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Abstract 
Maharloo Lake is one of the most important water ecosystems in Iran, which is nowadays exposed to multiple 
risks and threats due to poor water management, salt extraction, and heavy metal pollution. In this study, the 
concentrations of such heavy metals as chromium, copper, zinc, arsenic, cadmium, and lead in both water and 
salt samples collected from areas in the north and south of the lake were determined by atomic absorption (AA-
670G) after the samples had been digested. Results showed that metal concentrations in the salt samples taken 
from both the northern and southern areas had identical mean values in the order of Cr> Cu> As> Cd> Pb. An 
almost similar pattern was detected in metal concentrations in water samples taken from the same areas but with 
a slight difference in the way they were ordered (Cr> Cu> As> Pb> Cd). It was found that both water and salt  
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samples collected from the northern areas had higher metal concentrations, except for that of Pb which was 
slightly lower. Comparison of the mean values of metal concentrations in the Salt Lake and those of Sirjan, Lar, 
and Firoozabad salt mines revealed that copper, cadmium, and lead had their highest concentrations in the Salt 
Lake while arsenic and chromium recorded their highest values in samples taken from Lar and Firoozabad salt 
mines, respectively. Based on these findings, it may be concluded that the increased metal concentrations 
observed in samples from both northern and southern areas of the lake are due to the sewage and effluents from 
urban, industrial, and hospital sources in Shiraz disposed into the lake as well as such other human activities as 
farming in the areas around the lake, especially in the northern stretches. These observations call for preventive 
measures to avoid further water quality degradation in the area. 

Keywords: Heavy Metals, Maharloo Lake, Table Salt. 
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4�U� N`$B� ��� #�.6� ������� #���7� ���w63 .%.8� &�% *� 2��3
 ����� 2���? #) %�% @�G� 4?.�/ ( 4A�6D nM? (% &% ( -����&� �

1 Shimadzu/AA-670G 
2 Shapiro�Wilk 
3 ANOVA 

4���U� N`$��B�  *���� ) %&����� %.��/( 2&�%\]/\P>(2����? ����� �
4��U� N`$B� nM? (% ��� &% 0��%�) ( ��  '(�) ����� %.�? &�%

)\]/\P<(+,D &% #) 2�3t(u.	�� !�3�G� +?�b 
��?  n3(o�T ���� &% 4�&�? %&.� ����� ����� 	E�d #���7�

#�.6� &% �F�� ��%�7� � �� +;� -6� 2�3 %��?��(���  @�/���� @%�U
 4�� @��G� @�$��&" (&% ������ 	�E�d c��<�< �������� #�) ��3%

#�.6� #�?  4��&�? %&.� @%�U� -6� 2�3 &% ��� ���� 2���? c��<�<
 &"  @�/����  %�?��(��� &% '(�)  @�/��� ( %�?��(���  &"  .A&�F�
  %���?��(��� ( @�/�����  .A&���F�  @�$���&" &% -�����&�  .A&���F� (

%�)  .A&�F� &% *�� ( %�?��(��� ( @�/���  @�$�&"  .A&�F� &% 0��
#? .%.? %�?��(��� ( @�$�&"  @�/��� ���?  q��$� ��� �89 4�) &.9

 ( &"  @�/��� @%�U� -6� ��� �? #C��&% -6� 	E�d ������� 

O?	;LR	E�d &��U� N����� ( �Z)��  +b��  ������� #���7�
M? &%  -6� &% �����n#C��&% 4?.�/ ( 4A�6D 2�3 

4��� c��? '�f.��) �? '�f 

<���& '�q&��� WB�	���j�	� 
��VF

���	&����

�� 
J�6D|}/��|/m�k/p�|/m
4?.�/l�/mmk/mp/�mk�/m

-���&�
J�6D��/m�p/m��/mm��/m
4?.�/}�/mm|/mk/mm��/m

'(�) 
J�6D�/l}/�}}/��l�/�
4?.�/lp/}}�/�k/�}}/p

0��%�) 
J�6D}}/mm|/m�l/m��/m
4?.�/m�/mm�/m�l/mm�/m

*�� 
J�6Dp/mmp/m}/mm�/m
4?.�/��/mm|/ml/m�/m

O?	;MR	E�d &��U� N����� ( �Z)��  +b��  ������� #���7�
nM? &% *�&% ����� 4��� c��? #C��&% 4?.�/ ( 4A�6D 2�3 &% '�f

�$�A 

<���& '�q&���WB�	���j�	� 
��VF

���	&����

�� 
J�6Dp}/m�/m}/mm|�/m
4?.�/�/mm�/p/mm�}/m

-���&�
J�6D�|/mmk/m�l/mmm�/m
4?.�/mk/mmp/m�l/mm�l/m

'(�) 
J�6D�}/|p/�p/���/�
4?.�/l�/��k/m�p/|�|/m

0��%�) 
J�6Dm�/mND�/mm��/m
4?.�/mp/mNDm}/mmm�/m

*�� 
J�6D��/mNDp/mmp�/m
4?.�/�}/mND|/mm}l/m

ND z�MG< +?�b��d 
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WX>MR4?.�/ ( 4A�6D nM? -6� &% ����� 	E�d ������� #���7�
c��?  #C��&% 4��� '�f.��) �? '�f 

WX>PR4?.�/ ( 4A�6D nM? &% *� &% ����� 	E�d ������� #���7�
4��� c��?  #C��&% �$�A &% '�f 

#?  *�� @�$��&" ( %��?��(��� @%��U� -�6� ���� &% c�<�<
 +,D) �D !�3�G�}.(

WX>RR#���7�  @�/��� @%�U� -6� �? #C��&% -6� 	E�d �������
4��� c��? %�?��(��� ( &" '�f.��) �? '�f 

�i�� &% 0��%��) ( *���  ���  -����&� ������ 2��? %�?��(���
 @���69�k�4��U� N`$B� �;&% #�) 4A��&% .	�D�% %.�/( 2&�%

 4��U� N`$�B� 4��&�? %&.�� @%��U� ���? &% '(��) ��� 2��? 2&�%
 !�3�G� &% -����&� ( '(��)  ��� ������ 	�E�d ���$�G�? .�G�

#? .A&�F� #C��&% -6� ( 0��%��) ������ 2��? #) 4A�&%  ��� 	�%
!���"� %(&( !�(��� #? �3 0$���.)� #? 456� ����� !o�( &% 4�?� 2�3

	�A�U� 4T 0F� �� 4,�  4����� 2�3 4����� ���< ����� 2�3 4$����
 #C��&% .	�� @�F/ ����� &%0$���.)� #�6/ �� .A&�F� 	��� 4���3

 	���A�U� �� #��)  -��6� 	��D�%�? @.��w63 4������� V���$M� 2���3
	�A�U� !����"� g�.��� '.L3 ( 4����<  2��D%�f 2�3 ( 4�A� 2��3

#? V�$M� 2�3���� �� 4��U� #��B%(& ���9 �� !o�( #�? 4�F$�� 2�3
	�� �I�$�  @�]�Q (�][.

@�63 4� @�G� q��$� #) &.9 4�&�? %&.� ����� '�6< 2��?  �3%
#�.6� &% #��.6� &% 	�E�d ���$G�?  -6� 2�3 #�C��&% J�6�D 2��3

#�.6� &% ���w63 .�D !�3�G� #? #C��&% *� 2�3 2��? *�� ��� �/
 ���$�G�? 0�3 0��%��) ( -����&�  '(��)  ��� ������ ������ ����

#? #C��&% J�6D &% 	E�d � 	��% #�? .��� 4A�6�D n�M? 4��) &.�9
 ����� #�? �$G�? 4,�%�� @.w63 4��"% #?  #C��&% 2�&(��G) 2��3

#��B%(& 2%(&( ( N��9� #���B%(& #��6/ �� #�C��&% #�? 4F$�� 2�3
 !%.�A� ����� ����� #? �$G�?  ����D &��3�& &��C #��B%(& ( -GB

 ��$� 	���? @(&% �� ����D -GB #��B%(& #,��� #? #/.< �? .	�� 0)�
4� �FD ��� !����"� g�.��  %&Of *`�P�� +���D 2�F�D 2��3 2��3

:6/ �& 4$U�; ( 2&�L<  4���B  #�C��&% 	6�� #�? ( !%.�6� 2&(�
#? 4�� 	���3 @� 4A�6D nM? !o�( #�? ����?���? .���) 4f%.�A� +��A%

*`P�� &���? #�? ��F�� %(&( �~�� ( ����� ����� #? 2�FD 2�3
GB #��B%(& ���� �� #C��&%  �����D &���3�& &���C #���B%(& ��� -

4� &% ������ ������ 	E�d @%.? �$G�? #) %�% �& J�6$� ��� @�.<
#?  4A�6D nM? ���� ���� �� �$G�? nM? ��� *� #) 	�� ��� +�A%

#��B%(& 4� 2�&(�G) g&��� *��T ( �3 .%&Of 
J�� &% 4���?�|l� *� 4f%.�A� 4�;� :�8�   4�������� 2��3

B ( #C��&%*`P�� %(&( �& #C��&% ��M?� !�. y� ( 2�F�D 2��3
%���) @�.���= 2�&(���G)]��[#��) %�% @���G� q����$� ����� ���? !(`��= .

nM? *� ( -6� &% *�� ��� 	E�d ������� J�6�D ( 4?.�/ 2�3
4�U� �(��<  4��&�? %&.� �;��= ���� �,=�? 4$ ( ��&��� 2&�%

#�.6� &% @� 	E�d ������� % 4?.��/ n�M? *� 2�3 �$�G�? #�C��& 
!%����/ &.���8= #���? #���/.< ����? .	����� #���C��&% 4A�6���D n���M? �� 

����DR@�(���� 2�3(&%.B #���(& %%�< ( #C��&% &��) �� Y�8=&��?
#? @� �� 4�� &�F? +H� &% !o�( 	�E�d #�) %�% �& J��6$� ���� @�.�<

 &% %.�/.� *��� �� 4D��  #C��&% 4?.�/ nM? &% *�� ��� 2"�?
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2&.8= 2�3(&%.B 	B.� W��& (4?.��/ nM? &% 2���6<� 2�3
n3(oT �� 2&���? #C�f� .�D�? #C��&% &% �& *��� ���� ���G�� ��3

	B.� #L�$� !�F? ( 46�D(�$T :���;  4���� 2�3 @%��U� �� 2&�%�?
!%�) @��? *��T #��M< +��D ��� ��� ���% :?��� ���  ��� 2�F�D 2��3
W����& (������ &% 2.��/ 2���3 	���� 4��?� 2���3]��[���? . ����?� 

�&.; ��UA�i� Y��� �? %.�/(  ������ ���G�� �$��� 2��? #$��f
 4�� �"�6$� 4<�UA�i� #7i�� &% *�� #�? ����.< !%��/ 4�,�%�� +��A%

����DRW��&  #C��&% #? Y�8=&��? *���T %(&(  2.�/ 2�3 2��3
.�D�? @� #? ����D �FD 4$U�; ( 2�FD 

������ ��%��7� �������� #����7� �� +;� q��$�  ���  '(��)
 -�6� ���� ��? .A&��F� #�C��&% -6� &% -���&� ( 0��%�)  *��
 ��%��7� �������� ���? #�) %�% @�G� %�?��(��� ( &"  @�/��� @%�U�
 ��? .A&��F� #�C��&% -�6� &% -���&� ( 0��%�)  *��  �� �����

 4��U� N`$�B� @%��U� ���� ��%��7� ���? ���� &% .%&�% %.�/( 2&�%
 &� ( '(��)  �� ����� @%��U� ����� #�? 	8��� #�C��&% &% -����

 &% :���( 2�&(��G) g&���� %./( #? #/.< �? .��&�% 2�$G�? 	E�d
#��B%(& ( #C��&% N��9� *��3� %(&( ����w63  @� #�? 4�F$�� 2�3

#��B%(& #? g&��� ��� *`�P�� %(&( ( #�C��&% #�? 4F$�� 2�3 2��3
 #�A�?�  4$U�; !��f&�) �� 4�D�� 2���� 2��3 �L�T ( &% 2��3!�2����

 4��  -�GB #���B%(& #�? �����D �F�D +��8�.<� ����6U< ���� @�.�<
 -�6� &% -����&� ( '(��)  �� ����� @%.? "�? #) %�% �& J�6$�
 2�F�D *`�P�� %(&( �� 4D��  @%�U� ���� -6� #? 	8�� #C��&%
 #���? @� %(&( ( 2�&(����G) g&������ &% -������&� @����D #$����D (

#��B%(& �D�? #C��&% �~� ( �3]��[.
#? ����  4��&�? %&.� ����� ��? &% #) %�% @�G� q��$� 4�) &.9

 ���$�G�? V��$M� @%�U� -6� ��� &% ����� ���� #? 	8�� '(�)
 J�� &% ��HA� .%&�% �& 	E�d�|km &% �& '(��) 	�E�d ��������  

#�.6� #��H< -6� ��� 2�3 !��G��}/p@�( '��f ��? '��f(�,��
#? -GB % #) 4A�&% .%&(� 	�%#? �P� #UA�i� &����$6) c�<�<

 #�? @�$��&" ( .A&��F� 2���? @� 	�E�d ���$�G�? (@�������}/�(
|�/�4��� #�? -�GB @�( '�f.���) ��? '��f ���� 	��%]S�[2( .

 c��<�< #�? �& 0��%��) ( ���  *��� ����� 	E�d ���w63p�/� 
�/m(�l/m4��� #? -GB @�( '�f.��) �? '�f &% #�) %&(� 	�%

�? #���7� 	E�d #? 2�3 	�% ���� ��/ #? .A&�F� #C��&% -6� �� !���
.%&�% 2�$6) 	E�d *�� 

��? -6� &% ����� 	E�d ��? 4�$�863 4�&�? �� +;� q��$�
#�.6� &% *�� ( ��  0��%�)  '(�) ����� 2��?  %�% @�G� *� 2�3

 �i��4�U� 4�$�863 �;&% 2���? #�) 4A��&%  %&�% %./( 2&�%
863 -���&� ���4�U� 4�$� J(�/) �G� !�3�G� 2&�%|#�/.< �? .(

 2�&(���G) 	U���; &% -�����&� ����� 2(��� '.6��� �� !%��$���� #��?

#? !�G @�.�= ²&�b ( n) #?  n) %(&( �~�� ( &��F? +H� &% !o�(
*`P�� #? 2�&(�G) 2�3 +�H� ����� #�? 	8���  �$�G�? @���� ��3

4� �E�d ���? 4�$�863 '�= #) %�% �& J�6$� ��� @�.< -����&� 	
4D��  4�&�? %&.� ����� ���� �? #���7� &% #C��&% *� ( -6� &%

*��T @���� %(&( �� -���&� �(��$� @���� 2(� 2�&(�G) 2�3
*��T ���� �? !(`=  #C��&% #? .	�� �3 

O?	;PR*� ( -6� &% ����� 	E�d ��? 4�$�863 @���� 4�&�?
.A&�F� #C��&% 

-� @?�j y�3��� �����j N�� 

���U< c��P �lp/m��l/mm|/mll/m��/m

4�U� c��P 2&�% m�|/mm�p/mkml/mm�/mm�}/m

J��� &% @�&��,63 ( 4��b��pmmk &% ������ ������ 	�E�d  
4� @�G� �F�� q��$� .��%�) 4�&�? �& .A&�F� #C��&% ��?.�& #) �3%

  2(&  '(���)  +�,�� ������ 	�E�d  4���&�? %&.�� ������ ���? &%
 #�? -����&� ( 0��%�)  ��  *�� 	�E�d ���$�G�? 2�&�% c��<�<

#��? @������|/l� �/�| p/|� |l pk }/}(p�/p4����� '���f
 	6��b #�) ���%�) @��? �F�� ���w63 .	�� '�f.��) �? 4A�6�D 2��3

 4��d &����? ����� ����� 	E�d ���A �� #C��&% ��$��3 ��<]p\[.
� �& 	E�d n����� ��� 4�;� +�A% �F�� *`�P�� %(&( �� 4D� 2��3

 n�M? #? ����D �FD 4$U�; ( 2�FD ����� �� #�C��&% 4A�6�D 2��3
 ���? #����7� 4�&�? �� +;� q��$� .��$���% ����D -GB #��B%(&

#? 	E�d 	�E�d @%.�? �����T �� @��G� ��P� #UA�i� �? !��� 	�%
 ����� �%&�% #��C��&% ��?.���& #��? 	8����  #��C��&% -��6� &% ������� 

+;� q��$� 4�� @��G� �F�� 4�&�? �� ������ ���� 	�E�d #�) ��3% 
n�M? &%  +�,�� ���/ #�? ������ ��Z)� 2��? �� �$�G�? 4A�6�D 2��3

nM? 4<`; 2���% #UA�i� &% .	�� #C��&% 2�)�� ( 4?.�/ 2�3
 J�� &% @�&�,63 (pm�m ������ 	�E�d 4�&�? #?  Zn Mn Cr 

Ni  Pb Cu (Cd �������D -���GB #�����B%(& ��?.����& ( *� &%
 4�� @���G� ���F�� q����$� .���$B�%�T ( *� &% ������� 	��E�d #��) ���3%

#��? ��?.���& #��? c���<�< �&.��;Zn>Mn>Cr>Ni>Pb>Cu>Cd (
Zn>Mn>Cr>Ni>Pb>Cu>Cd n������ +�A% �F�� @���T &% ( 	��

 *`�P�� %(&( �� 4�D�� �& ������ 	E�d �����v< (V��$M� 2��3
 #? ����D �FD��$���% #��B%(& ���]pS[.

�������� ��? #���B%(& *� &% ������ 	E�d #���7� �� +;� q��$�
 *� &% ������� 	��E�d #��) %�% @���G� .A&���F� #��C��&% *� &% ���F��

#? #��B%(& ? �/�P� #UA�i� &% �F�� 	E�d #? 	8��  *�� 2����

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

95 ��������	�
������ � �

O?	;RR!���"� ��L� 	E�d �Z)�� #���7� 4)�&.B -6� &% �3
.A&�F� #C��&% -6��?]pu[

<����� y
& �� 0�  '�q&��� 
(µg/g) 

��7� ��	/� ��j�	� 
(µg/g) 

0�  

a}/m �/m -���&�

mb/L p ��

pa/m �/m 0��%�)

Le/m � *��

L}/� - '(�)

J�� &% @�&�,63 ( &.� .	�� �$6)pmmk ������ 	�E�d  Co Cd 

 Cu   Fe Pb   Ni  Zn Mn   Cd (As .A&���F� #��C��&% *� &% �&
#���? ����?��? c����<�<��/p |l/m p�/m }/�m �l/� |�/p 
|l/m(�/�4����� 2����? ( ���$�A &% '���fAs (Cr ��� �� ���$6)

#? !��$�% z�MG< 	�E�d #����7� �� +�;� q���$� .��%&(� 	�%
 	�E�d @%.�? "�? �� @�G� �P� #UA�i� �? �F�� 4�&�? %&.� �����

���&� ( 0��%�)%&�% �F�� #UA�i� #? 	8�� �P� #UA�i� &% -]pt[.
�? .A&�F� #C��&% -6� &% ����� 	E�d #���7� �� +;� q��$�

 J(��/ &%  4)�&.�B -�6� &% 456�� ������ 	E�d ��L� �Z)��Q
!����"� ���L� �Z)�� �? #C��&% -6� #���7� .	�� !�D #a�&� &% ��3

4� @�G� 4)�&.B -6� � ����� 	E�d #) �3% 0��%��) ( *���  �
 4)�&.B -6� &% �F�� ��L� 	E�d �Z)�� �� �$6)  #C��&% -6� &%
 &% @� ��L� �Z)�� �� �$G�? &��7� ���  -���&� ��� 2��? ��� �	��
 N���9� &% :���( 2�&(��G) g&���� %.�/( #�? #/.< �? .	�� -6�

#��B%(& ( #C��&% ���� *��3� %(&( ����w63 ( @� #�? 4�F$�� 2��3
 #? g&���#��B%(& ��� 4�  �3 @%.�? "��? #�) %�% �& J��6$� ���� @�.<

4�  #C��&% -6� &% -���&� 2�F�D *`�P�� %(&( �� 4D�� ���.<
 #���? @� %(&( ( 2�&(����G) g&������ &% -������&� @����D #$����D (

#��B%(& .�D�? #C��&% �~� ( �3 

R�<7��& ���* 
��) #�) %�% @��G� ��P� n3(o�T q��$� �� -�6� ( *� 4���6��D 	

2�<"��? �i�� &%  4A�6�D nM? #? 	8�� 4?.�/ nM? &% #C��&%
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