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Abstract 

Heavy Metals (HMs) pollution is currently of major environmental concern. An investigative study was carried out in 

Industrial site to determine the heavy metal in the solid sludge samples with nine industrial stations selected for the 

collection of samples. The samples were digested and analyzed for extractable metal i.e. As, Cd, Cr, Cu, and Pb by using 

technique i.e. ICP-AES and HG-AAS. The assessment of heavy metal was derived using the geo-accumulation index (Igeo). 

This study revealed that the sludge is predominantly by Cr  Cu < As < Pb < Cd.  The data obtained were standardized and 

subjected to principal components analysis (PCA) extraction to simplifying its interpretation and to define the parameters 

responsible for the main variability in soil quality. Principal component analysis (PCA) at studies site of the industry 

extracted two major components: 1. high positive loading of As, Cu, Cr and Pb  associated with anthropogenic influence 

by smelter emissions and 2.high positive loadings of Cd is associated with contributions from anthropogenic/natural 

processes. This evaluation would serve to create consistent calculation methods as a contribution towards building a 

consensus on methodologies applicable to the study of polluted soils. 
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1. Introduction 

The study of heavy metal deposition and accumulation is of 

increasing interest because of the awareness that heavy 

metals present in soils may have negative consequences on 

human health and on the environment. Heavy metals may 

enter into aquatic ecosystems from anthropogenic sources, 

such as industrial waste water discharges, sewage waste 

water, fossil fuel combustion and atmospheric deposition 

(Linnik et al., 2000; Campbell et al., 2001; Lwanga et al., 

2003). environmental pollution by heavy metals is due to 

many activities whereas in the soil system, pollution by 

heavy metals is mainly due to both natural processes such 

as weathering of minerals and anthropogenic activities 

related to industry, agriculture, burning of fossil fuels, 

vehicular emission, mining and metallurgical processes and 

their waste disposal. The production of steel is vital for the 

economic growth of the country but its production is a 

major source of pollution. Iron and Steel is one of the 

largest sectors of industries in India. The one of the biggest 

steel plant is running in Bhilai, India (Sharma, et al., 1993). 

During the production of steel, 2-4 tonnes of wastes are 

being generated per tonne of steel produced. The various 

solid wastes in the form of slags are blast furnace slag, blast 

furnace flue and sludges that are emerged from steel plants 

dust and sludge, Linz–Donawitz (LD) converter slag, LD 

sludge, LD dust, mill scale, mill sludge, acetylene sludge, 

etc. The solids and liquid wastes generated from a steel 

plant are vary widely depending on the source of 

generation but usually contains some useful resources such 

as iron, calcium, zinc, lead, etc., which can be recovered 

and reused in a judicious manner (Lopez-Delgado et al., 

1998; Lopez et al., 1995). Besides that, some slag and 

sludge contain a notable amount of heavy metals and 

release of them to earth may cause some environmental 

problems. The harmful components like As, Cd and Hg, 

etc. are highly objectionable from the pollution point of 

view (Das et al., 2002 b). In addition, iron ores are 

naturally contaminated with a large number of toxic metals 

such as Mn, Cu, Co, Ni, Zn, Pb, Bi, Sb, Ag, Cd, Ba, etc. 

The limestone, which forms other raw materials in steel 

production, has also been found contaminated with large 

number of trace metals most of which are toxic in nature. 

Thus, it becomes necessary to study the composition of 

sludge to know the potential hazard sources. A geo-
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accumulation indexing approach, Igeo is used to quantify the 

degree of anthropogenic contamination and compare 

different metals that appear in different ranges of 

concentration in the sludge (Muller 1969).   

Igeo = ln (Cn/1.5×Bn) …………….. (1) 

Where Cn= measured concentration, mg kg-1and Bn = 

geochemical background value, mg kg-1. 

In eqn. 1, average values were used and 1.5 is the factor 

used for lithologic variations of trace elements. The geo-

accumulation index compares the measured concentration 

of the element in the fine-grained sludge fraction Cn with 

the geochemical background value Bn. Average values of 

soil samples of the study region (which is taken as 

reference point) are considered as Bn values. The index of 

geo-accumulation consists of seven grades, whereby the 

highest grade reflects 100-fold enrichment above 

background values (Praveena et al., 2008).  

Förstner et al. 1993 listed geo-accumulation classes and the 

corresponding contamination intensity for different indices 

Table 1.  

Table 1.  Geo-accumulation index classification  

Sediment Igeo 

Contamination 

Geoaccumulation 

class intensity 
Index, Igeo 

>  5 6 Very strong 

>  4 - 5 5 Strong to very strong 

>  3 - 4 4 Strong 

>  2 - 3 3 Moderate to strong 

>  1 - 2 2 Moderate 

>  0 - 1 1 
Uncontaminated to 

moderate 

>  0 0 
Practically 

uncontaminated 

In present study, the total concentration of heavy metal (i.e. 

As, Cd, Cr, Cu, and Pb), loads in solid sludge samples 

generated by the Bhilai Steel Plant is investigated.  

2 Experimental 

2.1 Collection of sample 

The solid sludge samples were collected from different 

stations in the vicinity of industrial sites. The samples were 

dried, grinded to a fine powder with mortar and passed 

through a sieve of 0.1 mm size. 

2.2 Chemical and reagents 

The AR grade (E. Merck) chemicals were used for 

digestion of the soil and plant samples. The ICP multi-

element standard (E. Merck) and the European standard 

13346:2000 EN 13346:46 were used for the quality control 

of the data. 

2.3 Preparation of sample 

The sludge samples air dried weighed and placed in a 

dehydrator at approximately 80°C for 48-72 hours 

depending on sample size. The samples were ground to a 

fine powder with mortar and passed through a sieve of < 

0.1 mm mesh size. The weighed amount (0.5 g) of the 

sample was digested with 5 ml HNO3 + 2 ml HClO4 + 1 ml 

HF in the closed microwave oven as prescribed in the 

literature.   

2.4 Analysis of sample 

The Varian Liberty AX Sequential ICP-AES, Flame GBC 

AAS 932 and HG-AAS were used for analysis of the trace  

metals in the sludge samples. 

2.5 Statistical Analysis 

In this paper multivariate statistical techniques Principal 

Component Analysis (PCA) were applied to the large data-

set of mass and elemental concentrations, aiming at the 

identification of the principal sources of pollution and at 

their quantification (Massart, et al., 1983). In the PCA, 

Varimax with Kaiser Normalization was used as the 

rotation method the analysis. With using the PCA, a great 

number of correlated parameters are replaced by small 

number independent factors (principal components). 

Varimax rotation is applied to maximise the number of 

values that are close to either zero or unity in the factor 

loading matrix without changing the total variance as well 

as the variance of the single element in the model. After 

rotation, elements coming from the same source can be 

found all in the same factor with a high weight and the 

factor can be associated to that specific source. Only 

weighting factors, with an absolute value greater than 0.5 

were considered for the interpretation and all the statistical 

analyses were conducted using SPSS 10.0. 

3 Results and Discussion 

3.1. Contents of heavy metals 

Descriptive statistics such as minimum, median, mean, 

maximum and standard deviation for five elements used in 

this study are shown in Table 2. Most of the elements have 

a wide range of variations of several magnitudes. The pH 

value of the extract and heavy metals concentration is 

summarized in Table 2. The sludge is being slightly acidic 

in nature and their mean (n = 9) pH value is 6.7±0.4.  The 

content of elements i.e. Cr,  Cu, Pb,  Cd, and As they 

ranged from  72-92,  27.1-94.3,  5.2-17.4, 1.3-3.6, and 8.7-

23.3 mg kg-1  with mean value 80.1, 48.8, 11.5, 2.9, and 

17.4 mg kg-1, respectively.  

Table 2 
Variables Min. Max. Mean Std. dev. 

pH 6.2 7.7 6.7 0.4 

Cr 72.0 92.0 80.1 8.4 

Cu 27.1 94.3 48.8 22.3 

Pb 5.2 17.4 11.5 4.0 

Cd 1.3 3.6 2.9 0.7 

As 8.7 23.3 17.4 4.3 

Chromium concentration ranges from 72-92 mg/kg with a 

mean value of 80.1mg/kg. A moderately high positive 

correlation with As, Pb and Cu was established and its 

concentration falls also in moderately contaminated. The Cr 

content of sample 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 sludges, and leather manufacturing wastes) 

and municipal sewage sludge. Chromium behavior in soil is 

controlled by soil pH and redox potential. Under 

moderately oxidizing and reducing conditions and near 

neutral pH values Cr is a low-mobility element. Wastes and 

sewage waters unrestrainedly disposed from steel and 

textile industry facilities are the source of Cr in the study 

area. High doses of Cr cause liver and kidney damages and 

chromate dusts are known to be carcinogenic (Lin et al., 

2002; Aboud & Nandini, 2009). 
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Table 3: Geoaccumulation index (Igeo) of heavy metals in sludge 

 

Cadmium metal is used as an anticorrosive, electroplated 

on steel; cadmium sulfide and selenide are commonly used 

as pigments in plastics, batteries and in various electronic 

components. It is also used with inorganic fertilizers 

produced from phosphate ores and when these products are 

no more servisable, they are thrown into the dump as waste. 

During decomposition, the Cd component is leached into 

the surrounding soil and over time gets accumulated in the 

soil. Cadmium is extremely toxic and the primary use of 

soil high in Cd in form of manure for the cultivation of 

vegetables and other food crops could cause adverse health 

effect to consumers such as renal disease and cancer (Che 

et al., 2003; Gorenc et al., 2004). Moreover, when ingested 

by humans, cadmium accumulates in the intestine, liver and 

kidney and chronic exposure of Cd causes proximal tubular 

disease and osteomalacia (Pascual et al., 2004). Therefore, 

the soils from this dumpsite are not suitable for agricultural 

purposes. 

Concentration in copper varied from 27.1-94.3 mg/kg with 

an average value of 48.8 mg/kg. A moderately high 

positive correlation with As and Cd was established. 

Copper is widely used in electrical wiring, roofing, various 

alloys, pigments, cooking utensils, piping and in the 

chemical industries (Aboud & Nandini, 2009). Copper 

compounds are used in fungicides, algicides, insecticides, 

wood preservation, electroplating, dye manufacture, 

engraving, lithography, petroleum refining and 

pyrotechnics. It is also added to fertilizers and animal feeds 

as a nutrient to support plant and animal growth (Pascual et 

al.,2004).  

Lead contamination in soils is seriously emphasized in 

recent years since this metal is very toxic for humans and 

animals. Lead enters to human or animal metabolism either 

via food chain or by intake of soil dust. Gasoline vehicles 

are the main source of lead pollution. Lead production and 

operation facilities without waste-gas treatment system, 

battery production and scrap battery recovery facilities, 

thermal power plants, and iron–steel industries are the other 

lead sources. The results show that lead concentration 

deposited at the dumpsite ranged 5.2-17.4mg/kg with a 

mean concentration of 11.5 mg/kg (Table 2). Though there  

 

was an observed strong correlation with Cd and As, its 

concentration is also in the level of contaminated level. 

Lead is non-essential for plants and animals and is toxic by 

ingestion-being a cumulative poison (MacFarlane & 

Burchett, 2002). Lead toxicity leads to anaemia both by 

impairment of haemo-biosynthesis and acceleration of red 

blood cell destruction. In addition, Pb reduces sperm count, 

damages kidney, liver, blood vessels, nervous system and 

other tissues in human (Anglin-Brown et al., 1995). Other 

uses of lead is in the production of lead acid batteries, 

solder, alloys, cable sheathing, pigments, ammunition, 

glass and plastic stabilizers. Tetraethyl and tetramethyl lead 

are important due to their extensive use as antiknock 

compounds in petrol (Mielke et al., 1991; McAllister et al., 

2005).  

As concentrations in samples are due to industrial activities 

and it concentration ranges 8.7-23.3mg/kg with an average 

concentration of 17.4 mg/kg. Significant anthropogenic 

sources of As are related to industrial activities such as 

metallurgical and chemical industries and the use of 

arsenical sprays. These values are found to be high than the 

critical value of 16 mg/kg (average crustal abundance) for 

an uncontaminated soil (Table 2). The Igeo concentration 

lies in the range for contaminated soil. Arsenic is highly 

carcinogenic has no nutritional value for plant and animal 

(Amadi et al., 2010). 

3.2 Geoaccumulation Index 

The index of geoaccumulation(Igeo) was assessed based on 

the values proposed by Müller 1969 and their Igeo values 

estimated is found in the following increasing order: Cr  

Cu < Pb <As <Cd. 

According to the Muller scale (Muller, 1981), the 

calculated results of Igeo values (Table 3) indicate that Cd 

(59%)can be considered as a strong pollutant at most of the 

study stations (I> 2.5) with the exceptions of stations 8, 

which show moderate (Igeo= 2.16). Cr shows unpolluted 

situation at stations 4 (I = -0.03), 7(I = - 0.04),8 (I = -0.02) 

and 9 ( I= –0.04) )and less degree of pollution at other 

stations. As (19%) shows moderate degree of pollution at 

stations 5 (I = 1.11), 6 (I = 1.24) and 9 (I= 1.05) and at 

stations 2 (I= 0.98), 4 (I= 0.99), 7(I= 0.86), and 8(I = 0.83) 

Location  Igeo Cr IgeoCu IgeoPb IgeoCd Igeo As Mean 

1 0.04 0.04 -0.88 3.09 0.30 0.52 

2 0.20 -0.25 -1.26 2.93 0.98 0.52 

3 0.20 -0.15 -0.54 2.93 1.28 0.73 

4 -0.03 0.04 -0.86 3.03 0.99 0.64 

5 0.10 0.54 -1.41 3.03 1.11 0.67 

6 0.14 0.74 -0.62 3.03 1.24 0.91 

7 -0.04 -0.09 -0.96 3.06 0.86 0.57 

8 -0.02 -0.51 -1.75 2.16 0.83 0.14 

9 -0.04 -0.24 -0.90 3.18 1.05 0.61 

Mean 0.06 0.01 -1.02 2.94 0.96 - 

Max 0.20 0.74 -0.54 3.18 1.28 - 

Min -0.04 -0.51 -1.75 2.16 0.30 - 

"-"means not calculated 
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shows uncontaminated to moderate pollution except 

stations 1 (I =0.30) shows very less degree of pollution. Cr 

and Cu both shows very less degree of pollution and the 

contamination level of Pb is negligible as compare to other 

heavy metals. The order of contribution of various heavy 

metals on the basis of Igeo follows: Cd > As>Cr>Cu>Pb. 

Data reveal except station1 at all other stations are from 

moderately to strong polluted through As and Cd.  

Although the nature of the Igeo calculation, which involves 

the logarithmic function and a background multiplication 

factor of 1.5, is somewhat different from other pollution 

calculation methods discussed in this study. 

3.3 Principal Component Analysis 

By PCA, complex linear correlations between 

concentrations of heavy metal in sludge samples were 

calculated, which enabled the interpretation of correlation 

of selected chemical properties in the study areas. Table 2 

shows the factor loadings of principal components after 

varimax orthogonal rotation obtained by PCA statistical 

analysis using the concentrations of the heavy metal in the 

nine study areas.  

Two principal components (Eigen values >1) emerged 

accounting for 68.65% of cumulative variance from the 

PCA (Figure 1). The first principal component (PC-1) 

loading with 44.6% variance showed higher loading for 

heavy metal i.e. As,  Cu, Cr and Pb. Industrial and human 

activities in the area involving electrical wiring, various 

alloys, alloys, pigments, fungicides, insecticides, 

electroplating, cooking utensils, batteries and dye 

production are the possible sources of  Cu and Cr. When 

these products are thrown into the dumpsite, these elements 

are leached away and accumulate at the top soil where they 

are adsorbed because of affinity for metals by organic 

matter (Rayment & Higginson, 1992; Odero et al., 2000; 

Amadi, 2011).  

The second principal component (PC-2) has loading 24% 

of total variance, had high loading for Pb, and Cd. These 

might be due to soldering, battery charging, zinc-roofing 

sheet, electroplating cable sheathing, pigments, 

ammunition, glass and plastic stabilizers, artisanal activities 

going on in this area. Pb is a essential components of the 

raw material used in soldering wires and lead accumulators 

(Odero et al., 2000;Banar et al., 2006). The pH of the soil 

could have contributed to Pb and Cd retention in the soil, 

resulting in low mobility of the metals (Alloway, 1990; 

Yoshida et al., 2002; Amadi et al., 2012). 

 
Figure 1: Cumulative variance from the PCA  

4. Conclusions 

In this study, geo-accumulation index and principal 

component analysis were used for determining the 

environmental quality of soils/ sludge from dumpsite in 

terms of heavy metal accumulation and other soil 

properties. The solid sludge was suffering from moderately 

to strongly contaminate with the studied heavy metals 

according to Igeo values. The result revealed the following 

trend in their order of geo-accumulation in the sludge: Cr  

Cu < As < Pb < Cd. The principal component analysis 

summarizes (reduces) the dataset into two major 

components representing possible different sources of the 

elements. The effectiveness of multivariate statistical 

analysis in evaluating heavy metal concentration in 

dumpsite soils has been demonstrated in this study.  Due to 

the toxicity of heavy metals, the use of manure from the 

dumpsite for agricultural purposes should be discouraged 

as plants and vegetables can easily absorb them at elevated 

levels.  In near future, the whole aquatic and terrestrial 

environment may contaminate with the toxic elements. 

High concentrations of these trace metals may present 

potential health risk for the human populations residing in 

the vicinity of the whole area. 
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