
International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009 Special Issue-5, Dec.-2015 

Determination Of Soil Pollution Using Sediment Geo-Chemical Indices 
 

63 

DETERMINATION OF SOIL POLLUTION USING SEDIMENT 
GEO-CHEMICAL INDICES 

 
1MARYAM MOHAMMADI ROUZBAHANI, 2SOHEILSOBHAN ARDAKANI, 3HODA KARIMI 

 
1Department of Environmental Science, College of the Agriculture and Natural Resources, Ahvaz 

Branch, Islamic Azad University, Ahvaz, Iran. 
2Department of the Environment, Hamedan Branch,Islamic Azad University, Hamedan, Iran. 

3Department of Environmental Science, Science and Research Branch, Islamic Azad University, 
Ahvaz, Iran. 

E-mail: 1mmohammadiroozbahani@yahoo.com, 2S_sobhan@iauh.ac.ir, 3Karimi.hoda66@yahoo.com 
 
 
Abstract- In the present study soil samples collected from Ahvaz 2 Industrial Estate in Khuzestan Province, South Western of 
Iran. The soil samples were taken from 9 stations at 2013. Samples subjected to bulk digestion and chemical partitioning. The 
concentrations of V, Cu, Cd, and Fe in soil were determined by Inductivity Coupled Plasma. The study deployed contaminant 
factor (CF) and geo-accumulation index to examine the soil pollution in the industrial estate soils samples. The pattern of 
pollution intensity according to geo-accumulation index is as follows: Igeo results indicated that the soil is very strongly 
polluted for Cd. Contaminant factor showed that the soil is considerable to very high contamination factor for Cd. On this 
basis, the proportions of natural and anthropogenic elements were calculated. The anthropogenic portion of elements are as 
follows: Fe (88%)> Cu (83%)> Cd (73%)> V (61%). Also the percent of anthropogenic pollution was more than percent of 
natural portion. 
 
Index Terms- Soil Contamination, Geo-Accumulation Index, Heavy Metal, Anthropogenic Pollution, Ahvaz 2 Industrial 
Estate. 
 
I. INTRODUCTION 
 
Trace metal contaminations are important due to their 
potential toxicity for the environment and human 
beings [1]. The role of heavy and trace elements in the 
soil system is increasingly becoming an issue of global 
concern at private as well as governmental levels. Soil 
constitutes a crucial component of rural and urban 
environments [2]. Sources of these elements in soils 
mainly include natural occurrence derived from parent 
materials and human activities. Anthropogenic inputs 
are associated with industrialization as atmospheric 
deposition, waste disposal, waste incineration, urban 
effluents, traffic emissions, fertilizer application and 
long-term application of wastewater in agricultural 
lands [3-4]. Apart from the source of heavy metals, the 
physicochemical properties of soil also affect the 
concentration of heavy metals in soils [5]. The 
knowledge of the heavy metal accumulation in soil, 
the origin of these metals and their possible 
interactions with soil properties are priority objectives 
in environmental monitoring [6].The heavy metals act 
upon the health either indirectly, by consuming 
vegetables grown on contaminated soils, or directly by 
dust inhalation or drinking of contaminated water [7]. 
Heavy metals and trace elements are also a matter of 
concern due to their non -biodegradable nature and 
long biological half-life [8-9].Organic matter and pH 
are the most important parameters controlling the 
accumulation and the availability of heavy metals in 
soil environment [5]. 
Elements are distributed throughout soil and sediment 
components and associated with them in various ways 
such as ion exchange, adsorption, precipitation, and 
complexion. They are not permanently fixed by soil  

 
and sediment [10]. Sequential extraction can provide 
information about the identification of the main 
binding sites, the strength of element binding to the 
particulates and the phase associations of trace 
elements in soil [11]. Following this basic scheme, 
some modified procedures with different sequences of 
reagents or operational conditions have been 
developed [12-13-14-15-16]. Heavy metal 
accumulation in soils is of concern in agricultural 
production due to the adverse effects on food quality 
(safety and marketability), crop growth [17-18].  
Metals such as Cd and Cu are cumulative poisons. 
These metals cause environmental hazards and are 
reported to be exceptionally toxic [19].  Vegetables 
take up metals by absorbing them from contaminated 
soils, as well as from deposits on different parts of the 
vegetables exposed to the air from polluted 
environments [20].  Nearly half of the mean ingestion 
of Cd through food is due to plant origin (fruit, 
vegetables and cereals). Heavy metals may enter the 
human body through inhalation of dust, direct 
ingestion of soil and consumption of food plants 
grown in metal contaminated soils [21].  In addition, 
people may come in contact with heavy metals in 
industrial work, pharmaceutical and agriculture. 
Children may be poisoned as a result of playing in 
contaminated soil. Symptoms vary, depending on the 
nature and the quantity of the heavy metal ingested. 
Patients may complain of nausea, vomiting, diarrhea, 
stomach pain, headache, sweating, and a metallic taste 
in the mouth. Depending on the metal, there may be 
blue-black lines in the gums [22].  
The aim of this study is to determine the levels of some 
heavy metals (V, Cu, Cd, and Fe) in soil samples 
collected from different stations of Ahvaz 2 Industrial 
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Estate, origin and speciation of metals, identify the 
association between metals, evaluate the soil pollution 
using geo-accumulation index (I-geo) and 
contamination factor (CF). 
 
II. MATERIAL AND METHODS 
 
Description of the study area 
Ahvaz 2 Industrial Estate of Iran is located in 6th km 
South Eastern Ahvaz city. It is the nearest Industrial 
Estate to Ahvaz city with 108 active wells and nominal 
capacities about 475000 bbl/day. The study area is 
located in 48º 46ˊ 31" longitude and 31º 18ˊ 56" 
Latitude with an approximate altitude of 17 meters 
from sea level. 
 
Soil sampling, preparation and analysis 
In this study, the surrounding soil of Ahvaz 2 
industrial estate was chemically analyzed. Soil 
samples were collected in 4 cardinal directions at two 
distances (300 and 600 m) with three replicates 
(Figure 1 shows sampling stations).  
 

 
Fig1.Sampling stations of Ahvaz 2 Industrial Estate in 

Khuzestan, Iran 
 
The soil samples were obtained with a hand auger 
from topsoil between depths of 15-30 cm. The first 15 
cm of top layer was not sampled for avoiding the 
surface contaminants. The blank sample was obtained 
from topsoil at 1800 m distance from source pollution. 
Soil samples were collected with a polyethylene scoop 
and stored in plastic bags. The soil samples were 
air-dried and passed through a 2 mm plastic sieve to 
move gravel and rocks, put in plastic bags. Briefly, 0.1 
g of each homogenized sample was digested by triacid 
attack (HF-HClO4-HNO3) in a Teflon vessel and 
heated in a microwave oven at 180 °C for 10 min. The 
digested solution was diluted to a known volume with 
double distilled water, and then it was analyzed for 
metals by ICP-OES. Precision was achieved by 
triplicate analyses of the same sample and standards. 
Soil pH was measured in a suspension at a soil/water 
ratio of 1:2 according to [23]. Correlation analysis was 
conducted using the SPSS 15.0 (SPSS Inc., Chicago, 
IL, USA) statistical package. To evaluate the 
magnitude of contaminants in the soil profile and 
intensity of heavy metal pollution in the soil profile at 
the different depths, geo-accumulation index (I-geo) 
[24] was computed according to the abundance of 
species in source material to that found in the Earth’s 

crust and the following equation was used to calculate 
the I-geo: 

 
Where, Cn is the concentration of element ‘n’, Bn is 
the geochemical background value and 1.5 is the 
background matrix correction factor due to lithogenic 
effects. The geo-accumulation index (I-geo) scale 
consists of seven grades or classes (0 to 6) ranging 
from unpolluted to highly polluted (Table 1). 
 
Table1. Geo-accumulation Index (I-geo) in relation 

to pollution intensity 

 
 
For estimate the amount of pollution in soil samples 
we compute the Contamination Factor (CF) using the 
following formula: 
CF = metal concentration in soil /Background values 
of the metal.  
Where CF is the mean content of metals from at least 
five sampling sites and CF is the pre-industrial 
concentration of the individual metal (Table 2). 
 

Table2. Different contamination factor (CF (for 
soil [25]. 

Value Contamination Factor level 

 
 
III. RESULTS AND DISCUSSION 
 
The average of heavy metal contents in the soil of 
Ahvaz 2 Industrial Estate ranged from 18980 ± 5 to 
22456 ± 3 mg/kg Fe; 6.70 ± 0.05 to 12.64 ± 0.02 
mg/kg Cd; 31.85± 0.01to 42.46±0.03 mg/kg Cu; 23.14 
± 0.04 to 50.12 ± 0.01 mg/kg V. Heavy metal 
concentrations were highest at south station in 
distance 300 m from source pollution. 
Natural and anthropogenic pollution percent in soil of 
Ahvaz 2 industrial estate are given in Table 4.  
Table3. Average values of heavy metal contents in 

the Ahvaz 2 industrial estate 
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*a, b, c… – the letters represent the statistical 
differences between average values of heavy metal 
contents among the different sampling stations 
according to Duncan Multiple Range Test (p= 0.05). 
**World geochemical background value in average 
shale [26]. 
 

Table4. Natural and anthropogenic pollution 
percent in soil of Ahvaz 2 industrial estate 

 
 
Table5. Geo-accumulation index of heavy metals in 

soil of the Ahvaz 2 industrial estate 

 
 

Table6.Contamination factor of heavy metals in 
soil of the Ahvaz 2 industrial estate 

 
 
The degree of pollution in the soil can be assessed by 
determining the contamination factor and indices such 
as the Geo-accumulation index (I-geo). 
Calculated I-geo values based on the average shale are 
presented in Table 5.Percent of anthropogenic 
pollution in soil is more than percent of natural 
pollution. 
The I-geo value for Cu, V and Fe fall in class ‘1’ 
indicating low contaminated , and the I-geo value for 
Cd fall in class ‘6’for all station except East and South 
station in distance 600 m from source pollution which 
fall in class‘5’, indicating extremely contaminated. 
Calculated CF values based on the average shale are 
presented in Table 6. 
The CF  value for Cu, V and Fe fall in class ‘0’ 
indicating low contamination , and the CF  value for 

Cd fall in class ‘3’for all station, indicating very high 
contamination factor. 
 
Table7. Pearson correlation coefficient matrix for 

heavy metals 

 
 
Table 7 showing that elemental pairs Cd/Cu, (r = 0.98, 
P < 0.05); Cd/Fe, (r = 0.91, P < 0.05); Cd/V (r = 0.69, P 
< 0.05); Cu/Fe, (r = 0.92, P < 0.05); Cu/V, (r = 0.66, P 
< 0.05) andFe/V, (r = 0.79, P < 0.05) are significantly 
correlated with each other. 
 

 
Fig2.Cluster analysis of heavy metals in Ahvaz2 

industrial estate. 
 
CONCLUSION 
 
Based on the results of this study, the portions of all 
metals bounded to anthropogenic phase were higher 
than that of them bounded to natural phase in soil. This 
indicates that the accumulation of heavy metals is due 
to anthropogenic sources i.e. the heavy industry in the 
soil. Ghiyasi et al. determined the origin and 
concentrations of heavy metals in agricultural land 
around aluminum industrial complex. In their research 
lithogenous origin of Zn, Sn and Cr is emphasized, 
while this relation is not seen for Ni and Cd [27]. The 
concentration of metals at distance of 300 meters from 
pollutant source was most level. Based on the 
geo-accumulation index values, the soil in the Ahvaz2 
industrial estate can be classified as moderately to very 
highly polluted for Cd and it was uncontaminated to 
moderately contaminated for Cu, Fe and V. Asaah and 
Abimbola were examined pollution in surface soils of 
the Bassa industrial zone using geo-accumulation 
index (Igeo) .Igeo result showed that soils in this area 
were moderately to very highly 
polluted[28].Contaminant factor showed that soil is 
approximately to polluted for Cd and Cu and it is Low 
contamination for Fe and V. Dendogram of cluster 
analysis (Fig. 2) showing that there is strong 
relationship amongst all metals (Pearson coefficient> 
0.7) especially between V and Cu and both of them 
with Cd. Because V originates of oil sources it can be 
resulted that Cu and Cd originates of oil sources, too. 
Industrial activities, mining and exploitation of oil 
reservoirs are the main cause of pollution in the area. 
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Sekabira et al. determined heavy metal pollution in the 
urban stream sediments and its tributaries. factor 
analysis results reveal three sources of pollutants as 
explained by three factors (75.0 %); (i) mixed origin or 
retention phenomena of industrial and vehicular 
emissions; (ii) terrigenous and (iii) dual origin of zinc 
(vehicular and industrial) [29]. 
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