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Abstract

This research aims to assess trace elements of contamination by agricultural soils
in the Al-Haye district. Soil samples were collected from a selected agricultural area
near the banks of the Tigris River, and trace elements (Ag, As, Ba, Cd, Co, CR, Cu,
Fe, Hg, Mn, Ni, Pb, Se, V, Zn, Zr, Pb, Se, V, Zn, Zr), pH, electrical conductivity,
and organic matter were identified in soil samples. The pH of the soil sample ranged
between 7.7 and 7.6, which is equivalent to the pH of the sub-alkalis (7.3). The
organic matter content is 1.8433%; this range of organic matter is between 1.56 and
1.98. The average soil conductivity was 995.37 ug/cm. The level of trace
contamination was found in soil samples as follows: Fe> Mn> Ba> Cr> Ni> Zr > V
> Zn > Cu> Pb> Co> Ag >Cd> Hg> Se. Soil samples contained concentrations of
Cd, Cr, Cu, Mn, and Ni much higher than the global average of unpolluted soil
concentrations. In contrast, only half of the zinc samples exceeded the calculated
average global average of the unpolluted soil, and lead had values within the
international level of the unpolluted soil. The study area needs an environmental
management system to manage and treat soil pollution in urban areas.

Keywords: Heavy metals; Agriculture soil; Pollution Index; E.F.; CF; I-geo; P.L.I ;
E.R.I
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1. Introduction

Soil pollution is the buildup of known harmful compounds, chemicals, salts, radioactive
materials, or disease-causing agents in soils, which affects plant growth [1]. As the primary
component of the environment, agricultural and urban soil serve as the primary reservoir or
sink for contaminants, including heavy metals [2]. Heavy metal pollution occurs in many
parts of the world, especially in developing countries. Rapid industrialization and
urbanization over the last few decades have resulted in significant and widespread soil
pollution by heavy metals[3]. Researchers have observed that the concentration and shape of
heavy metals are directly related to their movement and transformation in the soil-plant
system and their ecological toxicity [3]. The bioavailability of metals varies depending on
their chemical structure [4]. The accumulation of heavy metals in the soil over time and long-
term toxicity can directly affect the soil's physical and chemical properties since these metals
do not migrate or degrade easily through natural degradation processes[5]. Although heavy
metals can be found in trace amounts in the Earth's crust, their concentrations in naturally
occurring soils are often quite low. However, anthropogenic inputs of numerous heavy metals
to soils far outnumber natural inputs from the parent material[6]. Fertilization, metal and
smelting operations, sewage and sludge applications, urban effluent, and atmospheric
deposition mostly cause heavy metals in the soil [7][6]. It can potentially transfer
contaminants to groundwater, the food chain, and the human body so that it may be seen as
both a sink and a source of pollution[8]. Heavy metals in soils and dust can build up in the
human body when breathed in, eaten, or absorbed through the skin [9]. Heavy metals in the
soil are one of the main sources of heavy metal contamination in crops. When crops are
grown on arable land with polluted heavy metals, their physiological, biochemical, and
developmental processes will be hurt [4]. Most polluted soils are full of harmful metal
elements, impairing crop yields and threatening human health once they enter the food
chain[4]. Given that agricultural soil is a crucial part of the study area, it is important to study
heavy metal pollution in soil in general and in agricultural soil in particular. Al-Hayy district
is defined by its agricultural activities and provision of food baskets for most of the area's
people and the surrounding areas. Thus, the research aimed to assess the level of heavy metal
contamination in soil affected by agricultural activity. The objectives of this study is to
determine the heavy metal level in agricultural soils, and evaluate the research area's heavy
metal distribution, using pollution indicators.

2. Materials and Methods
2.1.Study area

Al-Hayy District is one of the Waist Governorate's districts on the Al-Gharraf River
banks. It was about 220 km southeast of Baghdad, the capital of Irag. It is between 32° 10’
33" N and 46° 2" 9.5" E. The Tigris River enters the district of Al-Hayy. It is estimated that
about 280,000 people live in the district, which is 2000 km2 in size[10]. Al-Hayy is known
for its distinguished agricultural season, when barley, wheat, yellow and white corn, sesame,
and sunflowers are grown, surrounded by palm groves. The location was chosen to investigate
the potential environmental effects of agricultural activity. Because the area is located in a
vital part that contains agricultural activity and since pumps are used to get water for farms,
much fuel gets into the area (Figure 1).
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Figure 1:Map of AL-Hayy district ~Wasit governorate and distribution of sampling

2.2.Sample Collection, Preparation, and Analyses

Composite soil samples were made for each site. There are numerous randomly placed
sampling sites all over the study area. The locations of each sample were noted using a
Garmin G receiver. The coordinates were listed in Table 2. From September to December
2022, 1 kg of topsoil (0-20 cm) is collected and stored in a cool, dry place for later use as a
bulk sample. Soil samples were sieved to remove anything larger than gravel, any remaining
roots, and anything else that would not be useful in the final product. After air drying,
pulverization, and homogenization, the materials were sieved through a 2 mm mesh. Then,
the samples are placed in new, airtight plastic bags [3], and all samples are stored at room

temperature for further analysis. Details are in Table 1.
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Table 1: The parameter Selected and procedure followed for analyzing soil samples

Parameters Methods of analysis Name of laboratory

Heavy metals and major
elements(Ag,As, Ba, Cd Co,
Cr,Cu,Hg, Mn, Ni, Pb,Se Sn, V,
Zn, Zr)

University of Baghdad-
College of Science, Iraq
German Lab, spectra Germany
2010
The Ministry of Science and
Technology (Department of
Materials Sciences)

X-ray fluorescence spectrometry
(XRF)analyses.
Model: spectra Xepos

Shimadzu X-Ray 6000. method identify

e st dlifiEeen (4R0) clay and other minerals in surface soils

PH-Meter, pH Values were determined
using the suspension of 1:5 soil to
water. A Cyberscan digital pH meter is
then used to measure the solution's pH
Dry Combustion method (F.A.O.,1974)
the weight of 1 gram of the sample is Baghdad University
taken and placed in a carefully weighed College of Sciences, Iraq
ceramic lid. Then the sample is burned German Lab
at a temperature of 300 °C for two
hours, after which the lid and sample
are weighed accurately. The weight
difference represents the weight of the
organic materials
was measured with a conductivity
meter. A suspension of 1:5 or 1:10 soil-
to-water was made and spun for 30
minutes. The clear extract from the
centrifuged mixture was then used to
test conductivity

Hydrogen number (pH)

organic matter

University of Baghdad-
College of Science, Iraq
German Lab

electrical conductivity (E.C)

3. Results and Discussion

3.1.Physico-chemical analysis

3.1.1. Effect of pH

These findings indicate that most urban soil has a neutral to sub-alkaline pH range of 7.0 to
7.6, with a mean of 7.3.

3.1.2. Effect of electrical conductivity

The average soil conductivity in the study area was 995.37 ps/cm, ranging from 1136 to
638us/cm.

3.1.3. Effect of organic matter
Organic matter values varied from 1.56 to 1.98%, with a mean of 1.843%.
Table 2: Data of soil sampling sites in the Al-Hayy District

Sample N coordinates(Long) Coordinates (Lat)
S1 46.02255534 32.17881496
S2 46.02939629 32.17536474
S3 46.03593981 32.17280682
S4 46.03207319 32.16911865
S5 46.03671314 32.16465717
S6 46.03314395 32.16239668
S7 46.03707006 32.15882749
S8 46.03956849 32.15135598
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3.1.4.Heavy metals concentrations in soil

The average amounts of heavy metals found in soil samples were in the following order: Fe>
Mn> Ba> Cr> Ni> Zr >V > Zn > Cu> Pb> Co> As > Ag >Cd> Hg >Se. It was clear that Fe
was the most common. The Se is found in the lowest content in the agricultural land. The
background concentration of heavy metals (Ag, As, Ba, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb,
Se, V, Zn, and Zr) in Kabata-Pendias [11], and Fe in [13] Here are short descriptions of each
metal, compared to the results in Table 3.

Table 3: Heavy metals in concentration and some physical properties of soil samples

[14]Al [14]Al
Paramete Min  Max Mea SD ) Paramete Min Max Mean S.D )
rs n Bassa rs Bassa
m m
" s 73 o108 . iiges 1872 45258 266 22890,
0 1 5 9
EC 638 1134 995 162'1 Hg 11 15 122 0'911 -----
OM 156 198 184 0139 Mn 10139 869.8 70547 231' -----
Ag 2 5 308 102 - Ni 16%'92 2119 1836 177 209
As 75 1125 9 111 - Pb 13.92 21434 1579 222 394
Ba 321 417 355'1 3106 - Se 02 06 0533 0'512 -----
cd 06 3 191 086 55 v 1148 142.8 12663 926 -
Co 858 1872 1508 386 188 Zn 85.14 123'3 103.93 1%'2 -----
Cr 210 461.2 305'2 742 1619 zr 153.92 18: 2 167.05 112'4 -----
Cu 399 53646 4535 491 169

SD= standard deviation. To find out how much of a difference between the samples and to
provide a greater depth of analysis

silver Ag: In the current study, the Ag range was 2-5 ppm, and the average was 3 ppm. The
study's average Ag concentration in agricultural soils was greater than the world's average
concentration of unpolluted soil (0.01 and 1 mg/kg) [11]. The details are in Table 3.

Arsenic As: In the current study, arsenic levels ranged from 7.5 to 11.25 ppm, with an
average of 9 ppm. All samples were above the safe level [11] for 4.7 ppm.

Barium Ba: Ba concentration values in the present study varied from 321 to 417 ppm,
averaging 356 ppm; some of these values are considered safe according to [11]at 360 ppm.

The details are in Table 3.

Cadmium Cd: The concentration of cadmium in the current study ranges from 0.6 to 3 ppm,
with an average of 1.91 ppm and the average concentration of cadmium in agricultural soils in
the study was greater than the global average concentration of uncontaminated soil (0.53
mg/kg) [12]. The details are in Table 3.

Cobalt Co: The range of cobalt concentrations in this study was 8.58 to 18.72 ppm, with an
average of 15.08 ppm; all of these values were higher than the global average concentration of
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uncontaminated  soil (6.9 ppm) [11]. The details are in Table 3.

Chromium Cr: The amount of Cr can range from 461.2 to 210 ppm in the study area, with an
average of 302.26 ppm. The values found were higher than the world scale for unpolluted
soils (42 mg/kg) [11]; the details are in Table 3.

Copper Cu: The observed copper values ranged from 39.9 to 53.1 ppm, with an average of

45.35 ppm, higher than the normal global scale for uncontaminated soil (24 ppm) [12]. The
details are in Table 3.

Iron Fe: The observed Fe values ranged from 41268 to 48720 ppm, with an average of 45258

ppm, higher than the normal in Riley & Chester of 29264 ppm. Most of the soil samples had

significantly high iron levels.

Mercury Hg: In the study area, the average amount of Hg is (1.22 ppm), with values ranging

from (1.11- 1.5 ppm). All the soil samples had Hg levels higher than the world average [11]

(0.1 ppm).

Manganese Mn: The Mn content varies from 101.39 to 869.8 ppm in soil samples in the

study area. Values were also observed to be above the typical level for uncontaminated soil

(418 ppm) [11].

Nickel Ni: Ni content in the study area ranges from (160.9 to 211.9 ppm). The measured

results exceed the world mean of unpolluted soil (34 ppm) [12].

Lead Pb: Lead concentrations in agricultural soil samples were found to be low compared to

concentrations in unpolluted soil (44 ppm) [12], which ranged from (13.9 to 21.34ppm),

Selenium Se: selenium concentrations in soil typically range from(0.2 to 0.6 ppm). The

results of the measurements fall within the range of the global mean (0.7 ppm) [11].

Vanadium V: The average V concentration in this study was 126.63 ppm, with a range of

114.8-142.8 ppm. All the soil samples had V levels higher than the world soil average (60

ppm) [11].

Zinc Zn: Zn can range from (85.14 to 129.34 ppm). All the soil samples had levels of Zn that

were higher than the world soil average (62 ppm ) [11].

Zirconium Zr: Zr concentrations in the examined soil ranged from (153.92 to 184.26 ppm),

with a mean concentration of 167 ppm. This indicates all samples were below the [11]safe

threshold for Zr (300 ppm).

3.2. Assessment of pollution sources

In the current study, heavy metal pollution in agricultural soil was estimated using the
contamination factor (C.F.), the enrichment factor (E.F.), the Geo-accumulation index (I-
Geo), Pollution Load Index (PLI .), Ecological risk index (RI) and Potential ecological risk
index (Er').

3.2.1.Contamination factor (CPH
The contamination factor (C.F.) was utilized as an evaluation tool to identify contamination
factors that led to higher toxicity of such metals and is a simple and well-known assessment
index. (C.F.) is determined by the following formula:

__ Ci(heavy metal)
CF= C b (heavy metal) (1)
Ci= metal concentration; Cbh= the background value of that metal in the soil.

The tolerable levels for soil suggested by [11] were used as permissible levels.

The Contamination Factor was classified, according to [15]Hakanson, 1980 into:
CF< 0 uncontaminated ; 0 < CF < 1.1Slight ; 1 <CF <3Moderate
3 < CF < 5Considerable; 5 < CF <6strong C.F ; CF > 6Very strong

4364



AL-Najjar et al. Iragi Journal of Science, 2024, Vol. 65, No. 8, pp: 4359-4371

The average surface soil CF values for the elements were given in the following order:
Ag>Hg>Ni>Cr>Cu>Cd>Co>V>As>Mn>Zn>Ba>Se>Pb>Zr>Zr. Ag, Hg,
Ni, and Cr are all found in high amounts in CF soil samples, and Cu is also present. Copper,
cadmium, cobalt, vanadium, Manganese, arsenic, and zinc are found in moderate amounts in
soil samples from the study area (Table 4). On the other hand, the other metals are found in
low amounts. In comparison to other studies (such as Al-Quraishi 2019)[16,17], the Nikl and
Tantalum concentrations in CF soil samples are quite high, while the concentrations of Cd,
Cr, Br, Sr, Cu, Pb, Zn, Co, M, and V are relatively low to moderate.

Table 4: CF values of heavy elements in the study area for sub-surface soil sample

Elements CF MIN MAX CFclass
Ag 30.3 20 46 Verystrong
As 1.912 1.59 2.39 moderate
Ba 0.981 0.88 1.15 Slight
Cd 2.18 0.54 4.54 Moderate
Co 2.18 1.24 2.71 Moderate
Cr 7.18 5 10.9 Very strong
Cu 3.241 2.85 3.819 Considerable
Hg 12.25 11 15 Very strong
Mn 1.68 0.242 2.08 Moderate
Ni 10.208 8.94 11.77 Very strong
Pb 0.632 0.55 0.813 Slight
Se 0.761 0.28 0.857 Slight

\Y 2.109 1.913 2.38 Moderate
Zn 1.672 1.373 2.08 Moderate
Zr 0.55 0.513 0.614 Slight

3.2.2. The pollution load index (PLI)

It is made by using contamination factors (CF). This PLI is used to classify the amount of
metal contamination in soil samples.[18] The PLI . is found by taking the n-root of the n-CFs
found for all metals. The PLI . can evaluate the level of metal contamination and suggest what
to do next[17]. Generally, the pollution load index (PLI) developed by Hakanson in 1980
[15]is as follows:

PLI =n,/(CF1xCF2xCF3x ... xCFn)(2)

n = Number of metals

The PLI . value was classified according to Hakanson [15]

0 Perfection ; <1 Baseline Level ; >1 Polluted

The PLI . value of urban soils shows that all soil samples in the study area are contaminated
(Table 5)

Table 5: PLI values of heavy elements in the study area for soil sample

PLI Class
2.57 Polluted
2.26 Polluted
2.48 Polluted
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1.88 Polluted
2.29 Polluted
2.38 Polluted
2.55 Polluted
2.217 Polluted

3.2.3.Enrichment factor (EF)

EF is an excellent tool for tracing the origins of heavy metal contamination in agricultural soil
samples that will allow us to estimate the level of metal contamination [8]. The EF values of
metals in soil samples were determined using the following equation [19].

(C/Cfe) sample (3)
(C/Cfe) reference

C/Fe (sample) is the ratio of the concentrations of metals and Fe in the sample; C/Fe (Earth's
crust) is the ratio of the metal concentrations and Fe in the Earth's crust. The Fe was used as a
reference element to compare background concentrations in the Earth's crust. This was done
assuming that Fe's content in the crust has not been changed by human activity, and Fe was
chosen as the normalization element because natural sources make up 98% of its input [12]
[8].

Contamination can be seen at a range of levels in the results. When the value is between 0.5
and 1.5, it suggests that natural weathering processes could have only caused the
concentration of heavy metals. However, if the EF is greater than 1.5, it indicates that a
significant amount of the heavy metals came from sources other than the crust, such as point
and non-point pollution)[19].
The EF index can be used to categorize soil quality.[23] Five categories based on the
enrichment factor: EF < 2 states deficiency to minimal enrichment, EF= 2 - 5 moderate
enrichment, EF= 5 - 20 significant enrichment, EF= 20 - 40 very high enrichment and E.F.>
40 extremely high enrichment.

EF =

Table 6: EFvalues of heavy elements in the study area for sub-surface sample

Elements EF Max Min EFclass

Ag 19.4 27.6 12.3 Significant

As 1.23 1.47 0.98 Deficiency to minimal
Ba 0.63 0.76 0.55 Deficiency to minimal
Cd 11 1.68 0.38 Deficiency to minimal
Co 1.41 1.92 0.76 Deficiency to minimal
Cr 4.65 6.76 3.3 Moderate

Cu 2.09 25 1.78 Moderate

Hg 7.9 9 7.39 Significant

Mn 1.09 1.29 0.145 Deficiency to minimal
Ni 6.58 7.56 6.12 Significant

Pb 0.4 0.48 0.35 Deficiency to minimal
Se 0.48 0.6 0.2 Deficiency to minimal
\Y 1.36 1.27 1.55 Deficiency minimal
Zn 1.07 1.29 0.92 Deficiency to minimal
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Zr 0.35 0.43 0.31 Deficiency to minimal

Note that the Enrichment factor values in Table 6 are greater than expected for heavy metals
from the local soil background. Instead, they may come from other natural and/or human-
made sources in urbanized areas, such as vehicle emissions and other activities [8]. Based on
the EF, the urban soils were significantly enriched with metals (Ag, Hg, and Ni) and
moderately enriched with Cr and Cu. At the same time, minimal enrichment was recorded for
As, Ba, Cd, Co, Mn, Pb, Se, V, Zn, and Zr. The pattern of heavy metal contamination in
decreasing order by the EF method.Ag>Hg>Ni>Zn>Cr>Cu>As>Ba>Cd>CoMn>Pb>Se> and
V>Zr. Anthropogenic activities like using phosphoric fertilizers and herbicides in agricultural
soil and their overuse increase heavy metals in the study area [20].

3.2.4.Geo-accumulation index (1-Geo)

The index was used to determine how contaminated the soil was based on how much it was in
the background. In this study, the background values are from [12]. Muller's method has been
used to study several trace metals. It is calculated using the following equation:

I-geo = log2 (Cn\1:5Bn) (4)

Cn=Where is the amount of heavy metal in the soil; Bn is the geochemical background in the
shale; Factor 1.5 is added to the relationship to account for possible differences in background
data due to lithological effects [20]

He categorized the geo-accumulation index into Seven pollution grades: I-geo <0 (not
polluted), O<I-geo <1 (slightly to moderately polluted),1<I-geo <2 (moderately polluted),
2<l-geo <3 (moderately to strongly polluted),3<l-geo <4, (strongly polluted), 4<I-geo<5
(strongly to extremely polluted), and 1-geo>5 (extremely polluted)[ 21].

Table 7: I-geo values of heavy elements in the study area for sub-surface samples

Elements Average Max Min class
Ag 2.93 3.42 2.59 moderately
As 0.23 0.46 0.06 slightly
Ba -0.42 -0.26 -0.52 no polluted
Cd 0.033 0.59 -1.01 no polluted
Co 0.33 0.59 -0.18 slightly
Cr 1.53 1.99 1.2 moderately
Cu 0.757 0.93 0.64 slightly
Hg 2.08 2.3 1.99 moderately
Mn -0.027 0.32 -1.82 no polluted
Ni 19 2.06 1.78 moderately
Pb -0.87 -0.61 -0.99 no polluted
Se -5.75 -0.55 -1.65 no polluted
\Y 0.33 0.46 0.24 slightly
Zn 0.098 0.32 -0.088 no polluted
Zr -0.988 -0.89 -1.07 no polluted

The measured heavy metals in the examined soil are presented in Table 7 as I-geo values. The
soil samples in the study area were moderate to strongly polluted with Ag, and Hg and
moderately polluted with Cr and Ni, as measured by the accumulation index. Most of the soil
samples tested were found to be in the slightly unpolluted category, as shown by the acquired
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I-geo, and the I-geo values for Ba, Mn, Pb, Se, and Zr were predominantly negative,
indicating the absence of contamination.

3.2.5.Ecological risk index (RI) and potential ecological risk index (Er').

To evaluate the possible ecological risk of heavy metals in soil, the Er' was developed by [15].
This technique evaluates the soil's contamination level and integrates toxicology with ecology
and Environment considerations to give a complete picture of any possible dangers [22].

The environmental impact indicator (Er') of metal is described as follows:

Er' = Tr' x (Ci/C0) (5)
Use the following formula to determine a site's overall RI:

Rl =X Er' (6)
Ci =is the amount of metal | in the soil; CO= is the background concentration; Tr' is the
element's biological toxicity factor (Ti values are: As=10, Cd = 30, Co = 5, Cr = 2, Cu=5,
Hg=40, Mn =1 Ni=5, Pb= 5, V =2 and Zn = 1); Er' =is the potential ecological risk factor for
metal I; and RI. is the total potential ecological risk index for metals i—n. Heavy metals were
put into five groups based on how long they stayed in the environment [22]. The RI. is
divided into five groups:

Table 8: Classification of potential ecological risk index (Eri) [15]
Assessment Criterion

PERI Low Moderate Considerable High High Very
Er <40 40-80 80-160 160-320 ~320
RI <150 150-300 300-600 >600 -

Table 9: Ecological risk factors for metals in the study area

Elements  Average Max Min Class (Er') RI. Class (RI)
As 37 159 17.39 Low 296 Moderate
Cd 65.3 135 16 Moderate 522.9  Considerable
Co 10.9 13.55 6.2 Low 87.25 Low
Cr 14.3 21.8 10 Low 114.76 Low
Cu 16.19 19.05 14.25 Low 129.5 Low
Hg 490 600 440 Very High 3920 very high
Mn 1.68 2.08 0.242 Low 13.5 Low
Ni 51 58.8 44.7 Moderate 408 Considerable
Pb 3.09 4 2.7 Low 24.8 Low
V 4.2 4.76 3.8 Low 33.7 Low
Zn 1.67 2.08 1.37 Low 13.3 Low

Ecological risk index (Er"): It can be said that except for Hg, Cd, and Ni, the soil is lightly
polluted with metals in the following order: Hg > Cd > Ni > As>Cu>Cr>Co >V >Pb >
Mn > Zn. The values of ecology risk factors for most heavy metals are less than the critical
value of 40. This means that accumulated heavy metals pose a low risk to the soil, except for
mercury, which poses a large ecological risk.

3.3.Mineral analysis: XRD Technology

One soil sample is looked at with the XRD method to tell the difference between clay and
other minerals in surface soils. In general, the Al-Hayy District has a significant amount of
calcite and quartz, as well as other minerals that are not clay, like dolomite, vermiculite, and
albite. The clay minerals are kaolinite, illite, and chlorite [16].
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Quartz is the most important mineral; 23.4% of the total soils comprise it, which is
weather-resistant for long-distance transportation (Figure 2).
Calcite contributes 20.8%, generated in diverse geological conditions. In various calcite-
related chemical and physical processes, albite contributes 19.4%, vermiculite 0.7%, and
dolomite 7.4%.
Clay minerals are kaolinite (7.7%) and illite (12.4%), formed through chemical weathering.
The types of clay minerals depend on the climate and the quality of the source rocks [17].
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Figure 2: X-ray diffraction graph of Al-Hayy District soil; samples Number 7K

Sources of Contaminations with Heavy Metals

Toxic substances have accumulated in the environment due to the accelerated growth of

industry and the increased use of pesticides and fertilizers in agricultural areas [24]. The main

sources of anthropogenic emissions in the study area are as follows:

1. Mobile sources, such as vehicles and their fuel, produce linear emissions.

2. Emissions sources include factories in the region, such as bricks and cashiers.

3. The irrigated soil containing heavy metals was the subject of several recent publications.

According to research [25], wastewater irrigation can significantly alter the physical and

chemical composition of the soil, leading to higher levels of mineral absorption by plants,

particularly vegetables.

4. A major cause of exposure to heavy metals is atmospheric pollution. Heavy metals

extracted from air deposits in surface soil can accumulate through precipitation, trapping and

interception [8].

5. The soil could be a source of heavy metals that are discharged into the surrounding water

through natural and anthropogenic processes [26].

Natural sources: Soil pollution is caused in part by the increased use of heavy metals and by

natural events such as dust storms and deposition from the air [20].

Anthropogenic sources: The main causes are burning fuels, industrial waste, watering crops
with sewage, and using chemical fertilizers and pesticides.
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4. Conclusions

Based on the results of the current study.

1. Most heavy metal concentrations are higher than their background levels. Different
locations had varying heavy metal pollution levels and concentrations, demonstrating the
uneven distribution of human activity. Iron formed the highest concentration of the trace
elements examined as being naturally present in the Iraqgi soil, followed by magnesium and
chrome. Manganese has the lowest content in the study area.

2. The CF contains significant contamination concentrations in Ag, Cr, Hg, Cu, and Ni. As
shown by PLI analysis, all samples are contaminated and have significantly enrichment
factors (Ag, Hg, and Ni), while I-Geo for Ag, Hg, Ni, and Cr is moderately contaminated.
Class Eri, Very High in Hg, and RI.

3. XRD test shows that the soil contains the highest quantity of quartz, followed by calcite,
while vermiculite has the lowest in the region.
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