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Abstract— Drinking water quality is an important factor in 

human health. The aim of the present study is evaluation of seasonal 
chemical pollution of drinking water resources of Maragheh city in 4 
seasons of year (March 2009 to March 2010) and determination 
essential variables of drinking water quality. For determination of 
this variables, factor analysis method is applied to 20 water quality 
parameters of drinking water resources. Water samples were collected 
from per locality and analyzed by standard methods. Results of factor 
analysis show that the most significant parameters (total hardness, 
chlouride, nitrite, nitrate, potassium, calcium, iron) with strong 
loading values were contributing to the variation in drinking water 
quality in all the seasons studied. In other words, any arbitrarily 
selected parameter from these parametes could be used as a "marker" 
variable to detect potential chemical pollution. 
 
Keywords— factor analysis, water quality, chemical pollution.  

I. INTRODUCTION 
NVIRONMENTAL pollution and especially the 
contamination of water sources is a problem facing society 

today. The increasing urbanization, industrialization, the 
modernization of agriculture, the increase in traffic contribute 
to global pollution, which requires accurate monitoring and 
information about the quality of water resources [5]. 

Regular drinking water monitoring is essential for supplying 
people with a high quality and healthy water meeting all 
requirements of legal regulations. Distribution systems are 
being usually monitored on many sampling points at which 
samples are regularly taken and then analysed in laboratories 
in accordance with a monitoring plan. The sampling frequency 
and the number of examined parameters are given by the 
government regulations, requirements of water technologists 
and regional health offices. The water quality evaluation 
should be based on the statistical analysis of the collected 
physical, chemical, and biological results. The water quality is 
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mostly characterized by many variables (parameters) which 
represent a water composition in specific localities and time. 
For this purpose, multivariate methods such se the cluster 
analysis, the principal component analysis, the factor analysis, 
and the discriminant analysis, are used [8]. 

Evaluation of spatial and temporal variations in water 
quality of Gomti River (India) [10], evaluation of drinking 
water quality in Bandarabbas city [1], the quality assessment 
of surface water [13], ground water [9] and the urban water [8] 
employing multicomponent techniques are well described in 
the literature. Multivariate statistical approaches allow 
deriving hidden information from the data set about the 
possible influences of the environment on water quality. 

The aim of this paper is to use factor analysis for evaluation 
of seasonal chemical pollution of drinking water resources of 
Maragheh city, and to recognize basic features of drinking 
water quality. 

II. MATERIALS AND METHODS  
This study was performed on drinking water resources of 

Maragheh city, East Azarbaijan province,Iran ,in four seasons 
of year (March 2009 to March 2010). The Soofi-chay river is 
the main water resource of Maragheh city, emanates from the 
southern slopes of Mount Sahand , after passing through a 
valley, coastal plain and in the end it flows into the Urmia 
lake. Alavian dam was built on the Soofi-chay river in the 
northwest of city, It is used for drinking and irrigation. Alavian 
water treatment plant (WPT) with two water supply wells that 
supply drinking water of city. Due to the limitation of 
laboratory analysis of water samples for water and wastewater 
laboratories and as a one-time sampling and analysis can not 
comment on the chemical quality of the water, so the action 
once were sampled in each season of the year. Sampling of 
surface water resources (entrances and exits WPT) and 
groundwater (2 supply wells) during 4 seasons and measured 
20 quality parameters in water and wastewater laboratory 
according to standard method procedures were [2], 
simultaneously. 

The experimental parameters are: ammonia, calcium, 
chloride, conductivity, iron, fluoride, total hardness(TH), 
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bicarbonate, potassium, magnesium, manganese, sodium, 
nitrate, nitrite, pH, phosphate, sulfate, TDS, temperature and 
turbidity. Statistical data of drinking water quality parameters 
in Maragheh city are shown in table I. 

 
Table I. Statistical data of drinking water quality parameters  

 
 
In this study, factor analysis method was used to analyze 

seasonal samples. factor analysis is a multivariate statistical 
method that yields the general relationship between measured 
variables by showing multivariate patterns that may be help to 
classify the original data [7]. Multivariate statistical 
approaches allow deriving hidden information from the data 
set about the possible influences of the environment on water 
quality [11]. Factor analysis attempts to explain the 
correlations between the observations in terms of the 
underlying factors, which are not directly observable [13]. 
There are three stages in factor analysis [4]: for all the 
variables a correlation matrix is generated, factors are 
extracted from the correlation matrix based on the correlation 
coefficients of the variables, to maximize the relationship 
between some of the factors and variables, the factors are 
rotated. 

A first step is the determination of the parameter correlation 
matrix. It is used to account for the degree of mutually shared 
variability between individual pairs of water quality variables. 
Then, eigenvalues and factor loadings for the correlation 
matrix are determined. Eigenvalues correspond to an 
eigenfactor which identifies the groups of variables that are 
highly correlated among them. Lower eigenvalues may 
contribute little to the explanatory ability of the data. Only the 
first few factors are needed to account for much of the 

parameter variability. Once the correlation matrix and 
eigenvalues are obtained, factor loadings are used to measure 
the correlation between the variables and factors. Factor 
rotation is used to facilitate interpretation by providing a 
simpler factor structure [14]. A scree plot shows the 
eigenvalues sorted from large to small as a function of the 
factors number. In 1958, Kaiser proposed to use only the 
factors with eigenvalues exceeding one [6]. All the 
mathematical and statistical computations were made using the 
Statistical Package for Social Sciences version 16.  

III. RESULTS AND DISCUSSIONT 
The qualitative parameters of the samples collected from 

drinking water resources of Maragheh city analyzed with 
Factor Analysis in 4 seasons (spring, summer, autumn and 
winter). Initial information about the correlation structure of 
the data set was obtained from the implementation of the 
selection 20 variables. The correlation matrix created for per 
season, separately. Factor analyzing of parameters in 4 seasons 
are given in table II and III, respectively. The factor analysis 
generated three significant factors which explained 100 % of 
the variance in data sets. 

Classification of factors is thus “strong”, “moderate” and 
“weak”, corresponding to absolute loading values of >0.75, 
0.75 - 0.50 and 0.50 - 0.30, respectively [12]. The parameters 
with strong loading values were most significant parameters 
contributing to the variation in water quality in all the seasons 
studied.Total hardness(TH), ammonia, potassium, nitrate, 
nitrite, calcium, chloride and iron were the most significant 
parameters. In these Tables ,the parameters with strong 
loading values (>0.75) highlighted. The first factor in per 
season analyzing with the most percentage of variance and the 
most eigenvalue was best represented by TH and Ca in four 
seasons. These factors can be attributed to seasonal changes. 
The most significant parameters determined in per season, 
separately. For example, factor analysis of spring created three 
significant factors which explained 100 % of the variance in 
data sets. scree plot of factor analysis in spring shows the 
significant factors in this season (fig.1). The first factor 
explained 42.3% of the total variance, has strong positive 
loadings on calcium, chloride, total hardness, nitrite and 
phosphate, and strong negative loadings on iron. The second 
factor explained 39.3 % of the total variance, has strong 
positive loadings on potassium, magnesium, nitrate and 
temperature, and strong negative loadings on pH. the third 
factor explained 18.4% of the total variance, , has strong 
positive loadings on : ammonia, manganese and turbidity.these 
strong loadings shows strong correlation between these factors.  

The findings discussed above reveal the fact that any water 
quality parameter represented by factors 1, 2 and 3 could be 
used as an indicator for chemical pollution of water resources 
in spring season. In other words, any arbitrarily selected 
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parameter from factors 1, 2 and 3 could be used as a "marker" 
variable to detect potential pollution. Probable candidates for 
this purpose could be any one of the easily measured 
parameters. This marker parameter selection might be used as 
a technical tool for designing water quality monitoring 
networks [3]. For other seasons of year, created 3 factors 
which explained 100% of the variance in data sets and most 
significant parameters correlated with each other in per factor 
and could be used as a marker parameter to detect chemical 
pollution. 

 
Fig 1. Scree plot of the eigenvalues in spring 

IV. CONCLUSION 
This study is believed to be early application of factor 

analysis in the environment engineering. The analysis was 

performed, explains the evaluation of seasonal chemical 
pollution of drinking water resources using multivariate 
statistical techniques. 20 qualitative parameters from two 
surface water sampling localities (entrances and exits WTP) 
and two groundwater water sampling localities (2 supply 
wells) that supplies drinking water of Maragheh city, were 
monitored during 4 seasons.Data sets were analyzed using 
factor analysis. Factor analysis identified three factors 
responsible for data structure explaining 100% of total 
variance in per 4 seasons. Based on Factor analysis on 
drinking water resources, total hardness, ammonia, potassium, 
nitrate, nitrite, calcium, chloride and iron were the most 
significant parameters with strong loading values and could be 
used as marker parameters of chemical pollution. In per 
season, the parameters with strong loading value correlated 
with each other in per factor. This study emphasizes the 
significance of monitoring networks in detecting drinking 
water pollution and provides a useful tool that help the 
decision makers in determining the extent of pollution via 
practical pollution indicators. It could also provide a crude 
guideline for selecting the priorities of possible preventative 
measures in the proper management of the drinking water 
resources of the city.  

 
 
 

 
Table II. Factor analysis of of drinking water quality parameters in spring and  summer 
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Table III. Factor analysis of of drinking water quality parameters in autumn and winter 
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