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Abstract

Awareness of lead (Pb) distribution and zoning in urban, agricultural, and industrial areas is of particular
importance in environmental protection planning. This cross-sectional study aimed to determine the
distribution of Pb in different uses with different levels of industrial development and human activities in
urban areas in Hamadan during 2018. For this purpose, 146 soil samples were collected from 0-20 cm
depth and prepared for air-dried laboratory analyses. Then, pH, electrical conductivity (EC), total Pb, and
adsorbable Pb in the soil were measured. The results demonstrated that the mean concentration of total
Pb is 88 mg/kg. In addition, the mean concentration of Pb in urban, industrial, and agricultural areas was
41 mg/kg, 30 mg/kg, and 17 mg/kg, respectively. Further, the average concentration of adsorbable Pb with
a standard deviation of 0.3 in industrial, urban, and agricultural areas was 0.38 mg/kg, 0.16 mg/kg, and
0.06 mg/kg. Land use was an important source of Pb change in the studied soils; however, Pb change did
not depend only on land use. Factors such as weather conditions or proximity to roads, as well as previous
land uses, could affect the role of existing land use and be effective in the distribution of soil Pb. Studies
revealed that the amount of the soil’s adsorbable Pb is more important than that of total Pb in different uses,
which should be considered in any soil-related research.
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1. Introduction

Heavy metal contamination in the soil does directly
affect the physical and chemical properties of the soil
and, consequently, its function. Heavy metals enter water
resources and the food chain through the soil and are a
serious threat to human health. They enter the soil through
various sources such as industrial and mineral activities,
chemical fertilizers, and wastewater. One of the most
important metals is lead (Pb), which can enter the food
chain in various ways (water, air, and soil) and the body
of living organisms. After entering the digestive system,
PD is actively absorbed through mucus transport proteins
by the calcium transporter and enters the bloodstream
after absorption. The presence of heavy metals such as
Pb in sewage irrigation water pollutes agricultural soils
and vegetables (1,2). Pb poisoning is the most common
cause of contamination (1). In fact, Pb is one of the first
pollutants in the U.S. Environmental Protection Agency
due to its significant spread and presence in waste sites
and the known harmful effects on ecosystems and the
environment. Pb transfer and distribution in the soil are
affected by a set of chemical processes such as oxidation

and reduction, uptake by cations on exchange sites,
chelation with organic compounds and metal oxides,
and uptake by plants. Heavy metals reach the soil surface
through various sources of pollution. Their outcome
depends on their physical and chemical properties, and in
particular on the classification of these metals (3,4). Most
of these heavy metals accumulate on the soil surface and
enter the food chain through adsorption by plants (5).
Among the heavy metals in the soils of six European
countries, zinc (Zn) and Pb have the highest levels (6).
Obviously, the type of use plays an important role in the
distribution of Pb in the soil. Various studies have been
conducted on the concentration of Pb in soils; however,
few studies have considered the relationship between the
amount of Pb concentration and the type of use (7). The
pollution of roadside dirt for long periods of time is a
major environmental concern. Although Pb-containing
gasoline consumption is banned in most countries, there
is still an increase in Pb levels in these soils (up to 7000
mg/kg). Pb imports through mining activities, burning
fossil fuels, and the use of Pb in diesel and gasoline
vehicles were reported by researchers in North America
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from the 1950s to the 1970s and in Europe until the 1980s
(8). Soils in hunting and military areas have been found
to be contaminated with Pb so that more than 400 tons
of Pb enter the soil through military activity (9,10). The
use of chemical fertilizers and insecticides also increases
the concentration of heavy metals in soils. Studies have
shown that the long-term use of phosphate chemical
fertilizers has increased the concentration of cadmium
(Cd), Pb, fluoride, and uranium in soils (11). The effect of
successive application of chemical fertilizers on ecosystem
pollution has been investigated in some studies (12,13).
An increase in Pb in agricultural soils has been indicated
to originate from the use of chemical fertilizers (14). Of
the other causes of soil contamination in industrial areas
are the entry of heavy metals from metal smelters and
mines through surface water transfer or wind and dust
flow (15). As some believe, most heavy metals such as
Pb enter the environment through industrial combustion
processes (16,17). The accumulation and storage of
metals in soils highly depend on soil properties (18). It
is necessary to know the spatial distribution of pollutants
and the level of pollution in order to implement
management programs (19). Determining spatial
changes in soil characteristics helps better understand
the complex relationships between soil characteristics
and environmental factors (20). Pb distribution and its
amount in different regions of Iran have been studied
by some researchers, and different results have been
presented on Pb distribution in different applications.
Amouei et al evaluated the distribution of Pb in various
applications in Amol and Babol and reported the highest
amount of Pb in industrial lands (15). Likewise, Hani
et al used statistical methods to determine the spatial
distribution of Cd and Pb metals in surface soils in Ahvaz,
and the basic radial functions of the best internalization
method were selected among them (21). Malakootian
and Khashi measured the concentration of heavy metals
(Arsenic, Cd, Pb, and copper [Cu]) in drinking water
resources in the villages of the southeast of Rafsanjan
plain, and the results showed that there was natural and
human origin of pollution for some parts of the region
to these metals (22). Salimi et al examined changes in Pb
and Cd in the soil of Saveh and rapeseed in the margins
of highways (23). Mirzaei Aminiyan et al found that the
greatest amount of pollution was related to the congestion
traffic of vehicles and industrial areas (24). The use of
introspection techniques in the geographic information
system (GIS) environment makes it possible to obtain a
general picture of how heavy metals are distributed by
presenting a contamination map of each metal, along
with soil chemical properties, to locate areas and soils in
those situations in which one or more elements are in
trouble, and GIS facilities and functions may be utilized
to better manage the soil. It is essential to assess the
variability of waste characteristics in order to achieve
a better understanding of the complex relationships
between factors. With the rapid growth of technology

and computer software and new statistical methods such
as GIS, environmental problem studies have become
easily possible. The use of statistical techniques by
considering the GIS computer program to determine the
spatial distribution of heavy metals in urban areas has
been reported by various researchers (25-27).

The contamination of natural resources, including soil,
with heavy metals is ignored in developed countries due
to environmental regulations. However, in developing
countries, it is on the rise. In Iran, chemical fertilizers
are being used indiscriminately, and this has put the
environment at serious risk of contamination with
chemical fertilizers and, in particular, heavy metal
pollution. Roads are the second largest source of pollution,
creating pollution in the urban environment (28).

Traffic causes serious problems, especially in large cities
with high population densities. Road traffic is the most
important source of Pb pollution in urban areas. Industrial
pollution has been and continues to be a major cause
of environmental degradation. Numerous studies have
demonstrated that areas around industries are exposed to
significant air, soil, and water pollution through industrial
activities. Mining development is one of the causes of
pollution, among which sulfide mines are important in
the extraction stage due to the increased concentration
of heavy elements. The heavy metals released into the
mineral waste dams are due to the effects of natural
processes and condensing plants (29). The role of heavy
metals in the distribution of heavy metals has attracted the
attention of many researchers, and several studies have
been conducted in this field. Although information on the
distribution of heavy metals has been well documented in
many developed countries, there is less information in this
regard in developing countries (30). In these countries,
urbanization and human population growth and land use
development are uncontrolled and unplanned, leading
to many problems. Therefore, it is necessary to identify
the spatial pattern of urban soil pollution in these areas.
Those areas where there is a risk of contamination can be
identified by zoning these areas (31).

Thus, awareness of how Pb is distributed in different
parts of the urban target lands with different uses, in
order to provide a map of Pb contamination, is of special
importance, which was the focus of this research.

2. Materials and Methods

2.1. The Study Area

This applied cross-sectional study was conducted in 2018
in Hamedan, located in the west of Iran. The dominant
geological formations in the region include alluvial
terraces related to the Quaternary geological period,
as well as orbital limestone, shale, and marl limestone
formations related to the late Cretaceous and Cretaceous
periods. Moreover, the other geological formations
were andesitic lava and fine limestone belonging to the
early Neogene and Late Paleogene (32). Fig. 1 shows the
location of Hamadan in Iran.
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Fig. 1. Location of Hamedan, Iran

2.2. Geostatistical and Statistical Measurement
Multivariate analysis, including principal component
analysis (PCA), was performed for the classification of
samples using SPSS 16 software. The extracted statistical
parameters were minimum, maximum, average, skewness
and strain of raw data, histogram, Q-Q graph, and data
normality. The data of the natural sciences do not always
have a normal distribution, it is therefore important to
determine the normality of the raw data. However, in
cases where the data do not have a normal distribution,
the Mann-Whitney test was used to compare the mean
of the groups, and the Spearman correlation test was
employed to determine the correlation of the measured
parameters. In situations where the data were normalized
by logarithmic conversion, the mean of the groups was
compared by Duncan’s test and Pearson’s test to estimate
the correlation of the parameters.

The skewness indicates the degree or level of symmetry
around the mean. The positive and negative numbers
represent the symmetry to the right and left, respectively.
While the number zero denotes the symmetry around
the mean, the elongation refers to the elongation level or
flatness (flatness) of a curve relative to a normal standard
curve. Spatial dependence was analyzed by calculating the
semivariogram based on Eq. (1):

y(h)=

1 N (h) 2
IO Z [Z(x)-Z(x,-h)] 0

where y (h) and Z (x) represent half the variance in
the desired distance and the value of the variable Z in
the position xi, respectively, and N (h) is the number
of pairs of points that are as far apart as h. The three
main parameters for interpreting semivariogram spatial
dependence are amplitude (A ), nugget effect (C)), and
sill (C,+C). The nugget effect indicates changes that are
either caused by accidental factors such as measurement
errors or cannot be detected at the shortest distance. The
half-variance value is usually increased by increasing the
sampling interval and then reaching a constant value

called the sill. The amplitude represents the range at which
the points interact with each other locally or the distance
that the semivariogram reaches the sill. Variograms can
be described using theoretical models such as linear,
spherical, exponential, and Gaussian. Prior to drawing
the semivariogram, data that had abnormal distribution
were normalized using logarithmic conversion. The
selection of the best model adapted to the semivariogram
was based on the maximum value of the coefficient of
determination and the sum of the remaining squares. Data
were interpolated in non-sampled points using Kriging’s
method and circular, spherical, exponential, and Gaussian
models, and then zoning maps were prepared based on
the results. To compare the accuracy and predictability
of the predictions, the mean error square root (RMSE)
and correlation coefficient (R?) were used for the data.
Of course, the values calculated to the model are closer
to the actual values when the RMSE values are smaller,
and therefore the model has less error, and the correlation
between the observed and predicted values is higher when
the correlation coefficient is closer to one. To perform
interpolation using the conventional Kriging’s method,
it is necessary to employ data with normal distribution.
GS+v.10 (2016) statistical program was utilized to analyze
the spatial structure of the desired parameters and prepare
zoning maps.

The units of the study population were classified
into groups that were more homogeneous in terms of
variable traits. Several samples were randomly selected
from each class. Overall, 146 samples, including 51, 46,
and 49 soil samples, were collected from 0-20 cm depth
of agricultural, industrial (Shahid Mofteh power plant,
Bouali industrial town, and Baharan industrial town), and
urban lands, respectively. Then, the soil samples were air-
dried for 24 hours and passed through a 2 mm sieve and
prepared for analysis. The electrical conductivity (EC)
and pH of the samples were measured in one to five soil-
to-water extracts by EC meters and electric pH meters.
The absorbable Pb extract and total Pb were obtained by
diethylenetriaminepentaacetic acid extractor and normal
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4 nitric acid (by the acid digestion method), respectively.
PD levels in the samples were estimated using an atomic
absorption device (32,33).

2.3. Anisotropy in Semivariogram Models

When soil characteristics are directional, to study the
effect of direction on soil properties, it is necessary to
calculate the semivariogram in different directions. If the
spatial correlation structure is similar in all directions,
the toxicity of the variogram has isotropic properties; in
this case, the semivariogram depends only on the distance
and has no effect on the direction. In many cases, some
features demonstrate different correlation patterns in
different directions, thus the semivariogram model of
anisotropy should be used to reflect these differences
(34,35). To control the directional dependence in the
experimental semivariogram, semivariogram values
should be calculated for the pairs of data that are in bands
with a specific direction and in a delay range. The directed
bands are characterized by direction, angular resistance,
and bandwidth. Bandwidth is the range of software applied
to determine the pair of points where a semivariogram is
drawn.

3. Results and Discussion
Table 1 provides the results of soil characteristics,

including pH, EC, adsorbable Pb, and total Pb in different
parts of Hamedan.

Among the parameters, only pH data had a normal
distribution, and the other three parameters were not
normally distributed. The pH and total Pb had a negative
skewness, while the other parameters had a positive
skewness. On the other hand, EC and absorbable Pb had a
negative elongation.

3.1. Correlation Between Soil Characteristics
The results of the correlation coefficient between the
characteristics of soil (pH, EC, absorbable Pb, total Pb) in
different applications (agriculture, industrial, and urban)
in the study area are presented in Table 2.

The strong correlation between total Pb and adsorbable
Pb shows the same origin of metals.

3.2. Multi-variable Analyses to Determine Pollution
Source

Table 3 provides the normal matrix of the soil properties
of the study areas. Based on PCA analysis, total Pb and
absorbable Pb, as well as pH and EC were classified
as primary and secondary components, respectively.
Considering that the total Pb and absorbable Pb were
placed in one category, the source of the contamination of
these two components was the same.

Table 1. Soil Characteristics, Including pH, EC, Adsorbable Lead, and Total Lead in Different Parts of Hamadan

No of Samples Minimum Maximum SD Mean Variation Coefficient Skewness Elongation
pH 146 5.2 10.3 0.7 7.9 0.1 -0.7 2.1
EC (uS/cm) 146 0.01 2.2 0.3 0.3 1.0 0.4 -0.3
Adsorbable lead (mg/kg) 146 0.0 3.7 0.4 0.2 2.0 0.08 -0.4
Total lead (mg/kg) 146 0.06 1045 24 22 1.1 -0.4 0.5

Note. EC: Electrical conductivity; SD: Standard deviation.

Table 2. Correlation Coefficient Between the Characteristics of Soil (pH, EC, absorbable lead, Total Lead) in Different Applications (Agriculture, Industrial, and
Urban) in Hamedan

Use No of Samples pH EC Adsorbable Lead Total Lead
pH 1 - - -
EC 0.121 1 - -
Total use
146 Adsorbable lead -0.036 0.026 1 -
Total lead -0.097 -0.08 0.356" 1
pH 1 - . -
EC -0.38™ 1 -
Agriculture
51 Adsorbable lead -0.085 0.098 1 -
Total lead 0.098 0.1 0.895" 1
pH 1 = - -
EC 0.367° 1 - -
Industrial
46 Adsorbable lead 0.12 -0.2 1 -
total lead 0.073 -0.083 0.346° 1
pH 1 - - -
EC 0.089 1 - -
Urban
49 Adsorbable lead -0.219 0.274 1 -
Total lead -0.391 0.026 0.399 1

Note. EC: Electrical conductivity. *p<0.05 **p<0.01.
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3.3. Examining the Interpolation Methods and Choosing
the Best Method

Based on the Kolmogorov-Smirnov test, it was found that
the distribution of total and adsorbable Pb values was not
normal, and normalization was required before using them
in the Kriging’s method. By converting the data under
the logarithmic function, the data distribution becomes
symmetrical and closer to the normal distribution.
Interpolation with conventional Kriging’s method was
performed for all four parameters using four spherical,
exponential, and Gaussian models, and the optimal model
was selected according to the evaluation criterion and
considering the lower nugget/sill ratio and the lowest
RMSE for each parameter. The nugget-to-sill ratio is also
used as a criterion for classifying the location dependence
of properties. If this ratio is less than 0.25%, the variables
have a high spatial dependence. If it is between 0.25 and
0.75%, the variables have a moderate spatial dependence,
and if it is greater than 0.75%, they have a weak spatial
dependence. To predict the spatial correlation of soil
properties, the best mathematical model was fitted with
an experimental semivariogram. The results of verifying
the semivariogram parameters of the variogram are given
in Table 4.

The semivariogram parameters showed that with the
exception of the total Pb described by the Gaussian model,
the rest of the exponential model perfectly represented
spatial changes in soil characteristics. The semivariogram
calculation in different directions proved that the soil
characteristics in this study lack anisotropic properties.
The amplitude factor indicates the Pb correlation interval.
After this distance, there was no connection between
the variables. According to the obtained results and
correlation coefficient, all soil characteristics measured in
this study had a strong spatial dependence.

The maximum and minimum distances were related to
pH (175182 m) and EC (580 m), respectively. The large
domain indicates that the observed values of the desired
parameter have been affected by the other values of
that parameter over larger distances (36). Samples with

Table 3. Normal Matrix of the Soil Properties of the Study Areas in Hamadan

Element/Factor Primary Component  Secondary Component

pH - 0.61
EC - 0.71
Adsorbable lead 0.69
Total lead 0.79

Note. EC: Electrical conductivity.

Pasgar and Malakootian

distances closer to the domain have a spatial dependence,
while specimens with a distance between them greater
than the domain have no spatial dependence. In other
words, the pH values range from 175182 m and the EC up
to 580 m in spatial dependence. Although various research
sources have stated different values based on their purpose
as the permissible limits of metals in the soil and plants,
which has made decision-making a little difficult, in most
cases, these data are close to each other.

3.4. Spatial Distribution of Soil Properties
3.4.1. pH Spatial Distribution
Fig. 2 illustrates the pH spatial distribution in agricultural
soils in Hamadan. Soils in the northeastern region of
agricultural land have a lower pH range than other areas,
and the pH of the soil was increased by moving to the
west. However, in some places, the pH is close to 6, which
can be detected in the zoning map. In general, soil pH
ranged from 6.0 to 7.8, implying that pH changes are more
scattered in urban soils. In addition, the pH range of these
soils ranged from 6.9 to 8.9, indicating that the average
pH of these soils was higher than that of agricultural soils.

Fig. 3 displays the results of spatial pH distribution in
urban land in Hamadan. As shown, in all geographical
directions, pH is found to be different. Fig. 4 depicts
the spatial distribution of pH in industrial land soils in
Hamadan

The range of pH changes in these soils varied from 5.2
to 10.3 so that it covered acidic soils to completely alkaline
soils. The lowest pH was sampled in the southwestern part
of the region, and the pH was increased in the northeast.
The predominant pH of these samples was between 7.2
and 8.9.

3.4.2. Spatial Distribution of Electrical Conductivity

Fig. 5 shows the results of the spatial distribution of
changes in the EC of agricultural lands in Hamadan. The
highest values of EC were in the northeastern parts of the
region and a small part in the southern part of the region
with agricultural use. Most of the soils in the area had an
EC of 89 to 165 uS/cm. Moreover, the average EC of the
soil was 144, and the EC varied between 12 and 625 pS/cm.

Fig. 6 illustrates the results of the spatial distribution of
changes in the EC of urban lands in Hamadan.

As shown, soils with different amounts of EC are
distributed throughout the region. The EC of urban
soils is higher than that of agricultural soils. The highest
value of EC was 2250 ps/cm. The amount of EC was

Table 4. Results of Verification of the Semivariogram Model of Fitting Measured Data

Properties RMSE R? Nugget Sill Distance Model Nugget/Sill
pH 0.78 0.97 0.01 0.58 175812 Exponential 0.02
EC 387 1.24 0.02 1.19 580 Exponential 0.02
Adsorbable lead 15 0.94 0.18 0.63 650 Exponential 0.28
Total lead 22 0.96 0.21 0.73 638 Gaussian 0.28

Note. EC: Electrical conductivity; RMSE: root-mean-square error; R?: Correlation coefficient.
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Fig. 3. pH Distribution in Urban Land Soils in Hamadan

between 40 and 2250 variables, and the average EC was
340 pS/cm.

Fig. 7 depicts the results of the spatial distribution of
changes in the EC of industrial lands in Hamadan.

The results of the EC zoning of industrial soils revealed
that the highest amount of EC in these soils is observed in
a small area of the northeast. However, the value of this
parameter increases from west to east. The lowest amount
of EC is observed in the southwestern part and the center
of the sampling areas. The lowest and highest values of
EC are between 28 and 1840 with an average of 344 pS/
cm. There was no significant difference between the EC of
urban and industrial soils.

3.4.3. Spatial Distribution of Total Lead

Fig. 8 displays the results of the spatial distribution of
total Pb in agricultural land in Hamadan. According to
the zoning results, the total amount of Pb in agricultural
lands increased from west to east, and the highest amount
of total Pb was observed in a part of the northeast of the
sampling points. The average total Pb in these lands was 17
mg/kg, and the highest amount of total Pb in agricultural
use was 85 mg/kg.

Fig. 9 shows the results of the spatial distribution of
total Pb in urban land use in Hamadan. Based on the
zoning results, the amount of total Pb in urban lands had
a different pattern, as the lowest amount of total Pb was
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Fig. 5. Electrical Conductivity Zoning of Agricultural Soils in Hamadan

observed in the southern part of the sampled points. It
seems that the distance from the city center and adjacency
to the roads have also led to an increase in Pb. Based on
the findings, the average total Pb in urban lands was 41,
and the highest total Pb in these lands was 1045 mg/kg.
Fig. 10 illustrates the results of the spatial distribution of
total Pb in industrial land in Hamadan. The average total
Pb in industrial lands and the highest amount of total Pb
in these lands were 30 mg/kg and 107 mg/kg, respectively.
According to zoning maps, some areas with different uses
had higher total Pb than the standard. Among the three
studied land uses, urban land use was more polluted. The

type of application could affect the amount of soil Pb, and
when the degree of urbanization and industrialization
increased, the concentration of soil Pb represented an
increase.

3.4.4. Spatial Distribution of Absorbable Lead

Fig. 11 shows the results of the spatial distribution
of absorbable Pb in agricultural land in Hamadan.
Absorbable Pb had the highest value in the northeastern
part of the region. In addition, its average in these lands
was 0.06 mg/kg, and its lowest and highest values varied
between 0 and 0.31 mg/kg. Fig. 12 depicts the results of
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the spatial distribution of absorbable lead in urban land
use in Hamadan.

The zoning map shows that the amount of absorbable
Pb was on average 0.16 mg/kg. The lowest and highest
amounts of absorbable Pb in these soils were 0 and 2.5 mg/
kg. Fig. 13 displays the results of the spatial distribution of
absorbable Pb in industrial land in Hamadan.

The absorbable Pb of industrial lands increased from
southwest to northeast. The amount of Pb in these lands
varied between 0 and 3.7 mg/kg with an average of 0.38
mg/kg. In general, the average amount of absorbable Pb in
industrial lands was less than that in urban lands. Although
the total concentration of heavy metals is a useful indicator
for assessing soil pollution, it does not provide sufficient
information on the adsorption and toxicity of heavy
metals. The mobility, adsorption, and toxicity of heavy
metals to plants depend significantly on their chemical

forms in the soil (36,37). Heavy metals are present in the
soil in the form of soluble, exchange, carbonate, bound to
iron and manganese oxides, organic, and residual. Their
accessibility to soil is different (38), and out of different
components, soluble and exchange components have
greater accessibility in the soil. Therefore, determining
the absorbable shape, instead of the total concentration
of heavy metals, shows a more appropriate assessment of
soil contamination. The results of the spatial distribution
of absorbable Pb demonstrated that in all three uses,
the amount of absorbable Pb is less than the critical
level and the declared standard. The point of interest is
the difference in the rank of pollution of the three uses.
According to the results of Pb zoning, the total pollution
trend in urban lands is more than in industrial lands, and
in industrial lands, it is more than that in agricultural
lands. The pollution trend in terms of absorbable Pb in
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industrial lands is greater than that in urban lands which
is, in turn, greater than that in agricultural lands.
Although the amount of Pb that can be absorbed in
all applications is less than the standard, and there is no
problem in terms of pollution, based on the amount of Pb,
the total risk of pollution in urban and industrial lands
was higher than the provided standard. The results of this
study demonstrated that although Pb is a whole scale for
contamination in the region, available Pb, which is easily
absorbed by plants and organisms and enters the food
chain, can be a criterion for measuring the contamination
of areas with Pb. The higher amount of Pb available in

industrial lands indicates that in these areas, if animals
and plants are present, Pb will easily enter the food chain
and cause many problems in the long run. Since most
studies have been conducted on the spatial distribution of
total Pb, and the spatial distribution changes of various
Pb components such as absorbable Pb have not been
studied so far; thus, it is impossible to compare the results
obtained in this study with those of other studies. Based
on the findings of the present study, despite the higher
total Pb in urban lands, the amount of absorbable Pb in
these areas was less than that in industrial lands, which is
of great importance. Regarding the low amount of total
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Pb in industrial lands, the absorbable Pb in these lands
was higher, implying the possibility of higher entry of this
metal into the food chain, which should be considered in
further studies.

Among the parameters, only pH data had a normal
distribution, and the other three parameters were
abnormal; therefore, using SPSS software and logarithmic
conversion, the abnormal data became normal. The study
of descriptive statistics showed that pH and total Pb
had a negative skewness, whereas the other parameters
had a positive skewness. On the other hand, EC and
absorbable Pb had a negative elongation. To determine
the distribution of data, the parameter of the change
coefficient is used, which is the result of dividing the

standard deviation by the average data. If this parameter is
less than 15%, the data diffusion is low; if it is between 15%
and 35%, the average diffusion and the high diffusion data
have a change coefficient above 35% (39). The data change
coefficient represented that the pH and Pb properties of
absorbable Pb are of low dispersion, and total Pb and
EC are of extremely high dispersion. To examine the
descriptive statistics of the data in the three uses, similar to
the above-mentioned method, the mentioned parameters
were examined in each use, and it was determined that
the absorbable Pb data and the total Pb were non-normal
in industrial and urban areas; however, they became
normal by using logarithmic conversion. Non-normal
distribution of total Pb data has been reported in many
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studies, which is consistent with the results of our study
and those of McGrath et al in Ireland (19) and Dayani et
al in the lands around Sepahanshahr-Isfahan, reporting
total Pb distribution as logarithmic (40). The obtained
correlation coefficient had all the characteristics of the
measured soil with strong spatial dependence. The results
of the study are in line with the findings of Wu et al. They
reported that the spatial correlation of heavy metals was
strong to medium (41). Shi et al presented a similar report
on strong Pb correlation, citing spatial dependence on soil
similarity, topography, and type of parent material in the
Shanghai Basin of China (36). The strong dependence of
Pb in the present study was due to the type of use and soil
characteristics.

Of the three studied land uses, lands with urban use
were more polluted. The type of application affects
the amount of soil Pb, and the concentration of soil Pb

increased with an increase in the degree of urbanization
and industrialization. The researchers reported a positive
correlation between the concentration of soil metals,
especially Pb, and urbanization. Distance from the city
center is a good predictor of metal concentration, and soil
Pb varies between the city center, the suburbs, and rural
areas. Amouei et al reported the highest amount of Pb
contamination on highways in adjacent urban lands in
the north of the country (15). The results of the current
study conform to those obtained by Mirzaei Aminiyan et
al in Kerman (Iran). The highest amount of pollution was
related to urban and regional centers with high traffic of
vehicles and industrial areas (24). However, most studies
in developed countries and some parts of the world have
reported the highest pollution in industrial areas. One
of the reasons for the difference in studies conducted
in Iran and developed countries can be the increase in
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the number of vehicles in recent years in Iran and the
use of unsuitable and Pb-contaminated fuels. However,
strict laws on fuel use have been developed in developed
countries. Kim and Ferguson in New Zealand in 1994 and
Das et al in India believed that major heavy metals such as
Pb enter the environment through industrial combustion
processes (16,17). Amouei et al examined the distribution
of Pb in various uses in Amol and Babel and found that
the highest amount of Pb was observed in industrial
lands. The amount of Pb in industrial lands, agriculture,
and highways was 84+38, 19.7£9.5, and 213+132,
respectively. These values are higher than the standards
defined by the Environmental Protection Organization
of Iran (50 mg/kg), which are consistent with our results
(15). In another study, Glennon et al in Ireland reported
that the average surface soil concentration of industrial
soils in residential areas and managed and uncultivated
lands was 174, 70, 80, and 50 mg/kg, respectively (42).

In a study by Birke et al in Germany, the concentrations
of Pb in high-population residential areas, industrial
areas, and agricultural land were reported at 87, 109, and
25 mg/kg, respectively (43). It is clear that industrial sites,
especially those that have long been in industrial use, are
more prone to spot pollution. The distribution of heavy
metals is related to the type of land use (44). In industrial
areas, more Pb is accumulated than in other uses (45).
Shi et al found that the highest levels of metal pollution
are related to industrial, urban, and agricultural lands,
respectively (46). It is obvious that the type of use plays
an important role in the distribution of Pb in the soil.
However, in some cases, the recorded land use is based on
the current state of the land, while past land use in urban
and industrial areas has been neglected during sampling
(47). The effect of use in some areas can be ambiguous; for
example, industrial lands may have been converted to other
uses in some areas. The second case is that atmospheric
sediments play an important role in the amount of Pb in
soils, especially before restricting the use of Pb-containing
fuels. The effect of atmospheric sediments may complicate
the effect of land use on Pb distribution, which should be
considered in studies. In some cases, industrialization and
urbanization have been shown to increase pollution in
agricultural land, and the highest levels of pollution are
observed in the suburbs and industrial centers.

On the other hand, the widespread use of chemical
fertilizers in agricultural lands pollutes agricultural soils
with heavy metals such as Cd, Zn, Pb, and Cu (48). Li et
al reported that as metropolitan construction continued,
heavy metals were transported to the river, contaminating
irrigated land with river water so that the concentration
of these metals in cultivated lands exceeded the source of
pollution in most cases. It is necessary to determine the
amount of metal distribution in different uses due to the
complexity of natural systems (49). The results of a study
by Liao et al in China revealed that the distribution of
Pb, Cu, and chromium was also influenced by land use
and land use history (50). Several research sources have

stated different values based on their purpose, including
the allowance of metals in soil and plants, which has
made decision-making a bit difficult; however, in most
cases, these data are close to each other. Three standards
for critical Pb in the soil have been reported by the U.S.
Environmental Protection Agency, at 100, 10, and 10 mg/
kg, respectively (34,51). Zhang et al (37) reported the high
Pb concentration in some regions of China. According
to the results obtained by Karami et al in Hamadan, the
concentration of Pb in various parent materials was 23
mg/kg on average. Therefore, higher values in some of the
samples of the studied soils present indicated the entry of
these metals through human activities (52).

4. Conclusion

In general, land use is an important source of Pb change in
the soil. However, Pb change does not only depend on land
use. Factors such as weather conditions or precipitations
or proximity to roads, and previous land use can affect
land use and be effective in the distribution of soil Pb.
Soils in the northeastern region of agricultural land had a
lower pH range than the other areas, and the pH of the soil
was increased by moving west. The highest values of EC
were in the northeastern parts of the region, and a small
part was observed in the southern part of the region with
agricultural use. According to the zoning results, the total
amount of Pb in agricultural lands increased from west
to east, and the highest amount of total Pb was observed
in a part of the northeast of the sampling points. The
average total Pb in these lands was 17 mg/kg, and the
highest amount of total Pb in agricultural use was 85 mg/
kg. According to the zoning results, the amount of total
Pb in urban lands had a different pattern, as the lowest
amount of total Pb was observed in the southern part of
the sampled points. It seems that the distance from the
city center and adjacency to the roads could also increase
Pb. Among the three studied land uses, urban land use
was more polluted. The type of application affected
the amount of soil Pb, and the concentration of soil Pb
increased with an increase in the degree of urbanization
and industrialization. Absorbable Pb had the highest value
in the northeastern part of the region, and its average in
these lands was 0.06 mg/kg. Moreover, its lowest and
highest values varied between 0 and 0.31 mg/kg. The
lowest and highest amounts of absorbable Pb in these soils
were 0 and 2.5 mg/kg.
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