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ABSTRACT:

KEYWORDS

Soil samples were unruffled during 
two seasons like pre-Monsoon 
(May 2013) and post-Monsoon 
(November 2014) and analyzed for 
physical and chemical elements 
namely pH and EC, P, K, Na, Ca, Mg, 
Zn, Fe, Mn and Cu. All the data were 
subjected to linear discriminant 
analysis and partial correlation 
analysis in order to understand the 
seasonal variation of the physio-

chemical parameters of soil. Soil samples were observed from the Mahalanobis generalized distance 
and there was a slightly difference in the concentration level of pre-Monsoon and post-Monsoon data. 
Linear discriminant functions were calculated to distinguish between Pre-Monsoon and Post-
Monsoon samples. From the partial correlation coefficient analysis of soil samples, dominance of 
chemical weathering and transform of iron ore fines during monsoon were inferred. It was observed 
that the perfect correlation has been found between Mg and Fe, rest of the elements shown positive as 
well as negative relationship for both the seasons.   

Soil, Physio-chemical, Discriminant analysis, Partial correlation and  Seasonal variation.
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SPATIAL ANALYSIS OF SOIL CONTAMINATION BY IRON ORE MINING OF BELLARY- HOSPET –SANDUR IRON.....

INTRODUCTION :

Soils play an indispensable role in the landscape. Apart from its productive function, it is 
apparent mainly in its contribution to the origin and growth of plants, water retention, accumulation of 
nutrients and various substances to originate the plant and animal life. But during past few decades 
many developmental activities like agriculture, industries, transportation, deforestation, natural 
hazards and mining operation deteriorating the soil characters and soils become contaminated to some 
extent by local, regional and global pollution sources of both natural and anthropogenic origin 
(Mckone.T.E 1997). Among all the anthropogenic activities iron ore extraction created  severe problems 
to the soil health and it is an important source of metals in the environment causing chemical 
pollution.“Mining operations routinely modify the surrounding landscape by exposing previously 
undisturbed earthen materials. Erosion of exposed soils, extracted mineral ores, tailings, and fine 
material in waste rock piles can result in substantial sediment loading to surface waters and drainage 
ways. In addition, spills and leaks of hazardous materials and the deposition of contaminated 
windblown dust can lead to soil contamination (European Union). Unscientific mining has caused 
degradation of land, accompanied by subsidence and consequential mine fires and disturbance of the 
water table leading to topographic disorder, severe ecological imbalance and damage to land use 
patterns in and around mining regions (Ghose, 1989). Soil contamination with heavy metals can persist 
long after completing the mining activity and pose environmental risks to the population living in a 
contaminated area. Although distribution of heavy metals in soils has already been studied for many 
mining sites, there are still very few well-documented studies of soil contamination, especially in the 
areas where zinc, iron and lead ore mining has been carried out for many centuries (J. Zawadzki. P. 
Fabijanczyk, 2012).

Unfortunately in most regions of earth, the underground geological resources (minerals) are 
superimposed by above ground biological resources (forests). This is particularly more prominent in 
India. Hence, mining operations necessarily involves deforestation, habitat destruction and 
biodiversity erosion. The extraction and processing of ores and minerals also lead to widespread 
environmental pollution. However, mankind also cannot afford to give up the underground geological 
resources which are basic raw materials for development. Physio- chemical parameters and 
concentration of heavy metals P, K, Ca, Mg, Zn, Na,  Cu, Fe, and Mn in soils in and around the mining 
regions  were analyzed and found that most parameters and metals concentration exceeds the 
permissible limit and concluded that ex-mining catchment has a high pollution potential due to mining 
activities (Ashraf et al., 2010). In the present study an attempt has been made to understand the quality 
of agricultural soil of Bellary region where iron ore mining is one of the significant primary activities of 
the district. To know more details about the contribution of chemical components into the soil through 
transporting of ores, dumps, weathering of bed rocks and overburden mine dumps and the distribution 
pattern of different metals in the region statistical analysis such as discriminant and partial correlation 
analysis were used. Discrimination between soils of mining and non-mining areas was also established 
through statistical analysis (D.S. Ratha, G. Venkataraman and S. Pahala Kumar 1994). Studies also 
showed that there is a clear connection between the distance and the load of heavy metals that get into 
the soil. 
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STUDY AREA:

      Fig-I 

The study area Bellary district is one of the 30th districts of Karnataka, situated in “Deccan 
Plateau” popularly known as “Northern Maidan” of Karnataka state.  It is located in the Eastern part of 

0 IKarnatak state and spanning over an area of 8,450 Sq.kms. The study area lies between 14  33  North to 
0 I 0  I 0  I

15  50  North latitudes and 75  42  East to 77 10  East Longitudes. The mineral bearing area lies in part of 
0  I 0 I 0 IBellary, Hospet & Sandur taluks (14  15  North latitude to 15  20  North latitude and 76  20  East 

0  I
longitude to 76  55  East longitudes) popularly known as BHS sector. The iron ore deposit of BHS sector 
are confined to two main bands forming spindle shaped Sandur schist belt (1) The eastern copper 
mountain belt and (2) The Western Sandur belt these two belts widely differing natural divisions-the 
Eastern division is flat and almost treeless, Western division with constant succession of wild, rugged 
hills and comparatively having high elevation.

The district is bounded on the North West by Gadag district, on the North by Koppal district, on 
the North east by Raichur district and West by Haveri, on the South by Davanageri, on the Southeast by 
Chitradurga district of Karnatak state. Anantpur and Karnool districts of Andra Pradesh lie on the East. 
The average height is 461 meters from mean Sea level. Administratively, the district is divided into 7 
talukas and spread over two revenue subdivisions viz. Bellary and Hospet. The Bellary revenue 
subdivisions has three talukas viz. Bellary, Siraguppa and Sandur, while the Hospet revenue 
subdivisions comprises four taluks viz Hospet, Hadagali, Hagaribommanahalli and Kudalgi (Fig.I). There 
are 27 hoblies and 554 villages comprises in the district (table II.1). Bellary and Hospet taluks are 
drained by Tungabhadra River, which forms the district boundary on Western side bordering Hospet 
taluk.

3

SPATIAL ANALYSIS OF SOIL CONTAMINATION BY IRON ORE MINING OF BELLARY- HOSPET –SANDUR IRON.....



Article Indexed in :
    DOAJ                   Google Scholar                    DRJI
    BASE                   EBSCO                                    Open J-Gate

OBJECTIVES:

HYPOTHESES:

MATERIALS AND METHODS:

The present study intends to evaluate the spatial variation in soil contamination by iron ore 
mining of Bellary district with the following objectives.

©To evaluate the mining impact in main expressions of physical and chemical components of soil of 
the BHS region by applying quantitative techniques.

©To know the adverse impact of the iron ore mining on the agricultural soil of the region. 

To achieve the above mentioned objectives the following hypothesis has been formulated and 
tested with the help of suitable tools and techniques to make the study more meaningful.
 
©At the vicinity of the mining area the concentration of different types of acidic chemicals are more 

in soil and which not only leads to loss of fertility but also contaminates and it decreases as we go 
away from the mining area.

  

The physico -chemical characteristics of soils in the study area were examined by obtaining soil 
samples from selected points and analysed the same with the help of quantitative techniques. Soil 
samples  from agriculture field within a radius of 2 km from mining area and beyond 2 km for non- 
mining area of BHS mining  region were collected for  both  Pre-monsoon (May 2013)  and Post-
monsoon (November 2014). Simple random sampling technique has been employed to collect the soil 
sample, and accordingly there were 48 soil samples (05-15 cm from surface to underground) were 
collected at varying distances from the mining spots. The collected soil samples were stored in 
polyethylene bags by assigning numbers to each sample. For both major and trace element analysis, 

0
oven dried (at about 100 C) and powdered (<200 mesh particle size) samples were taken. After drying, 
both sample and powder are (it by) crushed with wooden pestle and mortar. The pH was measured in a 

+
1:2.5 soil/H  (Hydrogen Ion) suspension using a water proof Potentiometric (meter) method and 
electrical conductivity (EC) was measured by Conductivity Cell Potentiometric method for the both 
seasons. From the soil sample of pre-monsoon time, available phosphorous (P), potassium (K) and 
Sodium (Na) were determined by Spectrophotometery-Ascorbic acid method (Olsen Method), Flame 
Emission Photometry and Flame Photometer methods respectively. The Calcium (Ca) and Magnesium 
(Mg) elements were measured in soil by Standard versenate (EDTA-Titration) method.  Available 
micronutrient cations, Iron (Fe), Manganese (Mn), Zinc (Zn) and Copper (Cu) were extracted with 
diethylenetriamine pentaacetic acid /calcium chloride (DTPA-Cl 2 Lindsay and Norvell 1978) solution 
and are analyzed by atomic absorption spectrophotometer.  For the post-monsoon soil samples, Sulfur 
(S) was determined by Turbidometric method and total elemental analysis of P, K, Na, Ca, Mg, Fe, Mn, 
Zn and Cu were measured by  Aquaregia extract method and elements are analysed by Atomic 
Absorption Spectrometer (AAS).

The chemical data were subjected to statistical analysis viz. discriminant analysis and partial 
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correlation coefficient analysis. For discriminant analysis of pre monsoon and post monsoon mining 
soil samples are individually analyzed for establishing the seasonal variations.  The discriminant scores 
are identified and formed an index with R0 and R. The linear discriminant functions (LDF) are 
established and used for discrimination between different physio-chemical parameters of Pre-
Monsoon and Post-Monsoon seasons; these are plotted on the graphs. The partial correlation analysis 
has been applied to understand the significance between the physio-chemical parameters of Pre-
Monsoon and Post-Monsoon periods and significant test of Z- values for both the seasons were 
observed for establishing the relationship in the physio-chemical parameters. Mean & standard 
deviation technique has been followed for all the variables of soil (Tables 1).

Figure: 2 Soil Sampling Locations
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Table-1. Summary of Physio- Chemical parameters of soil samples and the results of test of 
significance in the difference in mean.   (pH in %. EC in dS/m P to Cu are in ppm)

RESULTS AND DISCUSSIONS:

Discriminant model: 

Discriminant analysis involves the derivation of linear combinations of the two (or more) 
independent variables that will discriminate between the defined groups. A simple linear discriminant 
function transforms an original set of measurements on a sample into a single discriminant score; in 
other words, it condenses a multivariate problem into such involving only one variable. The test for the 
statistical significance of the discriminant function is a generalized measure of the distance 

2(Mahalanobis distance D ) between the group means. Finally, the calculated discriminant scores for 
both the groups can be plotted along the discriminant function line, and the discriminant score index R  0

can be obtained on the point along the discriminant function line exactly halfway between the centre of 
group 1 and the centre of group 2. In case of overlapping the misclassification error has to be        
calculated. When overlapping is small the groups are well separated and vice versa. The vertical scale of 
the plot represents the calculated scores and the horizontal scale represents the projecting of sample 
scores onto the discriminate function line. Anderson (1984), Cooley and Lohnes (1971) and/or Davis 
(1986) are the important scientist who used this technique.  In the present case, the total elemental 
geochemistry data of soil samples were subjected to discriminant analysis in order to establish the 
seasonal variation in the concentration levels of Pre-Monsoon and Post-Monsoon data in the mining 
area of Bellary district. Prior to this Ratha and others (1992), Ratha and Sahu (1993a, 1993b), Ratha and 
others (1994b), Ratha and Sahu (1994) and others have used discriminant analysis to establish the 
anthropogenic contribution of contaminants in soil and sediments due to mining activities. Prior to 

2
carrying out discriminant analysis using Mahalanobis generalized distance D , F-test values, group 

variables Soil Premonsoon Soil Postmonsoon    
Mean 
(m1) 

Std. 
Deviation 

Mean 
(m2) 

Std. 
Deviation 

S.E m1-m2 m1-m2/S.E 

pH      8.42 0.46 8.15 0.39 0.03 0.26 7.57 

Electrical    (EC) 

Conductivity  
0.27 0.11 0.22 0.17 0.01 0.05 3.92 

Phosphorous(P) 546.87 661.13 30.86 23.20 130.21 516.01 3.96 

Potassium    (K)   1241.88 611.46 368.63 220.19 79.86 873.25 10.93 

Sodium       (Na) 1052.50 290.77 268.38 162.26 26.22 784.12 29.90 

Calcium      (Ca)  28791.67 9735.54 21.31 8.86 1985.45 28770.36 14.49 

Magnesium (M) 10325.00 3407.82 6.03 2.61 695.09 10318.97 14.85 

Zinc            (Zn)  55.34 30.56 1.10 0.53 6.12 54.24 8.86 

Iron             (Fe) 75145.84 43671.48 13.32 53.60 8903.47 75132.52 8.44 

Manganese (Mn) 2121.40 4291.91 5.86 5.47 874.97 2115.54 2.42 

Copper       (Cu) 48.94 31.27 2.43 3.53 5.65 46.51 8.22 
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means and the discriminant index (R ) were calculated for each group. The calculated discriminant 0

scores for each group were plotted along the discriminant function line (Figs. 3 and 4) to detect any 
2misclassification. In the case of soil Pre-Monsoon and Post-Monsoon soils, a high D  value of 44.23 was 

observed (with an F-value 17.170 and 66 degrees of freedom). The group means R0 (soil pre-monsoon) 
= 4.872 and R  (soil post-monsoon) = -4.872 are also well separated with only 1.02% misclassification 1

error (Fig. 3). From Fig. 3 it was observed that the Post-Monsoon samples are not dispersed than Pre-
Monsoon samples. This may be due to low rainfall during monsoon.

The following linear discriminant functions (LDFs) were established and used to discriminate 
between different components.  

FIG.3 Discriminant score plot for soil samples pre- monsoon

FIG.4 Discriminant score plot for soil samples post -monsoon
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R= pH +.071, EC -.267, P -.232, K +.168, Na -.009, Ca +.646, Mg +.917, Zn +.761, Fe +.318, Mn -.073, Cu 
+.238. 

with R  (soil discriminant index)=0.039. Any components with R≥R  will indicate a pre-monsoon 0 0

sample and R≤R  will indicate a post-monsoon sample.From the discriminate analysis it was observed 0

that there is some difference in the concentration of various chemical components between pre-
monsoon and post-monsoon soil samples. This variation is due to the transformed and leaching mine 
fines and ore materials and composed and deposited in the soil during rainy days.

The partial correlation coefficient (r) measures the strength of the relationship between the 
dependent variable and a single predictor variable when the effects of the other predictor variables in 
the model are held constant (Anderson 1984; Cooley and Lohnes 1971). The advantage of partial 
correlation over multiple correlations is that the latter often does not exhibit the exact correlation 
between the random variables. Also, partial correlation will give better geochemical interpretation 
with respect to seasonal variation in the data, i.e. whether from pre-monsoon samples (Z1) or from 
postmonsoon samples (Z2). A For this purpose, the correlation (r) value of various samples has been 
transformed using Fisher’s z transform in the following way: Z= 1/2 [ln((1 + r)/ (1 - r))].

The hypothesis that the samples are drawn from the same population can be tested by 
calculating the standard error of distribution of (z1 - z2) and the significance level (SL). If the difference 
in SL is less than 1.96 (5% level of significance), then the difference between z1 and z2 is significant. In 
other words, the samples of Z1 and Z2 can come from the same population, i.e. there is no variation in 
the data in different seasonal samples. Again, if SL is greater than 1.96, the there is a significant 
difference in the sample populations of Z1 and Z2. In the present case, partial correlation coefficient 
analyses of pre-monsoon and post-monsoon soil characteristics were carried out using physical and 
chemical parameters. Prior to the partial correlation coefficient a test of significance in the difference in 
mean (Mode 1958; Rickmers and Todd 1967) of different variables of both the seasons were carried out 
to guide in the selection of effective variables for partial correlation analysis. It was observed that in the 
case of soil samples (Table 1) almost all the variables show significant difference in the mean, except pH 
and EC at the 5% level of significance. The results of the significance test for difference in mean also 
confirms the observations obtained from discriminant analyses (where the joint effect of all the 
variables of both the seasons were compared) and indicates that there is a large difference in the 
concentration level of different variables in both the seasons. Thus, for partial correlation analysis, all 
the variables of soil were considered. The results of partial correlation are presented in Tables 2 and 3. 
The difference between z-values of both the seasons were calculated and presented in Table 4.

Partial Correlation Coefficient Model: 

8
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Table-2. Partial correlation coefficient for soil samples Pre-Monsoon

Table-3. Partial correlation coefficient for soil samples Post-Monsoon 

In the case of soil pre-monsoon samples (Table 2), the positively strong correlation connects the 
P-Zn, Na-Fe and Fe-Mn. The intermediately positive correlation stuck between pH-K-Cu, EC-Mg, P-Ca, 
K-Ca and Na-Mn. The correlation involving among pH–EC-P-Na-Ca-Mn, EC-Na-Ca-Zn, P-K-Na-Cu, K-Na-
Zn-Mn, Na-Zn, Ca-Cu, Mg-Fe and Zn-Fe is the positively low correlation. The correlation flanked by 
pH–Mg-Zn-Fe, EC-K-Fe-Mn-Cu, P-Fe-Mn, K-Fe, Na-Mg-Cu, Ca-Fe-Mn, Mg-Mn-Cu, Zn-Mn-Cu, Fe-Cu and 
between Mn-Cu have the negatively low correlation. 

*. Correlation is significant at the 0.05 level (1-tailed).
**. Correlation is significant at the 0.01 level (1-tailed).

In the case of soil post-monsoon samples (Table 3), the positively intermediate correlation 
connects the pH–Na-Ca-Fe, EC-Na-Cu, P-Mn-Cu, Na-Mg and Ca-Mg. The correlation involving among 

 pH EC P K Na Ca Mg Zn Fe Mn Cu 

pH  1           

EC  .067 1          

P  .038 .103 1         

K  .443* -.183 .105 1        

Na  .205 .085 .163 .285 1       

Ca  .286 .179 .318 .333 .229 1      

Mg  -.282 .305 -.590** -.350* -.062 -.311 1     

Zn  -.027 .238 .878** .084 .254 .194 -.451* 1    

Fe  -.199 -.079 -.025 -.055 .729** -.252 .133 .131 1   

Mn  .041 -.236 -.004 .232 .676** -.085 -.062 -.024 .707** 1  

Cu  .578** -.103 .075 .405* -.012 .123 -.004 -.128 -.284 -.081 1 

 

 pH EC P K Na Ca Mg Zn Fe Mn Cu 

pH  1           

EC  .210 1          

P  .131 .018 1         

K  .199 .225 -.024 1        

Na  .452* .656** -.235 .025 1       

Ca  .551** .142 -.367* .267 .541** 1      

Mg  .141 .130 -.251 .162 .442* .547** 1     

Zn  -.129 -.221 .142 -.287 -.031 -.208 -.011 1    

Fe  .361
*
 -.095 .120 -.204 .107 .041 .132 -.163 1   

Mn  -.043 -.127 .345
*
 -.007 -.120 .039 -.148 .070 -.089 1  

Cu  -.082 .408* .331 .133 -.014 -.042 .292 -.245 -.090 -.056 1 
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pH–EC-P-K-Mg, EC-Ca-Mg, P-Zn-Fe, K-Na-Ca-Mg, Na-Fe, Ca-Fe-Mn, Mg-Fe-Cu and Zn-Mn have 
positively low correlation. Among the negative variables only P-Ca has intermediately correlation. The 
correlation flanked by pH–Zn-Mn-Cu, EC-Zn-Fe-Mn, P-K-Na-Mg, K-Zn-Fe, Na-Zn-Mn-Cu, Ca-Zn-Cu, Mg-
Zn-Ca, Zn-Fe and Fe-Cu have the negatively low correlation.  

The significant correlation between different chemical pairs was observed from the significant 
test of z-values of soil pre-Monsoon and post-Monsoon components (Table 4), among all the chemical 
pairs Mg-Fe shown the perfect correlation this may be because of mining fines transformed and 
deposited in agricultural field during rainy season. The positively strong correlation connects the P-Zn, 
Na-Mn and Fe-Mn may be for the reason that Fe O  is enriched due to the iron ore mining activities in 2 3

surrounding area. The intermediately positive correlation stuck between EC-Zn, P-Na-Ca-Mg-Zn, K-Zn, 
Na-Fe-Mn and Ca-Zn. The correlation involving among pH–EC-P-K-Zn-Mn-Cu, EC-Ca-Mg-Fe, P-Na-Mg, 
K-Na-Ca-Zn-Fe-Mn-Cu, Na-Zn-Cu, Ca-Cu, Mg-Mn and Zn-Cu have the positively low correlation. Among 
all the negative chemical pairs Ca-Mg has shown the negatively strong correlation because of the less 
concentration of the calcium oxide in the soil. The correlations flanked by pH–Na-Ca-Fe, EC-Mn, P-Fe-
Cu, Ca-Mn, Mg-Zn-Cu, Zn-Mn, Fe-Cu and Mn-Cu have the negatively low correlation. The negatively 
intermediate correlation observed between pH–Mg, EC-K-Na-Cu, P-Mn, K-Mg and Na-Ca-Mg because 
of dissolution of minerals and washed away.

Seasonal variation in the concentration levels of chemical and physical parameters of soil was 
successfully studied using linear discriminant analysis and partial correlation analysis. From the 
discriminate analysis using Mahalanobis generalized distance. It was observed that levels of 
concentration in the soil were not a large difference in both the seasons like pre-monsoon and post-
monsoon. This was also confirmed from the significance test of difference in mean of different variables 
for both the seasons. From the partial correlation coefficient analysis of soil samples dominance of 
chemical weathering and transform of iron ore fines during monsoon was inferred. It is noticed from 

Table-4. Difference between soil Pre-monsoon and soil Post-monsoon Z values

CONCLUSION

 pH EC P K Na Ca Mg Zn Fe Mn Cu 

pH  0           

EC  0.46 0          

P  0.093 0.085 0         

K  0.244 -0.408 0.129 0        

Na  -0.247 -0.571 0.398 0.26 0       

Ca  -0.265 0.037 0.685 0.066 -0.318 0      

Mg  -0.423 0.175 0.339 -0.512 -0.504 -0.858 0     

Zn  0.102 0.456 0.736 0.371 0.285 0.402 -0.44 0    

Fe  -0.56 0.016 -0.145 0.149 0.622 -0.293 1 0.294 0   

Mn  0.084 -0.109 -0.349 0.239 0.796 -0.124 0.086 -0.094 0.796 0  

Cu  0.66 -0.511 -0.256 0.272 0.102 0.165 -0.296 0.117 -0.194 -0.025 0 
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the fact that the different types of acidic chemicals are concentrated in agricultural soil and affected 
area of the Bellary district; simultaneously mining eruption damaged the fertility of the soil. Thus, these 
statistical techniques can be used for pollution monitoring studies in any mining area.
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