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Abstract 
Groundwater resources are the most important sources of drinking water in many communities. The direct 
impact of water quality on public health warrants a thorough investigation of water quality and the factors 
involved from a hydrogeochemical viewpoint. In the present study, 25 villages of Sarab County in East 
Azerbayejan Province were selected and the quality of the drinking water supplied in the region was analyzed in 
terms of its physicochemical parameters along with heavy metals content including 20 different metals. The 
results were plotted using the Arc GIS for interpretation. The selected villages were subsequently categorized 
using the Principal Component Analysis (PCA) and the Hierarchical Cluster Analysis. Based on the result of 
study, the EC of the drinking water ranged over 220-2990µs/cm with an average value of 812.  A remarkable 
finding was the high level of dissolved solids in the Western parts of the study area. Arsenic in two villages and 
mercury in one village were also high. PCA results showed that the drinking water in the pilot villages could be 
divided into three categories. Based on certain water quality problems observed ij the region, it is suggested that 
substitute water supplies should be identified for some of the villages while a comprehensive investigation is 
also carried out on the arsenic anomaly and its health effects on water consumers in the contaminated villages. 
 
Keywords: GIS, Groundwater, Heavy Metals, Hydrogeochemical, Multivariate Statistic. 

 ��"#�$% ������ &'�(�% ���� &'�(���C E0F !����� !��������"Z�[�[$S N2�+C
&��5� 60,- ��3 !�� &�0F !�� =���� "5��_S "5��_S 

<�"#�$% ������ &'�(�% �)�* ��� !�� ��� !��������",- ��3 !�� "5e��_S &��5� 60
=���� "5��_S )70.8% ��(8�0! (����	� )�:�� (mmosaferi@yahoo.com 

A������� &'�(�% �)�* �����2'� "#�$% ��� !��������5��_S &��5� 60,- ��3 !�� "
B�&q�� =�F����h@ =�2'� &��2')� GOQ�� ) G@ �C�� T�(���C5��_S "

1. MSc Student of Environmental Health Engineering, Facutlty of 
Public Health, Student Research Committee, Tabriz University of 
Medical Sciences, Tabriz 

2. Assoc. Prof. of Environmental Health Engineering, Faculty of Public 
Health, Tabriz University of Medical Sciences, Tabriz 
(Corresponding Author) (+98 411) 3355952 mmosaferi@yahoo.com 

3. Assist. Prof. of Environmental Health Engineering, Faculty of Public 
Health, Tabriz University of Medical Sciences, Tabriz 

4. Environmental Engineer, East Azarbayejan Rural Water and Sewage 
Co., Tabriz 

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

117 ��������	
������� � �

_������ 
�� �<��� �%0����6� =� ���h�$ *-��: (�?/: 06� 0%�� 5� 5:�$ ��

�6�%#	% 5�/: � ���&��� � ��# � .(�� -�
!�� � -�#/&<�� ���
 -#c �� � lji��% T {�<��0��� R#&�� ��  ���� R#&� -#c �

@�����% 0��%]j[*�&�E��� ���� 5��� (��� ��[���'� 5���/: � =� (���4�� .
 (�4�! (�/� � ��� ��z&'� (D'% 5?��: ���/3 � ��#� (60��

=� #�� ��
���# � � ��B� ��� ��  �� .(�'�% @0��6�> d�����
5� �
���# � =� ���
� (�/� -��� �#�� C���
� 5�
 �9 T  -�
3

 �� ��� =#�6 =� ���h$ 5�
 �� �&�#�9 #�M% � @��4&�� �� P��� ����
=� =� �9���<� Q ��� ���
�/� � ��B�� ��� �� ��B�� ����

(� @06 -0
U]l*K��[.
=� (�4�! �#��y$ XP�1 ��$ �
���# � ��� ����#&���> � �?

 5�� ���% -� 5�! (� � ��/�6 � �� ��� ��&"��� #�gh�$ (��$ �0�6
���� (��<�?� � 5zB
� ���
6 � k��" ��&"��� .(�� �%��'% ����

=� (���4�! �����?$ �3���% 5��� *5��zB
� T��  �� ��B��� ����� @0��

! 
� ��/��6 (��4�! ���
�/� � @��� �
���# � =� (�4�! � ��D�!#$

=� 	&��'� ���
���# � ����� � (��6�#� _���� �� =� (���4�! 5��� �
��� r��4$ ���� # � 5! � ��/�6�[{ ���0
 #� ��
�/� .��� *0�&�

 5�� =� (�4�! �#��y$ ��1 _��3 � ��/�6�[{ ���0
 #� ����1
(� �%���]�[.
5� -#  �c� _�<� 5/�% � TG" 5zB
� �� -06 @#��� �� T�G"

 � =� 5%#�� 5�
��� �� ���%� �%#�� �����G! �� .(�� =� ���h�$
5�� 5� X�$0/3 *#�" ��� � Q��� (6�#� � =� 7#I� Q �� (�3

 i0�3 ��
�/� � �
���# � =� ���
� X�1�I" *=� ���
� � ��^� 0�
 �� =� ���D/! @0� 0> *R#&��� �� =� � 5�
��� @��4&�� � ( # 0�

 i03 .(� @06 -� �/% ��G! �� ��$ �� ���! �90%��� � �����"#�
���G! �� =� ��D/! 5��'� -06 �0: #� ��% C��
� �%��� � �%��

.(� @��� �89#�gh$ 
� (�?�`� � ����9� � =� ����
� S��1 ( # 0� -��� �  ��

-����� 70� � ��  =� ���
� (�4�! *(�� #�� �  -��<�&� � ��
 �&�'�� #�M% #	 � +�&,� i��3 � �&�� �  �� 5! ���3EZ ����

 ���#y:�j�� @��4&� � @��4&� .��6GIS #"� � =� (?
1 ��
 5��j��� 5�� _ � � � 06 O�#6j����� *� =� (?
1GIS 

5��Gz% 0���<�$ �� A0��� *���� 5����%#� � ����%��� ( # 0��� *������ �����
@#�� � ��0�	% �� @��4&� ���#� ��DZ .���6 ;���9 ��� ���/^%

#�� =� ��� ��l��0���� 01��(�<�?� ��$ =� 5�� q��#� ���
"��A��� #l��� ���� � ��� #��� �� ����GIS @�#�! @���4&� 

1 Geographical Information System (GIS) 
2 American Water Work Association (AWWA) 

(�]�[.
=� ���
� (�4�! ��I" �� ��� � ��?<�B� *#�" 5�� �� �Z

 5�� .(� 5&�#9 ���1 -� #�'4$ � _���$ � �
���# � A��a� -��
3
5� *5zB
� �� 5?<�B� �� A�y$#> ��G! �� #$� �9 ��M
� *t ��&% -�#!

5Gz% � �� =� (��4�! 5�! 0�6 |,�G� � 0�6 @��4&�� ��4�! ���
-�,�� (�<�?� � @��� �� �> *�! �/3 �� ��� ��� #�� �����G! ���

��� #�gh���$ =� ������
� (����4�!]�[5���?<�B� �� . ������$ �#���	 �
A�� �� -���/� � -�
G�!P��l�jj � @��4&�� ��� 0�
� ���G! �� *

i#% ���GISGz% *5=� ��4�! ���� #��'4$ � 5���$ ��
���# � ����
06]�[A�� �� �#c��#�� � @��0�G/: .l�jj -�,�� T  ��� #� *

(����/! -#��  ����!#� Q��,� ��! ��4���(=�� 5��zB
� ���  �����
=� �4�! ���#&���> � @�#! ���#� ����$ � 5zB
� ��� i#�% ���� 

GIS 5��
�> #��a! ����%� t ���&% ���DZ 5��! 0��%�#! #���'4$ � @����/% �0��
�
5%�/% (�'�% �%0���6� *=� ���]�[.��5�?<�B� �5�! t ��&% ��DZ

�� �����%� A����� l�jl*��;�E	
���� i����^% 0���6*q����D$� ������
��6�[{��0�/����-� 
����T��=���� � ��#�
���#��06.

�&% t5?<�B�-�G% @0
��  ���� 5!#a! @�U ���� �B�����z/3 *�
 (��M�H ����J���$KK) ��i#��9�#� ��<�#��&*@����<� 5��� 
������T

0%���]j�[.
=� (���4�! �����#� *#��`�� 5��?<�B� � 70��� ���
���# � ����� 

*=#�� -�&��#�6 � �&���� �Z��
� �� =#�6 �#�� @��4&�� ����
 i#��% � @��4&��� ���� �����
� ���  (���4�! #���'4$ � _�����$ ����� 

GIS ���#� *-����� i��^% � � ��/�6�[{��0�� ¡��< � -� ����
 @0�6 #�G&
� ���3EZ 5�
  5� 5:�$ �� .��� ����� ���I" �� �

 -�&��#�6 ����&���� 5�� q���#� �
���# � =#6 =� ���
� (�4�!
 #�M% 5�� ���#�` 5�?<�B� ��  i��^% � #��
� *(60% ��:� =#�

�� .0��� 

T��	
 	 ��� ��
T�_��
� ��	�+� �@/�A� 

(��'� �� =#� -�&�#�6KVYf �c#�6 =��
: �� ���#� #&����!
 SB�� � -�&��#�6 ��  O�4$� � @06 �c� �c#6 -�^ ���N� -�&�

 � ��)YVf =#�� -�&��#�6 (���'� .(�� #&��/�_�! 0�1��
�� _��G$ � -�&� (��'� �#�c ��G6 @�� �� ¡��< �  � 5! 0��

 �� ��� -�&�#�6 �  .��� *-��#�� � ��!#� Q,�b� -�&'��L
i�% 5� �#�6 5Bz% (�� -������ � -���#�6 *-���#�� *=#�� ����

 _�6)j.(

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

118���� � ���������	
���

4�5_-=#� -�&�#�6 (�?c�� 

T�T���Z� 
��$, �/��� 	�.
5�! � ���&���� �
���# � �%0���6� =� ���
� *Q��e> i�^% �#�
 -��^ ���N� -�&�� � �&���� =E�`�� � =� (!#�6 Q6�> (�$

 � =�,&% *0%��� �c#65%�/% ��#� A��� ���� _I� �� ���
� �  � �
jn�j _! �� .(�#9 ���1l�-�&�#�6 +�&,� �Z�
� � �&���

 =���
: � �c#��6 *���!#� *����#H A�/��6 �� �90��
!#> (�� �3� ����
 5�%�/% �#�� � ���#y: 5��
  5�� 5�:�$ ��� .0%0�6 =��,&% ���#��

5� ���&��� �"#� �� �%��#�� ��� ���1 �/&^� ���1 ��  *�#��9
l� Q6�> _! �� 5%�/% @0
����.0%��� -�&�#�6 � �&��� 

5%�/% ���/$ ��� ����B� *5/GU �  @�U _��6 =� ���h$ �D
� � ��
5��%�/% A���1 �#��B� �� ���#��� � ���60�� ���&���E> ����� @0��6

 � @��4&�� ��� =� ���h�$ ����
� � ����#y: (��?c�� � 06 5&6�#�
 @�	&��GPS #��M% � ���#&���> .06 (DgpH *��� #&�< ( 0�� *

-��$�! *�&,� *�����&> � � 0�� *� ���
� *���'�! ��
?  ���1 ���
-��%� �� �
?  ��1 ��� �! *��4<�� *��
�#! �#&�% � ��[��� *��#

 *��<#�� *� ���� *��� *i��
���<� *T�
��� #� _/&G� ��	
� ���� �
*-0�D�<�� *�
	
� *��� *(<�D! *�����! *��� *��c *@��: *d� *i�#!

@�0% � ��%� � ��
�� *-�/�&%�*_��% *=#� ����<�%� 5��! .06 �#�9
;�� =�&! A�1 �� ���B� ����� �#�� ��0%�&� ���-� =� ����

(�#9 ���1 =E`��]jj[� @��4&�� ��� ��	
�� ����� ��<��%� .
 ;��jICPOES 5� .06 i�^% �%���� �#���y$ 0%�� ���#� ��M
�

 5�� ���3EZ ����/$ *�4�! ���#&���> � ����#y: (��?c�� @#�/�
i#% ��� *���h$ ���
� ����Arc GIS 5,�'% *j�5�Gz% � 0�6 ����

@��0�� �#� �4�! .06 5��$ 5?<�B� ���� 
5� @��� � #$� �9 ��M
� =� O��% ����?$ � t ��&% -�#�! #�$ ����

i#% � @��4&� �� 5zB
� ���AqQa #��'4$ � ���� ���% #p �> ���/%
 
1 Inductively Coupled Plasma Optical Emission Spectrometry 

(ICPOES) 

.06 

T�U�4��+� 	 �#.Q� �$�C!��7S �
��� ��� 
5� -� ���� � =� (�4�! ��3EZ ���#� ��M
� ���#&���> � *��

1�$ ����� *����?� 7#��% � #a!0�� *_c0�� *��	%��� _��6 �4�
-���� *T�&'^< -���#9� A0� d%�� �� _���$ � �	&'D/� ���l

5��4<�� _�����$ -������ ����
�/� .0��6 ��4&��� ����1 �����n��<���%� �
56�" ����� � i��^% ��4�! ����#&���> � 5�?<�B� ���� ����&���
5Gz% �� Q"#U ;�� .06 5' �z� �0�<�$ ���d!�/ �;�� T 

 -����� �� t �&% #�'4$ �#� �#���!#>PCA (��])J *)K�)L[.
56�" ;�� 5�'�� �0
� �!#&� �D$#� @0%�6�A�/?� �#� �� T 

 5�%�/% # ��� ��� 5%�/% T  ��� 5��G$ ���� O�% ���#� �#� ��  *���
 5�� XP��/?� 5�! (�� ���#&���> # ��� ��� #&���> T  ����/% _��6

 *�&"���� @�� Q �/% ��6]j�[.

U�*+, 	 -#�!� 
5� 5?<�B� � _1�� t �&% @0�6 5�[� #� � ���0�
� �� 5�%�90: ���Z

5� .(� |,�G� �#�� � ��0�! � ���&���� ��� � @��4&�� ���:
.06 @��4&� ���&��� i�% -�#! 

U�_�%#��Z�5�#.�D ���.�/��� 
5� � ��/�6�� ��� �����<�%� t �&% �4��1�$ ����� ���#&���> @#/�

 A�0: ��j_�6 .(� @06 5[� ���l�$�( 0� �%��� �#��y$
 � �&,� *�� #&�<pH �� -�G% � 5?<�B� ���� @��0�� �� .0�� 

2 Analysis of Variance (ANOVA) 
3 Principal Component Analysis (PCA) 
4 Cluster Analysis (CA) 
5 Rotation Method Varimax 
6 Hierarchical Agglomerative Clustering 

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

119 ��������	
������� � �

3	��_�� ��/�6�� ��� �����<�%� t �&% 

�8�!�	
 %���) "���8($!�/ 
� ?$I%���) "���($!�/ 
� ?$I
pH EC 

(µs/cm) 
TDS 

(mg/L)
%!k�

(mg/L) CaMgNaKFCLSO4HCO3NO3

V1�/n��/��jl/�j��/j��/j�l��/j�l/�ll�j�nj��
V2l��/j�jlj/�l/�j�l/l�/j����/l��/�l��l/j��jl�
V3��l/l�l/��ll/����/�l�/nn�l�/jl�n/��j��/�l�l��
V4nl�/j�l/nn�/�l/�n��/l��/j��n��/��jjl/l��j��
V5���/j��/���/nl/����/nj�/lj��/j��/�����/n��l��
V6�/�j�/jn�/�nn�/��l�/���/j���j/jlln/���jl/�n�j��
V7�/��j/n��/jl�n�/�j��j/���/n��l�/j�j�/�jl���j�n��
V8�/nn�/n�j/��l/j�/�n��/�jn����/jlj/��jl�/�l�l��
V9�/ll�/j��/n��/��/�l��/jll/j��j�/��/�n���/lnnj��

V10���/jll/jl�j��/����/��j/nll�j/j��n/���j�/���j�l
V11��l/l��/���l/���n/��l/nj���/j�j�/�����/��nnl�
V12j��l/l��/���/��/�j��ll�l/j���l/j���/�jjl��l����
V13lnl�/j�j/�j�n�/�l���/l�j�/j���j/l��l.�j���l/jjn����
V14���/jn�/l��/�l/�l��/j�l���l/n��/���l�/l�nj��
V15l�n/l����/j�/�n��/jjlj/l����/���/��lln/���j��
V16�/���/jnl/nn�/j�/�l��/�jl��j�/njn/��l�n/���ll�
V17���/j��/��l/�n/����/j��j�j�n/lln�/����n/�j�nl�
V18�/��n/l��/jn��l�/�jn��/��l�n��/n��/�j�����lljl
V19l/j�n/l��/���n/�l�n/��l��n�/jj��/�����/nj�j�l
V20���/jl�/�j��/�l��/j���/j����/l��/���j�/�l�ljl
V21nl�/jj��/jl�/�jlj��/j���j/���/�nl�l��jl�
V22���/ll�/�ll�/����/�ln/j����/lln/����n/�nlj�l
V23l�l/l��/n��/�l/�n�n��/lj�n�/j��/���nnl�j��
V24�/l��/��/j��j��/��ll/�n�/n�jl�/�n�/�jj�ln/�j�jjl
V25l/j���/j�nj/l�l�/�l/�n���n��/lj��l/jl�j/�l���j��nj���

#a!0�lnl�/j�nj/l�lj��/�n���n��/n���j/l��/�l���j��nj���
_c0�l/j��/��j/�l/�j�l/l�/j�lj�/�n�/�ll�j�nj��
��	%����n�/l��/���/nn�/����/j���/ll�j�/�j�/��jl�/�l��/l��

���?� 7#�%j/��j/l��/�l�/nj�/���n/j����l�/�n�/���jn/n�jl/ljn

4�5T����� @��0�� �� �� #&�< ( 0� �%��� �#��y$5?<�B� 
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4�5U�5?<�B� ���� @��0�� �� �&,� �%��� �#��y$ 

4�5a��%��� �#��y$pH 5?<�B� ���� @��0�� �� 

A�0�: ���B�j*����� @��0��� �� ��� #&�< ( 0�� # ���z�
 ��� 5?<�B�ll� �$Jbbf �&%�� #� d
/ ��#��� #�&� @�0�% �#��9

5?<�B� �� 5' �z� �� �0z� �  5! *06 -#�  ���!#� Q,� �� 5! �
5� ��� �� �> ���'� *5&�#9 ���1 -���/� � 0%�H�� (��]�[_�6 .
l�#��y$EC �� -�G% 5?<�B� ���� @��0�� �� � -�/� *0�� ���Z

 -�&��#�6 =#H �� A���� }E� (M�H @06 @�� -�G% 5Gz% �� 5!
P���� 5��� *(��� 5��%�9 @��/��6 ��&����� 5��! �l�� #$P���� ��� 

=� *�&,�� �&�#�9 #�M% �� ��� .(�� �� #&�< ( 0� -��� � ���
�� 5&��� 5�� -��$ ) i#�% ����CaCO3T�U�! � #�$������� i#�9 

) ���&� *(#&�< ��CaCO3\V �$)Vf ����� (,�� *(#�&�< �� i#�9
)CaCO3)Vf ���$Kff ������ � (#��&�< �� i#��9 (,��� �����" =�
)CaCO3���� � #�$n�� ����� ���'z$ (#�&�< �� i#�9 .�#�! �0�
�

@��0�� 5�� 5�?<�B� ��  �� �&,� ���?� 7#�% � ��	%��� *C��$#$
 #�#�)ff ��$)f]f �CaCO3��/j��±��/j�� ����� �� i#�9

�� -�G% 5! ��� #&�< (,�� =� @�0��� �� ���&���� =#6 =� 0��
 �<���� �  .(� @��� �� 5�! �#�	 � 5���G� 5�?<�B� �� 5�! (��

 @06 |,G� *5&�#9 ���1 �#�6 (6� �
���# � =#6 =� ���
�
 ��
?  (,�� ����" @��0��� �� �#�6 (6� =#6 =� 5!CaCO3

#�#���l ���� ��� �#c *#&�< �� i#9]jY[_�6 .n�%��� �#��y$
 ��� -��G% 5�?<�B� ����� @��0�� �� � �&,� _��6 .0����-��G% 

@0
�� �%��� �#��y$pH -�/� .(� �� @0 � _�6 �� 5! ��Z ���6
 -�����pH �� 5��! -�&���#�6 �����
: ����` �� ���c� ����&����� ��

5
�� �c� ;�c�� @�! ��� Q�,� # �� � #$P�� *0% -�&��#�6 ����
�� 5! (� 5� 0%�$ 5� �p��! � 5�$�
�#��� -���%� -���� P��� _��<� �

.06�� =� -��� 
_�6V-��G% 5�Gz% @0�
�� O��4$� ����c� A0��j���%� #: �

5�Gz% ��  �� 5�! -��
�/� .(�� 5�?<�B� ���� @��0�� �� ��B�
 
1 Digital Elevation Model (DEM) 

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

121 ��������	
������� � �

(/�� 5� -�&� � -�&�#�6 �  �� ��B� ��%� #: *(� |,G�
 .(� =#H 

U�T��� �
�)Y
 	 ��� 
5[� t �&% ���B� A�0: �� @06j_��6 �� #p �> ���/% �Y���$ *

=� -� @����'"� � 5��$�
�#��� =#��� -�&���#�6 ����&����� #��a! ��
=� *#p ���> �����/% 5��� 5��:�$ ���� .(��� T���'�! � ���
���# � �����

�� ��'z$ 5&�� Q6 �� -�$ �#! �0
�]n*b�)\[� ���� @����U . 

��&"���� ��� =#��6 =� �����
�CaHCO3��� ������ �����U *
��&"��NaCl *T�  q���,� ��&"��� ��� �����CaNa HCO3*

q����,� ��&"���� ��� �����
� � ������ 5���CaMgCl ������ T��  *
��&"���� ���CaCl 5��%�/% � i0������ � (��� @��0���� �� ����

NaHCO3�/% �#c =� ����
� �� ���
�#��� Q��e�> �  �� .�#�9
 �� C<�H -��%� C,&
� =#6��5%�/% � 01�� �$��! ��'�! � �� -�

 �� C<�H��5%�/% � 01�� � ���� �����5�%�/% � 0�1�� ��� ���
 ��&"��CaHCO3.��� 

4�5>�5Gz%DEM =#� -�&�#�6 �� C<�H ��B� ��%� #: �

4�5M�5?<�B� ���� ����&��� #p �> ���/% 
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3	��T�5%�/% �� ��	
� ���� (M�H ��<�%� ��� @06 
�!�	
 �8Al AsBBaCuFeHgMnSn Zn 

V1J)/)Kj<\K/KKKK/Kf)V<j<j<�<l<
V2bL/L\j<]/JV)JfL/Jb)V<j<j<�<l<
V3bY/\j<]L/)VL]b)/Jb)V<j<j<bK/)f�n/�
V4f\/Vj<Jb/Yf)Lbb/JL)V<j<j<�<nj/�
V5J]/)\j<YJ/JJ\Ybb/Kf)V<j<LL/))JJ/))��/�
V6fV/KLj<Vb/Lb)YY\b/Kf)V<j<j<)/bj/j�
V7fK/Yj<)/JL]LVJL)V<j<j<fY/)Ll<
V8Y)/KLj<KV/KLf)JVY/KK)V<j<j<Y)/)Jn/��
V9L\/)Vj<Lb/V]JfJY/KL)V<j<j<�<l<

V10\Y/Vj<fb/\LJJf)\/K))V<j<j<fb/)K�n/�
V11VV/))j<Y/)KL]VVL/J\)V<j<j<)\/))�n/�
V12VK/Vj<KY/L)bK]KY/Kf)V<j<j<bV/)K��/�
V13f\/)Jj<\b/J]]J\]\/KYK\/JVj<j<�<�/l�
V14LJ/JJj<V]/]J\\b/KL)V<j<j<�<�j/j�
V15\)/JJj<Yb/LJJ)VV\/KYJ/K]j<j<�<�/��
V16L/]j<J/)\LVLJ]/Jb)V<j<j<YV/)J��/n
V17b\/VVj<J\/]\J))V/KKLb/JYj<j<�<n�/�l
V18fJ/Vj<))/bY\VKYY/KL)V<j<j<Yb/)\�j/jj
V19)]/]j<JL/)K\bK]/J])V<j<j<�<l<
V20]/\KV/VYJJ/KVJK])\/KY)V<j<j<)b/))��/�
V21f)/)\j<V/YVKYb/KL)V<j<j<�<��/jn
V22\Y/Vfj<V]/)b\V\L]/Kf)V<j<j<]Y/bl<
V23VK/)Kj<JL/)JY)f))K/Jb)V<YJ/]j<\J/)\l<
V24)K/YL/KV\JVffLf)K/K)\V/J\Jj<]\/JLJ/)]j�/n�
V25]\/Lj<)\/VJLJKY]/K))V<j<j<\b/)Jl<

��0%�&�)ff)ffJLff\ffJfffKffYLffxx

U�U�i�&7� V�.�D 
A�0:l��<�%� ��	
� ���� (M�H -��G% 5�?<�B� ��Z �� � @0�6

�� ��  �� @0�6 #!N #1�
3 #� @�E3 .0�� �#�	 � #�1�
3 *A�0�:
 *-��/�&%� *=#�� *_��% *-0D�<�� *i�#! *(<�D! *�����! *��<#� #�M%

 -� (��M�H 5��! 0%0��6 ���c� ��<���%� ������ ����% � ����%� � ��
���� ����
_��c#�H |�,G$j.��� 

U�a�4��+� 	 �#.Q� �
��� ��� 
A�0:n(�M�H � =� ��4�! ����#&���> ���� �	&�'D/� d #$��

 � ��	
� ���� ��� -��G% ��� A�0�: ��  ����B� .0��� 5�� -��$
�
?� ���� *���� *T�
��� #�M% �$��� � ����&> ��� 5B�� -��� ��

 � �#�&�% (M�H ��� � P�� �	&'D/� ��
�/� .�#! @��6 �
	
� �
���� @0����G� ����� � ������&> *� 0��� ����� ����% � ����'�! # ���� .����6

� � P�� �	&'D/� #	 0�  �� 5! � ��#&���>5� A�0: �� 0%� _��6
.(� @06 @�� Q �/% s%�#> 

1 Non-detectable 

A�0:���� -��G% � ���#�y&� �����3 ��� Q"#U -����� �� .0���
 (��$���l�KMO  C #�`�n�/���� ff)/fP< ��
?� .����� ��

54<�� _���$ -���� *5�4<�� 5�� ��� 5�! �� -��G% ��1 �����/��
���� Q��6�> ����#&���> 0��1�� � .0���� l�� =� 5��%�/% @0��6 ��<���% 

5&��  -��� 54<�� d #$�� R�� #�n5�4<�� �� A����� _���3 5� ��
 � � 0�� *� ���
� *���'�! *��4<��� *��#��! *��� #&�< ( 0� A�

 i�� 54<�� �� .06 �c� �&,�pH �#c ����&> � ��
�#��� *0 ���� *
.06 �c� �#&�% i�� 54<�� �� X�& ��% � (�#9 

� ��	
�� ���� ��I" �� (��$��� -����� �KMO C #�`
���/���ff)/fP< �
?� 54<�� _���$ -���� .��� �� ���1 ���

 *5��4<�� 5��� ���� 5��! �� -���G%��/��Q��6�> ����#&���> 0��1��
�� A�0:)0�� �� .(l�d #$��� R��� #�� @0�6 ��<�%� =� 5%�/%

 ����D�!#$ A� 5��4<�� �� A������ _����3 5��� ���� 5��&��  -��� 5��4<��
 �� i�� 5�4<�� �� .(�#9 �#c �
	
� � ��� *��� *T�
��� *���c *� ��

 
2 Bartlett Test 
3 Rotated Component Matrix 
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�� .(��#9 �#c @��: � i��
���<� i�� 54<�� �� X�& ��% � d� � ���
 .(�6� d�� � ��� ��� d�3 5B�� ��c � � ��� i�� 54<�� _��6�

-�G% ��% 5�6�" ������<�%� � _1�� �&"�� ���/% @0
�� .(�� �

 -�&��#�6 �� =� ��4�! ���#&���> � _1�� �&"�� ���/% ���B�
�� =#� �$���'z$ 5�6�" t
�> �� � ���&���� =#�6 =� - �0�
�

 .�#! 

3	��U�d #$�� ��	
� ���� � � ��/�6�� ��� ���#&���> ��� �	&'D/� 
pH EC F Cl SO4 HCO3 NO3 Ca Mg Na K %!k� Al As B Ba Cu Fe Hg Mn Sn Zn

pH 1

EC -0.36 1

F -0.09 0.01 1

Cl -0.32 0.93 -0.05 1

SO4 -0.19 0.92 -0.04 0.81 1

HCO3 -0.38 0.28 0.15 0.11 -0.01 1

NO3 -0.20 0.50 0.06 0.51 0.43 0.11 1

Ca -0.23 0.81 0.00 0.86 0.77 -0.01 0.68 1

Mg -0.11 0.83 -0.20 0.66 0.90 0.15 0.17 0.54 1

Na -0.45 0.78 0.18 0.69 0.60 0.55 0.33 0.37 0.54 1

K -0.64 0.38 0.36 0.30 0.24 0.39 0.29 0.14 0.04 0.71 1

%!k� -0.20 0.93 -0.11 0.88 0.94 0.07 0.52 0.91 0.84 0.51 0.11 1

Al 0.38 -0.29 -0.02 -0.26 -0.16 -0.29 -0.04 -0.19 -0.15 -0.34 -0.33 -0.20 1

As -0.45 0.10 0.26 0.05 -0.01 0.29 -0.08 -0.13 -0.13 0.49 0.76 -0.15 -0.18 1

B -0.56 0.31 0.25 0.26 0.14 0.43 0.06 -0.03 0.02 0.75 0.87 -0.01 -0.26 0.88 1

Ba -0.45 0.02 -0.08 0.04 -0.11 0.33 -0.03 0.00 -0.01 0.04 0.03 0.00 -0.13 0.01 0.04 1

Cu -0.04 -0.09 -0.14 0.00 0.06 -0.47 -0.15 -0.02 -0.06 -0.17 0.07 -0.05 0.17 0.05 0.08 -0.19 1

Fe -0.38 0.13 0.17 0.10 0.02 0.27 0.02 -0.08 -0.13 0.51 0.71 -0.11 -0.10 0.97 0.88 -0.03 0.07 1

Hg -0.14 -0.11 -0.19 -0.11 -0.09 -0.02 -0.20 -0.15 0.03 -0.14 -0.18 -0.08 -0.06 -0.05 -0.09 0.48 -0.04 -0.06 1

Mn -0.43 0.06 0.08 0.06 -0.05 0.28 -0.13 -0.13 -0.14 0.43 0.67 -0.16 -0.15 0.89 0.80 0.11 0.02 0.88 -0.06 1

Sn -0.64 0.37 0.24 0.23 0.17 0.68 -0.04 0.08 0.25 0.56 0.49 0.18 -0.34 0.33 0.52 0.62 -0.26 0.23 0.30 0.33 1

Zn 0.05 0.02 0.02 -0.05 0.03 0.19 0.19 0.00 -0.04 0.10 0.09 -0.02 0.46 0.15 0.18 -0.28 0.28 0.27 -0.13 0.12 -0.09 1

3	��a���<�%� t �&%PCA �4�! ���#&���> �#� 
��$!��
��PC1PC2PC3

EC��_/}�l�/�x���/�x
Cl-�Tc/}jjj/�x��j/�

SO4
2-�_d/}l��/�x��n/�

Ca2+uaU/}l�j/�xn��/�
Mg2+PuP/}n��/�x�n�/�x

Na+Pdd/}��j/�lnj/�x
�&,��UT/}nl�/�x�jj/�

pH�jj/�xd}u/}��n�/�
F-�j�/�c__/}���/�

HCO3
-l��/�daT/}n��/�x

K�lj/�Puu/}j�n/�
NO3

2-��j/��l�/�d}d/}
Eigenvaluelj�/�l�j/ljl�/j
Variance %���/�j���/j����/�

Cumulative %���/�j��n/�����/��
-�G% @06 s%�#> # ��z� #� �� �89#�gh$ #&���> @0
��PC (� 

3	��c���<�%� t �&%PCA ��	
� ���� �#� 
��$!��
��PC1PC2PC3

As�d}/}jl�/����/�
B�a�/}���/����/�x

Fe�aT/}ll�/��j�/�
Mn�_u/}���/��j�/�x
Baj�n/�Pd�/}��j�/�
Cu�j�/�aua/}nj�/�
Sn���/�dcU/}�l��/�
Znj�n/�dU}/}�j�/�
All��/�x���/�c�a/}
Hg���/�x���/�xcP_/}

Eigenvalue�l�/nl�n/ll��/j
Variance %l��/n��l�/ll���/jl

Cumulative %l��/n�j��/�l���/��
-�G% @06 s%�#> # ��z� #� �� �89#�gh$ #&���> @0
��PC (� 
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4�5P�-�&�#�6 ����&��� �#� � ��/�6�� ��� ���#&���> �&"�� ���/% 

�� X#�a! � �&���� ��
���# � =#�6 =� ���
� 5�
  5� 5:�$ ��

!5%�"��� �� @06 �c� �� 5%�"��� �  �� =� (�4�! � #��
� *0% ���

���� A���I�&� ���
���# � =� (���4�! ��� #��� 0��%�$ �#��� @0��6
 _�6 �� 5! -�
�/� .06�� �89#�gh$ -0���6�l@0�6 @�� -��G% ��%

5� -06 T ��% �� ( 0� -��� *(6� ���&% *-�&�#�6 =#H (/�
=� �� �� #&�< # � ����� Q �� �
��� #�� ��  _��<� 5�! 0��� 

�� ����&% 5�� =#�� (�6� ���� � =� �%P��Z #��'� �Z 0%�$
 -�&�#�6 =#H 7#Z 5� 5! 06�� ��B� ��%� #: (�: ��% � (6�

�� =� �� A���� }E� Q �� 23�� � @��� _�6) ��6V.(
-#�	% _��3 T  T�
��� �� 5�:�� ��	
� ���� �� 5B�� �� 

@0��
 P� T�
����� .(��� 5��?��: (�E��� �� @0��

! 5��! (��� �
5� �� (��  �
���# � =� ���
� �� �?�DZ ���1 ��� R��/$ � ���6

(M�H �� T�
��� �P�� ��� � ���� ��[E3 ���^  5�� #�^
� 0�%�$
����6 �#��� �� �&�E��� ������])f[���� T�
����� . 5��� 0��%�$ _���<�

(�<�?� �� 5zB
� T  �� 5! �%�G4G$� ��� ��=� ����
� 5�� *0���
 0���  @� �
���# �])] *)b�Jf[(�M�H #�`�� 5�?<�B� �� . ����

 � #$P����j�@��/��6 ����&����� �� *#��&�< �� i#��9�#���l��l�
5� *06 @0��G� 5%�9 @��/6 ��&��� �� �0z� �  5! �l��%#�� #$

.��� 
=� �� @���: C�<�H (<�� 5�� *��
���# � � ��B�� ���� _��6

#�H (�M�H �� 5�! (�� �<� � #�&/! �����/�#�&�< �� i#�9�#���
�� @0��G� 5�zB
� �� ���:�� �%0�?� ������ ��:� �  �� �� *��6

���� @����: (��M�H -0��6 #&��G�� 2��3�� 0��%�$=� �� ���� ����6])b[.
A�0: �� 5! -�
�/���� @0��G� @��/�6 ��&��� �� ��
$ *��6ln

) @��: (M�H���� (#&�< �� i#9�#��� ���1 . ��� (��/�� #�g � #�$
 �� ���&� 5��! (��� ������! �&��'�� � 0��D! ��� #��� ���<�#�H @����:

(M�H �� P�� ��� ���6 �#�� 5� #^
� 0%�$]J)[�� @���: (�M�H .
5� �
���# � =� ���
� -��� �� #	� *(� P�� ��0% � ���" ����

 (��<�?� #�g �� 5��
  �  @� ��
���# � =� ����
� 5�� �&?
�1 ����
0
�� ]JJ �JK[5�[� ��	
� ���� # �� . A�0�: �� @0�6l���

�%��: (60�� -����� ��0%�&� � #&/! # ��z�j.(� 
_�6 ���B�n@��/�6 ����
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