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 Limited water resources and probable increase of water pollution by various types of 

pollutants caused by human activity has led to increase exacerbation of water quality 

control plan. This study was conducted to assess qualitative variables of Karaj River 

which is located in central Iran and the northwest of Tehran. Sampling was carried out 

during a year on 10 physical and chemical parameters in 7 stations. The results of 

measurements were analyzed using multivariate analysis method of cluster analysis 

(CA). Results showed that, the stations which were close together in terms of pollution 

load were placed in a same group. This represents the difference in pollutant sources 

and amount of pollution in different areas of the river. Conducted investigations 

indicated that, increasing trend of heavy metals pollutions and lack of their degradation 

in short-term can cause further reduction of Karaj River water quality. 
 

 

© 2013 AENSI Publisher All rights reserved. 

 

INTRODUCTION 

 

 Among water systems, rivers have been considered as one of the most important water supply for drinking 

water, agriculture and industry in addition to creation of suitable bed for survival of many creatures such as 

aquatic and non-aquatic including animals and plants. These water resources have a high potential to be polluted 

by different uses and establishment of population centers around itself, and it will cause some problems such as 

generating algal biomass, decreased dissolved oxygen of water, fish deaths and reduction of other aquatics in 

these systems, if pollutants excessively enter the systems [12]. Surface water quality of a region is resulted from 

two natural processes factors (amount of sedimentation, climate conditions and corrosive soil) and unnatural 

effects such as industrial and agricultural activities [6]. 

 Heavy metals are the pollutants which cause to disturb ecological balance and to make diversity among 

aquatics and other creatures in terms of balance in environment and survival preservation, and most of plant and 

animal species do not have adequate strength to avoid dangerous effects of heavy metals [12,13].  

 One of the most important methods in accurate investigation of water resources quality is use of 

multivariable statistical techniques which are used widely in the recent years [3,5]. 

 Multivariable statistical techniques are used to extract hidden data in investigation of water resources 

quality variations [4]. 

 Data classification via cluster analysis is done to reduce matrix dimensions. In this analysis, the goal is to 

achieve a standard for appropriate classification of variables or samples based on intraclass similarity and 

between-class difference. Cluster analysis is a multivariate analysis method with a main objective of stations 

classification based on concerned traits. The objective of cluster analysis is to search natural categories or 

variables or items, so that, stations with same traits is placed in a same class, and the classification is suitable 

when, the stations have more homogeneity and there is more heterogeneity  between the groups[9].  There are 

two kinds of cluster analysis technique: distance-based methods [10] and model-based methods [3].Currently, 

distance-based methods have the maximum application.  

 Cluster analysis is a general title for a set of mathematical methods and is used to find similarities between 

materials in a complex. The goal of clusters formation is to place the materials in a material cluster so that, there 

would be the minimum dispersion or diversity relative to the existing diversity between the classes. In cluster 

analysis usually, P parameters are measured on N stations and an N*P matrix is formed [11]. 

 There are numerous methods for data clustering. In this study, Ward method has been used for data 

clustering. In this method, the standard for linking a data to a cluster or linking two clusters to each other is to 

make the minimum increase in squares sum of deviation from the considered cluster. 
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 Numerous methods and techniques have been applied to investigate rivers water quality around the world. 

Keny & Brands [14] applied graphical method of screening to assess water quality using alkalinity and electrical 

conductivity data. Matiz et al., (2006) used system analysis in order to investigate water quality management in 

Elbe River watershed. Monaghan et al., (2007)[16]  investigated the relationship between land management and 

surface water quality in a watershed in New Zealand by measurement of phosphorous, nitrogen and suspended 

materials, and they suggested management strategies to improve water quality. Koranj et al., (2005) investigated 

and compared two stochastic approaches for predicting water quality of Yeshilmak River by measuring 

potassium, sodium, chloride, calcium, magnesium, sulfate, temperature, conductivity, pH and SAR. The results 

showed that, ARIMA model is much appropriate to predict pH, electrical conductivity and chlorine. One of the 

most important methods in accurate investigation of water resources quality and its evaluation is to use 

multivariate statistical techniques. Multivariate statistical techniques are methods to extract hidden data in 

investigating water resources quality [4].Use of this method helps the researchers to identify the most important 

effective factors on water systems quality and is a valuable tool for confident management of water resources 

[18,19]. 

 Shang et al. (2009) measured the parameters of heavy metals, nitrogen, and phosphorous in Yangtze River 

in China and compared surface water quality in industrial regions and the regions with vegetative cover at early 

stages of urban development using multivariate statistical techniques. Considering that, the studied watershed is 

a touristy region and there are various touristy facilities around it, and agricultural and touristy pollutants enter 

the region; so, the objective of this research is to apply multivariate statistical techniques of cluster analysis in 

this river water quality analysis. 

 

MATERIALS AND METHODS 

Study area: 

 Karaj River is the most important river of central catchment of Iran. Karaj River catchment is located 20 km 

far from north and North West of Tehran. Karaj River length is about 245 km and the catchment area has been 

estimated by 5000 km2. Its width differs along the pathway between 8-15 m and its depth also varies from 1 to 3 

m (Figure 1)[8, 1].  

 
Fig. 1: Sampling stations position in Karaj River Watershed. 

 

Methods of sampling, measurement and parameters analysis: 

  For selection of sampling stations, some factors were considered such as access facilities, distance of 

stations, tributaries connecting, natural conditions of the region (ground water table status, pedology status and 

topography), the most important water pollutant sources and wastewater exit pathway. After determination of 

sampling stations, coordinate and location of these points were determined on a map by GPS. Stations position 

has been shown in Table 1. 

 In order to achieve needed qualitative parameters to measure the amount of pollution, the sampling was 

carried out from spring of 2012 until winter. In order to take water samples, plastic autoclavable sterile plastic 

tubes were used. Table (2) shows statistical description of water qualitative variables in Karaj River in the four 

seasons of year 2012. 
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Table 1: Geographical position of sampling stations. 

Sampling stations 

code 

location Coordinate 

Longitude Latitude 
S1 Dizin 36°02´51.48´´N- 51°25´10.73´´E 

S2 Pich sarhang 36°06´52.15´´N- 51°19´36.63´´E 

S3 Restoran Kasra 36°02´43.44´´N- 51°18´44.61´´E 

S4 Rodkhane Sharestanak 36°00´35.19´´N- 51°18´00.55´´E 

S5 Masjed Rayzamin 36°01´53.11´´N- 51°12´57.86´´E 

S6 Varian 35°58´02.73´´N- 51°05´26.19´´E 

S7 Parke Chamran 35°48´23.42´´N- 51°00´28.37´´E 

 

 Sampling and laboratory analysis of the samples was done according to standard methods. The devices used 

to measure needed parameters were as below: 

- In order to measure electrical conductivity (EC) and TDS, portable device of HACH Company was used. 

- In order to measure pH, portable Metrohm device made in Switzerland Model 350 was used.  

- In order to measure BOD and COD, spectrophotometerDR5000 made by HACH company was used.  

- In order to measure heavy metals, atomic absorption model GBC made in Australia was used.  

 In order to analyze the data for qualitative classification of studied stations and determination of pollutant 

sources, statistical methods of cluster analysis were used. All mathematical and statistical calculations were 

carried out via EXCEL2013, MINITAB16 and SPSS 17 software. 

 

Results: 

 Table (2) shows statistical description of water qualitative variables in Karaj River in four seasons of year 

2012. 

 
Table 2: Statistical characteristics of water qualitative variables. 

Variations range Standard 

deviation 

Mean Variable 

maximum minimum       

5/1220  231 995/346  2/450  Electrical conductivity 

5/8  43/7  210/0  74/7  Acidity 

961 150 553/283  07/329  Total dissolved solid particles 

02/19  2/4  424/5  92/6  Biological oxygen demand 

15/64 67/10 471/8  98/14  Biochemical oxygen demand 

02/0  0 008/0  006/0  Zn(mg/l) 

02/0  0 008/0  008/0  Cd(mg/l) 

086/0  005/0 029/0  055/0  Pb(mg/l) 

0 0 0 0 Hg(mg/l) 

425/0  0 201/0  157/0  Se(mg/l) 

 

 In order to categorize water quality of the sampling stations and determination of pollutant sources, cluster 

analysis was used by Ward method using Euclidean distance based on standardized mean of 10 measured 

parameters. Dendrogram cutting categorized the stations based on the furthest Euclidean distance. Figure (2) 

shows dendrogram cutting of cluster analysis of the stations based on measured parameters.  

 

 
 

Fig. 2: Dendrogram resulted from cluster analysis of sampling stations for all measured parameters in an 

aqueous environment. 
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 The first group (cluster) includes Pich-e-Sarhang. In terms of electrical conductivity, TDS and Cadmium, 

this station is higher than the mean of whole the region, and water quality variations is at its minimum amount.  

 The second group in which there are the rest of stations including Dizin, Varian, Kasra, Reyzamin, 

Shahrestanak and Chamran Park, parameters BOD, COD, Plumbum, zinc, Mercuryand Seleniumare higher than 

the mean amount of whole the studied stations. Quality of these stations is mostly affected by the pollutants 

resulted from entering effluent of tourist accommodation and catering centers, motor service centers, garden and 

crop waste and rural centers.Therefore, difference between the groups represents the difference in pollutant 

sources.  

 Difference between the evaluated group's shows that, the existing stations did not have any significant 

difference in each cluster in terms of the evaluated parameters. But, Table (3) states that, there is a significant 

difference between the evaluated parameters at probability level of 1% and 5%. This difference mentions that, 

by instant access to qualitative evaluation of water resources, in each group of management and monitoring 

network, selecting a station can give appropriate information.  

 
Table 3: Mean, total deviation from mean and standard deviation of means in 2 clusters resulted from cluster analysis for the evaluated 

parameters. 

 

Discussion: 

 Results of water samples analysis in 7 stations of Karaj River show that, the maximum amount of Zinc, 

Cadmium, Plumbum, Mercury and Selenium in water are 0.08, 0.08, 0.123, 0 and 1.7 mg/L.  

 In rivers, the maximum amount of heavy elements is often observed in downstream and its minimum 

amount is observed in upstream and middle areas. This situation was also true in current study. With regard to 

various human activities and establishment of touristy places, oil Change service centers, rural residential and 

agricultural land, vehicle traffic and etc. in the region, the maximum amount of heavy elements in current study 

was observed in downstream. The main pollutant source and effective factors on the increase of Plumbum and 

Cadmium in the region can be ascribed since, much of the river is adjacent to the road, and vehicles transit.  

 

Conclusion: 

 Use of cluster analysis in qualitative analysis of Karaj River water had a great help in determination of 

pollution status of this river in study stations. Considering the results of investigations, the similar stations can 

be neglected and some new stations can be established in those regions in which stations have different 

situation.  

 The results of this study are consistent with Cheraghi et al. (2007). Measurement method in both researches 

has been in aqueous environment but, they are different in the number of sampling parameters and sampling 

frequency and studied stations. In comparison of this research with achieved results of Zhang conducted in 2010 

[6], heavy metals evaluation in three parts of sediment, water and plant can be mentioned as well as analysis of 

higher number of heavy metals in 27 sampling stations. Accordingly, it can be concluded that, effluent of 

residential and entertainment centers, rural residential wastewater and agricultural drainage waters and motor 

services centers are the major cause of quality reduction of the studied river. Achieved results from this research 

using cluster analysis could properly categorize the stations in terms of pollution. Therefore, technique of 

multivariate statistical methods can be an effective and efficient approach to make decision in river water 

management.  
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