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Abstract
Background
Arsenic has been considered as one of the 
most hazardous elements for the living 
organisms and its presence in natural 
waters, can result in serious health and 
environmental problems. In this study, 
Moringa peregrina seed extract's ability to 
remove arsenate from aqueous solutions, 
in a batch system was investigated. 

Materials and methods
This study is an experimental study which 
was performed in a batch reactor. The 
effects of major operating variables such 
as coagulant dose (0.1–5 ml L-1) and pH 
(2-11) were investigated. 

Results 
The optimum pH for arsenic removal by 
coagulation using Moringa peregrina seed 
extract was 6 and the highest removal 
was found to be 94.61%, 92.03% and 
93.98% at initial As(v) concentration 100, 
200 and 500 μg L-1, respectively, as a 
result of precipitation, co-precipitation 
and adsorption mechanisms. 

Conclusion 
According to the results, it was defined 
that Moringa peregrina seed extract not 

                                                 
1. Health Promotion Research Center, Zahedan 
University of Medical Sciences, Zahedan, Iran 
ed_bazrafshan@yahoo.com 
2. M.S.C. student in environmental health 
engineering, Department of environmental health, 
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only was an inexpensive coagulant, but 
also it is a quite effective factor in 
removal of As(V) from aqueous 
environments. 

Key words
Arsenic removal, Moringa Peregrina, 
Coagulation, Natural coagulants 
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 i�%�� d���= ;:� � L�8 ��.#' � ��%	���� ��.#'
 �� �9%��l X�� $%�&�' "�%A�� �
 "9=�
 
�-�
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 ���.- ;=��.# !�	��& ?$%�&�' ���\��4�& �O�
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 EF� ��G�	 "# "%��� uD9g	 ��.=�� �%��
 "9��8 ���I )
��9&� 
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�.�6%� Z' �� $%�&�'
 !�%&��%<�� "# !��� �	 "DH- �� "� ;&�

 ?C�D:	 ���B �# ���& ����= ?���%H%= ZF-
 
�J/�� ?���6V ��B���'�� ?���� C
�0� ?�:�&
 M9<%& ?�s�A�������� ?���%H%= 
�J/�� ?����9�A�
 �B .
�H� )��=� ���s�A�%# ��B������ � ��D�� ��B
 �0��/	 � ���\	 ����
 )�= ��j ��.=�� �� $�
 d���= "# "-�� �# �#' "%��� ��B M9<%& � ��9<B

�� ��� �� ��� ;&� ��H	 
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 �# �� �.=
 Z�g9�� �9����	 � �
��9I� ��B "0�- �9��8 �G�
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 ��.=�� ���� X��� "DH- �� ?]�# !�	���� � �%���
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�J/�� ���'�� "� ;&� )
�
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�#��� � QJ� � QH� ;A�.& �
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 C�D:	 $%�&�' Q�= �%%N� ^0& ����	 ���%H%=
 �	 �%6� "� Q#�I C�D:	�� �	�- ^%��� $� "#

� ��H	 �%�xHB C�D:	 $%�&�' .���= �# ;&
 �:�& ZF- �%<����%B �:�& ��B ;��& ���
 �%6� "� C�� �
 ��B "��8 �>�
 �# )��HB � )�=

) ���H� Z�&�21 ��� �
 "D��� ,��	�- "	�
� �
 .(
 �� � ��%6� "� ��B M<%���	 �� )
��9&� �# ���'��

 .���= �	 EF� !�%&��9D%�  
 � �/%04 i�6�	 ����
 �/%04 ��B )���� �J/�	

 ���/	 �� ��B $H� 
��� � ��.l �� Q0I "� )
�#
 "9��8 �	 ���I )
��9&� 
��	 Z' "%��� �
 ���%H%=
 y�%# � ��
 $� !��J� ;J%J� "# "-�� �# �	� ?���
 QH� M<%���	 � �6g#�O� !�\%	 v��� �
 �HD�
 ���%H%= ,�0%��� �# �	'��� �9#�I� "# �
�I !�=

��� �J/�	 �� )
��9&� ?�� ��� �� .��� )
�0� ��B )�
 .�%&� QI��� "# �HD� �#����� "��8�B !��# �/%04
 
�#��� �HD� M%G� ��B ;��6%� C�0��# ����0� "#
 � ��
�8 "-��	 
�& �A�0J9&� �# �/%04 ,�0%��� ���
 �
 ��B��6� �� ���# )
�9�� ��
 z4��	 �
 �.��
 ;��8 �	 ���I )
��9&� 
��	 !��xHB "/&�� C��

)22& �4 ?
�-� ��� �# .( v��� �
 �%�� ��B C�
 Z' "%��� �
 �/%04 ��B )���� �J/�	 �� )
��9&�
 ���� ���	 "I5� "/&�� C�� �
 ��B��6� �

 �� �����\	 �� �=�� M.	 ��� "� ;&� )�= ������
 �%A�� ?)���� �J/�	 ���s�A�%# "�\K� ;%D#�I Q%0I
 � ��%:	 ;<�� ,��4�g	 QI��� \%� � �9H� �KA

) �=�# �	 �9=��.#24?23 .(  
 �4 )���� �J/�	 !���� "# "� ���0%��� !�%	 ��
 �	 ;&� "9��8 ���I )
��9&� 
��	 �%�� ��B C�&

 ���%A�� �>����	 )�%8 )���� "# !���(Moringa 
oleifera)  �J/�	 �� )
��9&� ����# .
�H� )��=�

 "# ;0<�  ���%A�� �>����	 �%G� �/%04 ��B )����
 ���%H%= ��B )���� �J/�	 �
�/9	 
���	 �


) ;&� )�= h��\826?25 
�#��� ?��� �# )�5� .(
 �
 �/%04 )���� �J/�	 $� !���� "# ���%A�� �>����	
 ���%H%= ��B )���� �J/�	 �# "<��J	 �
 Z' "%���

) ���H� �	 �%A�� ��9H� �KA27 
�&� �# .(
 d&�� "9��8 ,��� ,�/A��	Ndabigengesere  �

J/�� M<%���	 ?!����HB ZF- Q	�= �>����	 �# 
�
 �=�# �	 ��%t�D� ��B��# ���& �Y�� � �:�&

)26 �J/�	 $� !���� "# ���%A�� �>����	 E��	 .(
 )�= h��\8 \%� �%JJ:	 ���& d&�� �/%04 )����

) ;&�29?28.(  
 �>����	 )�%8 )�%	 )���� �@�� "/A��	 �


 ����8��(Moringa peregrina)  "��8 $� "�
� )
�# ���#�%#  !�9&� �
 !���� �I�= Z��- �


 )
��9&� 
��	 ��� �	 �=� !�9<r�D# � !�9<%&
 �
 )�%8 ��� ?���.- 
�%J	 �
 .;&� "9��8 ���I
 �	 �=� �%&' Z�V Z��- � �J���' �I�= C�H=
 �	 �=� !' �
 ����8�� �>����	 )�%8 "� ��%	� .���
 �
 w]�H/	 � )
�# {�& �� )�%=�� ]�H/	 ���

= ��B ;H<I 
�= �	 )�B�6	 �.B�� ��
 ^%
)29 )���� ��'��� �#����� E�B �# �@�� "/A��	 .(

 $%�&�' EF� �
 ����8�� �>����	 )�%8 ("��
) )�%	
 �O� �9&�� ��� �
 .;���F� L�K�� �#' ��B C�D:	 ��

 Q%0I �� uD9g	 ��B�9	����pH  �J/�	 ��
 ?C�D:	
 ���I �&��# 
��	 $%�&�' "%A�� ;GDV � )����

8.;&� "9��  
  

�  

-�./# 0.�  
  

�"����# �$"���� ���� %��&' �(�) %���+  
 �
 �� "J��	 �� ����8�� �>����	 $6� ��B "��

 !�9&� Z��- �
 fI�� �.6�%� !�9&�.= ���
\�
 )
�	' ������ .��
�8 ���' fH- !�9<r�D# � !�9<%&
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 ��� +�= "# )�%8 ��� "��
 )���� |��g9&� � ���&
 :;���F� L�K��  

 �>����	 )�%8 "��
 ��B "9&�� ���& ��- �� p�
 �>��� Z�%&' )�>9&
 $� d&�� �B "��
 ?����8��

 "	�
� �
 .���= Q��0� Q�= ��
�� Q�= "#5  L�8
 C�D:	 $� �
 Q��� �
�� ��NaCl 1  "# �]�	

 MK�100  ���# Q��� "��H� .�= Q� �9%A �D%	
 ,�	30  
���) )�>6��	�' ��	
 �
 "J%I
20 -�
 "

 )
� MB 
�J/�� C�/� i�\-� |��g9&� ;.- (
��>%9��&
 ����
 Q��� C�D:	 .�=pH  
���7  ?pq& .
�#

 �= E�� ���� d&�� ��# �
 )�= "%.� C�D:	
 ����)45/0  ���� �� ���0� C�D:	 .(�����%	

 C�D:	 �%A�� .;=�
 �%= "%0= � E��= ��B�l
 �
 � )
�# "����� ,���# ����8�� �>����	 ��9&�
 "� ��r �B ?;��8 �	 ���I )
��9&� 
��	 ��� !�HB
 �%�n� ��%A�� )���� ������� �# �J%JJ:	 ���#

) ��
�# )
��23.(   
  

,�")�+ -��.� �(�) %���+  
 yB�~� �
 )
��9&� 
��	 ���%H%= ,�0%��� �	�H�
 ��9&� C�D:	 .��
�# �B�>6��	�' c�� �� �@��

) $%�&�'mg/L 100 $H� C5:�� z��4 �� (
& ,��&�' !s���%B M��(Na2HAsO4.7H2O) 

 z%I� ��B C�D:	 � "%.� �%�J� ��# �
 ��J	 Z' �

) ,�6��	�' L�K�� ���# ��%� 
��	 ��μg/L 500 ?

100?200 .�= "%.� ��9&� C�D:	 ���& z%I� �# (
 M%G��pH ) y��	�' 
��	 ��B C�D:	11-2 �# (

 �� )
��9&�HCl  ��NaOH 1 .;���F� L�K�� �]�	  
  

����/�� �"�+�  
 �
 )
��9&� 
��	 h�� ���� X��� ��- ,�6��	�'
 "9gA � 
�J/�� ��B ���'�� ���& "�%.# � �#�����
 Q	�= �@�� "/A��	 .
�= �	 Z�<:	 ���&
 �# )��HB ("9&�%� ��) "9<# M9<%& �
 ���6��	�'
 E��l .
�# ��%6� "� � L��' �59�� ?f��& �59��

) ��- y��	�'6  $� d&�� (E�l C�D:	 �9%A
 �B "��H� � �= �	 �� �G� 
��	 ;GDV �# $%�&�'

 "9gA � 
�J/�� ������ L�K�� ;.- !�	\HB ���#
 $�) ��9��8 �	 ���I �59�� ,�%DH� ;:� ���&
 ?�59�� ,�%DH� ��V' �
 .(�B�= "��H� !���/# E�l
 �= �	 )
�\�� �G� 
��	 ��
 �# �/%04 )���� �J/�	

 ,�	 "# �B "��H� �2 I
 ;��& �# "J%100  �
 ��

 ,�	 ���# pq& � f��& �59�� QH� ;:� "J%I


20  .��9��8 �	 ���I ��� �59�� QH� ;:� "J%I

 ,�	 ���# �B "��H� "	�
� �
30  c�I� ;.- "J%I


 ���= �	 "9=�
 ">� ���� ,���# ��%6� "� ������
 �# ��- y��	�' v��� �
 )�= ��j ��
�J	 Z�g9��)

� y%� "# "-�� � "/A��	 ��� �
 L�K�� ��B ;<
 ,�%DH� !���� �
 .(;&� "9��8 ,��� !�9	 �&��#
 �%/	 MK� �# �� "��H� ;� �� d&�� ?��%6� "�

 ���� �� � ;=�
�#45/0  �	 )
�
 ��0� �����%	
 $%�&�' ;GDV yK�& !�	� �� ���0� "��H� .�=

 ��	
 �
 � C�xg� �
 )���	 �I�#4  
��>%9��& "-�

	 ���
 ">� �	�H� "� 
�= �	 !�6� �4�� .�= �

) )�>6��	�' ��	
 �
 ,�6��	�'20  (
��>%��& "-�

 �&��# 
��	 ��B�9	���� )�9<8 .;���F� �	 L�K��

 C��- �
1  EF� !�	���� !���� �
 .;&� )�= "t���
 $%�&�'(E)  "0&�:	 ��� ,���# ���
 ^<� �#

:�=  

100
)(
�

�
�

i

f

C
CCi

E
  

 "�#�� ��� �
 "�Ci V) "%A�� ;GDμg/L � (Cf 
) $%�&�' ���.� ;GDVμg/L �# )�5� .�=�# �	 (

) "�%.# d���= �%%/� �� p� ?���pH  �J/�	 ��
 �
 EF� ���# (����8�� �>����	 "��
 )���� )����
 EF� �# \%� "%A�� ,���� �%N9	 �O� ?$%�&�'
 C
�/	 $%�&�' "%A�� ��B ;GDV �
 $%�&�'

100?200  �500 
 L�8���%	 ���J	 �%%/� �9%A �
 !
�\�� �# ,���� ���� $%99�& ��B "��H� .�=
 .�= "%.� ��J	 Z' "# �%A�t�� ��9&� !�%<��q&�&

 ���� �%A�t�� ��9&� !�%<��q&�&10  L�8
 $� !���� �
 .
�# ��J	 Z' �9%A $� �
 �%A�t��
 Z' �9%A $� �� )
��9&� �# ��- ,�6��	�' �� ��&

%04 Z' "��H�) ;=�
�# �%= ��B ;GDV ���� (�/
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 $%�&�'500-100  L�K�� �9%A �
 L�8 ���%	
 )
��9&� 
��	 �/I�� Z' "��H� ,��g6	 .;���F�

 )��H= C��- �
2  .;&� )�= )
��'  

  

 ����1���	 
���
� �� ����� ���� ���������� ������ ����� :  
 	��7��NTU  8�39� 	:,�
 8�39�

�*��� ;� 	&��< 
	=�*
�< ;�>7� 
?�@

μg/L  
	��**� ��A*� "7�ml/L pH 

10 	20 	30 	40 	
50 	100 	150 

2) ;��E�rpm 100	(20 
) ;��E�rpm 40 	(30 

;��E�  

100	200	500 1/0 	3/0	5/0	1	2	3	
4 	5 

11-2  

 
 ����2 ���� ����� !" 
#�$# %&'&( )�*+,� :

)�,���-" �.�� ���� ���'���  
���� ���	
 ���
 	�
����

82/7 pH 

627  	��,�3�>� 
,���μS/cm 

4/0  	��7��NTU

04/0  	K�<mg/L

011/0  	�*'*�mg/L

41  	��L>�
mg/L

53  	�7���mg/L

26  	M,�
mg/L 

6  	���3��mg/L

���!� 0�2��+��  
 
��	 ��B C�D:	 �
 )���	 �I�# $%�&�' ;GDV
 �%� �
 Q%�� �
 h�� �� )
��9&� �# y��	�'

J� ,�	�#��� )�(SDDT)  )�>9&
 $� �� )
��9&� �# �
 �9	�9���9�q&�UV-VI (PG, Instruments Ltd) 
 |�	 C�4 �
530  .;��8 ���I yK�& 
��	 �9	����

pH  �� )
��9&� �# �B "��H�pH C�	) �9	Denver 
Ultra basic-UB10 ,���� d&�� ,���� � (

 C�	) X�&WTW 355 IR �4�� .�= yK�& (
	�' "� 
�= �	 !�6� ����� ��# �
 ,���# ,�6��

 �%>��%	 ,���# )�= ��j X��9� � ;���F� L�K��
.�=�# �	  

  

�������  
 �O� �@�� "/A��	 �
pH  EF� �
 C�D:	 "%A��

 "# ����8�� �>����	 )�%8 "��
 )���� d&�� $%�&�'
 )���� �J/�	 ��
 �
 �/%04 )���� �J/�	 $� !����

 C
�/	ml/L 1  "%A�� ��B ;GDV ���# � $%�&�'
 C
�/	100 ?200  �500  
��	 �9%A �
 L�8 ���%	

 Q�= �
 "� �����HB .;��8 ���I �&��#1  )�B�6	
 �
 
�= �	pH  C
�/	2  EF� !�	����

52/88 ?���
98/86  � ���
66/85  "# ���

 "%A�� ��B ;GDV �
 ^%���100 ?200  �500 

 �# �%�xHB .;&� )�= Q��� �9%A �
 L�8 ���%	
 Q�= 
�&���
�H�1  C
�/	 $%�&�' ;GDV ���#

100  y��\�� �# �9%A �
 L�8���%	pH  y��\�� �B�=
 �
 "� ��:� "# )
�# EF� !�	����pH  C
�/	6 

 �#��# 
�� ���J	 �Y���� "# EF� !�	����61/94 
 �96%# y��\�� C�� �%� �
 .�%&� ���
pH 

 "���:� "# ;=�
 C�0�
 "# �� EF� !�	���� yB��
 �
pH �#��# 11  �� EF� !�	����03/87 ���
 

 )��H= Q�= 
�&� �# ��� �# )�5� .;��� yB��1 
 C
�/	 $%�&�' ;GDV ���#200  �9%A �
 L�8���%	

 C
�/	 EF� !�	���� �Y���� \%�03/92  �
 ���

pH  C
�/	6  "#�6	 d���= ���4 �� .��
�8 Q���

 C
�/	 $%�&�' ;GDV ���#500  �9%A �
 L�8���%	
 �= Q��� �
 "� ��:� "#pH  �#��#6  !�	����

 "# EF�98/93���
  y��\�� ?C�� �%� �
 .�%&�
 yB�� �pH  "# �� $%�&�' EF� !�	���� yB�� ?

 ,�6��	�' ���& ���# ^%��� ���# .;=�
 C�0�
pH 
 C
�/	6 .;��8 ���I )
��9&� 
��	  
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  ������1 �	� :pH 
� �
��� 
�
�� ���) ������ ��� ���
��� �� ���ml/L 1  

  
 )��H= ��
�H�2  �/%04 )���� �J/�	 ��
 �O�

) ����8�� �>����	 "��
 )����1/0  ��ml/L 5 �
 �� (
 $%�&�' ��B ;GDV ���# $%�&�' EF�100 ?

200  �500  .�B
 �	 !�6� �9%A �
 L�8 ���%	
 Q�= �� "� �����HB2  �Y���� 
�= �	 )�B�6	

� ��B ;GDV ���# $%�&�' EF� !�	���� � QI��
 )���� �J/�	 ��
 �
 �Y����3  �ml/L 2  Q���

 C
�/	 EF� !�	���� ����]�# ?�>�
 ,��0� "# .�=
69/95 ?���
18/93  ����
24/97  "# ���


 "%A�� ��B ;GDV �
 ^%���100 ?200  �μg/L 
500  )���� �J/�	 ��
 �
3 ?2  �2  �9%A �
 �9%A �D%	

�	�' ���& ���# ^%��� ���# .�= Q��� ��
 ,�6�
 )���� �J/�	ml/L 2  
��	 ����8�� �>����	 )����

.;��8 ���I )
��9&�  

   ������2) ��!"� #�$ %&�' �� ������ ��� �� ��(�*�+ �,�(��� �
��� 
�
�� ��� �	� :pH  ���
�6(  
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 ��B��
�H� �
3  �A�5  C�D:	 "%A�� ,���� �O�
 $%�&�' "%A�� ��B ;GDV �
 $%�&�' EF� �#

100? 200  �500  �J/�	 ��
 �# �9%A �
 L�8 ���%	
 )����ml/L 2 �
pH  C
�/	6  )�= )
�
 !�6�

 )��H= ��
�H� �
 "� �����HB .;&�3  )
�
 y��H�
 ��B C�D:	 ,���� ���J	 y��\�� �# ;&� )�=

 �� �&��# 
��	NTU 10  "#NTU 40 !�	���� ?
 �� \%� EF�92/94  "# ���
94/95  y��\�� ���


� ;��� !�	���� ,���� ���J	 �96%# y��\�� �# �	
 "%A�� ,���� �
 "���:� "# ;��� yB�� EF�

150  C
�/	 � ���J	 ���9H� "# EF� !�	���� ����
68/87  "t��� X��9� 
�&� �# �%�xHB .�%&� ���


 ��
�H� �
 )�=4  $%�&�' "%A�� ;GDV ���#)200 
C�D:	 ,���� ���J	 y��\�� �# (�9%A �
 L�8���%	 

 �� �&��# 
��	 ��BNTU 10  "#NTU 40 ?
 �� \%� EF� !�	����99/94  "# ���
56/96  ���


 ,���� ���J	 �96%# y��\�� �# �	� ;��� y��\��
 C�� �%� �
 .;��� yB�� $%�&�' EF� !�	����

 ��
�H� �
 )�= "t��� X��9� 
�&� �#5  ;GDV ���#)
 $%�&�' "%A��500 ��\�� �# (�9%A �
 L�8���%	 y

 �� �&��# 
��	 ��B C�D:	 ,���� ���J	NTU 
10  "#NTU 50 �� \%� EF� !�	���� ?92/96 

 "# ���
07/98  y��\�� �# �	� ;��� y��\�� ���

 yB�� $%�&�' EF� !�	���� ,���� ���J	 �96%#

 "%A�� ,���� �
 "���:� "# "9���NTU 150 
 "# EF� !�	����95.;��� yB�� ���
  

 )��H= ��
�H� �
6  �>����	 "��
 )���� ������
 �� $%�&�' EF� �
 )���� �J/�	 !���� "# ����8��
 ,���9	 ��B ;GDV �
 �/I�� Z' ��B "��H�

) $%�&�'μg/L 500-100 .;&� )�= )
�
 y��H� (
 !�	���� ?
�= �	 )�B�6	 ��
�H� �
 "� �����HB
 ;GDV �� !' "%A�� ;GDV y��\�� �# $%�&�' EF�

μg/L 400 y��\��  "# ;&� "9��� yB�� pq& �
 $%�&�' "%A�� ;GDV �
 !�	���� �Y���� "� ��:�

μg/L 400 .�= Q���  
  

  ������3) ��!!�� ���.� �� ������ ��� ���
��� �� /�0�� 4��
� �	� :pH  �����6 ����� �
��� 
�
�� ��� 5
ml/L 2 ����� ������ /�0�� %&�' μg/L 100(  
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  ������4 4��
� �	� :) ��!!�� ���.� �� ������ ��� ���
��� �� /�0��pH  �����6 ����� �
��� 
�
�� ��� 5
ml/L 2 ����� ������ /�0�� %&�' 5 μg/L 200(  

  

 ������5) ��!!�� ���.� �� ������ ��� ���
��� �� /�0�� 4��
� �	� :pH  �����6 ����� �
��� 
�
�� ��� 5
ml/2 ����� ������ /�0�� %&�' 5 μg/L 500(  

  

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

���
���

�
 	 


�
�


�� 

�

��
64


�
��

� �
���

 ���
��

��
 

���
�

  

 

  ������6) ������ ��!"� #�$ %&�' �� (;
<�� /����) %=���� ��= >� �� ������ ��� ���
��� :pH  �����
6 ����� �
��� 
�
�� ��� 5ml/L 2  

  
����� � 3.	����  

 ���'�� �
 ����:# ��B�9	���� ���9H.	 �� ���
 �#' ��B C�D:	 �� �B )���]' EF� � 
�J/��pH 

�# �	 C�D:	) �=31?30 �%%/� ��G�	 "# .(pH 
 )�%8 "��
 )���� d&�� $%�&�' EF� �
 Z�D�	
 ?�/%04 )���� �J/�	 $� !���� "# ����8�� �>����	
 ;GDV �� �/#�� !���� "# (,��&�') $%�&�' ZF-

 ��
�H� .;��8 ���I �&��# 
��	 !s���%B !��1  �O�
 �%N9	pH  )�9<8 �
 ��11-2  EF� !�	���� �#

 $%�&�' C
�/	 )���� �J/�	 ��
 ;:�ml/L 1 
 �	 )�B�6	 Q�= �
 "� �����HB .�B
 �	 !�6�

 �
 EF� !�	���� �Y���� 
�=pH  C
�/	6  Q���
 ;GDV �	�H� ���# X���� "# EF� !�	���� � )�=
 ?�>�
 ,��0� "# .�#�� �	 yB�� $%�&�' ��B

 �
 $%�&�' "�%.# EF�pH  �#��#6  � )�= Q���
�# X���� "# pq&  �96%# y��\��pH  �	 yB��

 C
�/	 EF� !�\%	 ����]�# .�#��61/94 ?���

03/92  ����
98/93  ;GDV �
 ^%��� "# ���


 "%A�� ��B100 ?200  �500  �9%A �
 L�8 ���%	
 
�
 !�6� �@�� "/A��	 X��9� �%�xHB .�= Q���
 ��� �
 )
��9&� 
��	 ����8�� �>����	 "��
 )���� "�

 �O� �� z%J:� ���J	 �# �\%r��pH  .;&� ��
����#

 "/A��	 �� Q��� ��B "9��� �# "K%9� ���
Yarahmad  ,���� EF� v��� �
 !����HB �

 
��
 ;J#��	 ���%A�� �>����	 "��
 )���� d&��
)32 .(  

 
�J/�� ���'�� �
 )
��9&� 
��	 )���� �J/�	 ��

 �%%/� �
 ��F8 �%On� ��B �9	���� ���9H.	 �� ���

���= �B )���� �J/�	 Z�D�	 
��DH� ���# "�%.# d
 ��
 ?w�	�\A� .;&� ���& "9gA � 
�J/�� ���'�� �

 �� ���'�� Z�D�	�� ��'��� "��@� ��
 �� ������
 "�%.# ��
 �%%/� ?����#��# .;=�
 �B��� C�0��#
 )
�	 E��	 ��B "��\B !�%��&� QI��� "# ;.-

� \%� � �KA �%A�� !�\%	 � )���� �J/�	 d���= ^<
 ��
����# �� "G�5	 Q#�I ;%HB� �� "%��� ^&��	
 �J/�	 ��
 �O� ?�@�� "/A��	 �
 �� ��� �� .�=�# �	
 EF� �
 (����8�� �>����	 "��
 )����) )����

 )�9<8 �
 $%�&�'1/0  ��ml/L 5  �&��# 
��	
 .;��8 ���I  

 ��
�H� �� "� �����HB2  
�= �	 )�B�6	
�' EF� !�	���� �Y���� ��B ;GDV ���# $%�&

 )���� �J/�	 ��
 �
 �Y���� � QI���3?2  �2  �D%	
 "# .�= Q��� ����8�� �>����	 )���� �9%A �
 �9%A
 C
�/	 EF� !�	���� ����]�# ?�>�
 ,��0�
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69/95 ?���
18/93  ����
24/97  "# ���

 "%A�� ��B ;GDV �
 ^%���100 ?200  �μg/L 

500  )���� �J/�	 ��
 �
3 ?2  �2  �9%A �
 �9%A �D%	
 ����	 )���� �J/�	 ��
 �96%# y��\�� .�= Q���
 �
 .;=��� C�0��# �� $%�&�' EF� !�	���� 
�0.#
 y��\�� ?)���� �J/�	 ��
 �96%# y��\�� ?;J%J�
 C�0��# �� C�D:	 �
 )���	 �I�# $%�&�' ;GDV
 ������ "�%.# ��
 ��
�J	 �
 "D��� X��9� .;=�


�J	 �# 
�J/�� L�K�� �D0I ,�/A��	 �
 )�= "t��� ��

) 
��
 ;J#��	 )�=34?33 y��\�� �>�
 ,��0� "# .(

 
�K	 ;%0Y� ^0& ����	 )���� �J/�	 ��
 �96%#
 ��# ;68�# � ��%t�D� ,��j 
�K	 ������� �� ,��j

) 
�= �	 ,��j35 "K%9� !��� �	 �D� ���# .(
�%t�� �/%04 )���� �J/�	 ��B ��
 "� 
�H� ��%8 
 "9�� ��� .
�= �	 Z�<:	 �� Z�D�	 �����= ��
 ;&� ;%HB� \t�� �
��9I� �G� "�J� �� �.�� "�
 "��H� �
 ��9H� �A' 
��	 ��B��
 
�K�� ^0& "�D#
 C�H9�� 
�� "� 
�= �	 )�= h��
�� 
��	 Z'
 QI��� "# �� Z' �
 �B M<%��8�����%	 
�K	 �=�

) ���&� �	36 "D��� X��9� ?
�-� ��� �# .( �.��
 .�=�# �	 �09/	 �/I�� d���= ���#  
%) ��]�# EF� ?C�� �%� �
97> "��H� ���# (
) $%�&�' �Y���� ;GDV �# ��Bμg/L500(  Q���

 d&�� )�= h��\8 ��B "9��� �# "K%9� ��� .�=
) 
��
 ����gHB �%JJ:	 ���&28?27 �%JJ:	 ��� .(

 ���J	 y��\�� �# �� ,���� EF� !�	���� y��\��
,����  )
�H� h��\8 �&��# 
��	 ��B "��H� "%A��

 ��
�H� �� "� �����HB �%�xHB .���2  �	 )�B�6	
 "��
 )���� d&�� 
�J/�� ������ L�K�� �� p� ?
�=

 $%�&�' "%A�� ;GDV ���# ?����8�� �>����	μg/L 
100 �� �9H� "# )���	 �I�# $%�&�' ;GDV ?μg/L 
10 ��� C
�/	 ���J	 ��� "� ;��� yB�� �Y�

 )�= �%%/� ���%	�=' Z' �
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