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ABSTRACT 

Different pollutants in soil, water, and other parts 
of the environment are so important in portray-
ing environmental pollution, and could come 
from different source of pollutions including 
industrial activities. Entering metals into the soil 
by human activities is an important process in 
the geochemical cycling of heavy metals. Among 
the potentially toxic metals, mercury, lead, cad- 
mium, nickel, arsenic, selenium and chromium 
could be named as the most toxic. Each of these 
elements is used in industrial activities and 
most of them are considered as by-products of 
mining, refining and similar industrial activities. 
Although the establishment of cement factories 
is usually associated with job creation and other 
economic aspects, the purpose of economic 
interests, is inevitable environmental damage 
caused by cement factories. Therefore, research 
on pollution originated from factories appears to 
be necessary. In order to determine the effect of 
cement production on farmland around Sha- 
hrood cement factory, soil samples were taken 
from surface soils from depth of 0 - 30 cm. The 
samples were analyzed using atomic absorption 
spectrometer instrument after samples prepara- 
tion using standard frequently used methods. 
Soil magnetic susceptibility of the samples was 
also measured using Saskopto meters MFK1-FA. 
The results showed that among the parameters 
studied, the element of Zinc has shown the 
lowest mean value equal to 0.31 mg·kg−1 and 
iron has shown the highest mean value equal to 

6.36 mg·kg−1. 
 
Keywords: Magnetic Susceptibility; Soil; Cement; 
Pollution 

1. INTRODUCTION 

Development of the cement industry is going through 
a growing process. In this regard, it is unavoidable envi- 
ronmental damage caused by cement factories. Therefore, 
pollution from factories and industrial activities can be 
beneficial for the environment. Determination of met- 
als in soil, water, plant and sediment, is so important 
in portraying of environmental pollution. The transi- 
tion of metals into the atmosphere by human activities 
is an important process in the geochemical cycling of 
heavy metals. 

Heavy metals are a source of contamination in soil, 
water and air, which mainly enter the environment through 
various activities such as mining, manufacturing. Pol- 
lution from cement factories, could be the primary 
dust, heavy metals in calcareous materials, and clay, 
and kiln fuels. The effect of mining on the environ- 
ment is different, such as the quality of the ore, mining 
methods, land and many others factors. Extraction and 
processing of mineral resources will have a great in- 
fluence on soil resources, air, water and biological 
resources [1]. 

Given the increasing demand for mineral resources, 
we have to do protective measures and engineering, 
through air pollution control, water and soil, which mi- 
nimized the problems in the area and away from it. Al- 
though these conservation measures will increase the 
cost of the products extraction and preparation, and thus 
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increase the price of all items from these materials, in- 
stead, future generations will be equally or more efficient. 
In recent years, scientists have used a method based on 
magnetic measurements for the assessment and monitor- 
ing of soil contamination, and magnetic susceptibility 
can be used to identify contaminated soil [2]. 

Today, there is a traditional chemical measurement 
method for analysis of soil samples. They are used to de- 
termine the amount of heavy metal pollution levels and 
spatial characteristics—Temporal; It is very time con- 
suming and costly [3]. Susceptibility measurements of 
soil can be considerable method for assessment of heavy 
metals in soil [4]. Susceptibility might be a good indica- 
tor for the assessment of pollution from human activities 
such as the use of chemical fertilizers and pesticides in 
agriculture too, traffic, roads, mines, metallurgical and 
industrial plants [5]. 

Happon studied the soil around mining and smelting 
of metals, using Magnetic susceptibility. Currently, waste 
heap, is the largest industrial waste and smelting facility 
(Table 1). This study concluded that the concentrations 
of metals such as iron, arsenic, manganese, chromium, 
lead and mercury, are at high levels in the soil [6]. 

Durza and colleagues (1993) showed that there is a 
correlation between the amount of heavy metals in soils 
and their magnetic susceptibility. Study of soils around 
metallurgical plants, has demonstrated that although the 
show is a high correlation between magnetic susceptibil- 
ity elements such as iron, metals such as nickel and co- 
balt, they also show a significant magnetic susceptibility. 
In other similar studies, magnetic susceptibility soil sam-
ples near the pile of junk, is the special difference with 
further samples. The maximum value of magnetic sus-
ceptibility, has been reported in the waste pile (where 
there is the greatest pollutant metals) [7]. 

Hay et al., (1997), studied the shallow soil of England 
using magnetic susceptibility method. This study con- 
cluded that soil pollution is higher, in near the main 
road, which corresponded with susceptibility criteria. 
Also, these routes are more polluted compared to the 
parks [8]. 

Asubiojo et al. (1991) studied the effect of cement 
production, on the elemental composition of the soil 
around two cement factories in Nigeria. They measured 
the concentrations of 21 elements in 30 soil samples. 
They concluded that calcium, phosphorus, sulfur, chro- 
mium, nickel, copper and zinc are rich in soil samples 
(assuming the cement factory). They also found that the 
element of cement (calcium) had a good correlation with 
magnesium, sulfur, iron, nickel and copper in the soils 
studied, and it had been inversely proportional to the 
concentrations of silica and titanium [9]. 

Fukuzaki et al. (1986) reported that the adsorption of 
mercury emissions from cement factories is carried into  

Table 1. Magnetic susceptibility of some common chemical 
elements in the soil [11]. 

Element name 
Unit mass Magnetic susceptibility  

(10−6 c.g.s. units) 

Cu −5/46 

B −6/7 

Zn −11/4 

S −15/5 

Cd −19/8 

Pb −23 

Hg −24/1 

Se −25 

P −26/6 

Mo −96/5 

Ca +40 

Cr +180 

Mn +529 

Ni Ferro 

K +20/8 

Na +16 

 
the atmosphere by plant leaves and humus derived from 
the leaves [10]. 

Ighbal et al. (2001), by studying the effects of the pol- 
lution caused by cement dust, on the growth of some 
plant species in Pakistan, concluded a significant reduc-
tion in vegetation cover, leaf number and height of plants 
due to the cement pollutants [11]. 

Significant correlation between magnetic properties 
and heavy metal concentrations in soils was observed in 
numerous studies (Dearing et al. 2001; Jordanova et al., 
2003; Lu & Bai, 2006). Strzyszcz & Magiera (1998) re- 
ported a positive correlation between magnetic suscepti- 
bility and concentration of Zn, Pb and Cd in Polish top- 
soils [12-15]. Schmidt et al. (2005) observed a strong 
correlation between magnetic susceptibility and heavy 
metal in a former industrial iron production and process- 
ing site near Bradford, England [16]. Strong correlations 
have also been found between magnetic susceptibility 
and the concentration of Pb, Cd, Cu and Zn in urban soils 
in Hangzhou city, China [17]. 

The main objectives of the present research were the 
identification of heavy metals in agricultural soils of the 
study area, identifying critical areas (if any) to heavy 
metal contamination, mapping the data from the mag- 
netic susceptibility and chemical analysis methods and 
studying the relationship between these two methods. 
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2. MATERIALS AND METHODS 

2.1. Site Description 

Shahrood cement factory is situated in 36˚28ʹ45.08ʺ 
North and 54˚54ʹ1.76ʺ East. The factory is located in the 
northwest of the city of Shahrood, and at 15 km from the 
east of Mojen. In this area, the predominant wind direc- 
tion is from the northwest to the southeast and east, 
sometimes, the wind is north to south. Air flow is such 
that the pollution leads further to the west. Based on the 
regional topography, it was observed that pollutants 
flows from the south-western to the south. 

2.2. Soil Sampling 

In order to determine the effect of cement on farmland 
around Shahrood, soil samples were collected from the 
agricultural land surfaces from a depth of 0 - 30 cm. Soil 
sampling were done in June 2009 (Figure 1). Taken sam- 
ples were collected in standard plastic bags and moved to 
the Shahrood University of Technology, in order to per- 
form other laboratory procedures (Figure 2). 

2.3. Soil Samples Preparation  

Soil samples were dried at 105˚C for 24 hours, and 
then were grounded and screened with 2 mm sieve. 
Sieved samples were weighed to 2 g, and they were 
placed at 350˚C for half an hour, and finally got reflux 
with 25 ml of 25% nitric acid for 15 minutes. The extract 
was filtered with Whatman filter paper 42, and then it 
was diluted with a solution of nitric acid [18]. 
 

 

Figure 1. Position of sampling points in the study area. 

Shahrood Cement Factory 

 

Figure 2. Map of the study area. 

2.4. Soil Analysis  

2.4.1. Atomic Absorption Spectrometry 
Soil samples were analyzed by atomic absorption 

spectrometer models Shimadzo AA-670. The calibration 
curve was fitted to each metal. The standard solutions 
and samples were prepared using standard frequently 
used methods. 

2.4.2. Magnetic Susceptibility Technique 
Magnetic susceptibility might be a good index of pol- 

lution from human activities, such as overdose of chemi- 
cal fertilizers and pesticides in agriculture, road traffic, 
factories, mines and metallurgical industries [5]. To 
measure the magnetic susceptibility of the samples, they 
were passed through a 2 mm sieve and 20 grams of each 
soil the samples were taken for magnetic susceptibility 
readings. The samples were inserted inside the machine 
chamber and the corresponding readings were made 
based on the micro using the instrument model MFK1- 
FA. 

2.5. Maps Preparation 

In order to evaluate and describe the situation in a bet- 
ter way, the results were analyzed using Arc GIS9.3 soft- 
ware, and the maps were prepared. 

2.6. Statistical Analysis 

The data were also analyzed using SPSS 14.0 statisti- 
cal software and some statistical parameters as well as 
the descriptive data were discussed. 

3. RESULTS AND DISCUSSIONS 

3.1. Description of Variables 

Statistical analysis of the data has been determined, in 
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the form of tables and diagrams. In this analysis, it used 
six elements, such as Cu, Cd, Pb, Zn, Mn and Fe; Figure 
3 shows the mean values of heavy metals concentrations 
in soils.  

Among the parameters studied, the element has the 
lowest mean value, which is equal to 0.31 mg, and Fe 
has a maximum mean value, which is equal to 6.36 
mg·kg−1 (Table 2). 

The maximum susceptibility is related to iron, which 
is equal to 9.84 mg·kg−1. The lowest measured value cor- 
responds to the element of Cd, which is equal to 0.13 
mg·kg−1. 

The most significant difference is related to the iron, 
and the minimum range is related to the Zn. The element 
of Zn has the lowest standard deviation, and maximum 
deviation is related to iron. Measured metal concentra- 
tions observed in this study were much lower than rates 
in other similar studies, and it is still lower than the in- 
ternational standard of WHO. The iron was received at- 
tention since it is an essential element of the earth’s crust, 
and its high concentration relative to the other elements. 

Map concentrations of elements such as iron, zinc, 
manganese, copper, cadmium and lead are shown in Fig- 
ure 4.  

Map concentrations of magnetic susceptibility are also  

shown in Figure 5. 

3.2. Correlation between the Elements  

Comparison of the correlation matrix is the simplest 
way to compare the frequency distribution of symbols. 
The results show the relationship between the parameters 
of the study (Table 3). This table shows that there is a 
highly significant correlation between Cd and Pb ele- 
ments. Source of cadmium, which is caused by fertilizers 
and pesticides or chemical industry, as well as the source 
of lead poisoning can be caused by traffic, industrial ac- 
tivities and similar sources. 
 

 
Figure 3. Mean values of metals concentration in soils. 

 
Table 2. Values and other statistics of the mean metals concentration in soil. 

Elements Average Median Mode 
Standard 
devision 

Skewness Elongation
Cofficient of 

Variation 
Min Max 

Cu 0.4781 0.3500 0.35 0.48322 3.412 11.737 1.73 .28 2.00 

Cd 0.3650 0.2700 0.28 0.33584 2.825 8.705 1.24 .13 1.37 

Pb 2.0100 1.8550 1.14 0.75641 0.764 −0.76 2.43 1.14 3.57 

Mn 0.90850 0.89100 0.677 0.124970 0.084 −0.039 0.438 0.677 1.113 

Zn 0.31100 0.29850 0.282 0.041641 0.448 −1.098 0.129 0.255 0.384 

Fe 6.3658 6.0450 4.91 1.48442 1.495 1.806 4.93 4.91 9.84 

Magnetic susceptibility 0.000501875 0.000516050 0.0005629 0.0001138452 −234 −0.690 0.0003740 0.0003072 0.0006812

 
Table 3. Relationships between the studied metals. 

 Cu Cd Pb Mn Zn Fe Magnetic susceptibility 

Cu 1       

Cd 0.007 1      

Pb 0.302 0.766** 1     

Mn 0.365 −0.566 −0.469 1    

Zn 0.601* −0.322 −0.055 0.461 1   

Fe 0.123 −0.159 0.335 0.204 0.18 1  

Magnetic susceptibility 0.498 0.204 −0.079 0.173 0.285 −0.671* 1 

*Correlation is significant at 5%; **Correlation is significant at 1% level. 
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Figure 4. View of the elements concentration in soil (ppm). (a) Fe; (b) Cd; (c) Cu; (d) Mn; 
(e) Pb; (f) Zn.  
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Figure 5. View of the magnetic susceptibility concentration in 
soil (mg·kg−1). 
 

There was a significant correlation between Cu and Zn. 
The particles may be due to industrial activities or fertil- 
izers. It is the important point that there was a significant 
negative correlation between iron and magnetic suscepti- 
bility (Table 4). 

The analysis of variance also showed the changes be- 
tween metals and soil samples. There were significant 
differences for some metals; for example, for the element 
of lead, iron and also for magnetic susceptibility. 

The sampling area around the cement factory was di- 
vided in to three sub-areas. The results showed that some 
elements such as iron had the lowest concentration in the 
soil at the third levels which was the farthest distance 
from the cement factory. It was also so similar for lead 
(Figure 6). For other elements such as Cu, Cd, Pb and 
Zn the second level area showed greater values than the 
first (the closest to the factory) and the third (the farthest 
from the factory) levels. However, it could be due to the 
wind direction which may help the cement dust to dif- 
ferent direction and distance. 

Magiera et al. (2006) and Hoffmann et al. (1999) 
found in their study that Generally, the amount of settled 
magnetic particles and heavy metals in the topsoils de- 
creases with increasing distance far from the emission 
source; That it corresponded with the results of this re- 
search [19,20]. 

Table 4. Statistical analysis of the elements and soil samples. 

Element df MS F 

Cu 2 0.221 0.935ns 

Cd 2 0.099 0.856ns 

Pb 2 1.635 4.867* 

Mn 2 0.017 1.071ns 

Zn 2 0.002 0.971ns 

Fe 2 6.004 4.418* 

Magnetic susceptibility 2 4.02409525e−008 5.881* 

nsNo significant; *Significant in level 5%. 

 

Figure 6. Mean metal concentration values in different distance. 
 

Figure 7 has shown the magnetic susceptibility values 
at different distance from the cement factory. The results 
showed higher magnetic susceptibility values at the level 
2 compared to the levels 1 and 3 in terms of distance 
from the factory. 

The results obtained in this research were similar, with 
some studies worldwide. In one of the regions of Italy, 
the concentrations of heavy metals were analyzed and it 
was shown that the amount of lead, cobalt and copper 
exceeded the law in Italy that is the standard used by 
residents for residents, and soil nutrients. In fact, con- 
centrations of copper, cobalt and lead in soils measured 
in the Valley Agri, respectively 34, 25 and 179 mg/kg; 

While Italians extent permitted by law, for the concen- 
tration of heavy metals in these elements are, respec- 
tively, 120, 20 and 100 mg/kg. 

The researchers attributed the high levels of lead and 
cobalt, the road traffic in the study area. While the con- 
centrations of copper, are related the use of copper ace- 
tate in vineyards. They identified two groups of metals in 
the soil, the first group metals such as iron, nickel and 
magnesium that these metals are dependent on the natu- 
ral properties of soil. 

The second group is metals such as copper lead and 
zinc, that they are related to human activities. Statistical 
analysis was performed and showed that soil magnetic 
susceptibility is related to the elements of the second 
group [21]. 



H. Ghorbani et al. / Agricultural Sciences 4 (2013) 792-799 

Copyright © 2013 SciRes.                                                                    OPEN ACCESS 

798 

 

Figure 7. Magnetic susceptibility values at different distances 
from the factory. 
 

Alkhasman and Shawabkeh (2005), the assessment 
and studied the distribution of heavy metals in soils 
around the cement factory in southern Jordan. The re- 
searchers compared the soil around the factory with met- 
als in urban soils. This test was selected to 30 samples of 
soil from the surrounding area Gadissia cement factory 
in southern Jordan. 

Metals were tested, such as lead, zinc, cadmium, iron, 
copper and cream in a soil survey area. High concentra- 
tions of lead, zinc and cadmium in soil samples evalu- 
ated, were associated with human activities such as ce- 
ment plants and agricultural activities. In their study, the 
results found that the concentrations of lead, zinc and 
cadmium were highest levels depending cement factory; 
While chromium concentration was low, and they 
showed that all metals are concentrated on the soil sur- 
face, and the lower part of the soil is reduced. Mobility 
due to the reflection of the physical properties of the soil 
is alkaline PH value. In this study, high concentrations of 
metals were observed around the cement factory. Parti- 
cles showed that the highest concentrations are found 
around the cement factory. High levels were also found 
in the East and North factory. There was a highly signifi- 
cant correlation between metals in all samples, including 
lead, zinc, cadmium, copper and chromium. High iron 
levels observed in the study area in the northern part of 
the cement factory, While the lowest values in the upper 
part of the soil [17]. 

4. CONCLUSIONS 

Metal distributions in the study area indicate that, al- 
though metal concentrations are low, they are affected by 
human activities, including agricultural activities as well 
as cement factory. The distribution of metal concentra- 
tions in the area was an indicator of the files in the his- 
tory of the region’s impure. Magnetic susceptibility val- 
ues indicate that it is an appropriate method to assess soil 
contamination. 

In general, it is likely to have lower levels of pollut- 
ants resulting from human activities in the studied area. 
However, cadmium could be accumulated in the soil due 

to application of chemical fertilizers especially phos- 
phorous fertilizers as well as industrial cement produc- 
tion plant.  
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