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Figure 1. Location of Shiramin area in Iran map and suitable distribution of samples.
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Figure 2. Lithology map of watershed of study area.
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1- Hierarchical Cluster Analysis

2- Factor Analysis

3- Principal Components Analysis

4- Statistical Package For Social Sciences
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Table 1. Statistical characteristics of results of analysis samples.

Jila= Sl oSle Slre Ol >l NP bl
(Minimum) (Maximum) (Mean)  (Standard Deviation) (Unite) (Parameter)
62.7 1365 383 5.4 (ppm) S
(Calcium)
18.28 371 122.6 122 (ppm) o
(Magnesium)
Y
4.87 1589 328 490 (ppm) -
(Sodium)
Ly
0.68 143 4.7 4.1 (ppm) IS
(Potassium)
ol S
70.7 2708 780 666 (ppm)
(Bicarbonate)
ol s
0.87 13.01 4.5 3.39 (ppm)
(Sulfate)
&
47.1 4285 1118 1511 (ppm) s
(Chloride)
Ol s
4.99 58 20.3 13.4 (ppm) 7
(Nitrate)
RUPIE
0.38 0.89 0.6 0.12 (ppm) oA
(Fluoride)
< wd ‘ (./J‘
700 12830 4003 4038 pmoh/cm A el
(Electric Conductivity)
|
6.2 8.65 7.4 0.7 -log [H'] E=
(pH)
Lo
14.9 18.7 16.4 0.97 (°0)
(Temperature)
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Table 3. KMO values and interpretation of its satisfactoriness.

KMO i e Sl
adequacy of method
(adequacy
A — Ao S
(Excellent)
VA — +JA] 5ok
(Very good)
V=V e
(Good)
P = /54 =
(Goodish)
Or— /0 .
(Bad)
e U b 2
(Unacceptable)

ABLOl gy Jule g jlo—t Jgd
Table 4. Rotated Component Matrix.

adl 5o
(Component) Bt
¢ Sl p £32 Jsl (Parameter)
(Fourth) (Third) (Second) (First)
20.09 0.13 20.09 0.96 "
(Calcium)
0.01 -0.06 021 0.96 (e
(Magnesium)
L
0.27 0.08 0.78 0.44 i
(Magnesium)
L
0.39 20.09 0.57 0.59 =
(Potassium)
-l |
0.04 0.04 0.9 0.1 e
(Bicarbonate)
A
-0.11 0.76 033 -0.41 e
(Sulfate)
&
0.07 20.03 0.23 0.95 s
(Chloride)
0.16 0.87 0.1 0.07 i
(Fluoride)
UG RTY
0.04 0.03 0.33 0.92 A =
(Electrical conductivity)
|
20.07 0.34 0.41 20.58 e
(pH)
Lo
-0.83 0.04 -0.18 -0.04 ?
(Temperature)
- ‘ - ‘
0.65 0.1 0.03 -0.02 =
(Nitrate)
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Figure 3. Dendrogram scheme of heretical clustering.
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Abstract

Background and Objectives: Groundwater is considered as one of the most important sources of
fresh water which is available of human. Groundwater is used for various goals such as drinking,
sanitation, agriculture and industry. Therefore, Studying, understanding and protecting it looks a
necessary work in arid and semi-arid areas like Iran. Shiramin region with an aquifer with
approximate area of 34 km’ is one the marginal plains of Urmia lake. Deep understanding of the
dominant hydrogeochemical processes on aquifer system is very important in the management of
groundwater resources. Graphics methods are among the usual methods in the recognition of the
dominant processes on the groundwater, but lack of use of some chemical parameters such as
(nitrate, arsenic, etc.), including its limitations. Multivariate statistical analysis methods (Factor
analysis, Clustering analysis) has been used as a complementary method along with graphics
method to identify factors affecting the quality of underground water, finding the source of
contamination and to classifying the similar samples. Using Geographic Information System
(GIS) along with mentioned methods leading to better insight and easier understanding in
groundwater issues. The aim of this study is to identify the effective factors on the quality of water
resources of Shiramin region, finding their sources and hydrogeochemical analysis of them using
multivariate statistical analysis, graphical and GIS methods.

Materials and Methods: In order to investigate groundwater of Shiramin area, 18 samples of
groundwater from all over the plain with regard to the best distribution, were collected and
analyzed. For interpretation and representing the data, multivariate statistical analysis (principal
component analysis (PCA) and hierarchical cluster analysis (HCA)), correlation matrix,
graphical and GIS methods were used.

Results: Content of nitrate is higher and fluoride is less than the standard value. Factor analysis
resulted in the extraction of four factors: (first component: carbonate component, the second
component: component of rain-fed and the third component: from sulfoflouride, the fourth
component, nitrate component). Hierarchical cluster analysis has resulted in the extraction of
two clusters named HCA1 (first cluster) and HCA2 (second cluster). Samples related to first
cluster in the upstream of plain illustrate better quality and samples related to second cluster are
located in the downstream of plain with higher EC and lower quality.

Conclusion: Using multivariate statistical analysis methods in identifying Effective factors on
water quality and clustering them is very effective. Graphical methods and GIS are also
effective for understanding the Hydrogeochemical processes.
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