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Abstract 

An increase in heavy metal pollution in the soils of Arak due to industrialization and urbanization 

has become an environmental problem. The region hosts several industrial facilities which are the 

main source for hazardous wastes which include electric, metal, automotive supply industry, food, 

machinery, and chemicals. Soil samples were collected from these industrial areas in the central and 

around of Arak city and analyzed for their metal contents. Results of the analysis show that the soils 

are characterized by high concentrations of Ni and Cu. Concentrations of As, Pb, Zn, Cr and Co 

elements do not exceed the permissible levels in the most of the samples. Concentrations are 3.01- 

17.36 mg/kg of Pb, 9.60-195.55 mg/kg of Cu, 12.20- 63.12 mg/kg of Ni, 0.85- 69.91 mg/kg of Zn, 

1.41- 4.50 mg/kg of As, 25- 130 mg/kg of Cr and 7.54- 24 mg/kg of Co. Application of factor, 

cluster and correlation analysis showed that heavy metal contamination in soils originates from 

industrial activities and heavy traffic which are of anthropogenic origin. Contaminations in soils 

were classified as geoaccumulation index, enrichment factor, contamination factor, and 

contamination degree. Contamination degree values indicate that heavy metal pollution levels of 

soils collected from industrialization sites are greater than those of distal parts of industrialization. 

Spreading of hazardous wastes from industrial facilities in the study area via rain or wind is the 

main source of soil pollution. In addition, agricultural wastes and traffic-related metal pollution is 

also observed. 

Keywords: Heavy metal contamination, Industrial areas, Arak, Iran. 

1–Introduction 

With rapid development in industrialization, soil 

contamination has become a serious problem in 

many countries. Contamination and negative 

impact on the quality of air, water, and soil by 

population growth, rapid urbanization, and 

industrial activities have been stated by several 

works (Poon and Liu, 2001; Chen et al., 2005, 

Zamani et al., 2012). Among the most 

significant soil contaminants resulting from both 

natural and manmade sources, heavy metals are 

of prime importance due to their long-term 

toxicity effect. Soil is not only a geochemical 

reservoir for the contaminants but also a natural 

buffer for transportation of chemical materials 

and elements in the atmosphere, hydrosphere, 

and biomass and, thus, it is the most important 

component of the biosphere (Knox et al., 1999). 

Due to their contaminant effect, heavy metals 

are the main focus of recent works (Sharma et 

al., 2007; Sun et al., 2010). Metal content in 

soils is the combination of metals arising from 

human activities and natural processes. The 

release of anthropogenic metals to the soil is 

much greater than contribution of metals from 

natural sources (Nriagu, 1979; Norrish, 1975; 

Pacyna, 1986; Ghomi et al., 2013). Increase in 

metal content in soils is generally observed in 

areas of intense industrial activities. Metal 

accumulation in these areas is a few times 

higher than uncontaminated sites. However, due 
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to long-distance atmospheric transport, high 

metal concentrations may also be detected in 

distal parts of industrial centers (Amundsen et 

al., 1992; Steinnes et al., 1997; Kabata-Pendias, 

2000). The most important impact of soil 

pollution on environmental health is that 

contaminants in soil can be introduced into the 

food chain by plants and by their direct use or 

consumption by animals feeding on them. 

Therefore, metal pollution in areas of industrial 

activities is of great concern (Ghadimi and 

Ghomi, 2013). 

Arak is one of the regions affected by soil 

contamination of industrial origin. The region is 

one of industrial regions in Iran where the 

impact of rapid population growth and 

industrialization on limited natural sources and 

agricultural lands is progressively high and as a 

result the size of uncontaminated areas is getting 

diminished. Due to expanding industrialization 

and urbanization in Arak and the unrestrained 

disposal of factory wastes to soil or waters and 

their transport by air, it is thought that heavy 

metal contents of soils in this region are high. 

Therefore, monitoring of this change and 

determination of contamination in soils has 

gained importance. Heavy metal contents in the 

soils of the Arak industrialization area, their 

contamination levels, and pollution sources 

have not been investigated. Therefore, the aim 

of this study is to examine the heavy metal 

contents in the soils of Arak and investigate 

their possible origins. 

2– Materials and methods 

2.1- Study area 

Arak City is located in the center of Iran. 

Economy of the district is mainly based on 

industry and it is one of the rapidly growing and 

developing regions in Markazi province (Fig. 

1). The rapid expansion of industrial activities, 

particularly, after the 1990s has given rise to a 

jump in the population of the city as well 

hosting several plants belonging to various 

industrial sectors. There are several organized 

industrial small towns in Arak. Industrial 

facilities including paint, plastic, electric, metal, 

automotive supply industry, food, cosmetics, 

packing, machinery, and chemical sectors are 

currently in operation in these organized 

industrial area. In Arak winter is cold and rainy 

while summer is warm and less rainy; and 

annual precipitation is between 250 and 400 

mm. Soils in the region are well-developed, 

dark-colored, and organic-material rich and are 

included in the brown soil group. 

 
Figure 1) Location of the collected samples in Arak 

city. 

2.2- Sampling and analysis 

A total of 31 soil samples were collected from 

the outer surface (5– 10 cm) after removing 

surface contamination. Fig. 1 shows the location 

of the soil samples collected from the area. 

Plastic spatula was used for sample collection. 

Soil samples were dried at room temperature 

and ground before analysis. The materials under 

80-mesh sieve were sent to laboratory 

(Department of Mining Engineering, Arak 

University of Technology) for analyses. During 

the analysis, 1 g of soil sample was left in 2 ml 

HNO3, 2M solution for 1 h. The samples were 

then added to 6 ml of 2:2:2 HCl–HNO3–H2O 

solutions, dissolved at 95° C for 1 h, and 

analyzed with ICP-MS. 

2.3- Index of geoaccumulation (Igeo) 
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The geoaccumulation index allows estimation of 

contamination comparing preindustrial and 

recent metal concentrations (Loska et al., 2004). 

This method which has been used by Müller 

(1969) since the late 1960s was applied to 

several trace metal studies in Europe. The 

geoaccumulation index is computed from the 

following Eq. 1: 

          
  

     
                                  Eq. 1 

In the present study, geoaccumulation index was 

computed from the equation modified by Loska 

et al. (2004), where Cn is the measured 

concentration of the element in the soil sampled 

and Bn is the geochemical background value in 

the earth's crust (Cariate et al., 2012). Müller 

(1969) divided the geoaccumulation index into 

seven classes (Table1). 

Table 1) Classes of geoaccumulation index(Igeo) 

and enrichment factor (EF) 

Igeo Class EF Class 

Igeo≤ 0  practically 

uncontaminated 

EF< 2 Deficiency to 

minimal 

enrichment 

0< Igeo< 1  Uncontaminated- 

moderately 

contamination 

2– 5  Moderate 

enrichment 

1< Igeo< 2:  moderately 

contaminated 

5– 20  Significant 

enrichment 

2< Igeo< 3  moderately to heavily 

contamination 

20– 40  Very high 

enrichment 

3< Igeo< 4 heavily contaminated EF> 40  Extremely high 

enrichment 

4< Igeo< 5 Heavily- extremely 

contaminated 

  

5≤  extremely 

contaminated 

  

2.4- Enrichment factor (EF) 

The equation of Buat-Menard and Cherselet 

(1979) which was later modified by Loska et al. 

(2004) was used in the calculation of 

enrichment factor. This method is based on 

standardization of an element tested against a 

reference element. The most common reference 

elements are Sc, Mn, Ti, Al, Ca, and Fe 

(Quevauviller et al., 1989; Sutherland, 2000). If  

the enrichment factor is <1, the element is 

depleted in the environment, while in the case of 

>1 the element is relatively enriched in the 

environment (Brumsack, 2006). In this study, Fe 

was used as the reference element. Similar to 

Igeo, the reference environment adopted was the 

average concentration of elements in the earth's 

crust. Enrichment factor was calculated using 

the modified formula based on Eq. 2 suggested 

by Buat-Menard and Chesselet (1979).
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EF                           Eq. 2 

where Cn (sample) is the content of the 

examined element in the examined 

environment, Cref (sample) is the content of the 

reference element in the examined environment, 

Bn (background) is the content of the examined 

element in the reference environment; and  Bref 

(background) is the content of the reference 

element in the reference environment. 

Enrichment factor (EF) is divided into five 

groups (Sutherland, 2000; Table 1). 

2.5- Assessment of Contamination Degree 

A significant number of indicators designed to 

approximate the quality of soils can be found in 

literature (Hakånson, 1980; Caeiro et al., 2005). 

In our case, assessment of soil contamination 

level is performed by the quantification of the 

Pollution Index (Cf) (Chen et al., 2005) known 

as contamination factor (Cf) and by the 

Contamination Degree (Cd) (Hakånson, 1980). 

For each soil sample and each heavy metal the 

Cf has been calculated as the ratio between the 

metal concentrations with its background values 

as established for the study area by Guillén et 

al. (2011), Eq. 3: 

Cf = Cheavy metal / Cbackground                       Eq. 3 

Cd =∑ Cf 

Where: Cf (Contamination Factor) is the ratio 

between the concentrations of each metal in the 

soils and the reference background value (Table 



Ghadimi, 2014 

                                                                                     199                      

2); and Cd is the contamination degree 

calculated as the sum of the Cf of each of 

considered metals. According to the literature 

(Hakånson, 1980) the variation in Cd can be 

defined as:  

 Cd< n: low degree of contamination 

 n<Cd<2n: moderate degree of 

contamination 

 2n<Cd<3n: high degree of contamination 

 Cd>3n: very high degree of contamination 

Where n is the number of contaminants 

involved in the Cd determination. 

2.6- Statistical analysis 

A multivariate statistical analysis of the factor 

analysis (FA) and a cluster analysis (CA) were 

performed to identify the factors that could 

explain the correlation model between the data 

variables (Idris, 2008; Sielaff and Einax, 2007). 

The FA was performed using a Spearman 

correlation matrix (significance level 0.05) to 

identify the possible sources of metal 

contamination in the study area and to evaluate 

the degree of association between the metals. 

The FA technique allows simplification of data 

complexity by reducing the number of variables 

(Jollife, 2002; Kaiser, 1958). The values of the 

factor matrix can be improved by using the 

Varimax rotation method (Kaiser, 1958), since 

it is an orthogonal rotation that minimizes the 

number of variables that have high loadings on 

each factor.  

Cluster Analysis (CA) was also used to find 

homogeneous groups of samples based on their 

geochemical compositions. The Ward method 

was applied and the Euclidean distance was 

used for the regrouping of samples and to 

identify distribution model of the metal content 

in the soils. The variables with reduced distance 

are more similar than those with longer 

distances and therefore could be grouped within 

the same cluster (Césari, 2007). The results 

obtained can be represented in a dendogram, 

which shows the levels of similarity between the 

different variables (Zupan et al., 2000).FA and 

CA are complementary techniques; both 

compress a large amount of data into more 

manageable groups and increase significance. 

The difference is that CA is considered more 

efficient in producing structures and groups 

clearly, and is relatively more stable. Statistica 

software package has been used for the data 

processing. 

3– Results and discussion 

3.1- Heavy metal concentrations of soil 

samples 

Descriptive statistics for seven elements used in 

this study are shown in Table 2. Reference 

values (Earth crust averages) of the studied 

metals (Caritat and Reimann, 2012; Taylor and 

McLennan, 1995) are also included this table. 

Most of the elements have a wide range of 

variations of several magnitudes. This was 

evident for Pb, whose concentrations vary from 

3.01 to 17.36 mg/kg with a median of 8.05 

mg/kg and a significantly higher mean of 8.99 

mg/kg. Similar variability was also found for 

Pb, Cu, Ni, Zn, As, Cr and Co (Fig. 2). 

 

Figure 2) Concentration of metals (mg/kg) in soil of 

Arak. 

Lead concentrations in Arak soils are between 

3.01 and 17.36 mg/kg with an average of 8.05 

mg/kg which is noticeably lower than values 

reported in the literature (Table 2). Kaljonen 

(1992) found Pb concentration as 17 mg/kg in 

soils. In the another study performed by 
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Shacklette et al. (1971), the upper limit for Pb in uncontaminated soils was given as 50 mg/kg. 

Table 2) Concentrations of heavy metals in the soil farm samples around the Arak city (all concentration in 

mg/kg). 

Sample No. Sampling satiation Pb Cu Ni Zn As Cr Co 

1 Shaveh 8.77 15.44 47.9 5.5 2.01 55.1 11.2 

2 Salabad 7.9 14.95 61.7 8.5 1.41 68 9.05 

3 Mazreh 3.9 28.35 63.1 8.41 1.54 25 10.1 

4 Ghorogh 11.69 136.3 48.9 6.55 2.02 49.1 11.2 

5 Moradabad 9.34 15.5 40.8 5.93 2.4 36 12.1 

6 Rahahan 7.55 16.09 20.3 27.9 4.5 125 24 

7 Motabad 6.51 21.86 42.5 6.6 1.55 77 8.07 

8 Hajiabad 17.24 14.08 46.5 5.78 2.77 65 9.5 

9 Mazreh-Lak 6.91 17.14 48.1 8.17 2.66 45.1 10.1 

10 Rasolabad 11.5 48.65 46.6 6.55 1.95 29 11.6 

11 Shar-bazi 6.89 30.06 45.3 6.01 1.54 55 13.2 

12 Motorab 10.11 19.06 12 6.89 2.3 47 18.7 

13 Zarineh 5.49 9.6 16.8 7.2 2.1 55 12.3 

14 Dehnamk 6.49 20.39 22.7 7.06 1.45 36 11.5 

15 Mighan 7.28 12.42 26.3 7.56 1.78 65 13.2 

16 Tarmazd 11.93 18.03 28.5 7.86 3.2 49.1 12.1 

17 Gavkhaneh 9.91 20.83 36.7 8.5 2.96 52 9.54 

18 Daneshgah 17.36 195.6 33.1 8.5 4.26 110 21.1 

19 Sharak-grdo 3.93 23.95 44.4 6.2 3.2 103 22.3 

20 Davoodabad 10.72 47.81 25.3 5.43 2.44 52 13.2 

21 Azad-marzabad 4.47 150 41.9 18.9 3.55 43 11.1 

22 Behesht-zahra 14.17 30.61 44.3 8.99 2.66 75.2 10.9 

23 Shmsabad 7.58 20.23 47.1 0.85 2.44 65 8.54 

24 Abasabad 9.27 15.56 37.7 2.85 2.21 42 12.2 

25 Khoshdon 6.56 13.29 46.7 0.96 1.92 33 11 

26 Vismeh 3.01 13.45 45.5 5.5 1.44 25.1 7.54 

27 Karkhanh-asfalt 8.05 31.44 44.3 19.1 3.1 38 11.4 

28 Mashhad-mighan 6.39 29.73 44 23 2.34 95 9.3 

29 Sosanabad 12.91 14.8 43.7 26.9 2.33 39.1 8.7 

30 Marzijaran 10.71 37.04 42.5 40 2.54 44 7.8 

31 Hepco 14.22 83.4 35.5 68.9 4.43 130 24 

 Valid N 31 31                 31                  31                    31                    31                    31                    

 Mean 8.99 37.60 39.70 12.16 2.48 58.96 12.47 

 Median 8.05 20.39 43.67 7.20 2.34 52 11.23 

 Minimum 3.01 9.60 121.20 0.85 1.41 25 7.54 

 Maximum 17.36 195.55 63.12 68.91 4.50 130 24 

 Std.Dev. 3.65 44.16 11.81 13.65 0.85 27.82 4.60 

 Skewness 0.62 2.58 0.54 2.90 0.95 1.22 1.58 

 Kurtosis 1.05 6.15 0.33 9.76 0.50 0.88 1.58 

Earth crust averages * 17 13 18 47 5 92 17 

The Igeo values for Pb vary from -0.80 to -0.15 

with an average of -0.45 (Fig. 3). Based on the 

average value, Arak soils are uncontaminated 

while the maximum value implies also that soils 

are uncontaminated. The average EF value is 

0.50 indicating that soils collected from the 

study area correspond to deficiency to minimal 

enrichment (Fig. 4). Copper content of soils in 

the Arak region are between 9.60 and 195.55 

mg/kg with an average 20.39 mg/kg which is 

applicably greater than that in uncontaminated 

soils (Table 2). The Igeo values for Cu range 

from -0.25 to 1.10 with a median of 0.20 (Fig. 

3). The minimum Igeo denotes practically no 
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contamination while maximum values classify 

the soil as moderately contaminated (Müller, 

1969). The EF values for Cu range from 0.50 to 

15.60 (Fig. 4) with a mean value of 2.10 which 

falls under the class of moderately enrichment. 

 

Figure 3) Indexes of geo-accumulation for metals in 

soils of Arak. 

 

Figure 4) Enrichment factors for metals in soil of 

Arak. 

Nickel mostly originated from coal combustion, 

Nickel toxicity, which is usually associated with 

serpentine soils, sewage-sludge application, or 

industrial pollution. Nickle concentrations in 

Arak soils are between 12.20 and 63.12 mg/kg 

with an average of 43.67 mg/kg which is 

noticeably higher than values reported in the 

literature (Table 2). Igeo values for Ni vary 

from -0.40 to 0.35 with an average of 0.25. 

Based on the average and maximum values, 

Arak soils are uncontaminated to moderately 

contamination. The average EF value is 2.20 

indicating that soils collected from the study 

area correspond to moderately enrichment. 

The anthropogenic sources of Zn are related to 

the non-ferric metal industry and agricultural 

practice (Kabata-Pendias, 2000). Zinc is a most 

readily mobile element. High doses of Zn show 

toxic and carcinogenic effects and result in 

neurologic complications, hypertension, and 

kidney and liver function disorders (Roa, 2001). 

The minimum Zn concentration in Arak soils is 

0.85 mg/kg and the maximum value is 68.91 

mg/kg (Table 2 and Fig. 2). The average Zn 

concentration is 7.20 mg/kg which is lower than 

Zn concentrations reported in the literature (47 

mg/kg, (Table 2). The average Igeo values vary 

from -1.75 to 0.20. The lowest value indicates 

that soils are practically uncontaminated and the 

highest value is indicative of uncontaminated to 

moderately contamination. The average value is 

included to first class, which shows practically 

contamination. The average EF value is 0.50, 

which indicates deficiency to minimal 

enrichment. 

High As concentrations in soils are due to 

industrial activities. Significant anthropogenic 

sources of As are related to industrial activities 

such as metallurgical and chemical industries 

and the use of arsenical sprays. Heavily As 

polluted soils are reported to be located in the 

vicinity of a former As and Pb– Zn smelter with 

increase up to 200 and 45 mg/kg, respectively 

(Kabata-Pendias, 2000; Lynch et al., 1980). The 

minimum As concentration in Arak soils is 1.41 

mg/kg and the maximum value is 4.50 mg/kg 

(Table 2 and Fig. 2). The average As 

concentration is 2.34 mg/kg which is lower than 

As concentrations reported in the literature (5 

mg/kg) (Table 1). The Igeo calculated for As 

changes from -0.60 to -0.25 (Fig. 3). The 

average Igeo classifies the soil as 

uncontaminated (Müller, 1969). The EF for As 

ranges from 0.10 to 1.80 (Fig. 4). The minimum 

and maximum values imply to deficiency to 

minimal enrichment. 
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The Cr content of topsoil is known to increase 

due to pollution from various sources of which 

the main ones are several industrial wastes (Cr 

pigment and tannery wastes, electroplating 

sludge, and leather manufacturing wastes) and 

municipal sewage sludge (Kabata-Pendias, 

2000). High doses of Cr cause liver and kidney 

damages and chromate dusts are known to be 

carcinogenic. The values obtained in Arak soils 

range from 25 to 130 mg/kg (Fig. 2) with an 

average of 50 mg/kg as shown in Table 

2.Uminska (1988) determined that Cr 

concentrations around a Cr smelting facility in 

Poland exceed 10.000 mg/kg. Likewise, Cr 

concentrations in soils contaminated by sewage 

wastes are found to be from 214 to 727 mg/ kg 

(Beckett et al., 1979). The Igeo reveals that all 

the samples examined fall into class 0 

practically uncontaminated (ranging from −0.60 

to -0.10) (Fig. 3). The EF for Cr ranges from 

0.10 to 1.90 (Fig. 4). The minimum and 

maximum values imply to deficiency to 

minimal enrichment. 

Cobalt contamination in soils is due to industry 

sources, manufacture or disposal of paints and 

varnishes, Cobalt is found in soil, dust, 

seawater, volcanic emissions, and smoke from 

forest and bush fires, Small amounts of cobalt 

have been found in motor vehicle exhaust. 

Cobalt content of soils in the Arak region are 

between 7.54 and 24 mg/kg with an average of 

11.23 mg/kg which is applicably lower than that 

in uncontaminated soils (Table 2). The Igeo 

values for Co range from -0.50 to -0.10 with a 

median of- 0.30 (Fig. 3). The minimum and 

maximum Igeo denotes practically no 

contamination (Müller, 1969). The EF values 

for Co range from 0.10 to 1.90 (Fig. 4) with a 

median value of 0.50 imply to deficiency to 

minimal enrichment. 

3.2- Assessment of Contamination Degree 

Based on Cd values calculated for seven 

elements (Pb, Cu, Ni, Zn, As, Cr and Co) (Table 

3), Arak city generally presents contamination 

varying from a low degree of contamination to 

very high degree of contamination. The very 

high and high degree of contamination is mainly 

located in the central sector of Arak city, 

Aibakabad industrial town in the north of Arak 

city and Kairabad industrial town the east of 

Arak city (Fig. 5). In the central sector of the 

study area, pollution can be related to industrial 

activities and traffic, (sampling points 4, 18, 21 

and 31, Fig. 1). As listed in Table 3, the low-

moderately degree contamination Cd values (Cd 

≤ 14) are distributed in the around Arak city 

coinciding with the material of Quaternary age, 

which is not significantly affected by metal 

contamination and where agriculture is the 

principal field occupation. This area is 

characterized by the absence of major sources of 

industrial pollution and traffic.  It is also 

interesting to note the low Cd values obtained 

around of the city coinciding with non 

urbanized areas. 

3.3- Correlation between heavy metals 

Basic statistical parameters (Table 2) of the 

elements show that some elements are 

represented by high skewness and kurtosis 

coefficients and due to their positive skewness 

character a suitable data transformation is 

required. Logarithmic transformation is a 

commonly used method for normalization of 

positive-skewed data sets (McGrath et al., 

2004). As a result of logarithmic transformation, 

skewness coefficients smaller than the raw data 

were obtained and log-data were used in the 

statistical works. Correlation analysis for the 

studied elements in soil samples is very useful 

for determination of multi-element relations. 

Pearson correlation analysis (Edwards, 1976) 

between all the variables was performed. Heavy 

metals are generally closely associated with 

each other. Table 4 shows that all elements 

under investigation are significant at a level of 

p≤ 0.01. Significant and high correlations 

between these metals indicate that contaminants 

and hazardous metals in the Arak soils have a 
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similar source which originates from industrial 

activities. The high correlations coefficients is 

found between Co-As (r= 0.64), but Co-Cr (r= 

0.55), Cr-As (r= 0.59), As-Pb (r= 0.41) and As-

Zn (r= 0.47) are moderately correlated and 

others elements are weakly correlated at a 

significance level of p≤ 0.01. 

Table 3) Contamination factors (Cf) and degree of contamination (Cd) in Arak city 

Sampling  satiation 
Cf 

Cd 
Degree of 

contamination Pb Cu Ni Zn As Cr Co 

1 Shaveh 0.52 1.19 2.66 0.12 0.4 0.6 0.66 6.14 Low 

2 Salabad 0.46 1.15 3.43 0.18 0.28 0.74 0.53 6.78 Low 

3 Mazreh 0.23 2.18 3.51 0.18 0.31 0.27 0.6 7.27 Moderate 

4 Ghorogh 0.69 10.5 2.72 0.14 0.4 0.53 0.66 15.6 High 

5 Moradabad 0.55 1.19 2.27 0.13 0.48 0.39 0.71 5.72 Low 

6 Rahahan 0.44 1.24 1.13 0.59 0.9 1.36 1.41 7.07 Moderate 

7 Motabad 0.38 1.68 2.36 0.14 0.31 0.84 0.47 6.19 Low 

8 Hajiabad 1.01 1.08 2.58 0.12 0.55 0.71 0.56 6.62 Low 

9 Mazreh-Lak 0.41 1.32 2.67 0.17 0.53 0.49 0.6 6.19 Low 

10 Rasolabad 0.68 3.74 2.59 0.14 0.39 0.32 0.68 8.53 Moderate 

11 Shar-bazi 0.41 2.31 2.52 0.13 0.31 0.6 0.77 7.04 Moderate 

12 Motorab 0.59 1.47 0.67 0.15 0.46 0.51 1.1 4.95 Low 

13 Zarineh 0.32 0.74 0.93 0.15 0.42 0.6 0.72 3.89 Low 

14 Dehnamk 0.38 1.57 1.26 0.15 0.29 0.39 0.68 4.72 Low 

15 Mighan 0.43 0.96 1.46 0.16 0.36 0.71 0.78 4.84 Low 

16 Tarmazd 0.7 1.39 1.58 0.17 0.64 0.53 0.71 5.72 Low 

17 Gavkhaneh 0.58 1.6 2.04 0.18 0.59 0.57 0.56 6.13 Low 

18 Daneshgah 1.02 15 1.84 0.18 0.85 1.2 1.24 21.4 Very high 

19 Sharak-grdo 0.23 1.84 2.47 0.13 0.64 1.12 1.31 7.74 Moderate 

20 Davoodabad 0.63 3.68 1.4 0.12 0.49 0.57 0.78 7.66 Moderate 

21 Azad-marzabad 0.26 11.5 2.33 0.4 0.71 0.47 0.65 16.4 High 

22 Behesht-zahra 0.83 2.35 2.46 0.19 0.53 0.82 0.64 7.83 Moderate 

23 Shmsabad 0.45 1.56 2.62 0.02 0.49 0.71 0.5 6.33 Low 

24 Abasabad 0.55 1.2 2.09 0.06 0.44 0.46 0.71 5.51 Low 

25 Khoshdon 0.39 1.02 2.6 0.02 0.38 0.36 0.65 5.41 Low 

26 Vismeh 0.18 1.03 2.53 0.12 0.29 0.27 0.44 4.86 Low 

27 Karkhanh-asfalt 0.47 2.42 2.46 0.41 0.62 0.41 0.67 7.46 Moderate 

28 Mashhad-mighan 0.38 2.29 2.44 0.49 0.47 1.03 0.55 7.64 Moderate 

29 Sosanabad 0.76 1.14 2.43 0.57 0.47 0.43 0.51 6.3 Low 

30 Marzijaran 0.63 2.85 2.36 0.85 0.51 0.48 0.46 8.14 Moderate 

31 Hepco 0.84 6.42 1.97 1.47 0.89 1.41 1.41 14.4 High 

3.3- Cluster and factor analysis  

In order to reveal relationship between elements 

and element groups, some multivariate analysis 

techniques such as cluster and factor analysis 

were performed. Using single-linkage and 

Pearson's correlation coefficients cluster 

analysis (hierarchical cluster analysis) was 

carried out and the results are given in a 
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dendogram (Fig. 6). Results of cluster analysis 

indicate that the elements comprise two main 

groups. The first group is composed of two 

subgroups: subgroup 1 consisting of Ni and 

subgroup 2 consisting of Cu. The second group 

is composed of two subgroups: subgroup 1 

consisting of Cr, Co, As and Zn and subgroup 2 

consisting of only Pb.  

 
Figure 5) Distribution of degree of contamination 

(Cd) in Arak soils. 

 
Figure 6) Dendogram depicting the hierarchical 

clustering of the heavy metals (Single linkage; 1-

Pearson r). 

Both groups coincide with low correlation 

coefficients. The factor analysis was carried out 

with the principal component method which is, 

rather than the original data, based on the 

examination of dependency among the artificial 

variables which are computed from covariance 

and correlation coefficient matrixes. In other 

words, eigenvalues and eigenvectors of 

covariance and correlation coefficient matrixes 

are interpreted. In meantime, to strengthen the 

factor loads varimax rotation was performed 

and the results are shown in Table 5. Cluster 

and factor analyses yield similar results 

indicating three different factors responsible for 

the distribution of heavy metal concentrations in 

the Arak soils. Factor 1 consisting of negative 

Ni and positive Co comprises 40.67% of all 

factors.  

 
Figure 7) FA results in the two-dimensional space, 

plot of loading of the first and second factor. 

 
Figure 8) FA results in the two-dimensional space, 

plot of loading of the first and third factor. 

These elements were most probably derived 

from industry sources. The second factor 

comprising 18.71% of all factors corresponds to 

Cu enrichment in the soils. This element was 

most probably derived from fertilizers, 

agricultural wastes and therefore, it can be 

described as anthropogenic components which 
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mostly originated from agricultural activities. 

The third factor comprising 13.34% of all 

factors represents Pb enrichment in the soils. 

Lead contamination is largely derived from 

heavy traffic. The highest Pb concentration in 

the study area is from samples collected in the 

vicinity of Arak city.  

 

Other elements such as As, Cr and Zn can be 

described as natural components of soils (Figs. 

7 and 8) based on cluster and factor analysis.  

The factor score were also estimated to find out 

the spatial variation of the factor representation 

and to identify the zone of its representation 

(Reghunath et al., 2002; Lambrakis et al., 

2004). They are commonly obtained by 

weighted least square method. The positive 

zones indicate the dominance of that factor. The 

spatial representation for first factor with higher 

Ni and Co region where the influence of 

industrial activities is preferably noted (Fig. 9). 

The high score area is industrial region. The 

spatial representation of second factor (Cu 

factor) (Fig. 9) is mainly represented in the 

north and northeast of Arak city. They represent 

fertilizers, agricultural wastes or anthropogenic 

impact. The higher scores of third factor (Pb 

factor) is represented in the regions of high 

traffic, mainly in the central sector of Arak city 

(Fig. 9). 

Table 4) Pearson correlation coefficient matrix for elements in the soil samples ( p≤ 0.01). 

 
Pb Log Cu Ni Log Zn As Log Cr Log Co 

Pb 1.00 
      

Log Cu -0.11 1.00 
     

Ni -0.11 0.22 1.00 
    

Log Zn 0.19 0.19 -0.12 1.00 
   

As 0.41 0.05 -0.30 0.47 1.00 
  

Log Cr 0.30 -0.23 -0.23 0.30 0.59 1.00 
 

Log Co 0.19 -0.19 -0.51 0.22 0.64 0.55 1.00 

Table 5) Factor loads which were subjected to varimax rotation and calculated based on correlation 

coefficient matrix of elements from soil samples in the Arak area( marked loadings are > 0.70). 

 
Factor 1 Factor 2 Factor 3 

Pb -0.04 -0.03 0.87
*

 

Log Cu -0.27 0.81
*

 -0.24 

Ni -0.81
*

 0.10 0.09 

Log Zn 0.23 0.69 0.32 

As 0.55 0.41 0.57 

Log Cr 0.53 0.05 0.58 

Log Co 0.84
*

 0.06 0.26 

Eigenvalue 2.84 1.3 1.10 

Total - variance % 40.67 18.71 13.34 

Cumulative % 40.67 59.38        72.73 
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Figure 9) Geographical distribution of the factor 

scores in the studied area. 

4– Conclusions 

Soil is an important constituent of human 

biosphere. The most adverse effect of heavy 

metals is that they can be introduced into the 

food chain and threaten human health. 

Agricultural products growing on soils with 

high metal concentrations are represented by 

metal accumulations at levels harmful to human 

and animal health. The Arak industrial city has 

been contaminated of unrestrained disposal of 

hazardous wastes from industrial facilities and 

exhaust gasses. As a result of the index of geo-

accumulation, enrichment factor, contamination 

degree, high Ni and Cu concentrations were 

found in the soils of the Arak industrial city and 

around of it. In addition, these soils are also 

slightly contaminated by Cr and Pb. These 

element concentrations can be introduced into 

the food chain via soil and may be a serious 

threat for human and animal health. These 

metals with high concentrations in the Arak 

soils may be mixed with groundwater by 

leaching. High concentrations of Ni, Cu and Pb 

in soils of the central and around sector of Arak 

city originate from an anthropogenic source 

which is associated with unrestrained solid and 

fluid wastes of industry facilities, heavy traffic 

and agricultural wastes. Based on environmental 

health criteria the Arak city needs a 

remediation. Remediation technique such as 

phyto-remediation can be used to mitigate 

pollution in future. 
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