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Transport and Fate of Cyanide in 
Soil : Case Study of Mooteh Valley 
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Abstract  
Cyanide, a generic term referring to all compounds 
containing the cyanide group –CN, is a highly potent 
and fast-acting poison to humans and other living 
organisms when exposed to high levels. Cyanide is a 
widely and essential chemical used in mining and 
minerals processing industries and many other 
industries such as metal processing and production of 
organic chemicals. While some industrial cyanide-
containing wastes are treated or recovered, there are 
cases such as certain gold extraction plants where 
wastes are released in the environment. The objective 
of this research is to study the transport and fate of 
cyanide in soil in vicinity of a specific pollution 
source. For the purpose of this study, Mooteh valley, 
in the vicinity of Mooteh gold mine and factory, in 
the north of Isfahan province, Iran, was investigated. 
In Mooteh's Plant, the cyanide-containing waste 
(slurry tailings) is discharged to tailings ponds and 
there is potential for cyanide to migrate from them. 
Eight boreholes with 6 m depth were dug and from 
every 0.5 m a soil sample was taken. Statistical 
analysis of the results show that soil cyanide 
concentration decreases with distance from the 
tailings ponds (as a pollution source) and increases 
with depth. A regression model consisting of a power 
term for distance and an exponential term for soil 
depth can appropriately predict the soil cyanide 
concentration in the vicinity of a pollution source. As 
soil depth decreases, the rate of natural cyanide fate 
processes considerably increases. So, soil turn over 
practices is recommended to improve remediation of 
polluted sites.  

Keywords: Cyanide, Natural Degradation, Cyanide  
 Fate, Gold Mine Tailings, Tailings Pond,  
 Pollution Transport, Soil Pollution. 
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 S�� +���7 � K 1 %����S�� ��� �� ���pa p� % +p��� "�� �� pS 
S�� &����� K 1 <��	4 K�F.� >�� ���C� ]�� ���9 ��|z�p	4 

���)AP�|.(
pFLa ��p�L4 �p� y�p� +��� %
8�/4 ���4 F/�4 �� ��p������� 

pFLa �� y�� ���6*x�;( � ?�8 �� �� ?�8 FLa %�2��4$ �������
 ���� ���pH 3��� ��	L)( �� <��	4 ./4 >p�� 0�p4� �� I$ [/p� %p
8�

 ���4�����}�� }���9 0$ +1�� <��	4 � �	4 �¡]�� �� �	4 
��� .F/�4 (#�� �Y�(��� <��	4 ��( ���9� } �5�4 �	4 ���$�p� 
��.

��� U��a� �� ��� ��B� ������ /��� � 0��p� � 5a�� ���
@S��� ��� �� ¦��� � ��(��� ]�5.4 x�;( 0�24� %+�� "��* ��p� 

����� ��C .��� ������ ��	)2� n��9 >���! 0����� ��� � p5a��
 +�� ��� D���Y �-($ �� ��(��� ]�5.4 +�( .]�pF	(� ����4 ���� ��

 pp��� App��� &�pp��	.4 "ppR* %�pp-($ �� ¦��pp� pp� pp5a�� ��pp�
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=,����� (`8� 
8�/4 ���4 F/�4 bI �B�1 3/F4 b0E* 

<��� ����p� �p�( � ��� 0���C 0�p� ���p� ��-�Y�p(��� 3pH��4 ��
+��.

��� %p5a�� S�� � ]�F	(� �� �* (����S ��(��� ���9 I�)*
 p� 0$ �p4�C ���4 �"R* �5LH &����� �p4 >��p( ��p� .�� ��pR�

 � I�)* Tp� + p� p� S�� ���� [/� h�� +-C �� ��� >��(
 �4 0���C ��Y /F( �� �#�p 
4 � ���� p� ��p\4 ���;	p�� ���p� �p\($ 
�4 ��� * (����S ���Y .p� �p� � ��p� �p�RL� �p� I�)p* ���� "R�

�# �� j�� �4 x�;( �5LH &����� ��� ��S.
pS�� U��a� j�� �8� 	9� �Y��8$ ����� ���� p� p5a�� ��p�

 ��-� �� %��(���|~z| S�� �H�� + � �� %+p-C �� S 5a�� ���
 �� >�4� �
�La h�� Kp 1 p� �	p�� ��! +�� �;9 � ?��H� %+¡

�� �	4 .(� ( � �-��! +�
H�4 �� �����L1 j�� ���:
`8�bAp���� �� ?��S �� �� ��! �� �;9 � )��p-��!|��(%

¢ )��-��!~��(�|¢ )��-��! �¡(S�� ��	4 p5a�� ���
)AP�|.(�� �� /}����Y �-� j�� (� ( T� K 1 �	4 .

Ib;9A���� �� ��! �� �~z}})��!¢(�| �}})��p!z(
S�� ��	4 (� ( �-� ���� 5a�� ��� ���� ���)���p( ���p8$ j�� (
�� �� � /}����Y �-� j�� (� ( T� K 1 �	4 .
(� ( pi;.4 �� ��6p*�(x�;( �P�	p�E* U��p7 �� j�p� ��p�

 p� +pi5k >�p�
� ���p� 5���E� � �(�� ���� ���H T���� p� ��(��
 �(�� AF	�4 ������4�$ .(� ( AS ��(��� +i5k K��p/4 j�p� ��p�

 ����(�	�� ��-��� ����(� �� ���Y ]¢.[��(��p� +pi5k >��
� ����

¤pp(� D�� �� D�� ��pp�� %�pp� ���;	pp�� �pp�/F� �� �pp* �\�pp� 
¤(� @pS �p5�� ��(��� +i5k S +�� h���4 �/���� ���� �\��

)�� ?�Y��P�4 ��! ���9 ��j�� ?�Y�5�S �� �� ]�5.4 �	�8 (����.

-�H
2  I���� 
v�pp� pp� pp��4 +pp�� j�pp� ��(��pp� +ppi5k ���pp4$ pp�E�

]��C|+�� .0� � ]��C �� S ��a|�p4 �����p4 ��� �p� %��p�
 S�� �� 0�� 5a�� ���)�Y��8$ 3L�4 (��p� 	p��S ��(��p� ���F4 ��

+�� .0$ 5��� �� j�� ��(��� +i5k "��S >�� %�Y��p8$ 3pL�4 ��
 S�� �� ��(��� ���	(� +�
H�� ����Y ��� +�� <�.4 � 5a�� ��� .
��p-� �(#�a 0�4� &�4 �� %�Y��8$ >�� p(����S �����p�)]�p� ��

|~¢�(?��(�P4 �� %<p��� �p�( � +�p( � ��p� 0�pW � �p
�La ���
 ������ U�P� � ����� n��9 >���!%p��4 +p�� p� p5a�� �p� �� 

� AF	�4+�� ��.
(� ( �Y��p8$ 3pL�4 Tp���( j�p� ��p�)��p-��!|�p� ¡(�p�

(� (p�pp8$ j�� ��pp���( ���)-��!p��¢�z(4$ D�� �� %pp��� 
0�pp4�$t+pp;C ��pp� N0�pp�� a� [/pp� �� V{ �pp���)[/pp� 

1 Paired t-Test 
2 Confidence Level  
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9 �C���(� ( �� ��(��� ��-	i5k ���4$ �E y�� ��� 

$�m $��+� 
n o p b Z - * � �	i�� 

| �}} ~z}} |¢  |¢  ¢  ¢  �  �  �Y��8$ 3L�4 �� 5���)�	4(

|~ |~ |~ |~ |~ |~ |~ |~ �� (� ( ���
� 
}} /}< }} /}< }}¢/} }}z/} }|z/} }| /} }  /} }�z/} >��(��4)�5�4 y�� ?�Y�5�� �� ��(��� ?�Y(

}} /}< }} /}< }} /}< }} /}< }} /}< }} /}< }} /} }} /} AH��9 )�4�5y�� ?�Y�5�� �� ��(��� ?�Y(

}} /}< }} /}< }| /} }~}/} }�¢/} }z~/} | }/} �}}/} �o���9 )�5�4 y�� ?�Y�5�� �� ��(��� ?�Y(

}} /}< }} /}< }}�/} }|}/} }|¡/} }� /} }¡}/} }¡}/} ���
4 U��.(� 

9 �C*�0�4�$ t���8$ ��-��! y�� ��(��� ��-	i5k )��F4 ���� ��� +;C )��� � ���|��¡(���( ���8$ ��-��! ��)��� � ���¢�z(

$�m $��+� 
p b Z - * � �	i�� 
}}¢/} }}z/} }|z/} }| /} }  /} }�z/} %>��(��4)�5�4 j�� ?�Y�5�� �� ?�Y(

|~ |~ |~ |~ |~ |~ �� (� ( ���
� 

|� |� |� |� |� |� ����$ &�C�� 

¢��/  || /~ �~ /� |||/� �¢�/~ zz�/� t��� L��.4 

¢z�/| ¢z�/| ¢z�/| ¢z�/| ¢z�/| ¢z�/| t�(��.�)��/2�(

} }/} } }/} } }/} } }/} } }/} } }/} ���� ��
4 [/� 

}}}/} }}�/} }}|/} }�z/} }}~/} }}¢/} ��1P)��/2� ]� 	9�(

��
4 ����N ���� (��� )��F4 �(�)]��pC�.(&�Lp��.4 >p�� ��
 ]� 	9� %���4$T���a V��� ��(��p� +pi5k ���� %��� ���� ��S

(� ( �� "�p� �p� ���)p4 ����p � �Y��p8$ 3pL�4 T���( j�� ���
 (� ( �� ��(��� +i5k +p�� +�� ��� ��� .]��pC ���pi9E4 

�4 (� (  � �� S ��� %T���( ���t���p� ��p� Lp��.4 �� �p�t

�pp(��.�)��pp1 �pp�P�� �pp	 S } /}(>pp�� � +pp�� ��ppC� �pp�
4 pp� 
��
4 UE	�� ��(��p� +i5k � T���( j�� ��(��� +i5k >�� ���

+�� +����� j��.
� �Y��p8$ 3pL�4 �p� j�� 5��� ��m	4 �� �n� 0���4 ����� ����

Kpp 1 %j�pp� �� j�pp� ��(��pp� +ppi5k ��� �pp� �(�pp���� ��8�pp($
)ANOVA(+�� ��� ���;	�� .Kp�F.� >p�� ��-�p��4�$ ���4$ v�a

 �4 �� ��p�m	4 0$ �� pS +��Y �i( �� ���m	4 �� A���	S�� v�a 0��
 [/p� � ����� �Y��8$ 3L�4 �� j�� 5���� %¢ �|¢  � �p	4 

����� j�� K 1 ��m	4|~[/� )�� �;� ��¡5p��� �p� �p	4  /}
�	4 (+�� .p� AH��p9 %[/p� �� �� %A���	S�� v�a �� P��� � �i(

 
1 Level of Significance 
2 One- Tail Probability 

 �����4 ��)"��4�$ (%+p�� ���( p(� ( ��p-��! ��p��%��¡p� 
p(� ( ?�� ���pP� 0��p�1 � h���� ��p-��! ��p�|%~� �pi( �� 

�4 	��Y ��
4 UE	�� P($ � ����4 %��� �����p4 �-($ >�� ����
���(.

�p�
4 UE	p�� ��pC� ?�1 ����� ���� ��(��p� +pi5k �� ���
 ��p-��! j��|�p� �%~�p� �� % �p� ¡$ ���p4$ D�� �� 0�p4�t

+�� ��� ���;	�� ��� +;C)]��C~.(%���p4$ &�Lp��.4 >p�� ��
 0��� a� 5���{ ���� +p�� ��p� ���� ��S � ��a �� ]� 	9� �� .

�4 i9E4 ����4  � �� S ���t�� �p	 S ��p� Lp��.4 t�p(��.� 
)��pp1 �pp�P�� "�pp� } /}(UE	pp�� ?�pp1 ��pp��Y >pp�� ppS +pp��

��
4 (� ( >�� ��� ����4 ��� )��F4 ����.
��-��! j�� ��(��� +i5k �(����� ��8�($ �E�|�p� ¡��

]��C�+�� ��� '��� .���� AS �(����� 3���� ��p���m	4 >�p� ��
�5��)j�� K 1 � 5���(%����Gp� ��p/� � �p���m	4 A��F	4 �n� %

]��C ���+�� Q�R�� A��H .Ap4��1 p � A4�� ����G� ��/�
 ���( ]�	�S (� ( 0�4� �� �c�C &����m� 0�W � ��p/� � �����p�
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����(� +�� ���Y " .&�
��4 l� \4N"c S U�
4 +pi5k &��p��m� �
(� ( ��(��� %��"&�
��4 >��(��4V"&�p
��4 l� \4 @�)F� A��9

 ��"����$ &�C��X"%"��1F��� L��.4 "@�)pF� Ap��9 ��m	4 ��
 �p� �p�m	4 0$ &�
��4 >��(��4">��(�p�4 �p/� &�p
��4 Z"%"��p1F

�(��.� "3���� ��1 U�
4F��
4 [/� �� ��� �p��� �"��p1P"
+p�� ��� L��.4 ]� 	9� ��( .�pY�F�� �p�m	4 �p� ��p� Lp��.4 F

�p	Y��� 0$ �(��.�)��p1 �p�P�� �p	 S 0$ } /}(UE	p�� %�p���
��
4 ���� ��pC� ��	S�� 0$ `5	R4 v�/� �� ��� .]��pC �� �6p8�
E4 �4 i9 +pi5k &��p��m� �� Kp 1 � 5��� ��m	4 �� �� S ���

 ��	)� �n£4 j�� �� ��(��� .�pn� Kp 1 � 5��� ��m	4 �� A��F	4 �n�
 j�p� ��(��p� +pi5k &��p��m� �� �p���m	4 ��p� � +L)( ��	 S

����.

1 Sum of Squares 
2 Mean Square 
3 Degrees of Freedom 
4 Error Mean Square 

AP� ����� `p5	R4 _�p 1� �� j�p� ��(��� +i5k >��(��4 
@�� �Y��8$ 3L�4 �� 5��� A��F4 +p�� ��� .]�p4 D���p� �p� ��p�

 ���� � `5	R4 0����Y� �(��� ]�4 %��ehp���4 0���1 � ��� >��p�
����Y I�R	(� ]�4 

)|(n
aDC =

0$ �� S:
C%�5�4 h)9 �� j�� ��(��� +i5k ?�YCN ?�Y�p5�S �p� �� 
j��(mg/Kg) �D�� +p�� �p	4 h)p9 �p� �Y��p8$ 3pL�4 �� 5� .

h���Ba�nD���p� �p� Ap.4 �p� �� � ���� j�� K 1 � ��	)� 
/��� |���� � �4 +�� � a���4 ��� �p��$ .]��pC �� h���pB 

�(��� ]�4)/��� |(>��L� h��B �f2
R_�p 1� �� pa���4|�p� 

¡� '��� ��4 +�� ���� �	4 +�� ��.

5 Power Equation 
6 Coefficient of Determination 

9 �C-�0�4�$ t��! y�� �� ��(��� ��-	i5k )��F4 ���� ��� +;C |���%~���� % ��¡

$�m $��+� 
b�2p -�2Z ��2* �	i�� 

}}¢/} }}z/} }|z�/} }| /} }  /} }�z/} %>��(��4)�5�4 j�� ?�Y�5�� �� ?�Y(

|~ |~ |~ |~ |~ |~ (� ( ���
� ��

|� |� |� ����$ &�C�� 

}� /| ¢¢�/}b ¢~ /}b t��� L��.4 

|¢{/� |¢{/� |¢{/� t�(��.�)����a(

} }/} } }/} } }/} ���� ��
4 [/� 

~|¡/} �  /} �¢¡/} ��1P)]� 	9� a����(

9 �CZ����� �(����� ��8�($ (� ( �� ��(��� ��-	i5k ��� ����(� ��� ��� ���Y 

F����
2 9�+�>� F$�� �;�
� h��2�� B	%��	� .��)� h�C�� h��2�� O�+/� �		i7 1;��

}|/� NZ be�g/X �|/�~ }}�¢/} |� } ¡¢/} y�� K 1 

��/~ NX beef/N {z/¡z }|~{/} � }�¢{/} 5��� 

z}/| �be�X/X |{/¢ }}| /} �� }~�z/} ����m	4 A��F	4 �n� 

}}}�/} ~{ }}¢{/} �/� 

¢¢ |�¢~/} A� 
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=,�*��(��4 �`5	R4 _� 1� �� �Y��8$ 3L�4 �� 5��� A��F4 �� j�� ��(��� +i5k >

9 �Cb��(��� ]�4 ����	4���* )/���|(��4 +�� ���� 

R2 n a q�� 6+#)���(

{z¡/} ¢{z¢/}b }z¢�/} }/|
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=,�-�`5	R4 A���� �� j�� K 1 A��F4 �� j�� ��(��� +i5k >��(��4 

AP�~��`p5	R4 Ap���� �� �� j�p� ��(��� +i5k >��(��4 
�4 0��( K 1 A��F4 ��� .�p4 �����4 AP� >�� �� +pi5k pS ��p�

 �� j�� ��(��� "�����1K �p4 �	��� ��p� .+pi5k "��pS +p51
 p� ��p��4 �� 1 ��a � %>�4� [/� � 0�� T���( �� j�� ��(���

��$c�� ��� +���)��RL� (HCN ��(��p� >�p4� [/p� �� ��p�� %+p�� 
&��p� p� ����p 1 j�� +��a� �� ��C�4 ���$HCN �� pS +p�� 

c�C �� �� � �p4 ApF	�4 ��� ��� � ��(��p� +pi5k p\�	( �� � ��p� 

�4 "��S j�� ���� .p��\� 0�pW � �p�( ��p��� Ap4��1 �#�p 	9� 
� �P���8��� �p4 ��( %���� ���	� �p��� �n£p4 �p(��� .%p	��� >p�� ��

�4 0��p� �� � ��� %��(��� � ���8$ ��-5.4 �� S +��Y \�	( 0���
)@R� 0�� (y�* �� 3��)� �1�� y�� �p4 �p-($ ���p� ��p� .Ap 1

 �1�� y�� 0��� �� �����4�# �� ��� [/p� � y�� >���� ���
�(�� AF	�4.
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9 �Cp���� ( ]�4 ����	4���* )/��� �(��4 +�� ���� 

R2 k b �02��)�
�(

{z{/} ¡ |¢/} }}~¢/} �  
{¡~/} ¡�}�/} }}|�/} ¢  
{�}/}  ¡��/} }}}{/} |¢  

]�4 ���� � �;5	R4 0����Y� ��� A2� ���~p� �p� D���p� 
�� �� ���p ( 0��p��Y� ]�p4 �p-($ >Nhp���4 0��p�1 p� �p�� >��p�

�� I�R	(� 

)�(kH
beC =

0$ �� �:
H%l�;��� )K 1 (+p�� �p	4 h)p9 �p� >�p4� [/p� �� y���

h���Bb�k�p(��� �Y��p8$ 3L�4 �� 5��� � ��	)� .]��pC ��¡
h���B /���)�(�2

RA���� �� %a���4 � %¢ �|¢  ��p	4 
+�� ��� '��� �Y��8$ 3L�4 ��.

�(����� ��8�($ d��	( � C�� ��)]��C�(��-52p� ���~� %
]�4 �4 %�-($ � ��� D���� ��� ]�p4 Jp� p� ��p ( ��L�	p�� 0���

 ���� �(��� 5 C A4�� %���m	4 �� 0����Y�D�p� ���p ( 5 C ���
H"�* ���� %�4 %y�� ��(��� +i5k ���� ���� h���4 �(��� .>��!

ppp8��
4 ���� �ppp� �� ��ppp� �ppp� D���ppp� ���ppp� ppp� ppp��4 +ppp�� 
){{¡/}=2

R(+�� ��� &��� � � 

1 Exponential Equation 
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