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Abstract

Keywords

The present study was conducted to evaluate the source apportionment of soil pollution and its 
impact on soil quality using multivariate statistical analysis tools. Multivariable statistical techniques 
such as cluster analysis (CA), principal component analysis (PCA), factor analysis (FA) and correlation 
offers superior interpretation of complicated data sets to better understand the soil quality. Soil samples 
were analyzed for physicochemical parameters (pH, temperature, electrical conductivity, organic car-
bon, moisture content, phosphate, potassium and sulphar) and for some important heavy metals (zinc, 
iron, manganese and copper). Sampling stations have been classified into three groups using Cluster 
Analysis (CA) in a convincing way. Results revealed that among all the sampling stations, three sig-
nificantly different groups: (1) stations having highest pollution sources (HW and MW), (2) Moderate 
polluted area (SW and IW) & (3) control site (VW) of the study stretch. The PCA generated 2 sig-
nificant factors having eigenvalues >1 which explain 82.78% of the variance in the dataset. Each soil 
quality parameter with strong correlation coefficient value was considered to be significant (p<0.01). 
Therefore, the present study revealed that mining activities, dumping of municipal sewage, disposal of 
biomedical waste and industrial effluent including solid waste (e.g fly ash) have greater influence on 
the soil quality. Results also showed that the concentrations of heavy metals (Cu, Mn and Zn) in highly 
polluted soil are beyond the permissible limit. The pollutant levels were significantly different in the 
three groups of soil pollution character samples, which were confirmed by ANOVA analysis.

Soil, Cluster Analysis, Factorial Analysis, PCA, mining activity, source apportionment
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Introduction
Soil is one of the important and valuable resources of 

the nature.  It is composed of 50% of organic and inorganic 
matters, and 50% of air and water which fills existing vacant 
spaces of the soil and keeps live organisms of the soil [9]. 
Soil quality is controlled by complex anthropogenic activi-
ties and natural factors [1]. 

Population growth, unplanned urbanization and increas-
ing industrialization lead to enormous pollution sources to 
degrade the soil quality. Mining has been one of the most 
common activities since ancient times and continues to re-
main so in the modern world. Mining is an important part of 
our economy. The continued advancements in industrializa-
tion and the ever-increasing demand for energy resources 
and minerals, have led to a spurt in mining activities, bring-
ing in its wake imbalances in ecological equilibrium and 
many environmental hazards 

Mining activities such as crushing, grinding, washing, 
smelting and all other processes used to extract, concentrate 
generate waste products such as mine overburden and mine 
tailings (waste soil) which directly affect the cultivated land, 
forest or grazing land, and the overall loss of production. 
Inorganic fertilisers are also frequently used in conventional 
agriculture to attain high crop yields. However, the intensive 
application of these chemical inputs can decrease the quality 
of agricultural soils and increase the risks of environmental 
pollution [21]

Another significant element is the complexity of path-
ways determined by emission sources, interactions with 
soil surfaces, and changes over time in the chemical and 
biological conditions in the environment. Soil ecosystem in-
cludes inorganic and organic constituents, and the microbial 
groups. In suburban areas, the use of industrial or munici-
pal wastewater for irrigation purpose is common practice in 
many parts of the world [22], including India [18,19]. An 
additional source of waste that finds its way from hospitals 
and clinics has long term effect on environment [29]. In de-
veloping countries open dumpsites are common, due to the 
low budget for waste disposal and non-availability of trained 
manpower, it also poses serious threat to soil quality. The 
contamination of soil can cause adverse effects on human 
health, animals and soil productivity [20]. It is depriving our 
ecosystem of the natural balance and bear result beyond any 
repair. Assessment of soil pollution becomes difficult when 
contaminants belong to different sources and their products 
are variably distributed [28].

The application of multivariable statistical techniques 
such as cluster analysis (CA), principal component analysis 
(PCA), factor analysis (FA), and correlation offers superior 

interpretation of complicated data sets to better understand 
soil quality [26]. Therefore, the present study was conducted 
for the evaluation of pollution sources and its impact on soil 
quality using multivariate statistical analysis tools.

Material and methods

Study area
The study area lies in southwest portion of Uttar Pradesh 

state in India between 250 30’ and 250 57’ N latitude and 780 

40’ and790 25’ E longitudes. The present study was divided 
in 5 division (on the basis of solid waste discharge i.e. Hos-
pital (HW), Household sector (SW), Vegetation area (VW), 
mining area (MW) and industrial area (IW) of the city Jhansi. 
The 10 sites were divided as HW comprises Medical Hospi-
tal (MH) and Germany Hospital (GH), IW includes Parich-
ha Dam (PcD), Pahuj Dam (PD) and Thermal Power Plant 
(TPP), SW contains Bundelkhand University (BU) and Sipri 
city (S), MW impose Gora Machia (GM) and Bhagwantpura 
(BP) mining areas whiles VW embrace Pichor vegetation 
area as a control site (Fig.1). 

Sampling and analysis
Soil sampling was done manually on fortnightly basis 

and transferred to the laboratory, preserved and stored for 
further analytical determinations and treatment. Soil sam-
ples from the depth range of 2 to 20 cm were collected and 
loaded in sterile envelopes. Biological activity such as mi-
crobial respiration, chemical activity such as precipitation 
or pH change, and physical activity such as aeration or high 
temperature must be kept to a minimum. Methods of pres-
ervation include cooling, pH control, and chemical addition. 
Air dried and ground up to pass through a 2-mm sieve for 
soil particle size distribution, a 1-mm sieve for soil pH, and 
a 0.25-mm sieve for pH, electrical conductivity (EC), OC, 
K, S, Zn, Fe and Mn, Temp, PO4

-2 and Cu using standard 
methods.  Soil was digested by sulfuric acid–perchloric acid 
and then used by molybdenum– antimony colorimetry to 
measure Phosphate (PO4

-3).
Organic matter was detected by oxidation with a potas-

sium dichromate-titration of FeSO4. Procedures for the de-
termination of soil basic properties were standard methods 
recommended by American Society for Testing Material 
(ASTM, 1985). Heavy metals, Zn, Fe, Mn and Cu were ana-
lyzed by using AAS (Perkin Elmer, USA, 2009). For data 
accuracy, reagent blanks and standards were analyzed at be-
ginning and end of the measurement. For analytical preci-
sion, the samples were analyzed in triplicates. The reproduc-
ibility was within ±5 % in all measurements. 



A statistical method for source approtionment of soil pollution

3971
Fig. 1. Dendrogram based on hierarchical agglomerative clustering of sites

Statistical analysis
Multivariate analyses were performed through hierar-

chical agglomerative CA and PCA. After standardization of 
the data (z-score transformation), CA was performed on all 
the six stations by single linkage method using Euclidean 
distance as a measure of similarity. PCA was performed to 
obtain significant principal components (PCs) from the data 
of wastewater from all the stations and groups obtained from 
CA with a view to assess spatial differences in ground wa-
ter quality. All the statistical and mathematical calculations 
were conducted using SPSS 16 software.

Results and Discussion

General description of soil quality
The descriptive statistics of physical and chemical pa-

rameters analyzed in the soil samples collected from dif-
ferent depths in the study site are given in Table 1. Results 
revealed that pH value ranged from slightly acidic to mildly 
alkaline in all the sampling stations (6.60 – 7.34). The EC 
and pH of this soil samples are within the permissible limits 
(WHO, 1984). The permissible limit of organic carbon is 
0.8% and the values ranged between 0.378 – 1.132%. Re-
sults showed that the concentrations of heavy metals (Cu, 
Mn and Zn) are beyond the permissible limit. The values of 
Cu, Mn and Zn ranged between 0.298 – 0.398, 1.27 – 8.08 

and 1.684 – 7.998 respectively. The sulphur values found 
between 0.0073 – 0.635, which is much lesser than the per-
missible limit prescribed by BIS. The nutrients (K and PO4

-3) 
present in soil samples are also within the permissible limit 
which depicts in the range of 147.2 – 417.4 and 4.262 – 
17.41 respectively.

Pattern recognition of soil quality
Figure 1 revealed the characteristic features and types 

of pollution sources in soil. Sampling stations have been 
classified into three groups using Cluster Analysis (CA) in 
a convincing way. Clustering analysis is an unsupervised 
multivariate technique used to classify objects into catego-
ries or clusters based on their nearness or similarity[23,18].
Among all the ten stations, three significantly different 
groups: (1) stations having highest pollution sources (HW 
and MW), (2) Moderate polluted area (SW and IW) &(3) 
control site (VW) of the study stretch were formed by 
CA. In group 1, the sites of MH, GH, GM and BP having 
higher polluted soil, the pollution is due to the dumping 
of hospital waste, biomedical waste and active mining ac-
tivities. Group 2 comprising of PcD, TPP, PD, S and BU 
comprises moderate soil pollution due to discharge of mu-
nicipal waste, influence of Dams and fly ash dumping from 
thermal power plant. However, in group 3 the soil qual-
ity is good because of having vegetation area. Previous 
worker [11]; also reported the similar results in different 

Table 1. Descriptive Statistics

Parameters Minimum Maximum Mean Std. Deviation Variance
pH 6.60 7.34 7.15 0.209 0.044

Temp (0C) 23.54 25.08 24.61 0.472 0.222
OC (%) 0.378 1.132 0.807 0.225 0.051
PO4-3 4.262 17.41 8.359 5.084 25.847

K 147.2 417.40 263.58 86.72 7.520E3
S 0.0073 0.6248 0.128 0.198 0.039

Zn (ppm) 1.684 7.998 4.389 2.068 4.277
Fe (ppm) 1.854 5.610 2.5086 1.132 1.281
Mn (ppm) 1.270 8.080 2.963 2.038 4.154
Cu (ppm) 0.298 0.398 0.346 .0347 0.001



D.M. Tripathi et S. Tripathi

3972

areas. The values obtained in this study which are above 
the maximum allowable contents of metals for agricultural 
purposes as proposed by Blankenship et al. 1994 in these 
soils are indicative of anthropogenic action on the soil total 
elemental composition.

Comparison among parameters and sites
Factor analysis provides information regarding the most 

meaningful parameters, which describe whole data set ren-
dering for data reduction with minimum loss of original in-
formation [23, 24]. It is a powerful technique for pattern rec-
ognition and attempts to explain the variance of a large set 
of inter-correlated variables and transform it into a smaller 
set of independent variables [17, 27].

Principal component analysis/factor analysis was done 
on standard data set. An eigenvalue gives a measure of the 
significance of the factor: the factors with the highest eigen-
values are the most significant. Eigenvalues of 1.0 or greater 
are considered significant [17] Classification of factor load-
ing is thus ‘strong’, ‘moderate’ and ‘weak’, corresponding to 

absolute loading values of > 0.75, 0.75-0.50 and 0.50-0.30, 
respectively [10]. 

The PCA generated 2 significant factors having eigen-
values >1. These factors, eigenvalues and proportion of vari-
ance explained are presented in Table 2. These two factors 
explain 82.78% of the variance in the dataset. The factor 
scores are mapped out in fig. 2. Each soil quality parameter 
with strong correlation coefficient value was considered to 
be significant (p<0.01). Scatter plot of scores (fig. 2) for the 
principal components, PC1 and PC2 was obtained for soil 
samples from all sites (highest pollution, moderate pollu-
tion and control site). Therefore, the present study revealed 
that mining activities, dumping of municipal sewage, dis-
posal of biomedical waste and industrial effluent including 
solid waste (e.g. fly ash) have greater influence on the soil 
quality. The factor analysis results including the loadings, 
variance contribution rate of each VF and cumulative vari-
ance contribution rate are presented in Table 3. The load-
ing plot (fig.  2) for the two groups showed the relationships 

Table 3. Loading of 10 experimental variables on significant variance factor
Parameter PC1 PC2

pH 0.281 0.802
Temp -0.444 0.794
OC 0.854 -0.495
PO4 0.898 -0.053

K 0.630 0.496
S 0.543 0.803

Zn -0.584 -0.483
Fe -0.785 -0.562
Mn 0.787 -0.556
Cu 0.787 -0.556

% Variance 46.981 46.981
Cumulative % variance 35.793 82.775

(Bold and italic values indicate strong and moderate loadings, respectively.)

Fig. 2. Scatter plot of loading for PC1 and PC2
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among the parameters; the smaller distance, and the stronger 
correlation between the parameters [15]. However, the pol-
lutant levels were significantly different in the three groups 
of soil samples. Previous workers [30]; also reported the 
similar finding.

Correlation analysis
Inter-elemental correlation analysis provides informa-

tion about the source and pathway of metals and physico-
chemical parameters. Table 4 demonstrate the Pearson’s 
correlation coefficient of all the parameters analyzed in the 
soil samples. Inter-elemental correlation analysis shows 
that PO4

-3 has strong positive correlation with K (r2> 0.723, 
p<0.05) and Cu (r2>0.841, p<0.001), while strong negative 
correlation with OC (r2>0.660, p<0.05). Likewise, S has 
positive correlation with Zn (r2>0.731, p<0.05) and Fe has 
strong positive correlation with Mn (r2>0.922, p<0.001). 
Similar results were reported previous workers [12, 16]. 
Heavy metals in the soil are binding with various oxides and 
classified as metals bound with carbonates, Mn-oxides, Fe-
oxides, organic matter, sulfides and exchangeable and resid-
uals [25]. In the study site, elements have good correlation 
with Fe and Mn may be bound with Fe and Mn oxides in the 
sediment matrices.

Major source identification
Present study revealed total 5 types of soil pollution 

sources in the study area including mining waste, hospital 
waste, industrial waste, solid waste disposal from house 
hold sectors and agricultural waste. Several studies have 
been conducted to identify pollution types. [6] found that 
soil quality degradation in Nigeria was mainly related to the 
dumping of hospital waste which is responsible for highest 
enrichment of metal content in soil. [3] discovered that open 

dumping of municipal solid waste in Islamabad city increase 
pH, organic content, conductivity and available heavy metal 
content in soil[2] found that Mining activities have both lo-
cal and regional impacts on terrestrial ecosystems. Mines 
produce large quantities of waste-rock and tailings which 
must be disposed of on land and degrade the soil quality. 
The quantity of pollution may be determined by a number 
of variables and actual pollution levels and types [8, 27]. In 
addition, the different pollution types in the above results 
along with this work indicated that soil samples of each site 
had unique physical and chemical characteristics due to its 
different natural and anthropogenic features [8]. However, 
results suggested that pollution factors in soil that play im-
portant roles in influencing the quality in one environment 
may not be important in another. 

Conclusions
In the present study, multivariate statistical analysis was 

used for the estimation of and apportionment of sources of 
soil pollutants and their impact on soil quality. PCA per-
formed on soil samples revealed that in present study nine 
sampling stations were influenced by pollution excluding 
one control site. The possible reason is that mining activity, 
discharge of biomedical waste open dumping of house hold 
waste may affect the soil quality. However, the pollutant lev-
els were significantly different in the three groups of soil 
samples, which were confirmed by ANOVA analysis and 
cluster analysis of the sampling stations. Cluster Analysis 
classified the soil received at sampling stations into three 
significant groups depending on similarities among them. 
The present results were also proved correct by using ch-
emometric tools. In addition, the different pollution types 
in the above results along with present work indicated that 

Table 4. Inter-elemental correlation analysis matrix of selected parameters in the soil samples
pH Temp OC PO4

-3 K S Zn Fe Mn Cu
pH r2 1

p
Temp r2 0.133 1

p 0.649
OC r2 0.162 0.199 1

p 0.581 0.496
PO4

-3 r2 0.177 -0.236 -0.684** 1
p 0.546 0.416 0.007

K r2 -0.034 0.171 -0.327 0.683** 1
p 0.908 0.559 0.254 0.007

S r2 0.160 0.194 0.480 -0.067 0.096 1
p 0.584 0.506 0.082 0.821 0.744

Zn r2 0.160 0.416 0.462 -0.186 0.322 0.692** 1
p 0.586 0.139 0.096 0.524 0.261 0.006

Fe r2 0.264 0.294 -0.081 -0.018 -0.290 -0.319 -0.485 1
p 0.362 0.308 0.784 0.950 0.315 0.266 0.079

Mn r2 0.251 0.247 -0.334 0.116 -0.189 -0.460 -0.517 0.918** 1
p 0.388 0.395 0.243 0.692 0.517 0.098 0.058 0.000

Cu r2 0.261 -0.542* -0.491 0.845** 0.346 -0.009 -0.191 -0.124 0.021 1
p 0.368 0.045 0.075 0.000 0.226 0.975 0.512 0.673 0.942

*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).
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soil samples of each site had unique physical and chemical 
characteristics and results suggested that pollution factors in 
soil that play important roles in influencing the quality in 
one environment may not be important in another.
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