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Figure 1. Location of the study area and groundwater sampling stations.
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Table 2. Loadings of experimental variables on the first six rotated PCs for complete data set.

PC6 PC5 PC4 PC3 PC2 PCl Quality Parameters
Lo
0.022 0.439 -0.279 0.653 0.352 0.123
Temperature
o dew!
0.010 0.533 -0.240 0.518 0.277 0.438 T
pH
S colaa
0.242 0.269 0.034 0.027 0.147 0.860 S
Electricity current
S ol
-0.364 0.038 0.392 -0.342 -0.203 -0.400
Ammonia
L6
0.048 0.203 -0.302 -0.776 -0.166 0.099
Fluoride
Sl g
0.221 0.732 -0.038 -0.199 0.025 0.377
Sulphate
S
0.174 0.152 0.072 0.058 0.029 0.878 “hSs
Bicarbonate
ub::?
0.906 -0.077 -0.037 -0.091 -0.017 0.107
Nitrate
0.755 0.174 0.231 0.134 -0.065 0.426 s
Nitrite
Slend
-0.122 0.840 0.169 0.046 -0.046 0.048
Phosphate
-0.331 -0.308 0.157 -0.595 0.510 0.014 20
Zinc
ejz.aéls
-0.049 -0.076 -0.117 0.078 0.878 0.002
Cadmium
o
0.037 0.137 0.229 0.052 0.796 0.159
Lead
0.039 -0.044 0.756 0.143 -0.145 0.428 o
Copper
-0.092 -0.173 0.019 0.611 -0.342 0.428 S
Nickel
s
-0.091 -0.166 -0.757 0.047 -0.398 0.156 ’
Cobalt
0% |A2e
1.032 1.472 1.654 2.010 2.301 4.277 »22
Eigenvalue
. bl
6.45 9.20 10.34 12.56 14.38 26.73 ) Js =l
% Total variance
razs bl
79.67 73.22 64.01 53.67 41.11 26.73 oY

% Cumulative variance

yve
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Table 3. The results of Canonical Correlation.

6 5 4 3 2 1 S sl
Canonical Variable
0.258 0.390 0.456 0.624 0.795 0.973 SIS
Canonical correlation
0.93 3.16 6.32 12.99 26.52 66.18 o
Chi-square
5 12 21 32 45 60 il s
Degree of freedom
0.967 0.994 0.999 0.998 0.987 0.272 Sl e
Significant level
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Abstract

Background and Objectives: Water is essential for all forms of life and its pollution is
generally considered more critical than soil or air. Distinguishing and correlating among
physical and chemical parameters and finding source of water contamination are major issues in
monitoring water quality. Application of statistical methods in water quality monitoring can be
useful to achieve this goal. Heavy metals are important water pollutants especially due to their
bioaccumulation nature and toxicity. Anthropogenic and natural sources are the main entrance
ways of heavy metals into water.

Materials and Methods: Water quality assessment with multivariate statistical methods is the
main objective of this study. Statistical Principal Component Analysis (PCA) method was used
to determine the major water quality parameters and Canonical Correlation Analysis (CCA) was
employed to find the relationship between water quality parameters and heavy metal contents.
Water samples from twenty three wells in Ramiyan district (Golestan province) were collected
in 2012. Water quality parameters, such as; temperature (T), electrical conductivity (EC), pH,
Ammonia (NH;), Fluoride (F"), Sulfate (SO,”), Nitrate (NO5"), Nitrite (NO,"), Phosphate (PO,’),
Bicarbonate (HCOj3') and heavy metal contents including Zn, Cd, Pb, Cu, Ni and Co were used
in this research. Heavy metal contents in water samples were determined by voltammetry
method in Environmental Science Research Laboratory of University of Zanjan. Temperature,
electrical conductivity in the samples was measured by a portable device in sampling sites.
Results: Principle Component Analysis identified six factors explaining 79.67% of total
variance affecting water quality in the studied area. CCA also identified three canonic classes
with correlation coefficients; 0.973, 0.795 and 0.624, respectively, suggesting that predictor
variables (EC, HCO5, NO,, NO5, pH & PO4) and response variables (Zn, Co, Cd & Ni), were
highly scored among all parameters in water quality assessment.

Conclusion: The results of canonical correlation analysis also show a significant correlation
between the two categories of variables. The studied metals can be selected based on the main
human activities in the area (agricultural activities in this region). The information obtained can
be used to improve water quality monitoring and management program. By measuring relevant
parameters, there is no need to measure all the physical and chemical properties of water,
reducing considerable coasts of water analysis.

Keywords: Water quality, Principle component analysis, Multivariate analysis, Canonical
correlation analysis
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