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Abstract 
The coal is largely used for generation of energy in the India, and their huge exploi-
tations cause contamination of the soil. In the present work, the inorganic contami-
nation of surface soil in the coal basin of the country, Korba is described. The con-
centration of elements i.e. C, O, S, Cl, Na, Mg, Al, Si, P, K, Ca, Ti, Fe, Mn and Ni in 
the surface soils (n = 30) was analysed by technique i.e. scanning electron micro-
scope-energy dispersive X-ray spectroscopy (SEM-EDX), ranged from 6.6% - 36.4%, 
37.8% - 54.3%, 0.07% - 0.39%, 0.03% - 0.25%, 0.10% - 0.39%, 0.12% - 0.49%, 3.7% - 
10.3%, 12.2% - 24.4%, 0.11% - 0.60%, 0.68% - 3.22%, 0.8% - 2.7%, 0.25% - 0.61%, 
2.3% - 6.4%, 0.08% - 0.22% and 0.04% - 0.16% with mean value (p = 0.05) of 18.8% ± 
2.7%, 49.0% ± 1.5%, 0.18% ± 0.03%, 0.11% ± 0.02%, 0.23% ± 0.03%, 0.32% ± 0.03%, 
6.1% ± 0.5%, 16.9% ± 0.9%, 0.27% ± 0.04%, 1.6% ± 0.2%, 1.5% ± 0.2%, 0.41% ± 
0.03%, 4.3% ± 0.4%, 0.14% ± 0.02% and 0.08% ± 0.01%, respectively. The surface soil 
morphology, concentration variation of elements, pollution indices and contaminant 
sources in the soil are discussed. 
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1. Introduction 

Pollution of urban soil is of a great public health interest due to receiving of large 
amounts of heavy metals from multiple sources including industrial wastes, vehicle 
emissions, coal and biomass burnings, etc. [1]-[6]. India is the third-largest producer of 
coal in the World. It is a naturally occurring combustible materials contains elemental 
carbon, sulfur, hydrocarbons, trace metals, etc. [7] [8]. Several millions ton of coal is 
mined out and burnt in the Korba basin for generation of electricity by pouring the ef-
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fluents into the environment. The whole environment of the basin is covered by the fly 
ash and black carbon. The air, rain and groundwater were contaminated with higher 
content of acids and metals [9]-[13]. The SEM-EDX is a versatile, accurate and repro-
ducible technique to quantify the major elements on the surface of geomedia [14]. 
Hence, in this work, the soil contamination of the Korba basin with elements i.e. C, O, 
S, Cl, Na, Mg, Al, Si, P, K, Ca, Ti, Fe, Mn and Ni is investigated by using technique i.e. 
SEM-EDX. The concentration variations, enrichments and sources of the elements in 
the soil are discussed. 

2. Material and Methods  
2.1. Study Area  

Korba coalfield (22.35˚N and 82.68˚E) is located in the Chhattisgarh state, India in the 
basin of the Hasdeo river, extending over ≈500 km2. The basin is covered with coal and 
forest where ≈0.5 million population are residing. Several coal mines are in operation 
with annual production of ≈3 BT coal (non-cooking) annually. Their huge amounts 
(≈20 MT/Yr) are consumed by various units of thermal power plants to produce ≈6000 
MW electricity with emission of ≈6 MT ash into the environment.  

2.2. Collection of Samples  

The soil samples were collected from 30 locations of Korba area lie over ≈500 km2 areas 
(Figure 1). One kilogram of surface soil sample from each site (0 - 10 cm) was collected 
in a clean polyethylene container during January, 2011 as prescribed in the literature 
[15]. For depth profile study, the samples were collected at depth of 0 - 10, 10 - 20 and 
20 - 30 cm at location no. 1 and 12. 

2.3. Sample Preparation  

The soil samples were dried, milled and sieved out particles of ≤1 mm by drying at 
60˚C for 3 days in an oven to remove moisture. A 5.0 g soil sample was mixed with 25 
mL deionized water in the 100 mL conical flask. The sample was agitated for 6 hrs in 
the ultrasonic bath. The pH value of the extract was measured by Hanna pH meter type 
-HI991300.  

2.4. Analysis 

A Hitachi SU-6600 Scanning Electron Microscope equipped with the Thermo disper-
sive X-ray spectrometer (EDS) and cathode luminescence (CL) detector was used for 
characterization of major elements (i.e. O, S, Cl, Na, Mg, Al, Si, P, K, Ca, Ti, Fe, Mn and 
Ni) in the soil at the Maria Sklodowska-Curie University, Lublin, Poland.The sample 
was exposed with the X-ray in a polyethylene disc with recording of surface soil photo-
graph and analytical peaks. The mean value of three measurements at different loca-
tions of the dried soil sample is summarized in Table 1 and Table 2. The standard soil 
sample (NCS DC 73382˚C RM) was used for the quality control. 
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Figure 1. Representation of sampling locations in Korba basin, India. 
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Table 1. Physico-chemical characteristics of soil. 

S. No. Location Color ML pH C% O% S% Cl% 

1 Niharica W IHG 6.98 10.8 52.3 0.19 0.17 

2 Kuan Bhatta W HG 6.95 22.9 45.4 0.28 0.07 

3 Railway Station B IHG 6.99 22.0 50.4 0.09 0.05 

4 Sitamani BW IHG 6.86 13.1 50.1 0.26 0.11 

5 Rajgamar BW IHG 6.94 21.3 48.7 0.31 0.16 

6 Rumgara W IHG 6.94 12.2 53.1 0.11 0.09 

7 Darri dam BW IHG 6.44 19.4 48.8 0.18 0.05 

8 Chaildren Garden BW HG 6.88 13.4 52.5 0.12 0.04 

9 Dipka Area W IHG 6.52 32.0 46.4 0.13 0.08 

10 Pragati Nagar BW IHG 6.94 31.3 45.7 0.09 0.09 

11 Gevera Chowk W IHG 6.65 16.2 52.3 0.13 0.06 

12 Kusmunda-I B IHG 6.80 24.7 42.8 0.08 0.07 

13 Kusmunda-II W IHG 6.65 14.2 53.0 0.07 0.08 

14 Kusmunada-III B IHG 6.68 15.3 53.8 0.17 0.15 

15 Korba BW IHG 5.37 10.0 51.8 0.26 0.17 

16 Bankimongra BW IHG 6.47 14.3 54.3 0.17 0.05 

17 Balgi W IHG 7.03 21.1 48.5 0.25 0.16 

18 Kuchaina W IHG 6.75 16.0 49.2 0.35 0.12 

19 Balco BW IHG 5.7 36.4 37.8 0.32 0.13 

20 Bhadrapara B IHG 6.96 21.2 51.2 0.13 0.11 

21 Risdi Chowk BW IHG 6.65 30.0 46.1 0.21 0.18 

22 Manikpur BW IHG 6.61 6.6 54.3 0.11 0.25 

23 Dadar BW IHG 6.85 22.3 43.6 0.11 0.03 

24 SECL-I W IHG 6.37 11.3 50.0 0.19 0.13 

25 Mudapar W HG 6.37 17.6 49.0 0.12 0.04 

26 Rampur BW IHG 5.78 31.6 43.3 0.18 0.07 

27 SECL-II BW IHG 6.16 15.5 40.3 0.19 0.15 

28 Belakachar BW IHG 6.12 14.4 52.7 0.18 0.16 

29 Urga B IHG 7.12 10.6 48.2 0.12 0.11 

30 Patadi B IHG 7.54 15.0 53.5 0.39 0.21 

ML = Morphology, B = Blackish, BW = Blackish-white, W = Whitish, HG = Homogenous, IHG = Inhomogeneous, 
SECL = South east coal Ltd. 

2.5. Pollution Indices  

The pollution indices i.e. enrichment factor (EF), contamination factor (CF) and pollu-
tion load index (PLI) were used to determine elemental enrichment in the soil with re-
spect to the base line concentration. The concentration ratio of an element, X, to a 
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Table 2. Concentration of trace elements in soil, %. 

S. No. Na Mg Al Si P K Ca Ti Fe Mn Ni 

1 0.39 0.33 6.09 19.16 0.34 1.27 1.87 0.57 4.81 0.17 0.07 

2 0.13 0.24 5.61 16.45 0.25 0.99 1.53 0.46 4.31 0.11 0.04 

3 0.11 0.31 4.43 12.78 0.2 1.02 0.86 0.25 2.32 0.08 0.06 

4 0.25 0.36 6.22 19.09 0.39 2.13 1.63 0.41 4.75 0.18 0.08 

5 0.37 0.48 6.79 24.42 0.46 2.57 2.34 0.61 6.4 0.21 0.14 

6 0.21 0.28 5.96 17.37 0.33 2.01 1.87 0.5 4.71 0.18 0.07 

7 0.24 0.25 5.23 15.53 0.18 0.92 0.84 0.38 2.77 0.09 0.04 

8 0.12 0.26 5.9 13.77 0.26 0.74 0.9 0.44 4.05 0.08 0.05 

9 0.26 0.17 5.42 16.4 0.12 0.82 0.84 0.35 3.88 0.10 0.12 

10 0.17 0.23 5.14 14.04 0.28 1.77 1.48 0.48 4.74 0.21 0.06 

11 0.33 0.27 5.36 18.4 0.26 1.49 0.83 0.45 4.77 0.16 0.05 

12 0.14 0.44 6.09 15.99 0.29 1.29 1.41 0.34 3.02 0.12 0.04 

13 0.16 0.33 5.09 17.26 0.21 1.7 1.57 0.37 3.95 0.09 0.05 

14 0.35 0.38 9.5 16.15 0.23 1.37 1.64 0.48 5.78 0.16 0.06 

15 0.36 0.49 7.36 17.66 0.37 2.18 1.57 0.58 5.15 0.21 0.12 

16 0.18 0.27 5.98 17.37 0.16 1.41 1.33 0.25 3.81 0.12 0.08 

17 0.25 0.33 8.49 15.42 0.18 1.24 1.26 0.33 3.04 0.11 0.07 

18 0.11 0.28 5.21 17.57 0.17 1.69 1.39 0.36 3.44 0.12 0.05 

19 0.26 0.38 4.53 12.86 0.29 1.95 1.65 0.56 4.06 0.19 0.09 

20 0.13 0.35 3.68 19.15 0.16 1.71 1.58 0.32 3.96 0.17 0.06 

21 0.19 0.32 4.76 13.97 0.11 0.68 1.65 0.36 3.25 0.18 0.06 

22 0.27 0.28 7.59 14.59 0.21 1.26 1.47 0.31 5.94 0.11 0.07 

23 0.17 0.29 5.27 16.2 0.29 2.17 1.01 0.41 5.91 0.09 0.07 

24 0.1 0.26 5.85 17.86 0.35 1.06 1.63 0.41 4.41 0.22 0.16 

25 0.24 0.35 6.19 17.09 0.26 1.84 1.11 0.36 4.99 0.1 0.05 

26 0.27 0.12 4.56 12.19 0.16 1.35 1.27 0.31 2.42 0.12 0.04 

27 0.31 0.31 9.85 17.61 0.34 1.6 2.3 0.46 5.63 0.18 0.16 

28 0.19 0.33 5.44 17.88 0.30 1.86 0.85 0.32 4.53 0.11 0.05 

29 0.21 0.32 6.19 20.34 0.60 1.62 2.17 0.35 4.26 0.12 0.10 

30 0.36 0.48 10.31 22.31 0.49 3.22 2.72 0.53 5.22 0.21 0.15 

 
crustal element (e.g. Al) in the soil sample to the {[X]/[Al]} ratio in the earth’s crust was 
normalised by using following indices [16] [17]. 
EF = {[Xs]/[Als]}/{[Xe]/[Ale]} 
CF = {[Xs]/[Xe]} 
PLI = (CF1 × CF2 × CF3 × CF4.........CFn)l/n 



R. Sharma et al. 
 

729 

Where, symbols: Xs, Xe, Als and Ale denote concentration of metal and Al in the soil and 
earth crust, respectively.   

3. Results and Discussion  
3.1. Soil Properties  

Soils are complex assembles of minerals, organic material, living organisms, water, and 
gases. The size, shape, and chemical composition of soil minerals are highly variables 
[18]. Scanning electron microscopy coupled with energy dispersive X-ray spectroscopy 
(SEM/EDX) is the versatile surface analytical technique. High resolution images of sur-
face topography of three soil samples is shown in Figure 2. All the soils are composed  
 

 
Figure 2. The SEM photograph of surface soil, no. S-1 (A), S-1 (B), S-1 (C) and S- 
26. A = 0 - 10 cm, B = 10 - 20 cm, C = 20 - 30 cm. 
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of micrometer-scale grains which consist of smaller particles with nano-scale structure. 
The soil was colored, ranging from whitish to blackish due to deposition of the fly ash 
and black carbon, Table 1. The particle sizes of all soil samples except S-2, S-8 and S-25 
were observed to be more inhomogenous, see Table 1 and Figure 2. For all of the sam-
ples, the area of soil particles was generally in the range of 50 to 500 μm2. The pH value 
of the soil extract was ranged from 5.4 - 7.5 with mean value (p = 0.05) of 6.6 ± 0.2. The 
soil extract was found to be slightly acidic, may be due to presence of higher content of 
chloride and sulfate. The lowest pH value of the soil was observed in the Korba city, 
may be due to the vehicular emissions.  

3.2. Distribution of Major Elements  

The EDX peaks of elements in the soil samples are shown in Figure 3. The concentra-
tion of elements i.e. C, Si, P, O, S and Cl in the surface soil is presented in Table 2. The  
 

 
(a) 

 
(b) 

Figure 3. EDX peaks of elements in surface soil no 12 (a) and 16 (b). 
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C and O content of surface soil (n = 30) was ranged from 6.6% - 36.4% and 37.8% - 
54.0% with mean value (p = 0.05) of 18.8% ± 2.7% and 49.0% ± 1.5%, respectively. The 
C and O content was found to be slightly higher than recommended value of 0.03 and 
46.6%, respectively [19]. A negative correlation of the C with the O-content was 
marked, may be due to reduction of O-content with the C (r = −0.72). The concentra-
tion of Si, P, S and Cl in the soil (n = 30) was ranged from 12.2% - 24.4%, 0.11% - 
0.60%, 0.07% - 0.39% and 0.03% - 0.25% with mean value (p = 0.05) of 16.9 ± 0.9, 
0.27% ± 0.04%, 0.18% ± 0.03% and 0.11% ± 0.02%, respectively. Among them, the con-
tent of P, S and Cl was observed to be much higher than the base line value reported of 
0.065%, 0.006% and 0.037%, respectively.  

3.3. Distribution of Metals  

The elevated concentration of 9 metals i.e. Na, K, Mg, Ca, Al, Ti, Fe, Mn and Ni in the 
soil was observed, ranging (n = 30) from 0.10% - 0.39%, 0.68% - 3.22%, 0.12% - 0.49%, 
0.8% - 2.7%, 3.7% - 10.3%, 0.25% - 0.61%, 2.3% - 6.4%, 0.08% - 0.22% and 0.04% - 
0.16% with arithmetic mean (AM) value (p = 0.05)of 0.23 ± 0.03, 1.6 ± 0.2, 0.32 ± 0.03, 
1.5 ± 0.2, 6.1% ± 0.5%, 0.41% ± 0.03%, 4.3% ± 0.4%, 0.14% ± 0.02% and 0.08% ± 0.01%, 
respectively, Table 2. The metal concentration in the surface soil of the Korba basin  
was found higher than other regions of the country, probably due to huge coal mining 
and burning [4] [5] [6]. 

3.4. Variations and Sources  

The sum of total content of 11 elements (i.e. Na, Mg, Al, Si, P, K, Ca, Ti, Fe, Mn and 
Ni) in the soil (n = 30) was ranged from 25.4% - 75.9% with mean value of 47.3% ± 
3.9%. The higher metal contents (≥350 g/kg) were observed in sample no. 14 - 15, 20, 
22 - 25 and 28 - 30 due to higher effluent emissions from point sources i.e. thermal 
power plant and coal mine. The value of arithmetic mean (AM), geometrical mean 
(GM) and median value for 15 elements (i.e. C, O, S, Cl, Na, Mg, Al, Si, P, K, Ca, Ti, Fe, 
Mn and Ni) was found to be comparable with very high variations, ranging from 8.8% - 
50.7%, Table 3. The skewness and kurtosis for a normal distribution of data is 0 and 3, 
respectively. The value of skewness and kurtosis was ranged from −0.87 −1.29 and 
−1.43 −1.31, respectively. Fifteen elements was found to be distributed in the asymme-
tric order on the soil surface. 

The correlation coefficient matrix for 14 elements is presented in Table 4. A poor 
correlation of elements among themselves was observed, may be due to their deposition 
in the soil by multiple sources i.e. coal mining and burning, atmospheric deposition of 
fly ash and dust, etc.  

3.5. Vertical Distribution  

The homogeneity and whiteness of the soil was increased as the depth of soil profile 
was increased from 0 - 30 cm, may be due to down movement of the ash, Figure 2. The 
vertical distribution of elements with respect to soil depth profile was studied and 
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Table 3. Concentration statistics of elements in surface soil, %.  

Element Range CL, ± AMV GMV Median RSD, ± Ku Skw 

C 6.6 - 36 2.7 18.8 17.4 16.1 40 -0.18 0.75 

O 38 - 54 1.50 49 49 50 9 0.20 -0.87 

S 0.07 – 0.39 0.03 0.18 0.17 0.18 47 -0.10 0.83 

Cl 0.03 -0.25 0.02 0.11 0.10 0.11 50 -0.32 0.52 

Na 0.10 - 0.39 0.03 0.23 0.21 023 38 -0.99 0.30 

Mg 0.12 -0.49 0.03 0.32 0.30 0.32 26 0.65 0.23 

Al 3.7-10.3 0.50 6.1 5.8 5.9 26 1.31 1.29 

Si 12.2-24.4 0.90 16.9 16.7 17.2 16 1.08 0.61 

P 0.11-0.60 0.04 0.27 0.25 0.26 42 1.25 0.99 

K 0.68 - 0.22 0.20 1.6 1.5 1.6 35 1.22 0.80 

Ca 0.8 -2.7 0.20 1.5 1.4 1.5 32 0.29 0.59 

Ti 0.25 -.61 0.04 0.41 0.40 0.40 24 -0.61 0.41 

Fe 2.3 - 6.4 0.40 4.3 4.2 4.4 25 -0.50 -0.08 

Mn 0.08 - 0.22 0.01 0.14 0.13 0.12 29 -1.43 0.25 

Ni 0.04 - 0.16 0.01 0.08 0.07 0.07 50 0.35 1.20 

AMV = Arithmetic mean value, GMV = Geometrical mean value, RSD = Relative standard deviation, CL = Confi-
dence limit at 95% probability, Ku = Kurtosis, Sk = Skewness. 

 
Table 4. Correlation coefficient matrix of elements. 

 C S Cl Na Mg Al Si P K Ca Ti Fe Mn Ni 

C 1.00              

S 0.01 1.00             

Cl 0.22 0.46 1.00            

Na 0.24 0.34 0.49 1.00           

Mg 0.14 0.38 0.44 0.38 1.00          

Al 0.19 0.33 0.54 0.58 0.44 1.00         

Si 0.12 0.35 0.29 0.38 0.53 0.35 1.00        

P 0.42 0.25 0.26 0.34 0.52 0.40 0.65 1.00       

K 0.38 0.43 0.27 0.40 0.61 0.33 0.61 0.61 1.00      

Ca 0.30 0.46 0.57 0.40 0.51 0.53 0.59 0.65 0.55 1.00     

Ti 0.28 0.45 0.31 0.59 0.46 0.33 0.39 0.53 0.53 0.53 1.00    

Fe 0.34 0.12 0.39 0.50 0.39 0.51 0.53 0.51 0.51 0.44 0.58 1.00   

Mn 0.18 0.44 0.51 0.42 0.43 0.27 0.40 0.44 0.47 0.66 0.67 0.42 1.00  

Ni 0.03 0.38 0.44 0.37 0.33 0.51 0.51 0.54 0.39 0.61 0.41 0.46 0.59 1.00 

 
shown in Figure 4. The concentration of 10 elements (i.e. C, Si, P, Al, Mg, K, Ca, Ti, Fe  
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(a) 

 
(b) 

 
(c) 

Figure 4. Vertical distribution of element via soil: x1 (0 - 10 cm), x2(10 - 20 cm) and x3 (20 - 30 
cm). 
 
and Mn) was found to decrease with respect to increasing depth profile, may be due to 
their strong binding with soil organic compounds. The reverse trend was observed with 
4 elements (i.e. O, S, Cl and Ni), may be due to their less binding with the organic 
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compounds. 

3.6. Pollution Indices  

The background concentration of Si, Al, Fe, Na, K, Ca, Mg, Ti, Mn, P, S, Cl and Ni re-
ported was 311000, 82000, 39000, 24000, 23000, 22000, 19000, 4650, 775, 62, 655, 370 
and 47 mg/kg, respectively [19] [20]. The mean EF value (n = 30) for Ti, Fe, Mn, Cl, P, 
Ni and S was found to be 1.5, 1.8, 2.4, 3.6, 5.7, 22and 31, respectively. The elements i.e. 
S and Ni; P and Cl; and Mn were enriched highly (20 ≥ EF < 40), significantly (5 ≥ EF < 
20) and moderately (2 ≥ EF < 5), respectively in the soil. The mean CF value for Ti, Fe, 
Mn, Zn, Cl, P, Ni and S was 0.9, 1.1, 1.8, 2.3, 3.0, .2, 16 and 30, respectively. The soil was 
contaminated highly (CF ≥ 6), considerably (3 ≥ CF < 6) and moderately (1 ≥ CF < 3) 
with S and Ni; Cl and P; and Mn and Fe, respectively [21]. The PLI value for elements 
i.e. S and Ni was found to be 27 and 16, indicating their significantly high contamina-
tion in the soil. 

4. Conclusion 

The SEM-EDX is a simple and versatile technique, quickly used for quantification of 
macro elements (i.e. C, O, S, Cl, Na, Mg, Al, Si, P, K, Ca, Ti, Fe, Mn and Ni) in soil. The 
elevated concentration of elements i.e. S, P, As, Fe, Mn and Ni in the surface soil was 
observed probably due to demobilization. The occurrence of S and P at the excessive 
levels lead to soil to be acidic in nature. The highest pollution indices for S and Ni were 
recorded. The increasing vertical transport of elements i.e. S, Cl and Ni via the soil me-
dia was observed may be due to less binding with the soil matrices.  

Acknowledgements 

We are thankful to Pt. Ravishankar Shukla University, Raipur, India for providing 
Scholarship to RS.  

References 
[1] Khan, S., Cao, Q., Zheng Y.M., Huang, Y.Z. and Zhu, Y.G. (2008) Health Risks of Heavy 

Metals in Contaminated Soils and Food Crops Irrigated with Wastewater in Beijing, China. 
Environmental Pollution, 152, 686-692. http://dx.doi.org/10.1016/j.envpol.2007.06.056 

[2] Wuana, R.A. and Okieimen, F.E. (2011) Heavy Metals in Contaminated Soils: A Review of 
Sources, Chemistry, Risks and Best Available Strategies for Remediation. International 
Scholarly Research Notices, 2011, Article ID: 402647.   

[3] Wei, B. and Yang, L. (2010) A Review of Heavy Metal Contaminations in Urban Soils, Ur-
ban Road Dusts and Agricultural Soils from China. Microchemical Journal, 94, 99-107.  
http://dx.doi.org/10.1016/j.microc.2009.09.014 

[4] Agrawal, P., Mittal, A., Prakash, R., Kumar, M., Singh, T.B. and Tripathi, S.K. (2010) As-
sessment of Contamination of Soil due to Heavy Metals Around Coal Fired Thermal Power 
Plants at Singrauli Region of India. Bulletin of Environmental Contamination and Toxicol-
ogy, 85, 219-223. http://dx.doi.org/10.1007/s00128-010-0043-8 

[5] Bhuiyan, M.A., Parvez, L., Islam, M.A., Dampare, S.B. and Suzuki, S. (2010) Heavy Metal 

http://dx.doi.org/10.1016/j.envpol.2007.06.056
http://dx.doi.org/10.1016/j.microc.2009.09.014
http://dx.doi.org/10.1007/s00128-010-0043-8


R. Sharma et al. 
 

735 

Pollution of Coal Mine-affected Agricultural Soils in the Northern Part of Bangladesh. 
Journal of Hazardous Materials, 173, 384-392.  
http://dx.doi.org/10.1016/j.jhazmat.2009.08.085 

[6] Mandal, A. and Sengupta, D. (2006) An assessment of Soil Contamination due to Heavy 
Metals Around a Coal-fired Thermal Power Plant in India. Environmental Geology, 51, 
409-420. http://dx.doi.org/10.1007/s00254-006-0336-8 

[7] Chou, C.L. (2012) Sulfur in Coals: A Review of Geochemistry and Origins. International 
Journal of Coal Geology, 100, 1-13. http://dx.doi.org/10.1016/j.coal.2012.05.009 

[8] Saikia, B.K., Goswamee, R.L., Baruah, B.P. and Baruah, R.K. (2009) Occurrence of Some 
Hazardous Metals in Indian Coals. Coke and Chemistry, 52, 54-59.  
http://dx.doi.org/10.3103/S1068364X09020033 

[9] Chandrawanshi, C.K. and Patel, K.S. (1999) Chemistry of Rain Water in Central India. Ido 
Jaras, 103, 189-213. 

[10] Patel, K.S., Dewangan, R., Wysocka, I., Jaron, I. and Matini, L. (2013) Ground Water Pollu-
tion in Central India. ICWRER Conference Proceeding, Koblenz, 256-273.   

[11] Patel, K.S., Shukla, A., Tripathi, A.N. and Hoffmann, P. (2001) Heavy Metal Concentrations 
of Precipitation in East Madhya Pradesh of India. Water Air and Soil Pollution, 130, 463- 
468. http://dx.doi.org/10.1023/A:1013857923368 

[12] Patel, K.S., Yadav, A., Rajhans, K., Ramteke, S., Sharma, R., Wysocka, I. and Jaron, I.  
(2016) Exposure of Fluoride in Coal Basin. International Journal of Clean Coal and Energy, 
5, 1-12. http://dx.doi.org/10.4236/ijcce.2016.51001 

[13] Sharma, R., Ramteke, S., Patel. K.S., Kumar, S., Sarangi, B., Agrawal, S.G., Lata, L. and Mi-
losh, H. (2015) Contamination of Lead and Mercury in Coal Basin of India. Journal of En-
vironmental Protection, 6, 1430-1441. http://dx.doi.org/10.4236/jep.2015.612124 

[14] Rades, S., Hodoroaba, V.-D., Salge, T., Wirth, T., Lobera, M.P., Labrador, R.H., Natte, K., 
Behnke, T., Gross, T. and Unger, W.E.S. High-Resolution Imaging with SEM/T-SEM, EDX 
and SAM as a Combined Methodical Approach for Morphological and Elemental Analyses 
of Single Engineered Nanoparticles. RSC Advances, 4, 49577.  

[15] Tan, K.H. (2005) Soil Sampling, Preparation and Analysis. 2nd Edition, CRC Press, Boca 
Raton. 

[16] Sinex, S.A. and Helz, G.R. (1981) Regional Geochemistry of Trace Elements in Chesapeake 
Bay Sediments. Environmental Geology, 3, 315-323. http://dx.doi.org/10.1007/BF02473521 

[17] Tomlinson, D.L., Wilson, J.G., Harris, C.R. and Jeffrey, D.W. (1980) Problem in Assess-
ment of Heavy-metal Levels in Estuaries and the Formation of a Pollution Index. Hel-
goländer Meeresunters, 33, 566-575. http://dx.doi.org/10.1007/BF02414780 

[18] Takahashi, T., Dahlgren, R.A., Theng, B.K.G., Whitton, J.S. and Soma, M. (2001) Potas-
sium-Selective, Halloysite-Rich Soils Formed in Volcanic Materials from Northern Califor-
nia. Soil Science Society of America Journal, 65, 516.  
http://dx.doi.org/10.2136/sssaj2001.652516x 

[19] Barbalace, K. (2007) Periodic Table of Elements. Environmental Chemistry.com. 2007-04- 
14. Abundance in Earth’s Crust. Web Elements.com.  

[20] Rudnick, R.L. and Gao, S. (2003) Composition of the Continental Crust. Treatise on Geo-
chemistry, 3, 1-64. http://dx.doi.org/10.1016/b0-08-043751-6/03016-4 

[21] Muller, G. (1969) Index of Geo-Accumulation in Sediments of the Rhine River. GeoJournal, 
2, 108-118. 

 

http://dx.doi.org/10.1016/j.jhazmat.2009.08.085
http://dx.doi.org/10.1007/s00254-006-0336-8
http://dx.doi.org/10.1016/j.coal.2012.05.009
http://dx.doi.org/10.3103/S1068364X09020033
http://dx.doi.org/10.1023/A:1013857923368
http://dx.doi.org/10.4236/ijcce.2016.51001
http://dx.doi.org/10.4236/jep.2015.612124
http://dx.doi.org/10.1007/BF02473521
http://dx.doi.org/10.1007/BF02414780
http://dx.doi.org/10.2136/sssaj2001.652516x
http://dx.doi.org/10.1016/b0-08-043751-6/03016-4


 
 

 

 
Submit or recommend next manuscript to SCIRP and we will provide best service 
for you:  

Accepting pre-submission inquiries through Email, Facebook, LinkedIn, Twitter, etc.  
A wide selection of journals (inclusive of 9 subjects, more than 200 journals) 
Providing 24-hour high-quality service 
User-friendly online submission system  
Fair and swift peer-review system  
Efficient typesetting and proofreading procedure 
Display of the result of downloads and visits, as well as the number of cited articles   
Maximum dissemination of your research work 

Submit your manuscript at: http://papersubmission.scirp.org/ 
Or contact ajac@scirp.org             

http://papersubmission.scirp.org/
mailto:ajac@scirp.org

	Characterization of Urban Soil with SEM-EDX
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods 
	2.1. Study Area 
	2.2. Collection of Samples 
	2.3. Sample Preparation 
	2.4. Analysis
	2.5. Pollution Indices 

	3. Results and Discussion 
	3.1. Soil Properties 
	3.2. Distribution of Major Elements 
	3.3. Distribution of Metals 
	3.4. Variations and Sources 
	3.5. Vertical Distribution 
	3.6. Pollution Indices 

	4. Conclusion
	Acknowledgements
	References

