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��(E� _�J �� Z�	 �7-� ?�9A�� �({)J �{/�� f�({] �{J 
��3J&���Ox��)�� "7� �� 0S �{�&!&"	 ! �{-& "7%{�J @g�{�� 
��Jv��O���-& +]�� .�	�J ���8 �
& �� i��C �	�J����-

�74�- _.O "R& �� �8 �-& M8�^ ?�9G;�O �& �{��8 ��{%�
 ��<.� �� �7	"# I,/�-& .�)��{] @g�{�� �� ���# �& ?��RS

 _{�J �&  +/ ���O ?�{9B!C+%{�  +{
� .?+�d�({- ���{8
 �
"�; / f�(] �JI,�&����  +/ �"4 "7%�J ! �)��] @g��� 

f�(] �J��\���� �{�  +{
� ���# ���8 �� �
�9 �({/ .�
"7%{�J
 _�J �J �(J"� ���8 �
& ��&!&"	B�-& .���8 �
& ?�()J ��3J&

 ��J�/��Ov/��)�� �� 0S ��&!&"	 ! "7�"7%�J ��{J @g��� ��
�O�x�-& +]�� .+.
S"	 "R& ��?�&F�!"J �
"�; f�d�(- �J ��{9

+��8& +��8!�+�9 ! �9 �9S ?�9)�{�O(# ! �{��(E�� (I
+{\O
 �-&  +/ .���8 ?+�d�(- �
"�;(,��8 �E�� f�(] �J I,{/ �&�

 ��"7%�J ��  +
� �)��] @g��� �({/ .�{
& �{�&!&"	 �
"7%{�J
 _�J �J �(J"� ���8A�-& .��J ���8 �
& ?�()J ��3J&�/��{O 

v/��)�� S �{�&!&"	 ! "7� �� 0"7%{�J ��{J @g�{�� �x�{O v�
�-& +]��.

�
�� �������
���:�$7�{,/ �({>! ��{.~E9 ! 0&!&"{	 ?�{9
���8 �(h^|"7�# i\- ?+�d�(- ?�9 ���8  +/ �
(��R ?��-

�-& .
��8&_+�d�(- L�J �& �3J�O �9 K.- �#+�S �&(9 ! =S ��9
 ���!& K.- i�8"O)�  :{
! �J �&+{� �{
"�; (K.{- ��74�{- !

�0�JF� )�$7�,/ ! �#��(4 I�# "b� �& (�{-& .L�{J �#+{�S
K.- �9)�
 ! _
�-"	 �)* �J�����4�- (�{� i\- �{O �({/

 =S  "d- �<- "
� ?�9 !  +�S ��
�; �.����.�; ?+�d�(- ?�9
 D({)`� �{J _.8&! o"3� �� �
"
� _�J  ��&({9 ?�{9  +{..8

 +�"�# �&"A 0&+��8& .
��8&_+�d�(- ({E3� �{9S ?�9[L�{*�J 
+��8& I�,%O �� P
�(d�(- +�-& ! �9S ?�9�(/ .�� �{
"�;

 0&(.* �J 0:��8& �8 �<�`� �� ! ��&� �E�� _�� +.
S"	 �
&
 +{.8 IE*  +..8 +��8& N�{-&"J '�Y�&"{- _.{8&! "{
� ?�{9

�� +��8&�(/ ]�U.[
2FeS2 + 7O2 + H2O = 2FeSO4(aq) + 2H2SO4(aq),                                                                                            
2FeSO4(aq) + 2H2SO4(aq) + 0/5 H2O =
Fe2(SO4)3(aq) + H2O
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+)>1�/ � ��E1�0�7�J�O���X �-�"J���8 ?�9D��- ��
&����� �"�#�� ?�9 �&� "��dO ! �E�/?�9. . .1U�

Z�`� �� !0:��8& �& �.C ?�9:
2FeS2 + 7.5O2 + H2O = Fe2(SO4)3(aq) + H2O

Z�`� ��.k �� �� �
"�; �7^ �
�9 M��7�{� �({g �{J +{�&(O
"
� _.8&! �\g�(/ I
+\O ��O�E9 �J :

2FeS2 + 7.5O2 + 4H2O = Fe2O3(aq) + 4SO4-2 + 8H+

�
& �
 �8N�-&"J�(/ I
+\O ��O(# �J M��7�� "
� _.8&! :
2FeS2 + 3.75O2 + 3.5H2O = 2Fe (OH)3(aq) + 2SO42 
+ 4H+

+�-& +�d�(- �
"7E�� �
"�; �� =(�`� ��-�(/.Fe+3 +��(O 
��{{8& �{{g  +{{/_
& �{{J �{{
"�; _
&F{{	pH! +��{{8& �{{J 

+��8!�+�9Fe+3 �{� I
+{\O �{9S �O�d�(- f�\�8"O "$
� !-
�(/ .Fe+3 ?&"{J M{�� �{)�4  +{..8 +��{8& I{��* P{
 �(4

+�d�(- �& "O"R({� �{)�4 ! �{-& ?+�{-& Z
&"{/ �� �9S ?�9
 �� IE* 0:��8&+.8 ]�U[.�{� �Y�7��� �{8 �{d# 0&({O pH

D()`� ?�9 +��&�"J�� ! P
�(d�(- +�-& L�{J "{R& �� �9S 0(
 
i\{- ! �{7	� L�{J �0&+��{8& Z
&"{/ 0+�S �(>! �J ! �#+�S

 �-&  +/ �9S +��8!�+�9 ! +��8& �%�� . +{E* ?��- ���8
  &"{E9 �{J �{��(E�� ! �{�O�E9 ��{�O(# I��{/ �)^"� �
& ��

�-& ���!(8 ! �
�!�S ���8L�� ��F> "
����.
!��2�:�� �9S ���8 �
"7�&!&"	 0&(.* �J �{-& �{�<.� .�& �{8

  ��!S"	 ���!& �)]& ?�9�&F�!"J ��&(O �� �
&�"\E9 �{��8 ?��{-
�-& .?&�&� �;(,{-!",�� ! �;(,{-!F� N�{��� �� �{��8 �
&

 ��)8 ?�9 �	�J +��()8 ! ?&?�-& .���8 �
& ��!&"	 ���{-"#�
 �-& �
"�;._{�J �{J �({J"� ���{8 �{
& ��&!&"	 �
"7%�JB

�-&.
!����� :	 �& �,
 ���8 �
"7�&!&"  +.9� I�,%O ?�9 ��<.� ??

��(��-�"J �-& .���8 �
& ��!&"	 +.
S"	 ?�9 �&F{�!"J !  �({J 
�`<- Z
&"/ �� �
"�; 0+/ +��8& "R& �� �7	"# I,/�-& .

_�J �J �(J"� ���8 �
& ��&!&"	 �
"7%�JB!C�-& .
!�
2��% :�
"�; ���-"#� "R& ��)���{8 �& �g()�� f�(] �J-

9��O�E9 ! ��O(# ?� (I�,%O f�{#"#S f�(] �J !  +/ ?�{9
��&�  (�A �J I
�� ��� �F
� ��(E� �� ?&  +9�%{� IJ�A �7-� ?�9
�-&._�J �J �(J"� ���8 �
& ��&!&"	 �
"7%�JB�-& .

!����8 � !��@��:0+{/ �&�S ! �{
"�;(,��8 ���{-"#� "R& �� 

�O�.J"8 G,)�E8 �J "}.* �
& �& �%�J �G� Z�`� �� �(>(�
 f�{.J"8 f�({] �{J !  �&� _.{8&! =S G{� ?�{9 �� �&��{{.�; 

�� �7%�� 0&+��8& ��&� f�(] �J ! +�(/ �� F\{- ! �{JS ?�{9
 �-&  +9�%� IJ�A �;(,-!",�� ! �7-� ?�9 ��(E� .�
"7%{�J

���8 �
& ��&!&"	 _�J �J �(J"� �9B�-& .
!�%�2� :0+{/ �&�S ! �{
"�;(,��8 ���-"#� "R& �� �{
& �G{�

 +�d�({- f�({] �{J !  �&� _.8&! ?�"#(# G,)�E8 �J "}.*
 �� G��.�; �� �7%�� 0&+��8& �{JS F
� ��&� f�(] �J ! �(/
��(E� ���-&  +9�%� IJ�A �;(,-!",�� ?�9.

�%�2������(�� 

���#��7��� �{8 �{-&  +{/ I�,%O ?+�d�(- ���8 Z{-(O 
�� !  +{/ �g�^& �
"�;0!�$7�{,/ 0S ?�{9�����\� �& �
�{9

 ��  +
� F�� �
"�;(,��8 ! �
"�;+�(/ .���{8 �
"{7�&!&"	 ���#
 _�J �� ?+�d�(-A�{�  +{
� F�� �7-� ��(E� �� �8 �-& -

�(/ .�J�> ! �.`�& ���k �
�>  +{.9� 0�%{� ���{# �{�)�� ?�{9
 "#� �&+4� �{-& 0S �.�%{� �{O �& G{; �),{/)I,{/�s.(


"�;(,��8 ! ���# ��J �"� �� ���!(8 ! �{
"�; ��{J �� F�� ! �
��  +
� �
"�;(,��8 �(/)I,/?�{9 �� ! z{�& .(���{8 ?�{9

 "
��{�� �{J  &"{E9 �{�8L�� ��
�!�S ����!(8 F�� ��<.� �
(��R
 �{{
FYO D(}{{`� �{{��(E�� ! �{{�O(# ��{{�O�E9 �& ?��{{
�

 �{{
"�;(,��8+.7�{{9 .�{{J �{{
"�;(,��8 ���{{8 �& ?��{{
� _{{�J
 +\O ���!(8 ! �
�!�S ���8L��  +/ I
�-&  +{��E�A�J !?�{9

  �&+�& 0S +^ �� �
�9W�/W�{O 1�/W+{��&� "{7E�)�� )I,{/�
z�& .( �{J �{
"�; ! �{
"�;(,��8 ��{J '"	({)8 �{	�J �{J ��O(#

 �&(� f�(]?�9��  +
� �8&F$
� �(/ .Z{J&!� �{
&�"\E9 ���{8 
I,/ �� ?F
"	 V�-&  +/ ��&�& .! �
"�; "7%{�J �
"�;(,��8

 f�(] �J�����\��9
�$7�,/ �� �+{��&� �(>! ���# ���8 ?�9
 0S I�,%O &a� �� &� �9 �J 0&(OG;�&� �\�� ���# �& )I,{/�

�.(���)�- 0�JF�� K.- 0+/_�; ���8 I�,%O �& Z�`� ��9
 �-&  ��!S M9&"	 &� �.�%��> ?&"J i-�.� .���8 F�� �
(��R ?�9

 ���8 �`<- �#��&(9 ! _
��8& +.
S"	 "R& ��9?+�d�({- ?�
 +�S �(>! �J+�& )I,/�.(

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
2.

26
5 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
20

 ]
 

                             5 / 16

http://dx.doi.org/10.29252/ijcm.27.2.265
https://ijcm.ir/article-1-1264-fa.html


My�80�
�+�^ ��(;P)� �?"�/?�!��d/  �&� 0&"
& �-�./ ���8 ! �-�./�()J �)Y� 1�W

=��A���8 �& �;(,-!",�� "
!�}O �J�O��J �(� �� ?F
"	 ��<.� ?�9 :z�&���&� I
+{\O �{�O(# �{J �{
"�; �8 ���!(8 ! �
"�;(,��8 ��
"�; ?�9
 = ��-&  +/���&� � ��-&  +/ �g�^& ���# Z-(O �8 �
"�; ?�9���&� +��8& �8 �
"�;(,��8 ?�9 +/ �g�^& ���# Z-(O !  +/f �+�&��{�&� -

� �'"	()8 �	�J �J ��O(# ! �
"�;(,��8 ��
"�; ?�9���&� s !  +/  +��8& �
"�; ! �
"�;(,��8 ?�9��{��� �4�/ �� �J ���# ) .=Gn  ����{# 
=Gt  ���O(# =Ccp  ��
"�;(,��8 =Py  ��
"�; =Cv  ���!(8 ]��.[(

=��B�
&�"\E9 ZJ&!� ��&(O?F
"	 �	�%78& ��<.� �� .
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+)>1�/ � ��E1�0�7�J�O���X �-�"J���8 ?�9D��- ��
&����� �"�#�� ?�9 �&� "��dO ! �E�/?�9. . .1��

=��C���8  "7�# 0(E.4��#� ?��-?F
"	 �	�%78& ��<.� �� ?& := ! z�&��	�%78& _�J �� �%�&"O �& �
�E� B� ����{�)�- �#� �& �
�E� 
�	�%78& _�J �� C.

����	�� ������
�#� �� �g !  "�� �?!� �="- �G� "]�.* �&+�� ��+3� ?�9

C ,B ,A�� D!+> ��-&  +/ ��&�& .��
�7� N�-&"J �&+��
 �& ="-w�O37000�J �(J"� �8 �-& "�c7� �O �� '"# 

_�J �� ��+3� ���8 �
"7E�� 0&(.* �J ���# ���8 �(h^A
�-& .�& ?!� �&+�����O�x����-& "�c7� �O �� '"# .�
&

���8 i��A �� "}.*+��8& +.��� �
�9e(� f�+� �J ! ?!� ?�9 
�#� �� �
"��d-& 0S ���!&��&� �(h^ �9 .�& G� "}.* �&+��

�w �O ����� �8 �-& "�c7� �O �� '"# "7%�J �J �(J"� 
���8 �(h^ ����J ! ���!(8 ��
�!�S ���8L�� +.��� �
(��R ?�9
���8 "7E8�-& �
"�;(,��8 ���!& ?�9 .�&  "��x/��O��� '"# 

�-& "�c7� �O �� . "�� ���8 �&� "}.* �
& ! +%�  +
� �)�7��
��&� �(h^ ���# ��74�- �� .�J ="- ?�> �J  "�� �.�%��>

0�,�& 0S ��(
 e�3/ �J �>(O�-& "
a; .�& �g �&+����O�

�)�� ��(E� Z�	 ! �-& "�c7� �O �� '"#L-PE-18 �O ��
�)����&� �g �O �� '"#.


��� ���������� ��� 
D��-3O ?&"J "�#�� ?�9PE� e(� ���3O ��Y.-��� ��� ! �9

���8 D()`� ?�(/ �&+�������8 �� �&��� �-�"J z)7�� ?�9 -
+�(/ .�-�"J �J ���� 0S �& _�; �7\�& �-& �
&�"\E9 ��A� ?�9

���8 +
�J !0S I�,%O �8 +�(/ =��7�& �
�9���8 D()`� �& �9 -
+/�J  +/ +���O �&� .D��- �-�"J �(b.� �J ! "�#�� ?�9

&��(E� =��7� �&+3O �Y.-��� ?&"J i-�.� ?�9�!� @<�� "J
���8 �J  &"E9 "\E9 �
"7E�� �8 FO�&(8 ���8 �& I��] ! �9

���8 D��- �J �7�J&!+�+/ �-�"J ! ���O ��-& ��<.� ��- .�
&
�-�"J�9"{{J �_�J �& �{{�(E� B!1_�J �& �{�(E� A

D!+> �� �
�7� �]�4 �� +/ '�Y�&1�-&  +/ ��&�& .K.- -
D��- ?��$���(E� �E9 �� "�#�� ?�9�� 0�%� �9 �E9 �8 +9�
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My�80�
�+�^ ��(;P)� �?"�/?�!��d/  �&� 0&"
& �-�./ ���8 ! �-�./�()J �)Y� 1�1

D��-!� e(� �& ���!& "�#�� ?�9 @
�� �& �.C ?��	)L-V(�-& .
D��- "7%�J �&+�& ���!& "�#�� ?�9 �& "7E8 ��J ?&x�O�x

+.7/&� 0!",�� .e(EY� �����Y.-��� ���!& "�#�� D��- 
+�+/ .E9 ?����$+/�#)Th(D��- ��J ���!& "�#�� ?�9
v�� �O ��� ?��� ��$���� �J �&"$�7��- �>�� vw� �>�� 

�-& �&"$�7��-)I,/wz�&.(=!5 ?��� ��7��� �#+/
)Tfm (D��- �� ��J F�� �9�/xx��O�/x���&"$�7��- �>�� 
)��$�����w/xw ��&+3O �=��(�(J "�c7� .=!5 ?��� ��7��� -

�<J&� �#+/ �J��"# D��- �� �(>(� PE� i�8"O �J �E��7�� 
��&�]�X[.�&+�� N�-& "JTfmPE� � +�S �-+J ?�9CaCl2

!NaClD��- �� ��&� �(>! ���!& "�#�� ?�9 .PE� e(� �
&
�� ��/ _4"k "R& �� +�&(O���8 ?�9K.- �� �&� �J(-� ?�9

+/�J  +/ I�,%O ��<.� ?�&!S .�
 =!5 �
��� ?���)Tm(F��
�� ��%� &� ?�(/ �&+��+.8 .�&+��Tm��J ����Ov��
��$���� �J �&"$�7��- �>��x�/���"��c7� �&"$�7��- �>�� 

�-&)I,/w=.(M7��- N�-& "JH2O-NaCl]�1[��&+��
 ��J ?�(/vv/v� �O ��/vv +]�� NaCl ��$���� �J ��/v� 
�-& +]��)I,/w�.(D��- ���$k �&+��?�9 ���!& "�#�� 

@>"� ����3� N�-&"J F��]��[��J ��/��O�v/�"J '"# 
�-& "�c7� i3,� "7E�7��-)D!+>1.(


�0D E���� �
FYO �
�7� ��(E� �
��E�/ z�g |!� �J �$.-  �"4 ?�9 ��
�{��&  +{/ �{d> ?�E{-�; ?�({� "%{� �{�"> �Y.-ICP-OES 
)�O �� '"# i�^"J (�
��"# �Y.-���* !)^"J�)�� i��O �� '"# (?�9 _�J ��A, B !C]�[.

Zn(ppm) Pb(ppm) Cu(ppm) Ag(ppm) Au(ppb) 6+9  ��E/��(E� 

��� ���� xxx �/�w�BL-PE-14 

v�v v��� ���� �/xvvBL-PE-17 

��v� ���� �wx� �/x��BL-PE-18 

���� x��� ��x�� �/���BL-PE-19 

�v� v���w/�� vx/�BL-PE-20 

v�� v�w� ��� wv�BL-PE-22 

�� ��� vx� w/�wB92LP-12 

�x� �vw ���/��B92LP-13 

�x��� ���x ����� �/��/�B92LP-14 

��� ���� ���x �/v� �B92LP-15 

�x� ���� �xv� �/�� �B92LP-16 
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