94ب �� ا��6 �A4ر أ��Lر دو����)Naff 2007.(  
  

Table 31: The most genotoxic cancer causing chemicals in cigarette smoke (aapted 
from Cunningham et al. 2011)  

Compound Micrograms 
per cigarette Effect on DNA Ref. 

Acrolein   122.4 
Reacts with deoxyguanine and forms DNA 

crosslinks, DNA-protein crosslinks and DNA 
adducts 

1 

Formaldehyde     60.5 
DNA-protein crosslinks causing chromosome 

deletions and re-arrangements 
2 

Acrylonitrile     29.3 
Oxidative stress causing increased 8-oxo-2'-

deoxyguanosine 
3 

1,3-butadiene   105.0 
Global loss of DNA methylation (an epigenetic 

effect) as well as DNA adducts 
4 

Acetaldehyde 1448.0 Reacts with deoxyguanine to form DNA adducts 5 
Ethylene 
oxide 

      7.0 
Hydroxyethyl DNA adducts with adenine and 

guanine 
6 

Isoprene   952.0 Single and double strand breaks in DNA 7 
References.: (1) Liu et al. (2010), (2) Speit and Merk (2002), (3) Pu et al. (2009), (4) 
Koturbash et al. (2011), (5) Garcia et al. (2011), (6) Tompkins et al. (2009) and (7) Fabiani et 
al. (2007) 

 
 


�� ا�$�  �����Aا��� ��=`� ����� �
&�$D17(  �A"�  ��8  م�ر(أ �
�.��5ت# ��9لأ(أ�� 
4  ��S�k أن �$�Bد أن C34 ا�� T �3ر"Kj�إ�� ����A� ���3�4 ا��J8ا� �ل ا� م JK �� �$��

�ل إ�� ���f ا� و����� �"4dopamine  �%ك ا<د���
� ا��� ًL��ن ��#A4 وره �ى Rو ا�
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 ����Aا�$"��ط� ��9ر%� �$"��ط� ا��� �!��
 C3����� ا�"� 4Aت ا�����$� ��� �� 
wا�� ��

�����4 إL أن �`=Aا�!��و�4 و ا� C:� ى�K$8 رات آ��4ً ��ن �A4 ا<د��ن ��D�% �� ����Aا��� ��.  

����Aرة ا����WK �
�رة WK C9� L �$�2
�"$:C &� ا�" �D�% ��  ��K� آ�Kى ھ��ك آ=�ر 
أو �   �$�4� �Kن ا�"�z ا���#�  Secondhand smoke ا�ــ أو ���4$� ��<6"8 ام ا�����

environmental tobacco smoke (ETS) � ن ا<%��ن�A4  � m�D�& CK"+  �] �+ د�إ\�
�رة W8ن و�� ھ�� �`�� ا���K 4 ن 7%�س�A� �& �9ءه�6+ أو ��`�kار ا�" ��K و ذ��B$� lد ��
4
 و ��e ا�" ��K &� ا����7 ا����� �:C أ���� �B� و 
4��
H ��_ ا� ول ��T  9& l�R� و

�3� C:� t9& رق�
�� ا� �A� و lذ� H
�T ى�K^ا� ول ا _�� e�W��� و C$و ا��  C��
 �& Hن ��زا��A� 
ا7ط��ل و ا��ek ھ
 أ�:� ا���س ��bراً �� ا�" ��K ا����� و ذ�l 7ن ر?"!

�ر ا��7 ا�Rى W"و ا� �
���D� ا��$��Bا� �bإ�� ا� 
!�& 4  H��D �"ا��� ان ا� 
أ�� 
� أھ
C:� �ا����7 ا���� �& ��K "ز��4 ا ا��أن ��_  � ر�� ا���4 ا، ا���وE4، ا���4 ، إ����W4، و%�

 %J4�� C:� ��K "و ا� �?�Bت ا���%J
  . ا� ول H��D و ���H إ
�رة ا�"��ض ��" ��K ا����� &� WK ى � Sk�و �A$4 ر\  ��_ ا��V?�9 ا�!��� ا�"� �

 �!�kا���9ط ا�"���� �$� أوNaff (2007):  
)1 (–  ��
�ى "����و&� D"� ا^ن &9   ��دة ���ط�� 20أن د�Kن ا�" ��K ا����� 4

�ا�� ر\D أن ھ��ك ��A4��74� ا���#� ا�$D �#�4ً  3000 ت ��2$� أو ھ���ن �6��$4 �K � ��w
  .���f �6ط�ن ا��?� %"�B� ��"��ض ��" ��K ا�����

�ا��  –) 2(D �46000$� أن  �B�"% ً�4��ن �6��$4 �A4أ�� �Bا���� f�9أ��اض ا� 
���"�

� ا�" ��K ا����� ) �
 ًJ9%Centers for Disease Control and Prevention.(  

�ن ���4R ھ
 دون ا�m�D ����8 ا��?�  –) 3(A4 ا7ط��ل ��
أن أ��� �`=�� ��" ��K ا����� 
V�6 �$� �  .و v4دى أ�b4ً إ�� D وث ا�$�ت ا���B?� &� ا��A� ��w ek"$�� ا��$

�ا��  –) 4(D �
 ًL� ��4_ �`��اض ا��?� �:C 300000أن ا�" ��K ا����� ��#
�6��4ً  و � &� ا7ط��لا��?�ي وا�"!�ب ا���f ا�!�ا?� �"!�با< ek�4  ا��Rو ط���� ا7ط��ل ا�

�ن 
�k� <�"!���ت ا7ذن ا���W6 ا�$����%�A4 ���K � �!� ت��ن &� ������.  
�ا��  –) 5(D ����� �?ط�ن ا����� ���\a� �k�
�ن %�A4 ���K $ا� ��w و %  23أن

�ا ��" ��K ا����� �$k��� إذا �\�K��4�  . ة ط
�Tب � j& �Kن ھ��ك  1000و ����R �����+ ا���و&���ر ر4"��رد ��"� �`ن إذا ��ن � ��4 

6�ف C"94 و  
�ادث 
�� ا�V4�W ���$�  6إD"$�ل �`ن واD اً ��!D �& ن���6�ف $4 
!��
�ن �� ا�" ��K �$� ��4 500إD"$�ل ��ت A�6 
!��: 

“ If you took 1,000 young adult smokers, one will be murdered, six will 
die on the roads, but 500 will die from tobacco.”  

Source: Richard Peto, quoted in "The Burden of Tobacco Use," Absolute Advantage, 
2006, p. 24. www.welcoa.org.  

 
4Rأن %��� ا����ب ا� sDJ4 ر و ھ� و�$
�ن ھ� %��� ������ ��9ر%� ����� ا7�K 4 �

إ%��Aس ����T ��&�� �� tW8$ت ا�" ��K ا�"� ��m &� إ
J%��!� و أ&C� �!�J �� 84 ع ا����ب 
و �B4ھ
 إ�� آ&� ا�" ��K و �  �
 ر\  ا�� 4  �� ا�"����ات ا�"� أ� ت أن ا����ب ھ
 أ��� 
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� إد��ن �% 
!�R� ه ا�����ت وRأھ اف ھ _�� ��
 �!��% �?�Bاء ا���"Dإ �
 lھ��% ��K "ا�

�� ا<د��ن   
  :و &�$� ��4 ر\  ���_ ا�$��ھ�
 و ا^راء ا�"� ��Sk ذ�lا�$�اد ا�"� ���

 
“ Smoking in movies is a risk factor for smoking initiation among US 
adolescents. Limiting exposure of young adolescents to movie smoking 
could have important public health implications.”  
—James D. Sargent et al., “Exposure to Movie Smoking: Its Relation to Smoking 
Initiation Among US Adolescents,” Pediatrics. vol. 116, no. 5, November 2005. 
http://pediatrics.aappublications.org.  
 
“ To maintain business growth, tobacco companies need to initiate 
thousands of new smokers every day. Hence, children frequently are 
exposed to tobacco ads in stores, on billboards and in certain sports, 
entertainment and teen-oriented magazines.” 
—Sarah M. Greene, “Alcohol, Tobacco Campaigns Frequently Aimed at Women, 
Children and Minorities,” IPRC Newsline, Spring 1992. www.drugs.indiana.edu.  

 
“ Tobacco companies selling cigarettes like pineapple and coconut-
flavored ‘Kauai Kolada’ and ‘Midnight Berry’ is an attempt to market 
to youth, in my opinion. Even for the tobacco industry, this marketing 
gimmick is beyond the pale.” 
—Tim Pawlenty, quoted in Office of Governor Tim Pawlenty, “Governor Pawlenty 
Proposes Banning Specialty and Candy Flavored Cigarettes in Minnesota,” February 
10, 2005. www.governor.state.mn.us.  

 
“ I would say that the most common reason though is that kids who 
smoke often begin smoking to fit in with a peer group who thinks that 
smoking is cool. Of course, once kids get hooked, they smoke because 
they crave smoking and find it very difficult to stop.” 
—Michael H. Popkin, "Dr. Popkin Interviews," Keep Kids from Smoking.com, 
undated. www.keepkidsfromsmoking.com.  

 
“ We were getting new replacement smokers and we, in our minds, were 
told to recruit 13–14 year old boys.” 
—David Goerlitz, cited in “Quotations from Tobacco Wars, 1999. www.ash.org.  

 
“ Tobacco companies have been aggressively targeting Latinos, 
especially Latino youth, resulting in increased smoking and 
increasingly severe health damage to the Latino community.” 
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—Guillermo Brito, quoted in National Latino Council on Alcohol and Tobacco 
Prevention, “Letter to Anabal Acevedo Vila, Governor of Puerto Rico,” August 23, 
2005. www.nlcatp.org.  

 
�9�9� إد��ن ا����ب ��" �A$�& ��K أ�� 
� أھ
 ا��V?�9 ا�"� �
 ر� V��"4 �$�& ھ� \

  :إ�B4زھ� &� ا���9ط ا�"����
�ا�� أن  –) 1(D3000  ��� �� 
�� ا�$�اھ��9 ا�A4��7ن 4����ً و ا��4R �"�اوح أ
$�رھ

�ا��  17و  12D أن ��D �& ��K "ا7و�� &� ا� 
�ا�!WK ن %  �680� �4 أون��K 4 �4Rا� ��
  .�6� 18و  ��K "�12 و أ
$�رھ
 ��%H �"�اوح �� ��� �����C �  � أوا ا

�ا��  –) 2(D رة %  45أن�B��� ��� طJب ا�$ ارس ا ���A4��7�  �Dو��ا ا�" ��K و�
��K "د��ن ا�> e�W��� �k�
�ن %�A4 ءL�  .واD ة �2DJ� e� أن ھ

�ا��  –) 3(D Hd�� �K $م % 22أن %��� ا����ب ا��
 �& �A4��7ا����ب ا ���م 2003 
�ا�� أو D 6ن  % zb� ر أو�Bا��� C:� ��K "�� ى�K9� ��"8 م ط�ق آ�ا����� ا��� �� t9&

 z�"ا�)Naff 2007.(  
�ا��  –) 4(D C� 6أن ��K "��� ��J
�ل ا����
 ���f ��ض �+ D اط���ا%� $4�ت �= 

  .)32ا
�Hول ر() (
 
Table 32: WHO report: Global Tobacco Epidemic in 2008 from www.wikipedia.org  

Country Male (%) 
Female 

(%) 
Country Male (%) 

Female 
(%) 

Algeria 29.9   0.3 Egypt 28.7   1.3 
Argentina 34.6 25.4 Finland 31.8 24.4 
Australia 27.7 21.8 France 36.6 26.7 
Austria 46.4 40.1 Germany 37.4 25.8 
Bahrain 26.1   2.9 Hungary 45.7 33.9 
Bangladesh 47.0   3.8 Iceland 26.1 26.6 
Belgium 30.1 24.1 India 33.1   3.8 
Bolivia 34.1 29.2 Indonesia 65.9   4.5 
Bulgaria 47.5 27.8 Iran 29.6   5.5 
Cameroon 12.6   2.2 Iraq 25.8   2.5 
Chile 42.1 33.6 Ireland 26.5 26.0 
China 59.5   3.7 Italy 32.8 19.2 
Costa Rica 26.1   7.3 Japan 44.3 14.3 
Croatia 38.9 29.1 Jordan 62.7   9.8 
Cuba 43.4 28.3 Ghana 10.2   0.8 
Denmark 36.1 30.6 UK 36.7 34.7 
UA Emirates 26.1   2.6 USA 26.3 21.5 
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8 – 9	7
  "�	� ا
@ز�, 
5:> اXن��ن؟��ھ! /�	, ا
How much nicotine can kill a human? 
 

�$� Sb"4 V�6 ��� أن ا�"�z أو ا� �Kن �4"�� واD اً �� أھ
 ا��67ب ا�"� �vدى �� وث 
�ا��  (Hukkanen et al. 2005)ا<\��� �����ط�ن D ����Aا��� C:$4 m�D1.5  % ��

�ا�� D رة ا�"� ���ع و�Bت  ��%  95وزن ا����
�4 ات �$� ����A�7ا V4ط� �
 ��K "ا�
���� �����B?� ا���دOral snuff  �4ا����� أو Aا��� �� C=�$� ����� ��
�ى "��ى �"�� �$�

�ا�� ��  tobacco rodا����Bرة ا���د4� D ��
���� �$� ذ�� و ر\   14إ��  10A�% ام�B����
 ��� lذ�Kozlowski et al. (1998) t6�����  �$� أ%+ &� ا�$"A�% ��$� ا<%��ن 
�� Y"$4

�ا�� �"�اوح �� ��� D1 to 1.5 mg  ��K "ا� ���$
  .(Benowitz and Jacob 1984)أ=��ء 
 z�"ا�  &� ا���4 ات ا�"� �"��A�7ا 
��<��nornicotine and anatabine  �&�k"�� أھ

 ����Aا��� ��ع و ھ% 
�4  ا��?��� &� ا� 7Nicotineھ��A�7ا �و ا�Rى ( �Kن أو ا�"�z و ا�Rى ھ
�ا��D ن�K ه �� ا���w و z�"��� 42"�اوح �����ه% to 8%   lذ�� ذ� �$�EFSA 2011 (

�$���   4���Aى �� أ��"�� ��
�ن &�  nornicotineأA4 ���D ر�Bا���cigar tobacco  ً�b4و أ
�ى �� ا�ــ "�� C�أanabasine zb$4 ىRا� z�"ا� ���D �& ن�A4chewing tobacco  

(Hukkanen et al. 2005)  �?�Bا�� �K 4 �� �
 �K $أن ا� sDJ4 �$�cigarette  C34
�ن bw �& �$إ�� ا� ����A10ا���  
�ا%� &t9 �� � ا4� ���و�+ ����=)Wagner 2003( .  

 ���  �D�9�م �+ ���Tت إ%"�ج ا� �Kن �� ��&�� ھ$!� ا�� �$
و &� دراH��� �6 ا���2 
 أن Connolly et al. (2007)ح أ� ت ا<�3D?��ت ا�"� ر\ ھ� ا�$�4  و ا�$�4  �� ا7ر��

�H ھRه kأو m�D م�
  �� ً���
 ����Aا��� �� �?�Bى ا���"�ھRه ا�����ت �9�م ���4دة �
���� زاد �� A�3?��ت أن ����� ا���D>(%1.1) 0.019ا mg cig-1 year-1  لJK �� ا��"�ة

�ى إ��  2005–1997��� "��$� ���4 أن ��&��  mg cig-1 year-1 (%1.6) 0.029زاد ا�$
 �Kآ  �� ً���
 M�b� و C� t9& ����Aا��� �� �?�Bى ا���"�� e&�� L �?�Bت إ%"�ج ا�����T

��+ ��ب D"� ا�$��و��  e�$� و �K $ا� ��
��_ ا�$�اد ا^�Kى ا�"� ���W�6 ��  4ة ا<د��ن 

 .)�17:! و  5أ��9ل #�
�.��5ت أر(�م �� ( ا����ء �� ھRا ا<د��ن
 ��\ ��
 ����A���� را6� ا�"`=�� ا���م �م �
  �� ً���
4�م و   �� ً���ھ��ك إھ"$�م �"�ا4  4

m�D \ رت و 6�ف ���� ا�� 4  �� ا� را�6ت  human toxicity of nicotineا<%��ن 
C:� ا<%��ن ��
 ����A4  أو زاو4� � 4 ة �� �`=�� ا��� �  �� �
  :ا�"� �M�A ا���9ب 

Chhabra et al. (2014), Shihadeh et al. (2014), Bahl et al. (2015), 
Shihadeh et al. (2015), Maziak et al. (2015), Moon et al. (2015), Xiao et 
al. (2015), Kienhuis et al. (2015), Kumar et al. (2015), Hirata et al. 
(2016), Hirata et al. (2016), Malczewska-Jaskóła et al. (2016) 

  
 ��
�ى "�
�دى &� ���V4 ا�$�"�Bت ا�"� � ��w  4أن ھ��ك ��ا ً�b4أ sDJ4 �$�

4
 ا� �Kن  
 z�"ت ا��B"�$ه ا�Rھ 
���� و �� أھAا���smokeless tobacco ) +
�"Kى إRو ا�
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 �A4��7اHerbert A. Gilbert  م�
���� ا<�A"�و%� أو و �l�R ) م1963Aاول ا��� � 
2%
?�Bو%�� ا���"A�>ا �electronic cigarettes ) ���3ا��3 �� ا� V4ط� �
 H$$\ �"و ا�

Hon Lik  م�
2003 ��A4��7و ا ���اق ا7ورو�6x� ��%و�"A�>ا �?�Bه ا��Rھ H�\و  �م و 
 ���
2
 ا� ول) م2007و  2006�� �& �D�"� و ا�"� ھ� . �

�ت ا�$$�"� �� أ�� �Bا�

 z��� �!& ����A60ا��� mg or less (30–60 mg)  zا<%��ن ا���� ���D �&adults  ���4 �$�
���� ا��B610 M�8$?� أو  ingestion  t9&5إ�"Jع أن Aل ا������� �� ����dilute 

nicotine-containing solution   zا ا<%��ن ا����Rھ C"9�  � ا�ـ �
�   mg-60أى أن ��
�نA� of around 0.8 mg kg-1  oral LD50 ذ �$� lذ� ��Mayer (2014).  

 t9& أن m�D �3ص %  20و"�a� �D�"� ن�A� ����Aا��� ��oral bioavailability 
 
���� �
�Bأن ا� f%�B� z��� �"60ا� mg  ا����60.18�ف ��&e ����� ا��Jز�� � mg L-1 

����  Hukkanen et al. (2005) �$� ذ��Aا��� �� �"�$� �
�� C�"�اح أن أ�إ �A$4 +%j&
�ا�� ���D 2 م ھ� mg L-1  عJ"�إ � g 1–0.5و 
��+ &jن ا��  ا7د%� ا�Rى f��"4 &� ا��&�ة ھ

 �"�$� �
�D �&����� و ا�"� �Aا��� ��oral LD50 of 6.5–13 mg kg-1  ت�
�Bو ھ� ا�

�ت ا�"� �ُ$�H ا�JAب �B�� �!���$)ا�$$�"� ا�Mayer 2014ا�"�  ( �
�Bأن ا� �\J8و ا�


 و ا����� RKv� �� �:ق أ���� �"0.5 g zا<%��ن ا���� C"9� ��&�� �
  .ھ� ��
 

7����ت ا
:! KL:8ى �.	�N اXن��ن؟ – 9
  ھ> 8��9 إ�:��ر ا
7	�"9	� ��Dراً 
:."ث ا
Is nicotine a contaminant for plant foods? 

  
���� �+ =Jث ��3دAأن ا���  B% ���
�ت �J!� أن C34 ������ر ر?���� K �� �A$4���2ة 

 �
  :و ھ� �!� ا�"��ث و إD اثا�$��ر
���� � ا�K!� ا�$3 ر ا7ول C:$"4 &� أن ��_ ا������ت  –) 1(Aن ا����A� أن �!�A$4

endogenous nicotine   ����� أ��اض �& C:$"� ����� ض ��2وف إ�!�د��"� �� �
 lو ذ�
��4 ��_ ا�$����ت ا�:�%�4� أو ا���Bف و ��wھ�A� ��
�m ا����ت � m�D  لJK �� _47ا

��methyl jasmonate and salicylic acid  C9ا�B!�ز ا� &�
� �����ت و �9�م ��اد 
�C:� H ھRه � ����A�4 ا����A� ��
ا<�Tرات ا� �\�8�R!ا ا�B!�ز ا� &�
� �$� eB�4 ا������ت 

  .ا��2وف
)2 (– ���K � د���� �B�"% ����A����� ث ا������ت��� �& C:$"4 �%�:ل  ا�$3 ر ا��D

 ����Aا ا���Rھ Y"$� ورھ� �ا������ت ا������ و ا�"�  �
 Eا���� ����Aأو ا��� �?�Bن ا���Kد m�D
�K � 3  ا������ت و ھ��  .أ\��e أ4 ى ا�$ ���K ا�$�B��� ���J?� و l�� �\�K ا�"� �

)3 (–  �� ���"�� C34 m�D ���"إ�"�3\+ �� ا� �& C:$"4 ����A���� m��:ا�$3 ر ا�
  .ا�"� ���� 
�� ا7رض و �� �T��butts of cigarettes  +ع ا��JK�?�Bل أ�$

& lذ� ��
���� �3 راً �"��ث ا������ت ا�"� Rd"4ى 
��!� و Aن ا����A4 أن �A$4 C!
�ا%�+ � e�$� �&��� و +��"� ��  �L رى��V�6 �$� ��� Sb"4 m�D أن ا<%��ن؟ إ%+ v6ال �

��ن ���
 و أن ھRا ا�"�A� ف��ن �3 ره أD  ا�$�3در ا�:J=� ا����9� أو أ�:� ا<���� 6A4  � ث
 ����Aأن ا��� ��
 C�d% أن �A$4 L و  Dوا H�4 ات (�� �3 ر &� و���A�7ا  Dأ �و ھ

alkaloid  �4��+ دور د&�
� ) secondary metabolitesو ا�"� ھ� �����ت أ4_ =�%
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و ا<�!�دات  f��herbivores ������ت �b� ��"�4 m�Dداً ��$��Aو��ت ا�$$�k� وآ�Jت ا�
�4���  .��w ا�

  

10 – �	�"9	7
  :�."ث ا
:�#, و ا
�	�ه #�
 Contamination of soil and water with nicotine  

  
 ��
���� �� ا�7�ر ا�"� L�H إھ"$�م ا���D:�� و ا���$�ء A����� ���"ث ا�$��ه و ا���� ��"�4

 ُ� ��=`� �� l�R� �$� �4ت�
�م �$� �4"�� ���ث ���ه ا�$ ن �`�$�ع  �� 
��&� ا�$�" CA�� �#ا��� ��
 C��� ���� CA� ث��D~ ا�"�� Cم &� ظ�
�� C��6 ا�$:�ل �� ا��4�b9 ا�!��� ا�� �?�Bا�� l�R� و

����C:� (Senta et al. 2015) دو�� ��وا���  &9  ا�R8ت ��_ ا� ولAه ا��3ف  ا�����$�
����<Roder Green et al. 2014 () ���&�A�� �&�k(أو ا�$�%��  Wastewater ا�3

caffeine ( 
��9�  �

 �$�Tv و د��C ھ�م BDى��D �Tv$� +9� �� و إ6"8 ا�W�� ن�A6 
biomarker  $ ن���ت ا�9$��� �%�A� 
أو  urban litterو ��"�� أ�$�ع ا���B?� واD ة �� أھ

�%�ت اA$ا� �� t��K ��
�ى "�6�اء و ا�"� �  D ��
 M4و ا�� �b������ و ا�"� �"b$� ا�
 l�!"�4 m�D ����Aا��� 
�ب ا�����T ��  4 ن &� ا�$�ء و %�2اً <د��ن ا����وRا� ���
 ����Aا���

�ا�� D20  % 

�� ��15  ������#�ت ا��$�4� ا�A6 ��7ن ا���� ً ��16 �4�ق  �  ً�����B�6رة 4
(Giovino et al. 2012)  ا���D �73$� أن  % 
�ن ) 
�م �14 أ��� �(�� �A6ن ا�����K 4

 �
  4�4 �� ً����و �  �ُ رت أ
 اد �A6ن ا��billion cigarettes  �b ����16ر �B�6رة  416
�ا�� � أو ا�$ ن��ن �� 4�4  
� �A6ن ا����
 و أ% �� % 60�K 4 ف�6 
����ر �B�6رة  10!

 ً�����ل 
�م 4��  .(Roder Green et al. 2014)م 2030�
�?�B$�ع ا���دة إ�� أ�
%B ھ� �� ا�7�ر ا���?�� &� �$�?� ا������ &� ا�$��طV  و 

�ن %��� �"�اوح �� ��� A� m�D �4�b��$� &� دو�� ا�$�%�� �� ا������ أو ا�9$���  % 46–22ا�
 sDL  � وPatel et al. (2013)  �!� ن�A4 
�ن &� ا����7 %  76أن � ن ا�����K 4 �4Rا�

 Lً �� ا�" Y�8� �!�94�W� ����6� و �� =
 ��"C9 ھRه ا7�$�ع ��� ا�9$��� �ا����� 9�4�ن ا7�$�ع �

�م ) �:C ا���اط�ء و ا����L ا���)���D��CA أو ���B$�� �Kرى ا�$�?��  CA�� ��#ا��� 
و و ا��2

 ً�4��D C��"� ��w ز� B�"% cellulose acetate� أن &��J ھRه ا7�$�ع �JK �� e�3ت ا������
� V�� 3 ر� ��"�� �!%j& ��Dذات أھ$�� ����ة �� ا��� �?�B$�ع ا���ن أj& l�R� ة ا���4� و����

 ً���$
�� ا<%��ن و \ l�R� "�3د4� و�و ا< ��
�CA �`��  أن أ�$�ع ا���B?� ا���#�� و ا<�"$�
�ن A� $�ع�ه ا7Rھ e4ز�� ���$
�ز
� ���"��وى &� �$�e أ%��ء ا���b أو ا�$ ن �C أن � H���

��ن �A4 m�D ���"8� ة �ز ً�W���� �!�4� ����`��e و إJ!"6ك ا��J:$& �?�Bً &� ا���4Lت ا�$"
�زe4 ھRه ا7�$�ع �����رات و ا�$"��� � l���4 ��A4��7اconvenience stores  ،و ا�$�9ھ�

�د، إ�Tرات ا�$�ور ��)��Jت ��e ا�$8�ر، ���Wت �$�C4 ا�Marah & Novotny 2011( 
����ت و �Tب ا���B?�و �$� ھ� ���وف أن ھ��ك إر����Aر و ا��  .ط�ُ ��� أ���� �Tب ا�$8

�ا%�� ��e ا�" ��K &� ا� ول ا�$�"��� و ا�$"9 ��� e� ً��W� ) دول ����ا�$�%�� و  �& �$�

�م  R�� ��م2008أورو (S�\أ  lذ� [A
إ%"��ر أ�$�ع ا���B?� ���$ ن و ��wھ� ��H ا����Wة 

�ن%�� L m�D ���8"$م4ُ  �$���ً &� ا� ول ا��"�\�رت أ�$�ع و �l�R  و R��� L أ\Jً ا�9�ا%�� 
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�ى  .ا���A� C� �& �?�Bن"�
�� t��K �� ا�$�اد ذات ا�"`=�� ا���م 
��  !�أ�$�
ا���B?� و و �
�%�� ا��4�W� و &���ل ا��A?��ت ا���� ا� ��9� ��A�9ت ا����:C ا����\� ا�:��9� و ا�$�اد 
 4 ة ا�

����A���� �&�k>�� C�:4>ا )Moerman and Potts 2011 ( ا�� 4  �� ا� را�6ت Hو����  �و 

� ط�V4 ��  ا<%��ن أو  ���!6 CA� ����Aا��� Y"$ُ4 m�D ا<%��ن ��\ ��
 ����A6ُ$�� ا���

��J34!� ا�!�ا?�� أو D ا��?� و ������� �$� �$�"!� ا��!Aا�$:�%� �$� ان ا��� 
ا���7ء ا� ��9� =

 أ�+ fetus"� ا���placenta D ���B ا�$��$� D��  t���4 m�D ��$6ُ ھ�ت و�4� ث �� m�D

 ����Aز ا����3 ا�$���ى ا����!Bو ا� f�9`��اض ا��دة �� acute toxicityو �vدى ا�ُ�$�� ا�

Jbت ا�B!�ز ا�"���� و ���"��� ���M ا�"��] �& C�T m�D ت����� إ�� ا�$A����.  

 �$& ����A����� ث ا�$��ه��دة إ�� ��
������ و Aا� f��$� �&�k>�� ����Aد ا����ا���?e و�
cotinine –  �?اRdا� C�:$"ت ا����$
 Eا��% �� f��� ��=�ت �$�3در ا�$��ه 
��  –و ھ�� 
�`ھ

 ���Jاد ا� وا?�� و ا���
�� ا�$ H$� �"ر\ ه &� ا� را�6ت ا� 
� 
�ى ا����"��active 
pharmaceutical )Stuart et al. 2012 (أن أ L�4" ل إ 
�دة �����$9� ���
$�ق ا���B?� ا�$

)
�� أ%!� �3 راً �� ��3در ���ث ا�$��ه ���$ ن Roder Green et al. 2014(  M�\  � و

�� أ%!����8ت ا<���د اLورو��  z�"رة ا��k ��6� و � �\�K و ��
���� أA�% ��
�ت "Dإذا ا

�� 0.5 mg g-1 dry weight Aا��� ����� M�"84 �� دة�
���� �����B?� ����ً � و�� ا�"e��3 و 
���� �  زاد �$9 ار Aأن ����� ا��� sD�D"�  1998&� ا��"�ة �� %  9و ا���J� ا�"�Bر4� و �  �

��4Lت ا�$"� ة ا�A4��7� �$� ورد 
� to 18.7 mg g-1 17.1م ��"�اوح �� ��� 2005��� 

Connolly et al. (2007) . ت ا�=��!��� �$ �4� � ر  4���6j%�� و�  و &� درا6� 
� �"�e ا�$�

���ت ���ه ا��! e�$B� ت ا�"� و� ت�=����� واD اً �� أھ
 ا�$�Aت �� ان ا���RKو ا�"� أ �

 �B���� ت�W��$� ��ء  mg L-1 3-10 × 1.9و أن ا�"���� و\C إ��  ا��3ف ا�3�� ���ه�
  Valcárcel et al. (2011)� ار6� 

� ����A$� ��ن ����� ا������ا�ه ��$������"$  +�&�Bه ا���$�� ���� �Kا%�ت ا��3ف ا�3
C\و  �ة  ����$� ��ن ا�"����  mg L-1 (Stuart et al. 2012) 3-10 × 8.1 �ـ ���$$�A� ا�$"


�  �to 6 × 10-4 mg L-1   f3 42.5"�اوح �� ���  ����Wت ����B� ���ه ا��3ف ا�3$�
���� �$��ه ا���بA�% د�ز����ت ا�$��ه ا�$� %�� ا�"� ���` �� ا�$��ه �C ان  ا��!� و �  ��sD و�

 ��&�Bا�pristine aquifers  z�"ا����ط ا����ى أو أ���� إ%"�ج و ا� �
&9  و�  أن ا���� ة 
 Vه ا�$��طR!� C\و  � ����A5-10 × �����1.5 ا��� mg L-1 )Alonso et al. 2012 ( �&

���� �$��ه ا���3�ر ��اوح �� ���Aن ����� ا����� ��D 4 × 10-6 to 1 × 10-4 mg L-1  ��4 $�
�$ ��D �&3 × 10-3 mg L-1  ����� ��4 ��ن ا�"���� (Valcárcel et al. 2011) � ر4  

 �� lذ� ��
���� ��$��ه �`���A4 و Aت ا���L��ا��bورى أن %"�!
 �� اً �3 ر و ���رات و �
���� �$3 ر �"��ث و � ى دور ھRا ا (Gessner et al. 2014)ا�"� ��"8 م &� ا�$ ن A���

  .ا�$��ه &� ا���b أو ا�$ ن
���� L�  و أن �9�4+ 
$���ت ����B� وA����� و ا�$��ه ��ث ا�"��4�Sk  )33(ا
�Hول ر()  ��

 ���A� و 
�W���C و �� ��
 C$�� �"ت ا���و�A�$ا� �
�$B� ��

� �� ا�7:�� �$B�
6�اء ��ن ذ�l ���"��� أو ���$��ه ����Aا��� DJ� e� M������ ���Aو���ً 4"Aا��� C��2� أن �� ل �


�� ا���#� ��ا�C أھ$� %

 ة  ��
�t6 ا�"��
C ) ���� أو ���ه أو ��wھ�(� ����Aو ����� ا���
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 ����  D �"D د���&� m�D)2500 mg kg-1 ( ���D �4داد �� ل ا�"��C ��$� زاد ا�"���� ا�$
 �4�"Aا�� ��J6CS3 Pseudomonas sp. )l. 2011Wang et a ( �& �$� ول�H
�$�  )34(ا

 t6��k� ا�$D 
��� C��و �l�R در�� ا���ارة Cb�4 ( m�D ا��t6 ا�$"��دل(4"`=� �� ل ا�"
  .)12 ا
91> ر()( و ��wھ� �� ا���ا�Cدر�� �#�4�  30إ��  25ا�$:�� �"�اوح �� ��� 

K �& C�3�"ء �� ا����ف %"��ض �+ ��& ����A����� ���"ث ا���� �

bأ��   �
 ��:4 D
���� &� ا��Bء ا�"���A����� �=��4� ��"��� ا�$���  .ا�$���B� ا�

 
Table 33: List of nicotine-degrading microorganisms and their optimal condition for 

nicotine degradation in tobacco soil (adapted from Liu et al. 2015) 
Nicotine - degrading 

microorganisms (NDMs) 
Optimal 

conditions 
(pH and T ºC) 

Nicotine 
degrading 
efficiency 

References 

Arthrobacter nicotianae K9 30 °C, – 1.0 g l-1, 64 h Xia et al. (2006) 
Arthrobacter sp. K3 –, – –, – Lei et al. (2008) 
Arthrobacter sp. K7 –, – –, – Lei et al. (2008) 
Pseudomonas putida S16 30 °C, pH 7.0 3.0 g l-1, 10 h Wang et al. (2004) 
Pseudomonas sp. Nic22 30–34 °C, pH 6.5 2.8 g l-1, 48 h Chen et al. (2008) 
Pseudomonas plecoglossicida 
TND35 

30 °C, pH 7.0 3.0 g l-1, 12 h Raman et al. (2014) 

Acinetobacter sp. ND12 28 °C, pH 6.0 1.0 g l-1, 14 h Li et al. (2011) 
Agrobacterium tumefaciens 
S33 

30 °C, pH 7.0 1.0 g l-1, 6 h Wang et al. (2009) 

Ensifer sp. N7 28 °C, pH 7.0 3.3 g l-1, 48 h Lei et al. (2009) 
Ochrobactrum intermedium 
DN2 

30–37 °C, pH 7.0 0.5 g l-1, 36 h Yuan et al. (2005) 

Rhodococcus sp. Y22 28 °C, pH 7.0 1.0 g l-1, 52 h Gong et al. (2009) 
Sinorhizobium sp. 5-28  25 °C, pH 4.0 0.8 g l-1, 12 h Chen et al. (2012) 

 
 
 
Table 34: Effect of continuous addition of nicotine on degradation by Pseudomonas 

sp. CS3 in soil according to Wang et al. (2012) 
Step Total nicotine added in medium  

(mg L-1) 
Time (h) Degradation rate 

(%) 
1   500 16.2 93.2 
2 1000   5.0 94.3 
3 1500   7.1 90.6 
4 2000 17.6 90.1 
5 2500 17.3 65.9 
6 3000 22.2 65.2 
7 3500 22.6 50.5 
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Fig. 12: Effect of nicotine concentrations on degradation in contaminated soil. 

Cultures were incubated at room temperature in the dark for 72 h. Values are 
the average ± SE derived from three independent replicates. Bars indicate ± SE. 
Values marked by different letters are significantly different at the level of P < 
0.05 (from Wang et al. 2012) 

 
 

11 – �	�"9	7
�# ,]".�

.:�#, و ا
�	�ه ا ,8"	�

H, ا���
 :ا
Bioremediation of contaminated soil and water with nicotine 

  

� إ��A%�� إ6"8 ام ا��A?��ت  �4���ا���� ا� ��9� &� ا�"Y�8 �� ا�$��=�ت ���� ا�$���B� ا�

 و ����A ھRه ا�$��=�ت ���C ا<%�4$�ت �W�� �"D أو H$"_ ا� را�6ت ا�"� اھ��و ھ��ك 

���� و ����Aه ���Aو���ً �:C ا� را�6ت ا�"����Aا��� �� Y�8"را6� ا� �33 ��ول ر()( (:  
  

Piotrowska-Cyplik et al. (2009), Meng et al. (2010), Zhong et al. 
(2010), Wang et al. (2012), Ma et al. (2012), Gurusamy and Natarajan 
(2013), Roder Green et al. (2014), Raman et al. (2014), Liu et al. (2015), 
Wang et al. (2015), Ruan and Liu (2015), Anyanwu and Semple (2015), 
Law et al. (2016) 

B$ا�  ��\ ��
���� أو �� ��$� ���ـ أ�� Aا��� 
�W�
�ت ا�$��Aو��� ا�$���� �"��C و ��$
nicotine-degrading microorganisms (NDMs)  �"ت ا���و�A�$ا� �
�$B� �!&

 ُ
�ن و ا���"�و��� &� %$�ھ� و �  ��A�� 3 ر$� ����A8 م ا���"�� H&� R�� ت�
�$B$ه ا�Rھ

�ت ا�$��Aو��� و  و أھ
) 14و  31ا
91> ر() ( 1950s ا�8$����ت�$B$ت أو ا�LJه ا��Rھ

!��

��!� و ا�"��ف  
  :�(Gurusamy and Natarajan 2013) ا�"� �



I
�G
��ب ا

�و�
ن  ا��
� �

ت و ا��واد ا�-ذا9�
 ��وث ا���

157 

Fungi: 
Pellicularia filamentosa JTS-208, Cunninghamella echinulata IFO-

4444, Aspergillus oryzae 112822,  
Gram-positive bacteria: 

Arthrobacter nicotinophagum N. sp., Arthrobacter sp. HF-2,  
Gram-negative bacteria: 

Pseudomonas sp. 41, Pseudomonas sp. HF-1, Pseudomonas sp. Nic 
22, Ochrobactrum intermedium DN2, Rhodococcus sp. Y22, 
Agrobacterium tumefaciens S33, Acinetobacter sp. TW,  

  

�ت ا�$��Aو��� �$B$ه ا�Rو ھ �& C:$"� 4 ة 

 ا�"��ف 
��!� �� ��#�ت = �!��
 
�

 z�"!� ا��ا�$��رع  �kا7راtobacco plantation soil  �4�9 أو ����8ت�أو  z�"أو أوراق ا�
 z�"ا�tobacco waste  C�:$"و ���رات ا� ����Aا��� C��
 ا�"��ف 
�� ط�94� �� C����� و


�ت �:��D �&C� ا�� metabolic pathway 4ا�Rdا?� �+ �$B$ه ا�Rھ ��   :  
A. nicotinovorans, Agrobacterium tumefaciens S33, Aspergillus 

oryzae and Pseudomonas putida S16 
 


� �� ا�$��Aو��ت�$B� ھ��ك �K^ا f%�Bا� ��
 ����A���� ������"8 م  ا�ُ$�W$� و ا�ُ$
 �?�Bدة ا���� ����� �&quality of cigarettes � �B���� ����8!� وtreating tobacco 

waste  ����Aج ا����"%> �W�6� producing valuableو �l�R &� ا�$��ر�� &� ا�$�اCD ا�
intermediates of nicotine  و ھ� ���و�A�� ��w ����A���� C��إL أ%+ D 4:�ً ظ!�ت ط�ق �

�?�� أو ���C ط�ق kphotocatalyitic degradation �6_ ا� را��4:� �$� ��ء &�  �ت ا�
C:�  de Franco et al. (2014) and Passananti et al. (2014)  

���� ���$��ه Aا��� �� Y�8"4� و ا����
�ت ���Aو��� أ�� 
� ا�$���B� ا��$B� ل�
 
�  9&
 ً�b4أ �=����A�� C:� Cوب   ��nicotine contaminated water ���ه ��� ��
�!� ا�9 رة 

Ochrobactrum sp. SJY1 "و ا����Aا��� C��و ذ�JK lل   g l-1 �4.0 �!� ھ�� ��ن �� ل �
10(��� �6
�ت &"�ة ز���� � رت � h(  ارة�D ظ�وف H�� l30و ذ� °C  �k�$D وH%�� 

pH 7.0  �
 ًJ9%Yu et al. (2014b)  ً���و�A�� ����Aا��� C����� أن �� ل �kو �$� أو

�� ا�$��Aوب و ظ�وف ا�"���D �� Cارة �% ��
 M��"4 ����� l�R� ھ� و��w و �k�$D و

C
���� ���#� ا�"��Aا���.  
 

7����ت �9"�8 أو �+.	` ا
7	9"�	� #�ا�N.T؟ – 12
  ھ> ��:S	P ا
Can plant synthesize endogenous nicotine? 
 

�ن  – �� ا<�!�د ��H ظ�وف ����� –�$� V�6 أن ذ��%� أن ��_ ا������ت A� أن e�W"��
 �!�Kا � ����Aا���endogenous nicotine  �& 
���� &� �Rور ھRه ا������ت =Aن ا����A"4 m�D

l����Aا��� _$D رة�\nicotinic acid   ا�ـ l�R� وamino acid L-ornithine  زع�أن �"
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�ن �$��ت  e�$�(EFSA 2011) أ��اء ا����ت &� A� أن e�W"�� z�"ور %����ت ا�R� أن �$�

 �C9�ُ إ�� ا7و= ����Aه ا��2وف ����ة �� ا���Rھ H�� m�D ح ا������ت�� f9
 lراق و ذ�

 l�%�$6�Bا� _$D C
��"4jasmonic acid  ت �$�دة������long-distance signal  ���
 ����Aت ا�����% ���B"6إ ���ح و �Bا� ���$

�Wء إ�Tرة ���6� j� م ا7و�����94 lذ� ��

Jوة 

���� D"� و إنA���� z�"ور %��ت ا�R� �4�A� 
�2�"� �A� 
 �$� ورد 
� ��BوD�ا������ت  ھRه �
Li et al. (2007) �& �$� ول ر()  و�H
  .)35(ا

 

 
 
Fig. 13: Nicotine biosynthesis pathway according to www.Wikipedia.org  
 
 

 �
���� ���_أ�� A�4 ا����A� ��%�Aا������ت  إ�)z�"ا� ��w(  وف أن��� �� اA& �!�K$� ھ
 ا���4 ى %����ت ا���?�� ا���ذ%�B%�� � 4!� ھRه ا�9 رة �$� ورد 
� ا���V4 ا���:� ���9دة

Andersson  E4ا و ا� ا%$�رك و ا���و ���& �� ��:D�� �$��ر���4�9اً و � 
!�
m�D \ ر 
�ان ���Nicotine alkaloids in Solanaceous food plants  م�
$�A ��اءة و 4 م2003

  :��_ ا�$�����ت ا�!��� &� ھRا ا����ق �$� ��4
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 Cن و ا�����B%ا���ذ ،

 إ�"��&+ و ا�"��ف 
��+ &� %����ت ا���Wط]، ا�W$�ط� ����Aأن ا���
 ������� � اSolanaceae  �!�K� و �$�e %����ت ا���?�� ا���ذ%�B%�ا�Aا��� V��8� �4 أو�A� �!�A$4

� m�D و�  أن �����ه ���8_ � �� µg kg-1 10أ�C �� (اً &� ا���Wط]، ا�W$�ط
 و ا����C ا�
fزن ا��ط�
�� أ�6س ا� ( ����Aات ا�������� ��D �&–  �b�8�� Hو ا�"� ��زا�–  �& ��
أ

�$� أن ) 
�� أ�6س ا��زن ا��ط��D100 µg kg-1 )f� =$�ر %����ت ا���ذ%�Bن و ا�"� �C3 إ�� 

�ى "�� e�3� �"ا?�� ا�Rdت ا��B"�$ا?�� ا�Rdت ا��B"�$��� ىRا� ����Aا��� ����� [�% ��

�ا�� �� C34 ىRو ا� ًJ��� ��
�4 ات  µg kg-1 34ا��Wز�� أو أ��Aع �� أ��و �
 M�"Aُ4 أى %
 ��%�B%ت ا���?�� ا���ذ����% �& ����Aا��� ��w z�"ا�(Andersson et al. 2003) ن`� ً�$�
 

���� �`وراق ا�"�z 4"�واح �� �A0.5 �� ����� ا��� to 7.5%M�3ا� f�D.  
 

 
 
Fig. 14: Chemical structure of the nicotine metabolites: (a) nornicotine, (b) nicotine-
1-oxide, (c) cotinine and (d) norcotinine 
 
 
Table 35: Occurrence and frequency of nicotine contaminations (µg g-1 d w) in plant-

derived commodities. The data are extracted from the compilation published by 
the European Food Safety Authority by Selmar et al. (2015a, b) 

Commodity Maximum value 
of contamination 

Sample rate (%) 
containe nicotine 

Number of 
analysed samples 

Camomile flowers 4.08   64 % 160 
Linden flowers 1.08   98 %   43 
Rose hips 0.88   81 %   81 
Black tea 0.87   82 % 235 
Green tea 0.44   84 %   93 
Sage leaves 0.35 100 %   22 
Blackberry leaves 0.28   9 %   45 
Mate leaves 0.21 100 %     5 
Peppermint leaves 0.11   58 % 118 
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�*"8,�� ھ"  – 13
  ؟��/	- ا
7	9"�	� =! ن����ت ا
-را��ت ا
:5.	�8, و ا
Nicotine in conventional and organic farming 

  
 z�"إ%"�ج ا� C����� أت �ن �%��ض ا���� ا7��_ ا�$"�C:� t6 ا��D �& _ ا� ول��ھ��ك 


 ة �6�ات  R�� �4�bت ا���
و ���e�W ا�"�z ا�$�"Bilalis et al. 2009, 2010 ( E(�� ا��را
��4ً ��] ھ� ا�$�اد ھ�� &� ھRه ا� را6� و ��A د
�� %�`ل �CA ���ط� ا��vال b
 ��w �4ً أو�b


��ر إھ"$���� أL و ھ��:  
���� ��را
� ا������ت ا�8$"��� Aا��� ����� M�"84 Cھ)e�W��� z�"ا� ��w ( �
&� ��D� ا��را

�4�؟bا�� �
أو ا��vال �$��� آ�K ھC %����ت ا��را
�ت ا�"��9 4�  ا�"��9 4� 
� �:��"!� ����را
 �
���� ��9ر%� ���] ا������ت إذا زر
H زراAر���ع %��� ا���> �k�
�ن أ
�� و أ�:� ُA�

�4�؟b
 x� وM6 أن �& �$A� ����>ى  ا���� ����� �� ��8� L �4�bت ا���
��\�C ا��را�
���� �$� أ����6 Aز����ت� ر�� �� ا��� �"D أن  ����Aا��� �� ���% ��
�ى "�ا�$��ه ا�$� %�� �

�رة m�D أن ��Bد ا�" ��K أ=��ء ا���3د أو أ=��ء W84� ا��w �& ��A�$أن ا�  B% و �� ھ��
���� ا�Rdا?�� ا�"M��d ��فِ �"��ث ا�$�"�Bت أو ا�$�اد  وا�"��`ة 
$���ت A����� ��
و �l�R ا��را



�� ا�$��ة ا������ �$�"�Bت ا��را �b9% �4�bت � ا���

$���ت ���ث ا��را H��� e�W��� و
���� أ=��ء ا���3د و ا�"��`ة & t9�C �  4$"  ذ�l أ=��ءA����� �4�bا�� CDا�� �ا�$8"��� ا�"�  ا��$

3�ل��4� أھ
 �$��ا�!� و �  ���e 4$� �!� ا�$bت ا���

�   و ��د و ��B"��  9�� l�Rت ا��را
�4� أو ا�"3 �4 و 
�� ذ�j& lن أھ
 ��3در �bت ا���
���� &� ��D� ا��راA����� ث ا������ت��

�& C:$"� �4 ��9"ا� �"D:  
�ن ا�"��ث ����Tة ا�" ��K  –ا�" �A� �& ��Kن ا�"��`ة و ا���3د A4 9� و�أ=��ء ا��$���ت ا���

 �?�Bا�� C$�ر�� أ�$�ع ا���B?� &� أ���� زرا
� ا������ت  –�� ا� �Kن أو ا�\7�e ا�"� �
 C��"� m�D�%�A��W�4 $�ع و�ه ا7Rوت ھ ���"�� ����Aا��� V C�� �� Y"$4 ت�
أو  ا�$�رو

&� ظC �� 4  ا<���د ا7ورو�� ا^ن 
�� �kورة ��ا
�ة %��� و  –و 
�� ذ�l . ا������ت
 ����Aاھ� �� ا����"����� ����3درات ا�m�D �4�3$ زادت ھRه ا��3درات &� �A50ا��� 

�ا�� M�k &� ا7و%� ا��K7ة ��C3 اD �0.5"���� إ�� mg kg-1  س�و 
��+ &j%�� % ق %��
��د ا7ورو�� إذا �a� �4�3$ت ر&_ ا��3درات ا������ 
���� �`D  و أھAا��� �&�kj� �W8ا�

  .ا�$����4 ا�"� D دھ� ا<���د ا7ورو�� ت ھRه ا��3درات��Bوز
  

7����ت #�
7	9"�	�؟ ھ> ھ�7ك درا��ت – 14
  ��y �.! �."ث ا
Researches and studies on nicotine 

  

�ث ا�$�اد و ا������ت ا�Rdا?�� �� ��A�� H4:�ً و���و� D ا� را�6ت ا�"� \ رت 
أ�� 
� أھ
���� &!� ��� H��� ��:A�C أن 
 دھ� 4ُ A����� قJا<ط ��

�� أ\��e ا��  ا��اD ة و أھ$!�   � ��

 �$��و
�� PI ا��?��� ���mDأو ا ھ� ا���l4و ( Dirk Selmar د�8ك ز8.��%��ه ا�%�$�7 
�
  �$�� H�� e94 ىR�3 و أ�$�%�� و ا�� ���ر�� ��$� ����Aا���GERF II(  + ا���م�و ر&�

 ����� �
 �k�$ا�����A���� 15 �9> ر()( إ�"�3ص %��ت ا�����ع(:  
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Nicotine uptake by peppermint plants as a possible source of nicotine 
in plant-derived products (Selmar et al. 2015a) 

  
�ن �3 راً �"��ث =
 &� دراR!� ��%�= �6ا ا���V4 ا���:� ���ول A4  � ����Aأن ا��� M��

���� ��� ا���e ا�Rdا?��ا�$�اد و ا���e ا�Rdا?�� A���� �9&7ل ا<%"�9ل اJK �� lو ذ�:  
Horizontal natural product transfer: a so far unconsidered source of 

contamination of plant-derived commodities (Selmar et al. 2015b) 
  

 H%�� 
=,	����
�5
, ا�
 ا�"� �Tر��� �!� �$�v$� ا�B$��� ا�%�$�7� ����م ا7را�k ا
DBG  و�9  
�%�ا�Rى ُ�$  �k�$�62015"$�� ا��انم ��� )El-Ramady et al. 2015d(:  

Contamination of plant foods with nicotine: an overview 
  

�دة إ�� ���D� و إ%"�9ل
����  و إ�"�3ص و Aا��� ��ا�"� �� �������ل ��و �l�R ا�
���� و &�$�A���� ��4 <�"�3ص أوراق %��ت ا�����ع C�3�"ء �� ا����رب �B"ه ا�R!� ض�
:  

  

)1 (– �	�"9	7.
7��7ع 
  :إ�:�Dص �Kور ن��ت ا
Nicotine uptake from the soil 

  

  �B� �&1.5 kg   (soil-sand mixture, 2:1)�� ��3رى وز%!�A�3���ت 
���� ا�"�


 إ��اء درا6� 
�� إ�"�3ص �Rور %��ت ا�����ع �Peppermint (Mentha × piperita) 
����A���� q8�2� اون�# ,���H# ���� H��kأ m�D ��%�$�`� تJ z�� �

��رة  H%�� و ����Aا���

67�اق ا�B� ��%�$�7رى ��4ع ��commercial cigarette tobacco, American Spirit) (

�� SW6 ا�"��� ����J� L m] ا����ت �&�b$ت ا���$Aا� H%�� د  و�أى أH��k ��~ &� و�


 أRKت = ����4 C� S�T�"ل ورق ا�JK �� ا������ت ��وى H%�� و S�T�"ط�9"�� �� ورق ا�
= 
��  إ�k&� و ا�$���Jت  )أوراق ���� –�"�W6� ا��$�  –D 4:� أوراق ( $�H أوراق ا������ت�ُ 

z�"ـ ا��25و  16و  9و  0   
= C?�6 ة &� %�"�و����T��� ا�����ت H�kو m�D �&�k>م �� ا�4
����Aن �"9 �4 ا����
 ط��!� &� ھ�.   

 ���B"ه ا�Rھ C:$��6إ�"�3ص درا  ���$
���� �� JKل A���� ور %��ت ا�����عR�
�ن داCK ا����ت  ا<�k&�تA� ����Aا��8ر��� أى ��] ا���endogenous biosynthesis  m�D

���� �RBور ا�W$�ط
 و ا����C ��ن Aل إ�"�3ص ا��� �� t6��H ا�"�Bرب ا����9� أن �"kأو
�ا�� D t6� أ�8م 9+ ��  ���$� &� ھRه ا�"�B�� أ�Tرت ا��"�?E إ�� أ% µg kg−1 f.w 30&� ا�$"
���� ��7وراق ا�$��� أ��� ����ن �� ل ��ا�
 ا��A� 0.15 µg g−1 f.w.  M�kأ �� �
 lو ذ�


� �� ��ن ا�$� ل  .��D �&1.5 µg g−1 f.w ��ن ا�$� ل  mg of tobacco 100ا�"�z �$� ل 
 ����� أ�� 
� إ�"�3ص �Rور ا�����ع  ).16ا
91> ر() �$� &� ( mg 1000ا�$�bف ھA����

�ن إ�� �� JKل ا<%"�9ل 
�� اA�&f�8� xylem )����Aن إ�"�3ص ا����A4 m�Dpassively 
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transported  أى S"ا�� ����� �B�"%( ءا� أو��� phloem )tن ا<�"�3ص ا����A4 m�D  �ھ
����  .)active source-sink-translocation ا���?  &� ھRه ا�

ھ� ���B% �!b  ا7وراق ا�$��� و ا�$"�W6� و ا�� 4:�و 
�  ��9ر%� �� Lت إ�"�3ص 
��% �D��� �& ��
�ن أA� ���$ا����ت ا� �B�%7ن أ lا�$��� و ذ� ���D �& ى�"�� ��
H أ

 S"���� م��ح ا�"� �9Wا��S��\ [Aو ا�� . ����Aأن ا��� �& V�6 �� Y�8�� �A$4 lذ� ��
و 
 �� e&ا �ن �A4 lإ�� ا7وراق و أن ذ� f�8ل ا�JK �� C9"�4 أن �A$4S"ا�� ���$
 . �
أ�� 

 ��Jط�د4� ا�� ��J
 �!& Y"$$ا� ����Aو �$�� ا��� �&�b$ا� z�"$�� ا�� ���91> ر() (
) 17ا

f9 ا���3د ����Tة ) 18(ا
91> ر()  ���$� C?�6 ا7وراق &� %�"�و��� ekأن و Sk��&

lyophilized samples  L4 ����Aى ا7وراق �� ا����"�� ��
 �=vC:�  L �"ا7وراق ا�
�H ا�"��4 � s��� nonlyophilized samples  �A$4 ���"��� ى و�أى أ%+ ��] ھ��ك &�ق ���
 �4�W�  ��"�4 ا�"��4 أأن H����� �� ا7وراق ��H ظ�وف ا���3د ا���دى و ��] �Aو &9  ا���.  

  

)2 (– �	�"9	7.
7��7ع 
  :إ�:�Dص أوراق ن��ت ا
Nicotine uptake from cigarette smoke 

  
��ُ ���\ �& ���B"ه ا�Rھ H4أ�� ً���$� �$A) دھ����أfloor size 15 m2, vol. 22 m3 (

 ��K � 
� m�D11 رة�H	�� �$ ة �6
"� probands&� ھRه ا�3��� ا���d3ة و ذ�JK �� lل  

 أRKت 
���ت أوراق ا�����ع= )C?�6 و����"�% �& H�kو m�D(  ات ز���� ھ��"& ��
 lو ذ�


 ط�� ا7وراق &� ھ�ن=
  fumigation أ�4م �� ا�"��ض � �Kن ا���B?� أو 8و  2و  1و  0� 
 ���B"ول ��ن إ��اء %�] ا��"�Aا� e�W��� و)��K "ون ا� � e�W��� (��=�$� ���\ ��
. �
 أ�� 

 ���B"ه ا�Rض �� ھ�dا������ت!&ا� ��%�Aى إ� � �&��� ��ى  Bاء ا������ �� ا�!Aإ�"�3ص ا���
���� و �  أ�Tرت ا��" fumigationأو 
� ط�V4 ا7وراق أى Aا��� ����� t6��?E إ�� أن �"

 �� ��
  .mg kg−1 fw 6�`وراق ا�����ع ��  4�م واD  ا�"���8 أو ا�" ��K ��ن أ

 � +و JK\� ا�9�ل أ%wا�� ��
��%�B%_ %����ت ا���?�� ا���ذ��أن  �  ��
� 4!� ا�9 رة 

����A�4 ا����A�  ًأو ا��7ا ط����� ~Wا�� C:� ت إ�!�دL��ض &jن ��_ 
� �� �"��ض �
�Wا������ت ا�Y"$� أن �A$4 C�ا����� �� و ا��4�W� و ا�"Aور أو ا7وراق( ا���RBا� V4ط� �
( 
 +"&�kإ  �
���� b�4_ أى إ��!� أو ا�"��ض �+ Aى ا�����ع �� ا����"�و %"�B� <%��8ض �

949�8�ى إ&"�ا�k� أن ا�����ع �A$4+ أن 4ُ +  +�Kا �synthesise nicotine endogenously 
 C:$ُ� أن �!�A$4 أن %����ت ا�����ع m�D ا ا<&"�اض �+ �� ��4% هRن ھ`� ً�$�
metabolize 

�4 ات Rwا?��ً ��A�7ر���ا�K �&�kj� ت����� H��kإذا أ.  
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Fig. 15: Experimental design of mulching experiments to study nicotine uptake from 

the soil. Commercial cigarette tobacco was applied directly onto the soil by 
spreading the material evenly across the surface (a, b), but avoiding any direct 
contact with the plants. The mulched soil was then covered with two layers of 
filter paper (c, d). The plants were watered every 2 days by pouring water 
through the filter paper (from Selmar et al. 2015a) 

 
 

  
��4 �$�& ����Aا��� ��A�� �
 V?�9�  :و 
��+ Y�8�� �A$4 ��_ ا�

-   e� 
= �k�$4� &� ا�������� أC$�"6 &� ا�$�JK �� �kل ا�$�� ات ا�Aأن ا���
�$� H�4أز 
= +$4��� 
���� ��3� إ�"��ف �`=��ه ا���م �Aا��� ��
�ى "�e ا�$�� ات ا�"� �


�م  R�� ���اق ا7ورو� .م2009أ�6�6� �� ا67
-  
��د ا7ورو��  (No. 396/2005)أ%+ و&�9ً ��$����4 ا7ورو��� و و&�9ً ��%�9�ن ر��a�

 ����A+ �� ا����ح ��اد و ا���e ا�Rdا?��&jن ا��  ا7��3 ا�$�$$���  �و �   mg kg-1 0.01ھ
���� &� �M�"8  أ�TرتAظ &� ����� ا�����أD ث ا�"�9ر�4 و ا�"���Jت إ�� أن ھ��ك إر���ع ��

 C��6 ���& �4�Wو ا�� ���Wا�+ و ا������ت ا��ا���e ا�Rdا?�� �:C ا�$��وم و ا���ى و �Tى ا��
�:C أزھ�ر (ا�$:�ل و ���"� 4  ������� ���3درات ا�$4�3� &9  و�  أن ��_ ا���e ا�Rdا?�� 

��Aا�C��� chamomile ( إ�� C\و ����A�% ��
�ى "��0.5 mg kg-1  �
 50أى �� 4�4  

 ا��Aر=� ا�"� %��%� ��!�BD [A�4 �$� ���3درات 7ورو���+ �ح �  .M�k ا�$�$
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Fig. 16: Nicotine uptake from the soil. Peppermint plants were treated with different 

amounts of commercial cigarette tobacco (100 and 1000 mg). Each column 
represents the mean value of the leaves from six plants, analysed as two 
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samples, each consisting of a mixture of three individual plants. Control 
corresponds to the background level, which was calculated as mean value of 0-
samples and blanks. These very high readings were above the range where a 
linear relationship occurs (asterisk). Therefore, the correct values may be even 
higher (from Selmar et al. 2015a) 

 
 
 
 

 
 
Fig. 17: Nicotine uptake is dose-dependent. Peppermint plants were mulched with 

different amounts of commercial cigarette tobacco (0, 10, 100 and 1000 mg, 
respectively). Analyses have been performed 9 days after mulching. Each 
column represents the mean value of six plant leaves, analysed as two samples, 
each consisting of a mixture of three individual plants. This very high reading 
was above the range where a linear relationship occurs (asterisk). Therefore, the 
correct values may be even higher (from Selmar et al. 2015a) 
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Fig. 18: Nicotine uptake from the gaseous phase. In a greenhouse, the peppermint 

plants were exposed to the smoke of 11 cigarettes within 2 h as outlined in 
section 2. Plants were harvested and analysed after 1, 2 and 8 days. Each 
column represents the mean value of six plant leaves. Control corresponds to 
the background level, which was calculated as mean value of 0-samples and 
blanks. To distinguish between the nicotine which simply is absorbed on the 
surface and that which really is taken up by the cells, a lyophilisation step was 
included. Whereas the nicotine on the surface evaporates, the alkaloids taken 
up, remain—even under vacuum—in the plant material (from Selmar et al. 
2015a) 
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Fig. 4: The plant stress matrix with different combinations of potential environmental 

stresses that can affect crops in the field are shown in the form of a matrix 
(Adapted from Mittler 2006; Suzuki et al. 2014; Mahalingam 2015) 
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Fig. 5: Direct and indirect effects of emitted pollutants on forests and soils (with kind 

permission from Ellen Kandeler, from Blume et al. 2016) 
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Fig. 6: Schematic overview of phytoremediation of air pollution (from Nele Weyens 

with kind permission, Weyens et al. 2015) 
 

 
 
Fig. S1: Soil functions: soils deliver ecosystem services that enable life on Earth from 

FAO (http://www.fao.org/soils-2015/en/25.5.2016) 
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Fig. S2: Common soil pollution in Kafrelsheikh district (El-Wahyiba village) 
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Fig. S3: Tobacco plant under the investigation with nano-selenium (100 mg kg-1), it 

could be observed rooting of this plant resulting from nano-Se effect in 
Debrecen University, Hungary from 2013 to 2015. Contamination of food 
plants with nicotine needs to be carried out in vitro (photos by El-Ramady) 
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Fig. S4: Tobacco plant and its flowering in JKI Braunschweig, Germany during 

September 2014 (Photos by El-Ramady) 
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Fig. S5: Smoking any tobacco product (%) for males according to WHO in 2008 

(from www.wikipedia.org/24.2.2016)  
 
 
 
 
 

 
 
Fig. S6: Annual per capita cigarette consumption rates in 2016. Gray countries have 

no data available (from Max Fisher / Washington Post, 25.2.2016) 
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Fig. S7: Tobacco use deaths will rise dramatically over the next years 

according to WHO (2016), where the red line represents if proportion of 
young adults taking up smoking halves by 2020 and the red line 
represents if adult consumption halves by 2010. 

 
 

 
 
Fig. S8: Smoking can damage every part of the body according to the official web site 

of the famous cyclopedia: www.wikipedia.org/24.2.2016) 
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Fig. S9: What is in a cigarette? https://acleancigaretteblog.com/2015/08/04/what-
does-making-the-switch-mean/25.2.2016 
 
 

 
 
Fig. S10: The cycle of nicotine addiction (from http://www.newsky24.com/nicotine-
addiction/25.2.2016) 
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Fig. S11: how nicotine affects the brain 

Source: http://www.newsky24.com/nicotine-addiction/25.2.2016  
 

 
 
Fig. S12: The global tobacco deaths in the developed and developing countries  

(from http://slideplayer.com/slide/5095907/#25.2.2016)  
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Fig. S13: How can cigarette kill humans (http://iinterestingfacts.blogspot.com.eg)  
 

 
 
Fig. S14: The growing trend for warnings on cigarette packages 

(https://www.statista.com/chart/3012/graphic-warnings-on-cigarette-packages)  
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Fig. S15: U.S. Surgeon General concludes secondhand smoke is harmful (Naff 2007) 
 
 

 
 
Fig. S16: Smoking percentages by group in the U.S. (2010) 

https://en.wikipedia.org/wiki/Prevalence_of_tobacco_consumption/25.2.2016 
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Fig. S17: Overview of main health effects on humans from some common types of pollution 

(from www.wikipedia.org/28.3.2016) or Häggström, Mikael (2014) Medical gallery of 
Mikael Häggström, Wikiversity Journal of Medicine 1 (2). DOI: 
10.15347/wjm/2014.008, ISSN 20018762 

 
 

 
 
Fig. 15: Experimental design of mulching experiments to study nicotine uptake from 

the soil (from Selmar et al. 2015a) 
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Fig. 18: Nicotine uptake from the gaseous phase. In a greenhouse, the peppermint 

plants were exposed to the smoke of 11 cigarettes within 2 h as outlined in 
section 2. Plants were harvested and analyzed after 1, 2 and 8 days. Each 
column represents the mean value of six plant leaves. Control corresponds to the 
background level, which was calculated as mean value of 0-samples and blanks. 
To distinguish between the nicotine which simply is absorbed on the surface 
and that which really is taken up by the cells, a lyophilization step was included. 
Whereas the nicotine on the surface evaporates, the alkaloids taken up, 
remain—even under vacuum—in the plant material (from Selmar et al. 2015a) 
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