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Abstract  
Management decisions whose environmental impacts affect directly or indirectly surface waters must of 
necessity be based on adequate knowledge and information when water quality zoning and a clear picture of 
river water quality are sought. Water quality zoning is based on pollution criteria that are identified on the basis 
of different water quality parameters drawn from historical data and the water uses in the region. The aggregate 
of the data and parameters involved make river water quality modeling a complex process. In this paper, the 
Principal Component Analysis (PCA) is used to reduce the water quality parameters involved in the 
identification of river water pollution criteria. The method keeps those components with more variances. The 
results show that the first component transfers 93.59% of the variation in the data, while the first two and the 
first six components explain 96.67% and 99.99% of the variations, respectively. Based on the criteria thus 
identified, the fuzzy clustering analysis is used in a second stage of the study to classify the river intervals. For 
this purpose, the fuzzy water quality data are provided to generate the fuzzy similarity matrix based on the fuzzy 
relations. Then, the stabilized matrix and the clustering diagram are created. Finally, the river intervals are 
classified into similar categories using the proper thresholds. The efficiency of the proposed method is evaluated 
by employing water quality data collected from the Zayandehrood River monitoring stations. 

Keywords: Water Quality Zoning, River Water Quality, Principal Component Analysis (PCA), Fuzzy  
Clustering Analysis (FCA).
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2 Principal Component Analysis (PCA) 
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P.�;M�3.	. w��;�� 9Z=L H��2; D�� ".��� "�# !M0&�!) "��� "4�
��� ��, �. U�I9�4�)	 �> 9! ( 
:� �����P���0 ��F:�C :� ������.�. ��F :�Q�1�� 

pH COD BOD TSS TDS DO pH COD BOD TSS TDS DO
jj/` C^/S CK/C `V/` `j/` Yj/C VV/] ]K/CK Y^/Y ``/^C KK/C^C j]/] C
``/C [V/CC CY/C `S/` C`/` S]/C YS/] Y]/V[ ]]/Y ^K/Yj jV/Cjj ^]/[ K
`C/C KY/[ `j/C `S/` C`/` SY/C [C/] jj/KV VS/Y jY/[[ `[/K`[ ]]/[ S
`S/C V[/K] [`/C Cj/` Y`/` jY/` ]V/] ^V/C`j ``/^ C`/S]` ^S/jjj ][/V V
`Y/C Yj/CC [[/C `S/` SV/` SC/C ^j/^ SY/V[ Kj/^ jY/Y^ V]/[^^ YV/[ Y
`V/C C[/CK V[/K `S/` KV/` S`/C ^S/] [S/V^ SK/CK ]^/[V SS/V]C YC/[ [
`K/C jS/S Y]/C `Y/` Y`/` KS/C [^/] ]C/CY ^]/] K[/jC ^C/C``^ C]/[ ]
j[/` SS/^ ^C/K `[/` `^/C `C/C KK/] SS/SS `Y/CV Sj/CKj SS/KC[^ `V/Y ^
`K/C C[/[ VV/K `Y/` [Y/` Y]/C [K/] [Y/KV Cj/CK jV/C`[ `]/CS`C ^[/] j
`j/C C[/C` K[/S `^/` C]/j `Y/C C[/^ [V/V` SK/C[ Kj/C[V ]j/C^SS` KY/Y C`
CS/C K^/C` Sj/S `j/` YY/Y `K/C V]/^ C`/VC j[/C[ ]C/C^S `j/CCC`^ `j/Y CC
C`/C SK/CK C^/S `^/` KY/Y jS/` K]/^ K]/Vj ^j/CY ]j/C[C K]/C`Y`` [[/V CK
C`/C [Y/CY KY/V `^/` ^[/S j`/` KY/^ [`/[K KS/KC [V/C[j C^/]]C] YK/V CS
C`/C CC/CS ]]/S `j/` ^`/Cj j[/` KV/^ VS/YK ^[/C^ ^`/C^^ V`/SYYjY ]^/V CV
CC/C Sj/CS `Y/S CK/` ]]/V ]C/` SV/^ Y]/YS KV/CY V`/KS` V`/jYV] YY/S CY

STCR��	��� .	4'; M0& �! 
'GP; "F��	�- 
��: "�#��	��  

P.�;N�3h�� ��.�Z� H: ��GP� �	 3h�� ��.�Z� �	 U	4:�# ��� 4��. 
�). D%	6��F :,�. ����� �w� :��	C

100 0/0000000640 C[
100 0/000000965 CY
100 0/00000256 CV
100 0/00000315 CS

99/99999 0/00000712 CK
99/99999 0/00000907 CC
99/99998 0/000119 C`
99/99986 0/000278 j
99/99958 0/001796 ^
99/99778 0/003113 ]
99/99467 0/055532 [
99/93914 0/182045 Y
99/75709 0/834376 V
98/92272 2/251213 S
96/6715 3/079775 K

93/59173 93/59173 C

k�4> 9! 9>�; �!K
� 34#��� @�7 �	 3.���)	 � ����	 �! 9: .�7
 �k�4> "�d�	 �. 347 ���� ��	�� jj/jjT��?�L	 �	 4��.


� � 347 ��& ���� .��� �- �	 �	�; 9�! �# ".��� T��?�L	 �	���?
9Z=L O���q,	 9! @�7 .	4�'; A�	�!���! ..��G� 3.���)	 "���� "4��!

 �	 ��	�� C["��& �.�>�� ��	�� jj/jj.��� T�?�L	 4��.
9�d  "	�! ���� 34���	� 9���(.�� 
��: "4�! 9�! X��!�� 9�: ��)	 .��

 @��7 ��	���� pH �COD �BOD �TSS �TDS �DO A���	 .���)	
 
��F��,��! � 
���G��7 �
����� �	�( 9��N 34���I�! �. ��#��	�� 

��)�0& �! A��5G# .4�0# �- 
� �GN "�# ���d\ ����	 �! �	�;
��! ��	����  9][/jj�. ������	 ���! � ������ .����� T���?�L	 4����.
 9! ��	�� []/j[9�d  "	�! ���� .��� T�?�L	 4��. 
���N "4��!


� �$� 9! .���� �). 9��(.�� A�	 �- ��	���  @7 ����	 �4)�
9! � 
���G��7 �
������ �	�( 9��N 
I4���I�!�. � 9��d! .	4'; H�,.

M)��� ��- 
��N 
��F�,��! A��;.�)	 9���I 
k�4> �.Sk�4�> �. � z��	� 9�W!	� �	 9����& 9!���; w��;��V

n���� m��)	 ��! .��)	 34�7 3.	. ����� 347 ��=�; 9!��; w��;��
 k�4>VH��7 t!�W� ����> 
(�. �	.�G� �V.��)	 34�7 O��)�;

9! 9���)- �. "���� t�W�� m��)	 ��! �
�(�. �	.�G� O�)�; ��$��
 �<� �! �!	�! (D�! �W))3��! �	 U	4: �# 9���I	4> 3���I <�� �. �#

)CY9�). (9). 
�� "4��! .4�? ��:	4�& m��)	 ��! w��) .4���7
<\�: k�4�> �. .��>�� <�� �	 �;V���G# 9�:[jS[/`���)	

9�). 
� HE7 U�. "4��! k�4> �. .4? A�	 ..��IV34�7 �����
 3���! 9�! X��!�� ���) � �W) �L�Z; �. 9: �)	 "��#S�[.��)	

!��!3��! A�	� "�#S�[3�q0�	 
Z!�� � 9). <� �. �. U	4�: �# �#
9�). 
� �	�J 9��I	4�> "�# ��GP� �.) 4���ICV��! w�) .(9). 
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CD

P.�;R�z�	� 9W!	� �	 9���& 9!��; w��;��
M N R ] ^ g h x y Mz MM MN MR M] M^

C 33 1.179 1.142 0.0939 1.0647 1.1063 1.4988 3.2188 1.3488 0.0207 0.0525 0.0603 0.1045 0.0046 0.0632
K 33 31.87 0.0902 9.927 16.17 5.117 0.874 0.6521 0.0209 0.0518 0.0591 0.0992 0.0048 0.0617
S 33 0.0908 14.361 32.69 4.4241 0.854 0.6418 0.0211 0.0521 0.0593 0.0993 0.0048 0.062
V 33 0.0903 0.091 0.094 0.0993 0.0993 0.0245 0.1108 0.1645 0.5386 0.0046 0.1872
Y 33 25.512 3.4041 0.8129 0.6191 0.0226 0.0541 0.0615 0.1015 0.0056 0.0639
[ 33 3.9095 0.8361 .6316 0.0219 0.0533 0.0607 0.1009 0.0053 0.0633
] 33 1.0427 0.7346 0.0235 0.056 0.0636 0.1054 0.006 0.0666
^ 33 2.2582 0.0251 0.0595 0.068 0.1153 0.0068 0.0714
j 33 0.0229 0.0568 0.0655 0.1149 0.0056 0.0685
C` 33 0.0329 0.0308 0.0271 0.0062 0.0302
CC 33 0.3258 0.975 0.0061 0.2651
CK 33 0.1323 0.0062 1.3622
CS 33 0.0064 0.1448
CV 33 0.0061
CY 33

P.�;]���=�; 9!��; w��;��347
M N R ] ^ g h x y Mz MM MN MR M] M^

C 1 0.0311 0.0325 0.0048 0.0464 0.0387 0.0864 0.1485 0.1101 0.0029 ``]^/` ``jV/` `CYC/` ``C/` `CC]/`

K 1 [SY]/` ``KC/` K^`j/` Y[`j/` C]SK/` `V`V/` S[^/` ``C[/` ``VK/` ``Y/` ``^/` ```[/` ``[V/`

S 1 ``CY/` KV^V/` `/[jS[ CSS]/` `S[[/` `SVY/` ``CY/` ``VK/` ``Y/` ``^/` ```[/` ``[Y/`

V 1 ``Cj/` ``Cj/` ``VS/` ``[S/` ``]^/` ``KV/` ``]^/` `CC[/` `K[^/` ```j/` `C[^/`

Y 1 VKC/` C`K]/` `SV]/` `SVC/` ``CV/` ``S]/` ``V]/` ``^/` ```[/` ``[Y/`
[ 1 `jY/` `SYV/` `S]V/` ``C[/` ``VK/` ``YV/` ``jS/` ```]/` ``]^/`
] 1 `K^S/` `SV[/` ``CV/` ``S]/` ``Vj/` ``^V/` ```]/` ``]Y/`

^ 1 `[SY/` ``CC/` ``Kj/` ``VC/` ``]C/` ```[/` ``[j/`

j 1 ```]/` ``K/` ``SC/` ``YY/` ```Y/` ``Yj/`

C` 1 ``C/` ``CV/` ``C]/` ```Y/` ``KS/`
CC 1 ``j]/` ``V^/` ```V/` `CVC/`
CK 1 ``S^/` ```S/` `VK[/`

CS 1 ```K/` ``VS/`

CV 1 0/0002

CY C
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