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Abstract

Concentrations of heavy metals were analyzed in the soils to know the metal contamination due to anthropogenic activities in
Peenya Industrial Area, Bengarulu, India. Samples were collected from the soil horizon from an industrial area at twelve locations
at different depths viz., 0-30 cm, 30-90 cm, and 90-150 cm to understand the soil pollution level due to industrial activities.
Heavy metals in the soil were analyzed using ICP-MS X Series-II from M/s. Thermo Fisher Scientific, C-MET, Hyderabad.
Analyzed data show that the soil in the industrial area is significantly contaminated with heavy metals than its normal values.
Concentration values at 0—-30-cm depth for Al ranged from (21647-41,682 mg/kg), As (0-3.90 mg/kg), B (43.88-144.97 mg/kg),
Ba (27.06-459.53 mg/kg), Cd (0.22—1.01 mg/kg), Co (7.36—-185.71 mg/kg), Cr (14.97-718.13 mg/kg), Cu (1.32-397.60 mg/kg),
Fe (11919-72,064 mg/kg), Mn (162.10-1665.82 mg/kg), Mo (0-9.21 mg/kg), Pb (12.62-139.94 mg/kg), Sb (0.48—
25.48 mg/kg), Se (0-206.88 mg/kg), Sr (6.19-113.98 mg/kg), Ti (0-0.29 mg/kg), V (16.63-182.62 mg/kg), and Zn (38.81—
327.13 mg/kg). Similarly, higher concentration was observed in soil samples collected at 30-90 cm and 90-150 cm depth. Soil
contamination was assessed based on index of geoaccumulation (/4,), enrichment factor (EF), contamination factor (CF), degree
of contamination (Cgcg), modified degree of contamination (mCygc,), pollution load index (PLI), ecological risk factor (ER),
potential ecological risk index (RI), toxic units (TU), and principal component analysis (PCA). The high values of these indices/
factors obtained for soil samples revealed considerable heavy metal pollution due to improper waste management practices
within the industrial area. A contaminated site possesses a significant impact on human, terrestrial, and aquatic ecosystems. The
comparison was made with the other soil areas from India, Asia, and worldwide. Mobility of heavy metals in groundwater and
soil has been discussed in the article.

Keywords Index of geoaccumulation (/y,) - Enrichment factor (EF) - Contamination factor (CF) - Pollution load index (PLI) -
Ecological risk factor (ER)

Introduction

The fast development of the industrial sector during the last
few decades has a severe impact on water, soil, and aquatic
Electronic supplementary material The online version of this article system. During the development of an industrial sector, the
(httpsz//doi.o.rg/l.O.100.7/s12517—020—95900—y) contains supplementary improper management of solid or liquid waste products be-
material, which is available to authorized users. came a serious problem throughout the world. Contamination
of soil considered to be the main sources from metallurgical
and other allied activities in the industrial area (Alloway 1990;
Saiful et al. 2015; Kormoker et al. 2019). If the elements are
present more than the prescribed limits or some alterations
occurred to its natural environment, the soil is considered to
be contaminated (CEQG 2002). Soil is often contaminated by
factors like excessive use of fertilizers/pesticides, improper
management of hazardous waste, accidental release of
chemicals, anthropogenic or geogenic activities, weathering
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and erosion of crustal material, and human activities will alter
the physical, chemical, and biological quality of soil
(Machender et al. 2011; Shrivastava and Mishra 2011;
Garba et al. 2014; Saiful et al. 2016). Most of the metals are
not soluble and degradable, and persist for longer period as a
separate entity in water and soil (Kontas 2007).

Metals like Cu, Fe, Ni, and Zn are beneficial to human
organisms, if present in small concentrations and become harm-
ful at high concentrations beyond the prescribed limits (CEQG
2002). Heavy metal were categorized into various groups of
elements that vary in their physical, chemical, and biological
properties, and as an environmental pollutant due to their toxic
effects on living organisms including flora and fauna. Metal are
non-bio-degradable and tend to accumulate and enters the food
chain leading to health and environmental problems. The oc-
currence of heavy metals in the soils mainly depends on their
mobility, climatic conditions, soil mineralogy, soil texture, pH,
temperature, redox potential, cation exchange capacity, and
content of organic carbon (Corwin et al. 1999; Ashworth and
Alloway 2004; Choppala et al. 2010; Moon et al. 2000;
Mapanda et al. 2005; Skordas and Kelepertsis 2005).

Regions with high population centers have become a seri-
ous concern for soil contamination, where land has been in-
tensely used for different purposes (Van Straalen 2002). Soils
are considered as an ultimate sink for the discharge of heavy
metals into the environment. The soil contamination is does
not only depend on soil properties but its ability to migrate the
chemical elements down to the sediments and to the aquifer
regime by dissolution and adsorption processes (Chlopecka
et al. 1996; Dang et al. 2002; Jonathan et al. 2004). Soil pol-
lution has a considerable impact on surface and groundwater
regime in the region of soil-polluted areas (Jayaprakash et al.
2010; Raju et al. 2011; Mohammed Ashaiekh et al. 2017,
Shah et al. 2018; Ram et al. 2019).

The present study is aimed to investigate the distribution
and migration of heavy metals in the soil at Peenya Industrial
Area (PIA), Bengaluru, India. The soil contamination was
assessed by using various indices/factors viz., index of
geoaccumulation (/y,), enrichment factor (EF), contamina-
tion factor (CF), degree of contamination (Cye,), modified
degree of contamination (mCgc,), pollution load index (PLI),
ecological risk index (ER), potential ecological risk index
(RI), toxic units (TU), and principal component analysis
(PCA). In order to assess the contamination level in the soil
horizon of PIA, soil samples at different depths were collected
and analyzed for heavy metals. The degree of pollution level
due to industrial activities is discussed in the article.

Study area background

Peenya Industrial Area (PTA) lies between 13° 1’ 42" N lati-
tude and 77° 30" 45" E longitude on the north-western suburbs
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of Bengaluru City, Karnataka State, India. PIA is considered
one of the oldest and largest industrial sectors in Southeast
Asia. Peenya industrial estate was established during the
1970s by the Karnataka Small Industries Development
Corporation. The total extent of the industrial area is about
40 Km?. Total number of operating industries in the area is
1690; out of 1690 industries, more than 200 are electroplating,
power coating, heat treatment, and spray painting industries.
Soil sampling at various depths is carried out in PIA to know
the contaminant distribution of heavy metals in soil. The map
of the study area along with industrial boundary is shown
(Fig. 1). The objectives of the study are to make a systematic
assessment and evaluation of soil contamination under the
influence of the high influx of metal pollutants from the in-
dustrial area and regarding the deterioration of groundwater
quality around the industrial area.

Materials and methods

Soil samples were collected at twelve locations in the PIA,
Bengaluru at different depths viz., 0-30 cm, 30-90 cm, and
90-150 cm (total 36 samples). The location of soil samples is
shown in Fig. 1. The soil horizon was drilled by mechanized
auger, and samples were collected at different depths in a
clean polythene bags containing about 1 kg. The collected
samples were numbered sequentially and brought to the labo-
ratory. At 60 °C, the samples were dried for 48 h to avoid the
moisture content. By using swing grinding mill, the sample
was finely powered to 250-mm mesh size. Soil sample of 10 g
each was taken in the Petri dish and dried at 110 °C for 1 h.
From that, 0.1 g of the sample was taken in Teflon tubes and
added 4 mL of hydrofluoric acid, 3 mL of nitric acid, and
1 mL of hydrogen peroxide and allowed for 10 min outside.
Teflon tubes were placed in the microwave digestion system.
The samples were dissolved using microwave digestion sys-
tem (Anton Paar Multiwave 3000). Microwave system param-
eters are fixed as pressure 50 bar, wattage 900, temperature
240 °C, and time 90 min. After cooling, the Teflon tubes were
taken out from the microwave digestion system, and sample
solutions were made to 50 ml and filtered. These solutions
were used for elemental analysis using ICP-MS instrument
(Thermo Fisher X Series-II).

Instrumentation and analysis

The ICP-MS X Series-1I from M/s. Thermo Fisher Scientific
was configured with a peltier cooled, quartz impact bead spray
chamber, glass concentric nebulizer, and single piece, 1.5-mm
injector torch. For sample handling, CETAC ASX-520 Auto
sampler was used. Electron multiplier is used as a detector.
With its high sensitivity and analytical robustness, the ICP-
MS X-Series-II is used for the analysis of heavy metals in soil



Arab J Geosci (2020) 13: 880

Page30f21 880

Fig. 1 Key map of the study area sl
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samples. During the course of analysis to monitor the accura-
cy and quality data, NIST traceable standard reference solu-
tions of M/s. inorganic ventures, USA NIST, were used. The
instrument was optimized once at the beginning of the evalu-
ation using the plasma Lab Autotune facility, and the plasma
Lab performance report software tool was used to check the
system performance prior to commencing the analysis. The
samples were dissolved using Anton Paar Multi-wave 3000
microwave digestion system using a combination of sub
boiled hydrofluoric acid, nitric acid, and hydrogen peroxide,
then made to 50 ml by using 18.2 M2 water. The statistical
summary of analyzed heavy metals at different depths is given
in Table S1 (Supplementary Table).

Index of geoaccumulation (/g,)

It is applied to measure the contamination by comparing the
current and past concentrations of sediments (Taylor and
Mckenzie 1966). It is enumerated by the following

equation:/ ge, = logzl(_cf% :
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where C,, is the measured concentration of the metal and B,
is the background of observed in sediment. The constant 1.5 is
the natural fluctuations of a given substance in the environment.
The six classes of contamination based on /,, values suggested
(Muller 1969) were given in Table 1. The statistical summary of
the /., at different depths was summarized in Table 2.

Enrichment factor (EF)

EF value was enumerated as suggested by (Loska et al. 2004).
EF values were calculated based on analysis elements against
the reference element. The reference element is one among the
analyzed element with its low occurrence (Reimann and De
Caritat 2000; Sutherland 2000). Enrichment Factor (EF) for
heavy metals in the soil sample and the concentration of the
analyzed metals can be normalized to a reference element. In
the present study, we consider vanadium (V) as reference
element due to its low concentration. B, (Background) crust-
al content of banadium (V) value in the earth’s crust was used
as 60 mg/kg (Taylor and Mclennan 1995). The EF can be
estimated by using the following equation:

@ Springer
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Table 1 Classification of soil based on index of geoaccumulation (/4e,), enrichment factor (EF), and contamination factor (CF)

Index of geoaccumulation (/) Enrichment factor (EF) Contamination factor (CF)
Lye, values Class Quality of soil EF values Class Soil description CF values Class Soil description
<0 0 Practically uncontaminated <2 1 Depletion to minimal <1 1 Low contamination
enrichment .
0-1 1 Uncontaminated to moderately >2-5 2 Moderate enrichment 1<C} <3 2 Moderate
contaminated ' contamination
1-2 2 Moderately contaminated >5-20 3 Significant enrichment 3<C ’j <6 3 Considerable
contamination
2-3 3 Moderately to heavily >20-40 4 Very high enrichment 6< C} 4 Very high
contaminated contamination
34 4 Heavily contaminated >40 5 Extremely high
enrichment
4-5 5 Heavily to very heavily
contaminated
>5 6 Very heavily contaminated

represents the reference element. Five different categories of EF

Cn(Sample)

Cref(Sample) are suggested for soil classification (Table 1) (Sutherland 2000).

EF = The statistical summary of EF was summarized (Table 3).

Bn(Background)
Bref (Background)

Toxic unit (TU)
where C,(Sample) represents the observed element,

Cef(Sample) represents the reference element, B,(Background)
represents the observed element, and B,.{(Background)

The calculation of toxic units (TU) is considered as severe
toxicity of toxic metals in soil. TU analysis is calculated as

Table 2 Statistical summary for index of geoaccumation (/4e,) of soil samples collected at different depths

Iyeo values for 0-30 cm depth Iyeo values for 30-90 cm depth

Iyeo values for 90-150 cm depth

Element  Min Max Ave SD Med Min Max Ave SD Med

Min Max Ave SD Med

Al 16.82 1776~ 17.44 027 1748 17.22 1836 17.62 032 17.53
As -2.6 1.96 -005 136 O -2.01 213 -004 113 0

B 8.77 10.5 9.36 0.55 9.26 8.68 11.37  9.53 0.74 932
Ba 13.27 1736 15.58 1.2 15.85 12.84 1638 15.21 096 15.39
Cd 3.84 6.05 5 0.69 5.13 4.08 6.74 4.97 0.68 497
Co 5.61 1027 7.07 121  6.84 6.14 8.29 717 0.64 7.13
Cr 8.44 14.03  10.7 1.34 1059 7.72 11.67 1026 1 10.4
Cu 4.46 1269 939 2 9.63 4.19 1249 871 224 923
Fe 14.76 1735 1592  0.74 15.69 15.33 1838 16.19 085 16.05
Mn 15.98 1934 1746 094 1748 15.05 18.86  17.21 124 17.56
Mo -1 32 0.9 145 0 —-289 45 0.46 195 0

Pb 7.39 10.86  8.77 1.11  8.56 0 9.2 0.76 265 0

Sb -393 1.76 -057 135 -025 -001 3.77 1.18 1.04 09
Se 0 12.75 833 3 8.93 6.14 8.88 723 0.79  7.09
Sr 10.49 14.69 13.36 1.39  13.71 0 12.99  9.64 458 114
Ti 0 72 0.6 207 0 10.9 1539 1344 145 13.86
\Y% 9.37 1283 1085 096 10.59 10.04 12.18 11.12 058 11.1
Zn 10.84 1391 12 092 11.7 10.1 15.44  11.7 145 1135

17.05 18.02 1754 027 175
0 1.72 0.17 049 0
8.32 10.45  9.32 0.62 932
13.77 1625 1518  0.75 15.18
3.45 5.87 4.87 0.64 4.84
5.87 1142 73 1.53  7.02
8.46 11.4 10.19  0.88 1042
6.89 11.29 934 126  9.64
14.89 17.38 1596  0.73 1596
1524 209 17.38 1.59  17.46
—-437 024 -034 126 0

0 7.95 0.66 229 0
—-2.02 346 1.19 1.55 1.04
0 7.84 6.47 218 7.7
0 13.18 1019 347 11.22
0 15.06 1.25 434 0

10.32 1323 1116  0.78 11.03
10.33 16.57 11.77 1.64 11.42

Min, minimum; Max, maximum; Ave, average; Med, median and SD, standard deviation
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the ratio of the measured concentration of toxic elements in
the soil to that of probable effect level (PEL) (MacDonald
et al. 2000). A moderate to serious toxicity of hazardous
metals remain in soil when the sum of TU for all soil samples
is more than 4 (Bai et al. 2011). Sum of the toxic unit (X'TU)
represents the possible heavy metal toxicity in soils. TU for
each metal was calculated using the following formula:

TU = (C,,/PEL)

where C,, is the heavy metal concentration in soil and PEL is
the probable effect levels value of heavy metals in soil.

Contamination factor (CF)

Soil contamination can also be assessed by using the contam-
ination factor (C; ). The C; is the single element index and
can be assessed directly the level of contamination of soil at a
specific location. It can be calculated as the observed concen-
tration of each metal in the soil to that of regional background
concentration of soil and can be expressed by the following
equation suggested by (Hakanson 1980).
. C!
Cl = Ofl

J c

where C!)_, is a mean value of the particular metal at sam-
pling sites andC’ is the pre-industrial concentration of indi-
vidual metal.

The assessment of soil contamination in the study area was
carried out by using the above equation and classified into
four groups (Table 1). The calculated CF was given in
Table 4.

Degree of contamination (Cgyeg)

Degree of contamination (Cge,) is an indicator to assess the
overall contamination after taking in account the contamina-
tion factor (CF) values of all single metals together for any site
(Hakanson 1980). The degree of contamination has been used
for assessing soil and sediment contamination levels (Loska
et al. 2004). Degree of contamination was evaluated by the
extent of multi-metal pollution by summing the particular CF
values of metals and was enumerated by using the following
equation:

n=17
Cyeg = 2. CF;
i=1

where, n is the number of elements and CF is the contamina-
tion factor. Soil classification based on the degree of contam-
ination was given in Table 5. In the present study, we aggre-
gate CF values of 17 elements to calculate Cyc, for all samples
at different depths viz., 0-30 cm, 30-90 cm, and 90-150 cm

@ Springer

(Table S2) (Supplementary Table). Contamination classes by
Cyeg depend upon the number of contaminants and catego-
rized (Table 5) (Zahran et al. 2015).

Modified degree of contamination (mCyeg)

Modified degree of contamination can be calculated by divid-
ing the Cyee by the number of contaminants taken into an
account is as follows (Abrahim 2005).

C
mCdeg - deg/ n

where, Cge, is the degree of contamination and ‘#’ is the num-
ber of contaminants considered.

To modify Cyey into mCyeq, minimum 3 samples were re-
quired (Rahman et al. 2012). In the present study, we collected
12 samples each at a depth of 0-30 cm, 30-90 cm, and 90—
150 cm. The categorization of mCy, is given in Table S2
(Supplementary Table).

Pollution load index (PLI)

The pollution load index (PLI) was proposed by
(Tomlinson et al. 1980). This assesses the magnitude of
pollution load by the analysis of metal at soil sample
collected site. This approach of calculating PLI becomes
a tool to generate an action plan (Angulo 1996). It is
evaluated as a geometric mean of contamination factor
(CF) and expressed as follows:

PLI = (CF}xCFpxCFy.............. )"

For the present study, we considered 17 (n) elements and
categorized into two groups, if PLI < 1 represents background
pollution levels and if PLI>1 indicates deterioration of soil
quality or pollution load. The calculated PLI for the present
study shows most of the values was 1 or > 1 indicating a
continuous load of pollutants on soil horizon (Table S2)
(Supplementary Table).

Ecological risk factor (ER)

This factor can be calculated for any single contaminant metal
by its own toxicity response (Hakanson 1980). This can be
expressed as follows:

ER = T,xCF;

where, T, is the toxic response of metal, and CF is the con-
tamination factor of that metal. In the present scenario, we
considered 8 metals viz., As, Cd, Co, Cr, Cu, Pb, V, and Zn
on the availability of their toxic factors and importance to
health and ecology. The toxic factor for these metals (As=
10, Cd=30, Cr=2, Co=Cu=Pb=5, V=2, and Zn=1)
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Table 4  Statistical summary of contamination factor (CF) obtained for soil sample at different depths

CF 0-30 cm depth CF 30-90 cm depth CF 90-150 cm depth

Element  Min Max Ave SD Med  Min Max Ave SD Med  Min Max Ave SD Med
Al 0.81 1.56 1.03 021 098  0.61 1.35 1.04 0.21 1.09  0.73 1.42 1.03 019 1.04
As 0 5.6 .15 205 0.26 0 32 0.69 1.15 008 0 2.47 034 074 0

B 0.48 1.61 1.14 038 1.61 0.32 2.09 1.28 0.51 134 049 2.17 1.18 051 1.1
Ba 037 644 1.85 1.88 1.08  0.52 6.1 1.52 1.51 1.05 053 2.98 1.27 0.7 1.13
Cd 052 245 122 06 1 0.32 2.07 1.21 0.45 .12 053 2.86 1.18  0.61 1.09
Co 0.17 44 2.01 1.13 1.88 0.5 2.24 1.2 0.54 .12 0.13 6.19 3.15 1.88  2.79
Cr 0.16 8.12 235 2.06 1.83 044 6.91 1.58 1.73 1.08 049 3.82 1.41 1.1 0.98
Cu 019 5985 682 16.78 172 0.17 5481 8.2 16.05 1.67 034 7.23 2 228 1.07
Fe 0.41 2.53 127 0.6 132 027 223 1.39 0.59 1.35 042 2.36 126 0.59 1.14
Mn 0.33 3.41 148 092 1.21 042 597 1.93 1.91 1.05  0.16 8.5 3.02 273 1.82
Mo 0 5.34 0.92 1.59 0.3 0 2391  2.02 6.89 0 0 9.51 087 272 0
Pb 0.31 3.49 .69  1.09 156 0 3.06 1.34 0.83 1.56 033 1512 286  4.05 1.79
Sb 0.27 14.3 2.4 3.82 1.11 0.37 2.47 1.31 0.64 127  0.65 4.58 1.32 1.08 097
Se 0 8.55 2.5 2.44 176 0 2.67 1.03 0.87 0.87 0 14.64 227 396 1.05
Sr 0.53 9.93 227 284 1.07 037 8.32 2.4 277 1.07 038 6.69 235 224 1.76
A% 0.31 348 149 086 149 051 2.28 1.16 0.48 1.09 0.28 2.13 132 052 13
Zn 0.32 2.77 145 077 152 0.14 6.04 2.71 1.71 255 0.1 8.33 422 242 392

Min, minimum; Max, maximum; Ave, average; Med, median and SD, standard deviation

provided by (Hakanson 1980). The risk factors describing
these metals are given in Table 6.

Potential ecological risk index (RI)

The RI is a modified version of ER, and it is an important
index for evaluating the rate of environmental sensitivity
caused by heavy metals in the soil (Aktaruzzaman et al.
2013; Jiao et al. 2015). It is the sum of all risk factors of metals
considered for evaluating the RI and can be expressed as fol-
lows (Hakanson 1980).

n==8
RI= Y ER
i=1

where ER is the ecological risk factor of individual metal
and RI has been calculated for 8 (n) metals. The RI
values were categorized into four classes (Jiao et al.

2015) given in Table 5, and calculated RI values were
given in Table 6.

Results and discussions

Statistical summary of analyzed heavy metals in the soil at
different depths was shown in Table S1 (Supplementary
Table). Al concentration ranges from 21,647 to 41,682 mg/kg,
28,568-63,132 mg/kg, and 25,424-49,620 mg/kg at 0-30 cm,
30-90 cm, and 90-150 cm depth in soil samples. Similarly,
Co ranges from 7.36 to 185.71 mg/kg, 10.58-46.95 mg/kg,
8.79-413.63 mg/kg; Cr ranges from 14.97 to 718.13 mg/kg,
9.06-140.45 mg/kg, 15.17-116.18 mg/kg; Co ranges from
1.32 to 397.60 mg/kg, 1.09-345.92 mg/kg, 7.14-
150.86 mg/kg; Fe ranges from 11,919 to 72,064 mg/kg,
17,717-146,251 mg/kg, 13,094-73,422 mg/kg; Pb ranges
from 12.62 to 139.94 mg/kg, 0-102.98 mg/kg, 1.84—

Table 5 Classification of soil

based on degree of contamination Cyeg values Class  Degree of soil RI values Class  Soil ecological risk
(C4eg) and potential ecological contamination index
risk index (RI)
Caeg<n 1 Low contamination RI< 150 1 Low risk
n< Cyeg<2n 2 Moderate contamination I150<RI<300 2 Moderate risk
2n< Cyeg<dn 3 Considerable contamination 300 <RI<600 3 Considerable high
Caeg>4n 4 Very high contamination RI> 600 4 Significant high

@ Springer
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Table 6 Ecological risk (ER) and

potential ecological risk factor Ecological risk (ER) and potential ecological risk factor (RI) for soil sample at a depth of 0-30 cm

(RI) of heavy metals in soil

samples of Peenya Industrial Area Sample no. As Cd Co Cr Cu Pb v z
S1 2.35 52.58 14.31 8.18 14.34 13.88 3.78 1.77
S2 0 45.40 14.34 4.05 33.03 3.81 4.09 2.77
S3 9.40 73.58 22.01 16.24 299.26 17.13 6.97 2.75
S4 8.34 31.39 6.381 3.36 12.83 11.05 1.54 1.54
S5 53.93 22.16 12.55 591 0.99 233 3.17 0.32
S6 5.50 23.53 9.82 3.10 2.89 1.578 3.47 1.14
S7 0 61.56 13.18 1.62 6.07 6.29 4.28 1.56
S8 2.98 23.28 0.87 0.33 5.29 8.71 1.39 1.72
S9 0 15.89 3.90 391 5.63 17.45 0.63 1.49
S10 0 21.23 9.00 3.59 11.10 3.74 2.40 0.53
S11 0 29.02 5.66 2.43 6.15 8.85 1.24 1.19
S12 56.09 40.67 8.93 3.73 11.81 6.95 2.82 0.63
RI 138.62 440.35 121.01 56.50 409.46 101.83 35.83 17.47
Ecological risk (ER) and potential ecological risk factor (RI) for soil sample at a depth of 30-90 cm
S1 2.93 48.13 10.15 420 23.70 8.01 4.56 3.66
S2 8.55 62.20 11.23 13.83 120.10 8.39 3.60 3.03
S3 0 47.90 8.35 2.88 24.95 8.41 2.71 6.04
S4 0 22.32 2.53 1.67 6.39 0 1.03 241
S5 8.19 32.78 5.66 1.78 3.01 1.10 228 1.19
S6 0 32.82 5.61 2.58 7.26 6.54 2.07 2.69
S7 0 28.82 342 2.97 274.07 15.34 2.36 1.54
S8 0 44.15 6.28 0.89 10.21 9.80 248 437
S9 1.79 9.85 3.59 1.14 0.87 3.56 1.38 0.74
S10 32.00 3437 433 1.83 8.97 7.67 1.81 2.23
S11 0 33.04 4.35 2.01 5.14 3.59 1.52 0.14
S12 29.36 41.39 6.46 2.31 7.76 8.19 2.01 4.45
RI 82.84 437.83 71.96 38.15 492.48 80.64 27.87 32.56
Ecological risk (ER) and potential ecological risk factor (RI) for soil sample at a depth of 90-150 cm
S1 4.39 47.05 23.74 1.52 7.23 9.11 426 2.57
S2 0 37.18 25.97 7.64 36.19 8.86 3.82 5.85
S3 0 36.01 0.65 0.99 4.54 2.39 2.20 4.28
S4 0 16.05 451 1.72 4.57 25.18 0.56 222
S5 0 29.92 14.59 1.98 1.71 1.75 2.92 2.06
S6 0 26.87 9.09 3.04 5.28 7.98 1.79 3.56
S7 1.18 39.67 23.88 2.47 31.88 75.64 3.58 6.21
S8 0 86.07 21.90 2.16 9.72 12.33 3.59 8.33
S9 24.74 21.06 12.94 1.70 5.70 8.17 223 3.40
S10 0 22.52 13.38 1.95 5.45 9.22 2.55 4.41
S11 0 22.90 7.78 1.43 2.98 1.67 1.64 0.11
S12 11.29 40.39 30.95 7.21 5.11 9.61 2.64 7.65
RI 41.62 425.75 189.44 33.86 120.41 171.96 31.82 50.71
Toxic factor 10 30 5 2 5 5 2 1

83.05 mg/kg, and Zn ranges from 38.81 to 327.13 mg/kg, soil data reveals that some metal concentrations were exceed-
23.23-945.52 mg/kg, 27.22-2056.48 mg/kg at a depth of 0—  ing the normal prescribed values of soil give raise the concern
30 cm, 30-90 cm, and 90—150 cm respectively. The analyzed  of the unsuitability of soil.
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The heavy metal concentrations in the soil of contaminated
areas of India, Asia, and the World were compared with the
present study (Table S3) (Supplementary Table). As concen-
tration was higher in soils of Indian cites (38.61 mg/kg)
(Adimalla et al. 2019), Kazipalli, Telangana (796.3 mg/kg)
(Krishna and Mohan 2016), Bangladesh 23.14-90 mg/kg
(Saiful et al. 2015, 2016; Kormoker et al. 2019; Ram et al.
2019), China 12.15-279 mg/kg (Jiao et al. 2020; Li et al.
2007; Pan et al. 2018), Iran (18.94 mg/kg) (Modabberi et al.
2018), USA (13.2 mg/kg) (Cannon and Horton 2009), Turkey
(16.8 mg/kg) (Gemici and Gultekin 2007), while in other
areas it is below the prescribed value (Supp. Table 9). In the
present study, As concentration ranges from 3.90 to
12.27 mg/kg.

Pb concentration 1830 mg/kg was high only in Kazipalli,
Telangana (Krishna and Mohan 2016), while in other areas of
India, it is below the prescribed value. Pb concentration in
Bangladesh 567 mg/kg (Saiful et al. 2015), Tunisia
5950.5 mg/kg (Intissar et al. 2020), Italy 141 mg/kg
(Cicchella et al. 2008), USA 198 mg/kg (Cannon and
Horton 2009), Romania 27.73 mg/kg (Apostoae and lancu
2009), Iran 93.18 mg/kg (Jamshidi-Zanjani and Saeedi
2013; Salehi et al. 2014) and Nigeria 568 mg/kg (Odewande
and Abimbola 2008; Nwachukwu et al. 2010). In the present
study, Pb ranges from 83.05 to 139.94 mg/kg. Similarly, Cr
concentration was high in Uttar Pradesh —2652.3 mg/kg
(Gowd et al. 2010), Chennai —75.02 mg/kg (Raju et al.
2011), Manali, Chennai —221.7 mg/kg (Krishna and Govil
2008), Wailpally, Nalgonda — 60.6 mg/kg (Krishna et al.
2011), Patancheru, Hyderabad —70.13 mg/kg (Dasaram
et al. 2011), Bengal —194.83 mg/kg (Muthuraj and
Jayaprakash 2007), Indian cities —412.28 mg/kg (Adimalla
2019), Nirmal Province, Medak District, Ranga Reddy
District and Kazipalli areas of Telangana state — 135.8 mg/kg,
751 mg/kg, 64.50 mg/kg, and 598.6 mg/kg (Adimalla and
Wang 2018; Adimalla et al. 2019, 2020; Krishna and
Mohan 2016) and West Bengal —182.55 mg/kg
(Krishnendu Kumar et al. 2020). In Bangladesh — 1120 mg/kg
(Saiful et al. 2015, 2016), China — 109 mg/kg and 73 mg/kg
(Jiao et al. 2020; Pan et al. 2018), Norway — 81 mg/kg
(Andersson et al. 2010; Lu et al. 2013), USA — 65 mg/kg
(Cannon and Horton 2009), while in the present study area,
it ranges from 116.18 to 718.13 mg/kg.

Zn prescribed value in soil was 200 mg/kg. Zn concentra-
tion was high in Indian cities 437.44 mg/kg (Adimalla 2019),
Kazipally, Telangana — 879 mg/kg (Krishna and Mohan
2016), and Tunisia — 12,488.5 mg/kg (Intissar et al. 2020),
while in the present study, Zn concentration was ranged from
327.13 to 2056.48 mg/kg. Similarly, Ni prescribed value in
soil was 50 mg/kg. Ni concentration in Indian cities —
120.43 mg/kg (Adimalla 2019) and Kazipally area —
129.6 mg/kg (Krishna and Mohan 2016), while in other places
of India it is below the threshold value. Ni concentration in

Bangladesh urban soil was 443 mg/kg (Saiful et al. 2015),
Jhenaidah and Kushtia district, Bangladesh —77.32 mg/kg
(Kormoker et al. 2019), Sudan — 163.20 mg/kg (Mohammed
Ashaiekh et al. 2017), Iran — 105.21 mg.kg (Modabberi et al.
2018), and Italy it was — 89 mg/kg (Cicchella et al. 2008),
while in the present study, Ni concentration was below the
threshold value. For remaining heavy metals like Co, Cu, V,
Sr, Ba, and Zr, comparison study was presented (Table 9)
(Supplementary Table).

Aluminum (Al)

The average Al concentration in the soil was 33,838.69 mg/kg,
38,689.80 mg/kg, and 36,257.76 mg/kg, and the concentra-
tion ranges from 21,647.84 to 41,682.80 mg/kg, 28,568.85—
63,132.90 mg/kg, and 25,424.73-49,620.78 mg/kg at a depth
of 0-30 cm, 30-90 cm, and 90—150 cm respectively
(Table S1) (Supplementary Table). The average Iy, value
for Al was 17.44,17.62, and 17.54, and I, values range from
16.82 to 17.76, 17.22-18.36, and 17.05-18.02 at different
depths respectively (Table 2 and Fig. 2). EF value ranges from
1703 to 12,786, 3193-9909, and 1007-8546 with average
values of 6174, 5355, and 5199 respectively (Table 3 and
Fig. 3). Similarly, CF values ranges from 0.81 to 1.56, 0.61—
1.35, and 0.73-1.41 with average values of 1.03, 1.04, and
1.04 respectively (Table 4). The values of Cye (12.41, 12.57,
and 12.41) and values of PLI (1, 1, and 1) at respective depths
are shown (Table S2) (Supplementary Table). The high con-
tent of Al in soil was due to the improper management of
waste product in the industrial area. The mobility and solubil-
ity of Al was strongly related to the organic matter in soil and
found a strong and significant relationship between dissolved
organic compound (Feike and Ross 2003). The high concen-
tration of Al was observed in the leaves of Buckwheat and its
distribution in leaves control by transpiration. Al is not mobile
once it is accumulated in leaf, and the mobility of phosphate’s
across the soil root interface is strongly influenced by the pH
and aluminum content (Renfang and Jian 2001; Carlo et al.
2005).

Arsenic (As)

The average As concentration in the soil was 0.92 mg/kg,
4.40 mg/kg, and 1.45 mg/kg, and its values were ranges from
0 to 3.90 mg/kg, 0-4.40 mg/kg, and 0—12.27 mg/kg at a depth
of 0-30 cm, 30-90 cm, and 90-150 cm respectively
(Table S1) (Supplementary Table). As contents in the soil
are normal at a depth of 0—30 cm and 30-90 cm, but little
high contents were observed in the soil sample collected at a
depth 0f 90-150 cm. The average Iy, value for As was —0.05,
—0.04, and 0.17 and it ranges from —2.6 to 1.96, —2.01 to
2.13 and 0 to 1.72 at respective depths. The I, values calcu-
lated for soil representing that the soil is uncontaminated to
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Index of Geoaccumulation (I,.) at 0-30cm depth

Enrichment Factor (EF) at 0-30cm depth

—T T T T T T T T —TTT T
Al As B Ba Cd Co Cr Cu Fe Mn Mo Pb Sb Se Sr V Zn
Heavy Metals

Fig. 2 Indexes of geoaccumation (/g,) for heavy elements in soils of
Peenya Industrial Area at 0-30 cm, 30-90 cm, and 90—150 cm depth

moderately contaminated with As (Table 2 and Fig. 2). EF
value for As ranges from 0 to 5.1, 0—4.08, and 0—12.85 with
average values of 0.98, 0.68, and 1.52 at respective depths
(Table 3 and Fig. 3). Similarly, CF values for As range from
0.to 5.6, 0-3.2, and 0-2.47 with average values of 1.15, 0.69,
and 0.34 at respective depths (Table 4). The values of Cyc,
(13.86, 8.28, and 4.16), values of PLI (1, 0.98, and 0.96), and
values of RI (138.62, 82.84, and 41.62) at respective depths
are shown (Table S2 (Supplementary Table) and Table 6).
Retention of As in soil primarily depends on the factors like
Fe and Al oxides, redox potential, pH, clay content, and
cation-anion exchange and adsorption of hydrous oxides of
Fe and Al (Corwin et al. 1999; Elkhatib et al. 1984; Fuller
et al. 1993; Wilkie and Hering 1996). As mobility in soil
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Fig. 3 Enrichment factors (EF) for heavy elements in soils of Peenya
Industrial Area at 0—-30 cm, 30-90 cm, and 90—150 cm depth

mainly depends on the physical-chemical condition, sorption
capacity, redox potential, pH, and clay contents. The greater
the sorption capacity of As into soil, lesser its mobility through
soil pores (Davis et al. 1994; Mariner et al. 1996). Generally,
As(V) adsorption is maximum than As(III) at lower pH con-
ditions and its retention depends on the clay type (Elkhatib
et al. 1984). The elevated content of As in soil is due to the
anthropogenic processes in the study area.

Barium (Ba)

The average Ba content is 174.50 mg/kg, 122.33 mg/kg, and
114.39 mg/kg, and it ranges from 27.06 to 469.53 mg/kg,
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20.03-233.32 mg/kg, and 38.29-213.28 mg/kg at a depth of
0-30 cm, 30-90 cm, and 90150 cm respectively (Table S1)
(Supplementary Table). Maximum prescribed limit of Ba in
soil is 500 mg/kg (CEQG 2002) indicating the soil was getting
enriched with Ba concentration at a depth of 0-30-cm depth.
The Iy, values obtained ranges from 13.27 to 17.36, 12.84—
16.38, and 13.77-16.25 with average values of 15.58, 15.21,
and 15.18 at a various depths indicating the soil was very
heavily contaminated (Table 2 and Fig. 2), while the EF
values range from 0.02 to 1.21, 0.03—0.57, and 0.01-0.6 at
different depths indicating the soil was depletion to minimal
enrichment (Table 3 and Fig. 3). CF values for Ba ranges from
0.37 to 6.44, 0.52-6.1, and 0.53-2.98 with average values of
1.85,1.52, and 1.27 at respective depths (Table 4). The values
of Cyeg (22.31, 18.29, and 15.28) and values of PLI (1.02,
1.01, and 1.01) at respective depths are shown (Table S2)
(Supplementary Table). Various researchers noticed that high
Ba content in soils of Wailpally, Patancheru, and Balanagar
industrial area (Machender et al. 2011; Krishna et al. 2011;
Dasaram et al. 2011). The impact of barite waste was observed
in stream sediment of Kupa and Kupica River which is being
used as drinking water source (Franciskovic-Bilinski et al.
2007). High concentration of Ba in soil and water will have
a direct impact on human health and ecosystem. Ba is released
into the air during the process of manufacturing of barium
chemicals in the study area.

Cobalt (Co)

The average concentration of Co is 32.42 mg/kg, 23.78 mg/kg,
and 54.45 mg/kg, and it ranges from 7.36 to 185.71 mg/kg,
10.58-46.95 mg/kg, and 8.79—413.63 mg/kg at respective
depths (Table S1) (Supplementary Table). Calculated /g,
ranges from 5.61 to 10.27, 6.14-8.29, and 5.87-11.42 with
average values of 7.07, 7.17, and 7.3 at respective depths
respectively (Table 2 and Fig. 2) indicating that soil is very
heavily contaminated. The EF values range from 1.36 to 13.4,
1.84-4.09, and 0.47-4.06 with average values of 3.21, 2.38,
and 1.83 addressing a significant enrichment of Co in soil
(Table 3 and Fig. 3). CF values for Co range from 0.17 to
4.4, 0.5-2.24, and 0.13-6.19 with average values of 2.01,
1.2, and 3.15 at respective depths (Table 4). The values of
Cyeg (24.20, 14.40, and 37.89), values of PLI (1.04, 1.0, and
1.07), and values of RI (121.01, 71.96, and 189.44) at respec-
tive depths are shown (Table S2 (Supplementary Table) and
Table 6). Co-mobility and sorption behavior in groundwater
have been studied (Bangash et al. 1992; Scott et al. 1998). Co-
transportation in groundwater is mainly influenced by pH
conditions and microbiological factors. Several researchers
proposed that the hydrous metal oxides of Fe and Mn are
the controlling factors for the distribution of Co (Bangash
et al. 1992). The results of sorption studies have shown a high
capacity of oxide minerals for Co sorption (Rahner et al.

1993). The variation of Co concentration at different depths
is shown (Fig. 4).

Chromium (Cr)

Concentration of Cr in soil ranges from 14.97 to
718.13 mg/kg, 9.06-140.45 mg/kg, and 15.17-116.18 mg/kg
with average values of 121.61 mg/kg, 62.71 mg/kg, and
57.97 mg/kg at a depth of 0-30 cm, 30-90 cm, and 90—
150 c¢m respectively (Table S1) (Supplementary Table). /g,
values range from 8.44 to 14.03, 7.72-11.67, and 8.46-11.4
(Table 2 and Fig. 2). Most of the /,, values fall into the class
very heavily contaminated with Cr. EF obtained for Cr ranges
from 0.58 to 14.8, 0.46-4.97, and 0.47—4.06 (Table 3 and Fig.
3), with average values of 3.85, 1.84, and 1.83 at various
depths, indicating the class of significant enrichment. CF
values for Cr range from 0.16 to 8.12, 0.44-6.91, and 0.49—
3.82 with average values of 2.35, 1.58, and 1.41 at respective
depths (Table 4). The values of Cye, (228.25, 19.08, and
16.93), values of PLI (1.04, 1.01, and 1.01), and values of
RI (56.50, 38.15, and 33.86) at respective depths are shown
(Table S2 (Supplementary Table) and Table 6). Sources of Cr
in the industrial area appear to be due to Cr electroplating
industries and improper disposal of waste. The variation of
Cr is shown in Fig. 5.

Cr occurs in two valence states as trivalent (Cr™>) and
hexavalent (Cr™®). Cr™ are considered to be toxic to plants
and animals. Its mobility is low, under moderate oxidizing and
reducing conditions, and at neutral pH. Adsorption of Cr in
soil depends on pH condition, with an increase in pH, adsorp-
tion of Cr™® decreases, and adsorption of Cr*? increases with
increase in pH, while Cr*® are weakly absorbed to soils having
alkaline or slight acidic nature, but adsorption is high in soil
containing iron. Cr*® is more stable with atmospheric oxygen,
but it reduces to Cr** in the presence of organic matter
(Choppala et al. 2010). The mobility of Cr also depends on
the retardation factor of soil. Cr*® have higher mobility than
Cr*, and readily transported (Choppala et al. 2010; Scott
1995). The migration and contamination of Cr from the tailing
dumps, rejected ore, storage yards, and mining pits area into
the groundwater regime were evaluated through simulation
modeling study (Zayed and Terry 2003; Dhakate and Singh
2008; Dhakate et al. 2008).

Copper (Cu)

Concentration of Cu in the soil ranges from 1.32 to
397.60 mg/kg, 1.09-345.92 mg/kg, and 7.14-150.86 mg/kg
with average values of 121.61 mg/kg, 62.71 mg/kg, and
57.97 mg/kg at respective depths (Table S1) (Supplementary
Table). The Iy, values for Cu ranges from 4.46 to 12.69,
4.19-12.49, and 6.89-11.29 with average values of 9.39,
8.71, and 9.34 at respective depths pointing towards heavily
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Fig. 4 Variation of cobalt
concentration (mg/kg) in soil
samples of Peenya Industrial Area
at different depths
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Fig. 5 Variation of chromium
concentration (mg/kg) in soil
samples of Peenya Industrial Area
at different depths
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contaminated soil (Table 2 and Fig. 2). Similarly, EF values
ranges from 0.19 to 26.09, 0.05-9.53, and 0.47-7.73 with
average values of 4.53, 2.07, and 2.17 at respective depths
indicating moderate to significant enrichment pollution and
indicating alarming signals (Table 3 and Fig. 3). CF values
for Cu ranges from 0.19 to 59.85, 0.17-54.81, and 0.34-7.23
with average values of 6.82, 8.2, and 2.0 at respective depths
(Table 4). The values of Cye. (81.89, 98.50, and 24.08), values
of PLI (1.06, 1.07, and 1.02), and values of RI (409.46,
492.48, and 120.41) at respective depths are shown
(Table S2 (Supplementary Table) and Table 6). Higher con-
centration of Cu, s, and EF may be due to the industrial
activities and improper waste management. Several re-
searchers reported a high concentration of Cu in soils of many
industrial areas in India (Krishna and Govil 2008; Machender
et al. 2011; Raju et al. 2011). Mobility of Cu mainly depends
on pH condition, presence of organic matter, high content of
Fe and Al hydroxide, and soluble complexes (Ashworth and
Alloway 2004). Cu normally retains in the soil horizon by the
process of bioaccumulation of metals and recent anthropogen-
ic activities (Kabata-Pendias 2004). The variation of Cu is
shown in Fig. 6.

Nickel (Ni)

Ni content in soils was nil at a depth of 0-30 cm depth, and it
ranges from 0 to 44.17 mg/kg and 0—18.61 mg/kg at a depth of
30-90 cm and 90-150 cm with averages of 3.68 mg/kg and
1.55 mg/kg (Table S1) (Supplementary Table). Usually, Ni
present in a bounded form in the soil. In acidic and neutral
pH conditions, the mobility and bioavailability of Ni increases
(Kabata-Pendias and Pendias 1999). The mobility of Ni in soil
and groundwater mainly depends on pH values, organic mat-
ter content, and high content of Fe and Al hydroxides. These
conditions make the Ni more soluble with other heavy metals
in soil and groundwater regimes (Ashworth and Alloway
2004).

Lead (Pb)

The average concentration of Pb in the soil was 44.09 mg/kg,
22.73 mg/kg, and 27.82 mg/kg and ranges from 12.62 to
139.94 mg/kg, 0-102.98 mg/kg, and 1.84-83.05 mg/kg at re-
spective depths (Table S1) (Supplementary Table). /o, values for
Pb range from 7.39 to 10.86, 0-9.2, and 0-7.95 at respective
depths indicating most of the soil fall under very heavily contam-
inated (Table 2 and Fig. 2). EF for Pb ranges from 0.2 to 12.57,
0-5.87, and 0.06-5.07 indicating the soil in the study area was
moderate to significant enrichment (Table 3 and Fig. 3). CF
values for Pb range from 0.31 to 3.49, 0-3.06, and 0.33—15.12
with average values of 1.69, 1.34, and 2.86 (Table 4). Values of
Caeg (20.37, 16.13, and 34.39), values of PLI (1.02, 1.01, and
1.04), and values of RI (101.83, 80.64, and 171.96) at respective
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depths are shown (Table S2 (Supplementary Table) and Table 6).
Pb species vary with soil type, and its mobility in soil and
groundwater mainly depends upon the pH condition, soil con-
taining more clay, high organic matter, and Fe and Al hydroxides
(Ashworth and Alloway 2004).

Strontium (Sr)

Sr concentration in the soil ranges from 6.19 to 113.98 mg/kg,
3.84-86.11 mg/kg, and 5.25-92.19 mg/kg with average
values of 61.53 mg/kg, 31.98 mg/kg, and 35.17 mg/kg at
respective depths (Table S1) (Supplementary Table). Iy,
values obtained for Sr were ranges from 10.49 to 14.69, 0—
12.99, and 0-13.18 with average values of 13.36, 6.64, and
10.19 at respective depths (Table 2 and Fig. 2) indicating the
soil was very heavily contaminated with Sr. Similarly, EF
obtained for Sr ranged from 0.01 to 1.14, 0.01-0.28, and
0.007-0.36 with average values of 0.32, 0.1, and 0.11 at re-
spective depths indicating the soil was depletion to minimal
enrichment (Table 3 and Fig. 3). CF values for Sr range from
0.531t09.93, 0.37-8.32, and 0.38-6.69 with average values of
2.27, 2.4, and 2.35 (Table 4). Values of Cyeq (27.27, 28.87,
and 28.31) and values of PLI (1.03, 1.03, and 1.04) are shown
(Table S2) (Supplementary Table). Sr was more mobile in the
weathered zone, soil with high clay content, organic matter,
and acidic environments (Gowd et al. 2010).

Zinc (Zn)

Concentration of Zn in soil ranges from 38.81 to 327.13 mg/kg,
23.23-945.52 mg/kg, and 27.22-2056.48 mg/kg with average
values of 107.76 mg/kg, 140.54 mg/kg, and 226.91 mg/kg at
respective depths (Table S1) (Supplementary Table). /g, values
for Zn range from 10.84 to 13.91, 10.1-15.44, and 10.33-16.57
with average values of 12, 11.7, and 11.77 at respective depths
(Table 2 and Fig. 2). I, values indicate that the soil in the study
area was very heavily contaminated. Similarly, EF values obtain-
ed for Zn range from 0.33 to 7.55, 0.42-10.1, and 0.35-20.85
indicating the soil in the study area is significant to very high
enrichment (Table 3 and Fig. 3). CF values for Zn range from
0.32 to 2.77, 0.14-6.04, and 0.11-8.33 with average values of
1.45, 2.71, and 4.22 at respective depths (Table 4). Values of
Caeg (1748, 32.56, and 50.71); values of PLI (1.02, 1.05, and
1.10); values of RI (17.47, 32.56, and 50.71) at respective depths
are shown (Table 6 and Table S2 (Supplementary Table). The
main sources of Zn pollution are due to the industrial waste
disposal and manufacture of agrochemicals and pesticides.

Vanadium (V)

Concentration of V in the soil ranges from 16.63 to
182.62 mg/kg, 26.39-116.38 mg/kg, and 32.04-241.57 mg/kg
with average values of 10.7.76 mg/kg, 140.54 mg/kg, and
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68.36 mg/kg at respective depths (Table S1) (Supplementary
Table). /e, values for V range from 9.37 to 12.83, 10.04—
12.18, and 10.32—13.23 with average values of 10.85, 11.12,
and 11.16 at respective depths (Table 2 and Fig. 2) indicating
the soil in the area was very heavily contaminated with V. The
minimum and maximum values of EF for V are 1 for all
respective depths; soil indicates the depletion to minimal en-
richment (Table 3 and Fig. 3). CF values for V range from
0.31t0 3.48, 0.51-2.28, and 0.28-3.12 with average values of
1.49, 1.16, and 1.32 (Table 4). Values of Cye, (17.92, 13.94,
and 15.91) and values of PLI (1.02, 1.0, and 1.01) at respec-
tive depths are shown (Table S2 (Supplementary Table) and
Table 6).

Molybdenum (Mo)

Concentrations of Mo in the study area range from 0 to
9.21 mg/kg, 0-22.73 mg/kg, and 0-3.27 mg/kg with average
values of 2.66 mg/kg, 3.22 mg/kg, and 3.27 mg/kg at respec-
tive depths (Table S1) (Supplementary Table). Ly, values for
Mo range from — 1 to 3.2, —2.89 to 4.5, and —4.37 to 0.24 at
respective depths (Table 2 and Fig. 2) indicating the soil is
practically uncontaminated to heavily contaminated.
Similarly, EF value ranges from 0 to 11.04, 0-11.5, and 0—
2.1 at various depths indicating significant enrichment
(Table 3 and Fig. 3). CF values for Mo range from 0 to
5.34,0-23.91, and 0-9.51 with average values of 0.92, 2.02,
and 0.87 (Table 4). Values of Cyee (11.12, 24.26, and 10.48)
and values of PLI (0.99, 0.98, and 0.97) at respective depths
are shown (Table S2) (Supplementary Table).

Toxic unit analyses

The sum of toxic units (2 TU) determines the possibility of
heavy metal toxicity in the soils. Toxic units can be calculated
as the ratio of heavy metal concentration in soil against the
measured probable effect levels (PELSs). Total toxic units with
toxic units due to heavy metals toxicity in soil sample location
in the industrial area were presented (Fig. 7). The sum of toxic
units for the studied metals for the sites S5 and S8 for a depth
of 0-30 cm, S9 and S11 for a depth of 30-90 cm, and S11 for
a depth of 90-150 cm exceeding the value of 4 and caused a
serious threat to the environment.

Correlation of heavy metals

Pearson’s correlation method has been adopted for under-
standing the relationship among the elements for the soil sam-
ples collected at respective depths (Table S4, S5 and S6)
(Supplementary Table). The following correlations are con-
sidered as strong positive correlation between Al with Fe
(0.64), B-Cd (0.75), B-Fe (0.97), B-V (0.93), Cd-Fe (0.80),

Cd-V (0.73), Co-Cr (0.97), Co-Sb (0.93), Co-Se (0.97), Cr-Sb
(0.95), Cr-Se (0.99), Fe-V (0.97), Mn-Mo (0.63), Mn-Ti
(0.85), Pb-Ti (0.78), and Sb-Se (0.96) for a depth of 0-30-
cm soil sample (Table S4) (Supplementary Table). Similar,
strong correlation was observed between Al and Pb (0.79),
Al-V (0.62), As-B (0.65), As-Cd (0.69), As-Cu (0.77), As-
Fe (0.68), As-Se (0.64), B-Cd (0.97), B-Co (0.61), B-Cu
(0.87), B-Fe (0.99), B-Mn (0.83), B-Se (0.87), B-V (0.62),
Cd-Cu (0.94), Cd-Fe (0.98), Cd-Mn (0.81), Cd-Se (0.87),
Cd-Sr (0.62), Co-Mn (0.86), Co-Pb (0.68), Co-V (0.87), Cr-
Se (0.68), Cr-Sr (0.95), Cu-Fe (0.91), Cu-Mn (0.65), Cu-Se
(0.87), Cu-Sr (0.64), Fe-Mn (0.79), Fe-Se (0.89), Fe-Sr (0.63),
Mn-Se (0.64), Mn-V (0.88), Mo-Zn (0.87), Pb-V (0.71), and
Se-Sr (0.76) at a depth of 30-90 cm (Table S5)
(Supplementary Table). Similarly, strong correlation (> 0.60)
was observed between As and Pb. B-Cd, Fe-V, Cd-Fe, Se-V,
Co-Cr, Mn, Mo-Sr, Cr-Mn, Mo, Sr, Cu-Sb, Se, Fe-V, Mn-Mo,
Sr, Mo-Sr, Sb-Se, and Ti-Zn at a depth of 90-150 cm
(Table S6) (Supplementary Table). The significant strong pos-
itive correlation within these elements reveals that there is a
common anthropogenic source of pollution in the study area.
Similarly, strong negative correlations were also observed be-
tween these elements. Presence of Sr in the soil has a bearing
on the accumulation of heavy elements and is highly influ-
enced by the adsorption characteristics of other heavy ele-
ments. Association of geochemical of metals like Cd-Cr-Cu-
Zn deposited in the soil indicates an anthropogenic sources
contributing to the soil horizon.

Source analysis of heavy metals in soil

Principal component analysis (PCA) was carried out to obtain
initial Eigen values and variance percent of the data to reduce
the dimensionality from the 17 parameters to five principal
components (PCs) for soil data at respective depths by using
Statistical Package for Social Sciences (SPSS) software
(Table S7) (Supplementary Table). PCA was applied to the
varimax normalized data to compare the compositional pat-
terns between the analyzed soil samples and to identify the
factors that influence. The factor loading are classified as
strong, moderate, and weak corresponding to absolute loading
values of > 0.75, 0.75-0.50, and 0.50-0.30, respectively (Mor
et al. 20006).

The output of the final rotated loading matrix obtained for
soil data at 0-30 cm depth results five principal component
analyses which explains 91.83% of the total variance. PC1
represent 36.90% of variance with the loading of Cr, Se, Sb,
and Co are possibly due to the runoff and discharge of waste-
water from industrial areas. PC2 represented 21.10% of the
total variance and had high loadings of V, Fe, B, and Cd
suggesting that these elements have a similar chemical behav-
ior, which was presented partly in oxide form and partly in

@ Springer
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Fig. 6 Variation of copper
concentration (mg/kg) in soil
samples of Peenya Industrial Area
at different depths

@ Springer

LATITUTE (in Degrees)

LATITUTE (in Degrees)

LATITUTE (in Degrees)

13.05

]
O0Km 2Km m Cu (mglkg)
400
13.04 4 380
360
340
320
—300
13.03 4 I
1260
1240
—1220
13.02 2
180
Hwo
140
{120
13.01 4 X =100
Cu concentration 80
at 0-30cm depth 60
40
20
13 - $12 0
@ Soil Sample Location
P
b Peenya Industrial Area Boundary
\ _/O
L) A L) L) ] L)
77.49 775 77.51 77.52 77.53 77.54 77.55
LONGITUDE (in Degrees)
13.05
I
0Km 2Km m Cu (malkg)
360
13.04 4 340
320
300
280
13.03 4 — 260
— 240
—220
—200
13.02 4 —{180
-160
140
I— 120
—100
13.01 4
Cu concentration [ | zg
at 30-90cm depth |
40
- 20
L]
13 - s12 ‘ 0
@ Soil Sample Location
P
L _4 Peenya Industrial Area Boundary
VA
L] A L) L) L L
77.49 77.5 77.51 77.52 77.53 77.54 77.55
LONGITUDE (in Degrees)
13.05
I
OKm 2Km m Cu (mglkg)
13.04 4
13.03 4
13.02 4
13.01 4
Cu concentration
at 90-150cm depth
13 4 $12
@ Soil Sample Location
‘fu‘; Peenya Industrial Area Boundary

L
77.49

T
77.5

L) Ll L) L
77.51 77.52 77.53 77.54 77.55

LONGITUDE (in Degrees)



Arab J Geosci (2020) 13: 880

Page 170f 21 880

hydroxide form (Chapman et al. 1998). PC3 represented
18.81% of the total variance and high loadings on Cu and
Zn which indicate that the fertilizers in agricultural areas are
a major external source for these metals. PC4 represents
9.01% of the total variance with high loadings of Mn, Pb,
Mo, and Ba which indicates that the natural as well as anthro-
pogenic sources (coal based, metals and alloys, leather pro-
cessing, electroplating, lead batteries, welding units, etc.) are
attributed. The PCS5 with total variance of 6.0% represents the
high loadings on As and Sr and negative loading of Al which
indicate anthropogenic sources.

The soil at depth 30-90 cm obtained the results of the five-
factor analysis explains 90.25% of the total variance, the PC1,
PC2, PC3, PC4, and PC5 were found to be responsible for the
variations in soil quality explains 46.90%, 14.76%, 12.20%,
9.10%, and 7.32% of total variance respectively. PC1 shows
high loadings on As, Cu, Fe, Cd, B, and Sb, thus, covering the
metals having origin both as natural and anthropogenic
sources. PC2 is influenced by Co, Mn, V, and Sr; and PC3
includes variable like Cr, Se, Sb, and Al which indicates that
the chromium salts in leather processing and discharges
wastewater containing high levels of chromium (Sinha et al.
2002). The PC4 shows high positive loadings of Zn and Mo.
PCS5 shows high positive loadings of Ba and negative loadings
of Pb and Sr.

The soil at depth 90—150 cm also obtained the results of the
four-factor analysis explains 84.11% of the total variance, the
four PC1, 2, 3, and 4 were found to be responsible for the
variations in soil quality explains 36.70%, 23.10%, 16.49%,
and 8.02% of total variance respectively. PC1 shows high

loadings of Co, Mn, Se, Mo, and Cr which are possible long
term, and extensive use of pesticides in farmland may cause
heavy metals such as Co, Mn, Se, Mo, and Cr to accumulate in
the topsoil (Huang et al. 2010; Shao 2012). The PC2 is influ-
enced by Fe, B, Cd, V, and negative loading of Ba indicating
the source is anthropogenic activity. PC3 includes metals like
Sr, Zn, Pb, and Cu indicating the source was due to industrial
activities. The PC4 shows high positive loadings of Sb, and
Cu and negative loadings of As, Ba, and Al indicating that due
to improper management of industrial waste products. All
these factor score and variance pointing towards soil contam-
ination due to industrial activities.

The relationships among all soil samples were also exam-
ined in terms of the total contents of heavy metals by hierar-
chical cluster analysis. The obtained dendogram is depicted
(Fig. 8). For 0-30-cm depth soil, the observed dendogram for
the heavy metals with significant linkage distance, indicating
relatively high independency for each cluster. The first cluster
of metals are Cr, Se. Co, Sb, and As are well correlated with
each other and the second cluster was associated with Cu, Zn,
Mn, Pb, Ba, and Mo, and the third cluster was associated with
B, Fe, V, Cd, Al and Sr (Fig. 8). Cluster one is joined to the
cluster two and cluster three by a significantly large linkage
distance which indicates relatively high independency for
each group. Cluster one may be attributed to the anthropogen-
ic sources and clusters two and three to both the natural and
anthropogenic sources. For 30-90 cm depth soil, the observed
dendogram shows significant linkage distance, indicating rel-
atively high independency for each cluster. In the first cluster,
elements like B, Cd, Fe, Sb, As, and Cu are well correlated
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8 - MCr mMCd mAs
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Fig. 7 Estimated total toxic unit in soil samples of Peenya Industrial Area at different depths
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Fig. 8 Dendogram obtained from
cluster analysis of the total
contents of heavy metals in soil
samples at Peenya Industrial Area
at different depths
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with each other and form the second cluster which associated
with Mo, Zn, Pb, Sr, and form the third cluster which associ-
ated with Cr, Se, Co, V, Mn, Al, and Ba which is attributed to
local industrial effluents. The producing progress of indus-
trials, accompanied by the drainage of untreated effluents like
acid wash and plating liquid results in polluting soil (Fig. 8).
The hierarchical cluster analysis was used to systematically
cluster for fourteen elements for at depth of 90-150 cm soil
is observed. Before the analysis, the Z score was used to stan-
dardize the variables to reduce the influence of various ele-
ment content differences on clustering. Hierarchical cluster
analysis (HCA) produces similar results as PCA. The fourteen
elements can be roughly classified into three categories: the
first type includes Co, Mn, and Mo; the second type is Cu, Pb,
Sr, As, Zn; and the third type is Al, B, Fe, Cd, V, Cr, Se, and
Sb (Fig. 8). The first group may derive from nonferrous metal
smelting. The second category may come from anthropogenic
sources. The third category is mainly from natural sources and
industrial activities.

Conclusion

The soil of the Peenya Industrial Area is contaminated due to
improper management of solid/liquid waste disposal and in-
dustrial activities and persisting for a long duration. Elevated
contents of metal like As, Ba, Cr, Cu, Fe, Pb, Sr, and Zn in the
soil of the industrial area indicates that the soil is polluted with
these metals, and these metals are originated from the indus-
trial activities and have a direct impact on human health,
groundwater, terrestrial, and the ecological system. The mo-
bility of these metals in soil and groundwater has also been
studied and compared with other studies carried out in India,
Asia, and worldwide. The study alerts to take immediate
precautional measures to prevent the soil pollution of the area
and requires various remediations like bio-remediation and
phytoremediation. The analysis results of a heavy metal show
that the average concentrations of few metals are more than
the permissible values. Indices like /4o, EF, CF, Cyeg, mCyeg,
PLI, ER, and RI revealed that the soil of the study area has
significant to very high enrichments of few metals. /,, values
obtained for analyzed metals indicate that the soil is heavy to
very heavily contaminated with metals like As, Mo, Sb, Se,
and Ti. EF and CF values obtained for different metals also
indicate the soil is moderate to significant enrichment with
most of the metals. Other indices like the degree of contami-
nation (mCc,), toxic unit, pollution load index (PLI), ecolog-
ical risk factor (ER), and potential ecological risk index (RI)
show the significant variations in their spatial distribution of
contamination level. Modified degree of contamination
(mCycg) values for most of the metals at various depth soil
samples show significant contamination. Similarly, the analy-
sis of the toxic unit indicates the few locations are more toxic

as the value of the toxic unit is more than 4. Pollution load
index (PLI) values for most elements are > 1 indicating dete-
rioration of soil quality in the area. ER values obtained for
metals like As, Cd, Co, Cr, Cu, Pb, V, and Zn indicate that
low ecological risk with these metals except for Cd for few
samples indicating moderate risk. Similarly, RI values obtain-
ed for As, Cd, Co, Cr, Cu, Pb, V, and Zn indicate that the soil
is at moderate risk with As, Co, Cu, Pb, and Zn and consid-
erable risk with Cd and Cu, PCA, prevalent five principal
components, and the indentification of the sources. The soil
sample data at 0—30-cm depth, 30-90-cm depth, and 90—150-
cm depth explain the 91.83%, 90.25%, and 84.11% variance
with a maximum loading of elements like As, Cd, Co, Cr, and
Fe. Despite low ecological risk potential, there is a need for
further study to monitor the contamination level.
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