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Abstract 
Khoy plain is one of the main industrial and agricultural centers in West Azerbaijan province that the water requirement for agriculture, 
industry and drinking water is generally supplied by groundwater. Therefore, the quality of available water seems very important in this area. 
Groundwater quality is generally dependent on hydrogeochemical processes that regnant the water resources system. For this purpose, in 
order to better understand the hydrochemical processes in Khoy plain aquifer, graphical and multi-variable statistical methods were used to 
interpret the results obtained from the analysis of 54 samples taken in September 2016 from groundwater resources. The results of the Piper 
diagram and the expanded Durov diagram shows that the groundwater type in the region is mostly calcium and magnesium carbonate, 
sodium chloride and the mixed type. In hierarchical cluster analysis, the samples are placed in two main clusters and five sub-clusters. The 
Stiff graphs identified eight general groups with saline, calcareous, basaltic, igneous and calcareous composition, Saline shale composition, 
shale and lime composition (Marne) and mixed type. The results of the factor analysis method suggested a three-component model for the 
data. In the first component, sodium, chloride, sulfate, bicarbonate, calcium and magnesium were interdependent; in the second component, 
nitrate and arsenic were linked; while in the third component, iron was partially related to the others. The first and third factors have 
geogenic sources and the second factor shows both geogenic and anthropogenic sources for groundwater contaminants. 
 
Keywords: Arsenic, Hydrochemical processes, Graphical methods, Multivariate statistical methods. 
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Figure 1. Geographical location and geological map of Khoy region 
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Figure 2.  Location of sampling points from Khoy plain aquifer 
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Figure 3. Piper diagram of water samples of the study area according to the main diagram 

 

 
Figure 4. Examples of 8 groups of Stiff diagrams for the dry season of 2016 according to the main diagram 
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Figure 5. Expanded Durov diagram of water samples in the study area 

  

  

  

  



2�&3� 45�67 �6	��-6�6��/ �%893: 7	� 8;� � 4<66= >�?� !��8.:� ��� !���@%� 

  

 ����11 �  ����	4 �  ���
��1400 

877

Table 2.  Pearson correlation matrix between standardized samples of Khoy plain groundwater (August, 2016) 

Factors (Na) (K) (Ca) (Mg) (Cl) (SO4) (HCO3) (As) (NO3) (Fe) (EC) (pH) 

(Na)  1            

(K)  .665** 1           

(Ca)  .168 .453** 1          
(Mg)  .220 .524** .757** 1         

(Cl)  .857** .742** .416** .476** 1        

(SO4)  .604** .669** .673** .736** .771** 1       
(HCO3)  .604** .669** .673** .736** .771** 1.000** 1      

(As)  -.047 -.127 -.034 .040 -.046 -.042 -.042 1     

(NO3)  -.069 -.029 -.221 -.158 .006 -.079 -.079 .205 1    
(Fe)  .051 -.005 -.100 -.055 .027 -.103 -.103 .061 -.016 1   

(EC)  -.136 -.040 .125 .098 -.099 .088 .088 .061 -.024 -.065 1  
(pH)  .010 -.004 -.155 -.190 -.019 -.128 -.128 .013 -.004 .012 -.502** 1 
** Correlation is significant at the 0.01 level (2-tailed). 

* Indicates the degree of reliability of the calculation of the correlation coefficient between the data.  

* Minimum confidence 0.95% and ** Best assurance 0.99%.  

Items with a high correlation are marked with two asterisks that have an R above 0.05. 
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Figure 6. Tree diagram obtained from hierarchical cluster analysis related to water samples in Study area 
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Figure 7.  Tree diagram obtained from hierarchical cluster analysis related to water ions in Study area 

  

 
Figure 8. TDS to (NO3+Cl)/HCO3 chart 
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Table 3.  Factors analysis results after varimax rotation 

Standardized factors 
Factors 

1 2 3 

(Na) 0.919 0.003 0.194 
(K) 0.823 -0.080 0.105 
(Ca) 0.167 -0.139 -0.68 
(Mg) 0.279 -0.81 -0.014 
(Cl) 0.956 0.031 0.148 
(So4) 0.641 -0.022 0.029 
(HCo3) 0.641 -0.022 0.029 
(As) -0.056 0.742 0.065 
(No3) -0.014 0.799 -0.116 
(Fe) -0.041 0.059 0.929 
(Ec) -0.149 0.018 -0.246 
(pH) 0.031 -0.004 0.267 
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Table 4.  Extraction factors and their values of variance  

Components Total 
Initial specified value  Total squares after rotation 

Variance% Cumulative% Total Variance% Cumulative% 

1 3.472 38.021 38.021  3.411 37.352 37.352 

2 1.220 13.317 51.384  1.226 13.427 50.778 

3 1.033 11.317 62.700  1.089 11.922 62.700 
4 0.959 10.500 73.200     

5 0.839 9.193 82.393     

6 0.561 6.140 88.533     
7 0.438 4.797 93.330     

8 0.256 2.799 96.130     

9 0.196 2.146 98.276     
10 0.107 1.171 99.447     

11 0.051 0.553 100.000     
12 -1.001E-013 -1.012E-013 100.000     

  

  
Figure 9.  Shows the effective factor loads in each extraction factor 
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