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Abstract

Due to the high cost of the large-scale measurement of heavy metals, the use of statistical land models and tech-
niques is one of the proper ways to study their distribution and level of pollution. The study area, is agricultural lands
of south Tehran in Iran. Municipal wastewater is often used for irrigation agricultural lands under surface irrigation
method. To study the distribution of heavy metals including copper, nickel, and lead, the ordinary kriging method in
the GIS environment was used. In addition, one-dimensional HYDRUS modeling of water flow and heavy metals in
the soil environment was simulated up to a depth of 50 cm for 210 days and the concentration of heavy metals in the
depth was simulated. Distribution of lead element in soil surface with spherical model showed that its variation was in
the range of 20-70 mg/kg. These values were 50-60 mg/kg for copper and 30 mg/kg for nickel. Investigation of heavy
metal concentrations in soil profiles using the HYDRUS-1D model showed that the major accumulation of heavy met-

als occurred in the surface layer of soil at a depth of 0-15 cm that was higher than the permissible level.
Keywords: Distribution, Heavy metals, HYDRUS, Kriging method, Wastewater

Introduction

Due to the scarcity of safe water resources in arid and
semi-arid regions of the world, the reusing of munici-
pal and industrial wastewater for irrigation is one of
the alternatives to agricultural activities. Despite pro-
viding part of the water needed for irrigation, it is one
of the causes of soil and crops contamination (Abdioo
et al. 2010,). Studies from wastewater-irrigated fields in
Mexico, India and Pakistan clearly associate helminth-
contaminated soils and wastewater to increased human
infections (Ensink 2006). The early systems of land appli-
cation were plagued with raw wastewater and pollutant
overloading and inexperienced operation, resulting in
grave environmental pollution. Bad odor and concern
about transmission of diseases, improper application on
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land and discharge of raw wastewater to irrigation farms
are also of great concern, leading to the reinvestigation
of irrigation with wastewater. Investigation of heavy pol-
lutants in agricultural soils in study area is one of main
points.

Qadir et al. (2010) showed that irrigation with raw
wastewater is expanding in some developing countries
due to the mismatch between urban development and
the infrastructure needed for wastewater treatment. The
impact of irrigation with wastewater on the accumulation
of heavy metals in soil and crops in the region of Mar-
rakech in Morocco was investigated. The results revealed
high-risk indices. Heavy metal-contaminated food crops
are a high risk to the health of local people and animal
populations (Sana Chaoua et al. 2019). The use of waste-
water is usually associated with microbial contamination
and heavy metals that can affect different parts of nature
and therefore human health. Chen and Wang (2005) also
stated that due to the transfer of heavy metals in nature
and endangering human health, the problem of heavy
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metals was a limiting factor in the use of this resource
(wastewater). Heavy metal pollution and its implications
for human health and the environment have increased
research in developing low cost and sustainable remedia-
tion technology (Shaikh A. Razzak a, b et al. 2022).

Heavy metal intoxication can damage proteins and
enzymes due to their binding heavy metals to active sites
and causing deformation.

The use of wastewater for irrigation has several ben-
efits, including the use of nutrients in it and reducing its
entry into nature. However, the use of wastewater is usu-
ally associated with microbial contamination and heavy
metals, which can affect different parts of nature and
therefore human health. Escherichia coli in wastewater-
irrigated soil was about 2 x 10° (CFU g—!) and about 15
(CFU g—1) in vegetables’ edible parts (leaf, bulb, tuber
and fruit) while the mean total coliforms was about
1.4 x 10° and 55 (CFU g—") in soil and vegetables’ edible
parts, respectively. For human health risk assessment, the
estimated daily intake (EDI) and human health risk index
(HRI) ranged from 0.01 to 8 (EDI and HRI>1.0 associ-
ated with adverse health effects) (Yahia A. Othman,?
Amani Al-Assaf, Maher J. Tadros and Abeer Albalawneh.
2021). One of the important tools in environmental stud-
ies is GIS software. This tool has been widely used in soil
studies, engineering, and environmental issues. The krig-
ing method of this software is one of the important capa-
bilities that can interpolate the desired variables based on
their weight on the adjacent points.

One of the studies in this area is research that zoned
the distribution of heavy metals including zinc and cop-
per by conventional kriging and exponential modeling
(Khodakarami et al. 2011). Rahimpour et al. (2014) mod-
eled the spatial variations of heavy metals of copper, zinc,
iron, and manganese in Harris County using conventional
kriging methods and basic radial functions. Sistani et al.
(2017) investigated heavy metal contamination around
the Kerman Steel Industry. Their results showed that lead
and cadmium concentrations increased under the influ-
ence of the steel industry. Borges et al. (2014) investi-
gated the distribution and zoning of heavy metals using
GIS in Brazil. They also investigated the status of heavy
metal contamination in the water and soil resources of
the study area. For spatial distribution of heavy metals
in the middle Nile Delta in Egypt, contamination factor,
pollution load index, and degree of contamination indi-
ces were used to assess the environmental risks of heavy
metal contamination of the soils (Shokr et al. 2016). Altan
et al. (2011) also distributed heavy metals including cad-
mium, chromium, copper, nickel, zinc, and lead, which
were investigated using GIS interpolation techniques. In
addition to the surface distribution of heavy metals, their
accumulation in soil due to the use of wastewater for
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irrigation or fertilizers has also been reported in differ-
ent studies (Khai N.M. et al. 2007). Results of their study
showed that heavy metal-contaminated soils of selected
villages in Zamfara State, Nigeria were in the order of
Fe>Pb>Cr>Zn>Cd>Ni, with Pb and Cd having a con-
centration higher than permissible levels for soils and
accounted for 98.64% of the total potential ecological risk
(Sharhabil Musa et al. 2021).

To investigate the movement of heavy metals, different
numerical models can be used to simulate their trans-
port in unsaturated soil. One of these models is the one-
dimensional HYDRUS (HYDRUS-1D) that has been used
in various studies. This model is used to investigate the
infiltration of water and pollutants into the soil as well
as their one-dimensional transport within the soil with
different boundary conditions. This model has also been
used by various researchers to investigate heavy metal
transport. Sayaad et al. (2008) investigated the transfer of
heavy metals in soil using HYDRUS-1D under safflower
and wheat cultivation. They concluded that the HYDRUS
model was able to give a good estimate of the metal
transfer process in the soil. Dao et al. (2014) simulated
heavy metal transfer to the soil using HYDRUS-1D and
concluded that this model was able to predict the heavy
metal transfer in the soil to a permissible level. Also, in
another study by Behbahaninia et al. (2014) to investigate
heavy metal transport in the unsaturated soil environ-
ment, the capability of the HYDRUS-1D model to study
the transfer and estimation of heavy metals of iron and
zinc concentrations within soil was emphasized. Mohtar
et al. (2018) showed regional and local factors contribute
to the different types of air pollutant concentrations in
urban environments.

In general, the purpose of this study is to investigate
the distribution of heavy metals in lands irrigated with
wastewater in the south of Tehran using kriging inter-
polation in the GIS environment and to find areas with
potential contamination of lead, copper, and nickel. Also,
the purpose of this study was to investigate soil and agri-
cultural products contamination and hence the extent to
which people’s health at risk.

The possibility of deep transfer of these pollutants and
the deep penetration of these metals to the bottom layers
of soil are evaluated using HYDRUS-1D software. Due to
the method of surface irrigation (Basin) and soil satura-
tion environment, similar to the infiltration of water in
the plot, which is the dominant vertical component. To
determine the concentration of heavy metals in the depth
of heavy metal transfer in the vertical component is sim-
ulated by the Hydrus model. By interpolation of point
concentrations of heavy metals on the soil surface, zon-
ing has been done by kriging model.
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It is expected that by examining the horizontal and
depth distribution of these metals in the soils of the study
area, comprehensive information on their distribution
and concentration in the soil can be found.

Material and methods

The present study was conducted on lands south of Teh-
ran (Fig. 1) that irrigated with municipal wastewater. The
study area is located in approximate coordinates of 35°
30’ 35” north latitude and 51° 26’ 29” east longitude with
an average elevation of 1050 m above sea level. The main
soil in the study area is clay—loam with 1.1-5.3% organic
matter. The area receives large amounts of municipal
wastewater as well as surface runoff of Tehran’s streets
during the rainy seasons, which has always been a cause
of concern for heavy metal pollution in the area. The
major crops in these areas include vegetables and garden
crops, which a surface irrigation method is often used for
them. Therefore, as a result of using this irrigation source
(raw wastewater), there is always a risk of soil and crops
contamination and thus endangering human health.

Sampling and chemical analysis

After field visits of cultivated areas in the south of Tehran
and sampling sites that were irrigated with raw wastewa-
ter, random sampling was performed. Thirty samples of
surface soil at 0—15 cm depth were prepared from plots
with approximate dimensions of 200 x 200 m. Date and
time of sampling, was summer of 2016. In addition to soil
samples, 30 samples were collected from the wastewater
entering the study area in different times of during the
2016 crop season. After recording each sample’s informa-
tion including sample number, place of the sample with
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GPS, date and time of sampling, and area cultivation sta-
tus, they were transferred to the laboratory for chemi-
cal analysis. In addition to soil samples, 30 samples were
collected from the wastewater entering the study area in
different sections and intervals. After the preparation of
soil and wastewater samples, the concentrations of Pb, Ni
and, Cu were determined by atomic absorption spectros-
copy (AAS). Also, the amount of organic matter, acid-
ity (PH), and electrical conductivity (EC) of the samples
were measured in the laboratory.

Geostatistical analysis

To study the distribution of heavy metals including cop-
per, nickel, and lead, the conventional kriging method in
the GIS environment was used. This method uses a quan-
titative correlation between the measured points and
then configures the space around the projected points
based on the measured values. The computational func-
tion in the kriging method for estimating the desired val-
ues is given by Eq. 1:

N(h)
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In this equation, the Z (x) is the value of the i parameter
at the point X; and # is the distance between the pair of
points and # is the number of pairs of measured points
that are separated by / intervals. Estimated values using
the above semivariogram are then fitted to a theoretical
model such as circular, spherical, exponential, or Gauss-
ian models. These models determine the spatial distri-
bution as well as the parameters desired in the kriging
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method. The kriging method uses the weighted average
of the points to estimate the unknown value.
This method is given by Eq. 2:

z(xg) = Z 2z (%;). (2)
=1

In this equation, the Z (X)) is the unknown value of the
parameter desired at point X, and z (Xi) is measured at
point Xi and /£ is weight.

The initial condition for using the values measured for
interpolation by kriging is their normal distribution. For
this purpose, using the logarithmic function, the distri-
bution and data were normalized and then interpolated
with different variograms. Also, before selecting the cir-
cular, spherical, exponential, and Gaussian models, their
usability was evaluated and finally, the best model was
selected for interpolation. For this purpose, statistical
root mean square error indices (RMSE), Pearson corre-
lation coefficient (R), mean absolute error (MAE), and
MBE were calculated (Egs. 3, 4, 5, 6) by using IBM SPSS
statistics 23 software or in the Excel environment. The
closer the value of R to 1 number in these relationships,
the greater the correlation between observed and esti-
mated data. And the closer the index to zero, the better
the results of the model:

RMSE = \/Z?=1 (z*(x;) — )’ ®)
R Cov(Z (xi)»Z(xi))’ (4)
3(Z*(%1)).6(Z(x1))
1 n
MAE = ~ > |z @) — 2], (5)
i=1
1 n
MBE = — > [ G) — 2(x)]. (6)
i=1

In these equations, the Z*(Xi) value is equal to the esti-
mated value of the Z parameter by the model at point Xi
and Z(Xi) is the measured value of Z at point Xi and Cov,
is data covariance and # is the number of samples.

In addition to the mentioned indices, the Nugget,
Range, and Sill indices were also determined in the stud-
ied variograms.

The Range value is the distance after which the vari-
ogram value is fixed. It indicates physically that the pair
of samples after this value is not spatially correlated. The
Sill value is equal to the maximum variability between
the sample pairs. In addition, the modeling of deep
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water flow and heavy metal transport in the soil environ-
ment was performed using a one-dimensional HYDRUS
model.

In the one-dimensional HYDRUS, the flow of water is
described using the Richards equation. Pollutant changes
in the soil are calculated based on the transfer-diffusion
equation (CDE) as follows:

a6C

apS 0
ot

oD dc dqc
LT _ax( ax) X’ @
In this equation, ¢ is the contaminant concentra-
tion in the soil solution, S is the amount of contaminant
absorbed, @ is the soil volumetric moisture, D is the diffu-
sion coefficient, g is the transient flow value, ¢ is the time,
and X is the contaminant distance from the initial point.
The correlation between the heavy metals in the soil
solution and the amount of adsorbed to the soil particles
(S parameter in the above equation) is explained by Fre-
undlich’s adsorption model (Dao C.A. et al., 2014) which
is given in Eq. 8:

Qs = K¢CP. (8)

In this equation, Qs is equal to the amount of heavy
metal absorbed, Ce is the concentration of heavy metals
in soil solution, KF and f are also constant coefficients
of Freundlich’s equation. These coefficients can be esti-
mated based on laboratory or based on earlier studies
and then calibrated the model.

The HYDRUS model also uses the Van Genuchten—
Mualem equation as follows to determine the hydraulic
parameters of the soil:

6 — 6,
4+ h<0
[1+ |an|"]" : 9)

0 h>0

o(h) =

In this equation, 6r is the amount of residual soil mois-
ture, Os is saturated soil moisture, m, n, and «a are coef-
ficients of the model, / is soil moisture potential, KS soil
saturated hydraulic conductivity and Se is soil moisture
effective content. Validation and Modification of the Van
Genuchten Model for Eroded Black Soil in Northeast-
ern China was used (Shuang Li et al. 2020).The results
showed that the parameters in the VG model had signif-
icant difference under the two eroded soils of the satu-
rated water content (8s), but the opposite was true for the
residual water content (0r), the scale parameter (a) and
the shape parameter (n). In addition, the s and 8r had no
significant differences but the opposite was true for the
and n under the two input sets.

Simulation of water and heavy (Table 1) metal trans-
fer in soil up to a depth of 50 cm soil for 210 days
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Table 1 Soil physical parameters for model calibration

[SH o, Alpha n Ks Dispersivity

0.32 0.085 0.032 145 26 15.05

Table 2 Calibration results of the model based on various
statistical indicators

Parameter tested RMSE Max ERR (%) CRM E R?

Soil moisture (%) 548 15.97 —002 062 052
Pb (ppm) 14.96 14.36 —003 053 059
Cu (ppm) 12.16 10.36 —005 063 078
Ni (ppm) 12.06 15.35 —-006 055 062

(mid-November to mid-June) was carried out as the
wheat-growing period (the dominant crop in the study
area). The parameters m, n, a, and Ks were estimated
inversely in the HYDRUS model. Inverse method for sat-
urated water content (0s) was error, but the opposite was
true for the residual water content (0r), the scale param-
eter («) and the shape parameter (n).

Validation of the simulation of Hydrus model

Validation of the simulation of Hydrus model are pre-
sented in Tables 2 and 3.

The Feddes function was selected as the main function
of water uptake by the plant, and its coefficients were
selected from the default numbers in the model for the
wheat crop. Boundary conditions and upstream initial
values were considered for atmospheric water flow as
well as irrigation water values.

Under these conditions, the height of soil water and
rainfall amounts were considered equal to the depth of
water required for irrigation, which was reduced by infil-
tration or evapotranspiration. Due to the low ground-
water level and deep soil in the study area, downstream
boundary conditions were considered as free flows. Soil
moisture information for the depths of 0-15, 15-30,
and 30-50 cm soil layers as input to the model were

Page 5 of 12

considered. In addition, the model boundary conditions
for metal transport were also considered based on the
initial concentration of heavy metal elements. In terms
of climate and rainfall, most of the year’s rainfall is from
mid-autumn to mid-spring with an average of 400 mm.
The warmest month of the year is August with an aver-
age of 36 degrees and the coldest month with an average
minimum temperature of -1 degrees is related to Febru-
ary. The main soil of the study area is loamy clay with 1.1
to 3.5% of organic matter. The study area is plain with an
average elevation of 1050 m above sea level and without
mountains in its vicinity and has no river flow around.
The area receives large amounts of municipal wastewa-
ter as well as surface runoff of Tehran’s streets during the
rainy seasons, which has always been a cause of concern
for heavy metal pollution in the area.

Results
Laboratory analysis
The laboratory analysis obtained from the measurement
of Cu, Pb, and Ni concentrations of soil samples of agri-
cultural areas and raw wastewater imported into the
study area is presented in Table 4.

A comparison of the concentration values of these met-
als in all samples in Table4 shows that Pb concentration
was higher than copper and nickel.

Statistical results and selection of the best model

Statistical comparison of circular, spherical, exponential,
and Gaussian models to determine the best variogram is
presented in Table 5. The results showed that the expo-
nential model with minimum RMSE, MAE, MBE, and
maximum R has the best fit in drawing copper elements
compared to other models were utilized as a variogram
which used in heavy metal copper element zoning. This
index was also used in the kriging method Pearson cor-
relation coefficient indices (R) for evaluating models
was used. This index (R) for nickel element, in spheri-
cal model is, 0.997 and for copper element, in exponen-
tial model , 0.704 and for lead, in spherical model, 0.85.

Table 3 Validation of results of the model based on various statistical indicators

Element Parameter tested RMSE Max ERR (%) CRM E R2
Pb Soil moisture (%) 8.12 10.05 —0.10 0.66 062
Concentration (ppm) 1533 15.34 —0.09 0.68 0.66
CuU Soil moisture (%) 16.12 14.11 —0.08 0.79 0.55
Concentration (ppm) 12.1 20.22 —0.11 0.65 0.7
Ni Soil moisture (%) 18.11 23.14 —0.01 0.75 0.5
Concentration (ppm) 20.21 19.34 -0.12 0.56 0.46
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Table 4 Chemical analysis of heavy metal in soil samples

Parameter
Sample Element Number of Minimum Maximum Average Standard Standard error
samples deviation is about 95%
confidence

Soil Lead 30 17.1 79.9 38.79 13.71 2.5 38.79+5.31
Copper 30 17.6 65.5 29.65 891 1.63 29.65*3.56
Nickel 30 27.1 425 33.05 342 0.62 33.05+1.37
Organic matter 30 1.6 4.64 2.32 0.6 0.11 2.32+0.23

Effluent Lead 30 0.06 225 143 0.96 0.18 1.43+1.53
Copper 30 0.05 0.5 0.21 0.2 0.04 0.21+0.32
Nickel 30 0.06 0.1 0.08 0.02 0.01 0.08+0.03
Acidity 30 7.21 7.33 7.66 031 0.06 7.66+0.4

Table 5 Comparing circular, spherical, Gaussian model in different variograms

Element The variogram model RMSE MAE MBE R Nugget Partial sill Range
Copper Circular 23.733 22522 —22523 0.727 0.062 0.015 553.603
Exponential® 5714 3.486 —0.002 0.704 0.072 0.005 553.603
Gaussian 6.649 4131 —0.042 0.507 0.027 0.038 527.84
Spherical 6418 3971 —0.031 0.561 0.075 0 553.621
Nickel Circular 1.364 1.018 0.091 0.98 0.008 0.018 524552
Exponential 235 1.253 0.025 0912 0.003 0.025 551.284
Gaussian 1.83 1.361 —0.202 0.961 0 0.026 552.36
Spherical* 0.565 0424 —0.105 0.997 0.01 0.016 551.213
Lead Circular 25.649 16.131 —0442 0.565 0.044 0.052 533.84
Exponential 31.536 29.239 2314 0.598 0.011 0.056 527.84
Gaussian 28.649 12131 —0.142 0.523 0.017 0.033 529.84
Spherical* 10.692 7.502 —0.358 0.85 0.091 0.011 38549

The models were selected with regard to minimum RMSE, MAE, MBE, and maximum R from Table 5.

Selected models had maximum R.Coefficient of determi-
nation index was used in the calibration and validation
stage of Hydrus model. In the calibration stage, this coef-
ficient was obtained from 0.51 to 0.8 and in the validation
stage, its value was obtained between 0.46 and 0.7. Kh.
Khosravi*1, M.H. Nejad Roshan, A. Safari (2017) accom-
plished through comparing different methods including
simple kriging and ordinary kriging, RBF, and IDW with %%
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Fig. 4 Distribution heavy metal nickel in south Tehran

After selecting the most suitable variogram, Cu, Ni, and
Pb zoning maps were prepared in the study area (Figs. 2,
3,4).

Evaluation of distribution of lead element showed that
the highest concentration 70-50 mg/kg was found in
central areas of the study that irrigated by raw wastewa-
ter. Concentrations of this element in soils often used
from well water for irrigation are in the range of 30-40
or 40-50 mg/kg. Also, by increasing the distance from
this area to the lands of Talibabad village (Fig. 2), the con-
centration of this element decreases and reaches about
20-30 mg/kg.

Similarly, the distribution of copper element showed
that higher concentrations of this element were observed
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in the central areas of the study (the major consumer of
wastewater for irrigation than elsewhere shown in Fig. 3)
the concentration of this element is about 50-60 mg/kg.
However, in the vicinity of the city of Rey, the concentra-
tion of this element reaches 20-30 or less than 20 mg/kg.
In the surrounding areas of Talibabad village in Fig. 3 (as
in the case of lead), a minimal distribution of copper was
observed at concentrations less than 20 mg/kg.

The distribution of the nickel elements in Fig. 4 showed
that the concentration of this element is in the range of
30 mg/kg. A study of the distribution of this element in
the area shows a uniform distribution of it and, only in
some central parts of the study area, the concentration of
it slightly exceeds 30 mg/kg.

Investigation of heavy metal concentrations in soil
profiles using the HYDRUS-1D model showed that the
major accumulation of lead occurred in the surface layer
of soil at a depth of 0-15 cm (Fig. 1). The simulated con-
centration of lead showed that the variations trend of this
element versus depth of the soil is decreased so that at a
depth of 15-30 cm is about 25 mg/kg and at a depth of
30 cm is below 15 mg/kg. Temporal changes in the trans-
port of this element over 210 days from the soil surface to
a depth of 50 cm (0-50) showed that the concentration of
this element in the surface layer decreased from 45 mg/
kg at the beginning of the period to 35 mg/kg at the end
of the period. This decrease may be related to increased
plant growth and so increased plant uptake.

The study of the concentration changes in the down-
stream layer also shows a similar trend during the growth
period, as the concentration of Pb at the end of the
period is reduced to less than 15 mg/kg at the beginning
of the simulation period to less than 5 mg/kg at the end
of the period.

The simulation of the deep transition of Cu and Ni
also showed similar results, with the major accumula-
tion of these two metals in the surface layer and with
increasing depth, the concentration of these elements
decreased rapidly (Fig. 5). The temporal variations of
copper and nickel transfer in the upper boundary of the
soil also show that although initially an increasing trend
was observed, the amount of this element decreased
over time and reached about 30 mg/kg at the end of the
growth period. And at the lower boundary (the depth
of 50 cm) the amount of element transport reached the
small amount of about 2 mg/kg.

Discussion

The comparison of the mean concentration of heavy met-
als in soil with each other showed that the concentra-
tion of lead in these samples was higher than nickel and
copper. On the other hand, comparing these values with
the concentration of these elements in the wastewater
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Fig. 5 Changes in the concentrations of copper, lead and nickel with depth (right) and time (left)

sample showed that the higher concentration of Pb in the
soil samples may be related to its high concentration in
the wastewater used for irrigation. This may indicate the
importance of raw wastewater treatment before use for
agricultural purposes.

The findings of Harati et al. (2010) also show a high
concentration of lead in the study area, which is consist-
ent with the results of this study.

The heavy metal pollution in the soil is very important.
Because of the high costs of measurement methods and
their low accuracy, the use of models is inevitable. In this

regard, the use of conventional kriging based on different
circular, spherical, exponential, and Gaussian models is
one of the most common methods for investigating heavy
element distribution. In this study, the spherical model
for nickel and lead and exponential model for copper ele-
ment allowed to study the dispersion and determination
of contamination status of these elements. The results of
this study are consistent with the study of Khaledan et al.
(2017) as well as Rahimpour et al. (2014), who reported
that the spherical model for the lead element and the
exponential model for the copper element was the best
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fit. Toxic variogram analysis of these models showed a
higher concentration of heavy metals in the central areas
of the study. One of the reasons for the higher concen-
tration of these elements in this area could be related
to the repeated use of wastewater (the most important
source of irrigation in this area). It should be explained
that due to the low concentration of nickel in the waste-
water of the inlet to the area and the uniform distribu-
tion of the concentration of nickel in the entire study
area, there is no strong relationship between the use of
nickel and its dispersion in this area. The results for the
variations of this element are comparable to the results
of the study by Fard Samiei et al. (2016), who reported a
uniform concentration of the element in the study area.
Another similar study is a study by Barzin et al. (2015),
which investigated heavy metals in Hamadan province.
Their research results also showed that lead element
was affected by agricultural activities is at a high level of
pollution.

It is important to determine the maximum permissible
concentration of heavy metals in the soils of agricultural
areas due to their potential absorption by the plant and its
adverse effects on plant health and growth, as well as the
possibility of their transmission through food cycles to
plants and animals. Although an element such as copper
is one of the necessary metals in the soil for plant growth,
it is also found naturally in soil and is usually complex
with organic matter, and rarely free or exchangeable. Due
to the deficiency of this element as one of the micronu-
trients important for plant growth, there is a possible
need for adding it to the soil. However, due to the low
boundary between the amount required and the amount
of poisoning in the soil, increasing its concentration in
the soil may cause environmental pollution. Therefore,
excessive entry of this heavy element by abnormal fac-
tors such as the use of agricultural fertilizers, pesticides,
or entering wastewater into the soil, can be a potential
contributor to pollution. Permissible amount of nickel
in soil reported according to WHO standard maximum
50 mg/kg (Rathod et al. 2013). The study of heavy metals’
levels in water, soil, and vegetables located in Tanzania,
showed that the average daily intake for Pb (63 mg/per-
son/day) was above the permissible maximum tolerable
daily intake of 0.21 mg/person/day endorsed by WHO/
FAO (David Sylvester Kacholi and Minati Sahu. 2018).
And the heavy metals’ levels in soil, water, and vegetables
were in the order of Fe>Zn>Pb> Cu.

The maximum permissible values reported for lead,
copper, and nickel in different countries (Table 6) show
that their permissible values for different countries are
significantly different.

Therefore, it is necessary to use a globally accept-
able index for this purpose, including the World Health
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Table 6 Heavy metal standard in agricultural soils in different
countries

Countries Heavy metal standard in agricultural soils
Australia 300 600 100
Canada 200 100 150
China 80 60-40 200-50
Germany 1000 200 200
Tanzania 200 100 200
Netherlands 530 100 190
New Zealand 160 - 10,000

Organization (WHO) index. The maximum (Table 7)
permissible levels in agricultural soils for lead, cop-
per, and nickel are reported to be 60, 100, and 50 mg/
kg, respectively, according to the WHO standard (Toth
G. et al,, 2016). Also, the permissible standard of agri-
cultural soils in Iran has been introduced by the Envi-
ronment Agency (Barzin M. et al., 2015) for these three
elements are 75, 200, and 110 mg/kg, respectively. By
comparing the concentrations of nickel and copper
with the maximum permissible values based on WHO
standards in agricultural soils, it can be said that there
is no contamination of these two elements in the area.

The comparison of lead concentration with standard
introduced by WHO as well as permissible value in
agricultural soils of Iran shows that its concentration in
the central areas of the study is due to repeated irriga-
tion of this area by wastewater above WHO value and
somewhat higher than the permissible level of WHO in
agricultural soils of Iran.

It is necessary to explain that lead is one of the most
important metals widely used in a variety of vehicles,
electrical equipment, and buildings. Also, urban run-
off transports pollutants from city vehicles and small
industrial and domestic wastewaters to the irrigated
areas and increases heavy metals. Therefore, consider-
ing the higher concentration of this element compared
to nickel and copper in the wastewater entering this
area, it seems important to control the concentration
of this element. The results of HYDRUS model analysis
of heavy metal concentrations in the soil profile showed
that the accumulation of heavy metals in the soil sur-
face layer was higher than the deeper layers. The com-
parison of the performance of this model with research
by Behbahaninia et al. (2014) also shows that by provid-
ing enough information needed for model inputs, can
accurately simulate element transfer. Another similar,
comparable study is by Sayaad et al. (2008), which con-
cluded that the HYDRUS model was able to simulate
Cu and Pb transfer in the root environment.
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Table 7 Comparison of the verification results of this research with previous researches
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Researchers and subject

Method

Results

Comparison

(Khodakarami et al,, 2011)
Harati et al. (2010)

Khaledan et al. (2017) as well as
Rahimpour et al. (2014)

Barzin M. et al, 2015

WHO standards in agricultural soils

Toth G.etal, (2016)

Fard Samiei et al. (2016)

Conventional kriging and exponen-
tial modeling

Simulation of Hydrus model

Conventional kriging and exponen-
tial modeling

Ordinary kriging and exponential

modeling

Presentation was standard

According to the WHO standard

Remote sensing techniques

Zoned the distribution of heavy
metals including zinc and copper

The findings show a high concen-
tration of lead in the study area

were reported that the spherical
model for the lead element and the
exponential model for the copper
element was the best fit

The permissible standard of agri-
cultural soils in Iran has been intro-
duced by the Environment Agency

for these three elements are 75, 200,

and 110 mg/kg, respectively

The concentrations of nickel and

copper in study area, shows there
is no contamination of these two
elements in the area

The maximum permissible levels
in agricultural soils for lead, copper,
and nickel are reported to be 60,
100, and 50 mg/kg

Was reported almost uniform con-
centration of the element nickel in
the entire study area

Trend results are consistent

Consistent with the results of this
study

Good agreement between them

Consistent with the results of this
study

Agricultural soils of study area for
lead, copper, and nickel are less than
the maximum permissible levels

Agricultural soils of study area for
lead, copper, and nickel are less than
the maximum permissible levels

Good agreement between them

The main reason for this is that the behavior of heavy
metals depends on intermediate factors affecting the
uptake of heavy metals in the soil such as organic mat-
ter, iron oxides, or clays which are higher in the surface
layer (Rattan R.K. et al.,, 2005). For example, examin-
ing the relationship between the concentrations of
heavy metals measured in the samples and the amount
of organic matter in them showed that as the amount
of soil organic matter increased, the concentration
of heavy metals in the samples increased too (Fig. 2).
Therefore, it can be said that one of the important fac-
tors is that the accumulation of heavy metals in the sur-
face layers and its non-transfer to the lower layers are
related to this parameter. The comparison of the find-
ings of this study with the study by Dao et al. (2014)
also indicates the important role of soil organic matter
in controlling the transfer of heavy metals to the sub-
layers. In the present study, the total amount of organic
matter was determined. However, the soil organic mat-
ter components of the study area have been reported in
previous studies, including small (fresh) plant residues
and small living soil organisms (15%), decomposing
(active) (18%)) organic matter, and stable organic mat-
ter (humus) (68%).

Due to its high percentage of organic matter and clay,
the 0-15 cm layer of soil tends to absorb heavy met-
als and delay their leaching to the lower layers. Decom-
position of soil organic matter can release heavy metals
and increase its concentration in soil solution. During

the formation or accumulation of organic matter in the
soil, the heavy metals can be absorbed by the soil, delay-
ing their leaching. This illustrates the importance of soil
organic matter in preventing heavy metal transport to the
lower layers and ultimately to groundwater. In addition,
the uptake of heavy metals into soil colloids, including
clay minerals, is one of the factors that reduces the rate of
ion transfer (8). In contrast, soil organisms’ activity, plant
root growth, and soil surface characteristics such as soil
cracks in the dry seasons lead to preferential flow during
irrigation. It can have a significant impact on the trans-
mission of contamination to the lower layers of soil. The
results also showed that the HYDRUS model was able to
predict the values of the elements to a permissible level.
The simulated values in the surface layer showed the
highest and the lowest values in the lower layer, which
were comparable to the measured values. The compari-
son of the performance of this model with research by
Behbahaninia et al. (2014) also shows that by providing
enough information needed for model inputs, one can
accurately simulate element transfer. Another similar,
comparable study is by Sayaad et al. (2008), which con-
cluded that the HYDRUS model was able to simulate Cu
and Pb transfer in the root environment.

Conclusion

Due to the high cost of the large-scale measurement
of heavy metals, the use of statistical land models and
techniques is one of the proper ways to study their
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distribution and level of pollution. Irrigation with raw
and treated effluent for a long time in Tehran has caused
polluted the study area. Showed that long-term use of
effluents for irrigation in the Chinese city of Beijing has
led to the accumulation of cadmium, chromium, cop-
per and lead in the soil. Surface runoff in Tehran has also
caused pollution in the study area. These runoffs includ-
ing pollutant of the workshops and streets of the city.

In this study, conventional kriging in the GIS environ-
ment was used to analyze the values of heavy elements of
lead, copper, and nickel in soils under wastewater irriga-
tion in the south of Tehran. The findings showed that in
general, the highest concentration of elements was in the
central areas of the study, where the source of irrigation
was mainly raw wastewater. Lead was found to be above
the permissible level in the central areas of the study,
which are often irrigated with wastewater, and more
control studies are needed. In addition to the surface dis-
tribution of these elements, their deep transfer into the
soil using one-dimensional HYDRUS software showed
that the highest accumulation of elements occurred in
the surface layer 0—15 cm. This is due to the presence of
more organic matter, clay, iron, and manganese hydrox-
ides as important factors in surface absorption in this
layer, which indicates their importance in preventing the
transfer of these elements to the deeper layers. In this
study, due to the limitations of executive facilities, only
the contamination of the three elements of lead, nickel,
and copper was investigated, while the wastewater may
contain more heavy metals. Therefore, considering this
research shortcoming, conducting more studies to more
comprehensively study heavy metals and zoning areas
with excessive contamination limits can be very benefici.

In general, the objective of this study was to investi-
gate the distribution of heavy metals in lands irrigated
with wastewater in the south of Tehran using kriging
interpolation in the GIS environment and to find areas
with potential contamination of lead, copper, and nickel.
Also, the purpose of this study was to investigate the risk
of soil and agricultural products contamination and so
the extent to which people’s health is at risk. The work’s
hypotheses were that the horizontal distribution and
depth distribution of heavy metals in large scale of the
soils of the study area could be determined by using krig-
ing interpolation in the GIS environment and HYDRUS-
1D software. As can be seen, the conclusions are suitable
response to the work’s hypotheses and the objective of
the research has been reached by preparing a large-scale
map distribution of lead, nickel and copper heavy met-
als in the study area. Some of practical suggestions are as
follows:

It is suggested to simulate heavy metal distribution for
long periods after irrigation by wastewater in the study
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area. It is suggested to simulate chemical and microbial
contamination in addition to heavy metals in the study
area. It is suggested to simulate heavy metals by Hydrus-
2D model under furrow irrigation method in the study
area.
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