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 �� ��+�,
)  ��:2 (6�� ��� ����-.  

  

N�-O1. �	*-�* P����� ���Q�� ���������@�!�� �����*��" ��R ����)����� �BS* ����M� �* �� .) �*��� �FI�E� ���� ���-3� ��  

Cl¯  SO4
2-  HCO3

-  
Na+  K+  Mg2+  Ca2+  TH TA Salinity 

(%)  
EC 

µS/cm  
TDSmg/l  pH  T  

(Cº) 
���'��� 

mg/l mg/lCaCO3 

29  10  261  9  23/0  14  68  228 257  21/0  392 395  64/8  17 KR1 

25  17  219  5  63/0  12  60  199 216  19/0  321  340  55/8  14 KDT3  

30  23  287  10  34/0  13  85  266 283  28/0  450  460  58/8  17 BR5  

17  11  168  3  8/0  9  45  150 166  18/0  283  260  18/8  21 KBT6  

15  16  207  5  18/0  10  55  179 204  19/0  316  320  8 18 W7  

  

 N�-O2. ��!'Q P�����1!O �S��T 	* �*-FQ ������� �� )H� /VB&T( �) 	�� /VB&H7 �-� F( ��@�!�� �����*��" �X ������

����� .) ���DE��  

)T : ����� ')	> .- ���A�F :���� ')	> .- ���A�KR1 : �/�9 �;���DR2 : �J2&� �;���KDT3  :�	��" � /�9 �;��� �KZ/ CD
 6��

 �J2&� �;���DW4 :�,
 ��34
 �� ���+BR5 : �F�L	+ �;���KBT6 :�	��" �/�9 �;��� � F�L	2,;��� �KZ/ 6��W7 : ��� �:�;

WD8 :,� ���	
��- .-(  
  

5- Y3�  

������ �+ 6<)* � ���	A	��J�3	> %�&	}'
 %	�

5�	/�95�	�- � �&�
 .- �)0� %�& ]�� 5��/)�	/ ( �.-

 ��  �)D
 <� ���
 ����P- [�= �	N ���� � .-

�5�	
��- <� �� .- 6	8	9  �� �
�� � �'?�0 �%��	+-

��A� �		?/ ]10 .[ ��) CJ�4 ( �� �.- ]��) CJ�5 (

��� �� �.� <� �� .- %��+) CJ�6 (��� .- %��+

 �� �%��	+- <� ��) CJ�7 ( � %3)> %��'D
 5�	
 V�2/��

pH ���A� �� �.- %�&)  ��:3 (�H2$ <� �� .- %��+

#��[
  �� � �'?�0)  ��:4  �5 (�H2$ �� .- %��+

 ��� ���� 5��� �?I�L
 ���
 ����D
 �
�� #��[
 <�

6�� . G��'� �+ �:�/ �+)  ��:1 (�
 �9 6>���� 5��/

���A� .- 6	8	9 <� �� �?I�L
 ���
 ����D
 %�&

U��8/ ���	A	��J�3	> %�&	}'
 M& �+ %	�A�N %�&

������ .�	/�9 6<)* U�		}/5 ���� �� �&Ca2+  > Mg2+> 

Na
+
 +K

+ � 5�	�- 6<)* U�		}/���� �� �&HCO3¯ > Cl¯ 

Ag  Cr  Ni  Zn  Pb  Cd  Cu  Fe*  EC  TDS  Eh  pH 
��M� �*  

µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/ml S/cmµ mg/l mV  - 

7/8 1/8 2/13 1/34 4/8 2/63 2/12 62/3 348 228 6/24- 62/7  KR1.T  

5/12 5/7 2/4 4/49 5/6 2/51 2/13 84/3 448 341 4/19- 56/7  DR2.T 

4/9 3/16 5/3 2/80 5/34 130 8/24 42/3 363 297 9/10- 43/7  KDT3.T 

5/7  5/14  1/3  1/61  5/23  111  6/19  45/2  363  297  9/10-  43/7  .F3KDT 

2/14 2/10 1/5 2/38 8/4 1/25 1/15 28/2 327 242 4/8- 68/7  DW4.T 

2/14  2/10  1/5  2/38  8/4  1/25  1/15  28/2  327  242  4/8-  68/7  .F4DW 

5/5 5/11 1/6 5/33 6/4 2/8 2/15 62/2 411 257 4/36- 02/8  BR5.T 

2/5 4/3 3/6 2/29 5/3 1/6 4/15 97/2 388 211 7/22- 81/7  KBT6.T 

8/4  3  9/4  2/28  2/3  4/4  14  95/1  388  211  7/22-  81/7  .F6KBT 

4/4 5/5 5/16 170 8/2 1/54 1/15 67/4 298 204 6/5- 42/7  W7.T 

2/3 6/3 8/5 2/24 2/3 5/48 1/48 48/4 336 210 6/3- 1/7  WD8.T 
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> SO4
2- �
 %�	"��9.���'��� `�A/ .-���A� %�& %���+

��'�& �0�; �+ � u�� �K�> .���A� %�&W7 � DW8  ��

���A� ��� �+ ����H
 ���H
 ��'A9 �&pH  ��/P�+ �

 ���H
EC  �TDS �%��� �Ca
2+ �Mg

2+ �Na
+ �K

+ �

HCO3
- �SO4

2-�Cl¯ �TH � TA �+  ���'���BR5 ���� b)?/ .

 %�&	}'
 5�	
 5��	" ��'�2A& (��f �2��D
 G��'�

���� �+ 6�� 6	K�� ��� %���� 3	� ���	A	��J�3	> �9 %�

pH�  �+ �� �L��'
 62s
 ��'�2A&EC �TDS �TH �

HCO3
- �Cl

� �Ca
2+ �Mg

2+ �Na
+ � 2s
 ��'�2A& 6

 �+ ��	��"SO4
2-  �+ ��P�+ �����?
 �8�
 �K

+  ���� 5���

6�� )  ��:6.(  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 H@�4. ����� Z�Q�[��" �*���� �� �� ����+� ��!,� -� .) ��  

 H@�5.         �I�� �*���� �� �� �-����) �V� 	* .) /�0��                    H@�6. � ����) �V� 	* .) /�0��]��@B�� �*���� �� �  
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 H@�7.  � !B� *��3� ��� ^�_Q�* pH��������-3� .) ��  
  

 N�-O3 . �O����F�S `��a� �V� 	* .) -�� ]11 [�Q�FI�E� �DE�� �� �) � ��D� �  

.- ]��  �:��1   �:��2   �:��3  �/�?I�L
 �HL�
 .- %�& ���A�  

`�P %�&��'9�>  

 ��'4� <� ��

�	8[/  ['4


6�� `�P.  

 ��'4� <� ��

 ��3: �	8[/

6�� `�P.  

 ��'4� <� ��

 `�P C
�9 �	8[/

6��.  

KR1 KDT3  BR5  KBT6  W7  

TH  50  150  250  228 199 266 150 179 

EC 

 
1500  3000-5000  1000-8000  392 321 450 283 316 

  

 N�-O4. H��J �*-D���������@�!�� �����*��" N�_J ) d 7��mg/l (� e��*��7 *�]16  �24[  

5��	E ]��  Ca Na  K  Cl  SO4  pH TH TA TDS 

F�; � y
  1000  400  300  15000  500  8-5/5  2000  1000  3000  

���  1000  400  300  15000  500  8-5/6  2000  1000  8000  

��8���  1000  400  300  15000  500  8-5/6  2000  1000  5000  

 
 N�-O5. �� �S��T /VB& N�_J H��J �*-D���� ��DI�� � ��M )d 7��µg/l (e��*��7 *�� ]16[  

 

 

 

 

 

 

 N�-O6 .����) � ���Q�� ��� �����" �M� _�� d�*�G+A � �� ���*��" ��pH  �EC �TA �TDS ������DE�� .) ��  

 
Ca2+ Mg2+ K+ Na+ HCO3

- SO4
2- Cl¯ pH EC TH TDS 

Ca2+ 1 
          

Mg2+ .811 1 
         

K+ -.510 -.489 1 
        

Na+ .946* .886* -.639 1 
       

HCO3
- .976** .900* -.614 .984** 1 

      
SO4

2- .667 .203 -.190 .406 .521 1 
     

Cl¯ .848 .937* -.224 .854 .875 .318 1 
    

pH .725 .844 -.765 .764 .820 .357 .656 1 
   

EC .980** .818 -.547 .980** .976** .540 .844 .680 1 
  

TH .994** .871 -.524 .964** .991** .596 .889* .768 .980** 1 
 

TDS .994** .857 -.575 .970** .994** .601 .860 .780 .983** .998** 1 

  

  

5��	E ]��  Pb Fe  Cu  Cd  Cr  Ni Zn 

F�; � y
  100  300  5000  20  50  1000  25000  

���  100  300  1000  20  50  1000  25000  

��8���  100  300  500  20  50  1000  25000  
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 �N��pH  �
� ����� 5���� �'
Z� %�� �A	H'�
 	j�/

���� .- ���	A	��J�3	> %�&	}'
 �+ �J��3� �L+�� . �+

������ ���H
 %	�EC  ���H
 �+ �A	H'�
 �L+�� �9

^A� ]�AB
 ��$ �+ 5��/ �
 ���� .- ��  �)D
 %�&

���?
 ����I- �2�� )	*�I- (6;�� v4�
 �� .- .

 %P�+ ���H
EC  ���	��9 %�'D
 � P�+ %��� �+ P�A?


�
 ���� 62�� ���A� 6���+ CD
���.  ���H
TDS  .-

���� .- %��� �+ �A	H'�
 �L+�� ]22 .[ k��3� F���+

�	+ ����
.- 6���
 �)A)I� )IWMI( �TDS  OH�

 �
� ����� �'���,+ U�L; ��B�� �� �A	H'�
=�+t q

�
^A� 1>� � .n: ��� 5�+ �� .- ��  �)D
 %�&

��� P�+ �	)9 u�� ��B�� ��	
� � �'>� 	;�/ �+ 5���� .

 %P�+ 6<)*TDS �
 �.- %�n\I� O&�9 �Af ����/

��� 5���� �� ���� � ��?
 k��� ��B�� q=�+ . 5�
���

���,: 6���,+ )WHO(   �2K C+�K 6<)* ��/P�+TDS 

+ �� .� .- ����; #��[
 %�1500 �)	
 '	I + `�

6�� ��9 �		?/ ]38 .[ �	+ �L+��TDS  �EC ���A� %�&

 5��� �� �'2s
 ��'�2A& 3	� �?I�L
 ���
 �HL�
 .-

6�� ���� ) CJ�8 .( ���
 �� ��4+ �9 6���?
 ���+ ���

 �)D
 �
�: )TDS( 5�	/�9 �� .- �� �2� � %3)> %�&

I� 6���& 6	)+�K �+ U�3)>Jt P�+ �J�')EC( �/t C	J

�������.  

  

  

  

  

  

  

  

  

  

  

  

  

 H@�8 . ��� ^�_Q�* EC  �TDS�FI�E� ���� �DE�� ��  

 .- �3
 �9 ��� + 5�3>� 3	� ���	
��- .- %P�+ 6	e�	)K

�
 ������;�� �����H
 5��+ P�+ U��0 �� ���� 

TDS�TH � pH �
 �
�0 5���� �'
Z� �+���.  �'4�

- .- %P�+ C9 .��� ^��� O��3>� q=�+ ���	
��

5��� �� ^&- ��B�� �%����� %��B
 5�� 68� ��&

%��A	+�
 ��?
 � ���s
 �� �/PZ';� � %�	)9 %�&��� 

]22 .[M,
 �� �J� �9 C9 �'4� ��B
 ���H
 ���; ��/

 b2$ + 6�� ����; #��[
 %�+ ���8'�� ���
 .-

������'�� ���,: 6���,+ 5�
���100 )	
� � '	I + `�

 5�'����& ���9 %�&������'�� b2$]19[(BIS) 200 

�)	
6�� ��� �		?/ '	I + `�.  F���+ ���H
 ���

��,: 6���,+ 5�
��� ��,��	"� �� ���2� .� %�+ �

500 �)	
O	+ '	I + `���� / . M,
 C
�= �9 �B�- ��

�	
� UZ	J�/ �+ F�A/ �C9 �'4� O��3>� �����

��6 . �� �9 �	�� �� �$�H� �� ��� `�B�� U�?I�L
 F���+

.-�
 ���8'�� /���� �'4� �+ �& ���� 	
 � �
 ����

%��A	+ �� i�= � ()K %�&20  �$�H� �� 'A9 �0��

.- �9 6���
 #[
 'A9 �'4� �+ %�&���9 ]12[ . ��

.- UZJ�
5- 5��+ (���
�� �64� %�& #��[
 �� �&

�
 ����; %���� 5�+�0 ���H
 �a9 ��B�� %�+ ��� ����+

�
 ��+ ��J+��� .M&.- �� �	�N �� ���8'�� ���
 %�&

^A� ���� ���H
 �+ �n* 3" � 64" �'���  �)D
 %�&

�
 q=�+ �����+%32� � �	/ �n* .- u�� �9 ���� �&

���� �'4" �� .5�� �c��+ 64� �� M�3	�
 � M	�)9 %�&

 5��)�/5�� (%32�6�� j�
 ��� �'4" %�& ]13[ .

 ��)  ��:7 (���A� ���	A	��J�3	> %�&'
���" .- %�&

 ���	
��- .- ������'�� ���H
 �+ �?I�L
 ���
 ����D


6�� ��� ����H
.  
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N�-O7. ����� ��������@�!�� ����g�� ��M���� � �h�*-7 �HJ*-7 � ��D� -� !���) �G�7 ��-����) .) �� ����D� �� ����+�

 ��*-����*)���Q�� /VB&����) � ��� �� ��g�� ���� 	* ��& �� ��EC  �pH  d 7 ��mg/l -�� �(  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

���A� �
�A/ � .� <� �� �?I�L
 ���
 ����D
 .- %�&

I�� ����A� F��� + %��	+- )Scholler( ]32[  �H2$ ��

�'>� ��K  �2K C+�K �/ .�; ���) CJ�5 .(��  ����A�

w9�J)�� )Wilcox( ]39[ ���A� `�A/ 3	� ����D
 �� �&

C2S1 )%�����9 %�+ (���
 ���� �A9 (�'>� %�: ���

) CJ�6 .( ���
 ����D
 �DL� .- 6	8	9 F��� ��� +

�
 �+����� (���
 %��	+- <� �� �?I�L
���.  �+ �:�/ �+

 \��" ����A�) CJ�5 (���	/�9 6<)* U�		}/ ���� � �

5�	�- <� �� � M	�)9 5���+ 5�� ��&5�� U��+9 %�&

���A� �� (I�* �6�� �?I�L
 ���
 ����D
 .- %�&

.- ]�� ���+��+ M	�)9 ]�� �� �?I�L
 ���
 ����D
 %�&

�
 �		?/ �/��+9��� . �+ ���� ����	
� �f�E �����

 ��+�,
 ��34
 �� 3�+-)O4+ �c��+5- ���	
 %�& ( �9

O	+/O4+ �� �� 5- %�&tuJ�/ �/��+9 %�&t C	

�
�9 6�� 6	?K�� ��� �	2
 � ���� 6H+�L
 ��&�  �+-


� a)'4
 %�&����� U���B
 �� �9t�	 ��K �����

�
 ����� 5- v;�� �9 ���	A	� 0��= �+ 62�� ��	�

�
 ��* �6����� ]5 .[M&<� �� �	�N ��� �e��� %��+

.- �A	� %�+ ��� �9 �& p��/Stallard & Edmond  

]36 [���A���� �� �?I�L
 ���
 ����D
 .- %�& ��K %�

 6<)* ��� 6�� (I�* 5- �� u�� ������& �9 �����

5�	/�9%�& Ca  �Mg� �	
� �+ �:�/ �+ �HL�
 �����

 �� �9 �/��+9 U�+��� ���E C	I� �+ � �?I�L
 ���


�
 ���
 �'	
�I�� � ^&- %��E %�&������ C+�K ���	

6�� �<EZ
 . b2$)  ��:3 ( <� �� .- .�[� �E

 v4�
 6�� ��� ���+ �J�'JI� 6���& � C9 �'4�

�;��� .- �9 ���� ��+�,
 ��34
 �� �)0� %�&

)/�9 � F�L	+ ([/ C
�9 CA= �+t ��� .- � �	8

���'����
 �e3: �	8[/ �+ M& �& #��[
 %�+ ����/

K�� ���8'�� ���
 �'?�0��� 1 . ��� �e��� G��'� F��� +

  ���: ��1  �3 �
 ()*� C9 �'4� �9 6>���� 5��/

���A� ����+ ��B
 �E �� O	+ �/�?I�L
 ����D
 .- %�&

 ��K �+�)L
 �E �� 6	e�	)K <� �� �9 ��N & ���+��+

 �����)  ��:1 ([/ 5��+ �I�t+�K 	* �	8t #[
 C

�
 ����+)  ��:3 .(> %�&'
���" ���	A	��J�3	 .-

 .� ���
 �$�+
 ���H
 (�E + 3	� �)&� U����	E

��	� ��K ��B
 �E ���+ �� ���+.  ��)  ��:4 ( ��B
 �E

 .- %�&'
���" ��� ���� 5��� a)'4
 U����	E %�+

 6��]16 �24 .[���A� `�A/ F��� ��� + .- %�&

���'��� #[
 6����D
 �K�> �?I�L
 ���
 ����D
 %�&

�
 U����	E %�+����+.  ��)  ��:5 ( C+�K ���H
 3	�

 a)'4
 U����	E %�+ .- �� �	��� 0��= 6<)*  �2K

6�� ��� ���� 5��� .�
  ��: ��� G��'� F��� + 5��/

 �`�	
��9 3: �+ 0��= �
�A/ 6<)* �9 �� �:�'


�	��"�
 ��B
 6<)* �� /��+t�� .�t���A .- %�&

���'�������D
 %�&  %�&'
���" + 5�3>� �?I�L
 ���


'
���"  CK��E  s9��E  �	���	
  
������'��  

1991 BIS  

������'�� 

WHO2007 

 ----------------------  
 C+�K

 �2K  
��B
 ��	�	+  

 C+�K

 �2K  

 ��	�	+

��B
  

pH 16/7  64/8  22/8  5/8  2/9-5/6  7  5/8  

TDS 160  460  299  500  1500  500  1500  

EC  283  526  387  500  2000  400  2000  

TH 150  266  204  200  600  100  500  

TA 166  283  225  200  600  -  -  

Na+ 3  10  7  50  -  -  200  

K+ 18/0  8/0  5/0  -  -  10  12  

Ca2+ 45  85  63  75  200  75  200  

Mg2+ 9  14  12  30  100  50  150  

HCO3
� 168  287  229  30  -  150  -  

Cl¯ 15  30  24  250  1000  200  600  

SO4
2- 10  23  16  150  400  200  400  
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5- ���	�- � ���	/�9 (	9/ � ���	A	��J�3	> <� �� �&

 %3)> %��'D
(Metal load)  F��� +pH  ���
 3	�

�'>� ��K ���+��� . �� ��� �e��� ���H
 F��� +
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���A� �
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���'��� �� ��� ����� ���H
 �� /P�+ 6<)* %���� �&

��'�& ���	
��- .- %�&������'��.  .� [�= 6<)*

 ���'��� �� pH>)KDT3(  ������'�� 6<)* �� /P�+WHO 

* � 6�� ���'��� �� pH> %�� [�= 6<))W7(  �� /P�+

 ������'�� 6<)*EEC �
���+ . �� 0��= �	H+ �
�
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EC �TDS  �pH 6�� ��� ���� 5��� . ��'�2A& (��f

P- 0��= �	+ ��
- 6�� �+�
 5��� ���� 0��= �9 �&�

 ����� ��P�+ � 62s
 ��'�2A& `�9 � .� �`�	
��9

 �DL� p��� 6D/ 0��= ��� 5��J� ���
 �� ���� �9

6�� �?I�L
 ���
 �HL�
 �+- 1+��
 	�
  �$ �� . �

M& �� �'2s
 ��'�2A& ���J� �+ %�� � CJ	� �	�N

�
 5���	� ���� ��'�2A& ��� ���H
 �I� ��&�6� .

 � 62s
 ��'�2A& �H� � %�� 0��= �+ .� [�=

 �� ��	��" � 62s
 ��'�2A& w
 [�= �+ � p��'


�
 5����&� . `�	
��9 � �&- 0��= �+ 3	� w
 [�=

���� �� �L��'
 � 62s
 ��'�2A& . �� �9 ��L��A&

)  ��:9 ( �`�9 �	��� 0��= �	+ �� 6�� ��� ����-


 ��'�2A& `�	
��9 � .� �+ ��P�+ � 62sEC� TDS 

�
 5�����&�.  

  

 N�-O8 .  � ��D���!'Q d 7 �� �DE�� �� H� /VB& �S��T ���) ��)µg/l ( �a�T !O ��Fe
*)µg/ml (��  �-��i) /VB& ���K��

j6�� �� ��-����) .) �� ��M�� e*!B� ��*-����* ��)WHO �USEPA �EEC(  

WHO (2007)  EPA(1997)  EEC(1985) �	
�	��  s9��E  CK��E  [�=  

300 300 300 5/3 67/4 28/2 *Fe  

2000 1000 50 20 1/48 2/12 Cu 

5 10 5 48 130 1/6 Cd 

10 50 50 5/8 5/34 8/2 Pb 

3000 5000 100 58 170 2/24 Zn 

20 10 50 5/7 5/16 5/3 Ni 

50 50 50 5/8 3/16 4/3 Cr 

- 50 10 8 2/14 2/3 Ag 

  

 N�-O9. �� ]��Q�������" =�� �� �FI�E� ���� �DE�� .) k���� �� ��M�� �S��T �M� _  

  

  

  

  

  

 
Fe Cu Cd Pb Zn Ni Cr Ag PH TDS EC 

Fe 1 
          

Cu .433 1 
         

Cd .382 .221 1 
        

Pb -.064 .087 .863 1 
       

Zn .524 -.195 .352 .124 1 
      

Ni .491 -.278 -.029 -.345 .619 1 
     

Cr -.441 -.205 .555 .788 .040 -.358 1 
    

Ag -.479 -.454 .173 .249 -.181 -.374 .474 1 
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Abstract 
Mahabad reservoir dam is the main drinking water source for Mahabad town and its downstream 

villages. To investigate the quality of water, physicochemical parameters including pH, EC, TDS, total 

hardness (TH), total alkalinity (TA), temperature, salinity, concentrations of main cations and anions 

(for 5 samples) and some of heavy metals (for 11 samples) were measured in water sampling stations. 

According to chemical analysis results and comparison with international standards, main cations and 

anions concentrations and physicochemical parameters values (exception total hardness) of the water 

samples are located in permissible ranges and suitable for drinking water. (121-180 mg/l). In 

comparison with world health organization (WHO) standards, all the water samples indicate Cd and 

Pb serious pollution for drinking water point of view of drinking water. In KDT3 sampling station, the 

concentration of Cd and Pb are 26 times and 3.5 times of permissible values, respectively. Also, the 

water of Mahabad reservoir dam and upstream tributaries are polluted regarding to permissible Cd for 

livestock and poultry requirements. This pollution can be related to geogenic source (mineralization) 

and anthropogenic source (wastewater derived from upstream villages). However for irrigation, the 

water of Mahabad reservoir dam and upstream tributaries have low salinity (C2S1 class) and it is for 

agricultural uses. Piper diagram revealed bicarbonate type and calcic for water of Mahabad reservoir 

dam. The surface water of the study area, for the reason of high total hardness, needs softening prior to 

use for different industries.  
 

Keywords: Water pollution, Heavy Metals, Cadmium, Lead 
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