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�ات ا���ر ����م ����� ا���� �  ط��$� ا���#�� "�ر�� ��را!�  �
 �&��&�� و ,�  �+����� ر&�*��ت ا�$�) ا�('� �(��. /�! 01*

��� ���7 ا��6اص ا4 �3ھ�  و;�د ��3ل 8

�&P1*��ا��ھ�ب ا��  

  ��0 ا�6��ب

?�1R �1* ل��;  

�@P6ا�  

��G ا�5,��� ا����� ا��ّ. ا�-R�ام ط��� ا�*��-  �0ر�� ��را� ���Vات ا���ر  ����م $H ر��!��ت 

.  Y*� �*0 درا� $�����ت 0=�? ا�-*��� ا�Xاو� ا�6*-� و ���$ 5��+  ? ZQا�$ ��! ا�*=�-

 ���Y ان ھ;ا ا���8 و ا��6 ا���ار� �,;ا ا����م 0�وال ?  در2 ا���ارة.   �-�\] ھ;ه ا�����

$H ا���ر ا�*�-�.  8.3Kا����م �*� ���-��ل ا�>�ھ  ����ر $H ا���ع ا�*6-*� !�� در2 ��ارة 

p(2×1)   ًا�>�ھ�� .�  (1×1)ا�� ا���ر ��I ا�*�-

:��  .��V�xyات ا���ر، �*�ذج  "��1ت ����7

 ا��$���

 ا���� �\��` *��aت ا���ر ?  اa��-� !��  .[1-11]ھ��ك اھ-*�م ��=  ���0 ��را� ا�=$aا H$

��م ا��-�وc�� ��! H�2 ��0ر�� ا�(�د��م � ا����  �\��` *��a[2,1]ا.   و��Z2 اaھ-*�م ��را�

                                           

�$�22666 $(�ا�  ص ب   –��0 ا����م  –68. ا���X�9ء 1email: 
sallabiabdulwahab@yahoo.ca 
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 !�� وg2 ا�R(�ص) ��5�g أ�(ا�-��aت ا���ر ���-�وc�� ��! H�2 ��0ر�� ا�(�د��م *��� ا�

 ا����= ��-��Vات ا���ر و�-�Z8 ان ��5ن ���V ا�*-�h�8ن ��5ن ��� ?  درا��ت اS-��ر ا��*,$

H*Q ا�(�د��م ���0ر� c�� ��! H�2م ا��-�و��� xy  model"ا�(�i ا�/*��  ا���ر ?  

with cubic anisotropy"�� . وا�;ي �ُ�-�� $H أھ. ا�-(���i ا�/*��� ا�-  ���hت �,� ا���

 ��! �*-�� �,*�8 ���*+ ��I 2�� kأ� g� l�� ،�-��aت ا���ر وا���اھ� ا���2a ا����=

 H�� وا�-�9!7ت c�6ا� H! [���ا� �*�`) ا�c�6 ا�*�ز و�8ة ا�*>�ل ��I $��� ا��Rاص ا�a>�ھ�

 .[2]ا�>�m�Xت

�وH�2 !�� ��را� ���Vات ا���ر و��ا�m�X2 G�0ت ا��-  [1]م 2012!�م  �8Jochen Vogtم

����ً ��Y*� l ا��را� ا�->���� !��  c��NaCl(100) ���رة ��0ر�� ا�(�د��م ��>�����ً و

 H�� 20در�2ت ��ارةK  40وK   #9R�*ا� ���-R�ام ط��� ���د ا5�n-�و��ت ذات ا���8

)LEED (Low Energy Electron Diffraction   ?��  �*Y !�� در2���،  ا$� ا��را� ا��

.  أ0�ت Dispersion Density Function Theory(DFT-D)� ا�*�� U���R-�ام ط��� ا�(9

 �-�\] ط��� g� ت h��� �$ �K  ا�->�����9R�*ا� �-�\] ط��� ���د ا0a-�و��ت ذات ا���8

،  ��h��� lت �-�\] ط��� [2] 2000ا�*��-����5ر�� ���-R�ام ,2� g�+ �>���  ا�*�/�رة !�م 

!�� در�2ت ��ارة اhp(2×1)   H$ (8ن �m�X2ت ا���-�وH�2 ��5ن ا���ر ا�*��G ��� ا�*��-  �0ر

25K ،و o�X2 (0 (*�� و Hد��#-$ Hا�>�ھ�  ? H��m�X2 ��! ي�-�� G�0�-ا ا�;,� ��Rة ا��و�

�-�\] ط��� ا�*��-  �0ر�� ا�#�ً ان   29°زاو� $��ارھ�  Y��� �*0  .ا�*�ز c�6ا��*�دي !�� ا� Z$

 G�0�-ا�p(2×1)   ارة�� ��I ا�*�-�. �*-��ً.  0*� ذ�0  (1×1)ا�� ا���ر  �25K�-�) !�� در2

 G�0�-��� K�Rا� (�K�9-ا� l�� H$ �0ر��  -� (1×1)����9ً ?�ن ا��-�\] ا�->���� ا��ت �-�\] ا�*�

!) H�� �$ در�2ت ��ارة �40-20�K) G�0�-ا� H$  ل ط�ر��-�) إ�� 1×1)، و��p� .� �,�5� و�2د  ا

) G�0�-2×1ا�(p .  

��م ا��-�وH�2 ا�**-c�� ��! X ��0ر�� � (=*� q6�$ ذج�*�?  ھ;ه ا��ر8 ا���=�  أ�-R�م 

ZQا�$  ? -�=$ ���� ���,0 G�8 !��ت��ر H$ ا�(�د��م. ھ;ا ا��*�ذج �-�5ن  ���$ 5��+

  �c�6 ��0ر�� ا�(�د��م.  ا�#�ً ا�-R�$�� ھ;ا ا��*�ذج $Z ط��� ا�*��-  �0ر�� ��را�,��/$

  ا�Xاو� ا�6*=� و $-��q ا���8 و ا��6?�=0 Zز��� [\�-�ا�-��aت ا���ر �,;ا ا����م $7S Hل 

. ا���ار�
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 #��م ا�74ا���ت و ;'�د ا����*?.  1

��م ا�a�ا`��ت �) ��l �. ا�-���� !H $�اZQ ر��!��ت ا���G 1ا�*�cQ ���/5) ر8. (أ�-R�م 

  !��ا�5,��  �a�� .  ا�*�6? ϕو ا�Xو�ا�6*-� θ، و ا�Xوا� ا�����   zو yو  xا�/��5 ا�*���

ا����� ��H اى ا�8ب �2ر�H$ H ر��!�ت ا���G ا�5,��  �. اS-��رھ� $�6و� ��=��Y ا����ري ����رة 

0*� �. اS-��ر $��ار ر��!  ا���G ا�5,��  $�6و�� �*��ار   ،Å[2] 3.99)ا�(�د��م (��0ر�� 

) H�2-�و���  �ا�5,� G!  ا�����1.41رD·Å ([2]  ام ا��-�\] ا�*-�?�ة�R-ا� H5*� �-� sوذ�

��م ��-�\] ھ;ه ا��را�.   ��N2/NaCl(001)ل  Z$ � ��*��ر

$H ر��!��ت ا���G ا�5,��  !�� $6-�ى g-��6$     (n×n)أ`��ء ا�*���0ة �. وZQ !�د 

((n×as)×(n×as))) g2001!�� ا�� l��) (as  و ��6وي Hد��م $->�ور��K  �ا�*�6? ��H أ��

4.448 Å  وn . ر��!��ت [2])!�د ر��!��ت ا���G ا�5,��  ?  اي iK او !*�د $H ا�/��5

 ?  ��c*6� H �,� ����وران ���Xاو�  ��Iا���G ا�5,��  $=�- و ����-�aا $6*�ح �,� �����0

  -�0 ر��!��ت ا���G �-. �/5) !/�ا\  �G6 ��ز� Z���X-$�ن ?  ط��� ا�*���  .q�? ا�6*=�

  ا����ل و ا��?u �-�5ن دا\*� ���6�� (���� Z$ �050ر��%    -�أ`��ء ا�*���0ة.  0) دورة $�

5) ر��!  G�8  ����وران �*-��ً ?�q �/5) !/�ا\ .  ?  0) �>�� $���0ة �0ر�� �/*) ا�6*�ح �

   H$ ب��� �$ H$ ت��أ�i دورة $��-  �0ر�� `. إ�2اء ا�-���) اZ�*<� .-�800    \�)�n ا����

  !�� ھ;ه ا������ت ��� �;ف ا��ورات �8) و�Kل ا����م إ�� ��� ا�a-��ار.

 H$ م �-�5ن��H��\X2 او�,*� ��9!) ر��!��ت ا���G ا��,5�   �*�?��H ��#,� 2,� ا�-�9!) �,;ا ا��

  U(ϕi)ا�>X ا�=��  $H ا�-�9!) ھ�  ا$� [12]ا���u و ذ�G6� s ا���87ت ا�*��2دة ���*�Z2 ر8.

و ھ� !��رة !H ا�- (!�9��H ا�*>�ل ��I $��� ا��Rاص ا�a>�ھ� ا�;ي ��?�ه ا�/��5 ا�*��� و 

  و���� ���*��د� ا�-��� : [2]ر��!��ت ا���G ا�5,��  

U(ϕi)=-2.4939-0.01096 cos(4.0ϕi)                          (1)           
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 ?(N1ا�: ��م ا�a�ا`��ت، و�*=) ا�a,. ر��!��ت ا���G ا�5,���� 

2  . Vا�����  
 

G��$  ا���ع H$ت ا���رa��-�G��$ ��I ا�>�ھ��ً، $H ا�-��aت ا���ر ا�*,*، و ��-*�  –�ُ�-�� ا

 ا�-��H$ U ��وث ا�-��ل ?  ا���ر �����م $! H�g$ !�� درا� ���ك !�د $H ا�5*��ت أو ��*!

��م ا�-  �ُ�,� ���X�*$ ً�0اً !�� ا���� ا���2، 0�را���� ��ز�Z  ا�z\�)R ا�=�$�د����5�$

��م "p(ϕ)ا�Xو�ا�6*-���� "،  ��l �ُ�-�� ا���6ك ا�;ي �ُ�,�ه Cv، ط�8 ا����م، ا��6 ا���ار�

 [\�-� !�� ��وث ا�-��ل ?  ا���ر. و ?�*� ��  �aد ھ;ه ا�5*��ت !�� أو �����ب $H ا���� ا���2

  ط��� ا�*��-  �0ر�� �,;ا ا����م:

 ���Y ط��� ا�*���0ة ���*��-  �0ر����$ 5��+ c�� ��! � أن ر��!��ت ا���G ا�5,��  ا�*=�-

)30×30 G�0�-�5ُن ا��  (p(2×1)  H$ (8در�2ت ��ارة أ �8!�K.8(2). ا�/5) ر cQ�� ان

��5ُن ا�-�5K  G�0ر��!��ت ا���G ا�5,��  ا�*=�- !�� ��c ا�/��5 ا�*��� !�� در2 ��ارة  

p(2×1)   H$ ��0درا�2ت ��ارة أ ��! H58.4و�K  G�0�-ن ا��?p(2×1) ل ا�� ا���-� G�0�-

  .�.  و �*��? ا�*�X� H! ط��� ���V )3و ذ�s 0*� ھ� $�cQ ���/5) ر��Ip(1×1) ) .8 ا�*�-

 ���*-�aا ?�=0 Zز��� ��>h إ�� درا� G��*ا� ��I G�0�-إ�� ا� G��*ا� G�0�-ا� H$ ا���ر

��Xاو� ا�6*�- ϕ .ا���ارة   $Z در2
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 ��Xاو� ا�6*-�4ا�/5) ر8. (  ���*-�aا ?�=0 Zز��� !�� در�2ت ا���ارة    cQ�� (ϕ $���� دا�

1K  5وK 7.9 وK9وK   ��! H�-*8 Z��7 أن ��-�ز�� !��  -90°و   H$ .°90 ھ;ا ا�/5) 

H$ ��!ا���ارة أ #9 و� H5���Xدة در2R�*9 در�2ت ا���ارة ا�K  7�$*�  ��ا� اS-�9ء ا��*.�� 

ر��!��ت ا���G ا�5,��  أY��K ��ور ���ة زوا�� �*-� و ��X� (�#9� �,� kاو� ان ��ل !�� أن 

   .���$ �-*�  

 ��*8 G��*ا� ��I G�0�-إ�� ا� G��*ا� G�0�-ا� H$ ا���ر �,�? ��V-�  -ا���ارة ا� و�*��? در2

���  ?  ا����م 0�ا� ?  در2 ا���ارة ،  <q��-$<E �8. ا���8 ��را�  ��,0 G�8  !��5) ر�

���7 ظ,�ر ا����ء ?  ا�qR ا�;ي �*=) $-��q ا���8 !�� در�2ت ��ارة $� H$5 ا�/5) ر8. ( (

) H��8-10K ا���ارة و ا�-,7ك ����ء ��ل !�� ���ط��V� p ا���8 �0دا� ?  در2aھ;ا ا ،ً������ (

�V�  ? ) ان ا�-��V �5 ا���ر و ��k ?  ر?Z در2 ا���ارة.  0*� �H$ ��7 ا�/5) ($��. ا���8

 H$ ا���ر  ? ��V-ل !�� ان ا��و ھ;ا � ً��\�<? ��! k�� ر�>��ً و��5ن �� ?  ا����ء qS ا���8

) �-���S ��Vً 0�ا� ?  در2 10K-8ا���ع ا�*6-*�.  ���7 أ�#�ً أن �8. ا���8 �8) و��� ا�9-�ة (

  .ا���ارة

��م �-�5ن $H !�د ��   900$���� ا��6 ا���ار����$ 5��+ ��!  ����  ��,0 G�8  !��ر

 ?  ا�/5) (30×30����س (�Q�$ ا���ارة ���7 أن $���� ا��6 6) 0�ا� ?  در2 l�� ،(

 $�9دة !�� در2 ��ارة (*8 g� ز��دة �8. ا��6 . و 0*� ھ� ���/5) �T~ 8.3K( ��7ا���ار�

ر� �/5) ��ر�>  �0*� زادت در2 ا���ارة �8) ا���� ا���2 ���أ ���ھ� ?  ا�-��z8 ا���ا

ا�-�ر�> . وھ;ا ��ل !�� و�2د ���V ?  ا���ر  ا�>�ھ��ً $H ا���ع ا�*H$  .�*-6 ا�*�9� اa+�رة ھ�� 

: 2ا�� ان ا��6 ا���ار� �G6� Y�6 ا��87
B

222
v T K)/nE- E(=C ><><  l��T  

  ��� Y���X-$�ن. KBة و ھ  در2 ا���ار
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 ?(N:3ا�   ���ا��,�\   G�0�-800ا�  iا�
دورة $��-  �0ر�� !�� در2 ��ارة $��ارھ� 

8.4K 

  ?(N2ا� ���ا��,�\   G�0�-دورة  800: ا� iا�
�$1�-  �0ر�� !�� در2 ��ارة $��ارھ�K  

  

 
 ?(N4ا�   ��Xاو� ا�6*-����*-�aا ?�=0 Zز��� ����$ :ϕ در�2ت ��!

��م �-�5ن $H !�د ��$���� 9�-R$ ��900ارة  =�-$  ��,0 G�8  !��ر
) ���$ 5��+ ��!30×30 .q�?  -*6وران ا��ا�   ) و �,� ���
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 ?(N5ا� : $-��q ا���8 �5) ر��!  G�8 0,��  �0دا� ?  در2

 !�� 30×30ر��!  G�8 0,��  ( �900-�5ن $H ا���ارة  ����م =�-$ (

. q�?  -*6وران ا��ا�  و �,� ������$ 5��+  
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 ا��6 ��.  3

 H$ (8ا) mدر�2ت ا���ارة ا��اط �8.3!�K(  ��,5ا� G!��ت ا�����ر ، و ا�*-�=���$ 5��+ ��!

 G��*ا� G�0�-�5ُن ا�� در�2ت  ة.  و���Xدp(2×1)?  و�2د $>�ل ��I $��� ا��Rاص ا�a>�ھ�

 ��I8.3K ا�*�-�. �*-��ً !�� در2 ��ارة G�0�-(1×1) ا�ا���ارة ?�ن ھ;ا ا�-�G�0 �-��ل إ�� 

 ا�ھ*�   ������order – disordered phase transitionً.  أن ھ;ا ا�-��ل وا�;ي �6*� ��I  ?

 ا����= �-��Vات ��aت  ا�*�دة ?  �����$�ً $=����ً ��را� واS-��ر ا��� �?�� g�ا���*� ��l أ

��اً ���Rاص ��I ا�a>�ھ� ا����!� �>,� ��c ا�/��5 ا�*��� ?�ن ھ;ا ا����م �ا����د ا�=��\�،  و

. 0*� إن ھ;ا   H$xy model with cubic anisotropy ا�*-�Z8 ان �-�Z ا�-(��i ا�/*��  

ا��*�ذج �*H5 ان �R-6�م ��را� ���Vات ا���ر ����م ا��-�وH�2 ا�**-c�� ��! X ��0ر�� 

 ��ا ��-/��g ا� ���5��H �8. ر��!��ت ا���G ا�5,��  و ا���د ا�/��5 ا�*���� sا�(�د��م و ذ�

 ?  ھ;ه ا��را� $Z �8. ر��!��ت ا���G ا�5,��  �$�R-6*رة ا����اص �S د و���و ا H�2و�-��

  ��0ر�� ا�(�د��م. 
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Monte Carlo method is used to study the phase 

transition of a system of quadrupoles fixed on square 

lattice 

A. K. Sallabi 

M. Alkhttab 

Jamal A. Khaliel 

Abstract 

Monte Carlo method is used to study the phase transition of a system of 

quadrupoles fixed on square lattice. The azimuthal, polar angle, energy and 

heat capacity distributions are studied. It is shown that this system 

undergoes a continuous order-disorder transition near 8.3 K from p(2×1) 

phas into (1×1) disorder phase. 

Keywords: Phase transition،xy model. 
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�< &�= ا����دن"�  ��ا �  $���� �����& �&� ا�+$��1 ,� ا��

  !��د أ&�زر���

 ,�ط�� �XRرة

�@P6ا� 

 $(�ا� ������ , ��l �,�ف ھ;ه ���$  ? أY��2 ھ;ه ا��را� �-���� �� X�0��u ا�����K ا�=���

 g2و !�� و ,  $(�ا����*� ���  ? ا��را� إ�� ����� $6-���ت �� X�0��u ا�����K ا�=���

)، ?  Fe) و ا����� (Pb) و ا���Kص (Cdا�-���� �. ����� 0*��ت `7` !���K وھ : ا��5د$��م (

 $(�ا� !�� !*k*S U و!/�ون (12ا`�� !/� (���$ Uط��$ i�-R$ H$ ��8�$ (25 ا�-*�-�� (

 G,ا��  c�� H$(Flame atomic ا�-��. ���-R�ام ���� $���ف اa$-(�ص ا�;ري �����

absorption spectrometer) �9تKا�*�ا Z$ �,-��X�0�� G6 ھ;ه ا�����K و$��ر ����� .� ،

 �-�X�0 ا�����K ?  ا�-�� ����ات X2ء $H ا�*���ن (ا����*� ا�K�Rppm أن 0*��ت �و2 �و�� ،(

 ا�(� ا����*�، ا�$� ا�;ي ���� ا�*�Rوف *��$ G6� g� ى ا�*6*�ح�ا�*  ? Z�� �K��ھ;ه ا��

 $(�ا�. ز��دة !�� ���*� ا����> $H ا�-*��� ار��9ع 0*��ت ھ;ه ا�����K ?  ا�*��طU ا�Xرا!�

sص ( ذ��Kأن !�(� ا�� c#ا�Pb داد 0*��تX� H��  ? ز$�رة ���$  ? cQ5) وا/� Z9���  (

 ا���) ا�=��)، ا�$� ا�;ي ��� $-���8 ���ب Pb)  و ا���Kص (Cdا��5د�*�م (���$  ? ��$ (

.�,�$   ا�*�/�ت ا�(��!�

�� :ا$-(�ص ا���i ا�;ري, ا�����K ا�=���, ا�-��."��1ت ����7

 :ا��$���

 و أ0=�ھ� ا�-/�را[��� mأھ. $��`�ت ا��� H$  1ا�����K ا�=�����-��  �]، و ��� ا�-��ث ا�*��

 ���0ة $�,� $� ھ� !�*<$ �������K ا�=��� $H أھ. $(�در ا�-��ث ا���m . �#. ا�����K ا�=���



22   $(�ا����*�  ����� �� X�0��u ا�*��دن ا�=��� ?  ا�-��

 

�U�\X و �Qوري �������9ت ا����� ���0��� و ا����س، و$�,� $� ھ� ��م �K���0ص و ا��5د$��م و ا

]، و $H ا�����K ا�=��� 0h?2=�[ �23ام/�. 5ا����K����� .(5 ا�=��� وزن ��!  !��  ���ود 

��6ن ا���Kص (nا �K ��! ا��S �=0ا�Pb  !��و ا��5د�*�م �23ام/�. 11.3) (ا��زن ا� (

)Cd  !��3)[�23ام/�. 8.65) (ا��زن ا�.[  

 ا���Rرة !��Pb� ا���Kص (���! �K��ا�� H$  ( ��! �`p�  *0ھ� ا�-�ا��`h� �6ن، و�nا ��

 g*0ا��/�ء ا�>��� ، و ��ا ��! ���Rه ا���`h� إ�� ?�Q�6ن، إ�n62. ا  ? ا��*���ت ا��2����69

 أ�Sى ?�ن ا�>6.  ا��/�ي Z��-6� a ا�-z�R إX2 H$ aء ���6 ,2 H$ . ا���� i�R-دي إ�� ا�p�

��-� �,? ،g�S��  -ص ا��Kا�� �*0 H$ ا�ص 2�K�9ت ا����? l��` mا�>6. !�� ھ� (Sدا G

 ] ا�;ي ��-�� $H ا�*���0ت ���8 ا�;و��ن.4[

�6 إ�� ا���. Cdا��5د$��م (�) ���6� ���! G6�� ) g2�-�� a ا����ت أ����، و و�2دة ?  ا�-��

n-��  ا���ا ����� !�� ا����ت و��`h� �`p� ،( ا�(� ا����*�*��$ (�8 H$ �,� �6ن ا�*6*�ح�

 Z��$ (5/� (*�-6� �6ن. ا��5د$��م�وا����ان !�� ��ا ��اء، ��l أ�H$ g ا�����K ا�$�6 2�ا ��

 ا���اح ا�5,���\� و ا����ر��ت و ا�����G ا���5�-�7 و !��K �,�$ ،ا�(��!�ت H$ ���ا��  ?

] . إن ار5ا�*��ط����*-�aأ$�ا !��  ا g� �6 !�(� ]، ا�$� ا�;ي �>�) ���ث ا�-�����9ع 

��6ن أ$� G�6$ ���ة أ$�اض $�,� ا�9/) ا���5ي و ا�$�اض n62. ا (S��  -ا��5د$��م ا�

]��  ].5ا��6ط�

�6 $��دة 5)[�23ام/�. 7.8) (ا��زن ا���!  Feا����� (� g� �#أ� ]، �h0� ا�����K ا�=���

  ا�(� ا����*�، إa أن �>�وز ھ;ه ا���6*��$ (�8 H$ �,� 6*�ح$ H$ رة��S (8أ$�ا أ ���

 ).Pb) أو ا���Kص (�Cd>�وز �G6 ا��5د�*��م (

)، Fe) و ا����� (Cd) و ا��5د�*��م (Pb?  ھ;ا ا����� .� l��� ��X�0 ا�����K ا�=��� ا���Kص (

 $(�ا� ا��ا�8 !�� qS !�ض ���$ (Sط�ل  32.22?  ا`�� !/� $���8 دا qSو a�*+15.06 

 Flame atomic absorptionم ���� ا$-(�ص ا���i ا�;ري ����,G (]، و ذ� s���R-�ا�8�+6[

spectrometer.(  

: ا���اد و ط�ا�Y ا���
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 68. ا��*) ?  ھ;ه ا��را� إ�� `7` $�ا�) $��� ا��*) ا����  و?�,� �. Z*2 !���ت $H ا�-��

���$ H$ 8�9-$ Uط��$ H$ 9 $H ا�-���-R$ ت���! Z*2 .� : ��-ا`�� !�� ا���� ا� Z8ا�� ، $(�ا�

 U*! ��! ) أ�*�ء ھ;ه ا�*�اZ8 و 0*��ت c�� H$ .�1 ا�-��، و ��H ا�>�ول ( 25!/� !��

 Z*2 ا�����ت 7Sل ppmا�����K ا�=7` �,� ��l 8�رت ا�5*��ت ����ات (��*! Y*� , (

i�K2014.  

�6 ا��ط�� إ�� أ8) 8��ر, �-� � c*6���H ا�����ت ھ#. ا�����ت: و?�,� �. �>i�9 ا�����ت �-���) 

 ZQو .-� sذ� ��� .UK7-� و �#�ف  0.5دون أن H�R6-��� ص�Rء ا���nا  ? ��! (0 H$ �2ام

$����-� $u*� H$ �-���-�$2  u*� H ا���-��s ا�*�g��� X0  3إ��,� ��8ات $H ا�*�ء و 

,;ا �(�c ا���� $����-� $u*� H ا�,��رو?��ر�s ا�*�X0، � 5ا�,��رو��0ر�s ا�*�X0 و أ��Sا 

�2ھXة ��-H�R6، و ��� أن �-. !*�� ا�-c+�� H�R6 ���ھ� ا���� ��� ا�-0h� H$ أ�,� 8� ��دت �*�$�، 

.�,�? �G6 ا�*��دن ا�=��� ����-� H���-ا����  إ� H$ ة ?  !��اتXا ��5ن ا�����ت �2ھ;,� 

 Z*<*� ا�>�دة  ���-R�ام 2,�ز اa$-(�ص ا�;ري ?  $��$) 68. $�ا�8���*� G�)و ا� ���ا��

0 ا����� ������ و ا�(�G، �. ��8س ���K��! X�0 ا���Kص و ا��5د$��م �/�� Z��-ا� $(�ا�

 إ�� ا����� ����ة (?�Qإppm ��� sوذ� ،g��Q�� U�� �*0 ا�*�#�ة �/! ��`nا�����ت ا  ? ،(

$7 ا��-�\].� H$ �0h-� aة ا�>,�ز أو����$ ��*! Y*� أن 

: ?�,� �. ����) ا��-�\] ����ن ?�*� إذا �0�X�0�� Y ھ;ه ا����H*Q �K ا�*�ى ا�*6*�ح ا�*��� ا=��=�

. ا�(� ا����*�*��$ (�8 H$ g� 

:�NKو ا���� Vا�����  

 H���1 ا�>�ول (���$ (Sدا  ��Y ا��را����$ �/! ��`nا  ? ) ا�-�X�0 ا�*��� ������K ا�=7`

 U*! ��! و   ) إن $��ل �1. ?  ا�-��. �-#H$ c ا�>�ول ( 25$(�ا�

  

  



24   $(�ا����*�  ����� �� X�0��u ا�*��دن ا�=��� ?  ا�-��

 

       

?  $��طppm  Y�� U$��ل ���K��! X�0 ا��5د$��م وا���Kص وا����� ����ات   )1;�ول (

  ا��را�

  

  

 X�0��ppm  0.5 !�(� ا��5د$��م ?  Z�*2 ا�*��طU أ8) $H ا�*��ل ا����*  ا�*6*�ح �g  وا����� 

 ا���) ا�=��) ���ي أ!�� $��ل �-�X�0 ا��5د$��م، 1]. أ�#� $H ا�/5) (7[���$ ) �-#c أن ���

-  ��*) !�� ا�$� ا�;ي ��69ه �8ب ا�*��� $H ا�*�/�ت ا�(��!� ا�-  ���ق ا�*�اد ا���5�-�7 ا�

] ]، ز��دة !�� ط�ح !�(� 8ز��دة ��X�0 !�(� ا��5د$��م ?  ا�>� و $g����� .` H ?  ا�-��

] ]، ?  ��H ��5ن أ8) $��ل �-�X�0 !�(� ا��5د$��م 9ا��5د$��م !H ط��U ا�*��و��ت ا�(��!�

 ا��ا?�� ����ھ� !H ا�*��طU ا�(��!�. ھ;ا ا�-���) �-Z$ U9 درا����$ ���  ? ���� �ت !��*�

 (��� ���?  

�$� ���7 ر@�ص  "�د���م ا���
 30.09 0.26 0.024 ا�Xورق

 14.35 0.24 0.039 !��د
 42.6 0.69 0.048 ا���Vان

 28.7 1.84 0.051 ا���) ا�=��)
 32.87 0.25 0.026 ا���56ات

 39.35 0.2 0.023 ا��ا?��
 46.3 5.88 0.027 ز$�رة

 39.81 0.13 0.028 8(� ا�*�
 46.3 0.18 0.024 �0زاز

 35.19 0.27 0.027 ا��و��6ت
 33.8 0.32 0.029 ط*��

 43.52 0.25 0.026 أ�� رو�
q��-*36.07 0.88 0.031  ا� 
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  ?  ا�*��طY�� U ا��را� ppm$��ل ��X�0 !�(� ا��5د$��م ����ات  )1.)? (

]، إ�� 10ا�*=�ل أ+�رت دار� ����س $��ل �� X�0��u ا�����K ا�=��� �Sرج $��� ����ان [       

و ا����� �8ب ار��9ع $��aت �� X�0��u ا�����K ا�=��� $Q H*�,� ا��5د$��م و ا���Kص 

 Y�Qوأو .ا�*��طU ا�(��!� , ا�$� ا�;ي !Xي ��*��و��ت ا�(��!� $H ھ;ه ا�*�اZ8 ا�(��!�

 ������K ا�=��� ( ا���Kص، ا��5د$��م، ا�����) ?  ��ا�] 11درا��ت أ�Sى [���! X�0�� [

.  ا�-�اق ا���8د ?  و��\q ا���) ا�-  �5=� ?  ا�*��طU ا�(��!�

)، ا�;ي �-#X�02 c !�(� ا���Kص ?  ا�*��طY�� U ا��را� ���Q,� ا�/�$) (5�aت ��      

$�g أن $��aت ��X�0 ا���Kص ?  Z�*2 ا�*��طY�� U ا��را� ھ  أH$ (8 $��ل ا�-�X�0 ا����*  

) أن $��� ز$�رة ��*) ���-,� 2]. ز��دة !�� ذ�H��� s ا�/ppm 10[12) (5ا�*�-*� و ا����� 

 X�0�� تa��$ ��!أ  ?  � ا���) ا�=��) ا�-  ��-) ا�*�X0 ا�=����$ ���(� ا���Kص، ���,� ���

 ز$�رة و ���$  ?  �ار��9ع $��ل ��X�0 !�(� ا���Kص, ��Xى ذ�s أوa: �7زد��م ا��56

 ، ا��/�ط ا�->�ري ?  ا�*���، ا�$� ا�;ي ��?Z ���اد و��\) ا���) ?  ھ;ه ا�*������$ H$ �,��8

��X�  ��-���و  ����  �,;ه ا��-�> $Z درا����X�0 ا�����K ا�=��� �*��و��ت ھ;ه ا����\). $��ر

 ?  ا�>�ول (�-�14،13��� ��X�0 ا�����K ا�=��� ?  ��u ا��ول [�Q�$ 2]، 0*� ھ� H��� (

 ����/�ط �-5$ ار��9ع ��X�0 !�(� ا���Kص ?  و�q ا�*�ن �0�,� $��طU �>�ر� و�5��

0 ���0ة ����\q ا���)، `����: ���Z9 $��ل ��X�0 ا���Kص ( 0*� ھ� ا���ل ا��56�  و ا�-  �� �,/�
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 U�� .0  ���ب ا�*��� $H ا�*�/�ت ا�(��!�<�-� ا���) ا�=��) ���$ ����) ا��5د$��م( ?  ���

  ذ�0ه.                                                      

)، و$�H5*� g 3� ?  ا�*��طY�� U ا��را� ��g�Q ا�/�$) (5�aت ��X�0 !�(� ا����       

 ار��9ع $��aت ��X�0 ا����� ?  $���-  ز$�رة و �0زاز ���,*� $���-  ا���Vان و أ�� ��7$

 g� رو�، ?  ��u9R�� H ھ;ا ا�*��ل ?  ا�*��طU ا��Sى ��Y ا��را� إ�� أن �() إ�� أ�8 (8*

 !��د، ا�$� ا�;ي ��Xى ���$  ? إ�� أن $(�ر !�(� ا����� ?  ا����� ھ� ا�(�Rر ا���ر�

] g�$ و  3O2Fe]، و ھ  أ�60� ا������14sو$��د�,� ا���و� !�� ا����� و ا�+�5ل ا������

  ، $���-  ز$�رة OH(Fe(2ھ��رو�60� ا����� 

 

 ?  ا�*��طY�� U ا��را� ppm$��ل ��X�0 !�(� ا���Kص ����ات  )2.)? (

�Xداد ?�,*� ھ;ه ا�+�5ل !�,� ?  ا�*��طU ا��Sى �K�)S !��د، إaا�g �/5) !�م ?�ن و �0زاز 

 �$ppm 38000�aت ��X�0 ا����� ?  0) ا�*��طU ��� أ (8�H$ ��=5 ا�*��ل ا����*  ا�����   

]12.[ 

 ���$ H�aت ��X�0 ا��5د$��م و ا���Kص و ا����� ?  $��� $(�ا� و cQ��2 ا�>�ول (�) $��ر

��u ا�*�اZ8 ا��Sى ?  ا����. و ا�*��ل ا����*  �,;ه ا�����K, و �-#H$ c ھ;ا ا�>�ول أن 

$��aت ��X�0 ھ;ه ا����Z�� �K  ?  ا�*�ى ا�*h$�ن �G6 ا�*��aت ا����*�.  ���ء !�� ھ;ا ?�ن 
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 $(�ا� ���ي !���K ا��5د$��م و ا���Kص و ���$ (Sدا ا�*��طU اY�� �/! ��`n ا��را�

  ��� �*��aت $6*�ح �,� !��*��.                         ا��

 

 ?  ا�*��طY�� U ا��را� ppm$��ل ��X�0 !�(� ا����� ����ات  )3.)? (

 

 $(�ا� $ Z��u  )2;�ول (���$  $��aت ��X�0 ا��5د$��م و ا���Kص و ا����� ?  ����$��ر
  )ppmا���� ?  $��طU أ�Sى(

Z2�*ا�  Fe Pb Cd �ا���  

  $(�ا� 0.031 0.88 36.07  ا��را� ا�����

  ا��(�ة 5.5 39.4 22890.9 ]14[

 �V�اد 5.25 153.7 - ]15[

]16[ - 10.1 0.16 �5��$aت ا��aا��  

  ا���از�) 3 50 - ]17[

  ا�*>� - 18 - ]18[

 ا�*��ل ا����*  0.06 10 3800 ]12[
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 ا��61]:

 $(�ا� ��اZ8 ا`�� ���$ ��� H$ ت���! ���-R�ام ���� ا$-(�ص ا���i ا�;ري ����,G , �. درا�

9 , ���$ H! i/5�aت �� X�0��u ا�����K ا�=��� ا�-  �/*) �-R$ Uط��$ H$ ��! �/!

��Z  ا��5د$��م و ا���Kص و ا�����, $7S Hل ھ;ه ا��را� ���H أن $��aت ا�-��K����� X�0 ا�=7`

H*Q ا�*�ى ا�$�*� H�aت ��X�0 ھ;ه ا����l�� , �K إ�,� أH$ (8 ا�*��aت ا����*� �-�X�0 ھ�ه 

 ھ;ه ا�*��aت $�$ Z�aت �k9 ا����u��� �K ا�*�ن وا��ول , �ا�����K. ز��دة !�� ذ�s �*��ر

  . mا��� H$ا� k����*� (#?ا� Yزا�a  $(�ا����$  ���H أن ���

M;ا� :ا��
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Estimating of the Concentration of Heavy Metals in 

the Soil in Misurata City 

Suad M. Abuzariba1 

Fatema M. Khadoura 

Abstract 

This study has been done to estimate the concentration of some heavy 

metals in Misurata City- Libya, the aim of this study is to estimate the 

percents of some heavy metals in the soil of Misurata, spatially; Cadmium 

(Cd), Lead (Pb), Iron (Fe) in twelve different areas in Misurata at 25 cm 

depth. Using the Flame Atomic Absorption Spectrometer we measured the 

concentration of these metals and then we compare it with the standard 

concentration in the unites of  (ppm), we found that the concentration of 

these metals are full in the save range in the standard concentration. 

Furthermore, we found that the largest concentration of lead is in Zamoora, 

where the amount of Lead and Cadmium are both higher at Nakel-Thakeel's 

area than the other areas because of the industrial company in this area. 

                                           

1 Department of Physics, Faculty of Science, Misurata University, P O Box 2478, Misurata, 
Libya  
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íi]†’Ú<íÃÚ^œ<íèçé£]<l]…^�j‰÷]æ<pçvfÖ]<gjÓÚ<

  أ�� ا��ي &���ه ا���ف ا���� ا������3 
�����ا F ـ ���& ��1�  *01 &�= ا����@�? ا��3

�1�Pد ���� ا��?   

  2ا�3�و.����� 

�@P6ا�  

 ��$  ? ،�. ?  ھ;ا ا���l درا� ��u ا��Rاص ا�X�9و�0*��\� �*��ه ا�(�ف ا�(�  ا�*���>

 ��! sذ� ��`hرا! ، و�Xا� Y56ري $/�وع ا�  ? $�R-6*وا�  $��ه ا�(�ف �*��� $(�ا�����

����  ا�/��� وا�/�?�ن، R-6� i�! (�K��*0�م !�� ���ق وا�Z ?  ����� و0 �*�=�� $H دول ا����. 

  ا��Sى.

 q�?  �X�$ ف�K ھ  $��ه أظ,�ت �-�\] ھ;ه ا��را� أن $��ه ا�(�ف ا�(�  ?  $��� $(�ا�

 X��<�*وا� ���ا��-�\] أن !�(�ي ا�� Y-�`را! . 0*� أXه ا�(�ف ا�(��!  أو ا���*� �,� 87! a

  �. ���Z9 �-� ا�ن !H ا��� ا�*6*�ح �g دو��� ?  $��ه ا��ي .

�����ت 60وY�Q ا��-�\] أن ا��ي �-�X�0 أ  ? �*��� % $H $��ه ا�(�ف ا�(�  أ!�� أ!�� �8*

 ��*�دة ا�>�? و!�د ��m*ا�  !�� ��8س ا�*�-�ى ا��R#�ري وا���6K�Sا�/��� وا�/�?�ن و

  ?   $Z ا�-�X�0ات ا�*6-�*��;�;-$ Y��0 ��? ا��9وع وار��9ع ا����ت. أ$� ��6$ ا��ر8

  ��H.ا�*�(�

                                           

 ، $(�ا� �����682478. ا����ت، ��0 ا����م، �$�2 $(�ا�، ص ب 1

 ، $(�ا� �����682478. ا����ت، ��0 ا����م، �$�2 $(�ا�، ص ب 2
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 :��  $��ه ا�(�ف ا�(� ، ري، ا�X�9و�0*��\�."��1ت ����7

  ا��$��ـــ�

 i�-R*�  !��)را!  وا�Xد ا��56ن وز��دة ا��/�ط ا��دة !��X� دادX� ا�*�ء H$ .إ�-���2ت ا����

�� إ�� ا�=�وة ا�*�\� ا�,�\� ا�-  �() إ�� (���) G�5$ �-$���0 1.360.000.000أ+g��5 . و�� 

�3.7وا�-  إذا $� �Y�6 ���-�6وي !�� ا�رض �-V*�ھ� إ�� إر��9ع �() ( H5���0 $-� و� ( �6

%) ?  �Kرة ��2� H$ (%2 ��I ھ;ه ا�=�وة ا�*�\� �-*=) ?  $��ه ا�*����ت وا����ر، (97(

) ، g�$ 1$6-�9د ، و�G�6 ا�n-�*�ل ا�*�9ط و?  [1]%) ھ  !��رة !H $��ه ا��,�ر وا�*��ه ا�>�?�

��*�ء ���=�ن !H ا�n-,7ك ا���$  أدى إ�� ��z ?  ا�*��ه وأزداد���-���2ت ا����. إ�� ا�*�ء ?��أ ا�

 ، أى إ!�دة إ�-R�ام ا�*��ه أH$ �=0 $�ة ��V*ا�*��ه ا� *����G ����9ظ !�� ھ;ه ا�*��ه وا���H! l أ

وإ!�دة اR-�n�ام 8� ��5ن ��5اري $=) $���> $��ه �Kف إ��ى ا�*(��Z وإ!�دة إ�-R�ا$,� ?  

�*0 ?�Qإ Z$ (�8 H$ g�? Y$�R-ض ا�;ي إ��Vا� k9�و� Z�)*ا� k9�$��ه ���دل ا�8�9� 7Sل  

دورة ا�n-�*�ل وا�*���> أو ��5ن إ!�دة إ�-R�ام $-�ا�  $=) إ�-R�ام $��ه ا�(�ف ا�(�  

  ا�*���> ?  أ�Iاض $=) ا�(��! وا�Xرا!، وإ!�دة إ�-R�ام ا�*��ه ���\�? U���H ھ*�:

1.  ـ �u�9R ا�n-���2ت ا�*�\�ــــــ

  .ـ �*�� ا�*��ه ا������ $H ا�-��ث2

إن ?�5ة إ�-R�ام $��ه ا�(�ف ا�(�  ��Y6 ���/ ء ا�>��� ?�� ��أ إ�-R�ا$,� ?  أ�5-���ا $�; !�م 

1950 H*Q  أو $�*�����$  و$�اد !#����، ?*��ه ا�(�ف ا�(�  ��-�ي !�� $�اد $��

���ر ا�*�ء !�� +�I U��$ (5وي أو $�اد ط�?� !�� ا�c�6 ، 0*� ��-�ي $��ه ا�(�ف ا�(�  

 ��! �*R-دورا أ����� ?  !*���ت ا�-��) ا��#�ي ا�,�ا\  أو !*���ت ا� G��� أ�62م �� د��8

 Y� إذا �0K�Sو �ة ��>����ت ا�/���,-�nوا ا�7ھ�ا\� و�/5) ��#,� $(�را �$�اض ا�����6

�,� ��-�ي !�� ا����� $H ا�*�اد �  !��K ف�K ه ا�(�ف ا�(�  ��-�ي !�� $��ه��$

ت ا��Rاص ا�*-��دة وا�*��6 �$�اض ���Sه 2�ا و���8 �6��0ط�ن و���i ا��5� ا��5*��\� ذا

وا�9/) ا���5ي وھ;ه ا�*��ه �-*�X �����ن ا��$�دي وا��اH0 وا��ا\� ا���5, ا����> $H ���) ا�*�اد 

  .[2]ا��#�� ��9) ا��5-���� ا�7ھ�ا\� ا�-  ��-��,� ھ;ه ا�*��ه 



����ت و������ت ا����م ا����� وا������ 35  ا���وة ا�و�� ��ل 

 

��(�ل !��,� وا�n-�9دة $�,� ھ� إ!�دة إ�-R�ام $��ه ا�(�ف ا�(�  $H أھ. ا�*G��5 ا�-  �*H5 ا

��� $���>-,� ?  ا�Xرا! أو ?  ا�Iاض أ�Sى. و$Z أن ا����ة ا���$ إ�� $��ه ا�(�ف ا�(�  

�-*=) ?  أ�,� $���0ت $��` ?�ن ھ;ه ا�*���0ت ?  ا����� $� ھ  إV$ a;��ت و$����ت $(�رھ� 

G<� ��Sا����. ����9ن ا�$�ال  ا�رض و$��ھ� ا�  ? H�!ارXا� H$ أن ��5ن ا�رض و0=��ا

ا���\� !�� $���0ت �0*��\� ��Vض �Xو�� $�� .,��K���H$ �,-2 ا���-�وH�2 وا��9��9ر 

وا��������م ?  ��H أن $��ه ا�(�ف ا�(�  ��-�ي !�� ا����� $H ھ;ه ا�����K، و$H ا�*��7 

 ��ي ��u ا�*���K) ا�Xرا!� إزداد ?  ا�6��ات ان إ�-R�ام $��ه ا�(�ف ا�(�  ا�*��<�

 ����� H$ 9�-R$ Uم �����ً ?  $��ط�R-6و� ، ?  دول ا�*��طU ا�>�?K�Sة و��S[3]ا� ���? ،

���) ا�*=�ل a ا��(� ��2� ?  $��� ط�ا��k ($/�وع ا�,#� ا�R#�اء) و?  $��� ���Vزي 

$(�ا� ($/�وع �ا�Y56 ا�Xرا! )، و��2� ا�ن ا����� $H $���ت ($/�وع ا���ار+) و?  $��

 $��ه ا�(�ف ا�(�  ?  H$ ��=0 ا�*�ن ��#,� $���ت !�$� وا��Sى ��Y ا�-��9� <���$

�-�ج ا�6��ي ا�-(*�*  �,;ه ا�*���ت �() إ�� ��ا�  n45وا    .[4]$���ن $-� G�5$ ?  ا�6�

��9$ ��?�Qرا إ�)$ ا ��,� ��6ھ. ?  إ�>�ز وظ�\i $-��دة و��-�� $��ه ا�(�ف ا�(�  ا�*���>

$=) ري ��u ا�*���K) ا�Xرا!� و$(��Z ا�H$ ��=5 ا�*�->�ت $=) ا�`�ث ا�*��X  وا�*(��!�ت 

 $H ا����وة $*� �* c���R-�ا$,� ���!  $��ه ا�(�ف ا�(�  إ�� در2<���$ Y�Kو �ى و8�Sا�

 (و�����$ Y$�8 ��? .دول ا���� u��  ? ه ا�(�ف �-� ?  ا�/�ب��$ q��� ����$���ھ�ك) ?  

 ���0رادو ������aت ا�*-��ة *K�! )�9�(د� ��م $��ه ا�#�ب وأ2-�زت $����� ا�(�  ا�*���>

 ا�-(*�. �*=) ھ;ا ا�*/�وع ا�;ي � c*6���R-�ام $��ه ا�(�ف ا�(�  ?  ا�/�ب ���$ ا��5��$

  .[1]ا�>�?�  و?  ��u ا����aت ا��Sى �-. ���,� ?  XSا��ت ا�*��ه

 $(�ا� ا�-  ���� !�د ��5�,� ��ا�  ���$  ?500  Z�*<� ت���$ H$ !�*<$ �2�� *6� iأ�

 $��ه ا�(�ف ا�(�  ا�*6-�*� ?  ا����ات ا�56�� واnدار� وا�*��!. وا�9��دق وا�*���  ا���$

Rا� �و� ��l �#� وا�-  �#� $�ة أ�Sى $H $���ت ا�->*�Z ا�*�-/�ة ?  ا�*��� إ�� $���

 $��ه ا�(�ف ا�(�  ���l�� Y56 ����] و�#� R-�n�ا$,� ?  ري ���� $�ة أ�Sى إ�� $��

ھ5-�ر وا�*Xروع �*���K) ا�!7ف  200$/�وع ا�Y56 ا�Xرا!  ا���م ا�;ي ���� g-��6$ ��ا�  

 ��  ?) �ا !H ��أ ا��*) !�� �>*�Z ھ;ه ا�*��ه �*/�وع ���� ��� 2010$=) ا�/��� وا��(��

.(  ا�*���
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�2 8�رھ�  1988أ�/Ym ھ;ه ا�*�� !�م �-�8 إ���24  �*0 q��-$ ا���م و����  ? G�5$ �-$ iأ�

 H$  ?  ا�*���Sا�ا� أ�G�5$ �-$ i ?  ا���م 7Sل ?() ا�/-�ء  8ـ  6$��ه ا�(�ف ا�*���>

 H$  12 ـ 8و��ا�  i�)7ل ?() ا�S ا���م  ? G�5$ �-$ i[5]أ�.  

ا���l إ�� درا� �h`�� ا��ي �*��ه ا�(�ف ا�(�  ا�*���> !�� ���K��$ u)  �,�ف ھ;ا

����  ا�/���   ? وا�/�?�ن  (Hordeumvulgare)ا�!7ف وا�-  �Xرع ?  ا�*/�وع وا�*-*=�

)Avenasativa ا�$��ر H! �*�$ ) ، ��Y*� l زرا! ھ;�H ا�*�(���H ?  أ��اض ��5�-�7

��� �9�9R,� ���ة $�ات �*��? �h`�� ھ;ه ا�*��ه !�� ا��*� ا�R#�ي  ورو�Y �*��ه ا�(�ف ا�(� 

 :  �*���K) ا�!7ف و$�-�ى ا�����K ا�=��� ?�,*� و8� Y�*+ ا��را� ا�*����k ا�-���

وا�-��K) ا�5,��  وا�$7ح ا�;ا\� ا���5 �*��ه ا�(�ف ا�(�   pHـ ا��8. ا�,��رو�2�  1

 ?  ري $/$�R-6*وا�   �وع ا�Y56 ا�Xرا!  .ا�*���>

2  ? X��<�*وا� �����6م وا����I�*ت ا�(�د��م وا��������م وا���6��5م وا���ـ  ����� $�-�ى أ��

.   $��ه ا�(�ف ا�(�  ا�*���>

3.   ـ ��8س ط�ل ا����ت و!�د ا��9وع و��6$ ا��ر8 ��*���K) ا�*�رو�

 ��*�دة ا�4��m*ا�  �������ت ا�*�رو� .ـ ����H ا��زن ا���زج وا�>�ف وا���6?�<  

  ـ ����� ا�*�-�ى ا�R���  �5#�ر أ + ب ?  أوراق ا������ت ا�*R-��ة .5

6.   ـ ����� $�-�ى ا����56ت ا�;ا\� ?  ا��(�� ا�����  �������ت ا�*�رو�

  ا��ـــــــ�اد وطـــــــ�ق ا���ـــــــــ

 $(�ا� وا�-  ���م !�� ���*� K�Rوا� إ�-R�Y$ ?  ھ;ه ا��را� $��ه ا�(�ف ا�(�  ا�*���>

 أ���,� $/�وع ا�Y56 ا�Xرا!  ��!7ف و$H ���,� $�(��  ا�/��� وا�/�?�ن، و�*� !*��

 $��ه ا�(�ف ا�(�  ���ة $�ا�) أو�,�: ا�*���> ا�و��، ا�-  �-. ?�,� ?() ا�X2اء <���$

 : ����G ا�*�اد ا������ ?  ا�(��� وا�*�اد ��I ا��#�� ا����5ة ا��>. وا�5=�?، وا�*��� ا�=��
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 أ��اض ���0ة ا��>. �-���) ا��*) ا��#�ي وا�*�اد ا�����، و?  ا�*��� ا�=��=: �-. ا�*���>

 ���(�ل !�� ا�������2 داS) أ��اض ا�-,�� ��l ���م ا��5-���� ا����8 �60h�ة ا�*�اد ا��#��

ا���8 ، و�-. ��� ذ�G���� s ا���) ا�*�/q ?  �8ع ا���اض و�-�?U ا�*��ه إ�� و��ة ا�-�,�� 

 Y56ت إ�� $/�وع ا��R#$ ��l �#�ف إ��,� ا���5ر ?  ھ;ه ا�*��� و�#� ا�*��ه ��ا��

 ا�*���> و70ھ*� �>�ار $>*�� Z��k-0 (��ق ا���ب��$ H$ Gرا!  ��!7ف ا����Xب ا��I (

. �. ?  ھ;ه ا��را� إ�#�ر 0*� $H $��ه ا�(�ف ا�(�  ا�*���> ��ي [6]$��� $(�ا�

 �,��! �\��*�0��X�9ا������ت ا� u�� وإ�2اء 9 $H ھ;ه ا�*��ه ا�*���>�-R$ اتX�0�-� ا������ت

  وا�-  �-*=) ?  ا�� :

  ):pHـ ا��8. ا�,��رو�2�  (1

ف ا�(�  ا�*���> $��+�ة ��� إ�#�رھ� ���-R�ام 2,�ز k�8 ا��8. ا�,��رو�2�  �*��ه ا�(�

)pH-Meter Model -10.(  

  ) ms/cm): (Ecـ ا�-��K) ا�5,��  (2

 k�8Conductivity Meter Model AOL-10 ��ا�� 2,�ز (?�Vارة ا��� )!�� در2

25o.م  

3)   ).TDS) �-�/.<�$ : (ppmـ ا�$7ح ا�;ا\� ا���5

  Y�6�1958 (Jackson ط��� ��*��د� ا�-  ذ�0ھ� (       

= (���/`31�) ��  ) .ms/cmا���@�? ا�)'�&� )×  0.64اP�cح ا�aا��� ا�1(

4:�K��ا�� u�� ����� ـ  

�. ����� H$ (0 ا���6��5م وا�(�د��م وا��������م وا�*�I����6م و��u ا�����K ا�=��� وھ  ا����� 

 i��� Atomic Absorption)APHA,1992 (American ا�;ري وا�*�>��X �>,�ز ��8س ا

Public Health Association..  

 

 :�&�  ?  ھ;ه ا�->�� �. زرا! $�(�� : أو4 : ا���� �ت ا�����6�d ,� ا��3
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  .Hordeumvulgareـ ا�/��� 1

  .Avenasativaـ ا�/�?�ن 2

 $ Y*�26/01/2013 ا�Xرا! �-�ر�� ��=$ �.  H60 ا��9) ، ط��,� ��ا�  ?  أ��اض ��5�-�7

 �,Q�!ا�-  �.  �15. وإر��9!,�  50و �. ، و$�Ym ا���اض �5*��ت $-�6و� $H ا�-�� ا�Xرا!�

9 $H $��ه ا�(�ف ا�(�  ا�*���> �-�X�0ات �-R$ 5*��ت� Yا���ام ورو� 6��I��-,� �-�5ن $->�

 إ�� ا�/�ھ� ا�*�وي �*�ء ا� %100 ،  %60 ، 20?�Qn�� % )���� ، وزرع �(5 $��$�

 i�9R� .�9ف و�K 0) ��ض `7ث  ? ���Qن أ��ھ*� +��� وا��S +�?�ن و�0�Y ا�Xرا!

�����ت ?�iK (0  ? q ورو!  7Sل  k*S g� Y00) ��ض و��  ? Z��`7ث أ�� ���ا������ت 

nاء إ`��ء ا�� ���ت أو 7Sل ?-�ة ا�->�رب أن ��) ا�*�-�ى ا�*�\  ��-�� H$ ����8 ا��6 ا�����

9 ا�*/�ر إ��,� $H $��ه ا�(�ف ا�(�  ا�*���> و�. �-R*ات ا�X�0�-��� ة ا��*� و�0ن ا��ي�-?

�2ام �5) ��ض ?�7S7  ، qل ?-�ه ا�->�� �6*�� ا������ت �6*�د ا��6�� ?���9ت �*��ار 

ت و�8) !*�� �(�دھ� أ �,��! Y��2��u ا������ 07/04/2013و�(�ت ا������ت �-�ر�� 

:  ?   ا�*�ر?����2 ا�*-*=�

  ـ $-��q ط�ل �����ت ا�/��� وا�/�?�ن .1

  ـ $-��q !�د ا��9وع .2

3:  �� �*0   ـ ��6$ ا��ر8

  ا�*��6 وا��زن ��� ذ�s وY�Q ا��ر8 ا������$���$  ��VKة $�����-*��$ أS�ت ور8

.��� `. Y)8 ا��ر8 ا�*�*-��  ا�*���ب ��6ب $��6-,� !�� ورق $��*-�ي و��دت ��اف ا��ر8

��6$ ا��ر8 ا������ ، و�. وزن ھ;ه  H! ة���$ K�)ھ;ه ا�� Y��Kh? !�� ا���اف ا�*���$

 h�R7ث $�5رات �-���) ا�` ;Sا!  دا\*� أ�� ، ��6$ ا��ر8 ا������ ?��$ .`  ا��ر�8K�)ا��

  ا�->�� .

:���e ا���� ���1��$� =�&����  : ��#��  

  $�-�ى ا��R#�ر :ـ ��8س 1
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 0*� ا��R#�ر (أ) وا��R#�ر (ب) ط��� ط��� Y��![8]  ط��� Hر��#Rا�� X�0�� G6� .` ،

 �,9K�0�  ا�-  و�$   ��0-��  :ـ [9]�*��د�

  .  12.7D663 – 2.69D645$�-�ى ا��R#�ر أ = 

  .  22.9D645 – 4.68D663$�-�ى ا��R#�ر ب = 

  و$�,� �G6 ا��R#�ر ا��5  ( أ + ب ).

  ����H ا��زن ا���زج وا��زن ا�>�ف �������ت : ـ2

 (Sدا ��� أن �. ��8س ا��R#�ر �(�ت ا������ت وأS; وز�,� ا���زج ووY�Q ?  أظ�ف $=��

 48م �*�ة (25o?�ن !�� در2 ��ارة ��m*ا�  و���ھ� وز�Y ا�����ت �2? �-���H ا���6!�� (

:   ��*�دة ا�>�? وذ�s ط��� ��*��د� ا���

 ��*�دة ا�>�? = ا��6��m*ا� �
ا��زن	ا�>ــــــــــ�ف

ا��زن	ا��ـــــــــــ�زج
×100  

  ـ ��#�� z�R-6$ ا����ت:3

 �,�Qا�-  و . وأY��2 ا������ت ا�-��� !�� z�R-6$ �#ّ�[10] ا����ت �G6 ا�����

  ا�*z�R-6 ا����� :

1:X��<�*وا� ���ي ا���)�! X�0�� ����� ـ  

وا�*�>��X ($�>. / �-�) ?  ا�*z�R-6 ا�����  ���-R�ام 2,�ز ا���i 8�ر ��X�0 !�(�ي ا����� 

  ).APHA, 1992ا�;ري (

2:   ـ ����� 0*� ا����56ت ا�;ا\�

       �,9Kا�-  و   [11].            8�رت 0*� ا����56ت ا�;ا\� ?  ا��(�� ا�����  �������
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  ا�����ــــــــــــV وا����NKـــــــــــــ�:

��ه ا���ف ا����:&�= ا��� �������"��>�  ���ت ا��

) أن أ!�� �8* ��-��K) ا�5,���\  �0�cQ��1 l�� ����� �,+  ? Y ا������ت ا��اردة ?  ا�>�ول (

 YV��7.02 ms/cm رس�$ �,+  ? و�0ن ا�*-��q ا���م 7Sل ا�/,�ر  ms/cm 6.90وأ�8 (8*

 �0�Y أ!�� �8* �,� ?  +,� �����  ms/cm 6.96ا�=7` l�� و����q ھ;ا ���$7ح ا�;ا\� ا���5

$�>./�-� �*-��q !�م 8�ره   �*0 �-�/.<�$4448.0��YV أ8) �8* ?  +,� $�رس  4492.8

4470.0  .�-� / .<�$  

  و�-#H$ c ا�>�ول أ�#� أن ا��8. ا�,��رو�2�  �*��ه ا�(�ف ا�(�  ا�*���> �*�) إ�� ا���!��

، و!�� ا��7S7.9 H$ .Iل ا�+,� ا�=7` (����� ، ?��ا�� ، $�رس) ��l وK) ا�*-��q ا���م إ�� 

[3]$��� $��ه ا�(�ف ا�(�  ا�*���> ��-�� $-��q ا�*��� ط��� �*� ذ�0ه    ا�;ي ذ0  ? �0-��

) H�� -�اوح�  �0,� (�K��  ـ 4ا�-�ب ا����� أ$� $��ه ا��ي ا�-  �,� در2 م) 25oــ  ms/cm 8ـ

���*��  و�R-6�م ?  ري ا�*���K) ا�*��و$���-$   .ھ  $��� ��ر2

 ��� l�� ت�� cQ�� �*0587.55 ا�>�ول أن ��X�0 ����0ن ا�(�د��م !��  �����6 ���8  ا�5-��

$�>. / �-� و���X�0�� g ����0ن ا���6��5م �*-��q  554.29$�>. / �-� ?  +,� ����� و�*-��q !�م 

$�>. / �-� `.  X�0��  �h� .` �-� / .<�$71.02 ����0ن ا��������م �*-��q 8�ره  554.29!�م 

  $�>. / �-�. ����070.51ن ا�*�>�� X�q��-* 8�ره 

 YV�� l�� ����� �,+  ? �0ن X��<�*وا� ���ي ا���)��� X�0�� ��!أ�#� أن أ ��cQ ا��را�

?�ن ��X�0ھ*�  a �->�وز ا���ود ا�*6*�ح �,� $�>./�-� !�� ا�-�ا�  و$Z ھ;ا  0.10،  �83.1*-,*� 

 H$ (8أ ���دو��� ��� g� أن ا�*6*�ح l�� ي��� $�R-6*5.00?  $��ه ا�(�ف ا�  �-�/.<�$

 H$ (8أ X��<�*0.2وا� . �-�/.<�$  
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  )1;�ول (���*�  ا�-�����$  ? �0*�\� �*��ه ا�(�ف ا�(�  ا�*���>��X�9ا�(�9ت ا� u��
 ?   ري $/�وع ا�Y56 ا�Xرا! .$(�ا� وا�*6-$�R  

  

  

:��;����dوا�� ����e ا���� ا���ھ��$� =�&  

Some of Morphological and Physiological growth Parameters 

) أن ز��دة ��X�0 $��ه ا�(�ف ا�(�  ا�*���> �pدي إ�� إ��9Rض ?  !�د H$ ��7�1 ا�/5) (

 sذ� Z2�� �8ت ا�/��� و����6 ا�$7ح ا�;ا\� ا���5 ا�-  ���Z9 ��ر��9ع ا��9وع وط�ل �إ�� ز��دة 

 ��! Y#9R�  ��l ا�;�;-$  ,? ��6 ا��ر8*� ��X�0 $��ه ا�(�ف ا�(�  ا�*���>، أ$� �����6

 X�0��20X�0�� ��! Y�9ار� .` <���$  �K ف�K 60% $��ه Y�% `. ا�Y#9R $�ه أ�Sى و�0

 X�0�� ��! �,� �ف �K  ، وھ;ا ����U أ�#� !�� �����ت ا�/�?�ن % $��ه 100Kأ�8 (8*

 ��! �0�Y أ?#) ��6$ ��6$ ا��ر8 H5ه ا�(�ف ا�(�  ، و���$ H$ 9�-R$ اتX�0�-� ا�*�و�

 X�0��60 H$  �)إ�� ان $�-�ى $��ه ا�(�ف ا� sي ذ�X�� �8و <���$  �K ف�K ه��$ %

 X�0�� ��! ا����60ا�$7ح ء ا�#�\  وا��*� ?  ��H �0ن $=��� % �0ن $/>�� أ0=� !�� !*��

% $��ه �Kف �K  وذ� s���Xدة �� X�0��u ا�����K ا�=��� ا�-� �. 100!��$� زاد ا�-�X�0 إ�� 

. lدرا�-,� ?  ھ;ا ا��� .-�  

ا�-��K) ا�/,�ر 
 ا�5,�� 

MS/cm 
 

 ا�*��� ا���5
)�-� / .<�$(  

  

pH Na+ 
�-�/.<�$ 

K+ 
�-�/.<�$ 

 

Ca+2 
�-� /.<�$ 

Mg+2 
�-�/.<�$ 

  Fe   
�-� /.<�$ 

 

Mn 
�-� /.<�$  

 �����7.02 4492.8 7.73 587.55 82.1 92.25 70.00 3.1 0.1 

 0.05 2.6 72.53 88.03 73.24 544.44 8.01 4448.0 6.95?��ا�� 

 0.05 2.1 69.01 88.73 57.82 530.89 7.95 4416.0 6.90$�رس 

 q��-*ا�
ا���م 

6.96 4452.3 7.90 554.29 71.02 89.67 70.51 2.6 0.07 
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�ت ا��و�ـــــــــــ�ن ��ت ا���ـــــــــــــــ	ر �

�دد ا��روع

طول ا���ت �م

3����� ا�ور�� �م

      ) ?(Nا�/��� وا�/�?�ن )1ا�  �����    ��cQ !�د ا��9وع وط�ل ا����ت و��6$ ا��ر8

) أن $-��q $�-�ى ا��R#�ر �Xداد ���Xدة ��X�0 $��ه cQ��2 ا������ت ا��اردة ?  2�ول (

 X�0�� ��! u9R�و� H�����ا�  ? % $��ه �Kف �K  و�-U9 ھ;ه 100ا�(�ف ا�(�  ا�*���>

 X�0�� أن �,�� l�� % $��ه �Kف �K  �0ن !��ھ� 60ا��-�\] $Z ا���Xدة ?  ا����56ت ا�;ا\�

R� أ!�� $�-�ى  ? #�ر و����5ت ذا\� و8� ��Z2 ھ;ه ا���Xدة إ�� ز��دة ��X�0 ا�*�دة ا��#��

 X�0�� �0ن l���   �)ه ا�(�ف ا���$ ���$ i�9R� أو % 60$��ه ا�(�ف ا�(�  ا�*���>

 وھ;ا �-Z$ U9 $� ذ�0ه ���*��  ا�,� $H ا�*���K) ا�*��و$K�S (�K��*[5]$����� ��*� ھ;ه ا� ،

 s�;0[12- 16]و.  
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���H $�-�ى ا��R#�ر ( أ + ب ) $�>. / �2ام وزن ط�زج و$�-�ى ا����56ت ا�;ا\�  )2;�ول (
����  ا�/��� وا�/�?�ن  ? X��<�*وا� ���ي ا���)�! X0و��  ����   ��)! �-� ($/.<�$  

  ا�/�?ــــــــــ�ن    ا�/��ــــــ�  ا�*��$� ا����ت
   ا����56ت   ا��R#�ر  ا����56ت  ا��R#�ر

  0.28  1.69  0.25  1.64  ا�/�ھ�
20%  1.70  0.28  1.79  0.28  
60%  1.89  0.32  2.17  0.31  

100%  1.46  0.21  1.60  0.25  

  
X��<�*وا� ���ي ا���)�! X�0��  

Fe (ppm)  Mn (ppm)  Fe (ppm)  Mn (ppm)  
  0.39  0.79  0.11  0.87  ا�/�ھ�

20%  1.21  0.32  1.30  0.44  
60%  1.70  0.55  1.33  0.44  

100%  0.63  0.13  0.75  0.71  
   

                                                                                     ا����d ا�����f ���1دة ا��3,�: 

 ��*�دة ا�>�? ��-�� د��7 �0?�� ووا��Q !�� ا���Xدة      ��m*ا� $H ا�*��وف أن ا�-��Vات ?  ا���6

����  2ا�����  �������ت . و��cQ ا�/5) (أو ا���z ?  ا��*�   ?  ��*�دة ا�>�?��m*ا� ) ا���6

9 �*��ه ا�(�ف ا�(�   ا�/��� وا�/�?�ن ا�*Xرو! ?  Z8�$ ا�->�� وا�*�و��-R$ اتX�0�-�

�����ت ا�/��� أ!�� $�,� ?  �����ت   ?  ��*�دة ا�>�?��m*ا� ا�*���> ��l ���و وا��Q ان ا���6

����  ا�/��� وا�/�?�ن �0�Y !�� ا�/�?�  ? �6 ��*�دة ا�>�?�ن، و��cQ ا�/5) أ�#� أن أ!�� 

 X�0��60) lه ا�����/� Z$ U9-� وھ;ا <���$  �K ف�K ه��$ %Roszyketal.,1989 نh� (

 إ�-�*�ل ا��*hة ا����> $H $��ه ا�(�ف ا�(�  ا�*���> ?  ا�-6*�� أدى إ�� ز��دة ا�*�دة ا�>�?

���) �hن إ�-�*�ل $��ه ا�(�ف ا�(�  2000ت ا��*c وأ�#� $� ذ�0ه (�$7 وآ�Sون ، ?  

 X�0�-� % أدى إ�� ز��دة ?  ا�*�دة ا�>�? ?  ��u ا�R#�وات وs�;0 ا����9 60ا�*���>

  ).2001) وا��ر?��� (2004(

:>��ي ا����� وا����3��* >�"�                                                                                 

) أن !�(� ا����� ?  70 ا������H ا�/��� وا�/�?�ن �Xداد ���Xدة ��H$ ��7�2 X�0 ا�>�ول (       

 X�0�� ��! H�����?  70 ا� ���ل ����، وأن أ!�� $� �ھ�/��� �$��ه ا�(�ف ا�(�  ا�*���> $��ر

60 ��! X�0�� (8وأ <���$  �K ف�K إ�� 100% $��ه Z2وھ;ا را  �K ف�K ه��$ %
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) وا�*��وف أن ��0 Fe+3 )Brown, 1978إ��  Fe+2$��رة ا�>;ور !�� ا�K�)-$nإX-Sال

ا����� داS) أX2اء ا����ت �-. ��qء ?  ا������ت ا�R#�اء ھ��ك !87 �2�ة  ��H $6-�ى ا����� 

�#Rا�� ر ?�,� !��� 0*� أن ��z ا��R#�ر ��l أن ا������ت ا�-  ��-�ي !�� ا����� ��5ن 0*�

 ا����� �pدي إ�� إ�9Sق ?  �H��5 ا��R#�ر وأ$�اض ��z ا����� ���أ دا\*� ?  ا�وراق ���=

. H��5-ا�  

�k9 ���ك ا����� ?  70 ا������X� l�� Hداد      s�6� X��<�*ول أن !�(� ا��ا�> H$ �#��7 أ��

�$ ��  ? % $��ه X�0�� ()� l�� H�60ه إ�� ��X�0ه ���Xدة $��ه ا�(�ف ا�(�  ا�*���>

 و�����ت ا�/��� �6 أ��Qف ��X�0ه ?  �����ت ا�*��ر*S إ�� ������  �K ف�K100 ه��$ %

 �Kف �K  و8� ��Xى ھ;ا إ�� اSa-7ف ?  ��ع ا�*�(�ل أو إ�� � ��`h��u ا�����K ا�=���

.lا�-  �. �-. درا�-,� ?  ھ;ا ا���  

  

) ?(Nو ا��زن ا���زج وا�>�ف  �����  ا�/��� وا�/�?�ن.  )2ا�  ��*�دة ا�>�?�p*ا�  ��cQ ا���6

Mا;ــــــــــ�  ا��

��رة ا�*��ه . ���6 ����U إ+-�ا�0 ا�=��?� ا��ار ا����� ���/� 1993ا��*�ري أ����5 ( - 1 ) : $�ا2,
 . Zوا�-�ز� 

2 - ) �*�$ U�?�� .��81995�Vا���م وا�  ا�*(��  57. ا���د  ) : ا�-��ث $/�5m�,ا���. وا����ة. ا� �6��
  ��5-�ب . 

 ا���$� ����l ا���*  ط�ا��1995. �����  k�H $�*�د ��S� ر$#�ن ( - 3m�,ا� .   ) : ا�-�ب ا�����
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�/�ة !�*� ر8. 1980ا�76وي $�*�د ( - 4 . ������   . $�/�رات �$�2  ط�ا��k. 4) : ا�*�ارد ا�*�\�
$7 ?�زي ، ا�() $ - 5� u�� ��!  �)*��ه ا�(�ف ا��ا�-��ث  ��`h� :�*�$  +7د وا�>�و�

  �$�2 ��X ـ ا�>*,�ر� ا��*��ــــــ  وا�*�ارد ا������m���� ا���*  ا�ول �*�p*اوات . ا��#R22 ـ15ا�  /
  . 2000أ���) / 

 . ) : $��ه ا�(�ف ا�(�  $��� $(�ا2008ا�*��  $R-�ر !��ا�*>�� وا2,�ن ا�*�!�) !�  ( - 6�
 6 ا���$ ����5ن وا�*�ا?U $(�ا� ـ +�0 ا�R�$�ت ا���$ ـ $����p*وط�ق $���>-,� ـ ا� �,��*<�
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  ا���,$ـــــــ�ت

����  ا�/��� و ا�/�?�ن. )1;�ول (  ?   ��*�دة ا�>�?��m*ا�   ���H ا��زن ا���زج و ا�>�ف و ا���6

  ا�*��$7ت
 ا��زن ا���زج 

      .2  
 ا�>�ف  ا��زن
       .2  

��m*ا�  ا���6
   ��*�دة ا�>�?

  ا�/��ــــــــــــــــــــــــــــ�
  21.24  1.88  8.85  ا�/�ھ�

20%  7.77  1.65  21.23  
60%  5.89  1.56  26.49  

100%  3.49  0.7  20.06  

  �/ـــــــــ�?ـــــــــــــــــ�نا
  20.57  1.6  7.78  ا�/�ھ�

20%  13.17  2.54  19.29  
60%  8.48  1.82  21.46  

100%  3.85  0.47  12.21  

  

����  ا�/��� و ا�/�?�ن. )2;�ول (  ?  !�د ا��9وع و ط�ل ا����ت و ��6$ ��c ا��ر8

 �تا�����
  ا�*��$�

  ا�/�?ـــــــــــــ�ن  ا�/��ــــــــــــــ�
  

!�د 
  ا��9وع

ط�ل 
ا����ت 
(.�)  

��6$ 
 ا��ر8

.�)2(  

!�د    
  ا��9وع

  ط�ل
ا����ت 
(.�)  

 ��6$
                                                                               ا��ر8

.�)2(  

  22.58  47.53  3.13  23.16  46.52  3.03 ا�/�ھ�

20% 2.80  37.33  14.33  2.80  38.4  15.14  

60% 2.24  37.13  26.64  2.53  34.73  25.97  

100% 2.01  36.8  13.85  2.32  29.47  13.48  

  

 ���ي ا��ا\. و  )3;�ول ($�R-6*ه ا�*>�ري ا���$  ? g� و ا���درة ا�*6*�ح $6-�ى ا�����K ا�=���
.Z��-*ا�  
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�  ا����ـــــ
) F& ح��dى ا����dا��ppm(  

  ري دا�`
ري ��ة ,� 

��dا�  
  Al  5.0  20.0ا���$���م                 

  Fe 5.0  20.0ا�����                    

                    s�Xا�Zn 2.0  10.0  

  Cd 0.01  0.05ا��5د$��م                

  B 0.72  10ا���رون                  

  Pb 5.0  10.0ا���Kص                

                   ���  As 0.1  2.0ا�Xر

  Cr 0.1  1.0ا��5وم                     

                    Y���5ا�Co 0.05  5.0  

  Cu 0.2  5.0ا����س                    

  F 1.0  15.0ا���5ر                       

  Se 0.02  0.02ا����6���م                  

  Ni 0.2  2.0ا���5)                     

                  X��<�*ا�Mn 0.2  10.0  

.�  Mo    0.01  0.05                 ا�*�����

  أ!�� ��X�0 $6*�ح �u��� g ا�����K ا�=��� و ا���درة ?  $��ه ا��ي.  )4;�ول (      

  ا����ــــــــ�  ت.
)  F& ح��dا�� >�"�  )ppmا��

  ري دا�`
  ري ��ة
��dا� �,  

1  (s��ا�ر��) ���  2.0  0.1  زر
  0.5  0.1  ������م  2
  0.05  0.01  �0د$��م  3
  1.0  0.1  �0وم  4
5  Y���0  0.05  5.0  
���س  6  5.0  0.2  
  10.0  5.0  ر�Kص  7
  2.5  2.5  ��=��م  8
9  X��<�$  0.2  10.0  
10  (5��  0.2  2.0  
  0.02  0.02  ������م  11
1.0  0.1  �8����م  12  
13  (s�  �S  2.0  10.0رH�K (ز
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The effect of Irrigation with Treated Sewage Water 

on some Grassy crops in Misurata / Libya  

Asual, Melid 

Eljaroshi, Mohamed 

Abstract 

The present study was conducted to investigate the impact of wastewater 

irrigation on crops feeds, which used in El-Sekt region irrigated with treated 

wastewater that was coming from Misurata station. In addition, the physic-

chemical properties of the treated wastewater were evaluated. 

This study showed that, sewage in the Misurata was the only domestic 

wastewater not related to industrial or agricultural drainage water, as well 

showed that the elemental iron and manganese has not increased over the 

irrigation internationally wastewater limit. 

The results showed that the concentration 60% of sewage gave the highest 

growth of plants in barley and oats, particularly in chlorophylls content, dry 

matter, number of branches and height plant. The leaf area did not show 

stable results. 

Keywords: waste water, irrigation, physio-chemical, sewage. 
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� ا!���ـ�ل ��ـ�ه ا��ـ�ف ا���ـ� ا�����3ـ���Gــ   
�ـــــــ� ,� ري #�ـ�ت ا���ـ?���ا ـ� �ـ��&  

�1�ـPد ���� ا��?  

  2ھـ�ى .���ن ا�0�$

Y���  ,�ط�ـ� ���� ��

  P6@�ا�

�0*��\� ا��Rاص درا� ��u ا����Q�$ lع ���ول     ��X�9ا�(�  �*��ه ا�(�ف ا� ?   ا�*���>

���� ��$  ?��ي $/�وع ا�Y56 ا�Xرا!  $(�ا� $��ه ا�(�ف ا�(�  �*���$�R-6*وا� 

��`hا���م، و� sت ا��()( ذ���� �*� ��!Onion �!و ( �X�0ا�� �K��ا��  ?  ا�*-�ا0* ا�=���

و$��ر�-,� ��k9 ا���ع    ھ;ا ا���ع $H ا�R#�واتا��#� ? ا�-��aت� و!� ا�R#�ي  ا�*>*�ع

 .ا�(���ر �*��ه $H ا�R#�وات ا�*�و�

      s�;0  و�-�رج ���ود $/�وع ا�Y56 ا�Xرا!  ا�*>�ورة ا����ل ���u ا�-�� $���ل درا�

 ? g�! �ا��� �-�  ?�6$1000 �-$ Y�*+ �#أ�  زرع ��ع $X2 l�� Hءًا $�*��� ا��را�

 داS) أ��اض ا��() ) ? ا�R#�وات ( K�S H$ ��K s�-�76. ا����ت  ا����ا����م  -  ��0– 

Yورو� ، g*��ه ا�(�ف $(�ا��ا�(�   ��� 9 �9�9R,� ا�*���>�-R$ X�0-�ا�70،  50،  30(   ،

100(% �,-�ا���ع $H  ا��*� ا�R#�ي �,;ا ا�*��ه !�� �*��? �h`�� ��اX�0ھ;ه �*��ه ا�(���ر و$��ر

 �#Rو$�-�ىا�  ا��را� ا����� $k����$ H ا��*�. +*�g�? Y و 8� ا�����K ا�=���

                                           

  ، $(�ا� �����682478. ا����ت، ��0 ا����م، �$�2 $(�ا�، ص ب  1
 ، $(�ا� �����2478ا����ت، ��0 ا����م، �$�2 $(�ا�، ص ب 68.  2
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  ا��را!ـــــ�ا�����ـــV ا�����ـــ�: أظ'ـــــــ�ت

1-  Z�*2 أن �-#H$ c ����) $��ه ا�(�ف ا�(�  ا�*���> �*(�ا� �-���� ا�����K ا�=���

�0�Y ?  ا���ود ا�*6*�ح �,� ، $�!�ا !�(� ا��5د$��م �K��ه ?  $��ه ا�(�ف  ا��X�0�� ��X�

.    ا�(�  ا�*���> !H ا��� ا�*6*�ح �g دو���ً �*��ه ا��ي ا���د�

 ا�*/�وع 2��� H$ �=0أ X��<�*ا� �)��� ��I ( ـ �-#H$ c ����) ا�-�� أن ��� ( ا�(��

 ا��ي ا�*��+� <�-� ا�*/�وع ��� �6)Iإ�� ا�(�ف و sذ� Z2�� �8و Y56ا� ا�Xرا!  �*���

 .�*��ه ا�(�ف ا�(�  ا�*���>

 و8� ��Xى 3����ت ا��() !�,� ?  �����ت ا�*��ر  ? ـ ���� ار��9ع ��ا X�0��u ا�����K ا�=���

 5*� أH$ ��0 $��ه ا�(�ف ا�(�  ا�*���> �*(�ا�� �K��رة ا����ت !�� ا$-(�ص ا����� sذ�

.����� 

�-�\] ����) z�R-6$ ا����ت ا�>�ف ا���4$ H$ c#-� ـ   ?  ا�(�� و$�-�اه $H ا�����K ا�=���

�s وا��5وم Xوا����س وا� Y���5) (ا�=$ �K��ا�� u�� رة !�� ا$-(�ص�ا�� g� ()ت ا�����أن 

.9 $H $��ه ا�(�ف ا�(�  ا�*���>�-R*ات ا�X�0�-ا� Y�� (X��<�*ص وا��Kوا�� 

5 X�0�-� أ!�� أ!��  50ـ  ا��ى ���ت ا��() % $H $��ه ا�(�ف ا�(�  ا�*���>  ? �*��� *�8

.�K��ا�� H$ ى ھ;ه ا�*��ه�-�*� g-��<-ى ا��ت ا��() و$��� ���6�� Z2�� �8 وھ;ا 

ـ إن ��ا .0��u ا�����K ا�=��� ?  ا������ت ا���$� ?  ا�(�� وا�*�و� �*��ه ا�(�ف ا�(�  6

 X�0�-� ;ه ا������ت إذا $� % ) $��ه �Kف ( q�?  �K 8� ��5ن $p+� ا�-��ث ?  ھ100ا�*���>

 �. ����� ا�6*� �H$ �)�! (5 ا�����K ا�*R-��ة.

��  : ا�-��ث $��ة ا�(��i ا�(��, ا�����K ا�=���, $���K) ا�R#� ا�)��1ت ا�����7

 ا��$ــــــــ���

 إذ أ�g أ��س ا����ة �� ا�*�ارد ا�Xرا!� و ا�(��!� وا����ا�*��  ? a��?ا�*�ء دورا ر\��6 و G���

  ).����30  "وH$ ����2 ا�*�ء 0) + ء � "  ا�����ء ( �8ل
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$(�در ا�*��ه ?  ����� $��ودة و����  $�6رات ��2��a l�� g2� أ�,�ر ط���� و�q�6 ا�$��ر 

 إ�� أ�Sى ��اء ?  0*���,� أو ��ز��,� �� H$ i�-R� ���-$   .[ 1 ]?  ?-�ات ز$��

  �7� ��ا �*��ود� $(�در ا�*��ه ا�(���� -R�ام ا�Xرا!  و�Xا�� ا���G !�� ا�*��ه �*�ا2,

 ا�*��دة ?�ن ا�-R�ام $��ه ا�(�ف ا�(�  ا�*���> ?  ا�Xرا! ��-�� أ�� ا����\) ��ا���Xدة ا��56

 (�K��*اد ا��إ$ H$ ���5*�  ھ;ه ا�*/�5. ا�-R�ام $��ه ا�(�ف ا�(�  ?  ا�Xرا!<���*� ا�,�$

�g ��-�� و��� ��-H$ z�R $��ه ا�(�ف ا�(�  ����� ���*��ه وا�*V;��ت و?  �k9 ا���? Y8آ �$

 ا�-  �*H5 أن ��>. !H ا�-z�R ا��/�ا\  $H $��ه ا�(�ف �mط� ا����R*وا� �*�Z ا�*/�0) ا�(��

  ا�(� . 

       ا�>�? و+�g ا�>�? وا�-  ?�,� �-�-. ا�-R�ام �����ت ا��ي ا����= �*�ا�0�mوف ا�����?  ا�

 ��;ره  ا�-��ر<�-�ا�Xرا!  ?�ن أھ*� ا�-R�ام $��ه ا�(�ف ا�(�  ?  ا�Xرا! ��-�� ���0ة 

ا�$��ر ?  ا�*��طU ا�>�? $=) ($(� ودول ا���R] ا����  وا�*s�65 و�Iب و2��ب ا����aت 

  . [5]ا�*-��ة وا�-�ا���)

�ه ��7-�*�ل ا�*��X  ��-�ج ا�*�ن ا����5ة وا�(��Vة وا�->*��ت ا��/�� إ�� 0*��ت ���0ة $H ا�*�

وا�Xرا!  وا�(��!  و��Iھ�. 0*� ��-�ج إ�� و��\) $��دة �-(��i ا�*��ه ��� ا�-R�ا$,� ?  

  ���*��ه ا�*6-�*� وا�*��`K�Rد +��5ت ا�(�ف ا��إ�� ز��دة ! sأدى ذ� �دة، و8�ا��/�ط�ت ا�*-�

 ��=0  ? �,-<���*� K�Rا�*���ت ا�  ? G)ھ;ه ا�*��ه و� Z*<� l�� ف�و�, .$H ا����ان ا�*-��$

 R-�a�ا$,� ?  ���K c�)� l���  ا�*--���<���*��� ھ;ه ا�*���ت إ�� ����) ھ;ه ا�*��ه ا�*��`

 (�K��*اً ��ي ا��را ھ�$�ً �2�)$ s�;� Y��Kام ا��/�ي وأ�R-�aرا! ،أو �2) إ!�دة اXا��ي ا�

�-�ج ا�Xرا! n[3]وز��دة ا .  

(�ف ا�(�  ا�*���> ��ي ا�*���K) ا�Xرا!� ازداد ?  ا�6��ات ا���Sة ا�-R�ام $��ه ا�        

 ����� H$ 9�-R$ Uم ����� ?  $��ط�R-6و�  ?  دول ا�*��طU ا�>�?K�S[2]و a ا�*=�ل (��� ���? .

 Y56زي، و$/�وع ا��V��� (ا��(� ($/�وع ا�,#� ا�R#�اء) ���ا��k و ($/�وع ا���ا ر+

  .ا�Xرا!  �*(�ا�
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 �*��ه ا�*>�ري          K�S 5�+ �2��  وھ  ا�*��ه ا�*6-�*� ?  ا����ات  �����/�*��� $(�ا�

5 $��ه اn$��ر �+ H! �$�*� ا�56�� واnدار� وا�*��!. وا�9��دق وا�*���  ا���$ وھ  6$-��

  ا��Rو� �Iب ا�*������$  ? ��l �#� و�->*Z $��ه ا�(�ف ا�(�  $i�-R$ H أ���ء ا�*���

 [���� l�� Z�*<-ا� ��$ H$ ب�Vإ�� ا� Z��  ا�*��ه ���Y56 وھ  $��� زرا!����� إ�� $��

ھ5-�ر وا�*Xروع  R-�a200�ا$,� ?  ري $/�وع ا�Y56 ا�Xرا!  ا���م ا�-  ���� g-��6$ ��ا�  

  .[7]������ت ا�!7ف 

   Materials  And  Methodsا��ـ�اد وطــ�ق ا���ــ

        S  ت�����ع $H ا�R#�وات ا�*�-/�ة زرا!-,� ?  $��� $(�ا� وھ�  #�Y �,;ه ا��را�

  Allium cepaا��() ����Xا� )                                                                                          H$Liliaceae ) i�K500813 ا�9(��

.  [4]                                                                                                                 

 ?��17�� وھـــ�: `  �1�  ھـaا ا��ـ�ع �� ا�X6ـ�وات *1ـ0 �ـ

�7ــــــ�1 ا�<را*ـــــــــــــــــــــ�  -  أ� 

��را� �h`�� ا��ي �*��ه ا�(�ف ا�(�  ا�*���> و���9�9R,� !�� ا��*� وا��/�ط ا��#  �,;ا 

 ا�-(*�. ا��/�ا\  ا�$�5)  �����  ����l ، وY**K ا�->���Q�Rوات ا��#Rا� H$ ا���ع

C.R.D  .<� و�0ن �ا\Xأ�9) �(�ف ا�*�ء ا� H$ ��l ا�-R�Y$ أ��اض ��5�-�7 ���0ة $=��

، `. $�Ym ا���اض �5*��ت $-�6و� $H ا�-�� ��� �I��-,� �-�5ن  3) �.21×  33×  51ا���ض (

 6 ?  �8ا$,� ��l �0ن ار��9ع ا�-���6  �15. ، ا�-R�م  $15->�*S ��! *6�$ �Q��

  .$6-���ت ��وى 0) $6-�ى �-�H$ H��$ X�0 $��ه ا�(�ف ا�(�  ا�*���>

  100،  70،  50،  (30وھ;ه ا�-�X�0ات ھ         ?�Qn�� %) $H $��ه ا�(�ف ا�(�  ا�*���>

 ا�-  رو�Y �*�ء ا�(���ر ا���دي (�%) و�;�s ��5ن 0) $6-�ى $*=) �=7`  0إ�� �����ت ا�*��ر

 iRأ�2ى ا� H�!أ��� ���ر�,�، و ���ة  �+��$ أ��اض 0*�5رات زر!Y �;ور ا����ت ?  ا�-��

���� .�ت ?  0) ��ض ��Xع ��u ا���درات ���l ��ك !/�ة 

رو!  7Sل $�ة ا�->�� أن ��) ا�*�-�ى ا�*�\  ��-�� H$ �ً���8 ا��6 ا����� ��اء أ`��ء            

 gا�X�0و�� ���ت أو 7Sل ?-�ة ا��*�، وذ�s ��ي ا���اض �*�ء ا�(�ف ا�(�  ا�*���>nا
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 ��9 50ا�*-�ر2 ��Y0 ا������ت ��*� �*�ة ��K  ? ا�/�9ف ��$� �8) �(�دھ� s�-�7ا�� H$ �,

 ا����ت $H ا�*p`�ات ا��Rر�2  و7Sل ھ;ه ا�9-�ة أi�Q �*�د `��\  ?���9ت ��*�� و�2�ة ا�-,��

���م �*��ل�$a7ا . q�? ة��2ا$�ت �5) ��ض $�ة وا� 

�17  �1�ـــــــــ? ا���� ــــــــــــــــــــــ�ت -ب�  �ـــــــــ

�ـ� اc ـــــــــ�:و&�ـــــــــــ� #XــــV ا����  �  - ــ�ت  ـ`  �

 ��*�دة ا�>�? �������ت ـ1 ��m*ا�  ����H ا���6

=  ��*�دة ا�>�?��m*ا� ا���6
ا��زن	ا�>�ف

	ا��زن	ا���زج
 ×100  

2-      .[26]��8س $�-�ى ا��R#�ر ( أ ، ب ) ط��� �����

3 -  �,9Kا�-  و   . [11]����� ��اX�0 ا�����K ا�=���  �#� ا�*z�R-6 ا�����  ط��� ������

4  �,9Kا�-  و   [10]ـ 8�رت 0*� ا����56ت ا�;ا\� ?  ا��(�� ا�����  �������

5- �,9K0*� و H���? i+�0   [17]8�رت 0*� ا���و����ت ا�;ا\� ?  ا��(�� ا�����  �����

 ا�����,��ر�H ا�-  و9K,� ـ 8�رت 0*� ا�6�����   . [18]�*�ض ا�$��� ا���ة ا���5

ـ 8�ر ��u*� X�0 ا���و��H ?  $��6ق ا���درات ����� $���ل ا�����,��ر�H ا���$#  ط��� �*� 7

 g9K[8]و.  

  Experimental  Results#�ـــــــــــــــ��V ا��3�&ــــــــــــــــــــ�

��1 ����ت ا���?: $ــ��� ا����@� ا�+ -1$   ) \�)�nا�-���) ا [\�-� ��/�ANOVA  ? ) ا�*���

) أ�������K ا�=��� ا�-  �. ا�i/5 !�,� ?  ا��(�� ا�����  ����ت ا��() ا���$  ?  1ا�>�ول (

)X�0ا�-� �s ، 70،100، 50، 30ا�(�� ا�*�وي �*��ه ا�(�ف ا�(�  ا�*���>Xا� (*/� (%

  s�Xأن ا����س ، ا� c#ا��5د$��م ، ا����س وأ� ، Y���5ص ، ا��5وم ، ا��K، ا�� ���ا�� X��<�*ا�
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 (<6� .� H��  ? ( ���/�ھ� (ا�(���ا�*-�ا2� ?  !(�� ���ت ا��() 8� �>) ?�و�8ً $���� $��ر

���-�a��و �K��ا�� ����   -��  : ) �-��H ا�L.S.D(�-���)  ?�و�8 $����

�-�\] ا��را� ������K ا�=��� ����ت ا��() ا�*�وي �*��ه ا�(�ف ا�(�   ا����س : -1 �0p�

) !H و�2د ��z $���ي ?  $�-�ى ���ت ا��() $H !�(� ا����س �������ت 1ا�*���> 2�ول (

) X�0�-�  ������ت ا�/�ھ� ?  ��H �0ن ا���z $���ي 2�ا ?  ا�*��$7ت 70ا�*���>� %) $��ر

 ا��Sى.

2- : k#>ول (ا��ا�>  ? �H$ ����1 z8���  ? s ا��-�\] ا�*6>�Xا� H$ ()ت ا�����) أن $�-�ى 

) X�0�-30$���ي ?  ا� ) X�0�-70%) أ$� ا�  X�0�-أدى ا� H��  ? ًا�ي 2���$ z���5ن ا�? (%

)100.  %) إ�  ��z !��  ا�*����

)  \�)�nا�-���) ا cQ�� �*0ANOVA وا�ـ (LSD �*ا�) ول�ا�>  ? H�1 م و�2د�! H! (

 ?�وق $���� ?  $�-�ى ا��(�� ا�����  ����ت ا��() ا�*�وي �*��ه ا�(�ف ا�(�  ا�*���>

 ������ت ا�/�ھ�. �  ������K ا�-���  ا��5وم، ا�*�>��X، ا��5��Y، ا��5د$��م، ا���Kص وا����� $��ر

�ا"�< &�= ا����@� ا�+$��1 (�131;ــ�ول (  l!ـ��� : ( ���) ا��ـ�;�دة ,ـ� ا���ـ�� / `

ا���ـ� ـــ�  ����ت ا���? ا����� ,� ا���&ـ� ا��6ـ�m &�ـ�ا"�< �ـ� ���ه ا��ـ�ف ا���ـ� ا�����3ـ� 

)30، %50 ، %70 ، %100(%  

  Fe  Co  Cd  Cu  Zn  Cr  Pb  Mn  ا���(�

%X�0�-ا�  

00  0.07  0.016  0.006  0.024 0.586  0.1530 0.010 0.28 

30*  0.01*  0.016*  *0.006 **0.005 *0.140 *0.09350 *0.006 *0.02 

50*  0.01*  0.088*  *0.006 *0.002 *0.077 *0.10800 *0.006 *0.13 

70*  0.01*  0.005*  **0.006 ***0.010 *0.152 *0.10800 *0.01 *0.22 

100*  0.01*  0.004*  *0.006 ***0.002 *0.199 *0.07950 *0.01 *0.21 

  ا�*���� **$���ي، ***$���ي 2�اً، ****!��  *��I $���ي،
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 ب ـ  $ـــ��� �$ـــــــ���e ا���ـ� ���ـ�ت ا���ــ?

  ـ ا�ــ�زن ا��ــ�زج ����ت ا���? 1

%) أظ,� ز��دة !��� 70،  50، 30)أ�g !�� ري ���ت ا��() �-�اX�0 (1���Y ا��-�\] ?  +5) (

 X�0�-ا��زن ا���زج ،أ$� ا� q��-$  ? �0�Y ا��9وق $���� وذ�s 100(ا�*���� (%

���/�ھ�� .$��ر

. 

  ا�ــ�زن ا�3ـ�ف ����ت ا���? – 2

)  \�)�nا (���-ا� H$ c#ا�ANOVA) (5+ (2 ()ا��زن ا�>�ف ����ت ا�� q��-$ أن (

) X�0-�ا�100، 70،  50،  30ا�*�وي  .X�0ا�-�ا Z�*2  ?  %) ازداد ز��دة !��� ا�*����
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ا �
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�ي ����ت ا���? ا�����  ,0 ) 1(.)? X6زج ���3�1ع ا�������!l ا��زن ا�
 >�% ).  100،  70،  50،  30(ا���&�  وا���وي  &���ه ا���ف ا���� &��ا"
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�و&ط ا�وزن ا���ف �����وع ا���ري �"��ت ا���ل ا�"��� !  ا��و��  ) 2(��ل ��
%) .100، 70، 50،  30(و ا��روي ����ه ا��رف ا��� ا������� ��را��ز 
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  ا���?.أطـ�ال #�ـ�ت 3

 ?  Z�*2 ا�-�اX�0 $�!�ا ا�-�X�0 (3أظ,� +5) (����$ ��I �830) ?�و   %) أظ,� ز��دة $����

 ?  $-��q أط�ال ا����ت !�� $��ر�-,�  ���/�ھ�.

  

 ـ ���ــ�ى ا���X6ر ,� أوراق #��ت ا���?4

%)، 70، 50، 30) أن 0*� ا��R#�ر ا��5   ��) ?  ا������ت ا�*�و� �-�اX�0 (4أوcQ ا�/5) (

 X�0�-� و�6-*� ا���z ?  $�-�ى ا��R#�ر ا��5  ��() أ�  )8� �g ?  ا������ت ا�*�و�

أ) ���� أن ھ��ك ز��دة !��� ا�*���� ?  ا�-�اX�0  - ،4%)،أ$� $�-�ى ا��R#�ر (أ) +5) (100(

)30 ،50 ،70) X�0�-ر (ب) (100%) وا��#Rا�� k5�� ا�2 ب)  -%4) �0�Y ا���Xدة $����

 ).�100ت ا��-�\] ��z !��  ا�*���� $�!�ا (أظ,
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 ?(.)3 (� l!��� �&ه و اط�ال #��ت ا���? ا����� ,0 ا�����ا���وي &�

 >�%). 100، 50،70، 30(ا���ف ا���� ا������3 &��ا"
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  ���ــ�ى ا���و �� ,� #��ت ا���? -5

���ت ا��() ا�*�وي �*��ه ا�(�ف ا�(�  �5�,� $H ا�/5) (  ? Hى ا���و���-�$ q��-$ أن (

) X�0ا�-�  �G6 ا�-���) اcQ�� .� (%. \�)�n أي ?�وق 100، 70، 50، 30ا�*���>����$  
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�� ,� #��ت ا���?  -6���c��7ض اcــ�ى ا��� 

) (5+  ? �-�\] ا�-���) ا�n(�\  ا�*��� cQ��6 ا ?  $�-�ى ا��*�ض�2 ) أن ا���Xدة $����

) X�0�5ن ?  ا�-�ا� %) وز��دة $���� ?  30% ) وھ��ك ��z $���ي ?�q ?  (70، 50ا�$���

)010.(%  

  

  

  

  

  

���ت ا�aا��� ,� #��ت ا���? -7(dــ�ى ا����  

) (5+  ? ) أن $�-�ى ا������ت ا�*�و� �*��ه ا�(�ف 7S H$ ����7ل �-�\] ا��را� ا�*���

) X�0ا�-�ا ��! �6 ا����56ت ا�;ا\� 50، 30ا�(�  ا�*���>�) 8� أ!�Y ز��دة $���� 2�ا ?  

 ���/�ھ�. و�>�ر اn+�رة أن ار��) 100، �970ع ��اX�0 $��ه ا�(�ف ا�(�  ا�*���> !�� ($��ر

 ��,� ?�,� ا������ت ا�*�و� أي ?�وق $���� ?  $-��q $�-�اھ� $H ا����56ت ا�;ا\� $��ر� .�

  ������ت ا�/�ھ� .
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Mg+2 Ca+2 K+ Na+ pH  �7�1ا��
�� ا�)1

  ?�ا���@
�&� ا�)'

 
 ا�N'�ر

 `31� /���   `31� /���   `31� /���   `31� /���  
 

 `31� /���  mS/cm 
 

25.8 96.4 57.8900 63.6 6.9 2630.7 4047.5 e�d8أ 
25.5 68.7 96.5 29.1 7.5 2495.6 3840.0 �����! 

23.6 24.7 52.5 29.0 7.4 2600.0 1338.2 � أ"��&
54.8 81.9 56.2 54.8 7.9 2734.0 4206.6 ���,�# 

55.8 105.8 42.8 26.8 7.6 2849.3 4383.3 ���dد� 
56.3 103.4 101.0 60.1 7.7 2899.3 4460.0 ����� 

 ا����!l ا���م 3730.2 2697.7 -- 43.9 67.8 90.4 40.3

                                                                           .�7ـ= ا���و�ـ�� ,� #��ت ا���?8

) (���� [\�-����ت ا��() ا�*�ويANOVA) (5+ (8أظ,�ت   ? Hى ا���و���-�$ q��-$ أن ( 

  ) X�0ا ،أ$� ا�-�ا�2 �-] 50،70،100�*��ه ا�(�ف ا�(�  ا�*���> أظ,�ت ?�و�8 $���� (%

) X�0�-*� ا����اً �ي 2���$ z�� ���/�ھ� .30!�,� � $��ر����$ ��I ا��9وق Y��0 (%  

  

  

  

  

  

��ه 2;�ول (� ��$�  ����ه ا���ف ا���� ا������3 ,� ���� �������"��>�) : &�= ا����ت ا��

�وع ا�H(d ا�<را*� �P*yف N� ���6 ,� ري�dا � وا���ا���ف ا���� ا������3 &����� ��

  م ���2010ة !�� .'�ر ������� *�م 

  

  

  

  

  
 �&���ه ا���ف ا���� ا������3 وا��� ?�1�  Vا���رو!�#���ـ:   

1-  Z�*2 أن �-#H$ c ����) $��ه ا�(�ف ا�(�  ا�*���> �*(�ا� �-���� ا�����K ا�=���
�0�Y ?  ا���ود ا�*6*�ح �,� ، $�!�ا !�(� ا��5د$��م وا����� ��X� ��X�0ه ?  $��ه  �K��ا��

.    ا�(�ف ا�(�  ا�*���> !H ا��� ا�*6*�ح �g دو���ً �*��ه ا��ي ا���د�
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  ?(.)8 ( l!���� 0 �ا�7= ����ى, ���ي ���و�X6ت ا���? ا����3ع ا����
 >�، 70، 50، 30(ا����� ,0 ا���&� وا���وي &���ه ا���ف ا����  ا������3 &��ا"

100      .  (%
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Mn Pb Cr Zn Cu Cd Co Fe 
� ا����@
 ا�N'�ر

`31� / ��� `31� / ��� `31� / ��� `31� / ��� `31� / ��� `31� / ��� `31� / ��� `31� / ���  
0.5290 0.0150 0.0020 0.1300 0.0420 0.2290 0.0600 0.7900 e�d8أ 
0.0080 0.0070 0.0030 0.0380 0.0060 0.3010 0.0070 0.0390 �����! 
0.0028 0.0140 0.0040 0.0223 0.0020 0.0100 0.0060 0.0060 � أ"��&
0.0010 0.0140 0.0020 0.0347 0.0020 0.0273 0.0010 0.0060 ��,�# 
0.0010 0.0230 0.0030 0.0323 0.0020 0.0160 0.0060 0.0060 ���dد� 
0.0006 0.0079 0.0011 0.0297 0.0013 0.0100 0.0740 0.0050 ����� 
0.0460  ���!l *�م 0.1420 0.0256 0.1548 0.006 0.0478 0.0028 0.0141
0.20 5.00 0.10 2.00 0.20 0.01 0.05 5.00 F& ح��dا��� ا�� 

Mn Pb Cr Zn Cu Cd Co Fe 

  �ا����@

�1� ا�+$

>� ا���ا"

 ا���ود 1.00 0.00 0.00 1.00 0.119 0.00 0.00 10.0

10.0 0.00 0.00 0.00 1.00 0.00 0.00 1.00 100 ��� 

8.34 0.00 0.00 0.00 1.00 0.00 0.00 1.00 200 ��� 

10.01 0.00 0.00 0.00 1.00 0.00 0.00 1.00 300 ��� 

28.02 0.00 0.00 0.00 1.00 0.00 0.00 1.00 400 ��� 

10.00 0.00 0.00 0.00 1.00 0.00 0.00 1.00 500 ��� 

10.00 0.00 0.00 0.00 1.00 0.00 0.00 1.00 600 ��� 

10.01 0.00 0.00 0.00 1.00 0.00 0.00 1.00 700 ��� 

10.00 0.00 0.00 0.00 1.00 0.00 0.00 1.00 800 ��� 

10.00 0.00 0.00 0.00 1.00 0.00 0.00 1.00 900 ��� 

10.01 0.00 0.00 0.00 1.00 0.00 0.00 1.00 1000 ��� 

11.49 0.00 0.00 0.00 1.00 0.00 0.00 1.00 l!ا���� 

� وع 1.00 0.00 0.00      1.00 0.331 0.00 0.00 10.00Nا�� 

 ا��$�ر#� 1.00 0.00 0.00 1.00 0.00 0.00 0.00 10.02

2 c#-� ا�*/�وع ـ ��� H$ �=0أ X��<�*ا� �)��� ��I ( $H ����) ا�-�� أن ��� ( ا�(��
 ا��ي ا�*��+� <�-� ا�*/�وع ��� �6)Iإ�� ا�(�ف و sذ� Z2�� �8و Y56ا� ا�Xرا!  �*���

  .�*��ه ا�(�ف ا�(�  ا�*���>

�ا"�< &�= ا����@� ا�+$��1 ا���;�دة ,� ���ه ا���ف 3;�ول (  l!��� : ( �, �3ا���� ا�����
�وع ا�H(d ا�<را*� �P*yف ���ة !�� N� ي�� ���6�dا � وا����� �����& ���� ا���$��

  ف (�31` / ���). 2010.'�ر ������� *�م 

  

  

  

�ا"�ــــ< &�ــ= ا����@ــ� ا�+$�1ــ� ( �31` / ���) ,ـ� �6�dــ1]  �&ــ� 4;�ول (  l!ـــ��� : (
 �ت�y*ـــPف و ـ�ب ا��$ـــــــــــــــــ�ل ا��ــــــ�3ورة *1ـــN� ,�d� 0ــ�وع ا�d)ـــH ا�<را*ــ�

   ��6ــ��1 و ـــــ�&� ا��ـــــــــــ�&� ��1$ــــــــــــــــــــــــــ�ر#�.
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  Discussion:ا���ــــــــــ�NKــــ�

 ���NKـــــ� ا����@� ا�+$��1 ���ـ�ت ا���?  -أ

�-�\] ا��را� أن 70  Y�Q، ا��5وم، ا��5د$��م  أو���ص، ا���Kا��، Y���5ا�، X��<�*ا� �)�! H$

 ���/�ھ�.�  �. �H5 �,� أي �h`�� $���ي !�� ���ت ا��() $��ر

 Z$  [20]�-��رض ھ;ه ا��-�>����` <���$ ��l و2�ا أن ا�-R�ام $��ه ا�(�ف ا�(�  ا�*���>

�K ا�����5ا�(�Vى. U9-� �*0 ھ;ه ?  ري $�(�ل ا�;رة، أدي إ�� ز��دة ا$-(�ص ا�;رة �����

 Z$ أن $�-��*�(�ل ا�����. ا�*�وي �*��ه ا�(�ف ا�(�  $H ا�*��دن ا�=��� �0ن  [19]ا��-�>

)  ا�(� ا����*�*��$ (�8 H$ �,� ود ا�*6*�ح�ا��  ?WHO.( 

��z $���ي ،و8� ���Y ھ;ه ا��را� أن ا� g�? ث�ا�;ي � �s أ�� ا�����K ا�=���Xت ��-�� ا������

) ���8 $H $��ه ا�(�ف ا�(�  ا�*���> X�0ا�-� Q��*50ا�  H*? s�Xا� �*0 �,�? (�� (%

�p� sدي إ�� ��z $6-���تXا� z��وا�;ي �-��g��! G إ���ف �RNA   H��5ا�*-��رف !��g أن 

 H[23]ا���و��. 

�*� ا���درات، و8� ���� 7S H$ل  i�Qم �*�(�ل ا����ت و�! i�Q g�! [-�� ھ;ه ھ;ا [\�-�

) X�0ا�-� ��6$ ا��ر8  و�. 70،100ا��را� أن �����ت ا��() ا�*�و�  ? z�� H$  ���� (%

�,� أي ��H6 ?  ا�ط�ال $Z و�2د ز��دة $���ظ ?  ا��زن ا�>�ف و��z ?  ا�*�-�ى ا�*�\  �

��z ھ;ا ا���(� !�� ا��*� ا�����  ����ت ا��().  ��`h� ��! ل �� �*$  

�e ا���� ���ـــ�ت ا���? ��ـــ�NKـ� –ب��$� 

) !�� ري ���ت ا��() �*��ه ا�(�ف ا�(�  cQ��1 +5) (:  ا�ـ�زن ا��ـ�زج ����ت ا���? – 1

��z ?  ا�*�-�ى  H$  �ا�*���> �q��-$ ��! �`p ا��زن ا��طG $*� �/�� إ�� أن ا������ت 8� ���

) X�0�-ا� �100ا�*�\  !� Gا��زن ا��ط z��  ? G�� �$ (�رة %) (وھ��و (X�0�-ھ;ا ا� ��!

) X�0-�ا�ت ا��() ا�*�وي ��� �,�� $�!30 ،50 ،70Gا��زن ا��ط  ? H6�-� a��$ (%.  ھ;ه

 g� �2ء �$ Z$ U9-� ���ت ا�kR ،ا�>Xر �*��ه [7]ا��-�> وا�;ي أوcQ ?  درا�-g أن $��$�

 X�0�� ��! zS���را� 60ا�(�ف ا�(�  و�ا� ��/� .Gا��زن ا��ط H$ ��X� % Y��2ا�-  أ 
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 ���l أظ,�وا ز��دة ?  ا��زن ا��طG �������ت ا�*��$� �*��ه ا�(�ف ا�(�   [25]��ا��

  X�0�-�30�/�ھ���ت ������ �,-�  .% وذ�s �*��ر

���ت ا��() +5) (:   ا�ـ�زن ا�3ـ�ف ����ت ا���?–  2 �,�� ) ا�*�وي �-�اX�0 2�(�رة !�$

)30  ،50  ،70  ،100 ? H6�-� ل��$ (%  g� �2ء �$ Z$ U9-�  [7]ا��زن ا�>�ف وھ;ه ا��-�>

 zS���*��ه ا�(�ف ا�(�  و�ر X<ت ا�������ت ا�kR و ا�;ي أوcQ ?  درا�-g أن $��$�

  X�0��60.وا�>�ف Gا��زن ا��ط H�� دادX� %  

أن +-7ت ا��() ، ا�s�� ، kR ا�0p�[9]  ،[21]  ،Z�6� ا��را��ت ا�-  أ�2اھ� H$ (0 ا����=�ن 

���ت ا���ط ��*� �(�رة أ?#) ?  ��� ري ا������ت �*��ه ا�(�ف ا�(�  !�� $��ر�-,� ������ت 

 .ا�*�و� ���*��ه ا���د�

��() ا���$  ?  ا ���ت أط�ال $-��q ) أن3+5) ( أظ,��-�\] ا��را�: ا���? #��ت أطـ�ال 3- 

ا��() ا�*�وي �*��ه ا�(�� وا�*�وي �*��ه ا�(�ف ا�(�  ا�*���>، 8� أ`�ت !�� ���ت 

) X�0�-ا� ��!   %). 30ا�(�ف ا�(�  ا�*���>، و�0�Y ا���Xدة $����

و$*� �>�ر اn+�رة إ��g أن ���ت ا��() ا�*�وي �-�X�0 : ���ـ�ى ا���X6ر ����ت ا���? -4

)100 U9-� ر.ھ;ا�#Rد ?  $�-�ى ا���� z��  ? G�6� %) $H $��ه ا�(�ف ا�(�  ا�*���>

 lا���� Z$[16]   ر ����ت�#Rى ا���-�$  ? z��دي إ�� ا�p�  �)*��ه ا�(�ف ا��ن ا��ي h�

.k*/د ا���!  

) !�م و�2د ?�و�8 $���� ?  5أظ,�ت �-�\] ا��را� +5) (: ���ـ�ى ا���و �� ����ت ا���? -5

 lا���� ��l أظ,�ت �-�\] درا�-g أن ا��ي  q��-$[7] $�-�ى ا���و��H. ھ;ا �-��رض $Z درا�

(�ف ا�(�  و�g��9�9R أدي إ�  ز��دة ?  $�-�ى ا���و����ت ا�;ا\� ?  Z�*2 ا������ت �*��ه ا�

) X�0�-�  %).60ا�*�رو� ا�*�و�

�� ����ت ا���? -6���c��7ض اcـ�ى ا���  : U9-� ا���Xدة ?  $-��q $�-�ى ا��*�ض ا�$���

 lا���� Z$ �,<\�-� [22] lرا��ت ز��دة [14]وا�����أظ,�ت ا� l�� ى�-�$  ? X�0�-ا�

. ���ي �*��ه ا�(�ف ا�(�  ا�*���><�-�   ا��*�ض ا�$���
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)���ت ا�aا��� ����ت ا���? -7d5) (: ���ـ�ى ا�+ �-�\] ا��را� �0p�7 ()ت ا�����) أن ري 

) X�0ا�-�ا �ا !��2 %) ?   50،  30ا�*�وي �*��ه ا�(�ف ا�(�  ا�*���> أظ,� ز��دة $����

أن ا��ي �*��ه ا�(�ف ا�(�  �-   [7]���5ت. ھ;ا �-Z$ U9 درا� ا����q��-$ l $�-�ى ا�6

) X�0�-ا����ت،60ا�  ?  %) ��6ھ. ?  ز��دة $�-�ى ا����56ت ا�;ا\�

ا���و��p*0 (*�� H+� !�� د�Sل ا����ت ��qVQ Y أو �92ف : �7ـ= ا��� و��� ����ت ا���? -8

) (5+  ? �Q�*ت ا��� إ2,�د 8(إ2,�د $�\ ) أو $��� وھ�� �/�� ا�������� G�Kأن ا����ت أ (

 u�� أن .Iا�*�-�ى ا�*�\ . ر [\�-� q��-$  ? �,ا�*���ي ا�;ي ظ z��ا� sذ� �وأ0 ، \�$

 lرا��ت ا�����ار�[6]ا� �9ع $�-�ى ا���و��u��� H ا������ت، و8�رة ھ;ه ا������ت أ+�ر إ�� أھ*�

. ا�(�� $=) ا�*����mوف ا�����  !�� $��و$ ا�

�ـــــ�ه ا��ــــــــــ�ف ا���ـــــــ� ا�����ــــــــــــــ�3 —ج� �NK:  ��ــــــــــــ� ���ا��5د$��م وا��

��l أ`�Y [12] ;ا �-Z$ U9 $� �2ء �g!�� ا�-�ا�  وھ 5.00،   ��0.01�ي ا��� ا�*6*�ح �g وھ�  

  ا�*���>��$ H$ أ`��ء درا�-g أن ا�����K ا�=��� وا�#�رة ?  $��ه ا�(�ف ا�(�  ا�*-�?�

 . �-��ى ا���ود وا��G6 ا�*6*�ح �,� ?  ا�*�ا�9Kت ا����*�

�0�Y أ8)  وا�#q��-$ H$ c ��ا X�0��u ا�����K ا�*R-��ة ?  $��ه ا�(�ف ا�(�  ا�*���>

$H ا��� ا�*6*�ح �g دو��� 7Sل +,�ر ا�6� وھ  ا����س وا��5وم وا�*�>��X وا���Kص 

�-�\] ا����=�ن  Z$ U9-� وھ;ا ،s�Xوا� Y���5[15]وا�  �K��ا�� [\�-���l أ+�روا إ�� ا��9Rض 

  أ`��ء !*���ا�(�Vى وا�$�6 �*���ت ا��را� �*H5 أن ��Xى ا�Q�9R,� إ�� ا��*hة ا�*-�5

 ��l ���م ��د$(�ص ا�����K و����,�.ا�*���>  

  ��ـــــ��NK  ـــــ�&� �Nــــــــ�وع ا�d)ـy� H*ــPف وا��ــ�ب ا��3ــــ�ورة �F  –د

 H���� ي إ��X�� �8 �K��ا�� ��� H! �s ?  �����) ا�-��Xوا� X��<�*ظ,�ر !�(�ي ا�:  

8� ��5ن ا�����K ا��Sى $=) (ا��5��Y، ا��5د$��م، ا��5وم، ا���Kص ....) ا$-(Y أو  -1

ا�->Xت ?  ا�>;ور $H �8) ا�R#�وات ا�*Xرو! ?  ا�*��طU ا�*>�ورة �*/�وع ا�!7ف 

                           .   ا�*�وي �*��ه ا�(�ف ا�(�  ا�*���>
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�. $c�� H ا�-��  60ا�-�� إ�� أ!*�ق أ!�� $H 8� ��5ن ا�����6� �K�Y !�� ط���ت   -2

.�,� ?  ����) ا�-��� .� l���Z$ U9-� [24] وھ;ا  �K���� أن ا�-h`�� ا�#�ر وا�*��ث ��-��

 ?�Qnا ���$ H$ �,��<وھ �s وا���5) وا���Kص ����q �-�ز��,� ?  ��8ع ا�-��Xا����س وا�

 �-��ك $Z ا�*���ل ا�رQ  إ$� ?  �Kرة أ����ت إ�� $>�ل ا�>;ور، وأ?�د �hن ا�*��دن ا�=���

��7 $-��0 و?�q !��$� �-�ا0. S ت أو�m�X<�  و�K  ? s�;0رة $(������R$ رة�K  ? أو ذا\�

ھ;ه ا�����K ?  $>�ل ا�>;ور وا$-(�K,� ��ا�� ا����ت ��Q  ? G�6ر $��+� �����ت و8� 

6I .-� ى أو�Sا� ���,� إ�� أ�9) و�G�6 ?  ���ث ا�*�ء ا�رQ  و$��ه �() إ�� ا�*�->�ت ا����ا

  . .ا�/�ب

��&�  ا��ـــــــــــ�ا;M ا��ـــــــــــــــ

 
1) `!�K ���� Y��6 ا���. وا����ة  57ا���د  - "ا�-��ث $/�5 ا���$��V�"  ).1995ـ  �,�� -   ا�*(��m�,ا�

 ا���$ ��5-�ب .
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Effect of Using Treated Sewage Water in Misurata / 

Libya on the Irrigation of Allium cepa 

M. Alsoul 

H. El gubbi 

F. Meatag 

Abstract 

The  theme of the thesis  studies  some of the  physicochemical   features  of  
the  treated sewage  water  in   the station  for treating  the  sewage water  in  
Misurata̕ s  city  which is  being  used in  the Al-sekt project  of agriculture  
area  for   irrigation  and,   its effect  on  the  growth   of  some  consumed   
vegetables  (onion), and  on  the concentration  of  the  accumulated   heavy   
metals  on the   vegetables  and,  also  on  the  metabolic  changes  in these  
vegetables  and comparing  with  the  same  kind  of  vegetables  that  is  
irrigated  with  the  tap  water also the   study  of  the   soil   solution  for  
some  fields   that are close  to  the  limitation  of Al - Sekt  project . Those  
fields  are  1000  meter far  from  the  project  this  study  also  includes  a  
part   of  lab   work  where  there  kind  of  vegetables  was   planted ( onion 
)  in a  special  pools  inside a greenhouse  made  of plastic which belongs to 
the Botany dep. faculty of science  and  it was   irrigated  with  the  treated  
sewage  water   with  different  concentrations ( 30 ‚50 ‚ 70 ‚100 %) and  it 
was  compared  with  the same vegetables irrigated with  tap  water  in order   
to  know   the effect   of  these  concentrations   on  the  greenery  growth   
of  the  vegetables  and the  content of  the  heavy  metals  in  it. 

The study results showed the following points and deductions:-      

1-An analysis of the treated sewage water Misurata showed that the 
concentration of the heavy metals iron, cobalt, zinc were written the 
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followed standard except and cadmium which increases above the allowed 
standards . 
2-It has been showed that the soil of the green house which is rich with 
Manganese more than the soil of agricultural project in Al-Sekt area and this 
due to the direct irrigation of the treated sewage water.  
3-It has been noticed that there is more increasing in the concentration of the 
heavy metals in the onion than the tested plants and this may be due to the  
ability of plants to absorb the heavy metals from the treated sewage water. 
4-It has been noticed through the analysis of the plant juice, the plants that 
have been grown in the green house and, its content of heavy metals that 
onion has the ability to absorb some elements like (Co, Cu, Zn, Cr,Pb, Mn) 
under the different concentration of sewage water. 
5-Irrigation concentration 50 % of treated sewage water was covering the 
highest value for growth in the onion plants, and this due to the sensitivity 
of onion and its responsiveness to the content of this water. 
6- The accumulation of some heavy metals in plants grown in the 
greenhouse and irrigated with treated  wastewater 100 % concentration 
(only sewage water) may be an indication of contamination of these plants if 
what has determine the toxicity of each of the elements tested and each plant 
of studied plants. 
Keywords: physicochemical features, toxicity, treated wastewater, heavy metals 
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 �&�� ا���1ث &���ر اH��!I *01 ا����G و����اھ�  
 )K����ت ,� ا����$� �7ل ���M إ!��H ا���  �� ا��

�Pد ا��?�  

��ن�1� ��  *�� ا��3

  ���س ا��3�ابإ

� ��7رة��*  

����dوة ا��� 

�@PR  

 ���*� Y�*��� G8�*ا� Z�)$ H$ U���*ا� Y�*�nر ا��V� ا�-��ث ��`h� �#*H ھ;ا ا���l درا�

ا�k*R !�� ا�-�� ا��اg�8 ��ل $(�Z إ�*�Y ا�*�G8 و$�-�اھ� $H ا�����9ت وذ�7S H$ sل 

�0*��\� �����ت ا�-�� ا�*�رو� $=) ����H ا�*�-�ى ا�*�\  و��8س ��X�9ا� z\�)Rا� u�� درا�

��ع ا�-��، ا Hو���� �K��ا�� u�� 0*� ا�*�اد ا��#�� و��8س 0*� Hرو�2�  و�����8. ا�,���

X! .� s�;0ل ?����ت ا�-�� ��ا�� و��  ا��6��رود وا�-/��s و�. إ�2اء �k9 اSa-��رات !�� 

  $(�ا� ا�����ة !H ا�-��ث. اظ,�ت �-�\] ھ���$ H$ Y�*�nر ا��V� `��$ ��I �ه !���ت ���

0*� ا���6��5م و 0*�  pHا��را� ا��9Rض ?  �8* ا�ـ    ? �6 ا���$���م و  ز��دة $�����و 

 ���/�ھ�.� ��*�-�ى ا�*�\     ا�*�اد ا��#�� �������ت ا�*��` $��ر��m*ا� ا$� �G6 ا����س و ا���6

 �5�Y $-��ر�g 0*� �. �6>) أي �8*? ���(�ي ا��5د$��م ?  ا�����ت ا�*��` و��I ا�*��`

 وا���Kص .

0*� أظ,�ت �-�\] ھ;ه ا��را� ا��9Rض ا�!�اد ا����9 وا���Xدة ا�*��دة ?  �8* ا���6��5م ?      

 ا�*��� ا�*�رو� وا�-  �0p� ��� �,`���Vر اY�*�n , وا2a��س ا�0=� +��!� ������9ت ا�*�Xو�
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أ$� �����6 ���q ا�-/�Penicillium Fusarium ,Rhizopus  ��9��? s��ا�� ا��6��رود ھ  ,

 Fusarium.ا�0=� +��!� ھ� �ا$� �*� ا�����9ت �0ن أ?#) ���-R�ام و�q ا��6��رود $��ر

  Penecillium���q ا�-/�s و أن ھ��ك أ��اع ?��� $��و$ ��-��ث $=) 

chrysogenum،Penecilliumsp2 ، .و� ��2� l��  ? و2�ت ھ;ه ا���اع ?  ا�����ت ا�*��`

 ��6 ��-��ث ��l و2�ت ?  ا�/�ھ� و�. ��2� ?  ا�����ت ا�*��`� ا�/�ھ�، وأن ھ��ك أ��اع ?���

  (=$Aspergillusflavus ، sp2.        . Fusarium 

  .ا���6��5م -ا�-��ث –?����ت ا�-��  –ا�*�G8  –: اY�*�a ا�)��1ت ا������7  

  ا��$���  1.1

gmأو  ا��� qھ  ا��� Z6-� �8 ھ;ا ا�*>�ل .g�? �`pو� g� �`h-� �6ن�nا g�? D��� ا�;ي  �ا�*>�ل ا�*�5

 ��VKة 2�اٌ a �-��ى ر�8 ا���Y ا�;ي ���$ (*/�� g��\دا U�#� �8ا و����0ة  2 ���$ (*/��

 c�� ��!ل و�� �ا�-  �-�ا2  ���  0) ا�����K ا������ وا������m�� �g�? H56.  و!��g ?�ن �0*

ود�Qا��5ة ا�ر (Sا  . 9,وا�*(�در ا������، وا���8�-R*ا� g���?��7Vف ا��Vزي و�5$

�����ت و���ا��ت،  H$ �,��! D��� �$ا�رض و cو�� ،g�Sا��7ف ا�*�\  و$� Vو$(�درھ�، وا�

�g ا���.h� ف���? mأ$� !�. ا��� .mت ا�����9 0) ھ;ه ا�����K ھ  �5$�-R*ا� g���*<�  ? �6ن�nوا 

، أي ��s ا��87  �ُ��� ا�;يmا��� �K��! Z�*2 H�� ع ا���87ت وا�-�9!7ت ا�*��2دة�*<$ ��را�

H�� �6ن ا�*��2دة�nأو  ا ����6ن، و����I Hه $H ا��5\��ت ا��� ا��Sى ��اء �0�Y ���اnا g�Sوأ

� أو ���ا����� ، و�/*) s�;0 $>*) ا���87ت ��Z�*2 H ا��5\��ت ا�������� �� ��I �K��! Z$ �

 ��I ،  أو ��0�\X2 ، ات��V�  أ�mر، 0*� �/*) ���ث ا����Rوا�*�ء وا�,�اء وا�( ��-��0

 �5/$ Y6�� mث ا������  .  و$/�5m���� � أو ا��5*��\� ا �*�5�\��X�9ب ?�,�  ?  ا�(�9ت ا��I�$

�6 ��رض، وإ�*� ا�>��� ?�,� ھ� ز������ دة +�ة ا�-��ث، 0*� و�9�0ً ?  !(��� 2���ة أو ط�ر\

، وا�-  د!Y ا�*H��59 وا���*�ء ?  0) ا����. ���8ن ���Rا� ا����Q، ووg��K إ�� $��� ا�ز$

. mا��� �K   �/�ة ��اk�8 ا���R و��!�ن إ�  ا��*) !�� ا��� $H ا�-��ث و!7ج و�*��

#�8 ا      ?  ا����*�mا��� Y�8ة و��Sا� ������ $H ا�*��`�ت ا�(��!� ا�0�-9 ��9) و?  ا�و

�6�  ا�,�ام ، $=) ا��nاف ?  ا�-R�ام ا�*R(��ت ا��5*��\� ?  ا�Xرا! واR-�a�ام �nا��/�ط ا

��اع !���ة $H $���ات ا��/�ات وا�����9ت وا�!/�ب. واn+��ع ا���وي ا����) ا�;ي � i=5*ا�
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 $7S Hل ا�-9>��ات ا���وmا�ط��ن �-�6ب إ�  ا��� H��7$  إ� ?�Qn�� ھ;ا ،  ا���6 وا������

$H ا��Vزات وا�*���0ت ا��5*��\� ا����> !H إ��اق ا��9. وا��-�ول ، وا�*�9�Rت ا�(��!�. وا�-  

 ، وأدي 0) � �-� ھ;ه ا���mون و!� إ�  ا�����و0*���,� ، وا�-  �#�ف  �,!���(�G �(� أ

 ?  �Kر�,mإ�  ���ث ا��� sذ� � ا��اھ�. و�->�  ذ�H$ ��=0 ��V�  ? s ا�(�9ت ا��5*��\�

��6نnاً ا��Sت و���ان وأ��� $H $�ء وھ�اء  و��� زرا!� وmا��� �K��! (5� �\��X�91 [وا�[.  

و��� ���ث ا�,�اء $H أھ. ا�*/�0) ?  أG�I ا�*>-*��ت ا����= و!�� أ� ��ل ?�ن ���ث ا�,�اء      

!  ?  ا�*�ن.  و�/*) ھ;ا ا�-��ث ا����ث ا��Vزات, وا�>�6*�ت ا�����, و!�ادم دا\*�ً ��� $/�5*��

 ��ھ-*�م mم ا�����! Y��  و�/5) !�م �mه !�� ا�����S �6ن و�nا  8� ��5ن �Qرة �(�!��-$

  ?  ��� Y�*�nا Z��)$ Y��0  Q�*ا�  ? �� H�6*S  �2ع إ�����ة و��S���0 ?  ا�6��ات ا�

���� U���0ة $��ط  �. �H5 ذات $/�5�mاھـ� ا�����ة !H ا�*��طU ا�ھ� ����56ن و�,;ا ا�G�6 ?�ن ا�

�. ا�*(��Z ا�ن إ$� ���8 $H ا�*�ن أو ?  X0�$ھ�. �$ Y��Kأ  ��� إ�  ا��*� ا��56���� H5و� .  

 $ Z��u ا���5$�ت ���. ا�*�p*�ات و���� ا��8�9�aت و���د    mا��� ى أY��K أX,2ة �*��

  ? �Z اY�*�n. 0*� اY)-S ا����� $H ا�وراق ا���=��)$ H! .2��6-���ت ا�-��ث ا�$ u�9R-�

.Z��6 ا����ث ا���ادم $H ھ;ه ا�*(�� H$ (���-�� ة وا�*���>�تX,2ا� u��   درا�

2.1   H��!Iا )�"�   

 g���6را��ت ا��[2] اظ,�ت ا� Y�*�aھ  ان ا ,��ت  �-�5ن $H `7ث $�اد �Sم أ�������0

ا���6��5م ا�*��2دة ?  ا��>� ا�6�5 ، وا��5���6 ا�*��2دة ?  ا���H وا��$)، وا���$��ــــ� (أ�60� 

ا�-�G�0 ا���V�  \��*�5ر اY�*�n  2) و0*� ��,� 2�ول 1ا���$���م) 0*� ھ� $�cQ ���>�ول (

.G0�$ (5� g��m*ا� G6�وا�  

���� �}!��1H;�ول (���) ا�("�  ) ا��

Cement Compound Shorthand Notation Chemical Formula 

Tricalcium silicate C3S Ca3SiO5 or 3CaO.SiO2 

Dicalcium silicate C2S Ca2SiO4 or 2CaO.SiO2 

Tricalcium aluminate C3A Ca3Al 2O6 or 3CaO.Al2O3 

Tetracalciumalumino ferrite C4AF 
            Ca4Al 2Fe2O10 or 

4CaO.Al2O3.Fe2O3 
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Gypsum CSH2 CaSO4.2H2O 

Magnesium oxide MgO MgO 

Calcium oxide CaO CaO 

  

���� ����ر ا2H��!I;�ول (���) ا�("� ) ا��

  

3.1   H��!Iا�����1ت ا��� �3 *� @��*� ا  

     H$ ������� ث��-�� 9�-R*وا�*(�در ا�  mم ا�������Y ا�-�9!7ت ��H ا�����K ا��� ?  ا��� ���

 ا��را��ت ، ا��I,� اھ-*Y ��را� �h`�� ا�-��ث ���Vر اY�*�n !�� ا������ت $H ا����� ا��2����69

 (=$ g�2���?6,5,4,3 [وا�*�ر [nر ا��V� أن ا�-��ث ��! �,<\�-� Y�*2وأ ، ��! ً���� �`p� Y�*�

 (=$  ���/�ھ� ، 0*� و2� أن ��u ا�*���0ت ا�$�6�ا��*� وا�-�G�I� G�0 ا������ت ا�*�رو� $��ر

 s�-���5وا� sرو��0ر��ا��*�ض $=) ا�,� u��و Y���5وا����س وا� s�Xص وا��Kوا�� �ا���9ر�

Y�*�nا Z��)$ H$ ر�ــ   ]7 [�(�  و Z8�$ ھ�اء ?  `7ث 19و?  درا��!��K U16$��ط 

 G��-� Z8�$ ا���Vر �. ����) ھ;ا ا���Vر و��H$ g��0 ا�*��دن و�0�Y ا��-�\] ��-*� !�� ط��� ا�-���

 ?  إK�ار ا�*��ث وو2�ت 0*� ���0ة $H ا�*��`�ت ا�$�6 $��2دة ?  !���ت ا�,�اء $�R-6*ا�

 $H ا���Kص .���! �6� �,�*Q H$  

    �6� Y�*�nا Z� ��ل $(�Z ��;ف $(�mأن ا��� �ا�*��`�ت إ�  ا�>�, ?9  $(� و2 H$ ���0ة 

 H$ ���! X�0و �0د$��م. 0*�  أن ��ا ���و� s�اY�*�n ��-�ي !�� $�>��X و �0���Y و��5) وز

Y�*�nا Z�.  و���ث ��Iر اY�*�n ا�-�� ]9,8 [ا����0� و$���0ت ا�Y���5 و2�ت ��ل $(�

��$ ��Iق $��+�ة و���وا�*�ء  Z9��� �8ــ Y�*�nا �g إ�    pH+�ة ?���$� �7$ـــk ا�*�ء !>��

أن $�-���ت ا�-�� 8� �h`�ت  ]2 [و ?�*� �uR ا�-�� و2� ا����l    ].11,10 [أو أ0ـــ=ـ� 10

��6ن  pH���-��ث ���Vر اY�*�n $=) ا�*�اد ا��#�� و0*� ا���6��5م و ا��������م و nا �`h� �8و

Ignition loss 

(CO2) 

Na2O3 MgO Fe2O3 Al2O3 K2O SO3 SiO2 CaO Compound 

21.10 0.90 2.10 2.18 3.35 4.80 4.9 14.70 47.20 % 
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أن ��Iر اp� Y�*�n`� !�� وظ�9 ا��\.   أ$�  ]12 [ع $H ا�-��ث ��l ذ�0 ا��������lً �,;ا ا���

?  $� �zR ا��5\��ت ا����8 ?�� �h`�ت ?  ا�*��طU ا�*��` ���Vر اl�� Y�*�n �/5) !�م و2�ت 

$-�*)  Aspergillusأ2��س ���6 �,;ا ا���ع $H ا�-��ث وأK��ف أ�Sى $��و$ . ?�� ���� أن 

13 [��� $H ا���Vر��ر�2ت ![ . و0*� أن ���ث ا�*�ء ���Vر اp� Y�*�n`�!�� ���ع ا����ء ا����8

g�] 14[ lا���� ���0 و2��  ? .]�9ض  ]15R��� 87! g� أن ا�-��ث ���Vر اY�*�n !�� ا�-��

.  $�-�اھ� $H ا��5\��ت ا����8

��اً ��� ا����ث ��ل إ�>�د ا��87 ��H ا�����9ت وھ;ا ا���ع $H ا�-��ث �0ن ��=�� ھ;ا   �و 

 k*Rا� ���$  ? Y�*�nا Z�)$ ا�*��2دة ��ل  ���م �*c6 ا�2��س ا����9��*! 0�ار� أو��

.������  

 ! k*Rا� Z�)$ H! [���ا� Y�*�nر ا��V� ا�-��ث �� ا�-�� ��l �,�ف ھ;ا ا���l إ�  درا�

 z�? Uط�� H! sوذ� G8�*ا� Y�*إ� Z�)$ ل�� g�8ا��ا و$�-�اھ� $H ا�����9ت ?  ا�*���

 �\��*�0��X�9ا� z\�)Rا� u�� $�-�ى ا�-�� $H ا�����9ت ���-R�ام ط��� ا�-i�9R ودرا�

 (+�ھ�)`��$ ��I رات !�� !���ت��-Saا k9�� [\�-�ا� � ��.�����ت ا�-�� ا�*�رو� و$��ر?�Qa

  ا�  ا�>�د ا��87 �� H��u ا�����9ت وھ;ا ا���ع $H ا�-��ث.

1.2-   ا���اد و ط�ق ا���

 و@m ا����$� ا���رو!�  -1.1.2

!�� ا�*��� ا��ا�8 �����ب $Z�)$ H ا�*�G8  2010أY��2 ھ;ه ا��را� ?  ?() ا����Z ����م  

0. +�ق $���   100ـ�ب ����� ( ��ا�  ���*�Y ا�*��2د ?ــ  $��� ا�k*R ا�����6 وا��ا�8 Iـ

  +�a�*+14.26 .�8 وqS !�ض   632.6ط�ا��qS ��! (k ط�ل  

    �� Z�)*ا� c--?ا l�� �����  ? ة���ا�� Z�م، و ��-] ھ;ا 1969و��-�� $(�Z ا�*�G8 أ�� ا�*(�

 ��X 330.000ا�*(�Z ��ا�  ���K أرض Yزا�a را! طH ����م ا��ا�� . وا�*��� ا�*�رو�

��X� lرع ?�,� ا�/��� و��2� � �,��u ا���اع ا�*=*�ة �X��0-�ن 0*� ��2� أ�#� ��u ا�!/�ب  

و��5ن ا����ح ?  ?() ا�(�i ?  ھ;ه ا�*��� $H ا�>��ب إ�� ا�/*�ل أ$� ?  ?() ا�/-�ء ?-�5ن 

  $H ا��Vب إ�� ا�/�ق .
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�3�M ا�����ت  -2.1.2  �$�� ط

  �! )، 1م (H$ .�50 ��ل ا�*(�H$ Z `7ث أ���د [  Z�*<� .� H$ U*!5-15 !���ت $H ا�-��

!���ت ) $H  3) `. أS;ت ( A.B.C) و$H 0) ��� �. أS; `7ث $�اZ8 ( 3م (300)، 2م (150

 .� $(�ا� ا�����ة !H ا�-��ث 0/�ھ�  ��*��ر���$  

2.2-  �&����ت ا���� �������"��>�  درا!� ا����6] ا��

�� ا�����ي ا� -1.2.2��  ���� 

 g��-*��,ا����� G6�  \�*ا�*�-�ي ا� H���� .�]16[ ) l�� .5 .2 �. وZQ وزن $���م $H ا�-��

 Z8ا��د و���7ث أ` ��! ��! (0 H$3  ��! $�اZ8 �5) ��� ?  92��ت) `. Y992 ا�>9��ت ا�*�-��

 ، ��� ذ�s �. وزن ا �48*�ة  °م80ـ75ا�-�� ?  ?�ن ا�->i�9 !�� در2 ��ارة !�� H$و �9<�

  `. ��6ب ا�*�-�ي ا�*�\  �5) !��  و�8ر�Y ا��-�\] �����ت ا�/�ھ�.

2.2.2- ) �����س ا��K` ا�'��رو;KpH  (  

 (5� Z87ث $�ا` Z8ا��د و���ذة !�� `7ث أ�Sh*ا� �. ��#�� �R-6$(�ت ($����) ) �����ت ا�-��

 Y� وأi�Q إ��,�  10���l�� , وز��� ��! (0 H$ .220 ء $���, `. رج ا�*���ل�$  ($

��*����) ���-�*�ل 2,�ز ��8س  pH���-�*�ل ا�*��G ا�*V��ط�6  �*�ة دH�-��8, ��� ذ�s �. ��8س 

 .]16[�8. ا�,��رو�2�  `. �8ر�Y ا��-�\] �����ت ا�/�ھ� ط��� ����� ا�

3.2.2-  ���Xى ا���اد ا������ ����   

 $l�� .5 H وزن ]17 [ا�*-��G6� g ا�����H���� .� g $�-�ى ا�*�اد ا��#����! (0 H$  .2

��� Y�/�ھ� وY�Q !���ت ا�-�� ا�*�Shذة $H `7ث أ���د و��اZ8 `7ث $�اZ8 �5) ���, و�8ر

وز�Y  .��!�ت  �5*�ة ° م350ا�����ت ?  92��ت وY992 ?  ?�ن ا�->i�9 !�� در2 ��ارة  

.   ا�>9��ت `. �G6 $�-�ى ا�����ت $H ا�*�اد ا��#��

4.2.2-  ) �� #��d &�= ا����@��$ Al, Cd, Ca, Cu, Pb (  

س ، وا���Kص ) ?  z�R-6$ 8�رت ��u ا�����K  ( ا��*���م ،ا��5د$��م ، ا���6��5م ، ا����    

)g��2�$ g��!و ) ��� ھ#. ا�����ت ���-R�ام ط��� ا�-�$�� ا��طG, و?�,� �R-6�م ا�/�ھ�ا�-��
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H�2رو�ا�,� �ق أ�60�? Z$ X0�*ا� s��-��ا� u*� gا����� U?و g��-*ل 2,�ز  ]18 [ا��*�-���

��ع     Atomic absorption Spectrophotometer  Flameط�i اa$-(�ص ا�;ري ا��,� 

HITACHI 180-30, Equip No A-10  

5.2.2-   �&��� #�ع ا����   

�5 ��-��ف !�  ��ع ا�-�� $l�� H �8ا$,�, وذ� s��a!-*�د !�        ��ا�-R�Y$  ا����� ا�*��5

 (,6� g�� إ�  ?�mت �>*�g ووز��-�� ��Iا��) ا�-�� ا���و� أو ا�,Xازة �9() ا�>X\��ت ا�*�5

� ?��$gا����� U?و ��� �*�?   .]19 [ا�*-��g �ع ا�-�� وإ!��\,� ا�-6*� ا�*����

���ت ,� ا�����ت ا����6�ة  -3.2�  *<ل و ���m ا��

    �. !Xل و����i ا���اع ا����9 ا�*��2دة ?  ا�-�� 0*� �. ا�-��اد ا��5  ��*6-�*�ات ا����9

  .]20 [ ��ى���-R�ام ط��� أط��ق ا�-i�9R ا�*-��g  ا���$�

���ت  -4.2���m ا���   

     �*$ K�Rا� Z2ا�*�ا u��ا�*>,�ي و z�9��� ���-�a�� ً��2���?ا�����9ت $�ر i���� .�

 .g��! ا��(�ل H5$أ  

] 21-22[.  

5.2-   ����7Iا ?�  ا���1

      �-���) ا���اءات . �ANOVA one way. ا�-R�ام ط���

1.3- Vا�����  

 ��*�-�ى ا�*�\  و$�-�ى ا�*�اد ا��#�� و�8* ا�س ا�,��روH���3  ��2 ا�>�ول(��m*ا� ) ا���6

 ���/�ھ�. ���l ���� أن �8* $-��q ا�*�-�ى ا�*�\  ������ت �����ت ا�-�� ا�*�رو� $��ر

 Y��0 م،  ا�/�ھ� 300م، 150م، 50%، �����د 1.03% ، 1.58% ، 2.82%   ، 1.91ا�*�رو�
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   ا���� *� 
Mا����     

 ��d# 
ا�����ى 

   ا����� ( % ) 

�� ا���اد �"  
 ���Xا��

 (`; ) 

      اcس 
���   ا�'��رو;

 8.4        0.213         1.91         م50     
 8.3         0.235      2.82         م150    
   8.1        0.372      1.58         م300    

 8.9        0.157      1.03            ا�/�ھ�

�� ا�-�ا� . و8� ���7S H$ Hل ا�-���) ا�n(�\  أ�a g ��2� أي ?�و�8ت $���� �; �0��H ا�/�ھ� !

 �2�� a l��  ��2رو�وا��8. ا�,� ,5*� ا�*�اد ا��#��� وا�����ت ا�*��`.  s�;0 ا���ل �����6

  ?�وق $���� ��H ا�����ت ا�*��` وا�/�ھ�.

0*� cQ�� �*04 2�ول (     q��-$ ( ، �ھ�/��� ���u ا�����K ?  !���ت ا�-�� ا�*�رو� $��ر

0*�  Ca  ،Cu  ،Cd   ،Pb  ،Alوھ;ه ا�����K ھ  (  ? ���7 أ�g ��2� ?�وق $���� l�� . (

    Y�<� l��ppm 107.47 أ��0 �8* ����6��5م وھ p=  0.004 ا���6��5م ?  ا�����ت ا�*��`

وا�-*�ت ?   ppm80.77 م �-() إ�� 50م وا�Y#9R ھ;ه ا�5*� !�� ا���� 300!�� ا���� 

��9Rض �-() إ�� �(i ا���* أو أ0=� 7��8 !�� ا���� a46.6م (150ا.(  

�6 ���(� ا����س����  H�� ا����س �*0  ? أظ,�ت �-�\] ھ;ه ا��را� أ�a g ��2� ?�وق $����

 . و�����6 ���(�ي ا��5د$��م وا���Kص ?�5�p = 0.121 ( (0 .�8 Yوا�/�ھ� (ا�����ت ا�*��`

. أ$� !H !�(� ا���$���م ?-/�� ����� $�,*� أH$ (8 8�رة ��8س ا�>,�ز ?�. �6>) �,*� أي �8*

 ا�/�ھ� .���   ا��-�\] إ�� �6>�) أ��0 �8* ���(� ا���$���م ?  !��

 ا�k*R وا�*��� ا�/�ھ� ) ��ع ا�-�� ?  H���50 ا�>�ول (���*� ) $H ا�*��� ا�*��` وا�**=�

  ا�����ة !H $(�ر ا�-��ث.

�` ا4س ا�'��رو;��� و"��� ا���دة ا�����X وا�����ي ا����� ��1�&�3;�ول (K l!��� (  

  

  

  

 

  

 

  

���ت ا���&�  ا���رو!� (4;�ول (* �, ��� &�= ا����@�" l!��� (ppm(  

  ا���� *�     
    Mا���� 

��م d��(ا�  
   )Ca ( 

  ا����س   
    )Cu(  

  ا�)�د���م
)Cd(  

  ا��@�ص 
   )Pb(  

��م����cا  
   )Al(  

 0.325   *               *      0.038   80.77   م 50      
 0.569   *        *      0.064   46.6    م 150     
 *       *        *      0.040   107.47  م 300     
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     *

 �Z��-6 أن ���رھ� ا�>,�ز*�8 �� ا����) أH$ (8 أد*�8  
  

�� #�ع ا���&�5;�ول ( �  ا���رو!� )  �

 ?  !���ت ا�-�� ا�*�رو�  4أ��اع �-�X! .�10  Zل  �\�� أ2��س ?���

Rhizopus,Fusarium,AspergillusPenecillium . �\�+ Y��0  

) وا�;ي �>) ?�g ا�*c6 ا�*��\  �2��س وأ��اع ا�����9ت ا�*�Xو� 7S H$6ل ا�>�ول (     

��Fusarium  l��ا�� ا���q ا�*V;ي ا��6��رود ���� أن ا�>�k ا��6\� ?  ا�����ت ا�*��` ھ� 

. 0*� ���� و�2د   15*��� و$6-�*�ة ������ت ا�  71$=) ���د  `��$ ��I 6-�*�ة ?  ا�����ت$

Penecillium .sp2, Penecilliumchrysogenum  Z8�*ل ��5ار300?  ا��*��33.3م  ، %

%. و���� أن ا�>�k 0% !�� ا�-�ا�  و��Iب ا�ول ?  ا�/�ھ� ��l �0ن $��ل ��5اره 100

 s��/-ي ا�;V*ا� qا��� ��l �0ن  Fuzariumoxysporumا��6\� ?  ا�����9ت ا�*�Xو� ��ا��

  ) .9-8% ?  ا�����ت ا�*��` وا�/�ھ� (2�و�  100$��ل ��5اره 

) $-��q !�د ا���اع وا�2��س ا����9 ا�-  �. !�X,ـــ� ��ا�� ا���q ا�*V;ي 6ول (2ـ�
  ا��6��رود

 3.279   *        *      0.055   25.99   ا�/�ھ�     

   Mا���� *� ا����   (%) �&� #�ع ا������         ا����d ا�����f ��زن ا��

 �m�X2ت ر$) ���0ة    41.584         م 50         

 �m�X2ت ر$) ���0ة    33.318         م 150        

 �m�X2ت ر$) ���0ة    35.522         م 300        

 ر$) ��!.         16.654         ا�/�ھ�        

  ا�. ا���9  ا���� !H ا�*(�Z  ا�/�ھ�
    م 50  م 150  م 300  
11 15 22 10 sp Rhizopus 
2 3 2 2 Aspergillus  sp1  
3 2 3 10 Aspergillus  sp2  
6 1 1 3 Aspergillus  sp3  
13 2 1 4 Aspergillus  niger 
1 1  - 26 Aspergillus ochraceus  
9 11 15 10 Penecillium sp1  
 - 1  -  - Penecilliums p2  
 -  3   -   -  Penecillium chrysogenum  

15 15 30 26 Fusarium sp 
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             - a�2�� ت����? 
 

��� ,� ا�����ت ا����6�ة *�1 ا��!l ا��d&�رود (%)7;�ول (��ات ا�����dار ا���  ) ���ل  )

 
 
 
 
 
 
 
 
 
 
 
 
 
 

��� ا���  ` 8;�ول (�  ا��!l ا���aي ا��k�N *<�'� &�ا!��) ���!l *�د اc;��س واc#�اع ا��
  

  

  

  

  

  

  

  

  

 

 

 إ2*��  !�د ا�*6-�*�ات 91 74 54 60
 إ2*��  !�د ا���اع 8 8 10 8
 إ2*��  !�د ا�2��س 4 4 4 4

 ا�. ا��9ــــــــ� ا���� !H ا�*(�Z ا�/�ھ�
    م 50  م 150  م 300  

100 100 100 100 sp Rhizopus 

66.6 100 100 100 Aspergillus  sp1  

66.6 33.3 100 100 Aspergillus  sp2  

100 66.6 33.3 66.6 Aspergillus  sp3  

100 33.3 66.6 66.6 Aspergillus niger  

66.6 66.6 0 100 Aspergillus ochreceus  

0 33.3 0 0 Penecilliumsp1  
100 100 66.6 66.6 Penecilliumsp2  
0  33.3  0  0  Penecilliumchrysogenum  

100 100 100 100 sp Fusarium 

 ا�. ا���9 ا���� !H ا�*(�Z ا�/�ھ�
 150  م 300

  م
  م 50

4     52 21 9 Fuzarium oxysporum  

11  -  -  - Fusarium sp2 

3  - 2  - Aspergillus sp1 

5  -  -  - Aspergillus flavus  
 -  -  - 3 Aspergillus niger 
 - 2 14 6 sp Rhizopus 
 -  -  - 1 Penicillum sp1 
 - 6  - 1 Penicillium sp2 

 إ2*��  !�د ا�*6-�*�ات  20  37  60  23
 إ2*��  !�د ا���اع  5  3  3  5
 إ2*��  !�د ا�2��س  4  3  3  2
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  )  $��ل ��5ار ا�*6-�*�ات ������ت ا�*R-��ة  ا�*�Xو� !����q ا�-/��s(%)29�ول (

1.4 �NKا����  

1.1.4  ) ����` اcس ا�'��رو;KpH(  

 q��-*� i�9S ة ھ� ��8ي��-R*رو�2�  ������ت ا��أن ا�س ا�,� g�<6*8.3أظ,�ت ا��-�\] ا� pH 

 H$ ى�ا�*  ? !�� ا����  (pH   8.4)و �>)   8.4ا��  l��8.1 ��او�Y ا���. ?  ا�����ت ا�*��`

 ا�ـ  300) !�� ا���� pH  8.1م، ( 50*�8 H$ (8ھ;ه ا���. أ Y�?   PHم $Z�)$ H اY�*�a. و�0

 ا�ـ *�8 Y��0 l�� Y�*��� زي�V�� Z�)$ G��<� `��$ ��-� ����  ?  ھ;ه ا� pHدرا���-

 ��Y�*�n ?  $(�  pH 7.8.  وأ�#� �>) ]23 [9.8`��$  زرا!����  ?] 8.7]8  pH  ?

 ��0��  ? Y�*��� Z�)$ G��<� `��$ و?� ا�-����  ]11 ]?  ا�ردن    8.15pHو  20[ [���

�0�Y �8. ا�ـ pH  H$ 8.1ا��  �7.0-�اوح Y�*��� Z�)$ 24 [��ل[. 

ا���. ا�*6>� ?  ھ;ا ا���l و ا����ث ا��6�� 8� ��Z2 إ�� !*� ��pH   Hا�-;�;ب ?  �8. ا�ـ 

ا�*6>� ?  ا�����ت ا�*��` ?  ھ;ا ا���l أ!�� $pH  Hا�*(�l�� Z �/�� ا��-�\] إ�� أن �8* ا�ـ

 وا�-  ��6وي ���� *�87.8 ] 25[  HSا�ا�* H$ ر��Vا� G����  ? دة��Xا� <�-�وا�;ي ر�*� ��5ن 

 ���*(�l��، Z أن ھ;ا ا���Vر ��-�ى !�  ا����� $H ا�*�5��ت $=) ا���6��5م و !�� ا�-�� ا�*���

 .�8 �������ت ا�*��` $pH   Zا���$���م و��u ا����0� ا�-  $H ا�**H5 أن ��?g-*�8 Z. و!�� $��ر

 ا�ـ *�8pH ����$ م و�2د ?�و�8ت�و! ��S��7 أن ھ��ك ار��9!� ط�9�9 ?  ا�� ا�/�ھ� ��-�� ��! 

 ).   p= 0 .132ا�-���) اl�� [\�-���  \�)�n أن (

 ا���ــــــــ�ا!`  ا���� *� ا����M ا��Nھ�
  م 50  م 150  م 300

100 100 100 100 Fuzariumoxysporum 
66.6 0 0 0 Fusariumsp2 
66.6 0 66.6 66.6 Aspergillus.  sp1  
66.6 0 0 0 sp2Aspergillus  

0 0 0 33.3 Aspergillus niger 
0 0 66.6 100 sp Rhizopus  
0 0 0 33.3 Penicilliumsp1  
0 100 0 33.3 Penicilliumsp2 
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  ا�����ي ا�����   2.1.4

    H�� اوح��  ھ;ه  2.8 -1.5أظ,�ت �-�\] ھ;ه ا��را� أن ا�*�-�ى ا�*�\  ������ت ا�*��`�و�*��ر

�>� أن ھ;ه ا���. أ H$ (8��u ا��G6 ا�*6>� ?  $��طU أ�Sى  ���� [\�-� Z$ [\�-�ا� ] 11,24[ 

 ا�*�-�ى ا�*�\  ������ت *�8 H�� و���-���) ا�n(�\  �,;ه ا��-�\] �. ��,� أي ?�وق $����

  ). p<0.05ا�*��` وا�/�ھ� (

3.1.4   ���Xا���اد ا��  

) �-�\] ھ;ه ا��را� H�� ) إa ا�H$ g ا�*p<0.05   ��7����H$ .I أ�g �. �6>) أي ?�وق $����

0*� ا�*�دة  Y��0 �*��� ,�0*� ا�-���� !H ا�*(�X� Zداد �8* ا�*�دة ا��#�� ?  ا�����ت ا�*��`

  ? ا��#�� ?  ا���� ا�/�ھ� أH$ (8 ا�����ت ا�*��` ور�*� ��Xى ��G ز��دة ا�*�دة ا��#��

�>)  ]Z] 26 $��و$ ا�-��ث ?  ھ;ه ا�*���. ا�����ت ا�*��` إ�� ����� ا������ت ا�*�- ا�-  �. �6-�

  ��V�pH ?  ا�ـ� ���Vر اY�*�n وا��9Rض ?  �/�ط ا�*��5و��ت $��ر`��$ ��-� وا�*�اد ا��#��

 lا���� ��a �*0 .`��$ ��I أن ھ��ك �h`��ا ����� z\�)S ��! ���8 ا�-�� �*� ?�,� ا�ـ  ] 2 [�-��

pH �-�� <�-� ،  �pHث ���Vر اY�*�n، ور�*� ��5ن ا�G�6 ?  ���رب �8. ا�ـوا�*�دة ا��#��

��  K�hن ��5ن ا��را��ت   �8ب ا�*�6?�ت، و���ء !�� ھ;ه ا��-�><�-� وا�*�اد ا��#��

. u�� H! ة��6?�ت $-��!$ ��!   ا�*6-����

4.1.4   ��� ا����@�"  

) و�2د ?�و�8ت $���� ��H ا�����ت ا�*��` 2.3اظ,�ت �-�\] ھ;ه ا��را� ا�*g�<6 ?  2�ول (  

م   300م ,  150م ,  l��50 ��او�Y ا���. !�� ا����د    (p= 0.018)وا�/�ھ� ���(� ا���6��5م

- ppm 80.77  ,ppm 46.6  ,ppm 107.47 ا��� Y��0 �*���  !�� ا�-�ا�  ?  ا�����ت ا�*��`*

م , و8� ��Xى ھ;ا إ��  Y�<� l�� .300 أ!�� �8* ����6��5م !�� ا����  ppm 25.99?  ا�/�ھ� 

 ��/� l�� . Z�)*ا� H! ة����ر !�� $�6?�ت ��Vا� G��� دي إ��p� �*$ Z�)*ا� HSا�ار��9ع $

�?�ت ا��را��ت أن ا�*�اد ا�*��` ?  ا�>� a ���� $�(�رة و���8 $H $(�ر ا�-��ث �) ��-�) �*6

 G�6-ر ���5�,� و��)$ H$ ���8 ����ة !H $(�رھ� ��q8�6-� l ا�>�m�Xت ا����5ة $�,� ?  $���

أ�Qار 0=��ة �G�6 وز�,� ا�=��) وأ$� ا�>�m�Xت ا�(��Vة �-q8�6 !�� ��� $�6?�ت ا��0 . وھ;ا 

 ر�*� ��cQ أن ا�*G�6 ا��\���X�  6دة !�(� ا���6��5م ھ� $(�Z اl�� Y�*�a 8�رت �8*

$�  �2ام/ �2ام  0.36 - 0.002?�2� أ�,� �-�اوح ��H   ]27 [ا���6��5م ?  ��� ا�*��� ا�*�رو�
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 lا���� �و2 l�� ����<��  ? �6 ا���6��5م ازدادت ?   ] 2 ], و�-U9 ھ;ه ا��-�\Z$ [ درا��أن 

 $Z أ�Sى ����ة !H $(�ر ا�-��ث, 0*� �>) ���Vا $���� ��Y�*�a $��ر`��$ ظ� ���Xدة ���

) �K����� ���! �6� Y�<� و  .Y�*�n�� 0*� ا���6��5م و ا��������م ?  ا�-�� ا�*��`Ca , Cu 

, Zn , Ni , Cr   Y�*�n�� `��$ ���  ? (] 28[ a g����*� أظ,�ت �-�\] ھ;ه ا��را� ا����� أ

0*� ا����س ��H ا�����ت ا�*��` وا�/�ھ� (  ? ) .  Y�<� �*0 ز��دة 2��p = 0.121� ?�وق $����

 `��$ �6 ا����� وا���6��5م و ا�*�I����6م  و ا���$���م و ا��5���6ن ?  ����  ? ����$

Y�*�n��] 29[  �م ھ  ?  ا�/�ھ���$���� �0�Y أ!�� �8* l�� �-�\] ھ;ه ا��را� Z$ U9-� a وھ;ا

) ��mQ �0�g*�8 Y ?  ا�*��` �*��� ،P = 0.035   و ( �)�! ?�Qھ� إ sذ�  ? G�6�5ن ا�� �8

, وs�;0 ��-�ي ا�-�� ]1 [ا���$���م ?  ا�-�� ا�Xرا!� $Z ا��*�ة ��!-��ره !�(� أ���  ?�,� 

  .]30 [% أ��$���م  و ا�;ي ��-�� !�(�ا ھ�$� ?  ���5�,� ������7 !�� 

�s و ا��5وم  و ا��5د$��م ? ]11 [�>)   Xص و ا��Kا�� H$  ��! X�0�� ,Y�*�n�� `��$ ���  

  K�� s�;� ص�Kي ا��5د$��م و ا���)��� �,� أي �8*� .� �-�\] ھ;ه ا��را� ا����� �*���

 ICP) OESInductively Coupled Plasma Optical Emission���R-�ام 2,�ز

Spectroscopy   م ?  ھ;ه�R-ا�>,�ز ا�;ي ا� H$ ). ����س 0*� ا�����K ?,� أ���6� �=0

  را� . ا��

5.1.4   �&����ت ا���<و�� �� ا���  ا��

��H��� l   . !�  و�q ا��6��رود ا�2رPenicillium  ,Aspergillusا�2��س ا�0=� +��!� ھ  

�-�\] ھ;ه ا��را� أن ھ��ك ���ع ?  أ��اع ا�����9ت و!�د ا�*6-�*�ات ?  ا�����ت ا�*��` وا�/�ھ� 

 k�2 (=$Aspergillus  ا�;ي �*�X �5=�ة أ��ا!g و$6-�*�ا�g. ھ��ك ���ع ?  ا�����9ت  ��-��

`��$ ��I . ?�� �>)  ]31 [ا�*��` ��Y�*�n و����I $� ��5ن ھ;ا ا�-��ع $�u9R إذا $� �8رن �-��

 ��?Aspergillus �)$  ? Y�*�n�� `��$ ��� H$   ]32 [أ!�� ���ع ?  ا�����9ت ا�*�Xو�

� Penicilliumا�;ي ذ�0 أن ?��  ]20 [-�\] ھ�ا ا���g�<� �*! i�-R�  l ا����l و���*���) ?�ن 

 qا���  ��Y�*�n .  أ$� �����6 ������9ت ا�*�Xو� ��ا��`��$ �6 ���ث ?  ���� ��!h� z-Sا

��l �>) ھ;ا ا���9 أ0=� !�د  Fusariumا�*V;ي �/�s ?�5ن ا�>�k ا�0=� +��!� ھ� 

  ��� H�� 6-�*�ات$ % , ���*� �>) 100ا�2��س ?�� �0ن $��ل ��5اره ?  ا�����ت ا�*�رو�

 ��?Aspergillus . اع�� !�د ا����� H$ أ!�� ���ع  
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  (=$  ��Y�*�n  ?  درا��ت ����`��$ ��� H$ Y�X! �. ا�����9ت ا�*�Xو� ?  ھ;ه ا��را��$

] 33,34[ ? �!��+  ��Y�*�n ھ   . وو2� ?  $(� أن أ0=� ا���اع ا����9`��$ ���

Aspergillus  ،Penicillium  ،Emericella] 35[ أن �و2 �أ$� ?  ����0  ?� ,Aspergillus  ،

Penicillium ,Cladosporium  Y�*�n�� `��$ و�/H$] 36 [ (5 أ0=� ا�����9ت +��!� �-��

 <���$  [�-�X�0ات $H اY�*�n !�م و2� ا��9Rض $���ظ ?  أ!�اد ا��5-���� و ا�����9ت ?  ���

. ظ,�ر ��u ا���اع ا����9  ?  ا�/�ھ� و��I�,� ?  ا�����ت ا�*��` 8� ��Xى إ�� !�$) ]37

 Z$ و��5ن ا�-��ث ���Vر اl�� Y�*�n أ�H$ g ا�*���م أن ��Iر اq8�6-� Y�*�n !�� ا�-��

 و $-�>�ة وا�-  �*�Z ا�(�ل ا��5\��ت ا����8 ا�*�2��K �دة ?  ا�-��  ���>� ا�$��ر ط��

 ، أو8� ��Xى ا�G�6 إ�� ��-�� ا��Rرl�� ،  2 أن ھ;ه ا��5\��ت �5=� ��ا2�ھ� ?  ا���� ا����6

 ���Xدة !�(� ا���6��5م  ��l أ�H$ g ا�*��وف أن ا�����9ت �pH   (#9ار��9ع <�-� ا�-��

 وظ,�ره ?  ?  ا�����ت ا�0Aspergillusniger �V*� أن ��Iب ] 2 [ا���q ا��*#  `��$ �

 .Y�*�nر ا��V� ��9ھ;ا ا�   ا�����ت ا�*��` ر�*� ��ل !�� $��و$

M;ا�  ا��
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Effect of cement dust pollution on the soil and content 

of fungi in the area around the cement factory Al 

Margeb 

M. Alsoul 

A. Mlatin 

E. Almajarab 

A. Habarb 

M. Alsaritea  

Abstract 

 
Soil samples were collected around Almergab cement factory, Alkomos 

town, Libya. Soil metals and microbial contents were determined. The 

results obtained for the examined physiochemical characteristics of soil in 

the area studied prove that cement dust from the Almergab cement factory 

in Libya has had a significant impact on the soil. The affected soil properties 

was  total calcium content. This content of calcium  was found to be higher 

than those in similar soils from the same area (unpolluted). The change of 

soil pH in the same area may be a result of precipitation of cement dust over 

the years. Metal uptake from cement to plants and soil then affects 

organisms’ bodies, a fact that seems to be reflected in this study. Different 
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responses were found in each site. Results of Cd and Pb showed similar 

values.  Three fungal genera (Rhizopus, Penicillium, and Fusarium) were 

the most common fungi in the polluted samples and may consider one of the 

resistance fungi to industrial dusts due to its large colonies numbers isolated 

from polluted area. In sabourod medium the most commonthree fungal 

genera (Rhizopus, Penicillium, and Fusarium) were isolated while in Chapik 

medium was  Fusarium. 

Keywords: Pollution; Soil Microbial; Heavy Metals; Almergab -Libya 
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 ����� �, ���N01 زرا*� #�� �ت ا�$�/ و ا�* H��!Iا �*��@ �  أ�

�Pد ���� ا��?�  

  #�ري ���� ا���;�ري

�@P6ا�  

  �¢����� H-¢ز�� Y�*¢أ� Z�¢)$ H¢$ U¢���*ا� Y�*¢�aر ا�¢�V� ا�-�¢�ث ��`h� �,�ف ھ;ا ا���l إ�� درا�

 c¢¢*ت ا���¢¢�� �¢¢�!Triticum aestivum  ���¢¢/وا�Hordeumvulgare  �¢¢�9�� 7ل¢¢S H¢¢$ s¢¢و ذ�

¢��5 ا���¢�م / � ¢))R*ا� 9 $¢�I H¢�ر اY�*¢�a داS¢) ا�(¢���-R$ X�0ا�-� ا������ت ��Y ا��را�

¢¢�$�2 $(¢¢�ا� و �¢¢h`�� ذ�¢¢ �¢¢�! s��p$ u¢¢+¢¢�ات ا��*¢¢� $=¢¢) !¢¢�د اa+¢¢��ء و ط¢¢�ل ا�وراق و 

*�-¢¢�ى ا�R���  ¢¢�5#¢¢�ر (أ+ ب) و !¢¢�د و ط¢¢�ل $�-¢¢�ى ا��R#¢¢�ر(أ) و ا��R#¢¢�ر(ب) و s�;¢¢0 ا�

  و ا�*�-�ى ا�*�\  �����ت و ����� 0*� ا����56ت �� m*) و وزن ا��) و وزن ا����ت و ا�6���ا�6��

 k¢9� ���¢�� .¢� �¢*0 ،Hا��¢�و�� u*� X�0�� و و ا���و����ت ا�;ا\� و ا��*�ض ا�$��� ا���ة ا���5

/�ر إ��,*� ��ون $��$� ��V¢�ر اY�*¢�a (داS¢) ا�(¢��) 0/¢�ھ� و ا������ت !�� �����ت ا�(�H�9 ا�*

 H¢$ c¢#-� و ھ¢;ا Y�*¢�aر ا�¢�V� ����¢�ت ا��*¢c !�¢� ا�*��$�¢ �`h¢� :  ��¢-ا��-�\] !�� ا���¢� ا� Y��0

 u¢¢*� X¢¢�0�� s�;¢¢0 ا ?¢¢  ط¢¢�ل ا�وراق و ا�*�-¢¢�ى ا�*¢¢�\  ����¢¢�ت و�ا�*��¢¢�ي 2¢¢ z��¢¢7ل ا�¢¢S

ا���ة ا���5، و�0ن ا���z $����� ?  وزن ا���¢�ت، أ$¢� �¢�8  ا�����¢�ت  ا���و��H  وا��*�ض ا�$���

 ����¢�ت ا�/¢��� ��V¢�ر اY�*¢�a !�¢� ا�*��$�¢ �`h¢� �¢*0 .ا�Saى ا�*�رو� ?�¢. �H¢5 ا�9¢�وق $����¢

���-�اX�0 ا����� و �-#c ھ;ا 7S H$ ���2ل ا���z ا�*���ي 2�ا ?  !�د ا�+��ء وار��9ع ا���¢�ت و 

��¢¢�ي ?¢¢  !¢¢�د ووزن ا���¢¢6�H¢¢5� .¢¢� H�¢¢�  ¢¢? ( ھ�¢¢�ك أي ?¢¢�ق $��¢¢�ي �¢¢;�0 ?¢¢  �¢¢�8  ا�¢¢��z ا�*

.  ا������ت ا�*�رو�

:�� ��Iر اY�*�a، ا��*c، ا�/���، ا��*�، ا�*�-�ى ا�*�\  �����ت. ا�)��1ت ا�����7



88   Y�*�nا !��K �`و ا�/��� ?  �����أ c*ت ا�������  !�� زرا!

 

  ا��$���

�6¢�ن !�¢l¢�� g ��-¢�ج ا�9¢�د�� �¢�I aو  ¢mاع ا�-�¢�ث ا�����ا��ا�¢�  ��-�� ���ت ا�,�اء $H أ��S أ

 ���) وھ¢;ه ا�5*�¢ �9¢�ق $¢� ��01993¢��2ام ھ¢�اء ��$�¢� ($�*¢�،  16/ ا��¢�م أي �¢�ا�  3م15000

�6¢�ن �/5¢) $��+¢� nره !�� ا�Q �)-�� a اء ��$��. و���ث ا�,�اء;Vا�*�ء وا� H$ �6ن�nا g5�,-6�

 وا�(¢��!� �) ��-�) ھ;ا ا�#�ر إ�¢� ا���¢�ان وا���¢�ت. و$¢H أھ¢. $��`¢�ت ا�,¢�اء ا�V¢�زات ا���¢���

 Z�¢¢9 وا�-¢¢  8¢¢� �5¢¢�ن $¢¢H أھ*,¢¢� $(¢¢��-R*ا�(¢¢��!�ت ا� H¢¢$ وs�;¢¢0 0*�¢¢�ت ا����¢¢ وا��V¢¢�ر ا����>¢¢

�6¢�ن إ�¢� $¢�دة اY�*¢�n ��-�*�¢� وا���¢�ء nا ��ا ���2�اY�*�n ا�-  ا�-/�ت ?  $��. دول ا����. 

�ول ا�-¢  +¢��ت ا����¢� $¢H وا�*hوي وا�*�ارس وا�>�$��ت وا���ق و��Iھ�، و��-�� ����� $ H��H ا�¢

2 ا�*�اط��H$ H ھ;ه ا�*�دة. و��-�� $(¢��Z اY�*¢�n $(¢�را $¢H $(¢�در �� �6� Y�*�nا Z��)$

 Z��-,� ���/5) ا�*7\. و�*c�¢Q�� H¢5 أھ¢. ا�*��`¢�ت ا�-¢  ��->,¢� $(¢���K .-� .� إذا K�Sا�-��ث و

Vا�] ا�-�اق ا��8¢�د). و���6¢. ا����¢�ر إ�¢� �¢�!�H ھ*¢� : (ا��V¢�ر ا���¢�ي، اY�*�n ?  ����� (ا���Vر و

 ا�?�ان) ��Z*<� l ا���Vر ا����ي ?  X¢Sان S¢�ص و���¢) �/¢����ت ��0¢�ة $�¢�ة �,¢;ا �S�$ ر��Iو

 $¢H ا�����¢�ت وھ¢  (أ�¢60� ¢���! �¢6�ا��Vض إ�� �Sرج ا�*(��Z و�6¢*� �8¢�ي ��¢g ��¢�ي !�¢� 

¢6� s�;¢رة و��¢Q ا�6��5¢��م) وھ¢  $��0¢�ت �ر ا�(�د��م ـ أ�60�¢�I �¢$أ ،Y�*¢�nا !��¢K  ¢? ���-

�  أ60¢�� ا�6¢���5ن وأ�¢60� �¢` H¢$ ا�?¢�ان و�-5¢�ن HSا�¢$  H¢$ �!�¢)-� ر�¢�I �¢,? ا�?¢�ان ¢�S�$

  ا��*����م وا����� وا���6��5م وا�*�I����6م.

.H-ز�� Y�*إ� Z�)*� �9ن��  ا��\��6�S�*ا� H$ �!�)-*ر ا���Vت ا����5$ cQ��  ��-ول ا��وا�>  

�ق  ا����d  ا����ر�)�#�ت ���& �Kا���  
  CaO 43.60%أ�60� ا���6��5م 

  
39.75%  
  

  SiO2 9.10%أ�60� ا��5��6ن 

Alأ�60� ا��$����م 2O3 1.80%  

s����ا�� �أ�60Fe2O3 2.40%  

  MgO 3.35%أ�60� ا�*�I����6م

(����� �}!��M���) H أ!��H ز�&��"� ا��Nا� �*  
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أ�¢¢��ب $�,¢¢�: ا�9R¢¢�ض 90¢¢�ءة ا�*(¢¢��9ت ��¢¢l إ�,¢¢� ذات !*¢¢�  ��Z¢¢2 ا�-�¢¢�ث ��V¢¢�ر اY�*¢¢�n ��¢¢�ة

ا?-�اQ  $��ود، وs�;0 ا��9Rض �2دة �S$�ت ا�*�>¢� ��¢l ��-�¢� رط��¢ ا��R$¢�ت �¢��� ر\���¢6 

��9Rض �90ءة ا�*(��9ت وز��دة 0*� ا���Vر، 0*� ��*) أ$7ح ا��R$�ت !�¢� ز�¢�دة ا�-�¢�ث �¢��*�اد a

  ).1994%) أ$7ح (ط��Y، 1.7%) رط�� و (4ھ  ( ا�$�6 ��l أن ا�*����k ا����*�

 :����� �, H��!Iا �*��@  

 H-¢¢ة وز���و��¢¢ k�¢¢*Rو�¢¢�ق ا� G¢¢8�*ا� Z��Z اY�*¢¢�n أھ*,¢¢� : $(¢¢��¢¢)$ H¢¢$ د�?¢¢  ����¢¢� !¢¢ �2¢¢��

 H¢¢$ �¢¢ھ��Iو  ا�/�8�¢¢¢¢���*��� (¢¢�، و$(¢¢�� Z��V¢¢�زي وا�,¢¢�اري وا�c\�¢¢-9 (در¢¢���Vا� ¢¢���*���

�� l�� ،K�Rا� Z� H��7$ طH¢$ H اY�*¢�n �¢����، ا�*(���� Z��� ا���8 ا�-(*�*� �,;ه ا�*(�

أي ��اZ8 $���ن طZ�)*�� H ا��ا��، Z�*2 ھ;ه ا�*(��Z ��-] اY�*�n ا���ر�7��ي ا��¢�دي ���¢-=��ء 

 8¢�رھ� ���¢� �-¢�ج اY�*¢�n ا�*�¢�وم �����5-¢�ت ���¢8n z¢)R$ g¢�أ�� ��Sط $(� Z���Vزي، ?�

200 ����� Hط i1992(ا�,�دي،  أ�. (  

� ��8ر اH��!I *01 ا����ت:��G   

�*¢� ا�����¢�ت وi�¢Q 8¢�ر�,� !�¢� 1992ذ�0 (ا�,�دي،  ) أن ���ث ا�,¢�اء ����V¢�ر �¢pدي إ�¢� إ!�¢8

ا���¢¢¢�م ��*��¢¢¢ ا���¢¢¢�ء ا�#¢¢¢�\  و��0¢¢¢) أ�p¢¢¢� �¢¢¢*0 �,-<¢¢¢6دي ا�-�¢¢¢�ث !¢¢¢�دة إ�¢¢¢� ا�9R¢¢¢�ض ا�*�-¢¢¢�ى 

إ�¢¢� �q8�¢¢6 ا�وراق و$¢¢�ت ا���¢¢�ت �8¢¢) وg¢¢-8  ا��R#¢¢�ري ?¢¢  ا���¢¢�ت و?¢¢  ��¢¢u ا��¢¢�aت �¢¢pدي

 !�¢� ا�c�¢6 ا��ر¢8 1982ا����� . 0*� أ+�ر(�6Iن، ��¢K ��¢#! �¢�I ) أن ا���Vر �5¢�ن ط��¢

 U¢��� �¢*$ $*� �pدي إ�� !��8 ا����ء ا�#�\  0*� ��*) ط�� ا���Vر !�� إI¢7ق ا�=V¢�ر ?¢  ا��ر¢8

 ا¢��*!  ا�-��دل ا��Vزي $Z ا���q وإ!�8��*! k¢5�� ��¢-c وإ��¢�ق ا�#¢�ر �,¢� 0*¢� أن ھ¢;ه ا����¢

  ا���¢�ء ا�#¢�\ . أ`�-¢Y ا��را�¢¢��*�� X2ءا $H ا�+� ا�/*�6 ?-��) $H ا���8 ا�#�\� ا�*����

) !��I ��`h� Hر $(�Z اY�*�n ا�,�اري !�� ���ت ا��*¢c ?¢  1997ا�-  أ�2اھ� (?-�  وآ�Sون، 

�*¢¢� ا  �(¢¢) إ�¢¢� ($���¢¢ ��V¢¢�زي 8¢¢�م ?�,¢¢� ��را�¢¢?�¢¢6$ �¢¢�! i¢¢�-R$  ¢¢? (.¢¢0 �20����¢¢�ت ا��ا¢¢�8

 l¢�� Z�)*ا� H$  ا��*�8 �*�0 c�Y ا�*�6??�=0  ? ��Qأظ,�ت ���8(� وا Z�)*ا� H$ ھ�ت�<�aا

�,¢¢� !��,¢¢� أ!¢¢�اض �/¢¢�g ا��¢¢�وق � Z�¢¢)*ا� H¢¢$ إ�#¢¢H¢¢$ c ا��-¢¢�\] أن اوراق ا�����¢¢�ت ا�����¢¢

 !�¢¢� ا��*¢¢. وا��¢¢�اف و¢¢8� �¢¢¢¢K�S �`Y أ!¢¢�اض $/¢¢��, !�¢¢� ا�����¢¢�ت !��>¢¢Y $�*��¢¢� ا��5*��\�¢¢

���8 ا�*�ء إ�¢�  (  H$ Z?��  -ا� �-�*�nا�*�دة ا H$ )�R-6*اد ا��*�� 9�-R$ X�0ا�-�pH = 13  (
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 0*� أظ,�ت ا��را� أ�#� ان 0*� ا��R#�ر (أ) وا��R#¢�ر (ب) ��¢) ?¢  أوراق ا�����¢�ت ا�*��$�¢

I ت�������� � !�¢� �¢�c أوراق ���Vر اY�*�n $��ر��¢K إ�� �5¢�ن 8/¢�ة sى ذ�Xو�� �� ا�*��$�

 �U��R ا��R#�ر. ���Y ا��-�\] ا�-¢  ��*! ��! sذ� �`pو� ا��*H$ (��� c و�Kل ا�#�ء إ�� ا��ر8

) !�¢¢� درا�¢¢-,. �-¢¢�I ��`h¢¢�ر اY�*¢¢�n !�¢¢� أ+¢¢>�ر ا��X-¢¢�ن g¢¢��! (¢¢)��1997 (?¢¢�زي وآS¢¢�ون، 

��(¢¢) ?¢¢  ا�*���¢¢  �¢¢�H $(¢¢�ا� وا�k¢¢*R أن �¢¢�ا0. و+¢¢>��ات ا�R¢¢�وع وا�*(¢¢�ص وأ!/¢¢�ب ا�

 ا��R#¢¢�ر (أ+ب) ¢¢�*0 s�;¢¢0و �¢¢,�ا��V¢¢�ر !�¢¢� ھ¢¢;ه ا�����¢¢�ت أدى إ�¢¢� ��z8�¢¢ أ��¢¢�د ا�وراق وأوزا

و$�-�ى ا����56ت ا�;ا\� ?  !(¢�� ا�����¢�ت ا�*�رو�¢. أوY�¢Q ا��را�¢�ت ا�-¢  8¢�م �,¢� ($¢�7د 

 ��! Y��u¢ ا�����¢�ت ا������¢ ?¢  ا�*���¢ ا�*>¢�ورة ) ������ !�� ���I ��`hر ا�n*�2000وھ�ى، 

��¢6$ ا�وراق و l¢�� H¢$ ا�����¢�ت s¢�� ��! ���� �`p� Y�*�nر ا��I أن G8�*ا� Y�*إ� Z�)*� 

اوزا�,¢� و0*�¢¢ ا��R#¢¢�ر و$�-¢¢�ى ا�6¢¢���5ت ا�;ا\�¢¢. 0*¢� اظ,¢¢�ت ا��را�¢¢�ت ا�-¢¢  8¢¢�م �,¢¢� ($¢¢�7د 

�¢� أ+¢>�ر ا��X-¢�ن و+¢>��ات ا�*(¢�ص أن ��¢6$ ) !�I ��`h¢� H¢�ر اY�*¢�n !1998وآ�Sون، 

 Y5�� (أ/ب) 0*� ا��R#�ر (أ+ب) وا���6 s�;0ن و�-�Xر ا��<+� �6���� �,�ا��ر8 وط��,� ووز

 ?¢¢  $���-¢¢  ��¢¢�ة وز��¢¢-H وھ¢¢;ا 8¢¢� �5¢¢�ن را�¢¢�2 ¢¢K�S�0 !65¢¢�� ?¢¢  +¢¢>��ات ا�*(¢¢�ص و��¢¢�

��ع ا����ت. z\�)R�  

ا�-¢  ��->,¢� $(¢��Z اY�*¢�n ھ¢  ا��V¢�ر و�¢�ا�] ا�-¢�اق ا�V¢�ز وU�� �*0 ا���ل �¢hن أھ¢. ا�*��`¢�ت 

�¢�ت ���0 H¢$  إ�� $6-���ت !���¢?�Qn�� ،g-!��K  ? �Sا�م ?  ��ق ا�*�اد ا��R-6*ا�����  ا�

ا�6��5¢¢��م، أ60¢¢�� ا������¢¢��م، ا�6¢¢���5ن و���0-¢¢�ت ا�(¢¢�د��م وا�-¢¢  �¢¢i¢¢�-R$ �¢¢�! �`p ا�*�ا�¢¢) 

 ������¢�ت و�/S (5¢¢�ص ��¢#Rا� ; Grill & Golob,1983)!�¢� أI(¢�ن ا�����¢�ت ا�(¢�����

Hirano et.al.,1995 ; Sembet.al.,1995; Haapalaet.al.,1996 ; Kopple& 

Heinsoo,1996 ; Turunenet.al.,1997)  ¢ھ Y�*¢�nا Z�)$ �,<-��  -ى ا��Sا�*�اد ا� H$و

 ���! X�01(≥��ا ��mQ و$��د�� ���ا�� H$ (%≥)0.1 H$ (% ، s¢�Xا���5)، ا� ،Y���5ا� ،X��<�*ا�

). و�/�� $¢H ا��را�¢�ت إ�¢� أن ا��R¢� ا���I H¢! .2�¢¢�ر اY�*¢�n ��¢�د Kamel,1981ا��5د$��م (

إ�� ���$-g ا����� و U)-�� g��<� �*$ g������ .<� �VK�hوراق ا�����¢�ت وا�+¢>�ر و�*�¢Z وK¢�ل 

 �¢,2�-��*�ھ¢� وإ �¢�! �`p¢� �¢*$ �¢,إ�� k*¢/ا�   Kangur,1991 ; Singh and Rao,1981أ+¢�

 1998($�7د وآS¢�ون، ¢�\��X�9��9,� ا�¢K �¢��V� �¢دي إ�p¢� ). 0*¢� أن ا$-¢Xاج ��¢�ت ا��V¢�ر ���-��¢

�*¢� ا�����¢�ت �,¢� ( ��! �`p� �*$  ). �Xا�¢� �¢�ا0. ا��V¢�ر !�¢� أ�¢�Puriet.al., 1982 cوا��5*��\�
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�*�ھ¢�  ا������ت  و ���-�� �>�) ا������ت ��I �8درة !�� ا$-(�ص ا�����K ا�V;ا\� و ���-¢��  إ!�¢8

)  Freedman andو ���رھ¢¢¢¢¢�. �I �`p¢¢¢¢¢� s�;¢¢¢¢¢0¢¢¢¢¢�ر اY�*¢¢¢¢¢�n !�¢¢¢¢¢� ا�*�¢¢¢¢¢�ه ا�>�?�¢¢¢¢¢

Hutchinson,1980 [-¢�� ا�*�ء  ? ). إن !*�� ا$-(�ص ا������ت �*�-���ت ��Iر اY�*�n ا�;ا\�

¢9 ( !�g إر��ك ?  ا��*���ت ا��#� ا�-�9!7ت ا����� ?  أX¢2اء�-R*ا�����¢�ت ا�Borka, 1980 ; 

Singh and Rao, 1981 ; Salem et.al.,1990 �¢�! رة�¢Q ات��`h¢� Y�*¢�nر ا�¢�V� 0*� أن .(

5 !�¢¢¢¢¢� ا�وراق و ا�I(¢¢¢¢¢�ن و ا�زھ¢¢¢¢¢�ر �*¢¢¢¢¢� ا�����¢¢¢¢¢�ت و ذ�¢¢¢¢¢S H¢¢¢¢¢$ s¢¢¢¢¢7ل �5¢¢¢¢¢�ن ط��¢¢¢¢¢

)Lermanet.al.,19755 !�¢¢� �¢¢��ح ا�وراق ا�����¢¢�*¢¢� ������¢¢�ت  ). s�;¢¢0 �¢¢��� �5¢¢�ن ط��¢¢

)Pierce,1910) و (Parish,1910 ر�¢�V� ث�¢�-�� Q��*ا������ت ا�  ? �*��� ) و!��g ���ث إ!�8

 ¢<�-� ا��9Rض $��ل ا�-*=�) ا�#�\  وs�;¢0 ا�5*¢�ش ا��7R¢� ا���ر�¢ ?¢  ا�وراق <�-� Y�*�nا

 ��ا�� إذا� ��Iر اY�*�n ?¢  $�¢�ه ا��¢-c و�ا�¢;ي ��¢-] !�¢g ا�,�¢�ر  ��ا0. ا�*����) ا����� ا�*-�5

  ).Krishnamurthy and Rajachidmbaram, 1986ا�=�Vر (

 (¢*�$ H¢$ �¢$�¢) وا� �ت ا���ر و ا�-¢  ���¢����� �*� ��! �Qات وا��`h� Y�*�nر ا��V� (<� �*0

 �-�I q8�¢¢6¢¢�ر اY�*¢¢�n !�¢¢� $���¢¢. ا�زھ¢¢�ر و ھ¢¢;ا �¢¢�وره ��¢¢�ق إ��¢¢�ت ��¢¢ ا���¢¢�ح ¢¢<�-� Y�*¢¢�nا

)Anderson, 1914 �¢�I و��¢�ر �¢*� Y�*¢�nر ا�¢�V� ¢Q��*ا� ). �¢��� !�¢� ا�I(¢�ن ا������¢

ط�����s�;0 ،H ا�زھ�ر وا�6���) �0ن �>*,� و !�دھ� ��I ط�����H، و ھ;ا ��Z2 إ�� �0ن ا�*����) 

 H¢$ دل�¢�� �¢,��<� �¢*$ ¢���! ا����> !H ذو��ن ��Iر اY�*�n �*�¢�ه ا�¢�ي و ا��¢-c �5¢�ن ذات ¢���8

 ا�*Q�*�) ة�2,¢� ��¢;ور �2¢�-�). $¢H ا�-¢h`��ات ���Borka, 1986. و ���-��  !��8 إS(¢��,� و إ

 ا�-�¢¢�دل ا�V¢¢�زي ¢¢��*! q�¢¢�=� �¢¢ھ ا�S¢¢�ى ��V¢¢�ر اY�*¢¢�n و ا�-¢¢  ����¢¢Y ?¢¢  ا�����¢¢�ت ا�(¢¢�����

 �U¢¢�V ا�=V¢¢�ر و ا�6¢¢�ادھ� ��V¢¢�ر ¢¢<�-� �6¢¢�] ا��ر¢¢8 ��وH�<¢¢60 و `¢¢��  أ60¢¢�� ا��5�¢¢�ن ��ا�¢¢�

Y�*�nا )Czaja,1966 5¢�ن-� g¢��? ). 0*� و2� أن ��Iر ا¢�! Y�*�n�c�¢� �¢�! i¢<� �$ ا��ر¢8

  $pد�¢¢��¢¢K 8/¢¢�ة ¢¢��5$ �¢¢�� �¢¢*�? G�¢¢)-�  ¢¢-و ا� $¢¢�دة ��7�2��¢¢ $¢¢H �¢¢���5ت ا�6��5¢¢��م ا�>�?¢¢

) ��¢¢l ��¢¢�ث ���¢¢�. ����¢¢ Lermanet,al.,1975أQ¢¢�ارا ?¢¢  �6¢¢�] ا���¢¢�ت و �=�¢¢�q ?¢¢  ا��*¢¢� (

 ا�(¢��Vت و �¢�X� H¢$ $�¢�ل ا��/�ة ?  ا�ور¢�*0 H¢$ (¢��� Y�*¢�nر ا��I ان �0*� و2 ،اق ا����=

�*� ا������ت ����.  �*0���Y¢ ا��را�¢ ا�-¢  أ�2اھ¢� ($¢�7د،   ? �`p� �*$ k9�-ت 1999ا��¢���� �¢�! (

وا��¢87  Hordeumvulgareوا�/���  Prunuscommunisو ا���ز  Oleaeuropaeaا��X-�ن 

0*� ا���Vر  H�� ، ر (أ�¢#Rا�� ¢�*0  ¢? z��¢ا��*� ?  ھ¢;ه ا�����¢�ت ان ا� k����$ u��ا�*-�ا0.  و
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 ¢K�S ر ا�*-�ا0. !�� ھ;ه ا������ت و��Vا� ب) و��6$ ا��ر8 و وز�,� و ط��,�  �Xداد ���Xدة 0*�

  !�� ا������ت ا�*�*�ة $�,�. 

  ا�'�ف �� ا��را!�:

�*¢�nر ا�¢�V� ا�-�¢�ث ����¢�ت �,�ف ھ;ا ا���¢l إ�¢� درا�¢ �¢�! H-¢ز�� Y�*¢إ� Z�¢)$ H¢! [��¢�ا� Y

 ا��*c و ا�/��� ا���$� ?  ا�*��� و �h`�� ھ¢;ا ا�-�¢�ث !�¢� ��¢u ا�z\�¢)R ا���ھ��¢ وا��ظ�¢�9

�,;�H ا������H وذ�s ��را� ��u ا�*����k !�� ا������ت ا�*��$� ���Vر اY�*¢�n و$��ر�-,¢� �����¢�ت 

��V� ر ا�-��ث�)$ H! ة�ا���� �ا�/�ھ.  ر اY�*�n داS) ا�(��

:H�����ا� ��! Y��2ا������ت ا�-  أ u��                                                                       

   )1(-h���+د ا��! ��! Y�*�nر ا��I ��` ط�ل ا�وراق. -(2) ء ��! Y�*�nر ا��I ��`h�, 

���I ��`hر اY�*�n !�� !�د و ط�ل  - )4( ����� $�-�ى �R#�ر أ،ب و �R#�ر أ +ب -)3(

 ���I ��`hر اY�*�n !�� وزن ا���6�6(  - .(( ���I ��`hر اY�*�n !�� وزن ا����ت. - )5( .ا�6���)

)7(  - .�� m*وزن ا� ��! Y�*�nر ا��I ��`h� )8( -   \�*ى ا��-�*�� ��m*ا� ��8س ا���6

0*� ا����56ت ا�; - )9( �������ت. �����.0*� ا���و����ت ا�;ا\�. -)10( ا\� ���11( ��( -  �����

.)12( 0*� ا��*�ض ا�$��� ا���ة ا���5 - .Hا���و�� u*� X�0�� (13 ( ��\�)ـ ����) ا��-�\] إ�

. �H$ X�0�� (0 ��`h ا�-�اX�0 ا�*�رو�����$ ����-�  

  ا���اد و ط�ق ا���

 ��5� ))R*ا� �����ت ا��*c وا�/���اY��2 ا��را� داS) ا�(�� ��!  ا����م/�$�2 $(�ا�

 �� ��*?�� �,+ i)-�$  ?2002  ر��I H$ 9�-R$ X�0ا�-� و ذ�s �-���9 ا������ت ا�*�رو�

) Y�*�nـــ  275.، 250.، 25ا? 2./ا�(��وق) �ــ�Y*68 l ا�����ــ�ت ا�*Xرو!ــ داS) ا�(��

 $��س��/S Uد���K60X40 !�*<$ ���ت �5) $>*�! أر�� ��5ارات، ��Y0 �. إ�� `*�

 Y�*�nر ا��V� Y�$�! ��ا�*>*�! ا�و�� دون $��$� ���Vر اY�*�n (0/�ھ�) و ا�*>*�! ا�=�

 X�0�-�25 X�0�-� 2./ا�(��وق، وا�*>*�! ا��ا�� �-�X�0 250./ا�(��وق، و ا�*>*�! ا�=��=

75���� �����ت 2./ا�(��وق $��I Hر اY�*�n ھ;ا !�� $��$� Y�$�! �ت ا��*c    و ��k9 ا�����
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ا�/���، ا�-*�ت $��$� ا������ت ���Vر اY�*�n أ���!�� ��ا� $H ظ,�ر ا�*>*�ع ا�R#�ي و 

.H-ز�� Y�*إ� Z�)$ H$ Y�*�nر ا��I ��! ا��#] و �. ا��(�ل H$ ة�Sh-$ ���$ �-�  

:  أY��2 ا��را� و أS;ت ا������ت و ا���اءات ا�-���

  ا�+��ء. !�د -1

  ط�ل ا�وراق. -2

3-    .��8Todd & Basler (1965)س 0*� ا��R#�ر )أ، ب، أ+ب( �����

  !�د و ط�ل ا�6���). -4

5- .�� m*) و وزن ا��وزن ا����ت و ا�6��  

 ��*�-�ى ا�*�\  �������ت. -6��m*ا�   ��8س ا���6

100	X	
−ا��زن	ا�>�ف Gا��ط	ا��زن	

Gا��ط	ا��زن
=  ا�*�-�ى	ا�*�\�		

7-  �,9Kا�-  و   .��El-Sharkawi& Michel. (1977)#�� ا�*z�R-6 ا�����  �������

8-  u¢¢*� X¢¢�0�� و  ا�6¢¢���5ت و ا���و���¢¢�ت ا�;ا\�¢¢ و ا��*¢¢�ض ا�$���¢¢ ا��¢¢�ة ا�¢¢��5¢¢�*0 ���¢¢��

 .Hا���و��  

Vا���ــــــ��  

  أو4: #�� �ت ا�$�/:

����¢�ت ا��*¢c داcQ��1 (¢S 2�ول ( �¢�! Y�*¢�nر ا�¢�I H¢$ ¢9�-R$ X¢�0ا�� ��`h¢-� H���-ا� (���� (

���7 !¢�م و2¢�د ?¢�وق $����¢ ?¢  H¢$ (¢0 !¢�د ا�+¢��ء، ار�9¢�ع ا���¢�ت، !¢�د و  l�� ،ا�(��

�0�¢Y ا�9¢�وق  H��  ? ،) وا����ب، و و�2د ?�ق $���ي ?  وزن ا����ت�)، وزن ا�6���ط�ل ا�6��

 ���/¢¢�ھ�. ��c¢¢Q ا�>¢¢�ول (!�¢¢�¢¢��2 ا�*����¢¢ ?¢¢  ط¢¢�ل ا�وراق وا�*�-¢¢�ى ا�*¢¢�\  ������¢¢�ت $��ر (

 �$��$ ��! ��و�2د ?�ق !��  ا�*���� ?  ط�ل ا��ر8 ا�و�� (ا���.) و s�;0 ?  ط�ل ا��ر8 ا�=�
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 X¢¢¢�0�� Y�*¢¢¢�nر ا�¢¢¢�V� c¢¢¢*ت ا���¢¢¢����50  X�0�-��¢¢¢� K/.2¢¢¢��وق و ?¢¢¢�ق $��¢¢¢�ي !�¢¢¢� ا�*��$�¢¢¢

 ���/�ھ�. ?  �¢�H 0¢�ن ا�9¢�ق $��¢�ي ?¢  ط¢�ل ا��ر¢8 ا�و�¢� (ا���¢.) !�¢� 25�2./ا�(��وق $��ر

 X�0�-��¢�  ���/¢�ھ�. H¢$ c¢#-� �¢*0 ا�>¢�ول (75ا�*��$�¢�) و2¢�د ?¢�ق !¢��  22./ا�(¢��وق $��ر

 X�0�-��¢� 2./ا�(¢��وق و ?¢�ق $��¢�ي !�¢� 50ا�*���� ?¢  ا�*�-¢�ى ا�*¢�\  ������¢�ت !�¢� ا�*��$�¢

 H�X�0�-���  ���/�ھ�. H$ H��� s�;0 ا�>�ول ( 75،   25ا�*��$��) و2¢�د ?¢�ق 22./ا�(��وق $��ر

 X�0�-��¢¢� 2./ا�(¢¢��وق و�¢¢. �H¢¢5 ��¢¢�8  ا�-�اX¢¢�0 أي ?¢¢�ق 75$��¢¢�ي ?¢¢  وزن ا���¢¢�ت !�¢¢� ا�*��$�¢¢

 ���/�ھ�. ��cQ 2�ول (�0*� ا��R#�ر (أ) و ا��R#¢�ر (ب) و ا��R#¢�ر(أ+ب) 3$���ي $��ر (

9 $��I Hر اY�*�n، و$H ����) ا�-���H 2�ول (�-R*ا� X�0ا�-��� ) 4?  أوراق �����ت ا��*c ا�*��$�

 ���/¢�ھ�. ��c¢Q ا�>¢�ول (¢�) $�-¢�ى 5أ�#c !�م و�2د ?�وق $���� !�� Z�*2 ا�*�¢�$7ت $��ر

����¢¢�ت ا��*¢¢¢H¢¢$ c ا�6¢¢¢���5ت وا���و���¢¢�ت و�*¢¢¢u ا��¢¢�و��H وا��*¢¢¢�ض ا�$���¢¢ !�¢¢¢� ا�*��$ ¢¢¢�

9 $��I Hر اH$ ،Y�*�n ����) ا�-���H 2¢�ول (�-R*ا� X�0-�ا���6 ) �-�¢�H !¢�م و2¢�د ?¢�وق $����¢

  ¢? �0�¢Y ا�9¢�وق !���¢ ا�*����¢ H�¢�  ¢? ?  $�-�ى ا������ت $¢H ا�6¢���5ت و ا���و���¢�ت ا�;ا\�¢

� � ��/�ھ�.$�-�ى ا������ت $u*� H ا���و��H وا��*�ض ا�$��� !�� Z�*2 ا�*��$7ت $��ر

  

�����ت ا��*21c�ول (        ��! Y�*�nر ا��I H$ 9�-R$ X�0ا�� ��`h-� H���-ا� (���� : (  

  ���ر ا������
 l!���
�&M ا�#4�ا,�ت� 

 ���KF 
��&�dا��  

���dى 
  ا�������

  0.089  2.987  2.654  !�د اa+��ء

 0.002**  11.368  50.620  ط�ل ور8 ا���.

��  0.006**  8.170  50.133  ط�ل ا��ر8 ا�=�

  0.835  0.28  4.510  إر��9ع ا����ت
  0.304  1.403  0.267  !�د ا�6���)
  0.124  2.517  1.167  ط�ل ا�6���
  0.028*  4.835  44.853  وزن ا����ت
  0.239  1.673  0.069  وزن ا�6���
  0.085  3.038  0.619  وزن ا����ب

  0.001**  15.001  53.467  ا�*�-�ى ا�*�\ 

   0.01** ����ي ;�ا *�� ���dى ا�+$�       0.05* ����ي ,$��d� ��* lى ا�+$�  
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�����ت ا��*c داS) ا�(��22�ول ( ��! Y�*�nر ا��I H$ 9�-R$ X�0ا�� ��`h� (  

 ا�*��$�
  (�2ام/K��وق)

 �د!
  اa+��ء

    ط�ل ور8
  ا���. (�.)

       ط�ل ا��ر8
(.�) ��  ا�=�

   ار��9ع 
  (�.)ا����ت 

0  
4.75  25.54  31.63  107.2  

25  
4.73  **19.04  *26.15  108.7  

50  
3.95  **17.39  **23.54  106.5  

75  
3.03  *21.71  29.28  108.5  

   0.01** ����ي ;�ا *�� ���dى ا�+$�      0.05* ����ي ,$��d� ��* lى ا�+$�  

  )22.1�ول (

  

  0.01;�ا *�� ���dى ا�+$� ** ����ي        ����0.05ي ,$��d� ��* lى ا�+$�  * 

 

0*� ا��R#�ر ?  أوراق �����ت ا��*23c�ول ( :(  

ا������1 (;�ام/ 
  @��وق)

��X6ر 
  (أ)

  ��X6ر (أ+ب)  ��X6ر (ب)
  

0  2.180  0.693  2.873  
25  2.185  0.660  2.845  
50  2.365  0.815  3.180  
75  2.088  0.693  2.780  

0*� ا��R#�ر ?  أوراق ): ����) ا�-���h-� H`�� ��اX�0 24�ول ( ��! Y�*�aر ا��I ل��$ H$ 9�-R$
c*ت ا�������  

 ا�*��$�
(K/.2��وق) 

د                                                                               !�
ا�6���) 

ط�ل 
 (.�) ا�6���

وزن 
(2.)  ا����ت

وزن 
(2.)  ا�6���

وزن 
ا����ب (2.) 

     ا�*�-�ى
ا�*�\  (%) 

0 3.04 17.59 19.77 1.56 4.44 77.9 

25 3.16 16.73 19.80 1.32 4.32 **72.4 

50 2.93 16.29 15.97 1.34 4.03 **69.3 

75 2.56 16.95 *12.86 1.27 3.56 **71.3 



 اY�*�n !�� زرا!  96!��K �`و ا�/��� ?  �����أ c*ت ا�������  

 

�&M ا�#4�ا,�ت  ���ر ا������� l!���   ���KF ��&�dى ا�������  ا����d�  
  R�  0.0539  0.610  0.626#�ر (أ)

  R�  0.018  1.050  0.415#�ر (ب)
  R�  0.127  0.690  0.581#�ر (أ+ب)

�����ت ا��*c 25�ول (  ? �#�aات ا��V-ا� ��! Y�*�aر ا��I H$ 9�-R$ X�0ا�� ��`h� : (  

ا������1 
  (;`/@��وق)

���ت (dا�
  ا�aا���

��ا��7cض   ا���و���  ا���و 
�����cا  

0  7.303  42.800  0.581  8.085  
25  8.588  41.225  *0.355  **4.825  
50  10.543  42.500  **0.198  **3.425  

75  10328  47.275  *0.357  **4.783  
   0.01** ����ي ;�ا *�� ���dى ا�+$�       0.05* ����ي ,$��d� ��* lى ا�+$�  

�����ت 26�ول (  ? 9 $��I Hر اY�*�a ا�-��Vات ا��#��-R$ X�0ا�� ��`h-� H���-ا� (���� : (
c*ا��  

�&M   ���ر ا������� l!���
  ا�#4�ا,�ت

 ���KF  ��&�dى   ا����d�
  ا�������

  0.290  1.459  9.398  ا����56ت ا�;ا\�
H0.160  2.185  27.875  ا���و��  
H0.006**  8.446  0.099  ا���و��  

  0.007**  7.849  15.685  ا��*�ض ا�$���

 0.01** ����ي ;�ا *�� ���dى ا�+$�       0.05* ����ي ,$��d� ��* lى ا�+$�  

 

 ���Nت ا�� ��# :��9 $��I Hر اcQ��7 ��! Y�*�a ا�>�ول (:��#�-R$ X�0ا�� ��`h-� H���-ا� (���� (

���7 !�م و�2د ?�وق $���� ?  H$ (0 ط�ل اaوراق  l�� ،�����ت ا�/��� داS) ا�(��

  ?  ���/�ھ�، وو�2د ?�وق $�����وا�6���) ووزن ا����ت وا����ب وا�*�-�ي ا�*�\  �����ت $��ر

) 8)، و?�وق !��� ا�*���� ?  !�د اa+��ء وار��9ع ا����ت. ��cQ ا�>�ول (!�د  و وزن ا�6���

    X�0�� Y�*�aر ا��V� ���/ت ا������  75و�2د ?�ق !��  ا�*���� ?  !�د اa+��ء !�� $��$�

 cQ�� s�;0. و�ھ�/��� �2./ ا�(��وق  ?  ��H5� .� H ���8  ا�-�اX�0  أي ?�ق $���ي $��ر

K/ .2��وق  ?  ��H  �25د ?�ق $���ي ?  ار��9ع ا������ت !�� ا�*��$� ���-�X�0 ) و82ا�>�ول (

 H�X�0�-���  ���/�ھ�. ��cQ  75،  �050ن ا��9ق !��  ا�*���� !�� ا�*��$��K/.2��وق $��ر
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 ا������ت ���-�X�0 8ا�>�ول (�$��$ ��! s) وذ��د ا�6���75) و�2د ?�ق $���ي ?  ! 

� 50،75���/�ھ�. أ$� وزن ا�6���) ?�5ن ا��9ق $����� !�� ا�*��$� ���-�H�X�0  2./ا�(��وق $��ر

 ���/�ھ�. ��cQ ا�>�ول (�0*� ا��R#�ر (أ) وا��R#�ر (ب) وا��R#�ر 29./ا�(��وق $��ر (

 H���-ا� (���� H$ .Y�*�aر ا��I H$ 9�-R*ا� X�0ا�-��� (أ+ب) ?  أوراق �����ت ا�/��� ا�*��$�

 ���/�ھ�. ��cQ 2�ول  )210�ول (�ا�#c !�م و�2د ?�وق $���� !�� Z�*2 ا�*��$7ت $��ر

)11 H$ .���$aض ا�*�aوا Hا���و�� u*ا����56ت وا���و����ت و� H$ ���/ت ا������) $�-�ي 

 ���/�ھ� !�� ا�*��$� ���-�اX�0 ����12) ا�-���H 2�ول (�) �-#c !�م  و�2د ?�وق $���� $��ر

$  ��I Hر اY�*�a.ا�*�رو�

�����ت ا�/���27�ول ( ��! Y�*�aر ا��I H$ 9�-R$ X�0ا�� ��`h-� H���-ا� (���� : ( 

  0.01** ����ي ;�ا *�� ���dى ا�+$�        0.05* ����ي ,$��d� ��* lى ا�+$�  

�����ت ا�/��� داS) ا�(��28�ول ( ��! Y�*�aر ا��I H$ 9�-R$ X�0ا�� ��`h� (  

 ا������1
�ام/@��وق);)  

ط�ل ور�K ا��1`     *�د ا4.��ء
(`!)  

 ��ط�ل ا��ر�K ا�+�#
(`!)  

  ار ��ع ا����ت(!`)

0  9.28  22.15  29.75  81.66  
25  8.53  20.05  27.13  *74.61  
50  8.75  20.27  27.28  **71.28  
75  **7.24  20.78  29.15  **71.79  

   0.01** ����ي ;�ا *�� ���dى ا�+$�   0.05* ����ي ,$��d� ��* lى ا�+$�  

  )28.1�ول (

�&M ا�#4�ا,�ت  ���ر ا������� l!���   ���KF  ��&�dى ا�������  ا����d�  

  0.003**  10.323  2.995  !�د اa+��ء
  0.605  0.646  3.538  ط�ل ور8 ا���.

��  0.430  1.016  6.999  ط�ل ا��ر8 ا�=�
  0.008**  7.647  91.346  ار��9ع ا����ت
  0.012*  6.577  1.923  !�د ا�6���)
  0.155  2.223  1.273  ط�ل ا�6���
  0.105  2.743  25.571  وزن ا����ت
  0.046*  3.985  0.327  وزن ا�6���
  0.868  0.238  0.048  وزن ا����ب

  0.292  1.450  2.869  ا�*�-�ى ا�*�\ 
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ا������1 
�ام/@��وق);)  

*�د 
?&��dا�  

ط�ل 
 �1��dا�
(`!)  

وزن 
ا����ت 
( `;)  

وزن 
 �1��dا�

(`;)  

وزن 
ا����ب 

(`;)  

ا�����ى 
ا�����  

(%)  
0  6.94  16.44  25.74  2.36  4.98  78.81  
25  7.08  16.25  25.33  2.26  5.17  76.83  
50  7.30  15.29  22.40  *1.71  4.95  77.97  

75  *5.75  15.49  20.40  2.12  5.13  77.40  

   0.01** ����ي ;�ا *�� ���dى ا�+$�     0.05* ����ي ,$��d� ��* lى ا�+$�  

0*� ا��R#�ر ?  اوراق �����ت ا�/���29�ول( : (  

ا������1 
  (;`/@��وق)

��X6ر 
  (أ)

  ��X6ر (أ+ب)  ��X6ر (ب)

0  1.568  0.503  2.070  
25  1.325  0.415  1.740  
50  1.568  0.488  2.055  
75  1.595  0.485  2.080  

0*� ا��R#�ر ?  أوراق 210�ول ( ��! Y�*�aر ا��I ل���$ H$ 9�-R$ X�0ا�� ��`h-� H���-ا� (���� :(
�����ت ا�/���  

���ر 
  ا������

 M&�� l!���
  ا�#4�ا,�ت

 ���KF  
��&�dا��  

  ���dى ا�������

  R�  0.064  0.440  0.728#�ر (أ)
  R�  0.006  0.260  0.850#�ر (ب)

  R�  0.108  0.380  0.767#�ر (أ+ب)

  

�����ت ا�/��� 211�ول (  ? 9 $��I Hر اY�*�a !�� ا�-��Vات ا��#��-R$ X�0ا�� ��`h� : (  

ا������1 
  (;`/@��وق)

���ت (dا�
  ا�aا���

����  ا���و���  ا���و ��  ا��74ض ا�4

0  5.868  49.200  0.342  9.065  
25  6.563  56.450  0.265  8.983  
50  6.903  49.225  0.295  7.250  
75  7.168  51.275  0.308  7.258  

  

9 $��I Hر اY�*�a !�� ا�-��Vات ا��#� ?  212�ول (�-R$ X�0ا�� ��`h-� H���-ا� (���� :(
�����ت ا�/���  
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�&M   ���ر ا������� l!���
  ا�#4�ا,�ت

 ���KF  ��&�dى ا�������  ا����d�  

  0.568  0.714  1.265  ا����56ت ا�;ا\�
H0.370  1.183  46.684  ا���و��  
H0.290  1.460  0.004  ا���و��  

���$aض ا�*�a0.449  0.968  4.182  ا  

  

�NKا����  

�����ت ا��* c���Vر اY�*�n أدت إ�¢� ��¢z $��¢�ي 2¢�اً ?¢  ط¢�ل  أظ,�ت �-�\] ا��را� أن $��$�

 X¢¢¢¢�0�� �¢¢¢¢-� s¢¢¢¢50ا�وراق و ا�*�-¢¢¢¢�ى ا�*¢¢¢¢�\  و ذ�  X¢¢¢¢�0�-� 2./ا�(¢¢¢¢��وق، ?��¢¢¢¢� ا�*��$�¢¢¢¢

25 X¢¢�0�� �¢¢ر !�¢¢� ا�وراق و ا���¢¢�ت إ��¢¢�Vدة �¢¢�ا0. ا��¢¢�X� و ً�¢¢����$ z��¢¢وق 0¢¢�ن ا��2./ا�(¢¢�

 ���/¢�ھ�. 0*¢� �/¢�� �-¢�\] ا��را�¢ ?¢  وزن 25¢�2./ا�(��وق أدى ذ�s إ�� ��z $���ي 2�اً $��ر

X�0�-��¢¢� 2./ا�(¢¢��وق ?¢¢  �¢¢�H �¢¢. �5ـ¢¢ـH ��¢¢�8   75ا���¢¢�ت إ�¢¢� و2¢¢�د ��¢¢z $��¢¢�ي !�¢¢� ا�*��$�¢¢

��¢z $��¢�ي $��ر�ـ¢ـ ���/�ھــ¢ـ�، و ھـ¢ـ;ا �-9ـ¢ـZ¢$ U $¢� أ+ـ¢ـ�ر إ��ـ¢ـg ?¢�زي و ا�- $�R-¢6*ا� X�0ا�

). ?¢  �¢�H 0¢�ن ا�¢��z !¢��  ا�*����¢ 2000) ، $�7د و ھ�ى (1999) ، $�7د، (1997آ�Sون، (

��� ¢�/¢�ھ�. u*� X�0��  ? �¢*0 ا���و��ــH وا��*ــ�ض ا�$��� !�� ا�*��$� ��5?ــ ا�-�اX�0 $��ر

�-�\] ا��را� إ�� و�2د ��z $���ي ?�q ?¢  ط¢�ل ا��ر¢8 ا�و�¢� (ا���¢.) وا�*�-¢�ى ا�*¢�\   ��/�

 X�0�-��¢� 2./ا�(¢¢��وق ��¢¢� أن 0¢�ن ا�¢¢��z !¢¢��  ا�*����¢ !�¢¢� ا�*��$�¢¢  ��75����¢�ت !�¢¢� ا�*��$�¢¢

 X�0�-��¢¢�50�¢¢�! Y�*¢¢�nـ¢¢ـ�ر ا�I  75ھ¢¢;ا ا�-�X¢¢�0  2./ا�(¢¢��وق، و ¢¢8� ��X¢¢ي ذ�¢¢s إ�¢¢� أن ���8ـ¢¢ـ

  ¢¢? H¢¢6�-ا� u¢¢�� �¢¢و أدت إ� 2./ا�(�¢¢ـ�وق H¢¢$ Y¢¢��8 �¢¢ـ ��`h��u¢¢ ا��*¢¢�ض ا�*�2ـ¢¢ـ�دة ���-��¢¢

أط�ال ور8 ا���. و ا��ر8 ا��9ـــ) $�,¢� و زادت $¢H !*��ــ¢ـ اa$-(¢�ص،   و 8¢� �5¢�ن ا�����¢�ت 

ح ا�*�2¢�دة ?¢  �I¢�ر ا�-�9دت $¢ H��u¢ ا���0¢�� $=¢) أ60¢�� ا�*V��6¢��م و أ60¢�� ا����¢� و ا�7¢$

اY�*�n و ا�-  �. �H5 $-�?�ة ���-��، أو 8� ��5ن ا�-h`�� !�� ط�ل ا��ر8 �-#c �(�رة أ��0 ?  

) و8� 1999ا������ت ا�*�*�ة أ0=� $�,� ?  ا�*���K) ا�*��*� 0*� ورد ?  ��l ($�7د و آ�Sون، 

�0�¢Y ا��ر8-¢�ن ا�����-¢�ن ( ��5ن ��ا0. ا���Vر �0ن �5*� أ��0 !�� ا�وراق ا��96  ����¢ H�¢�  ¢? ت�

 H�¢�� �¢*0 .l¢ا��� H¢$ ��X*� ًa�<$ ع�Q�*ر، و ���� ا���V�� a���-ا���. و ا��9) $�,� ) أ8) ا� ور8

 ���/¢�ھ�. ¢�$H ا��-�\] !�م و�2د ��z $���ي ?¢  �¢�8  ا�����¢�ت ا�S¢�ى ا�*/¢�ر إ��,¢� �¢����ً $��ر

.c*ت ا������   ھ;ا �����6
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����¢�ت ا�/¢��� أظ,�ت ا��- �\] ا�*-�() !��,� ��(¢� !¢��  ا�*����¢ ?¢  !¢�د ا�+¢��ء !�¢� $��$�¢

 X�0�� ر��V���75   H�X�0�-��¢� و  225./ا�(��وق ?  ��H5� .� H ھ��ك ?¢�ق $��¢�ي !�¢� ا�*��$�¢

50   ���/¢�ھ�. 0¢. أظ,¢�ت ا��-¢�\] ��(¢¢� $����¢� ?¢  !¢�د ا�6¢���) !�¢� ا�*��$�¢¢¢�2./ا�(¢��وق $��ر

�-��� X�075 H�X�0�-��¢� 2./ا�(¢��وق،  225,50./ا�(¢��وق و�¢. �H¢5 ا�¢��z $����¢� !�¢� ا�*��$�¢

 X�0�-��� 2./ا�)��وق �. �H5 ا���s�;025  H�¢�  ¢? �����$ z ا���ل ?  وزن ا�6���( !�� ا�*��$�

 H�X�0�-���  ���/�ھ�، H��� s�;0 ا�� 75،  �050ن ا���z $����� !�� ا�*��$��-¢�\] K/.2��وق $��ر

 H�X�0�-��¢¢� ���¢¢/ت ا��¢¢����  75،  50و2¢¢�د ��¢¢z !¢¢��  ا�*����¢¢ ?¢¢  ار�9¢¢�ع ا���¢¢�ت !�¢¢� ا�*��$�¢¢

 X�0�-��¢�  ���/¢�ھ�،  K/.225��وق ?  ��H¢5� .� H ھ�¢�ك $��¢�ي !�¢� ا�*��$�¢¢�K/.2¢��وق $��ر

) g¢¢إ�� (¢¢K�� �¢¢$ U¢¢9-� وھ¢¢;اBorka, 1986 ،ون�¢¢Sوا  ¢¢�-?) ى،  1997) ؛�؛  2000؛ $¢¢�7د وھ¢¢

 ا��R#¢¢�ر �����¢¢�ت  72006د و!�¢¢� ا�*>�¢¢�، $¢¢�¢¢�*0  ¢¢? �¢¢,��! ). s�;¢¢0 أظ,¢¢�ت ا��-¢¢�\] ا�*-�(¢¢�

 g. وھ;ا $� ا+�ر إ���ھ�/��� �ا��*c وا�/��� !�م و�2د ?�ق $���ي ��5? ا�*��$7ت ا�*�رو� $��ر

 ) ?  ��¢u درا�¢��,.2006و $�7د و!�� ا�*>��،   2000؛ $�7د وھ�ى،  1997(?�زي وا�Sون، 

9 $Z�)$ H اY�*�n. 0*� أوY�Q ا��-�\] !�م و2¢�د �-R$ �6?�ت$ ��! H�-أ+>�ر ا���ز و ا� ��!

 ���/�ھ�.���z $���ي ?  ��8  ا������ت ا��Sى ا�*/�ر إ��,� ����� $��ر  

  ا���@��ت:

          ¢¢K��$¢¢S H¢¢7ل ا��-¢¢�\] ا�*-�(¢¢) !��,¢¢� و ا�*�7�¢¢�ت ا�����¢¢ ?¢¢  ھ¢¢;ا ا���¢¢l �*5��¢¢� أن 

 :  ������ط ا�-���

!*) ا�*�X� H$ ا����ث و ا�*/¢�ر�Z ا�S¢�ى ��را�¢ ظ¢�ھ�ة ا�-�¢�ث ��V¢�ر اH*¢�a وأ`¢�  -1

,�  و إ�>�د ا����ل ا�*������ و ا������ و ا����ا���6�nا����ة ا ��! sذ�.�  

2-  ;¢Sات ا�-¢  ��¢�أ !��,¢� و أ�¢�V-و ا� mت ا������5$  �*�ا�8))R-$ �*�! X0ء $�ا�/�إ

 Uا�*�¢�ط  ¢? ا�-����) ا��ور� $H ا�,�اء و ا�*�ء و ا�-�� و ا�����¢�ت و ���¢ ا��5\�¢�ت ا���¢

�Z اY�*�a و ��Iھ� $H ا�*(��Z ا��Sى ذات ا��87 ���-��ث.�)$ H$   ا�����

3- �Sا�¢� c�¢$ م�اض !¢�¢$aا u��¢� ��¢K�� ً�¢�9د�� Z�z ����¢�ء ا�6¢5�  �>¢�ار ھ¢;ه ا�*(¢�

  ا����Rة.
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4-  l¢��� Y�*¢�aا Z�اSa-��ر ا�*���¢G و ا�*¢�روس ��*�Z¢8 ا�>�Vا?¢  و ا�>¢�ه ا���¢�ح �*(¢�

 �,¢;ه ¢K�Rم ا��¢Rا�*�اد ا� Uط��$ H$ ً����8 و ��5ن ����اً !H ا�*��طU ا�56�� و ا�Xرا!�

.  ا�(��!

5-  c\ا���ا ZQ-,� و ���9) ا�*�2¢�د $�,¢�    و و��و $-� m�9ظ !�� ا������� K�Rا� H��و ا���ا

.�,� H�9��R*ت !�� ا���ض ا�����?  

 ا�*(¢¢��9ت ( -6¢¢K�S ر و�¢¢�V��� ا�-�¢¢�ث q�¢¢#� Z��¢¢)*�� )    ��Filters¢¢��� ����¢¢�ت $-��$¢¢

 .s�;�   وا�-��ا�,� دور��ً �0*� اY#-8 ا���2

����¢¢�ت $�*¢¢�ة $ -7 ��و$¢¢ ��V¢¢�ر ا (¢¢=$ Y�*¢¢�a��u¢¢ أ+¢¢>�ر ا��V�¢¢�ت أو ا��*¢¢) !�¢¢� زرا!¢¢

 8(��ة ا��*�.�*��$ (�K��$ �Z اY�*�n ?  زرا!�)$ H$   ا�-7Vل ا�*��طU ا�����

8-  .�\��X�9وا� �$�0 �-��I ��`hر ا�S ��! Y�*�nاص ا�-�� ا��5*��\� �*�!  إ�2اء درا�

��&�  ا���ا;ــM ا��

 ا�*�,¢� ا��¢��  ��(¢��!، 1992ا�,�دي ا���ھ� !�ن الله 0(¢�ره ( .1¢mو��¢�ث ا��� Y�*¢�aا !��¢K : (
. $(�ا�

�����ت ا��X-�ن وا���ز وا�/��� 1999$�7د $�*� ا�() ( .2  �! Y�*�aر ا��V� ا�-��ث ��`h� : (–  .68
���K. –ا����ت ��0 ا����م $(�ا� �$�2 

 ا�a*�2000$�7د $�*� ا�() وھ�ي +���ن ا���  ( .3!��K ��`h� : ( Y !�� ا���Vء ا���¢��  ���*���¢
 اaردن. –�$�2 ا���$�ك  –ا����� $H ����� . ا�*�p*� ا�=��  �H$7 ا���m  ا����  

 اY�*�a !�� ا+>�ر ا�-�H وا��¢�ز 2006$�7د $�*� ا�() و!�� ا�*>�� $����ن ( .4!��K ار�Qأ : (
 وا���¢�*�-�� l¢��=و�  ا��ا� �*�p*ا�  .������ G8�*ا�  ?¢  ا�¢�طH ا����¢  ?  $���¢m– ا�¢��ط ¢�$�2-  

. 2*,�ر� $(� ا�����
5.  ) �¢¢���  9�¢¢)$ ¢<��Sاد $(¢¢�9  وp¢¢? ا�(¢¢) و�¢�زان �ر 1998$¢�7د $�*¢¢�¢¢�V� ا�-�¢¢�ث ��`h¢� : (

 k¢*Rوا� 68¢. ا���¢�ت ¢��0 ا���¢�م  –اY�*�a !�¢� ا���¢�ة ا������¢ ا������¢ ?¢  ا�*���¢ �¢�H $(¢�ا�
���K. –$(�ا� �$�2 

 �1993� ار��ؤوط ($�*� ا�6 .6m�6ن و���ث ا����aا : (–.�� ا��ار ا�*(�� ا�����
7. ) �¢���  9�¢)$ ¢<��Sاد $(¢�9  وp¢? ا�(¢) و�¢�زان �و$�7د $�*¢ ) : 1997?�زي $�*� �$7

 .¢¢68 .k¢¢*Rوا� �¢¢h`�� ا�-¢¢�وث ��V¢¢�ر اY�*¢¢�a !�¢¢� ا���¢¢�ة ا������¢¢ ا������¢¢ ?¢¢  ا�*���¢¢ �¢¢�H $(¢¢�ا�
���K. -(�ا�$–ا����ت ��0 ا����م  �$�2 

 �H ���2ف و���¢i اaو�¢�2 ( .8���Kا�*/��  و k1997?-�  ادر� Z�¢)$ ر�¢�I ��`�¢� ) : درا�¢
.k����8  إ�*�Y ا�,�اري (���Vزي) !�� ���ت ا��*c. ا�*�p*� اaول ����م ا����ة. �$�2

 ا������ �6I1982ن ���م ( .9mا��� : (–  U/$د  ��ر��. –�$�2
 ا�*(�� ا���$ ��5-�ب. 1994ط��Y اa!�ج ( .10�m,ول. ا�aء اX<ا� mا�-��ث ا�,�ا\  وا��� : ( 
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The Effect of Cement on Culturing of Triticum 

Aestivum And Hordeum Vulgare L. In Libya 

M. Alsoul 

N. Altajori  

Abstract 

This investigation was conducted to study the pollution effect of cement 

dust released from Zeletin manufacture on the most important cereal crops 

specially wheat, Triticum aestivum L. (strain-11) and barley, Hordeum 

vulgare L. (variety-176) by using four different concentrations of cement 

dust solution (200, 400, 600 and 800 g/L). The first part of this investigation 

concerned with the effect of cement dust solution on the germination of the 

investigated seeds. The second part of this research concerned with the 

study of cement dust pollution on the various of growth and yield factors of 

barley. Plants were polluted or dusted with three different concentrations of 

cement dust (25, 50 and 75 g/0.24m2/week). The growth and yield factors 

which were studied in this research includes; No. of tillering, plant height, 

leaf length, plant weight, number, Length, and weight of spikes and weight 

of 100 seeds Also chlorophyll a and b was estimated and total chlorophyll 

(a+b), content of water percentage, content of dissolved sugars, dissolved 

proteins, free amino acids and prolin concentration. All of previous 

measurements were calculated and statically analized and compared with 
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the same measurements of the control plants. The obtained results can be 

summarized on the following. Germination percentage of wheat and barley 

plants was highly significant decreased at 800 g/L concentration while the 

wheat plants only were affected by the concentration of 600 g/L. Growth of 

investigated seedlings was highly significant decreased water content 

percentage and free amino- acids of wheat plants. were highly significant 

affected at all of three concentrations of cement dust pollution. also leaf-

length and prolin content of wheat plants. were significant decreased by 

using of 50g/0.24m2/week concentration. Using of 75 g/0.24m2/week 

concentration gave negative effect on plant weight of wheat plants whereas 

the two concentrations (50 and 75 g/0.24m2/week) showed the negative 

effects on the barley plants specially on the number of tillering, plant height 

and number of spikes. 

Keywords: Cement, Number of tillering and dust pollution 
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Synthesis and Electric Conductivity Study of Azo 
Cresols 

Ramadan Ali Bawa1 

Ebtisam Mohammed Alzaraide  

Abstract 

Treatment of 9-anthryl diazonium bisulphate with an alkaline solution of 
cresols  led to the formation of the corresponding azo compounds in 
moderate yields. The structures of the synthesized dyes were identified by 
several spectroscopic techniques which were IR, NMR and mass 
spectroscopy. The DC electric conductivity of synthesized azo dyes was 
also determined  in which  they exhibited semiconducting properties as their 
electrical resistivities ρ fall within the range of electrical resistivities of the 
semiconductors (10-2 – 109 Ω.cm).  

Keywords: diazonium bisulphate, azo dye, DC electric conductivity, 
semiconducting, electrical resistivities. 

Introduction 

Azo dyes are the most important class of synthetic dyes which have been 
widely used in various industries due to their stability, color variety, cost-
effectiveness and also resistance to biodegradation under aerobic conditions 
[1,2]. Their colors are originated from the ability to absorb visible light, 
making use of the delocalization of n- and π-electrons throughout their 
structures [3,4] The molecule of azo dye has general structure containing 
one or more azo groups -N = N- as chromophorelinked to aromatic moieties 

                                                 
1Chemistry Department, Faculty of Science, Misurata University, P O Box 875, Misurata, 
Libya 



6 Synthesis and Electric Conductivity Study of Azo Cresols 

[5,6,7]. Several varieties of azo compounds are classified as semiconductors 
due to their electrical resistivity ranging between 10-2  Ω.cm and 109 Ω.cm 
[8,9].   

Experimental 

Materials 

Nitric acid, Glacial acetic acid and hydrochloric acid were purchased from 
Carloerba, sulphuric acid, m-cresol and p-cresol from Avonchem, sodium 
nitrite from Riedel-Dehean. The anthracene was obtained from CODEX, 
stannous chloride, sodium carbonate and o-cresol were purchased from Ps 
Park. These chemicals were used without further purification. 

Instrumentation 

Melting point was measured on a UK Bamstead/Electro thermal-
9200apparatus and is uncorrected. Uv-vis absorptions were recorded on Uv-
vis spectrophotometer-uv  mini 1240-Shimadzu. pH was measured using 
Jenway pH meter 3505. 1H NMR spectrum was recorded on a Bruker Avance 
300 spectrometer. Residual proton signals from the deuteriated solvents were 
used as references [DMSO (1H, 2.50 ppm)]. Coupling constants were 
measured in Hz. Infrared spectrum was recorded on Jasco FT/IR-4100 
Fourier transform infrared  spectrometer. Mass spectrum was  recorded  on  a  
Micromass Autospec M spectrometer. The electric measurements were 
carried out using Laboratory power supply EA-PS 2016-050. The electrical 
current was measured in µA units by the use of CEM/DT-3900 ammeter. 
The applied voltage was determined in V units by employing Peak Tech 
2010 DMM voltmeter. 

Preparation of 9-Nitroanthracene 1 [10] 

Concentrated nitric acid (4 cm3) was added dropwise to a suspension of 

anthracene (10.0 g, 56.0 mmol) in glacial acetic acid (40 cm3) maintaining 

the temperature below 30 °C. This was stirred vigorously for 1 h to form a 

clear solution. A mixture of concentrated HCl (50 cm3) and glacial acetic 
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acid (50 cm3) was added slowly resulting to a pale yellow precipitate of 9-

nitro-10-chloro-9,10-dihydroanthracene. This was filtered, washed with 

glacial acetic acid (3 ×25 cm3) and thoroughly with water until the washings 

were neutral. The resulting yellow solid was treated with a warm solution 

(60 − 70 °C) of 10% NaOH (200 cm3), filtered, washed with warm water 

until the washings were neutral, air-dried and recrystallised from glacial 

acetic acid affording a fluffy yellow solid (7.94 g, 64% yield), mp 154 −156 

°C (acetic acid) (lit.10 148 −149 °C acetic acid);δH (250 MHz; CDCl3) 8.59 

(1H, s, Ar-CH), 8.03 (2H, d, J 7.6, Ar-CH), 7.92 (2H, d, J 7.6, Ar-CH), 7.68 

− 7.52 (4H, m, Ar-CH); δC (62.5 MHz; CDCl3) 130.7 (Ar-C-NO2), 130.4 (2 

× Ar-C), 128.9 (2 × Ar-C), 128.4 (Ar-C), 126.2 (2 × Ar-C), 122.6 (2 × Ar-

C), 121.3 (4 × Ar-C). NMR data was in accordance with the literature. 

Preparation of 9-Aminoanthracene2 [8] 

A suspension of 9-nitroanthracene 1 (7.24 g, 32.5 mmol) in glacial acetic 

acid (145 cm3) was heated to 70 − 80 °C for 1½ h. To the resulting clear 

solution was added slurry of SnCl2 (31.0 g, 163.2 mmol) in concentrated 

HCl (110 cm3) via a dropping funnel. The resulting yellow precipitate was 

stirred at 80 °C for a further ½ h, cooled to room temperature, filtered, 

washed with concentrated HCl (3 × 10 cm3), treated with solution of 5% 

NaOH for approximately 15 min with manual stirring from time to time, 

filtered, washed thoroughly with water until the washings were neutral and 

vacuum-dried at 50 °C for  6 h  to  afford  a  yellow  powder  (4.90 g,  87%  

yield).  No  further  purification  was required, mp 158 − 160 ºC (lit.8 153 − 

154 ºC, benzene);δH (250 MHz; CDCl3) 7.90 (4H, m, Ar-CH), 7.85 (1H, s, 

Ar-CH), 7.43 (4H, m, Ar-CH), 4.85 (2H, br s, NH2); δC (62.5 MHz; CDCl3) 
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129.0 (2 × Ar-C), 125.2 (4 × Ar-C), 123.8 (2 × Ar-C), 121.1 (2 × Ar-C), 

116.3 (4 × Ar-C). NMR data was in accordance with the literature. 

General procedure for preparation ofazo cresols (3–5) 

A modified literature procedure [8,11] was followed for the synthesis of 
compound (3–5). 9-aminoanthracene 2 (0.77 g, 4.00 mmol) was dissolved in 
concentrated sulfuric acid (20 cm3). and The resulting solution was cooled 
to 0 – 5 ºC. A precooled (0 – 5 ºC) aqueous solution of sodium nitrite (0.55 
g, 8.00 mmol; in 30 cm3 water) was added to the reaction mixture while 
stirring for 30 min maintaining the temperature between 0 – 5 ºC. An 
alkaline solution of the cresols derivatives [0.43 g, 4.00 mmol; in 30 cm3 of 
(2N NaOH and 2.5 g sodium carbonate)] was cooled to 0 – 5 ºC which was 
subsequently added to the reaction mixture. The reaction mixture was stirred 
for further 1½ h at 0 – 5 ºC. A  precipitate was formed, filtered, washed with 
cold water (3×10 cm3) and air dried. The crude material was recrystallized 
from glacial acetic acid, filtered, washed with water (3×10 cm3) and air 
dried affording the desired azo dye , The procedure was repeated by the use 
of m-cresol, o- cresol and p-cresol respectively. 

 

4-(9-anthrylazo)-2-methylphenol 3 

(0.44 g, 1.41 mmol, 35 % yield) as a fine yellow  powder. m.p 281 ºC; λmax 
421 nm (CHCl3; FT-IR(KBr disc): 3442 cm-1 (Ar-OH), 1660 (C=O), 1566 
cm-1 (N=N), 1314 cm-1 (CH3), 1277 cm-1 (C-N);  δH (400 MHz; DMSO) 
8.04 – 8.00 (1H, m, Ar-CH), 7.79 – 7.77 (1H, m, Ar-CH), 7.75 – 7.72 (2H, 
m, Ar-CH), 7.66 – 7.41 (4H, m, Ar-CH), 7.31 – 7.23 (2H, m, Ar-CH), 7.10 
– 7.05 (2H, m, Ar-CH), 5.01 (1H, s, Ar-OH), 2.10 (3H, s, CH3); δC (100 
MHz; DMSO) 183.91 (1 × Ar-C-OH), 141.09 (1 × Ar-C),  135.70 (2 × Ar-
C-N=N), 134.35 (2 × Ar-C), 133.47 (2 × Ar-C), 130.43 (2 × Ar-C), 130.06 
(1 × Ar-C), 129.12 (1 × Ar-C), 128.07 (4 × Ar-C), 127.56 (2 × Ar-C), 
126.89 (2 × Ar-C), 53.87 (1 × CH3); m/z (C21H16N2O, Mwt. 312.36) 312.03 
(40%). Selected peaks for hydrazone tautomer, δH (400 MHz; DMSO)  6.93 
(1H, d, Ј = 9.00, CH) 6.60 (1H, d, Ј = 6.90, CH), 6.32 (1H, CH). 
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4-(9-anthrylazo)-3-methylphenol 4 

 (0.5 g, 1.6 mmol, 40% yield) as a fluffy brown solid. m.p 290 ºC; λmax 419 
nm (CHCl3); FT-IR (KBr disc): 3442 cm-1 (Ar-OH), 1670 cm-1 (N=N), 1324 
cm-1 (CH3), 1283 cm-1 (C-N); δH (400 MHz; DMSO) 7.76 – 7.70 (2H, m, 
Ar-CH), 7.54 – 7.42 (4H, m, Ar-CH) 7.25 – 7.21 (2H, m, Ar-CH), 7.13 – 
7.09 (2H, m, Ar-CH), 7.00 – 6.96 (2H, m, Ar-CH), 5.02 (1H, s, Ar-OH), 
1.91 (3H, s, CH3); δC (100 MHz; DMSO) 183.79 (1 × Ar-C-OH), 149.19 (1 
× Ar-C), 145.26 (2 × Ar-C-N=N), 144.69 (2 × Ar-C), 138.80 (2 × Ar-C), 
135.85 (4 × Ar-C), 134.31 (2 × Ar-C), 128.06 (4 × Ar-C), 123.56 (2 × Ar-
C),  60.71 (1 × CH3); m/z (C21H16N2O, Mwt. 312.36) 311.98 (100%), 
297.61 (40%), 284.70 (37%). 

2-(9-anthrylazo)-4-methylphenol 5 

 (0.29 g, 0.93 mmol, 23% yield) as a fluffy black solid. m.p 287 ºC; λmax 410 
nm (CHCl3); FT-IR (KBr disc): 3437 cm-1 (Ar-OH),  1680 cm-1 (N=N), 

1329 cm-1 (CH3), 1283 cm-1 (C-N); δH (400 MHz; DMSO) 7.76 − 7.70 (2H, 

m, Ar-CH), 7.51−7.41 (4H, m, Ar-CH), 7.25 − 7.19 (2H, m, Ar-CH), 7.08 − 

6.99 (2H, m, Ar-CH), 6.85 − 6.80 (2H, m, Ar-CH),  5.02 (1H, s, Ar-OH), 
2.07 (3H, s, CH3); m/z (C21H16N2O, Mwt. 312.36) 312.09 (35%), 298.04 
(15%), 284.84 (15%). 

General procedure for Electric Measurements 

An adapted literature procedure [12−14] was followed. The electrical 
current was measured for the synthesized azo dyes (3 – 5) which were 
placed between two copper discs (with a radius of 0.25 cm and thickness of 
0.1 cm), One copper disc was connected to a power source and the other 
was connected to an ammeter for measuring the current in µA units at 295 
K.  
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Results and Discussion 

The initial step for synthesis of targeted azo dyes involved nitration reaction 
of the anthracene towards the preparation of 9-nitroanthracene in a good 
yield (64%), and subsequently reduced to the corresponding 9-
aminoanthracene in an excellent yield (87%) using tin chloride in 
concentrated HCl. The 9-aminoanthracene was converted into a 9-anthryl 
diazonium bisulphate and coupled with cresols derivatives affording the 
desired azo dyes (3–5) in moderate yields (Scheme 1). 

N
N

OH

NH2 OH

iii

R
iv

NO2 NH2

i ii

64% 87%

CH3

N
N

OH

CH3

N
N

OH

H3C

OR OR

3 4 5

Reagents and conditions: (i) conc. HNO3, HOAc, <30 °C, conc. HCl/HOAc, stirring, 1 
h; (ii) slurry of SnCl2 in conc. HCl, HOAc, stirring, 70 - 80 °C, 1.5 h; (iii) aq. NaNO2, 
conc.H2SO4, 0 - 5 °C, 30 min; (iv) stirring, 0 - 5 °C, 1.5 h

Where R is 2-Me, 3-Me and 4-Me.

35% yield 40% yield 23% yield

Scheme 1: synthesis of azo cresols 

In uv-visible spectra, all compounds absorb light in the visible region at 
wavelengths ranging between 700 – 350 nm [12]. The resulting azo dyes (3–
5) were found to absorb light with λmax values of 421, 419 and 410 nm 
respectively due to the presence of the auxochromic groups such as the 
hydroxyl and the methyl groups in all of the three synthesized azo cresol 
derivatives. The IR spectrum of compounds 3, 4 and 5 showed the presence 
of the hydroxyl groups as the absorption bands at 3442, 3442 and 3437 cm-1 
respectively. The distinctive  vibrational bands at 1566, 1670 and 1680 cm-1 
belong to the azo group –N=N– in the three targeted azo cresols respectively 
[15]. The IR data of the resulting compound 3 revealed that the absorption 
band at 1660 cm-1 might be for the carbonyl group of α,β-unsaturated keto 
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system [16]. This could indicate the possibility of the existence of the two 
expected azo/hydrazone tautomers in ratio of (7:1), yielding 88% of the azo 
tautomer and 12% of its hydrazone counterpart. Whereas the resulting 
compounds 4 and 5 are existing as the azo forms. 

The electric measurements of the synthesized azo cresols were carried out 
and three replications of these measurements were collected and the average 
of these replications was considered in every case. 

The electric conductivity measurements for the 4-(9-anthrylazo)-2-
methylphenol 3: 

The electrical current through the compacted pellet of the azo compound 3 
was measured as the voltage (V) being raised. (Table 1). 

I × 10−6 A V I × 10−6 A V I × 10−6 A V I × 10−6 A V 
0.32 3.1 0.22 2.1 0.13 1.1 0.01 0.1 
0.33 3.2 0.22 2.2 0.13 1.2 0.02 0.2 
0.36 3.3 0.23 2.3 0.14 1.3 0.03 0.3 
0.37 3.4 0.24 2.4 0.15 1.4 0.04 0.4 
0.38 3.5 0.24 2.5 0.16 1.5 0.05 0.5 
0.39 3.6 0.25 2.6 0.17 1.6 0.08 0.6 
0.40 3.7 0.26 2.7 0.18 1.7 0.08 0.7 
0.41 3.8 0.27 2.8 0.19 1.8 0.09 0.8 
0.42 3.9 0.28 2.9 0.20 1.9 0.10 0.9 
0.43 4.0 0.30 3.0 0.21 2.0 0.12 1.0 

Table 1: the average values of applied voltage (V) vs current (I) for azo 3 

These results were processed using Origin 8.1, produced a linear 
relationship between the applied voltage and the passed electrical current 
(Fig. 1), produced a linear correlation between the applied voltage and the 
passed electrical current which follows the equation below (Equation 1). 
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Figure 1: current vs applied voltage correlation of azo derivative 3 

y = a + bx                  (1) 

Since the resistance R equals the reverse of the slope, therefore: 

� � 	 1
1.0426	×10
�Ω
� � 0.959140 � 10�Ω��� 

� � � �� ��� 

Where A is the area of the sample pellet and equals πr2 (r = 0.25 cm), 
whereas l is the thickness of the sample pellet and equals 0.1 cm (Equation 
4). 

Therefore;  

�
� � 	��

�

� � 	 3.14	 �	�0.25	����
0.1	�� � 1.9625	��																													��� 

Where 
�
�  is a constant equals 1.9625 cm since the dimensions of all sample 

pellets are equally the same. 

∴ � � 	0.959140 � 10�Ω � 1.9625	�� � 1.882312	 � 10�Ω	��		 
The electric resistivity ρ of compound 3 also within  the semiconductors 
region. 
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The electric conductivity σ of compound 3 is found to be (Equation 5). 

" � 	1� = 1
1.882312 × 10�#�� = 0.531261	 × 10
�Ω
���
�												($) 

The electric conductivity measurements for the 4-(9-anthrylazo)-3-
methylphenol 4: 

The experimental data (current vs applied voltage) for the compound 
4(Table 2) was processed as shown above. 

I × 10−6 
A 

V I × 10−6 
A 

V I × 10−6 
A 

V I × 10−6 
A 

V 

0.31 3.1 0.22 2.1 0.11 1.1 0.01 0.1 
0.32 3.2 0.23 2.2 0.12 1.2 0.02 0.2 
0.33 3.3 0.23 2.3 0.14 1.3 0.03 0.3 
0.35 3.4 0.25 2.4 0.14 1.4 0.04 0.4 
0.36 3.5 0.25 2.5 0.16 1.5 0.05 0.5 
0.37 3.6 0.27 2.6 0.16 1.6 0.07 0.6 
0.37 3.7 0.27 2.7 0.17 1.7 0.08 0.7 
0.39 3.8 0.29 2.8 0.19 1.8 0.08 0.8 
0.40 3.9 0.30 2.9 0.20 1.9 0.10 0.9 
0.41 4.0 0.30 3.0 0.20 2.0 0.11 1.0 

Table  2: Experimental data of applied voltage (V) vs measured current (I) 

Using ORIGIN 8.1, the experimental data was processed and the correlation 
was found to have a linear relationship between the applied voltage and the 
passed electrical current for azo compound 4(Fig.2). 
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Figure 2: current vs applied voltage correlation for compound 4 

The resistance R equals the reverse of the slope according to following 
equation  

y = a + bx                  (1) 

� �	 1
1.0111	×10
�Ω
� � 0.98902	 �	10�Ω��� 

The electric resistivity ρ of the compound 4 could be calculated by 
following equation: 

� � � �� ��� 
Where 

�
�  is a constant equals 1.9625 cm since the dimensions of all sample 

pellets are equally the same. 

∴ 	� � 	0.98902	 �	10�Ω		 � 1.9625	cm � 1.940951 �	10�Ω	cm												 
The electric resistivity ρ of the azo compound 4 falls within the 
semiconductors’ range. 

Since the electric conductivity σ of this compound could be calculated 
(Equation 5).  

" � 	1� � 0.515211	 �	10
�Ω
�cm
��$� 
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The electric conductivity measurements for the 2-(9-anthrylazo)-4-
methylphenol 5: 

Similarly, the electrical properties of the azo derivative 5 were investigated 
by applying a gradually raised voltage with constant intervals of 0.1 V to 
reach 4.0 V. Measuring the electrical current (I) that passed throughout the 
sample at an ambient temperature 22 °C (295 k) as three replications, 
allowed to increase the accuracy of the measurements (Table 3). 

I × 10−6 A V I × 10−6 A V I × 10−6 A V I × 10−6 A V 
0.31 3.1 0.21 2.1 0.11 1.1 0.01 0.1 
0.33 3.2 0.22 2.2 0.13 1.2 0.02 0.2 
0.33 3.3 0.23 2.3 0.13 1.3 0.03 0.3 
0.34 3.4 0.25 2.4 0.14 1.4 0.04 0.4 
0.35 3.5 0.25 2.5 0.15 1.5 0.05 0.5 
0.36 3.6 0.27 2.6 0.16 1.6 0.06 0.6 
0.38 3.7 0.27 2.7 0.17 1.7 0.08 0.7 
0.39 3.8 0.29 2.8 0.18 1.8 0.08 0.8 
0.40 3.9 0.30 2.9 0.19 1.9 0.09 0.9 
0.40 4.0 0.30 3.0 0.21 2.0 0.10 1.0 

Table 3: the average values of applied voltage (V) vs current (I) 

A linear relationship was obtained from applying the experimental data by 
using Origin 8.1 (Fig. 3). 

 

Figure 3: current vs applied voltage correlation of azo derivative 5 
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Since the resistance R could be obtained from the reverse of the slope of the 
equation 1. 

y= a + bx                  (1) 

∴ � = 	 1
1.0119	×10
�Ω
� = 0.98823 × 10�Ω																				(�) 

The resistivity of compound 5 could be calculated by following equation 3 

with the same constant  of all sample 
�
�  equal 1.9625 

� = � �� 																					(�) 
∴ � = 	0.98823 × 10�Ω × 1.9625	�� = 1.939401	 × 10�Ω	��		 

the electric resistivity ρ of the azo compound 5 falls within the 
semiconductors’ category. 

The electric conductivity σ of this compound 5 is: 

" = 	 1� = 1
1.939401 × 10�#�� = 0.515623	 × 10
�Ω
���
�															($) 

To summarize, the resistances, electric resistivities and electric 
conductivities for all synthesized azo cresols 3, 4 and 5 are shown below 
(Table 4). 

Conductivity 
σ×10-7(Ω.cm)-1 

Resistivity 
ρ×107 (Ω.cm) 

Resistance 
R×107 (Ω) 

 
Compound 

0.531261 1.882312 0.959140 3 

0.515211 1.940951 0.98902 4 

0.515623 1.939401 0.98823 5 

Table 4: The electric resistivity and conductivity of synthesized azo dyes 
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Conclusion 

The targeted azo dyes were synthesized with a moderate yield and their 
structures were confirmed using a number of spectroscopic techniques. The 
electrical properties of these azo cresols were investigated and showed a 
semiconducting properties which fit in the semiconductors electric 
resistivity. 
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The Probability Density Functionof the Output Noise 
Current in Fibre Communication Network systems 

Suad M. Abuzariba1 

Abstract 

The probability density function (pdf) of the output noise current is 
calculated in fibre communication network systems. In these calculations 
the  polarization mode dispersion (PMD), polarization dependent loss 
(PDL), chromatic dispersion (CD) and the amplifier spontaneous emission 
(ASE) noise are considered. It is shown that the probability density function 
of the output noise current is  polarization dependent. 
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polarization dependent loss, polarization mode dispersion. 

1- Introduction 

The transmission stage in the optical fibre communication systems, optical 
signals inevitably suffer from impairments [1]. The fundamental limitation 
of a fibre optic communication system include fibre loss, chromatic 
dispersion and some nonlinear effects when the bit rate is relatively low (2.5 
Gbits/second or lower) [2,3]. With the development of the high bit rates (≥ 
10 Gbits/second) and more complex fibre optic communication systems, 
polarization mode dispersion (PMD) and polarization dependent loss (PDL) 
become additional obstacles in the optic fibre communication systems [4-6]. 
PMD is a random effect resulting from intrinsic (geometrical birefringence 
and intrinsic stress) and extrinsic (lateral stress, bending and twisting) 
sources and it introduces pulse broadening that can be up to 20 ps in 
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installed fibres. On the other hand, PDL causes power fluctuation and it can 
be up to 0.4 dB in fibre components [7]. Moreover, the interaction of PMD 
and PDL can cause further system impairments [6]. Another impairment 
comes from the amplifiers, that is the noise. Noise is one of the major 
impairments which degrade the system performance. In fact noise may 
include amplifier spontaneous emission (ASE), receiver noise, laser noise, 
etc. 

 A tremendous effort has been made to study PMD, PDL and their 
combined effects [8-13].  Particularly, during the propagation of the optical 
wave along the fiber, the birefringence  properties of optical fiber systems 
change its state of polarization.  

The signal-independent amplified spontaneous emission self-beat noise 
(ASE-ASE) constitutes the dominant noise source [14]. 

The signal is accompanied by the amplified spontaneous emission (ASE) 
noise generated in the amplifiers. The noise is partitioned into two 
polarization modes. The first mode has the same polarization as the signal, 
and the second mode has the orthogonal polarization. In the absence of PDL 
there is an equal amount of noise in the two modes, the noise is unpolarized. 
However, PDL modifies the amount of noise in the two modes, so that the 
noise becomes partially polarized. The two noise modes are coupled through 
polarization-mode dispersion (PMD) and through polarization changes 
induced by PDL [15].  

On the other hand, the evaluation of the state of polarization (SOP) is an 
important issue for the optical communications [16,17]. The statistical 
evolution of ASE in fibres is of practical importance, since knowledge of 
the output statistics of the ASE is, for example, necessary to accurately 
estimate bit error rate (BER) in fiber links.  

To achieve accurate estimates of the BER  the polarization state of the ASE 
must also be known [18]. We found that the probabilty density function of 
the ASE-ASE beating is clearly affected by the analysing output state of 
polarization. 
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2- Theoritical treatment 

a) Description of ASE Noise 

The ASE noise mixes with the signal and produces beat noise components 
at the square-law receiver. The ASE noise is very broadband (~40 nm) and 
needs to be carefully analyzed to evaluate its degrading effect on system 
performance [19]. 

To represent the ASE noise we can’t use Fourier series directly since the 
ASE noise is random and nonperiodic, in this case we have to find an 
orthonormal series where the coefficients are independent, but identically 
distributed random variables. This form of a series, termed the Karhunen-
Loeve expansion [20]. All filters have finite impulse responses, and then we 
can replace their input waveform with another one which coincides only in 
the time interval  �'( − *+, '(� , where *+  is the impulse response of the 
pre- and post-detection filters at the receiver. So in this interval we can 
choose any orthonormal base for the  Additive White Gaussian Noise 
(AWGN) with two sided power spectral density  -�'� where  '( − *+ < ' <
'( [21,22]. Using Fourier base we can write the quadratic detector input 
noise /�'� as 

/�'� � 0 /1	
2

13
2
4�561�7
789:;�/:; , '( − *+ < ' < '(																								�1) 

/2	 = -2=+ >2:;? ,				@ = A	B+*+																																																																						(2) 
where -2 are complex independent and identically distributed ( i.i.d.) 
Gaussian (r.v.) with zero mean and in-phase and quadrature components of 
variance C+/2*+, =+(D) is transfer function of the optical filter, A is a 
dimensionless parameter and it depends on the optical filter shape,	B+ is the 
noise equivalent bandwidth of optical filter, and *+ is the overall duration of 
the impulse response of the optical bandwidth B+ and electrical bandwidth 

BE filters defines as *+ = F( G
HI + G

HK) [20]. The dimensionless fitting 

parameter F must be determined iteratively [20]. 
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b) The system modeling 

 Figure (1) shows the makeup of our model optical system.The model 
system started with an amplifier L� introduced ASE noise 	/�1) , followed 
by a lumped  M@N�, MNO�, PN� . Another amplifier L�  introduced another 
ASE noise  /(2), this one is also followed by the second lumped  
M@N�, MNO�, PN�.  

The last amplifier   LQ gives the third ASE noise /(3). The ASE noises are 
considered as additive Gaussian noises with two-sided power spectral 
density  C+ = /RSTUGT VW , where 	/RS ≥ 1 is the spontaneous-emission or 

population-inversion parameter and ℎZ is the photon energy, ℎ is Plank’s 
constant, Z is the poton’s frequancy. We assume that L ≫ 1 so that C+ ≈/RSVW.  
An optical filter, photo-detector, and electrical filter add after that to 
complete the system.  At the end a decision circuit is presented to sample 
the current at the time  '( . 

Decision Circuit

1G 2G 3G
Optical
Filter

111 ,, CDPDLPMD 222 ,, CDPDLPMD

)1(n )2(n )3(n

Photo.
Det.

Electrical
filter

Figure (1) System Modeling

 

At the decision circuit, the instantaneous detected current is modulation 
format dependent, it can be written as 

](', '̃) = 	 12�_`-_`-́45(b́
b)7c45b́7d + 4
5b́7de=f(-́
− -)=g∗(-́)=g(-)ijklgm7(-́)njklgm7(-)o																									(3) 
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Here =f is the transfer function of the low-pass electrical filter. In our study 
we used a fifth-order Bessel type, i.e. 

=f�D� � pqr
5st9�ru
5�+rsv
q�+sw95pqrs9pqr   with 	x � 2.43D/By , By is the 3-

dB cut-off frequency [23]. The transfer function of the low-pass optical 
filter is =g. In this work the optical filter is a Fabry-Perot (FP) filter, its 
transfer function is given under the Lorentzian approximation as [24]  
=g(D) = 1/(1 + 2zD/Bg) where Bg is the 3-dB bandwidth (full-width at 
half-maximum) of the optical filter.  

In general, eq. (3) can be written as 

	](', '̃) = {|| + ({|} + {}|) + {}}																																																																(4) 
Where {|| stands for the signal-signal beating , {}}is the noise-noise 
beating and (	{|} + {}|) represents the noise-signal beating . For the noise-

noise beating   {}} = iCkklnCkklo, we can study its polarization dependence by 

projection to a specific output state |�l〉〈�l| and rewrite as {}}� = iCkkln�l〉〈�lnCkklo,  
where  �		kkkl is the analysing output state of polarization unit vector in Stokes 
space and  |�l〉〈�l| = G

w(�9�kl∙�kkl)  [25],"l  is Pauli spin matrices vector ,then 

{}}� = �
��iCkklnCkklo + �l ∙ iCkkln"lnCkklo�																																																																						(5) 

In eq. (5) the noise-noise beating has two terms, the first one is related to 
unpolarized noise and the second one is related to the polarized noise. In our 
system the optical field noise vector can be written as : 

nCkkl〉 = *�*�|/kl(1)〉 + *�|/kl(2)〉 + |/kl(3)〉																																																												(6) 
*y = exp�−zΨ����� *����(�y)*�2��(�y, -),							� = 	� = 1,2																								(7) 
where exp�−zΨ�����is the transfer function of the chromatic dispersion given 

by [26] as 

Ψ����(f) = 2π�β�f	�Oy , �� = ��N(�)
2�� 																																																																	(8) 
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where D�λ� is the fiber CD parameter, L¡ is the fiber length, and   is the 

wavelength. 

*������y�*�2����y, -� is the transmission Jones matrix [21,25] given as  

*������y� � �
���9E

U¢��9����
E
U¢����ly ∙ "l�																																																								�9) 

*�2��(�y, -) = cos >�y-2 ? − 	z sin >�y-2 ? (�ly ∙ "l)																																				(10)	 
where �ly  and �ly are the differential group delay (DGD) and the 
polarization dependent loss (PDL) vectors, respectively.  

The moment generation function of ] [26] is 

〈45R�〉 = �
�
�〈∆w〉¨5R E©Sª5R«


w〈∆w〉n¬nw®w
GUw〈∆w〉¯°®±(11) 

Where  〈∆�〉  is the variance of the noise distribution.  

The probability density function of  ] is  

�(]) = �
�6_ ²R	EU°®(³U´)µ

Uµ ¶ 1
1− 2〈∆�〉�z·

2

¸3�
	× 4¹ º »−
�〈∆w〉n¼½nwRw

�
�〈∆w〉¨5R ¾.											(12) 

 

3- Results and Discussions 

The change in  the probability density function of the noise output current 
will be monitoring as a function of the output state of polarization. If so, we 
will try also to investigate the range of the change in it.  

Figure (2) presents the probability density function of the output noise 
current as a function of the output current for system contains three ASE 
noises (equally distributed ; i.e., n(1)=n(2)=n(3)=1/3) and two sections of 
fiber, that is two PMD, PDL, CD sections, in-between the ASE noise 
sources. The total PMD value is 40ps (20ps in each section), total PDL 
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value is 1dB ( 0.5dB in each section), PMD and PDL in the same direction, 
and total CD index value is 20 (10 for each section). The CD index 	¿ 
defined as ¿ � 10
qN���O�� in the unit of 10q�LÀ/·��	º·//�, where � is 
the bit rate in Gb/s, O the fiber length which was considered, and N is the 

fiber CD parameter ( at � � 1.55F�, N��� � ��SR
Á1 /Â�). 

 

Figure (2):The probability density function of the output current against the 
output current for OOK system at different values oBgf  (Bg	* �

2.2	,1.8, 1.4).PMD=40ps, PDL=1dB, CD=20, for (a) RCP input state of 
polarization, (b) LCP input state of polarization . 

Figure (2) belonged to OOK modulation format, while figures (3) belonged 
to DPSK modulation format. In all figures the optical filter’s bandwidth has 
the same values	�	Bg	* � 1.4	,1.8,	 and 2.2). Those figures show that the 
choice of the optical filter’s bandwidth, also will affect the bit error rate via 
the probability density function of the noise output current. Moreover, the 
parameter 	A we had considered in our calculation as a dimensionless fitting 
parameter that must be determind iteratively [20,26] depending on the 

optical filter shape, when A � 1 then @ � Bg	*+ and this gives =g	 >2:;? �
=g	�Bg	� , i.e. the transfer function of the optical filter at the 3-dB bandwidth 
(full-width at half-maximum) of the optical filter. Hence, for a better 
accuracy we need to increase the values of  A even higher than one (A X 1)  
so that we are sure that all the frequency components in the spectrum are 
included, but not so large than one since that is not useful to get better 
accuracy. 



28 The Probability Density Functionof the Output Noise 

 

Figure (3): The probability density function of the output against the output current for 
DPSK system at different values of Bg (Bg	* � 2.2	,2.4, 2.6, 2.8).PMD=40ps, PDL=1dB, 

CD=20, for (a) RCP input state of polarization, (b) LCP input state of polarization. 

For the same system that we had considered in the previous section we will 
try to see if that effect has the same behaviour if we consider different 
values of the bandwidth of the optical filter. Figures (2), and figures (3), 
present the probability density function of the output current against the 
output current , for the  cases of the analysing output state of polarization 
RCP, and LCP, when we consider several values of the bandwidth of the 
optical filter	�	Bg	* � 1.4	,1.8,	 and 2.2) . The total PMD value is 40ps (20ps 
in each section), total PDL value is 1dB (0.5dB in each section), both PMD 
and PDL in the same direction, and total CD index value is 20 (10 for each 
section). 

Now we will turn to see the ASE noise more closely. For the same system 
that we considered, and also with the same values of PMD, PDL, and CD 
index values; our goal in this subsection is to see if there is any effect of the 
strength distribution of the noises. For this purpose, figures (4) are working 
with OOK modulation format and with optical filter that has a bandwidth of 
Bg* � 1.8  while PMD value is 40ps (20ps in each section), total PDL 
value is 1dB (0.5dB in each section), both PMD and PDL in the same 
direction, and total CD index value is 20 (10 for each section). 
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The electrical filter’s bandwidth takes the value that satisfied the relation 
	BE* � 0.65. As before, in figures (4) we consider the cases of the analysing 
output state of polarization; RCP, and LCP. In both cases we ignored the 
first noise in the system 	/�1� first and then we did the same thing for the 
third noise  

	/�3� , in both cases we evaluated the probability density function of the 
output. As it is shown in Figure (5), the probability density function in the 
two situations are different, that is because partially polarized noise is due to 
the PDL distribution, and the first noise is followed (in our system under the 
study) with PDL element, whereas the third one is not. 

 

Figure (4): The probability density function of the output against the output 
current in the cases of finishing the first noise and finishing the last noise 
(Bg	* � 1.8, BE* � 0.65).PMD=40ps, PDL=1dB, CD=20, for (a) RCP 

input state of polarization, (b) LCP input state of polarization . 

4- Conclusion 

We quantitatively showed that the  probability density function of the output 
noise current in the fibre communication network systems has a polarization 
dependent even with considering polarization mode dispersion,  polarization 
dependent loss, chromatic dispersion.  
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Abstract 

The aim of this study was isolation of indoor air fungi in Tummina village 
and Misurata downtown homes. Forty samples were taken from kitchens 
and bathrooms, during winter and summer seasons 2012.  Direct isolation 
technique was applied with exposed for an hour on Czapek’s agar media. 
The isolated fungal genera were; Alternaria, Aspergillus, Cladosporium, 
Ulocladium, Stemphyllium, Penicillium, Mucor, Fusarium, Trichoderma. 
Botrytis and Rhyzopus. A total of 1192 and 1801 colonies of 11 genera of 
fungi were identified at winter and summer respectively. The most common 
fungi isolated were Aspergillus, Alternaria, Penicillium, Fusarium, 
Stemphillium, Ulocladium andCladosporiumwhile, Mucor; Botrytis, 
RhizopusandTrichodermashowed the least frequencies among the isolated 
fungi. The results also indicated the differences between fungus, abundances 
of fungi and seasonality of air spores between kitchens and baths of 
Tummina and Downtown during the summer and winter seasons. The public 
health importance of the isolated fungi and hygienic measures for protection 
from indoor air fungal pollution were discussed.  
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Introduction 

Environmental pollution is one of the most important issues in the world 
today. Environmental pollution, including outdoor and indoor pollution, was 
known for many decades. Environmental pollution includes the pollution of 
ambient air; water; soil; housing; wastes and the effects of ionizing and non-
ionizing radiation. Health can be negatively affected by all types of 
environmental pollution. The outdoor and the indoor environments are 
linked. Man spends around 85 - 90% of a day indoor. There are category of 
population like infants and young children, elderly people, sick people and 
convalescent which spend 100% of a day time indoor. The indoor 
environment has several aspects that are of importance. One aspect is linked 
to the chemical pollution of the indoor air. Fungal contamination has been 
known in the etiology of respiratory allergic diseases. This contamination 
often contributes to building-related diseases, including both infections and 
hypersensivity diseases, such as allergic, in addition, acute toxicosis and 
cancer have been attributed to respiratory exposure to mycotoxins ( Khan 
and Karuppayil, 2012  ).  

Vulnerable groups are represented by children, pregnant women, and elderly 
persons over 65 years of age, persons suffering of asthma or other 
respiratory diseases and persons suffering from cardiovascular diseases. 
Immunodeficiency may render people more vulnerable especially for 
biologic pollutants (Sher, 2007). In the indoor environment there are various 
sources of pollutants like: heating and cooking appliances, open fires, 
building and insulation materials, furniture, fabrics and furnishings, glue, 
cleaning products and other consumer products (Harrison, 2002). 
A lot of diseases can originate in the indoor environment. Environmental 
immunologic diseases are both allergic and non-allergic (Ledford, 2002). 
Moreover in the past years an increasing incidence of sensitization to fungi 
has been reported (Sharma and Patil,  2012). Indoor air quality has become 
an important health concern and susceptible persons have a high chance of 
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response to minute concentration of an allergen maltese allergens (Ellis and 
Ellis, 1985) Considering the fact that an allergic reaction may occurred 
indoor could create health risk for atopic individuals occupying such a 
building. Although there are several reports on the presence of fungi in the 
air of some cities (Barnett, 1960) there is not any special focus on home 
environment for airborne fungi. 
This study aimed to identify fungi indoor air Tummina and Misurata 
downtown homes , Libya, in order to determine the fungal pollution that 
causes Sick Building Syndrome (SBS) for the accompanying sickness 
symptoms. 

Materials and Methods  

Site description: TumminaVillage and downtown homes of Misurata were 
chosen to collect samples during the summer and winter seasons. 
Temperature in the summer is hot rangedfrom 35 to 40◦C, in winter, usually 
temperature rangedfrom 16 to 25◦C while  air relativehumidity ismoderate 
(55-65%).  

Samples collection, isolation and identification of fungal species: The 
airborne fungal spores were collected by sedimentation method,according to 
Polish Standards (1989)during the summer and winter season in year 2012.  
Forty’s samples were collected from baths and kitchens of Tummina and 
downtown homes. Opened peteridishs plate containing Potato Dextrose 
Agar (PDA) with Penicillin and streptomycin sulphate were add to the 
media in order to inhibit the growth of bacteria. The plates were incubated at 
27-30˚C for 7days. Fungi were identified up to the genus level. The fungi 
were identified by mycological techniques based upon their morphology 
according to (Moubasher, 1993, Ellis and Ellis , 1985; Barnett, 1960 and 
Rapper and Fennell, 1956).   

Results 

The fungal genera identified from Tummina village and Misurata downtown 
homes –Libya by using direct isolation technique. During the investigation 
1192 and 1801 colonies with 11 genera of fungi were identified during 
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Figure (1 ) the average number of some fungi species found in Baths  of 
Tummina and downTown during summer and winter 

Summer Winter

winter and summer respectively. The most common fungi isolated were 
Aspergillus, Alternaria, Penicillium, Botrytis, Cladosporium, Fusarium, 
Mucor, Penicillium, Rhizopus, Stemphyllium, Trichodermaand Ulocladium. 
Both Botrytis and Trichoderma showed the least frequencies among the 
isolated fungi from baths whereas RhizopusandTrichodermawere the least 
among the isolated fungi from kitchens. 

The total number of frequently isolated Fungi was collected as well as the 
total of isolates in both baths and kitchens of Tummina and downtown 
homes-Misurata. It was divided by calculating the average of frequencythen 
distributed to four categories as follow (Tables 1 and 2): 

I (> 10%), II (7-10%), III (4-7%) and IV (< 4%) 

From the date presented in Tables(1 and 2) it can be seenthat: The most 
frequently isolated fungal genera in baths and Kitchens of Tummina and 
Downtown homes areAspergillus, Alternaria, Penicillium and 
Cladosporium . 

The total number of isolatedfungi collected from baths (1065) and kitchens 
(895) of Downtown homes werein general higher than the number of 
isolated generacollected from baths (533) and kitchens (479) of Tummina 
homes.  

The total number of colonies collected from baths (696) and kitchens (1105) 
of Tummina and downtown homes during the summer season were higher 
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Isolated 
fungi genera 

Number of isolated fungi 
Baths (%) 

Means 
% 

 
 

Group 
Tummina Downtown 

Summer Winter Summer Winter 

Alternaria 
49 

(12.3)% 
31 

(19.9)% 
59 

(9.2)% 
39 

(9.2)% 
178 

(12.7)% 
I 

Aspergillus 
92 

 (23.2)% 
53 

(34.0)% 
176 

(27.5)% 
75 

(17.6)% 
396 

(25.6)% 
I 

Botrytis 
2 

(1.5)% 
0 

(0.0)% 
3 

(0.5)% 
0 

(0)% 
5 

(2.7)% 
IV 

Cladosporiu
m 

28 
(7.1)% 

14 
(5.1)% 

146 
(22.8)% 

129 
(30)% 

317 
(16.3)% 

I 

Fusarium 
22 

(5.5)% 
13 

(2.6)% 
30 

(4.7)% 
21 

(4.9)% 
86 

(5.9)% 
III 

Mucor 
19 

(4.8)% 
0 

     (0)% 
11 

(1.7)% 
5 

(1.2)% 
35 

(1.9)% IV 

Penicillum 
116 

(29.2)% 
15 

(9.6)% 
133 

(20.8)% 
98 

(23.0)% 
362 

(20.7)% 
I 

Rhizopus 
11 

(2.8)% 
4 

(2.6)% 
26 

(4.1)% 
18 

(4.2)% 
59 

(3.4)% 
IV 

Stemphyllium 
24 

(6.0)% 
7 

(4.5)% 
9 

(1.4)% 
11 

(2.6)% 
51 

(3.6)% 
IV 

Trichoderma 
13 

(3.3)% 
0 

(0)% 
27 

(4.2)% 
17 

(4)% 
57 

(2.9)% 
IV 

Ulocladium 
17 

(4.3)% 
11 

 (7.1)% 
19 

(3.0)% 
13 

(3.1 
40 

(4.3)% 
III 

Sum of total 
isolates of 

each seasons 
 

397 156 639 426 

 

Sum of total 
of isolates in 
each place 

533 1065 

compared to the number of isolated colonies collected from baths (336) and 
kitchens (856) of Tummina and downtown during the winter season (Fig. 1). 

 
Table (1) :The frequency of fungal genera isolated from bathsof Tummina and 
Misurata downtown homes 
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Depending upon their frequency of appearance and the number in the 
sample genera were grouped as “major components” and “minor 
components”. Major component include most frequently encountered genera 
as Aspergillus (25.6%); Penicillum (20.7%);Cladosporium(16.3%) 
andAlternaria(12.7%) whereas Mainer component include most frequently 
encountered genera likeStemphyllium(3.9%),Rhizopus(3.4%),Trichoderma( 
2.9%), Botrytis (2.7%) andMucor (1.9%) were isolate from baths of 
Tummina and Misurata downtown homes. For kitchens, the major 
component were Aspergillus(30.7%);Penicillum(22.0%),Alternaria (14.6) 
andCladosporium (10.6) while the miner components 
wereFusarium(3.9%),Rhizopus 
(3.6%),Trichoderma(3.1%),Ulocladium(2.9%)and Botrytis (0.5%). 
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Table (2): The frequency of fungal genera isolated from Kitchensof 
Tummina and Misurata 000d1owntown homes 

I (> 10%), II (7-10%), III (4-7%) and IV (< 4%) 

The percentage of various components in baths and kitchens of Tummina 
and downtown homes, during winter and summer seasons, are presented in 
(Fig. 3 and 4). According to the result illustrated in Fig.(3)Ulocladium, 

Isolated 
fungi genera  

Number of isolated fungi 
Kitchens (%) 

 
 
 
Means 

 
 
 
Group 

Tummina Down town 

Summer Winter Summer Winter 

Alternaria 
48 

(16.1)% 
38  

(21.1%) 
52 

(11.2)% 
43 

(10)% 
143 

(14.6)% 
I 

Aspergillus 
83 

(27.8)% 
68 

(37.8%) 
113 

(24.2)% 
142 

(33.0)% 
338 

(30.7)% I 

Botrytis 
2 

(0.4)% 
3 

(1.7%) 
4 

(0.9)% 
2 

(0.5)% 
11 

(0.9)% 
IV 

Cladosporium 
16 

(5.4)% 
9 

(5%) 
78 

(16.7)% 
66 

(15.3)% 
169 

(10.6)% 
I 

Fusarium 
12 

(4.0)% 
9 

(5%) 
24 

(5.2)% 
7 

(1.6)% 
52 

(3.9)% 
IV 

Mucor 
7 

(2.3)% 
3 

(1.7%) 
12 

(2.6)% 
8 

(1.9)% 
30 

(2.1)% 
IV 

Penicillum 
76 

(25.4)% 
28 

(15.6)% 
109 

(23.4)% 
101 

(23.5)% 
314 

(22.0)% 
I 

Rhizopus 
9 

(3.0)% 
0 

(0%) 
29 

(6.2)% 
23 

(5.3)% 
61 

(3.6)% 
IV 

Stemphyllium 
18 

(6.0)% 
16 

(8.9%) 
14 

(3.0)% 
19 

(4.4)% 
67 

(5.6)% 
III 

Trichoderma 
15 

(5.0)% 
0 

(0%) 
18 

(3.9)% 
15 

(3.5)% 
48 

(3.1)% IV 

Ulocladium 
13 

(4.3)% 
6 

(3.3%) 
13 

(2.8)% 
4 

(0.9)% 
36 

(2.9)% 
IV 

Sum of total 
isolates of 

each season 
 

299 180 466 430 

 

Sum of total 
of isolates in 
each place 

479 895 
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Mucor and Aspergilluswere the most abundant isolated fungal that 
constituted 30%, 23% and 18% (respectively) of the total fungal isolated 
from Downtown baths, represented in 10 genera. Alternaria was less 
abundant genera compared with Ulocladium, it constituted 
9%,Stemphillium(5%),Fusariumand Botrytis (4%)Rhizopus and Tricoderma 
(3%); Penicillium(1%) showed the least frequencies among the isolated 
fungi. Cladosporium(0%) were not recoded among the fungi isolated. For 
fungi isolated from Tummina bath, AspergillusandAlternaria were the most 
abundant isolated fungi which constituted 34%, 20% and 10% 
respectively.Penicillium (10%), Botrytis (9%), Fusarium (8%),Ulocladium 
(7%), were less frequent, while genera of Cladosporium (5%), 
Stemphillium(4%) andRhizopus(3%) showed  the least frequencies among 
the isolated fungi that represented in 9 genera . Genus of Mucor (0%) 
andTricoderma (0%) were not recoded among the fungi isolated. 

 

Fig. (3) Frequency and percentage of fungal isolates collected from 
Baths of Tummina and downtown during winter season. Frequency 

expressed as: I (> 10%), II (7-10%), III (4-7%) and IV (< 4%) 
 

Data in Fig. (4) showed that Aspergillus (38%), Alternaria(21%) 
andPenicillium (15%) recorded the highest percentages among the isolated 
fungi while Stemphillium (9%) was less frequent compared with 
Aspergillus.Stemphillium (4%);Fusarium and Cladosporium 
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(5%),Ulocladium (3%), Botrytis and Mucor (2%) showed the least 
frequencies among the total fungal isolated, from Downtown Kitchens, 
represented in 10 genera. Rhizopus and Tricodermagenus were not recorded 
among the fungi isolated.Data represented in Fig.(4) illustrated that, 
Aspergillus(33%), Alternaria (24%) andCladosporium (15%)  were the 
most abundant and they had record high percentage among the total fungal 
isolated, from Tummina Kitchens, represented in 9 genera. AlternariaGenus 
of was less frequent. it constituted about 10%. Rhizopus(5%)Tricoderma 
and Stemphillium(4%),Fusarium and Mucor(2%) andUlocladium(1%) were 
the least abundant amongthe fungi isolated. Genera ofBotrytiswas not 
record. 

 

Fig. (4) Frequency and percentage of fungal isolates collected from 
kitchens of Tummina and downtown during winter season. Frequency 

expressed as: I (> 10%), II (7-10%), III (4-7%) and IV (< 4%) 
 

Results in Fig.(5)showed that frequencies of fungi in baths of Tummina and 
Downtown homes during the summer,represented in 11 genera. 
Therefore,Aspergillus (28%), Cladosporium (23%) Penicillium (21%) were 
the most abundant fungi whereas Alternaria (9%), Fusarium (5%), 
Rhizopusand Tricoderma (4%), Ulocladium (3%), Mucor(2%) and 
Stemphillium (1%) were less frequent genera isolated from kitchens of 
Downtown, represented in 10 genera . Genus of Botrytiswas not recoded 
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among the isolated fungi. Fungi isolated from Tummina bath, 
Penicillium(29%), Aspergillus (23%), and Alternaria (12%) were the most 
abundant isolated fungi, whileStemphilliumandFusarium (6%), Mucor (5%) 
Ulocladium (4%), Rhizopus,Tricoderma (3%) and Botrytis (2%) were the 
least frequencies among the fungi isolated from Tummina kitchens.   

 

Fig. (5) Frequency and percentage of fungal isolates collected from 
baths of Tummina and downtown during summer season. Frequency 

expressed as: I (> 10%), II (7-10%), III (4-7%) and IV (< 4%) 
 
Data shown in Fig. ( 6 ) illustrated frequencies of fungi isolate from 
Downtown and Tummina kitchens, represented in 11 genera, during 
summer seasons.  For downtown home, the most furnaces genera were 
Aspergillus, Mucor , Alternariaand Botrytis were the most abundant genera. 
They constituted 24, 23, 17 and 11% respectively. Ulocladium (6%); 
Rhizopus(5%); Stemphillium(4%); Cladosporium,  PenicilliumandFusarium 
(3%) and Tricoderma (1%) were the least frequencies among the fungi 
isolated. In the kitches of Tummina, the most abundant genera were 
Aspergillus, Penicillium, Cladosporium andAlternariawere the most 
abundant genera. They Botrytis constituted 24, 23, 17 and 11% respectively. 
Rhizopus(6%);Fusarium (5%); Tricoderma (4%) Ulocladium, Mucor and 
Stemphillium (3%) and Botrytis (1%) were the least frequencies among the 
fungi isolated. In the kitchens of Tummina, the most abundant genera were 
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Aspergillus, Penicillium andAlternaria they constituted (28%), (26%) and 
(16%) among the isolated fungi while Stemphillium(6%), Tricodermaand 
Cladosporium(5%); Fusarium and Ulocladium (4%), Rhizopus (3%), 
Mucor(2%) and Botrytis (1%) shown the least frequencies among the 
isolated fungi that represented in 11 genera. 

 

Fig. (6) Frequency and percentage of fungal isolates from kitchens of 
Tummina and downtown during Summer season. Frequency expressed 

as: I (> 10%), II (7-10%), III (4-7%) and IV (< 4%)  
 

Discussion 

Results of this study showed that Aspergillus was the most common fungi 
recovered in Kitchens  and bath, the result are in agreement with ( Unluetal., 
2003 and Dharmageet al., 2002), of Downtown and Tommina during 
summer and winter seasons. Aspergilluswas the common fungi probably 
due to their thermo tolerant ability (Hedayatietal., 2005). Infections by 
Aspergillus species can occur, especially when exposed to high dose, lead to 
asthma, allergy or hypersensitivity pneumonitis. Infection by 
Hypersensitivity pneumonitis, a particular form of granulomatous lung 
disease, is a syndrome caused by inhalation of large concentrations of dust 
containing organic material including fungal spores, is generally an 
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occupational hazard in agriculture, but has been reported in individuals 
exposed in the home (Flannigan et al., 1991). 

According to the results of this study, Alternaria, 
PenicilliumandCladosporium, represented  in baths of Tummina and 
Downtown homes and  also classified as the major componentwhile in 
kitchens of Tummina and Downtown homes, the major components of 
frequently encountered genera as Aspergillus, Alternaria and Penicillium. 
Distribution and abundenss of fungi in different place in the house 
controlledby moisture, nutrients and temperature which are the most 
important factors that influence the growth of fungi (Rajasekar and 
Balasubramanian, 2011). The requirement for moisture and temperature 
depends on the fungal genus or species. Therefore, abundances of 
Pencillium andCladosporium in the bath and the abundance of Alternaria in 
kitchen is probably due to the moisture and temperature factors. itis well 
known that spores of species of Cladosporium, Alternaria  andPencillium 
can cause health problems.  

Alternaria spp.it is known to be allergenic and can cause hypersensitivity 
pneumonitis.  It may also cause nasal and subcutaneous infections 
(Reineriaet al., 1998) 

Pencillium is toxigenic fungihave been isolated from baths and kitchens. 
Research reported by  Gottschalk et al., ( 2008) and  Bonettaet al., ( 
2010).Pencillium spp.  are toxigenic fungi have been isolated from building 
materials and air samples in buildings with moisture problems, where 
theresidents have suffered from nonspecific symptoms possibly related to 
mycotoxin production, such as cough, irritation ofeyes, skin, respiratory 
tract, joint ache, headache and fatigue. 

Mucor found in kitchens and baths, is fast grown opportunistic and is 
considered a mild allergen. 

The result of the study indicated that the highest number of fungi was found 
in baths followed by kitchens. Also, the number of fungi wasin densely 
populated area (downtown homes)than in less populated area, this result an 
agreement with Gashgariand Soadi(2006)and Bokhary and Parverg (1995), 
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suggesting that the modern building system, usuallycommon in downtown, 
promote fungi growth due to provide desired temperature and utilizing air 
conditioner instead of neutral ventilation which encourage fungi growth.   

Data presented in this study revealed that, frequency of fungi were higher in 
the summer season than in the winter. Also during the summer season,data 
of this study clarified that,   variation of fungi genera were higher in 
kitchens and baths of Downtown and Tommina (11 to 10 genera were 
represented) compared to the number of genera that isolated from downtown 
and  Tummina baths during summer (the number of represented genera were 
10 and 9)of fungi  suggesting that human activity and temperature may 
influence on frequencies of fungi during the year. It is clear from 
theliterature that the ecology of an area, the climaticfactors, the vegetation 
and the microclimate (s) aswell as human activities may have a major 
influenceon seasonality of air-spora (Hedayatiet al., 2005). 

Conclusion: indoor air fungal pollution in baths and kitchens of Tummina 
and downtown home – Misruata are varied in fungi genus composition, 
abundance and seasonal fluctuation. hygiene measures such as hand 
washing, surface cleaning, using disposable paper towels must be applied 
for protection from fungal pollution in Misurata 
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Abstract 

Acetyl -salicylic-acid is the bio -active ingredient of  Aspirin. Active 

ingredient of five brands of Aspirin was assessed by using back titration 

method. The values for the content showed that Brands 01, 03 and 05 had 

106%, 104% and 101%, respectively, comply within specified range of 90% 

to 110% asstated in USP standard, however, Brand 02 and Brand 04 showed 

values 86.66% and 120%, respectively, which did not meet with the USP 

standard limit hence both Brands are rejected asper-testing and not 

recommended for these llin-Pharmacy Stores and use in med practice as per 

USP standard limit. 

Keywords: Aspirin, bioactive ingredient, assay, back titration method, 

United States Pharmacopeia(USP). 
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INTRODUCTION  

Aspirin (2-acetoxybenzoic acid) is  acetylsalicylic acid (ASA), a non-

steroidalanti-inflammatorydrugthatisaderivativeofsalicylicacid [1-3].Itis 

oneofthemostwidelyusedandprescribedanalgesic,antipyreticandanti-

inflammatory agents [4].Because of its ability to bind irreversibly to blood 

platelets and inhibit platelet aggregation, aspirin is used prophylactically to 

prevent thromboembolic diseases [1-3]. 

In spite of drug side effects, aspirin is widely used for its multipurpose 

applications, a number of modifications have been carried out to overcome 

this problem [3]. Aspirin was introduced into medicine by dresser in 1899. It 

is prepared by treating S.A (salicylic acid) with acetic anhydride [ 1 ] . Most 

aspirin tablets contain a small amount of binder which is chemically inactive 

and was intentionally added by the manufacturer, but its presence means that 

aspirin tablets do not have 100% purity. Moreover, moisture can hydrolyze 

acetylsalicylic acid, thus, aspirin which is not kept dry could be hydrolysis 

resulting in decomposition. Acetic acid and salicylic acid is the hydrolysis 

product formed by  the reaction  of water with acetylsalicylic acid [1]: 

OH

O

O

O

OH

OH

O

+
OH

O
H2O

Aspirin Salicylic acid Acetic acid  

The hydrolysis of aspirin involves the cleavage of a covalent bond between 
a carbon atom and oxygen atom. These reactions usually happen in the 
presence of water but happen much faster when either an acid or an alkali is 
present. Acids, alkalis and certain enzymes, which are capable of supplying 
the hydrogen or hydroxyl ions to the reaction mixture, catalyze this 
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hydrolysis. The alkaline hydrolysis of ester is irreversible whereas the acid 
hydrolysis is reversible [4]. Salicylic acid and all the salicylates cause 
severe toxicity. Aspirin  is weak acid and aspirin without other acidic 
impurities can be titrated directly by using a base and purity of aspir in can 
be determined in easiest way. However, there exists a possibility of presence 
of some acid impurities due to hydrolysis of aspirin as shown in reaction on 
contact with the atmospheric moisture in improper packaged  tablets or due 
to other factors and the direct titration method gives incorrect acid-base 
neutralization results i.e. purity results of aspirin tablets. Therefore, in the 
present study, the assessment of bioactive ingredient of the Aspirin tablets of 
different brand collected from reputed pharmacy stores of Libyan cities was 
done by using ‘back titration method’ instead of using direct titration 
method and the results were compared with the standard limits as stated in 
literature. 

MATERIALSAND METHODS 

Five brands of Aspirin tablets of following acetylsalicylic strengths were 

obtained from local renowned pharmacy stores of Zliten and Alkhoms cities 

of Libya. 

Brand01: Strength100mg Brand02: Strength75mg Brand03: 

Strength100mg Brand04: Strength100mg  

All chemicals are used of AR grades for the preparation of 0.1M Sodium 
hydroxide, Ethanol,0.1M Hydrochloric acid, Phenolphthalein Indicator. DI-
water was used for the preparation no fall reagent sand drugs solutions. 
Standard glass wares used are Beakers (50ml-250ml), Burette (50ml), 
Funnels, Test tubes, Pipettes (1ml-25ml),Clamps and, Measuring cylinder, 
Stirring rod and Erlenmeyer flasks, Water-bath. 

Back titration method [5] was used for the assessment of bioactive in gradient 
i.e. acetylsalicylic acid content of each brand of Aspirin. Mass off our tablets 
of each brand of aspirin recorded and prepared affine powder of each brand of 
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tablets separately by using a mortar and pestle. The weighed amount of 
powdered samples transferred in a125 ml Erlenmeyer flask and a 10ml of 
ethanol is added and stirred followed by addition of 25ml of water to dissolve 
the powder substance. Three drops of phenolphthalein indicator is added in 
flask solution and mixed well. This solution was titrated with slow addition of 
0.1M Na OH filled in burette till the appearance of light pink color 
(endpoint)of the solution. The same quantity of aspirin powder was 
hydrolyzed with the two times volume of the Na OH used in first titration 
plus as per required extra volume of Na OH to complete hydrolysis of 
remaining acetyl salicylic acid content, if remained, for10min at 50-55 ◦C. 
The excess amount of Na OH is determined by back titration with 0.1M HCl. 
The used volume of Na OH in hydrolysis was calculated and recorded. The 
results were recorded in triplicate for each brand of aspirin 

RESULTSANDDISCUSSION  

The results of all five brands of aspirin are given below: Data: 

ASPIRINBRAND01 

Tablets Mass of four tablets before grinding: 0.52g 

Mass of the powdered tablets usedforanalysis:0.13g   for each trial. 

Total Volume of Na OH used in titration during hydrolysis (average of three 

trials):16.0ml(0.0016M) 

Total volume of H Cl is used in back titration (average of three trials):10.1 

ml(0.00101M) 

Number of moles of Na OH used in hydrolysis of active ingredient= 

Number of moles of acetyl salicylic acid (C9H8O4) neutralized=0.00059M 

Amount of Active Ingredient found in Product Tested= 0.00059x180.16 g= 

0.106g=106mg 
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Amount of Active Ingredient given on label of packing: 100mg 

Difference in purity: + 6% 

Data: ASPIRINBRAND02 

Tablets Mass off our tablets before grinding: 0.56 g 

Mass of the powdered tablets used for analysis:0.14g for each trial 

Total Volume of Na OH used in titration during hydrolysis (average of three 

trials): 17.2 ml(0.00172M) 

Total volume of HCl is used in back titration (average of three trials):13.6 

ml (0.00136M). Effective volume of Na OH used in hydrolysis of active 

ingredient = Number of moles Acetyl salicylic acid (C9H8O4) 

neturalized=0.00036M 

Amount of Active Ingredient found in Product Tested= 0.00036x180.16 g= 

0.065g= 65mg 

Amount of Active Ingredient given on label of packing:75 mg 

Difference in purity: -13.3%. 

Data: ASPIRINBRAND03 

Tablets Mass off our tablets before grinding: 0.52g 

Mass of the powdered tablets used for analysis:0.13g for each trial 

Total Volume of Na OH used in titration during hydrolysis (average of three 

trials):21.6ml(0.00216M) 

Total volume of HCl is used in back titration (average of three trials): 

15.8 ml(0.00158M) 
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Number of moles of Na OH used in hydrolysis of active ingredient= 

Number of moles Acetyl salicylic acid(C9H8O4)neutralized =0.00058M 

Amount of Active Ingredient found in Product Tested= 0.00058x180.16 g= 
0.104g= 104mg 

Amount of Active Ingredient given on label of packing:100 mg 

Difference in purity:+ 4%. 

Data: ASPIRINBRAND04 

Tablets Mass off our tablets before grinding: 0.64g 

Mass of the powdered tablets used for analysis:0.16g for each trial 

 

Total Volume of NaOH used in titration during hydrolysis (average of three 

trials):15.4ml(0.00154M) 

Total volume of H Cl is used in back titration(averageofthreetrials): 8.7 

ml(0.00087M) 

Moles of NaOH used in hydrolysis of active ingredient: 0.00067M 

 

Number of moles of Na OH used in hydrolysis of active ingredient = 

 

Number of moles Acetyl salicylic acid(C9H8O4)neturalized =0.00067M 

 

Amount of Active Ingredient found in Product Tested= 0.00067x180.16 g= 

0.120g=120mg. 

Amount of Active Ingredient given on label of packing : 100mg 
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Difference in purity: +20%. 

 

Data: ASPIRINBRAND05 

 

Tablets Mass of three tablets beforegrinding:0.76g 

 

Mass of the powdered tablets usedforanalysis:0.19g   for each trial 

 

Total Volume of Na O H used in titration during hydrolysis (average of 

three trials):21.2ml(0.00212M) 

Total volume of HCl is used in back titration (average of three trials):15.6 

ml(0.00156M).  

Number of moles of NaOH used in hydrolysis of active ingredient = 

Number of moles Acetylsalicylic acid (C9H8O4) neutralized=0.00056M 

Amount of Active Ingredient found in Product Tested= 0.00056x180.16 g= 

0.101g= 101mg 

Amount of Active Ingredient given on label of packing=100mg 

 

Difference in purity:+1% 

 

The comparative chart of estimated amount of bioactive ingredient found in 

different commercial brands of aspirin of local Libyan markets is given in 

Table1. 
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Table1:Comparative results of amount of active ingredient found in different 

commercial brands of Aspirin: 

 

*failed in test and rejected as per USP standard limit.  

 

Libya with many developing countries suffers from the lack of documented 

national drug policy which makes many problems through the health 

Tunisia and Algeria, on the west, Niger and Chad on the south Sudan and 

Egypt on the east. All borders reopened rounding the country so  the 

problem of fake/counterfeit drugs increasing. The problem of 

fake/counterfeit medicines was first addressed at the international level in 

1985’s. It has been introduced into  the Libyan  private market at  the 

beginningofyear2003thenitbecomesabigissue,thesituationof this problem has 

come on scene, during that time many item so medicines were introduced 

AspirinBrand  

Labelled 

Amountofactive ingredient 

(mg) Found %Puri ty 

Difference 

 

1.Brand01 

 

100 

 

106 

 

+06.00 
 

2.Brand02 

 

75 

 

65 

 

-13.34* 
 

3.Brand03 

 

100 

 

104 

 

+04.00 
 

4.Brand04 

 

100 

 

120 

 

+20.00* 
 

5.Brand05 

 

100 

 

101 

 

+01.00 
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illegally, and samples of such medicines were noted tested by the 

Pharmaceutical control laboratories, and work spread in the black market in 

this field which is well known as very sensitive field. The present study was 

under taken with view to test different  aspirin brands available in reputed 

Libyan pharmacy store to check their bioactive ingredient sand to know 

whether their purity is under limit of International standards [6,7]. 

ActiveingredientofAspirintabletsisacetylsalicylicacid.Thequantity of acetyl-

salicylic acid could determine the purity of the aspirin by a simple titration 

of  the commercial  available different brands of  aspirin tablets sample with 

sodium hydroxide. However, if acid impurities are present, titration of the 

aspirin will neutralize not only the acetyl salicylic acid but the acid 

impurities as well. The titration of anim pure sample of aspirin will yield 

the conjugate bases acetate on, salicylateion, and acetyl salicylateion. Of 

these, only the acetyl salicylateionis an ester. It will react with additional 

base reasonably rapidly at elevated temperatures. In such situation, a‘back 

Titration method’ [5]gives correct estimation of acetyl salicylic acid 

content, the bio active ingredient of aspirin tablets. In this method, measured 

amount of the reagent, which would normally be the titrant, is added to the-

analyte samples othere is aslight excess of reagent present. After this reagent 

reacts completely with the analyte ,the amount of excess (un-reacted) 

reagentis determined by titration within other standard solution. 

The results indicated tha Aspirin Brands 01,03 and 05 had 106%,104% and 

101%,respectively,bio active ingredient which comply within specified 

range of 90% to 110% asperstated in USP standard [6] however, Brand 02 

and Brand 04 showed values 86.66% and 120%, respectively which did not 

meet with  the USP standard limit and showed significant decrease or 
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increase amount of active ingredient as noted  on label on the shield 

packing. There appeared no finding of salicylic acid and other degradable 

products of aspirin in each case of Aspirin brand. It concludes that Brand 

02andBrand04arenotwellsuits and recommended to reject for the sell in 

Pharmacy Stores. It is also recommended that ‘Quality control tests’ for 

drugs must be continued after being dispensed to the pharmacies for 

marketing [6,7]. 
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Mixing of Flows Within Individual Cells 

Fatma A. Zaggout1 

Abstract 
We have investigated the transport of the scalar in large–scale fields, and the 
approximation of transferring heat across the boundaries in square cells. 

Within individual cells, in  large–scale fields, our results reveal that the 
transport of the scalar is completely controlled by the flux of heat through 
the boundaries. 

Keywords : Heat Flux , transport of scalar. 

1- Introduction 

Modern steps in the understanding of the passive scalar transport recently 
have been made by Labedev & Turitsyn (2004), Salman & Haynes (2007) 
and Chernykh & Lebeder (2008). 

These authors made the key observation that near to a no- slip boundaries 
the effective time scale of mixing becomes very long and the resulting 
boundary layer can control the mixing of passive scalar by acting as a 
reservoir, slowly releasing the scalar into the bandy of the flow, where 
mixing occurs more rapidly. 

However, the recent numerical work of El Omari & Le Guer (2010) 
considers decay of temperature within a two- rod mixing device under 
various protocols for rotating the rods. In their study, El Omari & Le Guer 

                                                 
1Department Mathematics, Faculty of Science, Misurata university, P O Box 2478, 
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identified that the heat transfer is controlled by the boundary layers on the 
no - slip boundaries . 

 

The Aim:  

In this project, with Dirichlet condition )0( =σ  our interest is in 

understanding how much heat can be transferred between the cells of the 
flow in the presence of the no-slip (u=0) boundaries. 

Specifically, we aim to establish links between the decay rate of  the flow 
with Dirichlet )0( =σ  conditions on the boundary and the transport of the 

scalar field over large scales. 

2- Materials and discussions 

We begin this project by considering the advection – diffusion equation  

+
∂
∂

t

σ
u σσ 2. ∇=∇ k  .                                       (1) 

For the concentration field (σ r ),t advocated passively by a specified 

incompressible velocity field u, so that .∇ u 0= , and diffused with 
diffusivity 0>k ; k is the diffusion coefficient. 
Our starting point is to consider heat transfer over many fields in periodic 
flows in an infinite plane layer. In the layer that is statistically 
transnationally invariant in x let us consider a square cell D of side L . 
(Fig. 1)*. 
We use a formalism of Bloch wave numbers M and N for the flows 
considered in a square cell. Actually, we consider scalar fields of the general 
form. 

(σ r ),t ccete
nm

inyimx
nm

iNyiMx .)(
,

,

^

+= ∑ ++ σ                              (2) 

c.c denotes  the complex conjugate. 
with 2/1,0 ≤< NM  . This equation gives the full scalar field which has 

period of M/2π  in x- direction and N/2π in the y - direction. 
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Suppose now the scalar field σ is given by  
txiM ee γσ −′≅                                                                    (3) 

Where we are taking 0=N  and using (3) to give the well-mixed value in 
the interior of each square, at Lnx = ; L is the side of the square cell. Note 

that ""γ  denotes the decay of the scalar in the cell and N is the Block wave 

number in y direction. 
Now, considering the cells of the flow to be the squares A , B and C (Fig. 

1), and denoting the value of the well-mixed scalar in the cell A by nσ . 

This will be the same amount for the top and bottom cells, while it is 1+nσ
and 1−nσ for the right and lift ones; C  and B ; respectively. 

We have now tiMLn
n ee γσ −≅ , and let S  be the total scalar in the cell.  

* The axes x and y are rotated by 4/π and translated to ,2/(π )2/π−  where the 

corner in this case becomes )2/,2/(),( ππ −=yx or )0,0(`)`,( =yx and `x is along 

the layer. 

∫∫=
LL

dSS
00

σ  

Note that for us 2/π=L , but we keep it to be L for the general 
discussion. 
In a square cell, say A  that is seen in Fig. 1, the total scalar is given from 
Eq. (3) by  

A

A

A LdyxdS σσ 2`` == ∫  

nL σ2=  
tiMLneeL γ−= 2  

Where AS denotes the total scalar in the square A. 

Subsequently, 

tiMLnA eeL
dt

ds γγ −−= 2
                                          (4) 

As  it is denoted in [3], the average of the scalar field in the boundary layer 
is given by  
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x`<

∫ +
=
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4

4/14/3
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ky
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k

µ
µσ

π
σ                                        (5) 

Where 0σ  is the limiting value as ∞→4/1)`( k
y  and )0( 0 =σ on the boundary. 

Eq. (5) forms the quasi-stationary distribution of σ  mentioned by Lebedev 
& Turitsyn (2004), relevant to Dirichlet condition with no-slip boundaries. 
This  equation can be rewritten as  
 

1−nσ nσ 1+nσ  

 
 Figure 1: The squares BA,  and C  represented the cells of the flow in an   

infinite plane layer . 
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Where adding the term 
2

1++ nn σσ does not affect the behavior of the scalar. 

It is important to note that in Eq. (6) 1+→ nσσ  for large )0``( >yy , nσσ →

for large `y−  and 2)( 1++= nn σσσ  when 0=̀y . 

However, the Flux F of the heat can be defined as 
dt

dS
F = where S is the 

total scalar in the cell. 
We have found that in the square cell, for example A , the amount of the 
scalar is expressed as  

∫ ==
A

AA LdydxS σσ 2``                                                  (7) 

So that, based on Eq. (1), one can see  

∫ ∫ ∫ ∇+∇−==
D D D

dsKdsuds
dt

d
F σσσ 2.               (8) 

Where D  is the boundary. Owing to the incompressibility of the flow u, .(∇
u )0=  and the divergence theorem we can rewrite Eq. (8) as follows: 

∫ −∇=
D

F .( u dSk )σσ ∇+  

B< A< C 
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∫ −=
C

n.( u dsk )σσ ∇+  

Where ds  is the arc length over the boundary C and n is the normal vector 
to the boundary C. 
This yields that the total flux across the boundaries of one cell is obtained by 

∫ ∇−=
C

A dsnk
dt

dS σ.                                                               (9) 

Where  C  is the boundary of the square cell. 
Now based on Eq. (9) and due to presence of the no-slip( u )0=  boundaries, 

the average Flux through the bottom side (0=y ) and the top side ( Ly = ) 

boundaries can be calculated by 

∫ ∫
== ∂

∂+
∂
∂−= `

`
`

`
2/`0`

dx
y

kdx
y

kF
yy π

σσ
                                            (10) 

Where in each case ̀x  is along the layer and ̀y is perpendicular . 

Returning to Eq. (6), we find that 
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boundary of the cell A , one gets 
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From Eq. (9), we find that the total flux across the boundaries of the cell can 
be calculated by 

( ) ( )[ ]11 +− −+−−= nnnn
n Keff

dt

dS σσσσ  

[ ]112 +− −−−= nnnKeff σσσ  

[ ]iMLiML eeKeff −−−= −2 .tiML ee γ−           (13) 

Here Keff  is an effective diffusivity being defined as the flux of heat across 

the boundaries divided by temperature difference and is given by  
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For small M , Eq. (13) can be written as 

tiMLnn ee
LM

iML
LM

iMLKeff
dt

dS γ−
















+−+−








+−−−−= ...

!2
1....

!2
12

2222

 

keffeeLM tiMLn γ−−= 22                                                                 (15) 

Now, comparing Eq. (15) with Eq. (4) leads us to demonstrate that the decay 
rate γ in this case can be found as 

)()( 2 kKeffMk ≅γ  ,  )0( →M  

3- Results: 

With mixing on the advective time-scale within individual cells, the 
transport of the scalar on large scales is completely controlled by the flux of 
heat across boundary layers along the cell edges. 
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Effect of Oxygen Chemisorption on SE Dopant 
Contrast 

Fatima N. Zaggout1 

Abstract  

The SE signal generated in the SEM is used by researchers to distinguish 
between differently doped semiconductor regions. The DC effect normally 
causes p-doped semiconducting material to appear brighter than n-doped in 
a LVSEM and the contrast is dependent on the dopant concentration and the 
surface structure . In this paper, we have studied effect of oxide layer 
thickness on DC. It was found that natural grown oxide does not have the 
same thickness on p and n doped regions. Furthermore,  highly doped region 
p+ is almost covered by different oxide layer thickness, which causes energy 
shift for the primary beam required to reverse the contrast. 

Keywords: Secondary Electrons,  SEM,  Dopant contrast    

 1.Introduction 

The continues reduction to feature dimensions in semiconductor structures, 
along with the growth in the complexity of structures and substrate size, 
increases the need for methods capable of direct high resolution observation 
with sub 10 nm spatial resolution, 10% accuracy and sensitivity to dopants 
over the (1016 - 1020) cm-3 range, as defined by the Semiconductor Industry 
Association ( SIA)[1]. 

Dopant profiling can be provided by secondary electron (SE) imaging using 
a scanning electron microscope(SEM). This procedure is rapid, 
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nondestructive and has shown sensitivity in characterizing dopants over the 
required range and resolution , this was first made by Chang and Nixon [2]. 
The contrast between the two regions is known to be dependent on the n-
type dopant concentration [3]. The dopant contrast (DC) effect could be a 
useful tool for the semiconductor manufacture industry if it could be fully 
understood and quantified [1]. However, the root cause of the effect has 
been in dispute for a number of years. The most often quoted theory is the 
“Patch field” theory[3] which explains DC as being due to electrostatic 
fields external to the sample. Another theory attributes DC to the band 
bending near the surface caused by the native oxide [4-5] and another that 
there are differing inelastic mean free paths (IMFP) for the SEs in the 
differently doped semiconductors [6]. Chakk and Horvitz [7] suggested a 
dynamic charging mechanism. The York group have promoted yet another 
alternative theory suggesting that surface contamination –principally 
carbon– causes a surface energy barrier similar to that of a Schottky barrier 
[8-10]. Duraud et al. [11] proposed that oxygen played a role in the DC 
which was mainly due to varying thicknesses of the oxide layer but a deeper 
explanation was lacking. 

In this paper a new data is presented on the effect of the thickness of the 
oxide layer on the contrast as a function of the primary beam. We then 
discuss these results in the context of  the MOS structure model [12]. 

2.Experiment 

Boron patterns were diffused into a (111) silicon wafer (phosphorus-doped 
n-type silicon substrate) at a temperature of ~1000 K. The n-type substrate 
was doped  to a level of ~ 1015cm-3 while the p+ regions were doped at 
~1019cm-3  to a depth of  ~3 µm. 
The native oxide was thinned by ultrasonic cleaning in IPA followed by 
dipping in 10:1 H2O:HF.An SEM (type Tescan, TS5136MM) was used to 
image the sample at a variety of beam energies. The SEM was equipped 
with an Everhart-Thornley (ET) detector for the acquistion of the SE signal. 
It was ensured that the sensitivity of the ET detector did not vary between 
the acquired images. The sample was then investigated in the LVSEM, a 
normal contrast is obtained as shown in figure (1), whereby p+ doped 
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regions appear higher SE yield compared with n doped regions. In order to 
examine oxide chemisorprtion on the SE dopant, a substantial oxide layer is 
allowed to grow by storing the samples in air at atmospheric pressure for 
several months prior to the experiments. The samples were investigated in 
an optical microscope to examine oxide growth on the surface by comparing 
the obtained colours with oxide chart colours. The second set of SEM 
images were carried out on the oxidised samples.  
The DC was determined for a range of PEs for samples with different oxide 
layer thickness. The contrast C p+/n, between two regions, p+ and n, in the 
images was determined using the equation 

C p+/n = Ip+ − In                            (1) 
where Ip+and  In are the SE grayscales in the images (1=white and 0=black)

 

3. Results 

Upon imaging the fresh clean sample at a primary energy (PE) of (1-10)keV 
it was found that the p+  regions have a greater SE emission than the n 
regions as has been found many times before (see Figure 1). 
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Figure (1) SEM images of fresh sample at different beam energies 

After few months, the sample was cleaned in IPA ultrasonically, then it was 
dipped in HF:H2O (1:6) for ~10 minutes, the n-substrate ended up with light 
green colour while large areas of p+ looks white bright as shown in 
figure(2). 

Figure (2). This optical image after long dipping in HF, notice the light 
green substrate, ie oxide on n-type si show the same colour. However, p+ 
doped regions appear in different colours. 

According to figure (2) the oxide layer thickness is reduced on different 
regions.  Although oxide layer thickness on n-substrate is equal and reduced 
to 3000oA, different p+ doped regions are covered with different oxide layer 
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thickness. Therefore, it is expected to affect SE yield obtained from these 
different areas.  

Extra dipping of the sample in the HF ended up with thinned layer of oxide 
showing tan n-type si, i.e oxide thickness of ~ 500 oA. While large p+ doped 
region is covered with oxide layer of  2000 oA,  p+ doped region to the right 
of metallic to very light yellow green is about 1750 oA as indicated in figure 
(3). 

This sample was re-imaged in the SEM  at different PE and the obtained 
images are shown in figure (4). 

 

 

Figure ( 3 ) These images show that oxide layer thickness on p+ 
dopedregions is different, whereby the large area looks slightly metallic 
and small regions appear in different colours indicating that oxide layer 

thickness above is different. 
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                                    Image   details 

 

 

p+/n contrast  
inverted at 2kV 

Figure (4) SE images of the sample after long dipping in HF show 
normal contrast at 1keV and inverted contrast at 2keV, the different 
oxide layer thickness into the p+ doped regions show different 
brightness level. 

n-substrate 

p+ with thick 
oxide 

p+covered with 
thin oxide 
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Figure (5) DC between the differently doped regions versus PE. 

Figure (5) indicates a shift in the electron beam energy required to invert the 
contrast due to variations in the oxide layer thickness. 

4.Discussion 

The results shown above clearly indicate that the native oxide is thicker on 
p+ doped regions than on n-type semiconductor which is released for the 
first time. In addition,  oxide layer thickness has a major influence on the 
DC effect. The cause for this could be due to charging within the surface 
oxide layer, although why the charging should influence the SE emission 
from one doped region more than another is unclear. Furthermore, the 
results shed little light on the current competing theories which attempt to 
explain DC. 
– A look at the literature 
4.1Electronic effects due to chemisorption 
Chemisorption on semiconductors is known to behave differently than on 
other materials, e.g. metals[13] and the theory describing how gases adsorb 

Beam Energy (keV) 

C % 
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onto semiconductors underpins much of the gas sensor technology available 
today. The absorptivity is controlled according to whether the adsorbing gas 
is an “acceptor” (i.e. accepts an electron from the substrate) or a “donor”(i.e. 
donates an electron to the substrate) and the position of the Fermi level 
within the band gap (i.e. whether the substrate is n-type or p-type). The 
deposition of different materials on the surface will have different effects on 
the band bending which has been discussed within the context of DC before 
[8-10]. 
4. 2 The effect of MOS structure on the dopant contrast 
Since the native oxide is an insulator, this could well form MOS structure 
on the surface [12].  
The obtained results in this study showing that the oxides had different 
thicknesses on the n- and p- type Si as estimated from the optical 
microscope images.  This result is different from previous result[15], where 
the XPS incorporated to measure oxide layer thickness and the adsorped 
oxide layer is expected to be of the same thickness. In addition, the 
estimated oxide thickness in this study is larger than the estimated thickness 
in the previous study.   
Since oxide is an insulator its thickness influences the SE emission 
(especially for thicker oxides), as has been extensively discussed by Cazaux 
[14].  
The SE emission Contrast reversals due to variations in primary beam 
voltage can discussed according to MOS structure and charging effects on 
SE emission as shown in figure(6). 
 
 
 
 
 
 
 
 
 

Figure(6) Charge distribution within MOS structure 
5.Conclusions 
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From the results presented here, the thickness of an oxide layer clearly 
influences the DC of heavily doped semiconductors. In addition, by 
considering results from the literature it is clear that oxygen plays a role in 
DC even for very thin oxide layers. This is can be understood due to charge 
distribution within MOS structure. The obtained results can be concluded as 
following; the oxides had different thicknesses on the n- and p- type Si, and 
the adsorbed oxide thickness on n is smaller than the adsorbed thickness on  
p-type. 
-If a very thin oxide layer exists(few nm), a normal contrast is obtained( as 
in a fresh doped samples without oxide coverage). 
-If a thin layer of oxide is adsorped into the doped semiconductor surface, 
an inverted contrast is obtained at high electron beam energies ( above 1keV 
and depends on oxide layer thickness). 
-If a thick oxide layer adsorped into the doped semiconductor surface, no 
DC dopant contrast can be obtained. 
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