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Abstract

Accurate information on the concentration of heavy metals in the soil is essential to manage soil
contamination. The objective of this study was to investigate the contamination of soil and wheat plants
with Ni, Cd, and Pb in the alluvial plain of Tigris River in southern Baghdad. A total of hundred surface
soil samples (0-30 cm) and aerial parts of the wheat plant were taken in an area of ~100 km? at an
interval distance of 1000 meters. Heavy metals in air-dried soil samples and plant were extracted by the
aqua regia solution and wet digestion method, respectively. The mean concentration of Cd in soil and
wheat plant was 0.4 and 1.1 mg kg™, respectively. The amount of plant-Cd was higher than the allowable
standards of FAO and WHO. Mean Pb concentration in the soil of the study area was 14.5 mg kg™'. The
concentration of Pb in the plant was less than the detection limit of the device. The mean concentration
of Ni in the soil and plant was 214 and 17 mg kg™, respectively, which was more than the allowable
standards of FAO and WHO. The source of Ni is fine sediments transferred from eroded ultramafic
rocks in the upper part of the river. A positive correlation between Pb and Cd in the soil indicates a
similar origin. They were added to the soil by agricultural activities and vehicles. The results showed
that the studied soils are at the beginning of the contamination with Cd and Pb, which needs to be
considered to prevent more contamination.
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Introduction

Soil is an important component of agricultural ecosystems that need to be protected against
contamination to ensure healthy and sustainable production. For this reason, soil pollution has
become a major concern in most countries around the world. Heavy metals are one of the most
dangerous and toxic pollutants in the soil, which has been considered by researchers and
decision-makers in recent decades due to the increase in their concentration in the soil (Kumar
etal., 2019; Dogra et al., 2019; Hu et al., 2013).

Parent materials are the primary source of heavy elements in the soil. The intrinsic properties
of the sediments or rocks determine the concentration of elements in the soil (Karimi et al.,
2017; Nael et al., 2009; Acosta et al., 2011). Human activities are another source that add heavy
metals from outside the system to the soil and known as the anthropogenic source. Industrial
activities, vehicle fuel, mining, and agricultural activities are the main factors in increasing
heavy metals in the soil (Hu et al., 2013; Jalai and Khanlari, 2008; Taghipour et al., 2011; Meng
etal., 2020). In recent decades, the use of effluents for irrigation, the use of compost and sewage
sludge, fertilizers, and pesticides have increased heavy metal concentrations in the soil (Hu et
al., 2013; Chen et al., 2005; Huang et al. 2015; Hu et al., 2017). Due to the absorption of heavy
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metals, plants act as a carrier to transfer these elements to the human food chain that endangers
human health (Sdumel et al., 2012; Toth et al., 2016).

Continuous spatial distribution of heavy metals provides information concerning
contamination sources. Geostatistics is one of the common and powerful tools to determine the
pattern of the spatial distribution of heavy metals (Benhaddya and Hdjel, 2014; Wuetal., 2011).
Karimi et al. (2017) indicated by the distance from the ultramafic rocks, in Mashhad plain in
northeastern Iran, the Ni concentration of the soil gradually decreased which indicated that Ni
concentration in the soil was controlled by lithogenic origin. Lv et al. (2016) according to the
relationship of the hotspot of Cd, Zn, and Pb to geology as well as industrial and agricultural
activities, attributed the spatial pattern of these metals to parent materials and human inputs.

Information on the concentration of heavy elements in water, soil, and plant systems is
necessary to monitor the effect of these elements on the health of ecosystems and food chain
health. There are few studies on the heavy metals concentration in the soil and plant along the
Tigris River in Iraq. Al-Siwira Agricultural farms are located 80 km south of Baghdad, on the
banks of the Tigris River. The predominant cultivation of these lands is mostly wheat and
barley, and the water required for these lands is supplied from the River. The Tigris is one of
the most important rivers in Iraq and plays an important role in providing water for marginal
agricultural lands. The river mainly runs in Iraq, passing through major industrial cities such as
Mosul and Baghdad. Agriculture in these areas may increase heavy elements both through
irrigation and through agricultural activities, which could lead to contamination of agricultural
products in the area. The objectives of this study were to i) determine the amount of Cd, Ni,
and Pb in the water of Tigris River, ii) investigate the ability of geostatistics to relate the spatial
patterns of heavy metals in the soil and plant to pollution sources and iii) found the factors
which, control the concentrations the absorption heavy metals by the wheat plant in Al-Siwira
Agricultural lands.

Materials and Methods
Study area

The study area (Al-Siwira) with and area of about 100 km? is located 100 km south of Baghdad
and between 44° 53' 43" to 45° 02' 55" N and 32° 41' 33" to 32° 51' 01" E, on the bank of the
Tigris River ( Figure 1). The Tigris River originates from the Taurus Mountains in eastern
Turkey and runs 400 km on the border between Syria and Turkey. The river after joining with
the Arvand roud River along the border of Iran-Iraq enters the Persian Gulf.

The altitude of the area is 20 m above sea level and the depth of groundwater is 2 meters.
Due to the salinity of the soil, most salinity-resistant plants such as wheat and barley are
cultivated.

A hundred surface soil samples (0-30 cm) were taken in a regular grid cell of 10001000 m
in cultivated and uncultivated lands. The aerial parts of the wheat plants were collected at each
soil sampling location. Besides, water samples were taken from the Tigris River.

Laboratory analysis

The air-dried soil samples passed through a 2 mm sieve and fine earth fraction (<2 mm) used
for laboratory analyses. The soil texture was determined by the pipette method (Gee and
Bauder, 1986). Calcium carbonate equivalent was measured by the neutralization method
(Allison, 1960). The 2:1 ratio of water to soil was used to measure the EC and pH. Soil organic
carbon was determined by the modified Walkley- Black method (Nelson and Sommer, 1982).
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Heavy metals of the powdered soil samples were extracted by aqua regia, which is a mixture of
3:1 HCl and HNOs3 (ISO / CDT, 1995). In this method, 15 ml of HCI was slowly added to 2 g
of powdered soil sample. Then, 5 ml of HNO3 was added to the sample and was left overnight.
Samples were heated for 1 h; after cooling, 10 ml of HNO3(0.5 N) was introduced into the
suspension. Samples were centrifuged, and the extract was diluted to 50 ml with distilled water.
The wet digestion method was carried using the dried plant to extract the heavy metals. The
concentrations of the Pb, Cd, and Ni in the soil and plant extracts were measured using the
atomic absorption spectrometry, PG-990 model.

Data analysis

Statistical description of data

Descriptive statistics included mean, minimum, maximum, standard deviation, coefficient of
variations, skewness, and kurtosis were calculated. The normality of the data was examined
using the Kolmogorov-Smirnov test. Statistical analyzes were performed using SPSS16
software.

Spatial structure analysis

In general, geostatistical analyses include two stages of variogrphy and interpolation.

Variography characterizes the spatial structure of the variables by semivariogram (y(h)) with
the following formula (equation 1) presented by Goovaerts (1998).

y(h) = ——YNW(7(xi) - Z(xi+h)]? (1)

~ 2N(h)

Wher vy (h) is the semivariogram, N (h) is the number of pairs of points with a distance of h,
z(xi) is the value of the variable x observations in position i and z (xi + h) is the value of the
variable observations at the distance h from xi.

Semivariogram analyses were performed using variowin software (2.2 version). The
interpolation procedure was applied using ordinary kriging in the ArcGIS software (10.2
version). Indices of MAE (mean absolute error), MBE (mean bias error), and RMSE (root mean
square error) were used to evaluate the accuracy of the interpolation (equation 2-4).

MAE = 3N {IZ(X) — 21} 2)
MBE = < YN, {Z(X;) — Z(X))} (3)
RMSE = \/ﬁzﬁl{z(xi) —7(X)) 4)

If the MBE is zero, it indicates that the model estimate is good and there is no deviation. In
general, the lower the values of the MBE, MAE, RMSE indicate the higher accuracy of the
model used (Webster and Oliver, 2007).
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Results
Descriptive statistics of soil characteristics and heavy elements

A summary of the descriptive statistics of soil characteristics is given in Table 1. The mean EC,
pH, and the amount of calcium carbonate equivalent of the soils were 5.3 dS m™!, 7.7, and
27.8%, respectively, indicating that the soil is saline and calcareous. The average amount of
clay, silt, and sand were 52.2, 32.5, and 15%, respectively, which shows the heavy texture of
the soils. The low soil organic carbon (0.7%) is due to the arid climate of the area. The EC and
sand content with the coefficient of variation of 69 and 50%, respectively, had the highest
variability among the soil properties.

The concentration of soil-Ni with a mean value of 214.8 mg kg™ varied from of 164.8 to
256.7 mg kg! and with 10% coefficient variation, had the lowest variability. The mean,
maximum and minimum concentrations of soil-Pb were 14.5, 22.2, and 7.6 mg kg,
respectively. The soil-Cd with a mean value of 0.38 mg kg™! varied from 0.2 to 0.63 mg kg™!,
which had the highest coefficient of variation (33%).

The mean, maximum, and minimum of plant-Ni were 17.7, 40.4, and 1.9 mg kg,
respectively (Table 2). The mean concentration of plant-Cd was 1.1 mg kg™, which was higher
than the concentration of Cd in the soil. The plant-Cd varied from zero to 4 mg kg™'. The
concentration of Pb in the plant was lower than the detection limit of the device.

Table 1. Summary of statistical parameters of soil properties in the study area

. EC Sand Silt Cla CCE SOC
Statistic pH Sm % Y
Minimum 7.20 1.20 1.00 19.30 35.70 23.00 0.14
Maximum 8.20 15.10 33.00 45.30 69.10 33.30 1.30
Mean 7.70 5.30 15.00 32.50 52.20 27.80 0.70
Median 7.80 3.71 14.30 33.30 53.40 27.90 0.70
Skewness -.09 0.97 0.73 -0.34 -0.15 -0.05 0.22
SD 0.21 3.66 7.53 6.64 7.74 2.42 0.26
CV (%) 3.00 67.00 50.00 20.00 15.00 9.00 39.00
K-S 0.07 0.04* 0.03* 0.10 0.01* 0.009** 0.05

CCE: Carbonate calcium equivalent, SOC: soil organic carbon, SD: Standard deviation, CV: Coefficient of
variation, *,** Asymptotic significance >0.01 and >0.05 (2-tailed)

Table 2. Summary of statistical parameters of heavy metals concentrations (mg kg™) in the soil and
plant

Statistic Soil Plant
Ni Cd Pb Ni Cd Pb
Minimum 164.8 0.2 7.6 1.9 0 LD
Maximum 256.7 0.63 22.2 40.4 4 LD
Mean 214.8 0.38 14.5 17.7 1.1 LD
Median 215.5 0.34 13.9 16.7 0.9 LD
Skewness -0.24 0.8 0.53 0.46 0.9 LD
SD 22.11 0.12 4.09 8.43 1.03 LD
CV (%) 10 33 28 48 93 LD
K-S 0.09 0.002* 0.0007** 0.03 0.001%** LD

LD: lower than the detection limit, *,** Asymptotic significance >0.01 and >0.05 (2-tailed)
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Spatial distribution

The Kolmogorov-Smirnov test (Table 1) indicated the abnormal distribution of EC, sand
content, calcium carbonate equivalent, and soil organic carbon. To normalize these variables,
the logarithmic conversion was used. The best model for EC, clay, and sand was linear and for
pH and silt was Gaussian and exponential, respectively (Table 3). The clay had the highest
range value (20680 m), which indicates the high extent of its spatial dependency. The lowest
range was for the silt (1050 m), which is approximately equal to the sampling distance. Due to
high spatial variations of calcium carbonate equivalent, its distance of spatial dependency was
less than the sampling interval (1000 m) and therefore was not suitable to be modeled.

The logarithmic conversion was applied to normalize the distribution of soil- and plant- Cd,
Ni, as well as plant-Pb (Table 2. The best model fitted to soil-Ni was the exponential model
with moderate dependency. The plant-Ni data did not fit to any model due to the large variations
of Ni in the wheat crop grown in the study area, which was less than the sampling distance
(1000 m). The best model for soil-Cd and plant-Cd were spherical and Gaussian models,
respectively, and had strong spatial dependence (Table 3). Due to the high correlation
coefficient between plant- and soil-Cd (table 4), the spatial dependence of plant-Cd was high
as was observed for soil-Cd. Soil-Pb data did not fit any experimental model, indicating that Pb
variations in the sampling distance were random was less than 1000 m.

Table 3. Variogram models, interpolation parameters and cross-validation statistics of heavy metals in
the study area (n=100).

Variable Model Range Nugget  Sill Nugget/Sill Spatial MBE MRE RMSE
(m) dependency

EC Linear 8140 10.77 1420  0.76 Weak -0.06 2.82  3.56
pH Gaussian 7780 0.02 0.08 0.25 Strong 0.00 0.15 0.18
oC Exponential 3500 0.02 0.033  0.55 Moderate 0.01 0.21 0.25
Clay Linear 2068 45.50 118.40 0.38 Moderate 0.00 5.09 7.56
Silt Exponential 1050 20.80 47.57 043 Moderate 0.38 509 637
Sand Linear 8140 43.93 60.20 0.72 Moderate -0.27 586 741
Soil-Ni Exponential 1720 259.80  519.70 0.50 Moderate -0.48 17.35  21.27
Soil-Cd  Spherical 5540 0.02 0.08 0.25 Strong 0.00 0.08  0.09
Plant-Cd  Gaussian 7500 0.004 0.15 0.03 Strong 0.01 0.17  0.20

CCE: Carbonate calcium equivalent, SOC: soil organic carbon

Table 4. Correlation matrix of between heavy metals and soil properties (n= 100)
Variable EC  pH Clay  Silt Sand CCE SOC Soil-Cd Soil-Ni Soil-Pb Plant-Cd

pH -0.04
Clay 0.07 -0.25"
Silt 0.15 001 -047"

Sand 0.03 023" -0.61" -037"

CCE 0.03 -0.06 0.18 0.02 -0.22°

SOC -0.19 -0.30™ -0.03 0.29™ -0.20° -0.06

Soil-Cd  0.20" -0.39" 0.01 0.03 -0.02  -0.00 0.17

Soil-Ni ~ 0.05 -0.02 0.62" -0.46" -0.26" 0.04 -0.17 0.06

Soil-Pb  0.07 -0.23" 0.14 0.02 -0.15 -0.06 022" 0.51" 0.23"

Plant-Cd 0.32" -0.60™ 0.17 0.21"  -0.34™ 0.04 0317 046™ -0.12 0.16

PlantNi 0.08 -0.07 -0.04 0.04 0.03 -0.11 0.04 0.01 -0.10  0.02 0.00
CCE: Carbonate calcium equivalent, SOC: soil organic carbon, "and™*: Significant at P<0.01 and P<0.05
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According to the spatial distribution maps (Figure 2), the highest EC was in the northern
part of the region, near the Tigris River, and the lowest in the southern regions (away from the
river). According to Qureshi and al-Falahi (2015) stated that irrigation with relatively saline
water of the Tigris River, high evaporation, and the absence of natural drainage are the main
factors of soil salinization in this region. The spatial distribution pH (Figure 2) showed that the
highest soil pH was in the northwest, near the river, and the lowest in the central and southern
parts of the area. Organic carbon is one of the factors, which affect soil pH. This is consistent
with a negative and significant correlation (P <0.01) between soil organic carbon and soil pH.
Therefore, in those parts of the region where drainage and agricultural operations were carried
out and had more organic carbon, lower pH values were observed.

The amount of soil organic carbon was the highest in the south of the area and the lowest
was in the north, near the Tigris River (Figure 2). In the southern parts of the study area, due to
drainage operations, the salinity was lower than the northern part, close to the river, which
provides suitable conditions for farming and consequently increasing soil organic carbon. The
highest amount of clay and the lowest amount of sand occurred in the center of the area and the
lowest amounts of these properties were observed near the Tigris River. Silt distribution did not
show any clear trend (Figure 2).
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Fig. 1. The location of the study area in southern Baghdad and sampling locations

The highest soil-Ni concentration was observed in the center and south of the area (Figure
3). Comparing the spatial distribution maps of clay and Soil-Ni, as well as the high correlation
coefficient of clay and soil-Ni (Table 4), the amount of clay seems to control the distribution of
Ni in the soil of the area. The highest amount of soil-Cd was in the southern area (Figure 3)
which is likely due to human activities, especially intensive agricultural activities and the use
of chemical fertilizers. The highest amount of plant-Cd was consistent with the spatial
distribution of the soil-Cd (Figure 3).

Correlation

There is a positive and significant correlation (P <0.05) between EC with soil- and plant-Ni
(Table 4). The increase in Cd concentration in the plant is probably due to the increased
solubility of Cd with increasing salinity. The Cd complexation in the presence of soluble salt
such as NaCl, reduces the absorption of Cd by soil particles, increases the concentration of Cd
in the soil solution phase, and consequently increases the absorption by the plant (EL-Hefnawy
etal., 2014; Acosta et al., 2011).
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Fig. 2. Spatial distribution of the soil properties in the study area

The correlation of soil pH with soil- and plant-Cd was negative and significant (P <0.01).
Toribio and Romanya (2006) reported that decreasing the soil pH increases the solubility of Cd
in the soil. Besides, in low pH, the H" ions in the soil solution compete with Cd in ion-exchange
sites, which increases the Cd in the soil solution, thereby increasing plant uptake. The
correlation between soil pH and soil-Pb was negative and significant (P <0.05). Ni in the soil
usually has a lithogenic origin that does not easily affect by pH. Therefore, there was no
correlation between soil-Ni and pH. The correlation between soil-Ni with clay and sand was
positive and negative (P <0.01), respectively, indicating that this heavy metal had accumulated
in the clay fraction.

The significant positive correlation between Soil-Cd and -Pb (P <0.01) indicates the similar
variations of these two elements in the soil. A significant positive correlation was observed
between soil-Cd and plant-Cd, which shows that as the amount of cadmium in the soil increases,
its uptake by the plant increases. There was no relationship between soil- and plant-Ni.
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Fig. 3. Spatial distribution of so0il-Ni, soil-Cd and plant-Cd in the study area
Discussion

Although the soil-Ni concentration is within the normal range of soils, it is higher than the
allowable limit (Table 5). The mean concentration of soil-Ni (214.8 mg kg™!) is more than 5
times the mean concentration in the soils (40 mg kg™") (Tables 2 and 5). The concentrations of
Ni in the soils formed on ultramafic rocks are higher than other soils. Ni concentrations in
ultramafic soils in Taiwan are more than 4,000 mg kg' (Cheng et al., 2011) and in northern
Iran more than 2,000 mg kg!' (Nael et al., 2009). The high concentration of soil-Ni in the area
is probably due to the sediments, which originated from ultramafic rocks. Al-Juboury (2009)
stated that the ultramafic rocks of northeastern Iraq are the origin of some heavy metals in the
Tigris River. Al-Obaidy et al. (2016) reported the amount of nickel in water and sediments of
Tigris River was 0.77 and 88 mg kg'!, respectively. In this study, the concentration of Ni in
river water was 0.07 mg kg'!, which is less than the allowable limit (Table 6).

Table 5. Range and mean concentration (mg kg™') of studied heavy metals in the soil and lithosphere
as well as allowable limits in soil and plant

Heavy Lithosphere Range in soils Mean in Allowable limit in Allowable limit in
metal soils the soils the plant

Cd 0.20 0.01-0.07 0.06 3.00 0.20

Ni 100.00 10-1000 40.00 50.00 67.9

Pb 16.00 2-200 10.00 100.00 0.30

Reference Agrawal (2009) Lacatusu (1998) FAO/WHO (2001)
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Table 6. Concentration (mg kg of studied Heavy metals in the Tigris River water and allowable limit
in irrigation water

Heavy metal Tigris River allowable concentration in irrigation water
Cd 0.008 0.01

Ni 0.07 0.2

Pb 0.3 5

Reference Present study Pais and Jones (1997)

In ultramafic soils in northeastern Iran, with arid climates, due to low weathering, Ni
accumulated in coarse fractions, which resulted a strong correlation of sand and Ni contents
(Karimi et al., 2017); Whereas in the humid climate of Taiwan, Ni in the correlated with clay
content (Cheng et al., 2011). In the studied soils, there is a significant positive correlation
between Ni concentration with clay and a negative with silt and sand (Table 4), which shows
that despite the arid climate of the area the clay particles containing Ni have been transported
over long distances.

The mean concentration of soil-Cd was in the usual range of the normal soil (0.01-0.7 mg
kg') and was less than the allowable limit in the soil (3 mg kg™!) (Tables 2 and 5). The
concentration of the Cd in the Tigris river's water was 0.008 mg 1-!, which is less than the
maximum allowable value (0.01 mg 1") (Table 6) in irrigation water. Despite the low Cd
concentration in the Tigris River, the concentration of this element would be increased by long
time irrigation. The spatial distribution pattern indicated the high concentration of soil-Cd in
intensive agricultural areas (Figure 3), which, shows chemical fertilizers application such as
phosphate fertilizers are the main source of Cd in the studied soils. Atafar et al. (2010) stated
that phosphate chemical fertilizers, especially triple superphosphate, has contaminated the
agricultural soils in western Iran and increase the Cd concentration to 1.5 mg kg™'. Tawfiq and
Ghazi (2017) stated that chemical fertilizers are the main factor in increasing the amount of Cd
in agricultural lands in southern Iraq.

The mean concentration of soil-Pb in the area was 14.5 mg kg-!, and in some parts reaches
up to 22 mg kg™!' (Table 2), which is slightly higher than the average concentration in the usual
soils (Table 5). The amount of Pb in the water of the Tigris River was 0.3 mg 1", which is less
than the maximum allowable limit (5 mg kg!) in irrigation water (Table 6). Al-Obaidy et al.
(2016) reported the concentration of Pb in water and sediments of the Tigris River in Baghdad
was 0.4 mg I'! and 78 mg kg™!, respectively. They believed that the runoff from the oil fields
and refineries transfer the pollutants containing heavy metals to the River. Karbasi et al. (2015)
also examined the pollution of heavy metals in Ahwaz oil fields and reported that the amount
of Pb in the soil had increased due to lead-containing petroleum products.

The concentration of Cd in the plant was higher than in the soil. The mean and maximum
concentration of Cd in the plant is 1.1 and 4 mg kg™! (Table 2), which is much higher than the
allowable limit in plants (Table 5). A higher concentration of Cd in the plant than in the soil
indicates the high tendency of plants to absorb Cd. The significant positive correlation between
plant and soil-Cd shows that there is a good relationship between extracted Cd with aqua regia
and its absorbable form.

The mean concentration of Ni in the plant is 17.5 mg kg™!, which the maximum is 40.4 mg
kg (Tables 2 and 5). Wheat is one of the plants that tend to absorb heavy metals (Eskandari
and Alizadeh, 2016). Although the concentration of Ni in wheat in the study area is less than
the allowable limit (Table 2), it is high due to the high concentration of Ni in the soil. For
example, in Hamedan in western Iran, the average concentration of Ni in soil was 61.9 mg kg~
!, but its concentration in wheat was less than one mg kg-!. Interestingly, no correlation was
observed between soil- and plant-Ni, indicating that the Ni measured aqua regia was not as an
index of its absorbable form.
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The high concentration of Cd in wheat is a serious environmental concern in the study area.
Wheat is a vital cereal in the world. Therefore, the accumulation of Cd in wheat plant cause
risk to human health (Abedi and Mojiri, 2020). It is better to stop wheat cultivation until
resolving this concern. The first step to overcome this problem is determining the factors that
cause the accumulation of Cd in the soil and plant. As previously discussed the concentration
of Cd in the soil increased by human activities. The application of Cd-free fertilizers is proposed
to decree the input of the metal to the soil. Besides, knowledge of the factors affecting the Cd
accumulation in the plants is necessary to decrease Cd absorption. According to correlation
coefficients (Table 4) pH, EC, and SOC are the three manageable properties, which affect the
Cd absorption. By decreasing pH (increasing acidity), the solubility of the Cd compound
increases the Cd in the exchangeable sites and soil solution (Nylund, 2003). SOC both by
increasing pH (table 3) and by chelation mechanism cause increasing the bioavailability of Cd
in the soil. On the other hand, high amount of SOC could complex heavy metals and reduce
their availability (Sebastian and Prasad, 2014). Therefore, it is not easy to suggest management
practice for organic carbon in the area and needs more researches in this regards. The positive
correlation of EC and plant-Cd indicated that drainage could improve the soil salinity and
consequently decreasing plant-Cd.

Conclusion

The results of this study showed that in the cultivated lands of Al-Siwira region in southern
Baghdad, the concentration of Ni in the soil was higher and the Cd and Pb were less than the
allowable limit. The concentration of Ni and Cd in the plant was lower and lower than allowable
limits and Pb was lower than the device detection limit. The high concentration of Ni in the soil
was probably due to sediments originated from ultramafic rocks. According to spatial
distribution maps, the highest concentrations of Pb and Cd were in densely farmed areas. The
most important concern in the area was the accumulation of Cd in the wheat plant. Using
suitable chemical fertilizers is the best way for decreasing the cadmium in the soil. pH, SOC,
and EC are the most important properties affecting the bioavailability of the Cd for the plant.
Increasing pH and decreasing the EC reduces the uptake of Cd by the plant. However, the effect
of the amount and types of SOC on Cd availability needs more investigation for Cd monument.
Although the concentration of Cd and Pb is currently lower than the allowable soil level, the
trend in the area shows that there is a risk of contamination with these elements in the future,
which should be prevented with proper management.
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