
����� ��	
� � 
���	�� ��
� � ���� ��	� � �� ���� /���  !	 "#/$�	%& "#	'
( /�	)*��+,-- 

�� 

�	./01 �	) 1 �� 2�)3� 
	#�4��	� 	� �51�1 �� 6�
 �� �7	8� 914��:; 

�<0 =�% +��7���1 <�'�>*���( �	�?)� ��	7,

)����	
 ��	�� :��/��/���� ������ ��	�� :��/��/����(

$<�8@ 

A�B	�� ��4%; C
  91��� �%'; � �D��B� E�	� 	#4.& �� �
��74.& � 
���	�� ��)�
0 
	#A 1 $<& �	� �� F� .AH�%#1 =� =I�; 	�

 A�B	�� 4J7 �1 �	./01 �	) 1 ��)�
0 � 
���	�K 
	#"#F�
@ �7	HL� 914H��:; ��	HM��1 N<H# 	H� OH�P?; FM1 ��	) 1 FM1 �	M� A��%I 

Q3� �� R�
 �� � �	./01 �	) 1 �1 �M	#"#F�
@ S	� �� 4T
� FM1 �D��B� =�P7 =�.; AH�4D �	H'71 =HPU
� FM1 
	#.OH�P?; FHM1 �� 

=7�%7 ��<V W01�� 	� "J
� =L�& RM 
�� S	� 
	#X<& A&1�4� 4)����K .�1 $�	/) 1 	� Y	P7 �M	��14:I A��Z��GPS 
4��	K � F���; 

W?� =7�%7 =�.; 
	# <M�4D A�[ � �M	 	
& ��7 S	� 
	# .$�	�� �1 \( =7�%7 
�	  �%7 �� R�
 �� WK AJ�] �$	C�M	��� �� S	� 
	#=7	#

=UP7 ^
�'M4K �1 $�	/) 1 	� =7�%7 ��B	7� �1 $<�� A � =� _M	)7 
�� 
1 
�	H�� F�H�� �1�H�1 �47 ` �; �	� 
	#WinGslib �1�H�1 �4H7 �

Surfer <& =�.; R�
 �� =� S	� �D��B� =�P7 �.� �4� 	%74��:; R%K =� 4�:)� �7	L� �	)�	 <&.� =�H 	?� �H).I WLH& =H� 	%74��:;

 �4D "� 4;<M.��� =)�	M a�14� !<� FM4).� �
�4K 
�CB1 ��1� �	�7 _M	)7 .S�H�� �� ��	�7	�� �	H��1 	H� �M	H#bccc*bccc a�� =H� 4H)� 

F�%3; AZ� F���; ��J
� =� � A�4D 9��0 ^
�'M4K F�%3; 
	U� ��4� F�C7	�� �1 $<& �	'71 
	#)MSE ( gM45 �"#�C)*� ��H 4�( 

� �1 �K	V _M	)7 � <M�4D $�	/) 1 F�%3; ��� h	)�*7 AZ 	#��� .=�P7 i	 1 4� R�
H �� �HM��; �� gB	] �	� A.I �R�
 �� Q
K14( 
	#

 =7	��	� N14�1 � �	) 1 ��4] ��
I Q3� �� 	.
; �M	
0 �1 W0	V A 1 $��� 4[j� 
�	 �k�� �)�
0 l��� 
	# .m�H%'� �� �H� �1�H; 

�<?� �� R�
 �� AJ�] ��4� k	� �� 1� ��	� ^
  \
I QP7$�=�P7 ^7� $4�; 
	#)$��<?� n4& !	%& � �4] !	%& A� � "K 
	# (

4[j�A*71� .

$o1� 
	# 
<��� :R�
 ����D��B� ��7	L� 914��:; �^
�'M4K��	./01 �4��:; 	%7 

=�<P� 

�����	��  !"��# $!	 �%�&'� ! ()'�*'+,� -��& ���./� (��0

 ! 12%+3405/+6 
'� 
��$ 7�89 & ! 1��/:/; (�0 -��
 <':

 ��0
 	
 ($	!�.�� 	
 1��/:/�; 
#'9 �=�
 ! >��? ��/�# (��0

 @��  A; B
'*? (#�C #	 (
��$ >���,9# ��&# B
	!? 40#��� �0

)D.(BA+�F?  �/9 	
 ��GH ��C 5/=+& �3�+H I�J�$ K/L9 (�0

 -:M� ! 1:& N#'� ! (����405/+6  A�C 	
 
��$ �:H O'P 

BQ�! �/:0# (#	#
 BA�$ >#
'R'9 0 (#A+2J.O�& 	
 ��/�# (�0 

	'.� $# (	�/JC ��3�+H K&'� @�� ! S? 1T
'*?  #�LC �C �0

 BA; U2V9 5/=+& A�#)WX.(Y/+�&	?  ��/9 5�# 	
)As ( $# 1�,�
 

�.ZC�& ('M.�#
 &�+;	�[1\�� A;	# I1&�+; I($	!�.[ BA].�#
#! I �9�[ 	'� <�/� B�=.�#
 1;$'9? 	�/2&
 !  �^_3# 12%+3 B�=.�#
�/`'].[ Aa 

W.\�� 
�2&# 1&�+;I($	!�.[ BA].�#
 �^_3# 12%+3 B�=.�#
 I

b.1&A+^9 	��
�2&# 7�.2[#1&A+^9 BA].�#
 I A%9  A%9  �^_3# 12%+3 B�=.�#
 I

*:I>�V��]9 O'cJ9�J�1]/�!�2]*# :afyuni@cc.iut.ac.ir 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

50
.6

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
05

 ]
 

                             1 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.50.6.0
https://iutjournals.iut.ac.ir/jstnar/article-1-1187-fa.html


�	
� � 
���	�� ��
� � ��������� ��	� � �� ���� �/���  !	 "#/$�	%& "#	'
( /�	)*��+,-- 

�� 

@���d� �3�+H 	
 ! ��&# B��/T !  #'/a I �J�# �9U& (#�C

 ��&# B
'�C ��R'� 
	'�9 BA+.�� e�9�H  #'�+H �C ��	�� O'P .

�fGg  �P�& e9�H  #'+H �C �8+H 5�# $�M9 Aa $# h/C (�0 #$

h^R !
�M�# iH�C ! BA; �2��+; #$	�j?I42J�/& �C @���d�

 19  AC 1+:�# 
'�;)��.(-���; ���'T 5���� 	
 Y/+�&	? (��0

/VP >�+&	? e]; �C �%)As+5(�/+&	? !)As+3(��&#)��.(

)As+5 ( !)As+3(O'G�& 	
 19$'�9!�� >FU2��# i�H�C (��0

 19  �J�# !  �TA�'R ! A�';�/jk� �2.�/C �+/9$ 5�# 	
 �/+&	? 

�&#)��.(O��& 	
 Y/+�&	? ��C 1T
'*? 
	'9 5/*!#�l��	


#  �P�& ! �&'�  �P�& iH�C �� A; �	#"T  #'���<#A� (��0

 A�; �&'�  A; 1��; (	�:/C !  AC 1L;��)��.(B
!A�L9

 @�� 	
 Y/+&	? �fGg�/���m�mg/Kg ��&# BA; �	#"T 

)��.($# I@�� 	
 Y/+&	? $�M9 �fGg 5���F�C��mg/Kg 	
 

@�� �� 19'* (�0��mg/Kg@�� 	
 BA�; 5/�/%� 1+�; (��0

 �&#)�l.(@��� 	
 e�� Y/+�&	? $��M9 �fGg �n�#Aa �0(�

	'.�� 	
 ($	!�.� ! #
����� I �2J�^* I ��:*? I �2J�G=�# (��0

 o/��� �C �/*#�2&#��Im�I��I��!��mg/Kg ��2��T �f� 	
 

�&# BA; .4^9 
#'�9 e9��; ��%/VP 	
 Y/+�&	? -C��+9 5����

 (�_J:�# >F�p2�# ! �%+3 I($	!�.� I@�� (	
�9�&# .��C

 J� �C >�+&	? 1��/:/; ! 1,�"/� �C�.� e/*
  '�� !
 5��# I>�_

 A/`'G� qd& �C S�R 	
 r9 �C�s	 �0 A++�)��.(1�2s! 5�#�C�+C

 19 
��$ �_J� �/*Ua 
'�;I! ��2��� h0��� Y/+�&	? �/:�& 

��/a�� $# Y/+&	? ���a iH�C ���_J� (�0
'� $# 
��$ B
�_2&#

19 �.�	 
'; )�m.(

@�� 	
 5/=+& >#"G� �fGg �C ��0 �5/�9$ BQ��! (��0

 ��C 	
 ($	!�.� A��A^� iH�C �� BA/&	 (Aa �C 1a#'� 1

�&# BA;  �J�# 1�#�g �/+9# .O�& 	
 	
  �ppL9 I�/�# (�0

 ��3�+H 
!	! ! -�:M� I1�&	�C 7A�0 �C #	 1��%*�d9 I #��#

B
#
 <�M�# 1�#�g B�/M�$ ! @�� �C 5/=+& A�#.

�/3'� 
'V^C (#�C $# (�/=.�/� ��^R 	
 12���A�9 (�0

I-:M� 7�a ! �;�V�# O�2+� BA+�F? 5�# 5/�/%� ��C $��/� �0

 �^�? 1��,9 >#�//t� ('=*# ��& .5/�9$ Z�/s
 Y�/,_� (��0

 e/*
 �C I�^�? 1T
'*?  #"/9 oJa �C 5/=+& �3�+H �C B
'*?

 1T
'�*? 
'�R! ! 1��,9 >#�//t� ('=*#  
'C BA/u/� (��0

 19 e,.9 (�9# I1%v'9 A�;�C .1�&	�C 	'�f+9 ��C B$!��9#

 5/=+& �3�+H 1��,9 >#�//t� Y/+,� $# (	��9? 5/�9$ (��0

 19 B
�_2&# 19 �G:R  ? $# �� 
'; ! 1�+/9# >�%*�d9 �C  #'�

  #	�,:0)l(
�� B	�;# .��C ��dC#	 	
 1���HUP# �� �M�? $#

 @�� 1T
'*? �C �/,� �C ! 
	#A� 
'R! Y/+&	? �C  #��# (�0

 12%+�3 ! ($	!�.�� ��f� $#  �^_�3#  �2&# �� oGd9 5�#

 4^9 $# 1,� &# 5��� �2 19 S'JL9 	'.� (�0 #	#
 ! 
';(

���� 12%+3 B�T	�� I�&# �pd+9 �2�;�V�# (#��C A%2J�9 (#

 BA+�F?  A; A�? 	�:; �C 12%+3 (�0 .405/�+6 $# B
�_2�&# 

5��M* ! 1��/:/��; (���0
'� ���C 1��v#	# (	���/C? ! SU��v�� 

��v�����fGg h�#"���# w���L* $# #	 ���pd+9 5���# "��/� SU��

+�F?�BA�0�/:0# (#	#
 � (
��$ ���&# B
�)�.(O!A�R �


'� x#'�# $# B
�_2&#  #"/9 hyC 	
 �0  �^_3#  �2&# $# r��0

 r9  �.� #	 A0
 .5�#�C�+C 5/�9$ 1�&	�C ��C Z�/pL� 5�# 	
 

@�� 	
 Y/+&	? -�$'� (	�9? h�yC 1Ld�& (�0 $# 1���0

 (�C	��� ��C  �^_�3#  �2�&# 1v#	# ��2�#
�� >!��_29 (��0

19 �.p� ! 
'; �#��� (��0 
	'�9 ��pd+9 	
 �8�+H 5��# h+

19 �`#	# �%*�d9 

�T.

a�� � �1�� 	#

+q=�B	U� ���� =PU
� 

B
!AL9 I�%*�d9 
	'9 �pd+9 �%&! �C (#���� -�C�9 �29'�G/� 

z�����H e����3�� A����a 	
 !  �^_����3#  �2����&# 	
 (�����0

1����/�#�tR˝m/��I΄�I˚������ ˝l�/��I��lI˚��O'��P !(���0

1��/�#�tR ���I˚����� ˝m�I�m�I˚��
	#
 	#��s )e,�;�.(5��#

�:Js �%*�d9 1v#	# $# 1%/&! (�0 "��#�9 !  �2�&# ($	!�.�

S!{ ������	�� ���G:R $# 12%+��3 |	"��C I����	�V9 
F'��� I5��0?

19 �C 	
 #	  �^_3# B�T!�/� ! B�=.�F�� 
�/T .

�pd+9 K&'29 x�_�	#���� ��	
 qd& $# �29 ��& .K�&'29

 # ���C 1����%*�d9 ���pd+9 	
 1TA���	�C (	���9? �9�+*���& }���& 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

50
.6

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
05

 ]
 

                             2 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.50.6.0
https://iutjournals.iut.ac.ir/jstnar/article-1-1187-fa.html


�	./01 �	) 1 �� 2�)3� 
	#�4��	� 	� �51�1 �� 6�
 �� �7	8� 914��:; 

�� 

!�<I+.�;	�B	U� =PU
� �� WK R�
 �� AJ�] 
�	�� =0r� 

e� Y/+&	? �fGg)1G/9 <�T'G/� �C <�T(

�pd+9 e� 
($	!�.� 1v#	# 

)�/m�(%

($	!�.� �/g 1v#	# 

)�/m�(%

12%+3 ! (�^; 1v#	# 

)��(%

5/=��/9 m/�����/���/��

����	#! �/���/�m�/���/��

a�n�#A �/�l�/�l�/��m/��

es#Aa �/��/��/��/�

1TA/.� �/���/��/�

1=*'6 �/���/��/��/�

WL&+.s���K 9	%�*P; �� �	./01 �	) 1 A��Z�� 

B	!
 Y� 	
  �2&#��
!Aa 	
 �*�& ���1G/9 �n�#A�a ! I��29

 
!Aa��� 1G/9 �&# O�& 	
 �29 .
�C �$! �^R (��0 o�*�g 

S'�+R ! S�g �:& $# ��9':H 	�^C !  �2J9$ I"/`�� 	
 �pd+9

 O�:�; ! ���; �:�& $#  �2J�C�� 	
 �� 1*�a 	
 IB
'C 1C�g

 �&# 1s�; .e,;�I1��%*�d9 �pd+9 
�VGT )	��9? }�&# �C��

 �^_3#  �2&# 1&�+;#'0  �9$�& �*�&(19  �.� #	 IA0
.

5/9$ >U/,.� &	 I�pd+9 	
 o*�g 12��+; ! ����#'� >�C'

5/:0 ��C �'�C�9 e/; ! 5/*�2/C	!# (!�a 1,0? >U/,.� 	'P

 ���&���� B	!
 ����#!#���&#)�.(e,��;m�.��p� I������/�

A�$�& 19  �.� #	 �pd+9 1Ld& (�0 <��� $# B
�_2�&# �C �[ A0


 	#"�#ILWIS ��C ��pd+9 1�&�+; 5/�9$ �.�p� ����	'�`) $# !

}�/p9������/��&# BA; �/^� I.

>q=7�%7 
�1�4� 

�C �v�a �%*�d9 	
 
���$ -�#'9 
'R! ! �pd+9 
��$ �%&! �GH

 ��':� �!	 $# (�^; ! 1��/�#�tR ��pVP 1�
�8�� (	#
�C (A�+C 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

50
.6

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
05

 ]
 

                             3 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.50.6.0
https://iutjournals.iut.ac.ir/jstnar/article-1-1187-fa.html


�	
� � 
���	�� ��
� � ��������� ��	� � �� ���� �/���  !	 "#/$�	%& "#	'
( /�	)*��+,-- 

�� 

WL&>.A� � =� �;	�B	U� =PU
� �� 
�1�4� =7�%7 Y	P7 �M��;t-uu��4� 4)����K 

!�<I>.F�%3; A.I �	�)�1 !4)
K 4M�	P�^
�'M4K 

OA9 (
�=��J:0�� �+9#
�/jk� ���2&? Aa �j# �%ds (#MSE 

Y/+&	? (!�� l������ ��/���/���/�

BA�;)Stratified Random Sampling(A��
�T B
�_2�&#)��.(

��':� Z:H $# (	#
�C�����12��& ! <��M�# @��� qd& $# �29

 ��':�  A; �'Gy9 $# �� $# B
��& (�0 ':� Y��  ? o���9 ���

 A; �2��T .e� 	
 -�#'9 1��C 
'R! �C �R'� �C��� <��:�$# ���':� 

���':� eL9 (�C	�� ! �;#
�C �pd+9 ��/%s'9 B#��:0 ��C (	#
��C

 ��':� 1��/�#�tR B�=2&
 K&'� �0GPS A�; �Vj .e,�;�-��$'�

 ��':� ��p� 19  �.� 1��%*�d9 �pd+9 	
 #	 (	#
�C A0
.(�C	���

 ��& ��C �pd+9 	
 ��p� ($	!�.�� �2�&
 )�/m�A�3	
 (��/g I

���C ! ($	!�.�)�/m�A3	
 (12%+3 ! (�^; !)��A3	
 (

A�; (A�+C 4/Jp� . ��]9 5/�C �G�3�� �n�#A�a ! es#A�a (��0

��':� o/��� �C (	#
�C���!����19 �29 A;�C.

,q��B	7� �M	�%�& 
	# 

��':� Y*# $# IY.� #'0 @�� (�0�A�A; B
#
 	'VH .��fGg

+���&	?�����':� 	
 e���� Y/ B�=2���&
 K���&'� @����� (����0 

)XRF: Fluorescence(B$#A�# �/`'& 	'.� 	
 A; (�/T .5��#

  A; �2y/=�# �C }�&# �C �!	 $# 1�,� ! �&# 	#'2&#  !�2]*#

�!	 ��"M� (�0 
#A�H# �C �3�+H 1_/[ 1��&�+; (#�C 
�C	�[�� (#

 $# h/C 1:�#�) Q/J[# $# A%C (�&# .g �!	 5��# B!UH �C ���V*�

 ��"M� (#�C �:/� >	'3 �C (�8+H (�0 ����!����	��[ ��C "�/�

19 �2��T 
';)�.(

� ! @�� 1,��2,*# ��#A0���':� ��0 	
 @��� (��0

 �VJ��/�:�"�/� }	 A�3	
 ! S? 	
 @���  '/J����&'& 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

50
.6

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
05

 ]
 

                             4 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.50.6.0
https://iutjournals.iut.ac.ir/jstnar/article-1-1187-fa.html


�	./01 �	) 1 �� 2�)3� 
	#�4��	� 	� �51�1 �� 6�
 �� �7	8� 914��:; 

�l 

WL&,.v;	�B	U� =PU
� �	��D )�	��>w1 �	) 1 v 	
&1�# �	��	  =B	  �	./0(

!�<I,.Q3� �� $<& N4T� �r5	� F'B � �M	�%�& ��K �1��� �	./01 �	) 1 2�)3� s	# 

WL&x.<7�	  =�P7 �;	�B	U� =PU
� �?U  
	#)i	�P�+:,wuuuu(

)�47 ` �; �;	�B	U� =PU
� \74���yo �1 W0	V �1��1ILWIS)((


'� 5/=��/9 

)O�&�C 5�(
��	�V9  �R	!U� 
�C? �M�  �M+* 1+/:� �^;  �^_3# 	#'��C 

B�_J� ���� �l�� ��� m�� ��� m�m� ��� 

B�_J� ! ��$# m�� ��� m�� ��� ��� ���� ��� 

Uv�� 5M*S������m ��m �m� ��m�� ���� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

50
.6

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
05

 ]
 

                             5 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.50.6.0
https://iutjournals.iut.ac.ir/jstnar/article-1-1187-fa.html


�	
� � 
���	�� ��
� � ��������� ��	� � �� ���� �/���  !	 "#/$�	%& "#	'
( /�	)*��+,-- 

�� 

�29!	A��/0 �!	 K�&'����&
 ���CA��9? .	
	
 1��*? B
���9 A��3

��':� B$#A�# ��  A�#$'& �!	 �C @�� (�0 �/TA; (.

xq
�	�� 9	�B	U� 

�29#	�� I4:�"���9 I�����	#! I5/=���/9 e9��; 1_/3'� 	�9? (�0

 (�C	�� 	
 Ie[ �/+&	? �fGg 1=*'6 ! 1TA/.� I4:/+/9 (�0

 ��G2y9 	#"��# <��� K�&'� I1�v#	# SPSS 13 ��&
 ��C A�9? .

B	�9? >�HUP# 	
 1_/3'� (�0O!AR ��&# BA; B
	!? .

wq�7	L� �	�� 9	�B	U� 

#�!	 $# B
�_2&# �C�M� 5/*! >#��//t� ��C 1�+2V9 1C��  �/9 (�0

 
!Aa 	
 1��,9��A�; $��g? h/� O�& 1�*! O��& 	
 �l��I

�C�M� 5/2Jy� C (�0 ��!	 (�/T	�� 5/�9$ (�0 K�&'� (	��9?

 eV�:�)��(@��� 
	#! e�/GL� ! ���"M� (#��C ! A�; 1�&�+; 

��A��; B
�_2��&# @���� 5��;  #"��/9 ! ����0 .4��0 1=2J��C 

��,91) �,9 >#�/t� �C �/t29 Y� >#�//t� (B
#
 	
 �'�C�9 (��0

 ���':� ��� ��&# <'^_9 5�# �C 5/9$ <'GH �C��f� $# ��� 1���0

 Y�
"� �=�A,� �C 1��,9 #(�2.�/C �C�.�� (#	#
 1�:[ �f� $# A�

 ���':� 	
 ��[ ��&# 1*��a 	
 5�# ! A+2J0 �G�3�� (#	#
 (��0

 �C (�2:[ �C�.� 1:[ �f� $# I�=�A]� $# �2./C A��	#
 �=�A�]� �

)��.(��/t29 !
 5/�C �dC#	 �/3'� (#�C �� (	�9? (�0	#"C# $#

 19 B
�_2&# 19 I
'; ��//t� 	#
':�  #'� ��:�)Variogram(<��� #	 


�C .�//t� �G�3�� >#��//t� ��� ��&# (	#"C# �:� ��/t29 Y�� (#

 19  �.� #	 N�� A0
 .405/+6 19  ? K&'� $# (	�/J�C  #'��

�V+R ��//t� (�0
':� �/3'� #	 @�� (���.1=2�&'/� ! <!#A�

 h�#"��# ��+0? 	
 �%*�d9 
	'9 �/t29)h(γ��
��p9 ��C �VJ��

 �G2y9h19 �,%+9 
'; .��+9#
 5�#�C�+C 4�0 1=2J�C 1���,9 

19 �y.9 �:��//t� Y:� �C �/t29 
';)�(��dC#	 K&'� ���

19 �V&�L9 
';.

[ ] [ ]
2

1

122 ∑
=

−+=−+=γ
n

i
)ix(Z)hix(Z

n
)ix(Z)hix(ZAve)h(

]�[

�dC#	 ���/t29 	#A�p9 5/C 7U2�# ����	#! �=��/C -s#! 	
 Z	
 

���dp� Z(x) ,x !�G��3�� ���C (���=�
 ���dp�hI ? $# Z(x+h)I

19 A;�C .19 ! B
'V� �y.9 -C�� 5�# e:H 	
 }��&#�C 12J��C

	#Ap9 ��':� 	
 �/t29 1C�M� >	'3 �C BA; �/^� (�0 ��&
 �C

4&	 �C ! A�? B
#
 5/C ����	#! ��
�p9 �C (
':H 	'L9 (!	 �0

 �G2y9 e3#'� (#$#h1%& I��C Z�Vd+9 OA�9 5���2^C �� 
';

B
#
 

�T 4&	 ! S�y2�# �0 .�//t� �0 1�+%�  ? (�0�29#	�� �C �:�

 ���%ds ��j# (#)Nugget effect(��+9#
 I�/jk��� )Range(�p��& !

)Sill(19 �y.9 
';)m(.

�//t� ���p� 	
 ��/t29 	#Ap9 5/:y� �^R 1&�&# 	#"C# �:�

 BA���A� q��.��� ! ���+/M��� x#'���# �G/��&! ���C O'��^M9 (���0

5/9$ ��&# 12��+�; .5/�/%� ! o�&�+9 OA�9 S��y2�# 5�#�C��+C

 ? Z��/s
 (���0�29#	�� )���%ds ���j# x�%��; I(#�/jk����p��& !($#

�'� �/:0# B
�%*# OA9 �L3 12J��C ! �&# 	#
	'��C (# ��0 (

�//t� �+/^C 'L� �C �:� 

�T O�2+� (#)��.(�//t� 	�V2H# O�2+� ��:�

 ��':� �dp� �0 5/:y� -s#! 	
 B
�_2�&# �C I�/a�� 	
 BA; (	#
�C

 ��':� ��
�p9 $# ���J:0 (�0)�p9 52��T �f� 	
  !AC�
'�� 	#A

 :�  ?���'(/M��� �!	 �C I��+�&# .�f+9 ��C ���&�@	
 	'

��9 ���� ���2,� 5���#���v�� OA���29#	�� ! 1���y� 	
  ? (�0��5/:

 �G3�� >#�//t� 12&	AC I�+/M��� B$#A�# ��
�p9 (# �T�BA�; (�/

#	 9 w�L*�1�:y� ��
�p9 IA++��p9 1�%s#! ��
��p9 ��C 1+/��J���

9�1A�';)�m.(1�9 #	 OA�9 ��s
 (��d� -�C�9 K�&'�  #'��

:y��5/MSE)Mean Squre Error (
�� 
	!?�C .��}�&# �C

 �dC#	�9 �&
 �C �1A�? .�/��� 5�# �C��=��/9 ��� o��C�9 5/�-

5/��:y� (���d�(MSE )/t� $# <#A��� ���0 (#���C �/���:�������0

B$#A���# ��T���; (�/�/t� ! BA�/���:�����2:� (#	#
 (����p9 5���	#A

MSE)�//t� V2%9 �:�����(�M�# (#��C��:y� <��^� 5/ ���1�� ��C 

C#��+/M��� (	�9? 	#"�B
�_2�&# �1�9 
'�; .A���C �29#	��� 5��#

 B
#
 5/�C �����	#! $# ��2:� ���:2a ! 5,:9 	#Ap9 5��2:� (��0

 A;�C 1G3#]��[.

[ ] 1
1

2

1

≅−= ∑
=

∗
N

i
ii )x(Z)x(Z

N
MSE ]�[

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

50
.6

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
05

 ]
 

                             6 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.50.6.0
https://iutjournals.iut.ac.ir/jstnar/article-1-1187-fa.html


�	./01 �	) 1 �� 2�)3� 
	#�4��	� 	� �51�1 �� 6�
 �� �7	8� 914��:; 

�� 

WL&wq2B1 (.�	./01 
�K4� =PU
� �� R�
 �� AJ�] �71�14� �M��; -�(=��I �1��%7 �� R�
 �� AJ�] F�C7	�� 9	*M	P� 
1


4��	K �	./01 �	) 1 �� �51�1 2�)3� 
	# 

WL&t.WK R�
 �� �).I �14D�M�1� –2B1 :=M�1�{u=I�� )E-W(q�:=M�1�+-u=I�� )S-N(

#	 	
 ���dC�I)x(Z i
∗! BA��; B
$ 5/��:y� 	#A��p9)xi(Ζ	#A��p9

19 1%s#! A;�C.

5/:y� �+/M��� �T5/9$  �,9# �� �&# (	�9? �&
 �C  
	!? 

�dp� 	
 �/t29 Y� �/:� $# B
�_2�&# ��C #	 <'G%9 >�82y9 �C (#

 0#��� I<'�G%9 >�8�2y9 ��C �=�
 ��p� 	
 �/:�  �:0 	#Ap9 4

19 
$�&)�.(5/:y� ��dC#	 >	'3 �C �+/M��� �T)�(����%�

19 
';)�(.

]�[)xi(
n
i i)x(Z Ζλ=∑ =

∗
1

o

�dC#	 	
 �∗Z�/t29 	#Ap9 5/:y� Ζ�dp� 	
 oxIiλ

! $��
�p9 �C �2��� N�82�# (	�9? (�0Ζ���p� 	
 ix!n

��+/M��� 	
 ��2�	 	�� �C ��':� 
#A%� ��&# .Y�� ��+/M���

5/:y� ��&# 5/�:y� �����	#! 5���2:� �C o�	#�� �T .1�TQ�!

 o�#�v �� �&#  ? 	
 �+/M���iλ��'T �C #	 19 5//%� (# A+� 

���/��
�/��
�/��
�/��
	/��
	/��
�/��

/��

/��
�/��/��/��/��

�� 

�� 

�� 

�� 

�� 

�

�� 

�� 

�� 

�

�	

a

a
a

)گرم بر كيلوگرم ميلي(غلظت آرسنيك كل

كل
ك
سني
آر
ت
لظ
غ

)
لي
مي

گ
رم
وگ
كيل
بر
رم

(

ني
اوا
فر

�

�	
 �

) متر(فاصله

اري
و

س
ان

اري
و

س
ان

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

50
.6

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
05

 ]
 

                             7 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.50.6.0
https://iutjournals.iut.ac.ir/jstnar/article-1-1187-fa.html


�	
� � 
���	�� ��
� � ��������� ��	� � �� ���� �/���  !	 "#/$�	%& "#	'
( /�	)*��+,-- 

�� 

WL&|.WK R�
 �� �?U  �14D�M�1� 

A�;�C es#A�a "�/� 5/�:y� �����	#! I 
'C o�	#�� 5/H 	
 ��.

�V�&�L9 "�/� #	  ? (��d� 	#A�p9 I5/�:y� ��0 B#�:0 5�#�C�+C

19 ��d� -��$'� IK�&'29 	#A�p9 �C B!UH o/��� 5�# �C ! A++�

)���	#! 5/:y� �(I1�&	�C 
	'�9 B
!AL9 e� 	
 #	 ��&
 ��C 


	!? .19 �+/M��� 
�� �C �8L+9 1TQ�! 5�# $# B
�_2&# �C  #'��

�:Js I4�[ ���':� 
#A%� e/*
 �C I5/:y� (�d�  ? 	
 �� 1��0

 h�;'� �L� I�d� h0�� 	'f+9 �C ! 
�� �y.9 #	 �&F�C

 
#
 	#�s <$F)m.(

1�#�T'�	#! �v�a �%*�d9 	
)�&�L9 ��:��//t� 4�&	 ! �V(I

�0�����!#$ �C e:L� �C ! �R	
 ��±A�; <��M�# .! 5��2.�/C

 �+9#
 5��2:��/jk� �G2y9 >�^R  �/9 	
 �&
 �CA9? )e,�;

�.(<#�T'��	#! OA�9 5//%� $# �� ��/t29 (��0 I��%*�d9 
	'�9 

5/�:y� (��d� "/*���? K�&'� BA�; B
#
 �$#�C ('=*# �L3

 1&	�C es#Aa  �/9 $# !�'=*# 5��2^C  #'+H �C '=*# Y� I'=*#

 A�
�T S�y2�# �+/M��� �#�C .�29#	�� (#�C ���2� ��G2y9 (��0

 	
O!AR ���&# BA�; �`#	# .�,V�; 	
 1C��/��/9 (A�+C���� 

×���� o/��� �C �n�#Aa ! es#Aa �C ! �29 m!��e/�
 �dp� 

��dp� ���+/M��� �!	 ��C I5/�:y� 	
 	#"��# <���� K�&'� I(# 

WinGslib )��(A; <�M�# .�+9#
401=2JC >��^R 	
 �:��//t� 

'M2JR �/a�� �G2y9(Search area) ��ds ��C 1��/C e,�; �C

��!#$ �C |	"Cl�A�; ��2��T ��f� 	
 (
':H 	'L9 $# �R	
 .

e,;���dp� ��+/M��� $# e3�a @��� 	
 e�� Y/+�&	? (#

 �&# .19  �.� #	 12%+3 ZP�+9 !  
�%9 B�/� ��p� A0
.

_M	)7 �E?� 

Y/+&	? �fGg 5/=��/9 I>�%*�d9 }�&# �Cm/��1G/9 ��C <��T

  ? >#�//t� �+9#
 ! <�T'G/���es#A�a �C �/��n�#A�a !�/�l

1G/9 19 <�T'G/� �C <�T A�;�C)O!A�R�.( #"�/9 ��C ��R'� ��C

 $��M9 ��
��p9 �C  ? �J��p9 ! �pd+9 	
 Y/+&	? �fGg �n�#Aa

 I��G2y9 (�0	'.�)(�0
	#A��2�&# 5��#) ! #
����� I �2J�G=�# (


!Aa�/� �]9 $# A3	
 h/�C �fGg (#	#
 1&	�C 
	'9 (�0

 19 Y/+&	? $�M9 Aa $# A;�C).e,�;����*# ($# 1���a "�/�

 1=*'��6 ���C ���pd+9 	
 Y/+��&	? -���$'�  
'��C O���9���/�!

1TA/.��/��&#.

5/=����/9 >�J����p9 �����2� }���&# ���C)e]��; ��S(I

1+%9 7U2�# 5/C (	#
(�C	�� 	
 Y/+&	? �fGg ��G2y9 (�0 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

50
.6

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
05

 ]
 

                             8 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.50.6.0
https://iutjournals.iut.ac.ir/jstnar/article-1-1187-fa.html


�	./01 �	) 1 �� 2�)3� 
	#�4��	� 	� �51�1 �� 6�
 �� �7	8� 914��:; 

�� 

W8&-.=UP7 ^
�'M4K �1 W0	V =�P7 WK R�
 �� 
1)mg/kg(

1�9 }��&# 5��# �C �� �&# BA.� BA0�.9 I1v#	# e�9�H  #'��

 -��$'� 	
 �%+3 ! ($	!�.� �C B!UH "/� #	 	
�9 �+& �+R

 K/L9 	
 Y/+&	?�j�9�J�#
 .

!	 $# ����=�
 1���,��1G���3# >����^R �/y.���� (����0

 ���//t� $# B
�_2��&# I(
�=��J��:0�� 1Ld��& (���0�:�)Surface 

variogram(19A;�C .e,�;���C �'�C�9 1Ld�& <#�T'��	#! 

19  �.� #	 @�� 	
 e� Y/+&	? �fGg A0
 .��2:� 1=�	 x'+�

 �//t� 5�# 	
  �.� I�:� h�#"��# ��C ��/t29 ��2:� >#��//t� BA�+0


 �&# �G3�� . �:0 �[ 	'P 	
e]; �19 BA0�.9 	'�L9 I

��T

 x�%�; �n[#A�a ��C ZVd+9 >#�//t� es#Aa �/jk��)l���R	
 (!

x�%�; es#A�a ��C Z�Vd+9 #	 >#�//t� �n[#Aa 	'L9 �/jk��)���

�R	
 (���T �f� 	
.

�.�p� 	
 ��fGg $#��� �'d� rTA/.� �^R �C �R'� �C

 Y/+�&	? -��$'� 	
 o�*�g 
��C ��^R I��pd+9 Y/+�&	? -�$'�

 $# e3�a �pd+9 1*�:; �:/� 	
 -��+3 �/jk� 	
 ��^+� ! �2�;#A� (

����	�[ 7#�P# ! 1C�g S'+R hyC 
F'�� 12%+�3 |	"C (�0

 �&# B
'C �j�9 ($�& .��C ��R'� �C e]�; ���fGg 5��2.�/C I

hyC I�pd+9 1*�:; �:/� 	
 Y/+&	?  �^_�3#  �2&�^; $# 1��0

 5/0�;  �2&�^; !I�^;BA�
 ��&# BA�; .h�yC �g O�:�; 1�C

 (F�C �fGg (#	#
 �.p� �C �R'� �C �� �pd+9��1�G/9 ��C <��T

'G/� e/; (!	 I�&# Y/+&	? <�T 	#��s (�2J���� ! B�/�& (�0

 �&# �2��T.>�C'�&	 5�# I�&# B
#
  �.� BA; <�M�# >�p/pL� 

19 �fGg (!�a A+�#'����l�� 1G/9 �C <�T Y/+�&	? <�T'�G/�

 B
'C )��(#Ap9 h�#"�# 	
 1G9�H !��pd+9 @�� 	
 �8+H 5�# 	

�C A+�? 	�:;.

�:Js 	
 I1���%*�d9 ��pd+9 ���; O�:�; ! O�:�; (�0

 �/*�%� $# e3�a I
'R'9  ':+�	 5��2./C ! I1��.�_.�? (��0

  ��/9 5��# 	
 �� �&# �/*'�	 ! �/&#
 I��$A�? o/��� (#	#


 1�9 N�8�2�# 
'�� ��C #	 (��2:� 4Ma �*#$�C A�0
 .	#A�p9

 �+& 	
 Y/+&	? (�0 ��&# >!�_29 	�/JC 5�	{?)�.(5�#�C��+C

5

9

11 
3600000 

3640000 

540000 580000 620000 

13 

15 

17 

1
3560000

صله
فا

)
)متر

660000 

)متر( فاصله

So
il

A
rs

en
ic

co
nt

en
t(

m
g/

kg
)

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

50
.6

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
05

 ]
 

                             9 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.50.6.0
https://iutjournals.iut.ac.ir/jstnar/article-1-1187-fa.html


�	
� � 
���	�� ��
� � ��������� ��	� � �� ���� �/���  !	 "#/$�	%& "#	'
( /�	)*��+,-- 

�m 

19 #	 	
�9 �+& �+R hp� Y/+�&	? �fGg  
�C F�C 	
  #'�

 B
!AL9 	
 �pd+9 O�:; 	
 ��	 B�/� (�0)4�� (��0 B
!A�L9

��; O�:; ! S�g O�:; �%&! (�j�9�J�#
 .

='�)7 
4�D 

.� �^R �C �R'� �CA/-��$'� �.p� 	
 I�fGg $#�� �'d� rT

9 	
 Y/+&	? $# e3�a Y/+&	? -�$'� 	
 o*�g 
�C �^R I�pd+

 ��pd+9 1*�:; �:/� 	
 -��+3 �/jk�� h�yC 	
 ��^+� ! �2�;#A� (

����	�[ 7#�P# ! 1C�g S'+R ($��& 
F'�� 12%+3 |	"C (�0

 �&# B
'C �j�9 .1�9 #	 	
�9 �+& �+R hp� x':M9 	
 I #'��

 �pd+9 O�:; 	
 Y/+&	? �fGg  
�C F�C 	
 �j��9 �J��#
 .��C

 ($	!�.�� 1v#	# 	
 BA; B
�_2&# SUv�� 5M*  #"/9 �C �R'�

 19 	�f2�# I �^_3#  �2&# h�#"��# i�H�C e9�H 5�# BA+�? 	
 
!	

 
'; �pd+9 5�# �J�$ K/L9 	
 Y/+&	? �fGg .��� A�+6 ��0

 ���fGg �2J���#'� ���v�a O���a 	
 ���_J��� (���0
'� $# B
�_2��&#

 @�� 	
 #	 Y/+&	? A0
 h0�� 1Ld& (�0)��!�m(.�/3'�

19 ��/GC�s  
��� 4�� ! Y/+&	? �/*Ua h0�� 	'f+9 �C 
';

 	
 ���_J�� (�0
'� $# B
�_2&# 	
 IB�/T (#�C �8+H 5�# }�2&


 �fGg (#	#
 1v#	# >��faU9 ! ��s
 Y/+�&	? 1��#�LC (�0



�T O�:H# 12���A9.

��	
� ���� $�	/) 1 

X.< I1�'/��#.�.� I19
�� .< I(	#A:2%��; .! 1+/9##.(!�J� .Xb�X.@��� 1T
'�*? 1�&	�C 1��^� �	#"T ��pd+9 1Ld�& (��0

 �^_3# 12%+3 B�=.�#
 I �^_3# ("��9.

W.< I1+/9#.Xb�W.42J/&'�# 	
 5/=+& �3�+H -:M� A�!	 ($�& OA9  �^_�3# ��pd+9 	
  ? ��/%ds <A�H 1C���$	# ! 1H#	$ (�0.

@�� (�2�
 �*�&	 2%+3 B�=.�#
 I($	!�.� BA,.�#
 I1&�+; �^_3# 1.

b.I	'� �&	�� #.Xb�b . ��=*	 ��pd+9 	
 �9��!	A/0  '/&#�2*? 1��/:/;'`) ! 1�#�T!�2� �%*�d9) �2�&
	# S��g S'�+R(. ����� ��9��

5/9$ A;	# 1&�+;	��  �^_3# B�=.�#
 I1&�+;.

�.x I@�� 1+Ja .#.Xb�� .	�9? 5/9$)'`) Y/2J/��2&#(. #�^� B�=.�#
 >#	�.2�# .

�.x I@�� 1+Ja .#.Xb�b .1��/:/;'`) 7�.2�# O'3#. #�^� B�=.�#
 >#	�.2�# I4M+� ��6 .

D.� I1�#!
�� .Xb�X .@�� ���_a. #�^� B�=.�#
 >#	�.2�# .

�.� I1�A9 .Xb�b .	�9? 5/9$ 1��V9.��_� Aa#! I�/V��/9# 12%+3 B�=.�#
 IO!# ��6 .

�.|',&I
.!
.�&!.Xb�D .10�=2&
 ��"M� O'3# )�:R��:I
#$? ).Ix.	.I�pRU& <.1J:; 	'� \ !.�.�T	��(.9�.�� "�[�

10�=.�#
I #�^� .

9. Amini, M. , H. Khademi, M. Afyuni and K. C. Abbaspour. 2005. Variability of available cadmium in relation to soil 
properties and land use in arid region in central Iran. Water, Air and Soil Pollut. 162: 205-218 

10. Atteia, O. and J. P. Dubois. 1994. Geostatistical analysis of oil contamination in the swiss jura. Environ. Pollut. 
86:315-327. 

11. Campbell, J. B. 1978. Spatial variation of sand content and pH within single delineations of two soil mapping units. 
Soil Sci. Soc. Am. J. 42: 460-464 

12. Chakraborti, A. K. and D. K. Das. 1997. Arsenic pollution and its environmental significance. J. Interacad. 1:262-
276. 

13. Issaks, E. H. and R. M. Srivastava. 1989. An Introduction to Applied Geostatistics. Oxford University Press, New 
York. 

14. Juang, K. W. 1998. A comparison of three kriging methods using auxiliary variables in heavy metal contaminated 
soils. J. Environ. Qual. 27: 355-363. 

15. Ministry of Agriculture, 1982. Fisheries and Food. Survey of Arsenic in Food. HMSO Pub., London. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

50
.6

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
05

 ]
 

                            10 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.50.6.0
https://iutjournals.iut.ac.ir/jstnar/article-1-1187-fa.html


�	./01 �	) 1 �� 2�)3� 
	#�4��	� 	� �51�1 �� 6�
 �� �7	8� 914��:; 

�� 

16. Mulla, D. J.  and A.B. McBratney. 2002. Soil Spatial Variability. CRC Press ., USA. 
17. Nicholson, F. A., S. R. Smith, B. J. Alloway, C. Carlton- Smith and B. J. Chambers. 2003. An inventory of heavy 

metal inputs to agricultural soil in England and Wales. Sci. Total Environ. 311: 205-219. 
18. Nowak. J., K. Kaklewski and D. Klodka. 2002. Influence of various concentrations of selenic acid (IV) on the 

activity of soil enzymes. Sci. Total Environ. 291: 105–110 
19. Pais, I. and J. B. Jones. 2000. The Hand Book of Trace Elements. St. Lucie Press, USA.  
20. Peterson, P. J., C. A. Girling and L. M. Benson. 1981. Arsenic. PP. 229-323. In: N.W. Lepp, (Eds.), Effects of 

Heavy Metal Pollution on Plants. Vol. 1, Effect of Trace Metals on Plant Function. Applied Science Pub., 
London. 

21. Smith, E., R. Naidu and A. M. Alston. 1998. Arsenic in the soil environment: A Review. Adv. Agron. 64 :149-195. 
22. Volts, M. 1997. Prediction soil properties over a region using ample information from a mapped reference area. Eur. 

J. Soil Sci. 48: 19-30. 
23. WinGslib software(version 1/030004),2000 
24. Woolson, E. A., J. H. Alexy and P. C. Kearney. 1971a. The chemistry and phytotoxicity of arsenic in soils: I. 

contaminated field. soils. Soil Sci. Soc. Am. Proc. 35. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
88

.1
3.

50
.6

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
05

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://dor.isc.ac/dor/20.1001.1.24763594.1388.13.50.6.0
https://iutjournals.iut.ac.ir/jstnar/article-1-1187-fa.html
http://www.tcpdf.org

