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Abstract This study assessed soil pollution in the
Varanasi environs of Uttar Pradesh in India. Assessing
the concentration of potentially harmful heavy metals in
the soils is imperative in order to evaluate the potential
risks to human. To identify the concentration and
sources of heavy metals and assess the soil environmen-
tal quality, 23 samples were collected from different
locations covering dumping, road and agricultural area.
The average concentrations of the heavy metals were all
below the permissible limits according to soil quality
guidelines except Cu (copper) and Pb (lead) in dumping
and road soils. Soil heavy metal contamination was
assessed on the basis of geoaccumulation index (Igeo),
pollution index (PI) and integrated pollution index (IPI).
The IPI of the metals ranged from 0.59 to 9.94, with the
highest IPI observed in the dumping and road soils. A
very significant correlation was found between Pb and
Cu. The result of principal component analysis sug-
gested that PC1 was mainly affected by the use of
agrochemicals, PC2 was affected by vehicular emission
and PC3 was affected by dumping waste. Meanwhile,
PC4 was mainly controlled by parent material along
with anthropogenic activities. Appropriate measures
should be taken to minimize the heavy metal levels in
soils and thus protect human health.
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Introduction

Soil contamination with heavy metals and toxic ele-
ments due to parent materials or point sources often
occurs in a limited area and can easily be to identify.
The use of agrochemicals, fertilizers, liming materials,
atmospheric deposition and organic amendments such
as sewage sludge and wastewater may cause soil con-
tamination on a large scale (Senesi et al. 1999; Singh
and Agrawal 2010). Disposal of municipal solid waste is
also a major environmental problem affecting soil qual-
ity. As landfills are used to dispose municipal solid
waste (MSW) due to lack of proper engineering facili-
ties, these landfills have always been the source of
pollution in the soil and water environment (Sharholy
et al. 2008). In recent years a great deal of concern has
been expressed over problems of soil contamination
with heavy metals due to rapid industrialization and
urbanization. Heavy metal pollution in agricultural soils
and road dusts has become a serious problem during the
last two decades (Wei and Yang 2010). Pesticides, fer-
tilizer, sewage sludge, waste water and surface runoff
are some of the sources of heavy metal contamination in
agricultural soil. The environmental risk of heavy metal
pollution in agricultural soils is of great concern. As
heavy metals would be accumulated into the crops
grown in these soils and eventually get transferred to
the human body (Cheng et al. 2011; Liu et al. 2011).
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Heavy metals can lead to adverse health effects on
animals and humans due to their toxicity (Dong et al.
2010; EI Hamiani et al. 2010; Raju 2012). High Mn
content in the human body can cause skeletal abnormal-
ities and brain damage (Kalembkiewicz et al. 2008), and
Cd exposure can increase the chance of renal tubular
damage, osteoporosis and cancer (Jarup et al. 1998;
Godt et al. 2000).

The contamination of road soil by vehicular emission
and dust is a major source of dumping soil contamina-
tion. Previous studies have reported Pb and Cu pollution
in road dust due to heavy traffic (Wei et al. 2009).
Limited information is available on heavy metal pollu-
tion of dumping soil for developing countries
(Khoshgoftarmanesh and Kalbasi 2002; Sarwar et al.
2008; Rawat et al. 2009; Panahpour et al. 2010;
Roghanian et al. 2012). Dumping soil receives varying
inputs of heavy metals from several sources such as
domestic waste, industrial waste, construction and de-
molition waste that could be significant source of soil
pollution. Therefore, the study of dumping soil is im-
portant for determining the origin, distribution and level
of heavy metal in soil surface environments. This study
is the first report on heavy metal contamination in
dumping, road and agricultural soils in the city of
Varanasi. The main objective of the study was to assess
the environmental risk of heavy metal pollution in the
soils and source of contamination using multivariate
analysis.

Study area and geology

The study area lies between latitude 25° 19.5" N-25° 14/
48.5" N and longitude 83° 0" E-83° 7.7 E (Fig. 1) and is
located in the middle of Ganga. As per census 2011,
Varanasi city has a population of 1,586,821 in an area of
80 km®. Varanasi environs belong to the middle Ganga
plain with an average height of about 76.19 m above the
mean sea level with even topography. The Ganga is the
principal river of Varanasi environs flowing incised into
its narrow valley from south to north direction. The
study area falls in the subtropical climate region, with
three distinct seasons namely summer, rainy and winter.
The maximum temperature recorded is 48 and 24 °C
and minimum 32 and 8 °C in summer and winter sea-
sons, respectively. The study area receives greater part
of annual rainfall through south-west monsoon between
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June and September. The average annual rainfall of the
study area is around 1020 mm.

Geologically, the study area is underlain by the
Quaternary alluvial sediments of Pleistocene to recent
times. The Quaternary alluvial deposits are divided into
older and newer alluviums (Shukla and Raju 2008). In
the study area, the older alluvial deposit consists of fairly
consolidated clay with kankar and polycyclic sequence
of fine to medium sand with little gravel. The thick unit
of the older alluvium is developed throughout the study
area and is predominated by gray micaceous sand in the
west and yellowish concretized clay in the east side. The
gray sands consist of clear angular quartz with small
amounts of altered alkali feldspar, micas, hornblende,
garnet, kyanite, hypersthene, tourmaline and zircon in-
dicating Himalayan sources (Shukla and Raju 2008).
The sandy horizons indicate profound fluvial activity
in the region, and thick clay horizons indicate the low-
energy fluvial phase. Clay found associated with kankar
indicates a dry spell of nondepositional phase. The
newer alluvium occurs adjacent to the drainage courses
of the river Ganga, and the area is subjected to flood
during rainy season each year, which deposits a mat of
fresh silt, clay and loam. It occurs in mainly narrow belts
and is affected by the action of water currents.

Materials and methods

The dumping (sites 1-9), road (sites 10—17) and agri-
cultural (sites 18-23) soil samples (Table 1) were col-
lected from 23 locations with vertical depths of 0-10,
10-20 and 30-60 cm across Varanasi environs. The
sampling points are shown in Fig. 1. The exact location
(longitudes and latitudes) of each sample points was
measured by Garmin Global Positioning System
(GPS) (Oregon 600). All soil samples were collected
using a hand auger and stored in transparent polyethyl-
ene bags. The collected soil samples were air-dried and
sieved through a 2-mm polyethylene sieve to remove
large debris, stones and pebbles. Soil pH was measured
in a 1:5 soil-to-water suspension after stirring for 2 h by
glass electrode pH meter (EUTECH instruments) stan-
dardized with pH 4, 7 and 9.2 reference buffers.
Electrical conductivity (EC) of the soil samples was
determined from saturation extract by conductivity elec-
trode (IARI 2011). Organic carbon (OC) in the soil
samples was determined by Walkley and Black’s rapid
titration method (Allison 1973). Available phosphorous



Environ Monit Assess (2015) 187: 345

Page3 of 12 345

Fig. 1 Physiographic and soil
location map of study area
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(PO4>") in the samples was quantified by the NaHCO;
extraction method given by Olsen and Sommers (1982).
Nitrate (NO; ") and sulphate (SO4>") in the soil can be
estimated by phenoldisulfonic acid method and barium
sulphate precipitation method (IARI 2011). Sulphate,
nitrate and phosphate content were analyzed using
UV-3200 double-beam spectrophotometer. For analysis
of heavy metals in the soil samples, one gram of sample
was digested in 20 ml of tri-acid mixture (HNO;/
H,SO4/HCIO,4 5:1:1) for 8 h at 80 °C following the
method described by Allen et al. (1986). The resulting
solution was filtered, and the filtrate was analyzed for
heavy metals. The total metal concentrations were de-
termined by atomic absorption spectrophotometer (M

series AAS, Thermo scientific, Cambridge, UK).
Calibration was performed every ten sets of samples
using prepared internal standards (i.e. standards curve
approach). Care was taken in the preparation of analyt-
ical standards with high-grade chemicals and pre-acid
cleaned glassware. Double-distilled water was used
throughout the study. Statistical parameters such as cor-
relation, box whisker plot and principal component
analyses were carried out by IBM SPSS Statistics 19.

Methods of heavy metal pollution assessment

A number of calculation methods have been put forward
for quantifying the degree of metal pollution in soils
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Table 1 Average concentration for physicochemical properties of soil in Varanasi environs

Soil type Location Fe Zn Cu Cd Cr Pb Mn SO, NO;s PO, OC pH EC
Dumping Site 1 212 15 96 071 04 183 33 73 1003 112 13 75 177
soils Site 2 389 79 74 023 03 17 38 66 49 893 24 7.1 18

Site 3 250 45 313 2.8 0.1 4297 27 112 363 853 13 78 047

Site 4 313 23 4233 020 038 483 372 7733 48 64.67 18 743 1.63

Site 5 326 38 35 0.17 034 2247 402 65 5233 72.67 1.99 7.33 198

Site 6 329 40 3733 026 029 94 580 88 6733 61.57 179 747 192

Site 7 376 16 60.67 029 027 2557 497 56 7267 87 127 737 1.79

Site 8 269 25 5133 167 022 1103 286 8333 26 63 186 7.55 1.72

Site 9 210 17 2533 067 0.14 1717 208 5733 1633 62 130 7.39 1.07

Road soils ~ Site 10 217 4 79 061 04 77 45 63 197 63 03 73 0.8

Site 11 168 92 77 12 09 917 21 90 270 85 09 69 022

Site 12 226 21 38 072 03 28 01 58 253 413 07 72 029

Site 13 190 40 56 05 05 116 09 403 153 429 06 7 034

Site 14 199 24 134 03 06 49 16 75 463 104 11 76 03

Site 15 238 44 99 024 01 96 33 493 160 617 04 69 027

Site 16 96 11 3206 04 42 08 70 230 958 13 75 025

Site 17 252 68 323 02 02 520 451 110 1500 12201 1.5 7.1 046

Agricultural ~ Site 18 11 24 44 068 01 77 243 120 1477 84 09 74 036

soils Site 19 149 62 9.1 054 03 107 203 107 2473 62 095 74 044

Site 20 93 28 378 47 04 10 401 125 3310 1277 15 72 053

Site 21 157 75 293 077 02 13 192 181 1363 117 13 7 032

Site 22 170 22 1.1 076 01 35 176 146 2193 58 02 7.7 026

Site 23 182 235 61 12 04 11 166 167 1463 91 16 78 02
NBV 127 23 12 09 05 16 13 - - - - -
CSQGL - 200 63 10 64 140 - - - -
IS ~ 300-600 135270 36 — 250-500 - - - - - - -

All values are in milligram per kilogram except electrical conductivity (EC) in millisiemens per centimetre and organic carbon (OC) in
percent. Indian standards for heavy metals in road and dumping soil are not available; hence, Canadian standards were used

NBYV natural background value in soil of Varanasi environs, CSOGL Canadian soil environmental quality guidelines (2002), IS Indian
standard of potential toxic element for agricultural soils (Awashthi 2000)

(Sun et al. 2010; Wei and Yang 2010; Kong et al. 2011).
In this study, geoaccumulation index (Igeo), pollution
index (PI) and integrated pollution index (IPI) were used
to assess the soil environmental quality.

The pollution levels of heavy metals in soils were
assessed by using Igeo introduced by Muller (1969).
Igeo enables the assessment of contamination by com-
paring current and pre-industrial concentration levels; it
can also be applied for the assessment of soil contami-
nation levels. Researchers have elsewhere used this
index for the heavy metal pollution of urban road dust
(Faiz et al. 2009; Lu et al. 2009; Wei et al. 2009; Sun
etal. 2010; Wei and Yang 2010; Kong et al. 2011; Yang
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et al. 2013) and agricultural soils (Bhuiyan et al. 2010;
Wei and Yang 2010). Igeo is computed using the fol-
lowing equation (Ji et al. 2008; Muller 1969).

Igeo = log,(Cn/1.5Bn)

where Cn is the concentration of a given element in the
soil tested and Bn is the local natural background value
of corresponding element in the earth’s crust. The con-
stant 1.5 allows us to analyze natural fluctuations in the
content of a given substance in the environment and to
detect very small anthropogenic influences (Ji et al.
2008). According to Muller (1969), the Igeo for each
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metal is calculated and classified as follows: uncontam-
inated (Igeo <0), uncontaminated to moderately contam-
inated (0<Igeo<1), moderately contaminated (1<
Igeo<2), moderately to heavily contaminated (2<
Igeo<3), heavily contaminated (3<Igeo<4), heavily to
extremely contaminated (4<Igeo<5) and extremely
contaminated (Igeo>5).

To further assess the soil quality of the study area,
pollution index (PI) of each metal and integrated pollu-
tion index (IPI) of the metals were calculated in this
study. PI and IPI are also commonly used to assess the
environment quality. The PI of each element was calcu-
lated and classified as either low (PI<1), middle (1<PI<
3) or high (PI>3). The IPI of all measured elements for
each sample was defined as the mean value of the
element’s PI and was then classified as low (IPI<1),
middle (1<IPI<2) or high (IPI>2) (Chen et al. 2005).

The PI of each element is defined as the ratio of the
heavy metal concentration in the soil to the local back-
ground soil concentration of the corresponding metal
and can be calculated using the following formula (Lu
et al. 2009; Wei and Yang 2010).

PI = Cn/Bn

where Cn and Bn are the measured and background
concentrations of element n, respectively, in study area.

Background (control) data

Geochemical baseline maps are not yet available in India
though work is initiated under global geochemical base-
line programme. Six soil samples were collected and
analyzed as a background (control) sample where there
were no anthropogenic activities like traffic emission,
agricultural practice and dumping influence (Fig. 1).
The mean metal concentrations of these samples were
taken as local natural background data (Table 1). For the
soils, the Igeo, PI and IPI were calculated with respect to
local natural background concentrations.

Result and discussion
Soil characteristics
Soil quality determination is important in assessing their

nutrient availability and soil environmental quality.
Analytical results of physico-chemical characteristics

of soil samples are shown in Table 1. pH is a good
measure of acidity and alkalinity of soil and provides a
good identification of soil chemical nature. The pH
values of soil samples ranged between 6.9 and 7.8 with
a mean of 7.3. pH of soil samples was slightly alkaline
in nature due to presence of basic salts, i.e. Na, Ca, Mg
and K salt. Most nutrients can dissolve easily when the
pH of the soil solution ranges from 6 to 7.5 (IARI 2011).
The EC level of the soil water is a good indication of the
amount of available nutrients. The range of EC in soil
sample was 0.18 to 1.98 mS/cm with a mean of 0.81
mS/cm. All the major and minor nutrients important for
plant growth take the form of either cations or anions.
These ions that are dissolved in the soil water carry
electrical charge and thus determine the EC level in soil.
If the soil EC is too high, it can be indicative of excess
nitrogen-based fertilizer or a high level of exchangeable
sodium (Raju et al 1991; Raju et al. 2009). Soils with an
accumulation of exchangeable sodium are often charac-
terized by poor tilth and low permeability, making them
unfavourable for plant growth. High EC contents in
dumping soil might be due to higher concentration of
dissociated ions leached from the dumping site (Rawat
et al. 2009). Conductivity value of less than 0.5 mS/cm
is perfectly safe, and it does not have any negative effect
on plant growth. High value of EC can be toxic to plants
and may prevent them from obtaining water from soil.
The OC content of soil samples ranged between 0.21
and 2.37 with a mean value of 1.23. Maximum concen-
tration of organic content was observed in the dumping
soils. The main source of organic content in the biode-
gradable solid wastes is food scraps, lawn waste, cow
dung waste, fallen leaves, etc. (Goswami and Sarma
2008). On the basis of available nutrient status in the
soils, OC content is generally classified as low (<0.5),
medium (0.5-0.75) and high (>0.75) soil nutrient fertil-
ity ratings. Out of 23 soil sample, 87 % represented high
soil nutrient and remaining 13 % showed low soil nu-
trient. This might have been due to open dumping of
MSW, effective agricultural activities, anthropogenic
activities and direct discharge of effluents in the soil of
the study area.

Nitrogen is originally fixed from the atmosphere and
mineralized by soil bacteria into ammonium. The deter-
mination of inorganic N, mainly NH, " and NO; " in soil,
is often useful, because, despite their usually low levels,
these inorganic forms are readily available for plant
uptake (Zhang and Bai 2003). The concentration of
nitrate in the soil sample ranges between 15 and
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331 mg/kg (mean of 88 mg/kg), and maximum nitrate
concentration was observed in the agricultural soils.
Urea and ammonium nitrate are most commonly used
fertilizers contributing nitrates to the soil. N occurs in
soils in soluble mineral forms such as ammonium, ni-
trate and nitrous oxide (gas) and soluble organic com-
pounds such as urea and amino acids form (IARI 2011).
Sulphate concentration in soil sample ranged between
40 and 181 mg/kg (mean of 90 mg/kg). The highest
SO, concentrations were found in agricultural soils due
to irrigation water (mostly untreated wastewater).
Phosphorous level in soil samples ranged between 41
and 128 mg/kg (mean 81 mg/kg). Phosphorus occurs
almost entirely as phosphate, and both organic and
inorganic forms are of major importance in plant-soil-
water interaction. Plants generally absorb most of their
phosphorous as H,PO, and smaller amount as HPO,*
depending on the pH; i.e. lower pH values will increase
the absorption of H,PO, ion, whereas higher pH values
will increase the absorption of HPO,> ion (Tisdale
1970). The highest amounts of phosphate and sulphate
are found in agricultural soils, and these amounts de-
crease with increasing the depths of the soil.

Heavy metal content in soil

The average concentrations of Fe, Zn, Cu, Cd, Cr, Pb
and Mn in soil collected from dumping, road and
agriculture soils are shown in Table 1. Heavy metals of
the study area are compared with the Canadian soil
environmental quality guidelines (2002) and Indian
standard of potential toxic element for agricultural soils
(Awashthi 2000) (Table 1). It was observed that majority
of the heavy metals fell within the permissible limits
except Cu and Pb in dumping and roadside soils. The
high Pb and Cu content in roadside soils could be
attributed to its proximity to highway. One of the most
important activities, which cause high concentrations of
Pb and Cu in road soils, is due to atmospheric deposition
of toxic fumes and considerable traffic movement. In
general, influences between air and soil pollution are
mutual. The atmosphere can transfer a large amount of
heavy metals into urban soils through precipitation
(Patel et al. 2001) while soil dust can also contribute to
the concentrations of heavy metals in the air.
Consequently, airborne particles and soil dust contain-
ing elevated heavy metal concentrations may enter and
harm the human body through inhalation and ingestion
(Chen et al. 1997). High concentration of Cu and Pb in
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the dumping soil which may be due to plastics, batteries,
leather, paint products, metallic items, fluorescents
lamps, wood preservatives and metal scrap was dumped
in the solid waste disposal site. It was observed that in all
the soil samples, the concentration of Fe, Zn, Cu, Cd, Cr,
Pb and Mn showed decreasing trend with depth. The
depth of penetration may give some indication of the
mobility of heavy metals in soil. The heavy metal con-
centration in soils in the study area may be significantly
influenced by anthropogenic activities.

Heavy metal pollution assessment
Geoaccumulation index

The minimum, maximum and mean values of Igeo for
each metal are shown in Table 2. The mean values of
Igeo decrease in the order of Pb>Fe>Cu>Zn>Cd>
Cr>Mn. The Muller Igeo values are shown in Table 2,
and the mean Igeo value for all the metals was lower
than zero except for Pb (1.05) and Fe (0.13) which
indicated that soil in the study area was uncontaminated
with Cu (=0.13), Zn (-0.69), Cd (—1.22), Cr (—1.41) and
Mn (—2.11). The highest Igeo value for Fe (1.04), Zn
(1.4), Cd (1.8), Cr (0.18) and Mn (1.18) showed that the
soils were unpolluted to moderately polluted by these
metals. The highest Igeo values for dumping soil (site 3)
and roadside soil (sites 17) were 4.16 and 4.2 for Cu and
4.19 and 4.46 for Pb, respectively, which indicated that
contamination level of Cu and Pb was higher in dump-
ing and roadside soils. This indicated that the dumping
and road soils in the study area were contaminated by
the metals mostly derived from anthropogenic sources.
The sources of Pb and Cu in roadside soil were mainly
derived from high traffic density and were, probably,
affected by vehicle fumes. The highest Igeo value for Pb
and Cu in dumping soil could possibly be due to solid
waste being randomly dumped on open land and along
the roads. This kind of disposal introduces the spreading
of heavy metals on land. These heavy metals can infil-
trate into the soil causing groundwater pollution.

Pollution index

The Pls are shown in Table 3 and varied greatly across
the different metals. The mean values of PI decrease in
the order of Pb>Cu>Fe>Zn>Cd>Mn>Cr. The mean
PIs for Fe (1.76) and Zn (1.3) were higher than 1, which
indicated medium pollution with these metals, while the
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Table 2 Statistical analysis of geoaccumulation index of heavy metals in the soils of Varanasi environs

Parameters Geoaccumulation index

Sample no. exceeding the Igeo classification

Min Max Mean Standard <0 0-1 1-2 2-3 34 45 >5
deviation
Fe -1.03 1.04 0.13 0.569 11, 16, 18-23 1,3-10,12-15,17 2 - - - -
Zn —4.12 14 —0.69 1.39 1,2,4,7-9,12, 14, 16, 3,5,6,10, 13,15, 11 - - - -
18, 20-23 17,19
Cu —4.04 42 -0.13 2.01 1-2,10-16, 18-19,22-23 5,9, 21 4,6-8,20 — - 3,17 —
Cd 308 1.8 -122 124 1-2,4-7,9-19, 21-23 8 3,20 - - - -
Cr -291 0.18 —1.41 0.837 1-10, 12-23 11 - - - -
Pb 273 446 105 197 1-2, 18-23 12,16 4,6,10-11, 8,9,13, 5,7 3,17 —
14 15
Mn =726 1.18 —2.11 1.99 1-16,21-23 18-19 17,20 - - - -

mean PIs for Cd (0.96), Cr (0.66) and Mn (0.75) were
less than 1, which indicated low pollution with these
metals in soils of Varanasi environs. The PIs of Cu
ranging from 0.09 to 27.55 (mean 3.88) and all of the
samples had low to high PIs, indicating the Cu pollution
in soils of Varanasi environs. The PIs of Pb ranging from
0.22 to 33.12 (6.77) were much higher since all of the
dumping soils (sites 1-9) and roadside soils (sites 10—
17) contained medium to high PIs. The maximal PIs for
dumping soil (site 3) and road soil (site 17) were 26.7
and 27.5 for Cu and 27 and 33 for Pb, respectively.
Thus, it is found that dumping and road soils of the
study area were highly polluted with Cu and Pb. These
results indicated that the Cu and Pb pollution was higher
in dumping and roadside soils than in agricultural soils.

The calculated IPI values in the study area ranging
from 0.59 to 9.94 with an average of 2.30 are shown in

Table 4. Approximately 39 % of all samples had ex-
tremely high pollution levels with IPI higher than 2
while 35 % of all samples had low to medium pollution
levels with IPI values between 1 and 2. Twenty-six per
cent of samples showed the IPI <1, indicating the pres-
ence of no pollution or low-level pollution in the study
area. In particular, site 3 and site 17 demonstrated an IPI
0f'8.79 and 9.94, respectively, indicating the presence of
serious heavy metal pollution. These sample sites with
extremely high pollution levels were located in the areas
close to highways and dumping site. Thus, the soil
quality of Varanasi environs has clearly been polluted
by the heavy metal derived from anthropogenic activi-
ties. In the busy road areas, most of the road dust
samples were at high levels of pollution, which can be
attributed to traffic emission and long-term accumula-
tion of heavy metals. Moreover, the areas close to

Table 3 Statistical analysis of pollution index of heavy metals in the soils of Varanasi environs

Parameters Pollution index

Sample no. exceeding the PI classification

Min Max Mean Standard Low (PI<l1) Medium (1<PI<3) High (PI >3)
deviation
Fe 0.74 3.08 176 0.651 16, 18, 20 1,3-15,17,19,21-23 2
Zn 0.08 396 1.3 0.956 1,2,4,7,9,12, 16, 18, 21, 22 3,5,6,8,10, 13-15,17,19,20,21 11
Cu 0.09 27.55 3.88 5.61 1,2,10-13, 15, 16, 18, 19, 22,23 5,9, 14, 21, 20 3,4,6-8,17
Cd 0.17 523 096 1.13 1,2,4-7,9, 10, 12-19, 21, 22 3,8,11,23 20
Cr 023 1.71 0.66 0.352 1-10, 12, 15-23 11,13, 14 -
Pb 022 33.12 6.77 8.66 18-23 1,2,12,16 3-11, 13-15, 17
Mn 0.01 339 075 0944 1-16 18,19, 21-23 17,20
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Table 4 Integrated pollution index (IPI) of heavy metals in the
soils of Varanasi environs

Low (IPI<1.0)  Medium (1.0<IPI<2.0)  High (>2.0)

Location IPI Location IPI Location IPI
Site 1 0.883 Site 4 1.63 Site 3 8.79
Site 2 0.888  Site 10 1.57 Site 5 3.24
Site 12 0.895 Site 13 1.82 Site 6 2.11
Site 16 0.804 Site 14 1.21 Site 7 3.77
Site 18 0.669  Site 15 1.65 Site 8 245
Site 22 0.592  Site 19 1.16 Site 9 238
Site 21 1.09 Site 11 2.14
Site 23 1.02 Site 17 9.94
Site 20 2.13

dumping were also at high levels of pollution due to
spreading of dumping materials in the surrounding
places. The sources of metals in agricultural soils were
mainly influenced by parent materials, sewage irriga-
tion, sewage sludge, pesticide and fertilizer.

Multivariate statistical analysis

Multivariate analysis (correlation analysis, principal
component analysis) has been widely used for the inter-
pretation of environmental data (Raju 2006; Verma and
Singh 2013; Tiwari and Singh 2014). Correlation anal-
ysis was used to identify the relationships between
elements. Principal component analysis was performed
to identify a common source for elements and distin-
guish the natural and anthropogenic inputs of element
(Garcia et al. 1996; Facchinelli et al. 2001; Lucho-
Constantino et al. 2005). All data analyses were per-
formed with IBM SPSS Statistics 19, and the statistical
significance level was P<0.05.

Correlation analysis

The correlation analysis was applied to describe the
degree of relation between two variables. The Pearson
correlation analysis results for heavy metals and soil
characteristics in the soils of study area are shown in
Table 5. Most of the heavy metals were positively
correlated with each other in concentration, and the
correlations between Zn and Cr (P<0.05), Zn and Pb
(P<0.05) and Cu and Pb (P<0.01) were significant or
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very significant. These results suggested that Pb and Cu
could be associated with each other and might originate
from common sources. Mn and Cd were positively
correlated with NO; ™, PO,>~ and SO,*, thus showing
that all of them have same origin.

Principal component analysis

Principal component analysis (PCA) was applied for the
identification of source of pollutants. To reduce the high
dimensionality of variable space and better understand
the relationships among the analyzed parameters, princi-
pal component was applied to the transformed data ma-
trices. It is widely used to reduce data (Loska and
Wiechuya 2003) and to extract a small number of latent
factors (principal components (PCs)) for analyzing rela-
tionships among the observed variables. The number of
components to keep was based on the Kaiser normaliza-
tion, for which only components with eigenvalues greater
than unity are retained. Contribution of a component is
said to be significant when the corresponding eigenvalue
is greater than unity. Four PCs were obtained with eigen-
values greater than unity accounting almost 76 % of total
variance in the available dataset (Table 6). Each compo-
nent is characterized by a few high loadings and many
near zero loadings. Maximizing the variance implies
maximizing range of loadings, which tends to produce
either extreme positive or negative or near zero loadings.
The first components explain 26 % of the variance and
thus accounts for the majority of the variance in the
original dataset. Components 2—4 show less percentage
of variance, and each of these three components explains
about the variance between 14 and 18 %. Loadings,
which represent the importance of the variables for the
components, are in italics for values greater than 0.4.
PC1 included Cd, Mn, SO,%>~, NO; ™ and PO,>” and can
be defined as an agricultural component due to their high-
level presence in agricultural soil samples. High Cd and
Mn value can come from agrochemicals that contain them,
such as phosphatic fertilizers, organic fertilizers, nitrogen
fertilizers and some kinds of pesticides and germicides.
Wastewater used to irrigate some agricultural area could
also be the source for Mn and Cd. Phosphate fertilizers are
an important source of heavy metals entering agricultural
soils, especially Cd (Chen et al. 2008). The anthropogenic
inputs of Cd into soil may be attributed to commercial
activities, application of organic manures and phosphate
fertilizer. Other sources of Cd may include other inorganic
fertilizers (e.g. nitrogen or potash), atmospheric deposition
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Table S Correlation matrix for the soil samples of Varanasi environs

Parameters Fe Zn Cu Cd Cr Pb Mn SO, NO3 PO, ocC pH EC
Fe 1

Zn 0.008 1

Cu 0.203 0.359 1

Cd —0.398 0.039 0.207 1

Cr —0.187 0.456* —0.336 0.071 1

Pb 0.367 0.433*  0.897** —0.002 —-0273 1

Mn —0.362 0.099 0.356 0.358 —-0210 0.166 1

SO, —0.425* —0.131 0.157 0.355 -0.172 —0.130 0.618** 1

NO; —0.440* —0.073 0.024 0.475*% —0.116 —0.200 0.828**  0.666*%* 1

PO, -0.224  —0.050 0319 0.348 0.091 0.149  0.549%*  0.452* 0.427% 1

oC 0.519* —0.101 0214 0.068 —0.055 0.179 0.027 0.030  —0.038 0.343 1

pH -0.019  —0.338 0.122 0.150 -0.215 0.002 —0.098 0274 0.132  —-0.041 0.161 1

EC 0.759** —-0.198 —-0.025 —0.195 -0.158 0.103 —-0.276  —0.345 -0.200 —0.047 0.707** 0.117 1

*Correlation is significant at the 0.05 level (two-tailed)
**Correlation is very significant at the 0.01 level (two-tailed)

or anthropic wastes such as wastewater or waste materials
(Mic6 et al. 2000).

PC2 which included Zn, Cu and Pb could be attrib-
uted to anthropogenic component due to the presence of
high levels in some soils. Zn, Cu and Pb could be related

Table 6 PCA loadings of variables of significant principal
components

Parameters PC1 PC2 PC3 PC4
Fe —0.493 0.292 0.701 -0.1
Zn -0.019 0.49 -0.14 0.731
Cu 0.223 0.94 0.085 -0.077
Cd 0.643 0.022 —-0.051 0.062
Cr 0.012 —0.348 0.014 0.825
Pb —-0.055 0.963 0.135 0.02
Mn 0.83 0.261 —0.144 —0.045
SO, 0.772 —-0.029 —-0.183 —-0.289
NO; 0.848 —0.118 —0.138 -0.157
PO, 0.755 0.118 0.271 0.146
oC 0.184 0.086 0.914 —0.044
PH 0.087 -0.018 0.123 -0.632
EC —0.246 —-0.026 0.889 —0.166
Eigenvalue 34 24 2.3 1.8

% of variance 26 18 17.9 14
Cumulative % 26 44 62 76

PCA loading >0.4 are shown in italics

to the deposition of aerosol particles emitted by vehic-
ular traffic and also from building construction, fossil
fuel combustion and street dust resuspension
(Friedlander 1973; Kowalczyk et al. 1982; DeMiguel
et al. 1997; Zheng et al. 2002; Cyrys et al. 2003; Gray
et al. 2003). The normal activity and deterioration of
vehicles on the roads can emit heavy metals into the air,
especially Cu (Ritter and Rinefierd 1983; Martin et al.
1998). Zn is used as a vulcanization agent in vehicle
tyres. Cu is often a component in car lubricants, while
leaded gasoline is the major source of Pb in the roadside
soil. This points out that traffic is most possibly the
major source for the enrichment of heavy metals in the
soils of Varanasi environs. MSW and leachate also con-
taining high amount of heavy metals were also another
source for the heavy metals in the study area.

PC3 included Fe, OC and EC and could also be
defined as an anthropogenic component due to their
high-level presence in dumping soils. The major anthro-
pogenic source of iron and other iron-containing alloys
in dumping soils is steel industry waste, which is
dumped in the landfill without prior treatment. Over
period of time, the iron seeps into groundwater from
landfills with rainwater in monsoon period.

PC4 can be considered to be a lithogenic component,
as the variability of the elements seems to be controlled
by parent rocks. Cr concentrations in soil samples were
comparable with the background values of soils in
Varanasi environs, and there was no obvious pollution

@ Springer
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of Cr in the soils. The parent material present in alluvial
soil determines Cr and Zn content. Zn has a lithogenic
source as it forms a number of soluble salts (e.g. chlo-
rides, sulphates and nitrates) or insoluble salts (e.g.
silicates, carbonates, phosphates, oxides and sulphides)
according to the prevailing pedogenic processes
(Adriano 2001). In this study, soil concentration of Zn
was also found to be correlated with the level of anthro-
pogenic activities. Although the Zn concentration in the
study area may be influenced by anthropogenic activi-
ties, it appears to be largely related to the parent mate-
rials of the soils since Zn was distributed in PC2 and
PC4 in the results of PCA.

Conclusions

Soil quality determination is very important for nutrient
supply in plant growth. Nearly all the concentrations of
the analyzed metals from 23 locations in Varanasi envi-
rons were below the permissible values except for the
concentration of Cu and Pb in dumping and roadside
soils, which were in close to highway. The Igeo values
suggested that soils of Varanasi environs were contam-
inated with Cu and Pb at two locations. All of the
dumping and roadside soils had medium to high PIs of
Pb, indicating that there was a considerable Pb contam-
ination, which mainly originated from anthropogenic
activities. The IPIs of soil sample suggested that the
39 % of all samples had extremely high pollution levels
with IPI higher than 2. The PCA results indicated that
the Mn and Cd primarily were derived from agrochem-
icals, such as phosphate fertilizers, organic fertilizers
and nitrogen fertilizers. Zn, Cu and Pb were affected
by anthropogenic activities such as vehicular emission
and MSW while distributions of Zn and Cr were con-
trolled by the parent material. In conclusion, the agri-
cultural soils studied can be considered to be unpolluted
as their heavy metal contents were within typical ranges,
but the higher value of Cu and Pb in road and dumping
soils indicated their polluted status. Such information is
necessary for promoting environmental sustainability of
soil systems around the city and reducing health risks
caused by heavy metal accumulation. Appropriate mea-
sures, such as reducing the use of agrochemicals,
avoiding wastewater irrigation, proper dumping of
waste and preventing atmospheric deposition in soils
should be performed to effectively control the heavy
metal levels in soils and thus protect human health.

@ Springer
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