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9� x��
$ 5��� (��G$ @
5% �� E� 3,� :	
� =
+,���y$ �"7� �� � =
+,��
9� E7B7,-

E� � E+��D E5�j�, :�D�� @
 /(�"/ 35,2�%$ �/-=
 G��� �$ �"�	� 
� E5�j�, �� E�
T��	 @�! .-Ej
 

 =
&+��280 ���+��7  3,� '=�	
�59 � 	
W�
9)2010(�	 �� g>j E9� 	� .� �-; E�
T��	 �, �
T$ =���	� E��� 


M"D-� �
4� 993 ��7�=� h#���+� ���x� ��D-�� 3��,�. �/ ��M��	 ErR"� 	� �, �� �#� E�
T��	-=
 -E+�
 � 

NG �� G�;+,� E�
T��	 �
��; E� =� 
� ;+%sD %
x�E �>% 3%���� � -�$=�% 
� E�
T��	 ,���� 	� gQ� gG =
T 

E��,� �"� ���� G�� E+�	 � 
>�	�-3 E� =
&+�� �$	-��.  

�+�� 	� �� E�
T��	�� B��� � ET
%�, �	�� 
9� 
">G� &", �+B� 'L�$ "% �
D �$ % ��h �"� 3,� .	� �#�$ �� 

ET
% 
9� 4��$ E�L� 374% =�%�h '��4 �+B� �-�
 ��% � �
D E� 70 �+� �$ �,	 .�$ 	� X�5M� 
">G� V,�+� 

ET
% 7J�$ 	� 3,�K
� �, =���	� ���x 35 
� 40 �+� 3,� .	� E7J
� �#� �� �, 
� �"� ���� %�h �+B� F�-L � 

E�
T��	 �� Y�	�$ 	��59 	� 4 �$ '�"� ���
"�-; 34�, (� L� �$ �%
� .�#� �� gG =
T E�374 3%���� �-�
 (� 3>/ 

���	
� � .���� '�Rr� 
">G� E�
T��	 �u���x E� 30 �+� �$ �,	 .����h E����"�� �+B� �#� �� �,' �� E,
� 6�� 

X��% � 	�+�-p ,	$ �$ ��%  

  



  

  

  

  

112  -------------------  ��� 	�
�� ����� �� ��������� ������  ����  �!�" ���"29�� ��%& 1400  

 

  
K?� 1: �[G��) �(SY� ��'�S���G� 

 c	
� E�K
, ����Q� E#
R��	�� �� g2��x 300 ��7$�+� 	� (�"/ ��% ����Q� 
� ��� �� 800 ��7$�+� 	� 

b!
"� �
+B9��$ .+��� �$ �%
� � V,�+� ���$ c	
� 400 ��7$�+� 	� @
, 3,�  3��%)(� ErR"��� =
+,� 

':	
� �-�
&+B ,
"%��9$ 1381 
� 1390
�� .(�  ���x E�K
, V,�+�16 �
, E/	�$+"i59 .3,� ���D�; ��=�� 

� ���  E�K
, V,�+�2252 ��7$� �+�$ �%
�.  

E�
T	
� 
9 E"���j � 3%�D 'a5�-	 '�	� '�-
��� '�"2 '$5�%��+G E�
T	
� g�
% �� E�
T��	 S��!� 	� @
#� �

�$ �%
� E�  ;-� (
BG �� ��
-� $7�T �-�
r� E�K
,E�
T	
� 
9  E�
T��	 ;-� (� $D��� E� �M"� � ��% E�
T��	 �	��

i59 .3,� ��% ;�"(FY
� 
9 E�
T��	 ;-� �	�� $-
+,�	 � ��>% ��$ ��%  �	 E�
T��	 ;-� 	� $D��� =���� E�

.3,� ���� �-����  

����Q� E#
R��	�� E�|
Q ���;,
"%$ g�
% �� ��� E�
"��� � y�� E�
"��� �$ �%
� .q",
9� E�
"���40 �J	� 

�� ����Q� �	 g�
% 
9���
,� 	
5,��' 'z��, �-'6F '	��	
� 	�-'=
 7>��=F � ..
� &+B�%$
9 -
 ,�L+B
9� 

+,	
�$ �$�"�
%�G .��� ���
$ EY�x 
9���
,� y�� E�
"��� �� 3����
9� �������� %�G��� ��% 3,� .E�r� 

���;,
"%$ ����Q� E#
R��	�� 	� g�% 2 =
������ ��% 3,�.  

  
  

K?� 2: �	(0 �3�P@�Y�� �(SY� ��'�S���G�  K?� 3: �	(0 1�4��O =���� �(SY� ��'�S���G�  



  

  

  

  

113  --------------------------------------  (��)� 	*+� �  ,*)- ./0�1��%�- 2"345 6� �7 	8�9"�� :5�...  

 

��	
� E�r�� Y�	�$ �
#
R� ErR"�$ E� E�E+,� c�	�"�� Z	
\�>� ��%�E ��%'  g�% 	�3 =
�� .3,� ��% ����

Y�	� g� $ E#
R��	��84/6035 ���+��7 ���� �$ �%
� Y�	� E�$ #���$  
�37/3448 ���+��7 ���� 57  �J	�

���+�-Y�	� � ;$ y
�$ QR, 
�$  @�
#�02/5 ���+��7 ���� 1 Y�	� �� �J	�$ E� �	 E#
R��	�� ErR"�  ��T

���� [
1+T����.  

  

6�� �
1 �0G�0����4 � 1�����
1 �(SY� ��'�S���G�  

E��5���
�� �� NG 
9�
,� ��% 	� 6�K-V h,
"� 
��$- 
��� E� ;�5� =
�� g2��x 	� �-�
&�  g 2 
� � ��% gr+"�


��� 6
M�� ��-�  	�-@
i� 	��>&�� ���% .E��5�	����� 
�� ����� �� 19 � �+��	
G��-�$ % ��5�
$-  g�
%'
��  '��	

 Z
"��� '6����
� '�7� '6��� 'N� '�	�% 'Z
WB� 'Z
W�, '���/ 'Z��+�� 'g� $+�, '=� ��� 'g��� '(�,

 'a�",	� 'L�B7�pH  E�	� 4 �
� �G� '� �
,�)-g  (� �
+k, �3��D 6
M��. �	�% �	�% 
�p",1 'pH  
�pH'p", 

l�! 
� �7� � Z
WB� 'Z
W�, 'Z��+��p",2 'g� $+�,  
�Sension 156 Hoch' 6��"��� � 6����
� 'N� '��	 

 
�$5�� (s/ �
&+,�3  �6���  eT
% 
�4SDI ������D�� .�% �  

	� g�% 4 #2���3 29 gQ� E��5�	����� ���� #���; w
 �	� ��; 3#"J � ��=�� D���$ (� =
������ ��% 3,�. 

E��5� w
r�	����� =
59=
�� L9 g�% 	� E�	�!������%' �/ 3>/ 	�-=
 �	 �� (�� 7J� E�
T��	$ >��E  ��%

.3,� =
-
%E-�M� �� �#� � E�>� (� E��5� E, ERr� �9 �� E� 3,� ��U ���� 
9��
�� ;�&�
�� '�
&�-
��� 	� g�7Q��

 .�% E+��D �\�	� 
9�+��	
G �� a- �9  

 
K?� 4: �0G�0 l�(0 )��[G�1����4 �4 ����
�[G��) ���0�U��O � IJ=�* �
1 �O �0�U��� Z����  

                                                      
1-  Conductometer 
2-  Spectrophotometric 
3- Atomic absorption 
4-  Silt Density Index 
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6�� ��O  

�M� 6
M�� �� g 2-E 
9� 	
������� ��+�� ' 
9� �	� �� gJ
x-�
$ 
9�+��	
G�  S��&57� eT
% �� ��
W+,�
� E#
R��	��

– 5,��S�� ���� h,
"� � @
��� �\��� ,	���	�� 
9$ ��� .3��D 	��2-; :
,�-a @
��� c���� 3B� E� =���

c�	 
9� �+��	
G� ��D 6
M��-�5!� 
� Nk, .���� �� =
"-� 
���@ ���� �M� 3>/ 
9-E7Q������� g  �� 
9c�	 �M�-E 

EWo� E� 
9� 7J�$ ���� #���E+,� 	� �+��	
G �9 L>, ;�"�� ��D��� =��$ �-�
&+B 
9� 
G-'�  LMx �9
�


9�+��	
G � BW�� c�	 � V���	 �+>� �WQI ���� #���; ��=�� � �9 $D���-�
&+B E�� ��%-� �% ��
W+,�.  ;�"i59

a- �9 $D��� =���� $�
�� �-��� 	
�� ;��� c�	 �� ��
W+,� 
� E���� 	�  .�% $,	�� �� E�
T��	 	� 
9�+��	
G ��

�
5�$ 	
�� Z
 ,
Q�� 	 �-Y
$ �� �!-b 6��
9	�����' 22 SPSS � MINITAB14 ��D 6
M��-�.  

  

) IH )�9�O eU��WQI(  


9�+��	
G� ��	����
  �J
"4 �� a- �9 $���Q� ���x ����� #���; � eT
%�W�3  (�)WQI(  @��/ 	�1  c	��D

 �� .3,� ��%ER��	 1 ���� #���; eT
% WQI �% ��
W+,� =��	�9)1  '=�	
�59 �1965=���� '2  '=�	
�59 �

1970(� 	� .-; ER��	 qi � E �	�W�3 (� �	 E/��
� E� 3\7y �+��	
G I � =
��$ �9� � WI � =�� 	�+�
�$ �%
�  E�

&+B�$ 59� E��3 �+��	
G ��W$ �\��� 3%��>� � +�F,$ �	��. � 	��r� E� E/��
�E3,���� ����� eT
% WQI  �

 @��/ E� X
/	�1' �% e��� =���
%� �\��� (� 3�W��.  @��/ b !2 '� �	 (� 3�W��$ =��� :F� E� �
9

� =��%�� ���� h,
"�
� � ��r� 	
�B� '��r� '(�T '(�T 	
�B�-�
r� E� E/��
� WQI   ����Q� 	�31 - 0 '31 - 16 '

61 - 31 '61 - 91  �� ��K
� �91 E� h����E+,��"� '=�	
�59 � =��	�9) ��5� �1965 '=�	
�59 � =���� '1970.(  

1

1

n

i i
i

n

i
i

q w
WQI

w

=

=

×
=



          (1) 

���� #���; qi  ��ER��	 2  .�% ��
W+,�Va  �+��	
G 	��r�i E��5� =
�� 	�	�����' Vi  �+��	
G 	��r�i � 3
x 	�-�� @�

 �Si  �+��	
G 	��r�i � 3
x 	�.3,� �	���
+, "i59�; 3>/ E ,
Q� �+��	
G Wi  ��ER��	 3 	��r� .�% ��
W+,� K  ��

ER��	 4 �� gJ
x$ ����D��,�)3 '2007.(  

a i
i

i i

v v
q

s v

-
=

-            (2) 

i
i

k
w

s
=

            (3) 

1/ (1/ )ik s= Σ            (4) 

                                                      
1- Horton 
2- Brown 
3- Asadi 
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]�AT 1: ��(�"� :GoU ���A0�N@���� O�9� ����1  eU�� �4)WHO �2011(  

3��� AD �N����  W"��  

6.5-8.5 pH (pH unit) 1 

50 NO31- (mg L-1)  2 

0.03 PO43-(mg L-1)  3 

0.07 Ni (mg L-1)  4 

400 Cl1- (mg L-1)  5 

0.07 Mo (mg L-1)  6 

3 Cd (µg L-1)  7 

1 Cu  (mg L-1) 8 

5 Zn (mg L-1) 9 

10 As (µg L-1) 10 

50 Cr III  (µg L-1) 11 

50 Cr IV (µg L-1) 12 

 
]�AT 2: �N@�AY41 O�9�)  eU�� �4 �TG,�4 IH m4�Y�WQI G
��4�)1  �B���?�
 �2007(  

WQI range Qualitative corresponding result 

91 ≤ WQI ≤ 100 Good  

61 ≤ WQI < 91 Acceptable 

31 ≤ WQI< 61 Regular 

16 ≤ WQIx< 31 Bad  

0 ≤ WQI < 16 Very bad 

 

) P�2Y@ 1�
!�* �4�"3�� eU��HEI(  

���� $�
-�	� E/	� $D��� �7� E� (��
9 �7� $�
-�	� eT
% �� (�% S	
1� 3>/ ;�&",�
9 ;�&", (HEI) 

,���
W+ �% .eT
% HEI �M", 3\7y E� E/��
�%�� �
9�7� ;�&", 	� ErR"�  B�3\7y �u���x E� 3  �
M�

;��#�� E��	� �	 (� $7� 3�W�� '(�% S	
1� ���� ��%$ �"9� 
"�
,��G)2  =�	
�59 �2012(eT
% E ,
Q� 
� . 

HEI  �$ =��� E �	 E� 3 B�,��� (� 3�W�� $7� ��"�:
 �
9�7� $D��� ;�&", � 	�% �� �+>� zV-�� $W�� (� 

6��2� ��� .T
%e HEI  b ! ER��	5 E�$� 3,��-� a-
�)3  '=�	
�59 �2013:(  

1 max

n
ci

i

H
HEI

H=

=
           (5) 

�E 	� =� HC D ������ 	��r��� �%�� �+��	
G i � 6� Hmax u���x� 3\7y �
M� �+��	
G i ,� 6�3 .  

 ;-� ���� �� a- �9 ���� �
� E, 	� ��	 � g��� '=� ��� '6��� '6����
� 'N� 'a�",	� �J
"4 �� a- �9 	�\"�

�-�
&+B 
9;�&�
�� �
-� $D��� 
� �D��  @��/ 	� E� �J
"4 �� a- �9 $���Q� �x �� � ��% �1  L�Br� '3,� ����

                                                      
1- Abraho 
2- Prasanna 
3- Nayek 
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	� .�-��D E ,
Q� 
9�+��	
G �� a- �9 ���� eT
% ;-� �-�
r� � ��%$�	�JE� HEI  �� �+5�10  $D��� E/	� �%
�

 ;�� 'L�10  
�20  �� �+��� � V,�+� $D��� E/	� �%
�20 3,� �
-� $D��� E/	� �%
� )WHO '2011.(  

  

 $,	������ 
9 $�
�� �\���  

��� �� $�- E� q"�M-�� c�	 �� 
9�+��	
G �� a- �9 $�
�� �-��� $,	�� �c�	 
9 	
�� ;��� ��$ �%
� ��
W+,� '

c�	 ;-� 	� .�% � �	���� 6��D�-	�� � 6�7#� �-�
r� �� ��
W+,� 
� @�>M� �-�
r�$ ��%	�� . 3,� $Y
-	 $�� '6��D�-

��� E�� � 	
�� ��.+� a- $�
�� $&+,��G �-���$ ��	 ER��	 .6 � =
�� �	 6��D�-	�� a- E ,
Q� ��Q�$ �9�. 
( )

2

1

1
( ) [ ( ) ( h)]

2 ( )

n h

i i
i

h z x z x
n h

γ
=

= − +
        (6) 

=� 	� E� h (γ) E7J
� E� E� $!
r� 3W/ ���� 
5����.� L�� 	��r� h  '��	�� 	��2 L9 ��n ������ w
r� ���#�D�� � � Z 

(xi) ������ 	��r�D�� �=
�� 	� ��.+� ��% xi � z (xi+h) ����� 	��r��D�� �E7J
� E� E� ���.+� ��% h �� x  .�	�� 	��2

E� % 	� w
r� �D� 
9�  gJ��� $�
Bx ;�&�
�� :
,� �� 
5����.� L�� '�"%
� E+%�� 	��2 ��
B� gJ��� 
� � L\"�

 � E ,
Q�� �	����$ ���D. 

c�	 �� $�- 
9� =�	� S��#�;�5�� ;-�+>� E� 3,� q"�M-�� $�
-h-	�
� $RT �D 6
� c�	 ;-� .3,� E+��D' 

;��� ;�5�� c�	 a-  �	���� �	 @�>M� �-�
r� '
5����.� L�� a- � 6�7#� �-�
r� �� ��
W+,�
� E� 3,� �	
��

�$ �"� =�� z�Q+� ;�&�
�� bR"� �� ���+,� 	��3,� 	 E� �Z	�J ER��	 7 � l-�#�$ ��%:   

*

1

( ) ( )
n

o
i i

z x z xλ
=

=
                                                                                             (7) 

 =� 	� E�Z* (x0) ;�5�� 	��r����ERr� 	� ��.+� ��%  �x0  �z (x) ��9
�� 	��r�ERr� 	� ��.+� ��% x0 � λi 

��.+� E� E� 3,� �	
�� =�� ERr� 	� x � ���� 3 B�$ ��%�+��	
G ;-� . λi 
��= ��"9�ERr� ��t`� � 3�59� 	��r�� 

i;�5�� 	��r� �� 6����ERr� 	� ��.+� ��% x0 � 3,� n ������ =� 	� ��.+� E� 3,� $!
r� ���#�D�� � 3,� ��%.  

  

�N0"h p�4 �  

 E� E/��
� g�%5 ��9
�� eT
% ;�&�
�� �\��� E#
R��	�� b!
"� �+��� E� �% WQI  �R, 
� =
"�5!� E7J
� �

 =
"�5!�95 % � .3,� E+��D 	��2 �� (� 3�W�� ���Q� 	�E V,�+� 	�!7/22 �	�� b!
"� �� �J	��  	� (� 3�W��

 '(�T ����Q�5/45 �	�� b!
"� �� �J	��  '�� ����Q� 	� (� 3�W��7/22 �	�� b!
"� ���  � �� $7�T 3�W��1/9 

�	�� b!
"� �� �J	�� g�
2��y (�$� =���
%��"%
�.  
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 K?�5 �"��(� :WQI  3� `" �
 1��4�"��2NM �
 W�N�� 1�
 ��� ��  

eT
% E� $r!
"� 'E#
R��	�� ErR"� 	� WQI g�
2��y � �� $7�T '�� 3�#Y� 	� (� E�W1� '�	�� 	��2 =���
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 �	��Y 	
�B� =���
%� 3>/�$ �%
�) =�	
�59 � �
-
"�-��
��	 .2009 L� �-�
r� ��	�� E� $r!
"� 	� (� E�W1� (

eT
% WQI g�
2��y � 	� .����� $��#� �	��Y ��� a- �	 ����� =���
%�E#
R� �
Y	 �1 b"�, �2 )2010 (

eT
% WQI =�	
� �� NG g1� � =
+B�
� g1� ����E� $5,�� �
9 �-�
r� h����57-14 � 19-67 E� ���	�� 3,�

 eT
% 	� Z�
W� ;-� 374 E�WQI =�	
� g1� $! 	� @�7Q� Z���
/ =���� =���K
� E� 3 B� $5,�� �
9

eT
% 
� $�� ��
"� ���� E�W1� E#
R� ;-� 	� ;�"i59 � �-��D c	��D =
+B�
� WQI  �� ��K
�50  �	��Y �	

 .�"+B���  

  

 h"�N0PCA 

 E� ��� =
�� p-
+�PCA 13 	 EWo� $��#� ��$ �"�  E�EWo� 
9 6�� � @�� �EWo� 
9 X�5M� 	� � ���� $7J� �

37/56 % �{-� Z����.�  =
�� �	�$ �""� @�� EWo� .28/35 =
�� �	 Z����.� %�$ �9�  6��� g�
% �5  g� 6��� �

�$ �%
� ��� 6�� EWo� '10/21 =
�� �	 Z����.� %�$ �9�  � N� g�
% �pH  3,�. =
�� Z����.� �J	� ���� ��%

�-�
&+B 
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 ]�AT3 �"��(� :�9'G� �
>��/E �, ]�� 1  

Parameters  Component 

1  2 3 4 

pH -.016 .891 -.126 -.005 

Po4 -.413 -.141 -.034 .591 

No3 .884 -.230 -.075 .163 

As .089 .867 .047 .033 

Cd .590 -.222 .696 .054 

Cr total .917 -.175 -.246 .102 

CrIII .278 -.057 -.165 .698 

CrVI .917 -.175 -.245 .096 

Cu .140 .809 .340 .119 

Mo .491 -.102 .786 -.053 

Ni .857 .354 -.084 -.014 

Zn -.212 .301 .152 .575 

TH .692 .359 -.284 -.241 
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Parameter  G2'� C0    C0+C C0/C0+C R2 RSS 

Ph Spherical 0.38 0.61 0.623 0.71 0.01 

No3 Spherical 0.001 0.41 0.002 0.53 0.13 

Po4 Spherical 0.23 0.81 0.284 0.81 0.17 

Ni Circular 0.35 1.04 0.337 0.82 0.13 

Cl Exponential 0.31 1.27 0.244 0.71 0.19 

Mo Circular 0.12 0.83 0.145 0.83 0.17 

Th Circular 0.27 1.27 0.213 0.78 0.13 

Cd Circular 0.01 0.78 0.013 0.79 0.18 

Cu Circular 0.07 1.13 0.062 0.98 0.01 

Zn Circular 0.01 0.87 0.011 0.78 0.19 

As Spherical 0.21 0.63 0.333 0.76 0.06 

Cr III Spherical 0.34 0.99 0.343 0.93 0.015 

Cr VI Spherical 0.21 0.74 0.284 0.85 0.2 

Cr Total Spherical 0.01 0.67 0.015 0.74 0.26 
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Abstract  
Water pollution has always been one of the environmental issues around the globe. Among the surface and 
underground waters, running water and rivers are constantly exposed to more pollution due to the crossing of 
different areas. The purpose of this study was to evaluate the water quality of Kor River in south of Iran and 
determine the source of contamination by different factories located nearby. Maternal sample in 2016 on 14 
physical and chemical parameters, December 3, April and September). 29 stations completed. Principal 
Component Analysis (PCA) determined the most important parameters affecting water pollution, and WQI and 
HEI indices determined the contamination status of each site according to the permissible limits in the river 
water, and finally, using Karjing method. The spatial distribution of elements in adjacent factories was 
investigated. The results of the measurements using Principal Component Analysis (PCA) showed that PCA 
introduces 13 components. The average of the lowest WQI index at station 17 was 0.9 ± 5.0 with non-food 
quality and highest value at station 6 with mean 87.3 ± 2.0 with good drinking status. Results from HEI showed 
that stations 16 and 17 had the highest values of HEI index indicating the most polluted stations. The results of 
the HEI showed that the values of As, Cd were much higher than the permissible limit in drinking water. Finally, 
the results of heavy metal zoning maps using Kriging method showed that the highest concentration 
accumulation was related to the central and southern parts adjacent to the factories in the study area.  

 
Keywords: Water pollution, principal component analysis, WQI index, HEI index, water quality and heavy 
elements. 
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