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Abstract  
In this study, the different methods for groundwater vulnerability assessment to pesticides contamination and 
their uncertainties were introduced. Then, the groundwater vulnerability of agricultural regions of Pasha-Kolaa 
dam (Mazandaran province) to 7 pesticides has been assessed by the mobility potential indices in the typical 
conditions of pesticide properties (t1/2 and KOC) and the zonation maps of groundwater vulnerability in this 
region have been generated in the GIS environment.  According to the uncertainty of the pesticide properties and 
the lack of necessary data for uncertainty analysis in the region of study, the mobility potential indices in 
different scenarios of pesticide properties (worst and best conditions of pesticide properties) (t1/2 and KOC) have 
been calculated, mapped and zoned. The zonation maps in three scenarios (best, typical and worst conditions of 
pesticide properties) were compared. Next, according to the regional values of mobility potential indices, 
generated for different scenarios, the pesticides are ranked using the composite programming method. Finally, 
the pesticides are clustered to three groups (suitable, transitional and unsuitable) by the combination of the 
results of previous sections. The clustering results showed that among of studied pesticides, 2,4 D Acid, 
Dimethoate and Fenvalerate are suitable ,and Metsulfuron and Triclopyr are unsuitable pesticides for region of 
study. The other pesticides showed transitional condition. 

Keywords: Groundwater Vulnerability, Uncertainty of Parameters, Pesticides, Geographic Information Systems,  
Pesticide Mobility Indices, Composite Programming, Mazandaran Province, Pesticide Ranking. 
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1 Geographic Information System (GIS) 
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2 Groundwater Ubiquity Score (GUS) 
3 Attenuation Factor (AF) 
4 Retardation Factor (RF) 
5 Gustafson 
6 Nonleacher 
7 Transitional 
8 Leacher 
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5 Moderately  Mobile 
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 @�#� (� 9�7 @�#� %���.4R� z���' �� 
��� ��(J"���)(�&�8D �	

1 Imidacloprid 
2Vulnerability in the Worst Conditions of Pesticides Properties (VWCPP) 
3 Vulnerability in the Best Conditions of Pesticide Properties (VBCPP) 
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4 Integrated Land and Water Information System (ILWIS) 
5 Composite programming 
6 Multicriterion Decision Making 
7 Compromise programming 
8 Basic indicators 
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 �a'��}%� ��J"�� ' 	�� ���l� ���)� �DSi.���' @�m� 

W�
�� L��(� (�	�)�Si���x ��' ����O ��&�,P�� @�*��� $1�(' 
%� =*1)� 
2(/ 	��.���&�2(/ ���&�2(/ ��� ga�� ��&�,P�� F2	

���Ob%�� 
�*��� .����� 2	 ga�� ���&�2(/ �p�*)l� ���� �	 �FAF �
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'
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�%?7 @��� �	 �"���.���&�2(/ $�*D(� >�*?  ga�� 2 %�*���O
 	��� ga�%� ��*O ���	� ��)�� (�G�' ����2 
2(/ z� 
(PG�' �� ��D

'���(�P� 
2(�/) ���� @�	 ga�� M� $�7(� �?�K�# ����)� 2 ((L) 
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2(/ z� �&�� �p*)l� ��� �	�

�7(� �?�K�# ���)� �' F�� ga� �� $*7(� >�*? . �E� %���&� $(L) 
%� %&"�� .	�� 

	��� �	Pj2P'j�	��. %S�����D� ��&,P�� ��('w("�8*' ���
 	���.� 	���� �*)' �	 2 @�� $����b2e%�� ���J"�� ������� ����

 
1 Second-level groups of basic indicators 
2 Composite distance 
3 Balancing factor 

����' %����� ]Y_.[(�	�)�α��' 0*��(�� @* �� $1�(' �� F���D
	��	 	�62 ="1*� �� �D %"P��� �' �&,P���.���� �**<� 

��x�)� �A���L�&,P�� �' �6���' @�#� (�� ��(�' �*�*<� 9�D
	���%�@#� M��� 9D���� �� �� .	� � ���' 

l�+D#�!�&��;�D� 
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 2 	2(��*� ���P	2� �' �(� �� ��(��� L��6 �?1?� �' ���6 �� ��0P
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��/���� ~��0��@���� 
]Y].[>���,J8� ���' {���'(� >���.4R�
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�� =*C�� @�#���	 :���� %���.4R� z���' ���� .���b�("�����O 
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��� ��2� M����� � 2 %��1����bL��� �	

b��� 	�' ]w�@�#� �� �	��<� ��(' z��' ��� .[ %���.4R� ��&�8D
 :m� ���)�Koc2t1/2 �' {�'(� �:;���� 0�*� 2 �&D�P @#�' �� %£<'

<"� c��"� ���)� 2 (mD��� 	�� � (�Dy �� ���("����O ���� ��(' 3�� 

@��@#� . ��� �	 
�� %��(' ��&8D9�2oO @#� %��&�8D ���	�' 

1Hornsby et al. 
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���8)� ��&��,P�� �����GUS �RF2AF��(��'�@��#� 9��D��� 	��
�<��a� �	�3��<"� ��������� c��(� ��(��' c��(�� ��("&' 2��'

@#� (� >�,J8� �� 
	�+"�� 9Dc�'�2� c���b���w���*&� .���
�' ����� � M����. ��&?S��w������8)� $*��� ���� ���&'� �(�E�O

 @��#� �� �� ��<��a� 	����� ��)a�� %��*��(�� 9�7 >�����*"� �	b�	
 �3��<"� ��������� ��(��' c��(� c��(� ��("&' 2>��,J8� ��

@#� 9D��'����� (�' $�*�(� �&�,P���GUS �RF 2AF M��8�
%� .���	 
�' ��&?S� �1��)�w����$*�� >2�+� �	 %�*��(�� ��&'� �(�EO

��&O 2 �)a�� ga� k?"J� ��&,P�� (C� �� M� ���' �	 

1 Dimethoate 

(L;�))d()e(

SY9j��8)� $*�� k*K�� ��� @#� %�*��(�� ��&'� �(�EO 9D�	>���"*� nP�� �'GUS ���� ¤�('�¤��� 

("&' :k����(� ���(� :� �c�(��' :� 23��<"� c��(� ��c

(L;�))d()e(

SY9k��8)� $*�� k*K�� ��� @#� %�*��(�� ��&'� �(�EO 9D�	>���"*� nP�� �'RF ���� ¤�('�¤��� 
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(L;�))d()e(

SY9l��8)� $*�� k*K�� ��� �*��(�� ��&'� �(�EO@#� %9DDimethoate nP�� �'AF ���� ¤�('�¤��� 

("&' :k����(� ���c�(� :��(��' :� 23��<"� c��(� ��c

k?"J� ��������� [�!2 �'%� 
���8� 	��� M�� � . ���� ��D ���R
S��8� �&?�� M��%��	���8)� ��D �����	 	��62 �	��� pR��� �� ����

$*�� %�*��(�� ��&'� �(�EO �*&�c��� 
�� �� %�S� �	 �&�,P��
$*���� 2 %����8'� F���. �� ���������� @��#� %������ ����&'� ���' 9��D

%� (�P %�*��(�� %� M�8� 2 ��	 ��	�@�#� M� ��D pR���� �	 9�D
% � %��8'� %�*��(�� ��&'� �' (C� 	��� %����	 	�� @���1� ��D

 ��������� �	 pR����� M��� � �� �	�����%%����8'� M���S�� �� �(��B�	
@#� � (�P %#(,� 9D%' 2 ��	QS.(.

c����"� (�	���)����)a�� ����&��,P�� �� F����D(�RF �GUS 2
AF �	 ��)a�� �	 ��� ��(���' �c��(�� ��(�"&' k�?"J� ��������

c��(� 2����l� 3��<"� c��(� ���	(/ L2��6 �	 M� ����"� ��D�

.@�� 
�� �v��� 
c�G�!�&� N�  �	#� !��3�� bA� !� �.� <�� �2�� 

��(' ����l�Zi- 2Zi+ �	 ��a'��}(�	��)� �Koc2t1/2 2 ��(�"&' �	
�' c��(� ��(��' �' �6�� ��	� �c��� 
�� �v��� %��1���� 2 �v��b

L�� �	V]_] >�,J8� 	��� �	�e@#� ���J"�� �k�?"J� 9�D
���� ]W|[

c��(� ��("&'(�2�) :Koc = 10000 (mL/g)  ,   t1/2 = 3.16 

c��(� ��(��' (�2�) ::Koc = 1 (mL/g)  ,   t1/2 = 316 

1 Rao and Hornsby 

 

IA	Jl��)����)a�� c��"� ����&,P��AF �GUS 2RF k?"J� ��&8D @#� ��(' k?"J� ��������� �	
���'��	#(RF) i/�9GUS %�� �'���)AF(

% N� 
C B A C B A C B A

4.7 1.9 3.2 0.37 2.5 1.7 0 3×10-8 2×10-10 e2}�*�� 	
1.9 1.4 1.7 0.8 1.8 1.3 0 7×10-9 2.5×10-11 >���*"� �	
469 47.8 247.8 0 2.5 0.6 0 2.2×10-8 0 >�(��2 �#

41.4 5.3 22.9 1.8 4.3 2.5 0 3×10-3 3.3×10-6 M2���*�
10.6 1.2 2.0 1.9 5.4 3.4 10-12 6.5×10-2 10-3 M2��+��1"�
36.8 9.1 21.5 0.8 3.4 1.9 0 10-3 0 M(O�("*�
8.5 1.5 4.1 1.6 5.4 3.5 0 0.13 10-3 (*O�?S�(�

A$*�� ������� ( �(�EO �	 c��(� 3��<"� 
B������� ($*�� �(�EO �	 ��(��' c��(� 
C������� ($*�� �(�EO �	 ��("&' c��(� 
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IA	Ja�$7(� �?K�#(Lj)
2(/ �� ��('AF �GUS 2RF 
L31A�f)RF( L21A�f)GUS( L11A�f)AF( % N� 

0.005 0.845 1 e2}�*�� 	
0.002 0.869 1 >���*"� �	
0.638 0.915 1 >�(��2 �#
0.055 0.727 0.989 M2���*�
0.011 0.664 0.976 M2��+��1"�
0.049 0.809 1 M(O�("*�
0.009 0.659 0.928 (*O�?S�(�

IA	Jc�$7(� �?K�# %��&� (L) k?"J� (�	�)� ���� �' α1��α3

kkk/o=α1

GGG/o=α2

jjj/o=α3

lcF/o=α1

Fkj/o=α2

Gqa/o=α3

l/o=α1

Gl/o=α2

Gl/o=α3

lcF/o=α1

Gqa/o=α2

Fkj/o=α3

kkk/o=α1

jjj/o=α2

GGG/o=α3

l/o=α1

l/o=α2

aaa/o=α1

jjj/o=α2
N� % 

0.777 0.821 0.824 0.881 0.826 0.926 0.955 e2}�*�� 	
0.782 0.824 0.830 0.887 0.834 0.937 0.963 >���*"� �	
0.875 0.899 0.901 0.932 0.902 0.959 0.977 >�(��2 �#
0.744 0.797 0.789 0.843 0.783 0.868 0.914 M2���*�
0.722 0.779 0.766 0.819 0.755 0.834 0.888 M2��+��1"�
0.768 0.816 0.815 0.871 0.814 0.909 0.945 M(O�("*�
0.692 0.744 0.734 0.785 0.726 0.805 0.851 (*O�?S�(�

IA	Jr�����(' ~2� ���"� �� 
	�+"�� �' �&8D @#� ���' ���� $D(� �0�� 
��@'8Y��& ��@����3 �A�'*;'(�� �A�'#�; R��;�A 0� R�3'��� �� GAk	��� % N� 

7 4 6 5 1 2 3 ����

�	 %������K @���#� ����D ���8D%�� ������P %�����,J8� ����	

	2�l� ��# ��� (�' ���' (DE�� ��� c��(�� ��(�"&' �� ��S��� $�1�

@#� $*�(� �' ���' �"#� (��(# c��(� ��(��' ��� $���� ��*1' 9D
 $�������	%� �"#(/ (C� .	�� 


	�+"�� �' �� (�	�)�Koc2t1/2 ��DE� ��)� ��c���"� ���)a�� ��
��&,P��AF �GUS 2RF ��("&' �	 (L� 
���) c��(� ��(���' 2

c��(� 
���� �!)(L� ���� ��D ����� �����l� %���<��a� ��)a�� �	
 �' (�	�)��(�	��)� M����.Zi- 2Zi+ ��a'�� �	}��(�; 
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�)��(� 
�� L��(� �) �&�,P�� �� F��DSij(k�?"J� ���������� �	
�� ����l� L2�6)��D ���O ��&,P�� .(�� �' k�?"J� ��������

 L2�6 ��� �	M�8� 
2(/ �� �' 
�� 
	�	AF �GUS 2RF 2 =*�1)�
�)���Si�� �	 
2(�/ �������� j���a'�� p��R�����)� ��' :�����

 $7(� �?K�#Lj���)� �"��� .����α(�� ��(�' ��������� �� F���D�
c��(� ��(��' 2 ��("&'�Y|/Z3���<"� (�	��)� ������� ��(' 2�

|/Z���)� 2P('�(' e�	L2�6 .�� �"#(/ (C���)���LjF��D(�

 ��&�2(/ ��AF �GUS 2RF %� M�8� �� .��	 
�' Q�� ��a'�� z D�����)�L��� �����l�.��"���L:�K��

 $*D(�L1�L22L3@�� �' �D {��'(� $�*�(� ���&�2(/ ��'AF �
GUS 2RF L2�6 .��"1� ������)�L��� ��' ���k�?"J� (�	��)�

 $��(��!α1����α3%��� M���8� �� 
	�+"���� .����	αJ� �����"�	 k��?
 9)� @)*)� :*?l� $��(�! �' @�1� �� �?s1� ���6 @*��1�α

%� M�8� M� � .��	 L2��6 ��D ���R�%�� M��8� ����	 ����� ����'
@#� ����)� ����� (�' �&�8D L�$��(�! >�(�**q� ��'α�*�� ����/

% � �(**q� �D�(�	��)� ��' @��1� �	��� @*��1� ~2� ��� �E�α

����"� ��� 2 	���� F2�)�b%� M�8� �� ~2� ��� M	�' .��	 
L2�6 �� 
	�+"�� �' @��&� �	X���� �@#� ���' ��� F���� �&8D

���� ���"� 2L2�6 �	 ���'_.@�� 
�� 
	�	 M�8� 

c�j�!��� A ����6�� N�  �	#� �.� 
�' ��)a�� c���"� (�	��)� z D L2��6) k�?"J� ��&�,P�� ��|(
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%� @#� M��� ���� k?"J� ��������� �	 �� �&8D ����"� .	�� � ���'
���� ��� ���� �7 	�	 M�8� ���' @�#� ���' ��&�,P�� (�C� �� �&�8D

GUS 2AF �� ��� .����	 =� �' �	��� �'�8� ������ (� �	 ��D ����
 nP��RF ��&,P�� 34P('AF 2GUS �� �E�6 ����(# c)# �

�	 �	 �� ��0� ����(# 2 �"#(/ (C� % � (C� ����� �	(*/ (�C� �� ����'
 nP��RF ���� �' �	��� >2�+� (�' ���' ��&�,P�� ������AF 2

GUS ����� �� .	��	 ��&��,P�� 2�AF 2GUS ��&��,P�� �:��'�;
 �(�	� ".� nP�� �' @�1�RF ��"1�.�'��*  :�*�	���&�� %�����


	�	 �D @�#� ���0� ��� 	��6�� 9�D @�1*� ����' nP��� ��RF 
	�� 
	�+"��]V�[.

���' ����� ���A���x $��*�(� c��)# ��&��,P�� ��GUS 2AF ��(��'
@#� %'����� �� 
	�+"�� �' 	�� 
	�+"�� �&8D �&�� (�	�)� �	 �D L2�6

�
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	� �@#� %'����� ��(' . �&8D %���K �	 @#� z� �D �*�� �	 9�D

 ~2�(��� ���� %����8'� �� (���P �c��(��� ��(����' ����������� �� F����D
@#� ����� %��*��(�� �� �' 9D�$����� 9�D @�#� M� (���P)

%� 
	�	 n*J8� %���K �	 .	�� @#� �D ��(�"&' ������� �	 9D
 @�m� ���6 �c��(�@#� %��8'� F�. �' 	���� 9D
c��(�� �	 ���

@#� %��8'� �� (�P 3��<"� %�*��(�� ��&'� �' 9D���	 @�#� M�

 $������ 9D (�')%�� 
	�	 n*J�8� >���K ���� (�*T �	 2 	���
@#� 9D�c��"� %�� 
	�	 n*J�8� (%�*'���*' @���).	��� M�"��

 L2�6 (P�]@#� %'����� �9D��%� M�8� �� .��	 
�6�� �' ��' ��&�,P�� 	�� ".� @�*?'�;M�2 $����� ����(α)�	
���� ~2� %� �� ���' �(! �D 	� � ��J"�� �*�x M���$��' {�'(�

AF ��0' � � �� $�(! 2 (�RF z�x�D �� � �� .����' (�� ��' ���� 
$��(! (/� h4m� $*�(�α1��α3$�*�(� ��'}}}}/��wwww/�2

eeew/��	����� �"#(/ (C�) $7(� :K��#L%�� ����l� ( �����
 :�� �	 ����l� ��� ���"� �7�
�� 
	�	 9�� � .��� �����(� Q��

=*1)� (�	�)� ���'L%� �� ��' M��� L2��6 (�P� M�"�� ��' ��6��]
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%� nJ8� �D 	��@#� �*��� 9D$���� �	�)� :���(_Y/ZL >
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@#� �	��)� :��� c��"� 9D (_Y/Z< L <��/�@��� .��' ���� 

@#� �&�� �� $*�(� ���� �&8D �� ���'�$*�� (C� �� �S?' %���� 0�*�
�"�	 ���' .����� @�#� (�� �~2� ���� �� 
	�+"��� ��' ��A���x 9�D

/ ��(; :*?l� 	��� %��<��a� �)a�� �	 �(B�	 2 	(�* c�)# ����)�L

%� %"��� �' 	�� ����l� M� @�#� ���� ��D 	�� � >2�£; M��� 9�D
 .(*P �� @�� $���� (C� 	��� �)a�� ��(' 

IA	Js���&,P�� (�	�)� k?"J� ��&�4D GUS 2AF 2 k?"J� ��������� �	%'�����@#� k?"J� ��&8D 
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N�  %
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��P nl t nl vu vu vu e2}�*�� 	
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c��"� nl l t vu ml vu M2���*�
�' t l l vu ml u M2��+��1"�

c��"� nl l t vu u vu M(O�("*�
�' nl l l vu l u (*O�?S�(�
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likely ): "l� h�"�1� �(L:Likely (: "l�)�A������� ($*�� �(�EO �	 c��(� 3��<"� �B������� ($*�� �(�EO �	 ��(��' c��(� �C������� ($*�� �(�EO �	 ��("&' c��(� 

SY9a��)���L@#� ��(' ) k?"J� ��&8Dα1= 0.444, α2= 0.333, α3=0.2223 ����(� 2 (�"�	 @#� ���' �&8D 

0.700

0.800

0.900

2 ,4 D A c id Dime thoate Fenv a lera te L inuron Me ts u lf uron Nitrapy r in Tr ic lopy r

0.82

0.76

L

)*�

$+

,-*�.

��@'8Y��&�'@����3��'*;'(���A�'#�;0�R��;�A��R�3'���TAW�	���

www.SID.ir



Arc
hive

 of
 S

ID

26���� � ����������	
��


r�!)��3 ���f 
b��&,P�� �� 
	�+"��L� <� ��� k*K�� ��(' �x(/�$*�(�E�O

 $����� %�2 ��"1���	��P(' %�G�' @*<a; F�. ��%���&�� ��' 2 ��
 %#�D �(�EO $*�� k*K�� ��('.��"1*� 

e��'c��(�� 2 c��(�� ��(�"&' 2 ��(���' ���������� 	��� z D
%� 3��<"� ~2� �� M�������(' $7(� �0��
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