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In this study, hierarchical agglomerative CA was
performed on the normalized data set by means of the
Ward’s method, using squared Euclidean distances as a
measure of similarity. The Ward’s method uses an
analysis of variance approach to evaluate the distances
between clusters in an attempt to minimize the sum of
squares (SS) of any two clusters that can be formed at
each step. The spatial variability of water quality in the
whole river basin was determined from CA, using the
linkage distance, reported as D /D , which representslink max

the quotient between the linkage distances for a particular
case divided by the maximal linkage distance. The
quotient is then multiplied by 100 as a way to standardize
the linkage distance represented on the y-axis [2, 4, 6].

The normality of the data distribution was analyzed
by one sample Kolmogorov-Smirnov test. All the Fig. 1: Cluster    analysis     dendrogram     of   the
mathematical and statistical calculations were done by sampling station for surface water quality
SPSS  and MINITAB . assessment  in  Herou  river  basin  (S , S , …, S16  15

RESULTS AND DISCUSSION respectively)

To  classify the water quality in sampling stations The first group included station S . The second
and to determine the sources of the pollution, CA with group includes stations S , S and S  where the water
Ward method, using Euclidean distance based on the quality in these stations is mainly affected by residential
standardized mean of the 18 measured parameters, were pollutant sources, Kivi warm mineral waters wastes,,
used. With regard to dendogram cross-section, the agricultural pollutants, sewage from Khalkhal sewage
stations were divided into Two groups based on the treatment plant, several slaughter houses and Khalkhal
farthest Euclidean distance [23]. Figure 1 represents Nepan factory. Therefore the differences between the
cluster analysis dendrogram based on the measured groups indicate the differences in the sources of
parameters. pollution.
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are stand for station 1, station 2, …., station 4
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Table 3: Mean and variance for each evaluation parameters resulted from cluster analysis
1 2

Cluster -------------------------------------- -----------------------------------
Statistical parameters 0 0  – 0 0 0   0 Mean Fh  .. h  ..

Q 0.31 -0.48 1.27 0.48 0.79 **
WT 8.96 -0.78 10.51 0.78 9.74 **
pH 8.37 0.09 8.19 -0.09 8.28 **
Turb. 14.67 -24.61 63.90 24.61 39.29 **
DO 8.03 0.03 8.09 0.03 8.06 **
Ec 464.95 -95.93 656.80 95.93 560.87 **
TDS 343.16 -20.22 383.60 20.22 363.38 **
HCO 206.15 -23.23 252.60 23.23 229.37 **3

SO 30.77 -22.84 76.45 22.84 53.61 **4
2-

Cl 32.00 -103.00 238.00 103.00 135.00 **-

Ca 43.55 -0.80 45.15 0.80 44.35 **2+

Mg 10.01 -2.70 15.40 2.65 12.75 **2+

Na 42.84 -18.29 79.41 18.29 61.12 **
TH 150.05 -13.13 176.30 13.13 163.17 **
NH 0.16 -0.05 0.25 0.05 0.20 **3

NO 5.89 -5.00 15.90 5.00 10.90 **3
-

PO 0.18 -0.10 0.39 0.01 0.38 **4
3-

BOD 1.64 -0.29 2.22 0.29 1.93 **
COD 7.04 -1.72 10.47 1.72 8.75 **
TColi. 206.24 45.67 114.90 -45.67 160.57 **
FColi. 34.92 1.46 32.00 -1.46 33.46 **

 Significant (P < 0.01)**
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Among these stations the best quality of water into two clusters of similar characteristics pertaining to
belongs to station 1. The reason for this is that this water quality characteristics and pollution sources.
station is located headwater. As the stations’ distance Therefore, the resulted pollution from residential wastes
increases from the source of river, with the entrance of and agricultural drainage are the main factors responsible
pollutants from different sources the quality of water for deteriorating the quality of water in the Herou River.
decreases. Also, Multivariate statistical technique is very useful in

The dendrogram of Figure 1 show that stations S , S identification of the factors that can affect water quality.2  3

and S  have the highest pollution level (HP). The station Naturally, this will help for better understanding of4

S  is among the less polluted (LP) stations. The results of sources.1

one-way ANOVA confirms the existence of meaningful
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