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Abstract

The present article deals with soil analysis around five opencast coal projects of Ib river coalfield during

pre-monsoon (March), monsoon (July) and post monsoon (November) periods of successive three years (i.e.,

2006, 2007 and 2008). Sampling of soil has been done from the vertical surface of the overburden at successive

depths of 0-5 ft, 5-10 ft and at 10-15 ft. The different physical (soil texture, soil moisture, particle density, bulk

density and porosity) and chemical (pH, organic carbon, nitrogen, phosphorus and potassium) parameters have

been analysed. The soil textures of the study area are found to be loamy sand to loam, loam to silty loam and

clay loam to silty clay loam in the depth of 0-5 ft, 5-10 ft and at 10-15 ft, respectively. The moisture content (7.297

at 0-5ft, 5.25 at 5-10 ft and 4.134% at 10-15 ft) and porosity (43.994 at 0-5ft, 40.682 at 5-10 ft and 35.85% at 10-

15 ft) of the soil in the study area decreased gradually from the surface to greater depth. However, the particle

density (2.639 at 0-5ft, 3.11 at 5-10 ft and 3.523 g cc-1 at 10-15 ft) and the bulk density (1.478 at 0-5ft, 1.839 at 5-

10 ft and 2.269 g cc-1 at 10-15 ft) in this region increased from surface to the deeper region of the soil. The organic

carbon (1.367 at 0-5ft, 0.9 at 5-10 ft and 0.396 kg ha-1 at 10-15 ft), nitrogen (2.845 at 0-5ft, 1.059 at 5-10 ft and 0.48

kg ha-1 at 10-15 ft) and phosphorus level (1.11 at 0-5ft, 0.715 at 5-10 ft and 0.679 kg ha-1 at 10-15 ft) of the soil

decreased with increasing depth of the soil. However, the content of potassium (2.636 at 0-5ft, 4.374 at 5-10 ft and

5.82 kg ha-1 at 10-15 ft) increased gradually from the surface to the greater depth. Analysis of variance is

computed to infer the variation in the concentration of parameters in different opencast coal projects and in various

depths of the study area.
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Introduction

Soil is polluted due to disposal of industrial/mining and

domestic solid wastes, wet and dry deposition from the atmosphere,

infiltration of contaminated water and acid mine drainage (Unni and

Fole, 1999; Chakraborty, 2000; Aswathanarayana, 2003; Singh

and Singh, 2004). Thus, several changes occur in the physical,

chemical and microbiological properties of soil and soil fertility

gradually deteriorates year by year. Hence, critical evaluation of soil

properties around coal mining areas is carried out in different Indian

Gondwana coalfields (Ghose, 2004; Kundu and Ghose, 1994;

1997a, b, c; 1998, Swain et al., 2011) to know the extent of

deterioration of soil quality. Studies carried out in other countries also

reveal that mining deteriorates the soil quality of the area (Horvat et

al., 2003; Jung and Thornton, 1997; Kim et al., 1998; Williams et al.,

1999).

Some harmful substances like mercury or lead are naturally

present in soils. Coal mining may cause soils to be contaminated by

heavy metals (Horvat et al., 2003). Dumping of solid waste on land

can invariably introduce a wide range of pollutants to the soil. On the

other hand, there are compounds that do not occur naturally and

their presence in soils and sediments are entirely due to anthropogenic

activities. These substances include pesticides, particularly, the

organo-chlorine compounds such as toxaphene, aldrine and dieldrine

(Jung and Thornton, 1997).

Top soil should be preserved in order to restore and

reclaim the mined land (Ghose, 2004; Kundu and Ghose, 1994;

1997a). Every year large areas are continually becoming unfertile

due to opencast mining. Every million tonne of coal extracted by

surface mining methods damages a surface area of about 4 ha in India

(Ghose, 2004). The coal mining alone accounts for rendering
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biological unproductive area of about 500 ha during 1994-95, which

rose to 1400 ha by 2000 (Ghose, 2004).

In the present study an attempt has been made to analyse

the soil samples for inferring deterioration of soil properties due to

mining around five opencast coal projects (viz, Samaleswari,

Lakhanpur, Lajkura, Lilari and Belpahar) of the Ib river coalfield

near Belpahar and Brajarajnagar townships of Jharsuguda district

(Fig. 1). In these opencast mines, the area has been completely

stripped of vegetation to remove the overburden covering the coal

seam.

Materials and Methods

The Ib river coalfield is located in the south-eastern part of

NW-SE trending Mahanadi Master Basin belt between 210 30' and

220 06' N latitudes and 830 37' to 840 10' E longitudes. The areas

embrace the Himgir sub-basin in the north and the Rampur sub-

basin in the south. The areas are covered by Gondwana rocks

consisting mainly Upper Kamthi, Lower Kamthi (Raniganj), Barakar,

Kaharbari, Talchir formations (Goswami et al., 2006; Goswami, 2007;

2008). Soil samples were collected from five opencast projects

(Samaleswari, Lakhanpur, Lajkura, Lilari and Belpahar) during 2006,

2007 and 2008 [three times in a year i.e. March (pre-monsoon),

July (monsoon) and November (post monsoon)]. Litter and vegetation

cover was scraped and removed before the collection of soil samples.

Soil samples were collected from the vertical surface of overburden

from all the five opencast coal projects at the successive depth of

surface to 5 ft, 5 to 10 ft and 10-15 ft. Sub samples were collected

from spots, which were distributed at random covering each sampling

unit at particular depth. The sampling location sites were randomized

(Jackson, 1973). The collected soil samples were air dried at room

temperature and lightly crushed with mortar pastels and passed

through 2 mm sieve and stored for laboratory analysis.

The texture of the soil sample was determined by feel or

rubbing the soil between the thumb and the fingers (Ghose et al.,

1983). It is a rapid procedure and proficiency is gained through

experience, trial and comparison with samples of known textural

class. Various physico-chemical parameters viz. pH, porosity, density,

phosphorus, nitrogen, potassium, etc. were analyzed following

standard analytical procedures (Jaiswal, 2004; Gupta, 2004).

Besides, the organic carbon content of the soil was determined

following Walkley-Black Method (Walkley and Black, 1934). In order

to determine the existence and statistical significance of these variations

and trends, a cross classification analysis (Santra, 2004) along with

F-test was assessed on the data.

Results and Discussion

There were slight variations in the values of different physico-

chemical parameters assessed during pre-monsoon, monsoon and

post-monsoon of each assessed year (2006, 2007, 2008). For the

homogeny, only mean values of different parameters of each year

are presented in Table 1. The analytical results of the soil samples of

Ib river coalfield during 2006-08 infer that the soil moisture content

gradually declines from the surface to the deeper depth. Maximum

soil moisture was found in the surface layer of 0-5 ft depth (7.297%)

and minimum in the depth of 10-15 ft (4.134 %). It is evident that the

moisture content in the soil is more in the rainy season as the soil

Fig. 1: Geological map of Ib river coalfield of Jharsuguda, Orissa (�) depicting locations of five investigated opencast coal projects
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capillaries (porosity) retain a lot of water from the run off. The water

can penetrate deep into the soil through capillaries. However, the

capillaries gradually lessen due to compactness of the soil particles

(particle density). The increasing compactness of soil towards the

lower level can decrease its water holding capacity. Thus, soil moisture

is found to be decreased with increasing the depth of the soil. Its

value is declined gradually towards the arid period of pre-monsoon

and post monsoon.

Particle density is defined as the weight per unit volume of

the solid. It is also termed as true density and is expressed in mg-3  or

gm cc-1. It depends upon the accumulative densities of the individual

inorganic and organic constituents of the soil (Braddy, 1998).

Generally, in the normal soils the particle density is 2.65 gm cc-1

(Gupta et al., 2006). The particle density (D
p
) of soil in this region is

increased gradually from surface layer to the greater depth (Table 1).

Bulk density is defined as the mass (weight) per unit volume

of a dry soil including pore space and is expressed in mg-3 or gm cc-

1. The bulk density of a soil is always smaller than its particle density.

Loose and porous soils have low weights per unit volume and

compact soils have high values (Braddy, 1998). The bulk density of

sand dominated soils is about 1.7 mg m-3, whereas in organic peat

soils the value of bulk density is about 0.5 mg m-3 (Gupta et al.,

2006). Generally, bulk density is of greater importance than particle

density in understanding the physical properties of soils. The bulk

density (D
b
) of the soil samples of all the investigated opencast coal

projects increased with increasing depth (Table 1).

Pore spaces (also called voids) in a soil consist of that portion

of the soil volume not occupied by solids, mineral or organic matters.

The volume percentage of total pore space in a soil is known as soil

porosity. Pores in soil are the result of irregular shapes of primary

particles through which gases, water, roots, worms and insects can

be entrapped. The porosity of soil depends on the particle density as

well as to the bulk density (Jackson, 1973). Its trend also decreased

with increasing depth in the investigated area. It is observed that the

porosity is very low in the depth of 10-15 ft (Table 1).

The mean pH values in the upper layer (0-5 ft) of the

investigated soil samples were slightly acidic (6.759). The pH values

were more acidic in the depth of 5-10 ft (5.104). However, it again

increased in the depth of 10-15 ft and was slightly acidic (6.737)

(Table 1).

The organic carbon is also an important parameter for

determining the soil fertility and soil productivity. The mean organic

Table - 2: Analysis of variance (ANOVA) of different parameters of soil at various depths during 2006, 2007 and 2008 in various locations around Ib river

coalfield of Jharsuguda district, Orissa

Parameters Source of  variations S.S D.F. M.S. Calculated Tabulated value of F
value  of F

Soil moisture (%) Among the different projects 0.0480 4 0.012 F=2.66 F
0.05

=6.04, F
0.01
=14.799

Among the various depths 25.715 2 12.857 F=401.78 F
0.05

=19.37, F
0.01
=99.37

Within the samples for both the variables 0.260 8 0.032

Particle density (g cc-1) Among the different projects 0.0469 4 0.0117 F=2.22 F
0.05

=6.04, F
0.01
=14.799

Among the various depths 1.9556 2 0.977 F=37.57 F
0.05

=19.37, F
0.01
=99.37

Within the samples for both the variables 0.2078 8 0.026

Bulk density (g cc-1) Among the different projects 0.0203 4 0.0051 F=1.55 F
0.05

=6.04, F
0.01
=14.799

Among the various depths 1.5674 2 0.7837 F=99.202 F
0.05

=19.37, F
0.01
=99.37

Within the samples for both the variables 0.0634 8 0.0079

Porosity (%) Among the different projects 1.239 4 0.3099 F=2.785 F
0.05

=6.04, F
0.01
=14.799

Among the various depths 179.689 2 89.8448 F=807.236 F
0.05

=19.37, F
0.01
=99.37

Within the samples for both the variables 0.890 8 0.1113

pH Among the different projects 0.0108 4 0.0027 F=1.037 F
0.05

=6.04, F
0.01
=14.799

Among the various depths 9.0081 2 4.5040 F=1601.383 F
0.05

=19.37, F
0.01
=99.37

Within the samples for both the variables 0.0225 8 0.0028

Organic Carbon (kg ha-1) Among the different projects 0.466 4 0.1167 F=8.335 F
0.05

=6.04, F
0.01
=14.799

Among the various depths 2.358 2 1.179 F=84.214 F
0.05

=19.37, F
0.01
=99.37

Within the samples for both the variables 0.118 8 0.014

Nitrogen (kg ha-1) Among the different projects 1.198 4 0.299 F=2.902 F
0.05

=6.04, F
0.01
=14.799

Among the various depths 15.197 2 7.598 F=73.766 F
0.05

=19.37, F
0.01
=99.37

Within the samples for both the variables 0.822 8 0.103

Phosphorus (kg ha-1) Among the different projects 0.389 4 0.097 F=20.201 F
0.05

=6.04, F
0.01
=14.799

Among the various depths 0.571 2 0.285 F=59.375 F
0.05

=19.37, F
0.01
=99.37

Within the samples for both the variables 0.039 8 0.0048

Potassium (kg ha-1) Among the different projects 1.465 4 0.366 F=1.776 F
0.05

=6.04, F
0.01
=14.799

Among the various depths 25.413 2 12.706 F=61.679 F
0.05

=19.37, F
0.01
=99.37

Within the samples for both the variables 1.654 8 0.206

S.S.: Sum of squares, D.F.: Degree of Freedom, M.S.: Mean squares

H. Mohapatra and S. Goswami



755

Journal of Environmental Biology ����July 2012����

carbon content of the soil in the depth of 0-5 ft, 5-10 ft and 10-15 ft

were 1.367, 0.9 and 0.396 kg ha-1, respectively around Ib river

coalfield (Table 1). The content of organic carbon is declined with

increasing depth of soil. Vegetative materials developed on the

surface of the overburden contribute organic carbon of the soil.

The available nitrogen is an important factor to increase the

soil fertility. Generally, normal soil contains 272-544 kg ha-1 of available

nitrogen (Gupta et al., 2006). The content of nitrogen in the study

area was maximum in the surface layer of depth 0-5 ft. Its estimated

mean value in this layer was found to be 2.845 kg ha-1 around Ib

River Coalfield. This value is too negligible in comparison to the

standard value (272-544 kg ha-1). It can affect the vegetation of the

area as nitrogen acts as a macronutrient of plants. The trend of

nitrogen in the soil of the study area is decreased from the surface to

the deeper depth. The estimated mean values in successive depths

of 5-10 ft and 10-15 ft were found to be 1.059 and 0.48 kg ha-1

respectively (Table 1).

The normal value of phosphorus in the soil should be 22.5

to 56 kg ha-1 (Gupta et al., 2006). The soil samples collected in the

various projects of the study area estimated to be very low in compare

to its standard value. It has been noted that the mean phosphorus

level in the surface layer of soil (0-5 ft depth) was 1.110 kg ha-1 which

is comprehensively lower than the normal value. However, its trend

progressively decreases from the surface to the greater depth (Table 1).

The normal potassium content in the alluvial soil is in between

136 to 337.5 kg ha-1 (Gupta et al., 2006; Sumner, 1994). The mean

potassium content in the surface soil (0-5 ft) of the study area was

2.634 kg ha-1. The value is quite negligible in comparison to the

standard value (136 to 337.5 kg ha-1). The potassium content

increased from the surface layer to the deeper region in different

projects of the study area. At the depth of 10-15 ft, the mean potassium

content was found to be 5.82 kg ha-1 (Table 1).

The analysis of variance of each parameter has been

assessed and is represented in Table 2. The difference in content of

soil moisture, particle density, bulk density, porosity, pH, nitrogen

and potassium in different opencast projects was not significant at

both 5% and 1% level of significance. However, the difference in

content of organic carbon in different opencast projects was significant

at 5% level but not at 1% level of significance. The difference in

content of phosphorous in different opencast projects was significant

at both 5% and 1% level of significance.

The difference in content of soil moisture, porosity and pH in

different depths was significant at both 5% and 1% level of

significance. However, the differences in values of particle density,

bulk density, organic carbon, nitrogen, phosphorous and potassium

in different depths were significant at 5% level, but not at 1% level of

significance.

Soil quality is an important index of environmental pollution.

It becomes polluted by the industrial and mining effluents and domestic

solid wastes. The pollution hazards of land affect flora and fauna in

various ways. It directly influences the food chain of the ecosystem

and water supplies of the areas. The period between initial removal

of the topsoil and final laying of the same over the reclaimed area

might be a long time lapse. So the properties of stockpiled soil

deteriorate and become biologically unproductive (Singh and Singh,

2004; Das, 2003; Aswathanarayana, 2003; Chakraborty, 2000;

Kundu and Ghose, 1997a, b; Ghose, 1996; 2004). As top soil is an

essential component in abandoned mines for growth of vegetation

and has to be preserved for post mining land reclamation (Kundu

and Ghose, 1994; Ghose, 2004). Moreover, the biological

reclamation should be carried out within the shelf life (period up to

which the soil will maintain its fertility status to support plant growth).

Long rooted plants should be planted in order to reclaim the unfertile

overburden soil (Gupta et al., 2006). Otherwise, the nutrients

released by microbiological activity are lost continually due to leaching

and erosion, the nutrient cycle is broken down, and the soil ultimately

becomes unproductive (Ghose, 2004; Braddy, 1998; Das, 2003;

Sindhu, 2002; De, 2002).

A number of studies have been carried out around mining

areas in India (Ghose, 2004; Kundu and Ghose, 1994; 1997a, b, c;

1998, Goswami et al., 2008; 2010a, b; Swain et al., 2011) and in

different parts of the globe (Horvat et al., 2003; Jung and Thornton,

1997; Kim et al., 1998; Williams et al., 1999) to evaluate extent of soil

pollution. Like all these studies, here it is observed that the changes

in soil quality were found to be drastic and continually deteriorating

from 2006 to 2008, ultimately the soil became unfertile in the

investigated coal mines. Available organic carbon, nitrogen,

phosphorus and potassium contents of the studied soil samples were

much below than that of the normal soil. Hence, it can be interpreted

that the overburden soil samples collected from aforesaid opencast

coalmine area were found to be deficient in nutrients like available

nitrogen, phosphorus and potassium etc.
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