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Abstract

In the present study, different soil properties such as pH, electrical conductivity (EC), organic carbon (OC) and the heavy metals chromium (Cr),
lead (Pb) and zinc (Zn) were mapped spatially using geostatistical methods. Geostatistical tools including ordinary kriging interpolation technique
were utilized to investigate the variability. Accurate and rapid assessment of soil properties is a key component of agriculture. A total of 116 surface
soil samples (0-25 cm) were obtained at an interval of 250 m with GPS coordinates from the study area. The highest (93.76 %) variation was
observed in the total Cr, whereas the lowest (4.75 %) was found in soil pH. The best variogram model fit in ordinary kriging was selected based on
the accuracy of standardized mean error (MSE) nearest to zero, the smallest root-mean-squared prediction error (RMSE), the average standard
error (ASE) nearest the root-mean squared prediction error and the standardized root-mean-squared prediction error (RMSSE) nearest one. The
results indicated that soil pH, EC and Cd were best fitted to the spherical model, whereas soil OC, Pb, Cr and Zn best fitted to the Gaussian model.
All the soil pollutants (Cr, Cd, Pb and Zn) were found above the permissible limits in soil, with Cr around 10 times higher than the recommended

threshold. The spatial variability of important soil properties is valuable for planning remediation and management practices at regional scale.
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Introduction

Soil is one of the most important resources in the natural
environment; its health and productivity are vital for sustainable
agricultural development. Decades of negligence and poor
discharge of industrial and municipal waste effluents, which
contain highly toxic and hazardous pollutants, have resulted in
severe soil pollution in Kanpur city, India (1). The tannery industries
release effluents that are extremely high in organic and inorganic
toxic salt residues of Cr. A significant part of the chemicals used in
leather processing is not absorbed during tanning but instead
discharged into the environment. These by-products cause
pollution and hamper the activities of microorganisms in soils,
degrade crop and water quality and enter the food chain affecting
human health. The discharge effluents are high in soil pollutants
causing various adverse impacts to the ecosystem due to its long
persistence and non-biodegradable nature. Cultivation of crops
without knowledge of soil fertility status significantly decline soil
productivity as well as soil health (2). Prolonged exposure to
contaminated sites can cause various health problems such as
headaches, lung infection, nausea, skin and eye irritation and can
even damage some vital organs like liver. A decline in soil quality,
accompanied by reduced microbial activity, negatively affects soil
fertility and structure. These elevated levels of soil pollutants pose
severe risks due to potential leaching into groundwater and

uptake by plants. Therefore, it is very much necessary to assess the
levels of severity of soil pollutants in agricultural soils.

The conventional method of estimating soil pollutants is
suitable for specific or smallscale monitoring. With the
development of geographic information systems (GIS), global
positioning system (GPS) and geo-statistics. Kriging is a prevalent
technique used for spatial interpolation of soil properties. This
method allows repetitive coverage of large-scale areas in a
relatively cost-effective way, have become attractive for identifying
and assessing spatial patterns of the soil properties (3, 4). Studies
have shown that the properties of soil vary significantly within the
same field.

Spatial variability of soil fertility is a function of intrinsic
factors (soil forming factors and processes) and extrinsic factors
(topography, land use and soil management practices) (5).
Spatial variability and correlation among the soil properties
across the topography have been deeply studied in the last
decades using geostatistical methods (6). The properties of soil
and their spatial pattern and observed that continuous grazing
led to decrease spatial dependence of soil organic carbon and
total nitrogen at sandy grassland hills (7). Hence, a proper
understanding of the spatial distribution of soil pollutants at the
ground level is very important for site-specific management and
remediation practices (8, 9). Therefore, in this study, an attempt
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was made to analyse the spatial distribution of soil pollutants
near the tannery industrial area using geo-statistical tools in GIS
environment rather than the conventional method of
interpretation of data and assuming that the concentration of
toxic pollutants decreases with distance.

Materials and Methods
Study area

Tannery industrial area, Jajmau, Kanpur situated on the banks of
Ganga River lies between 26.46° N latitude and 80.35° E longitude
(Fig. 1). In Northern India, this zone is the largest hub of leather
tanneries and one of the biggest export centres of tanned leather
in India and worldwide. It comprises of around 10 villages with a
population of 423000 deriving their livelihood mainly from
agriculture (rabi rice) and in patches floriculture (marigold) and
vegetables (cauliflower, mustard). The slope is 1-3 % gentle
sloping throughout the study area with loamy sand soil texture.
The climate is humid subtropical, covering a maximum 80-85 %
rainfall during the southwest monsoon periods with
800-1000 mm. Average temperature from April to June falls
between 44.8 and 23.8 °C. May is the hottest month of the year
when the temperature reaches 45 °C, while the minimum
temperature stands at 8 °C. The maximum permissible limits in soil
and plants for Cr (100 and 1.3 ppm), Cd (0.8 and 0.02 ppm), Pb
(85and 0.3 ppm) and Zn (50 and 0.6 ppm), respectively (10).

Soil sample collection and analysis

Soil samples were collected from the plough layer (0-25 cm) grid
wise at an interval of 250 m with the help of GPS. A total of 116
surface soil samples were collected covering ten villages, which
are adjacent to tannery industries. The samples were labelled, air
-dried under shade and sieved through a 2 mm sieve for analysis
of soil parameters. For OC estimation 0.5 mm sieve is used. The
soil that passed through sieves is collected and stored in air-tight
polythene bags for further use. Soil pH and EC through soil-
suspension method, OC wet oxidation method, Cd, Cr, Pband Zn

2

by micro-digestion and analysis in inductively coupled plasma
optical emission spectroscopy (ICP-OES) were determined using
the standard analytical methods (11-13).

Geostatistical analysis

Geostatistics uses the technique of semivariogram to measure
the spatial variability of a regionalized variable and provides the
input parameters for the spatial interpolation of kriging. Spatial
variability of soil properties was mapped by the ordinary kriging
interpolation method. For mapping the soil parameters, all the
analysed data from sample sites were first imported into GIS as
point-based, geo-coded data through table management. It
measures the average dissimilarity between data separated by a
vector h it is computed as half the average squared difference
between the components of data pairs:

y(h) = 1/2N(0) 370 (20) — 20+ )

(Eqn. 1)

Where, N(h) is the number of data pairs within a given
class of distance and direction, z () is the value of the variable at
the location x;and z (Xi + h) is the value of the variable at a lag of h
from the location x;.

Semivariogram models were computed using ArcGIS 10.8.
The circular, spherical and gaussian models were tested for
different soil parameters. Expressions for different semivariogram
models are below:

Spherical
y(h) = C+C (152 - 0.5 (h/a)*) (Eqn. 2)
Exponential
hy=C+cC [l—exp[g}]thO (Egn. 3)
Gaussian
y(h) =C+C (1 —exp {(=h/a)’}).h =0 (Egn. 4)

Where, h = lag distance, C = nugget variance, C =
structural variance (partialsill) and r=range
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Fig. 1. Geographical area of the study area.
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Statistical analysis

Descriptive statistics of analyzed soil data which are minimum,
maximum, mean, median, standard deviation (SD), coefficient of
variation (CV), skewness and kurtosis were determined using
SPSS 16.0 (SPSS, Inc., Chicago, IL, USA). A Pearson’s correlation
matrix was used to reveal the relationships between different soil
properties.

Accuracy analysis

Cross-validation approach was employed to assess the accuracy
of model (14-16). The accuracy of prediction is measured by
mean absolute error (MAE) and mean standardized error (MSE).
The best fit model was computed for each parameter based on
lowest MSE.

Results and Discussion

The descriptive analysis of the soil properties is presented in
Table 1. The median of most soil properties was found to be
lower than the mean, which indicates that the effects of
abnormal data on the sampling value were not significant. The
data show that the values of pH, EC and SOC ranged from
7.0-8.3, 0.32-1.32 dSm™ and 0.2 %-1.58 % with mean values of
7.57,0.75 dSm* and 0.8 %, respectively. The soil pollutants i.e.,
Pb, Cr, Cd and Zn ranged from 61.2 to 136.8, 27.2 to 4596, 3.4 to
24 and 33 to 344.6 mg kg with overall mean value of polluted
zone of 89.04, 681.93, 9.13 and 139.88 mg kg*, respectively,
without removing outliers.

The concentration of most of the pollutants particularly
Cr, was at an alarming level and many times higher than the
permissible limit. Tannery industries are the primary source of Cr
and other heavy metals, which are used in the chrome tanning
process. Other heavy metals are often found in tannery waste
and enter the environment through wastewater and from the
use of various chemicals and dyes. The spatial variability was
interpreted using the coefficient of variation (CV) expressed in
percentage. The criteria was used to classify the parameters into
highly variable (CV > 35 %), moderately variable (CV 15-35 %)
and least variable (CV < 15 %) variable classes (17). The CV values
of soil parameters SOC, total Cr and total Zn were found greater
than 35 %, indicating s higher degree of dispersion around the
mean, EC, total Pb and total Cd were with in the 15-35 % range
and only pH was observed in the least variable class (< 15 %),
indicating limited data dispersion.

The highest (93.76 %) variation was observed in the Total
Cr, whereas the lowest (4.75 %) was found in soil pH (Table 1).
Soil pH is considered to be the stable soil parameter (18).
Skewness is the most common form of departure from normality
(4). If a variable has positive skewness, the confidence limits on
the variogram are wider than they would otherwise be and

Table 1. Descriptive analysis of soil properties of the study area

consequently, the variances are less reliable. All the studied soil
properties had kurtosis values more than zero, which indicates
that the data distributions are non-normal, representing values
that are far from the mean in the extreme ends (19). The results
demonstrate that the selected study area has higher
concentrations of all pollutants (Cr, Cd, Pb and Zn) than the
permissible limit according to the World Health Organization,
with levels increasing near the industrial zone compared to
locations farther away; Cr concentration were more than ten
times higher in contaminated soil.

The spatial distributions of pH, EC, OC, Pb, Cr, Cd and Zn
in agricultural soil, which are continuously for more than two
decades are irrigated by contaminated effluents were estimated
using various interpolation techniques and ArcGIS software and
the variability are indicated in Fig. 2. The three semivariogram
models spherical, exponential and Gaussian models were
computed and the best fit model to predict the parameters were
evaluated. The best is selected based on four criteria: the
standardized mean error (MSE) nearest to zero, the smallest
rootmean-squared prediction error (RMSE), the average
standard error (ASE) nearest the root-mean squared prediction
error and the standardized root-mean-squared prediction error
(RMSSE) nearest one (3, 20, 21). According to four criteria
semivariograms showed that soil pH, EC and Cd were best fitted
for spherical model whereas soil organic carbon, Pb, Cr and Zn
were best fitted for the Gaussian model (Table 2).

However, soil properties displayed differences in their
spatial dependence. The evaluation indices resulted from cross-
validation of spatial maps of soil properties. The spatial
distribution maps of soil properties using ordinary kriging
interpolation technique (Fig. 2a, b). The availability of soil
pollutants varies with the distance from the industrial zone. In
tannery industries, the biproducts generated is rich in chromium
therefore, a very high concentration much higher than the
permissible limit is noted near industrial zone. Any interpolation
techniques are used to decide how discrete data from a map are
transformed into continuous data.

Conclusion

The agricultural soil of Jajmau industrial area, irrigated with
contaminated effluents for more than two decades has been
studied to estimate the concentration level and spatial
distribution pattern of important soil properties namely pH, EC,
0C, Cr, Cd, Pb and Zn. The effectiveness and error predictions of
different interpolation methods were evaluated to identify the
best model. The results indicate that spherical model was found
best fitted for soil pH, EC and Cd while for soil organic carbon, Pb,
Cr and Zn, the Gaussian model was found best for interpolation
based on the accuracy criteria. The spatial variability maps of soil

Soil parameters  Distribution  Minimum Maximum Mean Median SD? Skewness Kurtosis CVb
pH (1:2.5) Log 7 8.3 7.57 7.6 0.36 0.076 1.81 4.75
EC (dS/m) Normal 0.32 1.32 0.75 0.72 0.23 0.395 2.21 30.66
SOC (%) Normal 0.2 1.58 0.80 0.79 0.29 0.367 2.82 36.25
Pb (mg kg?) Log 61.2 136.8 89.04 87.8 15.05 0.62 3.63 16.90
Cr (mgkg?) Log 27.2 4596 681.93 520 639.41 2.79 14.74 93.76
cd (mgkg?) Log 3.4 24 9.13 8.6 2.97 1.579 7.967 32.53
Zn (mgkg?) Log 33 344.6 139.88 130.8 67.36 1.05 4.07 48.15

astandard deviation; ° coefficient of variation.
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Table 2. Modeling precision of ordinary kriging
Soil parameters Semivariogram Model RMSE? RMSSE® MSE* ASE‘
Spherical 0.322 0.976 0.029 0.329
pH (1:2.5) Gaussian 0.321 0.9769 0.027 0.328
Exponential 0.324 0.9767 0.026 0.331
Spherical 0.2093 0.952 0.035 0.2207
EC (dS/m) Gaussian 0.2087 0.950 0.034 0.2207
Exponential 0.210 0.955 0.0297 0.221
Spherical 0.265 1.019 0.031 0.261
SOC (%) Gaussian 0.289 1.06 0.024 0.27
Exponential 0.269 1.034 0.031 0.262
Spherical 14.03 1.068 0.007 13.05
Pb (mg kg) Gaussian 13.79 1.045 0.001 13.62
R 14.20 1.089 0.009 12.96
Exponential
Spherical 582.65 1.352 0.052 509.22
Cr (mg k) Gaussian 591.51 1.376 0.059 493.40
R 587.45 1.388 0.069 473.55
Exponential
Spherical 2.89 1.074 0.002 2.64
Cd (mg kg Caussian 2.86 1.053 0.001 2.66
. 2.92 1.095 0.012 2.62
Exponential
Spherical 57.12 1.035 0.009 55.56
Zn (mg kg?) Gaussian 57.72 1.034 0.011 55.12
. 57.13 1.076 0.018 53.08
Exponential

2root mean square error; ®root mean square standardized error; ¢mean standardized error; ¢ absolute standardized error.
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Fig. 2(a). Spatial variability of soil pH, soil EC and cadmium of tannery industrial area, Kanpur.
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Fig 2(b). Spatial variability of soil organic carbon, lead, chromium and zinc of tannery industrial area, Kanpur.
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