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Abstract

Pollution is one of the most important problems that people face at present, and the problem of soil
pollution is the most serious, due to its relationship to human health and other organisms. Soil sample
collection areas in the city of Najaf were chosen based on several factors, including traffic, industrial
and urban activities, and population density. Soil samples were taken at a depth level ranging
between 0 and 15 cm from the soil surface and toothed leaves of a plant. Dodonaea viscosa for each
site to estimate some heavy metals, including lead, Pb, cadmium, Cd, and copper, Cu, starting from
October 2020 to March 2022. D. viscosa was selected in the current study for being a plant. Mostly
present near the streets of the holy city of Najaf, as it is one of the evergreen trees. The soil of the
industrial neighborhood site recorded the highest rate of lead at 92.25 ppm and the lowest rate at
26.25 ppm in the soil of the Albu Madi control site. As for copper, it recorded natural rates, reaching
its highest rate of 11.07 parts per million in the soil of the industrial district site. As for the D. viscosa
plant, lead and cadmium recorded their highest rates in the industrial district site, 0.56 and 78 ppm,
respectively, and their lowest rates were 0.04 and 1.22, respectively, in the Albu Madi control site.
This indicates that the increased concentrations of these heavy elements In the soil, increased their
absorption from the soil and thus increased their concentrations in the leaves of the D. viscosa plant,
and all study sites showed that it was clean and free from pollution, as estimated by the
anthropogenic factor (AF) for each element and the pollution index (P1) for all study sites.

Keywords: Soil pollution, plant, Dodonaea viscosa, heavy elements, cadmium, contamination,
evidence

INTRODUCTION

The presence of heavy metals in the soil at high concentrations is a clear indicator of soil
contamination. Rapid industrial growth, population, and transportation systems have contributed to
increasing levels of pollution in regions that include heavy elements in dust. The danger of heavy
metals is concentrated in their survival in the soil for a long period of time without decomposing or
undergoing any chemical changes [1, 2], they are considered one of the most dangerous substances
thrown into the soil, as they not only affect plant
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growth as a result of their presence in agricultural
soils but also lead to contamination of grains and
fruits that are eaten by humans. As the human
attempt to reduce pollution is not sufficient to stop
pollution, it is not sufficient to make the necessary
improvements. Traffic activity is one of the largest
industrial pollutants that causes chemical pollution
of the soil in terms of organic compounds and
heavy elements, and the concentration of these
pollutants decreases [3-6]. The greater the distance
from the main road. Pollution particularly affects
plants outwardly, where leaf necrosis can be
observed as well as the early fall of leaves and
flowers. There may be a halt in plant growth and a
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delay in fruit ripening, which affects productivity and quality [7]. The negative effects of pollution on
plants center on three important levels, starting with leaf tissue damage with the evolution of necrosis
patterns, yellowing or discoloration of the plant, and finally noticeable changes in growth and early
loss of flowers, indicating that the concentration of Cu and Pb in plants growing in polluted soils was
ten times higher than their concentration in plants growing in unpolluted areas. Their presence at high
levels in the atmospheric air and soil and under special conditions leads to an increase in the plant
content of the two elements at concentrations that may be dangerous to human and animal health, as
an increase in the levels of heavy metal elements in the plant nutrient medium may stimulate or inhibit
the absorption and distribution of mineral elements necessary for plant growth. The plant uptake of
heavy metals depends on several factors related to the soil and the plant, such as the parent material of
the soil, the quality of the dominant minerals in it, and the total and available levels of heavy metals,
which are among the most important soil factors that affect the plant’s uptake of these minerals [5-8].

MATERIALS AND METHODS
Sample Collection

The areas for collecting soil samples and D. viscosa leaves were selected in the city of Najaf,
depending on factors such as traffic, industrial and urban activities, and population density. Based on
this, the city of Najaf was divided into three industrial areas represented by the industrial district,
traffic represented by the location of the Albu Madi control, and residential represented by the
Al-Ghadeer district. The samples were collected between October 2020 and March 2022. A special
form containing the sample number and the name of the site was prepared for each sample, as shown
in Table 1.

Scientific Classification of Dodonaea viscosa
Kingdom: Plantae
Clade: Tracheophytes
Clade: Angiosperms
Clade: Eudicots
Clade: Rosids
Order: Sapindales
Family: Sapindaceae
Genus: Dodonaea
Species: D. viscosa

Soil Samples

The digestion method was used to determine the concentrations of the studied heavy metals in the
soils of the study sites, according to the method described by ICARDA (2021). Soil samples were
collected from a depth of 0-15 cm below the soil surface. Laboratory and dried by exposing them [9—
12] to sunlight, placed in an electric oven at a temperature of 60 °C for an hour, ground, passed
through a 2 mm sieve, and collected in plastic containers until the digestion process of soil samples
was carried out using solutions including dissolving 1.97 grams of diethylene triamine penta acetic

Table 1. Sites for collecting soil and D. viscosa samples in the holy city of Najaf.

Sample collection site The site Site description Number the site
An industrial area that includes auto repair shops, oil | Industrial Industrial area The first
change shops, the lubricating mill, Tikrit test ground | District

for affiliated cars The Traffic Directorate of Al-Najaf
Al-Ashraf Governorate.

A residential area only that is close to the Directorate | Al-Ghadeer Residential area The second
of Environment of Al-Najaf Al-Ashraf. district
Albu Madi traffic area includes shops, schools, and | Location Traffic area The third
residential houses. traffic area

Albo Madi
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acid and 1.1 g of CaC12 in distilled water. Then 14.92 grams of Triethanolamine was dissolved in
distilled water, the two solutions were mixed, and the volume was completed to a liter of distilled
water. Ten grams of dry soil was taken and pre-sifted, and 20 ml of the two solutions were added to it
and shaken for two hours using a shaking device [9-11]. The solution uses Whatman No. 42 filter
paper). The filtrate was used to measure the concentrations of the elements using a flame atomic
absorption device AA240FS at the North Gas Company in Kirkuk.

Plant Samples

The digestion method was used to determine the concentrations of the studied heavy metals in the
leaves of D. viscosa plants according to the method described by ICARDA (2021). The aged leaves of
D. viscosa plants were collected, placed in polyethylene bags, transported to the laboratory, dried in
an electric oven at a temperature of 60°C for an hour, ground, and collected in plastic containers until
the digestion of the D. viscosa samples using some solutions. The digestion solution was prepared by
adding (500) ml of HCIO; acid to [1] liter of concentrated nitric acid HNOs, 1 g of the crushed dry
plant was taken and put in the digestion tube, 10 ml of the digestion solution was added to it, and the
solution was left for a whole day [12-15] After that, the digestion tubes were placed in the digestion
system at a temperature of 150°C, and the digestion process was stopped 30 min after the appearance
of 3HCI acid vapors inside the tube. We removed the tubes from the device, left the solution to cool,
completed the volume of the digested solution with distilled water to 100 ml, mixed well, and left it
for a short time. We confirmed the heavy metal readings using a sequential atomic absorption device
(AA 240 FS).

Evaluation of Degree of Pollution

To estimate the degree of heavy metal contamination in the study areas, some quantitative indices
were used to clarify the concentration status and to facilitate comparison between the variables
measured in the study and among these indicators [16].

Single-factor index analysis or anthropogenic factor (AF): refers to the degree of pollution
resulting from the ratio of the rate of the concerned element measured in the soil to the value of the
natural element in the soil or taken from an area that is geochemically similar to the polluted soil but
in an unpolluted area. This is expressed by the following equation: AF = cm/Bm.

Where Cm: Measured concentration of metal in soil

Bm: Background measured concentration of metal in soil Bm was either taken from the natural
ratios in previous studies or from a geochemically similar area but not polluted; in the current study, it
was taken from previous studies [17, 18].

Estimating the Degree of Pollution by Multi-element Contamination Called the
Pollution Index (PI)

It is also called the enrichment index (El), and it is considered the best way to estimate the degree
of pollution because pollution with heavy elements in the surface environment (surface environment
of the soil) is the result of pollution with more problematic pollutants; however, there are different
types of PI used by researchers, but the basic principles are the same [19, 20].

In this study, soil Pl was calculated using the sum of the average concentration ratio of each
element to the allowable (critical) limit. In this study, the following equation includes three elements:
PI =X (metal concentration in soil/permissible level for metal) / number of metals.

A value greater than 1 indicates that the metal concentrations are above permissible (critical) levels.
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RESULTS AND DISCUSSION
Soil Content of Pb

Table 2 shows the soil Pb values recorded during the study period, showing the highest and lowest
values depending on the date of sampling and sampling locations. In the current study, lead recorded
the highest value of 118 parts per million at the industrial district site in January of the winter season,
and the lowest value was 23 parts per million at the control site of Albu Madi in November of the
autumn season. Pb pollution depends on several factors, including the distance on both sides of the
road, the nature of vegetation surfaces, the period of exposure to pollution, traffic density, and wind
direction (Hannah et al., 2019). In addition to the increase in the number of cars, which is considered
one of the most important sources of lead pollution, there is a car driving test yard of the Traffic
Directorate of Al-Najaf Al-Ashraf near that site. Compared to other results, it is higher than the results
obtained to study environmental lead pollution in the city of Baquba and its environs, which had rates
of 63.41 parts per million and less than the results of lead concentration Pb for the soil of the
industrial zone in Baiji in a study, which ranged between 156.43 and 184.85 parts per million [21-25].
The results are shown in Table 2.

Pb Content of Plant Lead

The Pb content in plants is not related to its content in the soil, in contrast to other heavy metals
(cobalt, nickel, and cadmium). Perhaps the reason for the increase in the content of Pb in plants is the
air precipitation of this element resulting from traffic congestion rather than the soil factor and what is
added to it. Residues containing heavy metals, including Pb The relatively high levels of heavy
elements, including Pb, in the leaves of the study plant at the industrial district site, maybe because
these elements pass through the pores through surface precipitation from rainwater and dust. In
addition to the process of taking them from the soil through bio-absorption through the root, as these
elements are found on the surfaces of plants in a dissolved form, this indicates that heavy metals
permeate into the plant through the leaves and roots. Plants transfer larger amounts of minerals to
their leaves than to fruits or seeds. It is clear from Table 3 that the average concentrations of Pb [26—
29] and Pb in the leaves of D. viscosa at the industrial district site were 3.03 parts per million. The
average concentration of Pb in the plant leaves of the Al-Ghadeer district was 2.31 parts per million.

Table 2. Pb values for soil samples (parts per million ppm) in the study sites.

The location of Al-Ghadeer The industrial Location/
Albu Madi control neighborhood district month
27 32 85 October
23 35 93 November
33 53 113 December
36 49 118 January
34 29 77 February
26 38 81 March
29.83 39.33 945 The average

Table 3. Lead values for D. viscosa parts per million ppm samples in the study sites.

The location of Al-Ghadeer The industrial Location/

Albu Madi control neighborhood district month
1.2 1.7 1.7 October
0.8 1.9 3.2 November
1.6 2 35 December
1.8 2.6 3.3 January
1.3 25 3.6 February
1.2 3.2 2.9 March
1.31 231 3.03 The average
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For the Albu Madi control site, the average Pb was 1.31 parts per million. In general, the
concentration of Pb in the study plant was within permissible limits, which ranged between 1 and 3
parts per million (Table 3).

Soil Content of Cadmium Cd

Cadmium is a highly toxic metal whose presence and transport in soil depend on the physical,
chemical, and mineral properties of the soil. Natural levels of Cd in the environment are generally
low, but the activities of civilizational development have contributed to increasing these levels,
including smelting and mining of zinc, using sewage waste as agricultural fertilizer, increasing engine
emissions (car exhaust smoke), fuel combustion products extracted from the ground, and the use of
phosphate fertilizers and industrial production processes, and is consumed in the manufacture of dyes,
electroplating, batteries, and the composition of glass and ceramics.

In the current study, the highest concentration of Cd was recorded in the soil of the industrial
district in October, when it reached 1.6 parts per million, while the lowest concentration was recorded
in the soil of the Albu Madi control in March, and it reached 0.02 parts per million, as shown in Table
4, the current study proved that the Cd element, according to these sites, is a pollutant for the soil of
the industrial district and Al-Ghadeer District [30-33]. The reason for the high concentrations of
cadmium in these sites is attributed to soil contamination with this element as a result of a large
number of industrial uses of this element, such as its entry into rechargeable batteries, lubricating oils,
and motor lubrication fluid, its emission from poor fuel when burning, and the friction of car tires.
When comparing the results of this study with those of other studies, it turns out that the results of the
current study are higher. The dust near the electric power station in Baiji ranged from 1.10 to 1.91
ppm, and less than the results, which ranged between 3.7 and 10.4 ppm for the soil of the industrial
zone in Baiji [34-37]. The results are shown in Table 4.

Plant Content of Cadmium Cd

Plants are the most important in their uses as an indicator for evaluating total concentrations and the
movement of minerals in the soil. The concentrations of elements in the plant parts indicate their total
concentrations in the soil. To understand the behavior of plants exposed to excessive concentrations of
these elements, parts of these plants must be analyzed. Cadmium is a non-essential element for
animals and plants; however, it enters the human body through the food chain, and 99% of cadmium
combines with the solid phase of some soils as it binds with organic matter, forming organic-mineral
complexes, and thus its readiness for plants decreases. The cadmium element in the current study
plant recorded its highest concentration in the industrial district in October, when it reached 0.8 parts
per million, while the lowest concentration was recorded in the control site of Albu Madi in February
and reached 0.01 parts per million, as shown in Table 5. The high concentrations of Cd at the
industrial district site indicate soil contamination with this element as a result of the ability of Cd to
replace cations such as Ca and Mg in the soil and thus become easily absorbed by plants [38]. The
results are shown in Table 5.

Table 4. Cadmium values for soil samples (parts per million ppm) in the study sites.

The location of Al-Ghadeer The industrial Location/

Albu Madi control neighborhood district month
0.08 1.2 1.6 October
0.05 0.9 13 November
0.07 0.3 1.1 December
0.04 0.4 0.7 January
0.06 0.5 0.5 February
0.02 0.6 0.9 March
0.30 0.65 1.01 The average
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Table 5. Cadmium values for (D. viscosa parts per million ppm) samples in
the study sites.

The location of Al-Ghadeer The industrial Location/

Albu Madi control neighborhood district month
0.06 0.3 0.8 October
0.05 0.2 0.7 November
0.02 0.1 0.4 December
0.03 0.3 0.3 January
0.02 0.2 0.5 February
0.04 0.4 0.4 March
0.03 0.25 0.51 The average

Soil Content of Cu

Copper is present in small quantities in the soil and owing to the entry of copper into the structural
composition of the rocks, the total soil content of this element varies according to the nature of the
parent material. Copper is present in the atmosphere at concentrations ranging from 0-5 to 3 in most
urban areas. Table 6 below shows the copper values recorded during the study period, showing the
highest and lowest values depending on the sampling date and location. Copper in the soils of the
current study recorded the highest value of 4.2 ppm in the industrial district site in January of the
winter season, and the lowest value was 0.5 ppm in the Albu Madi site in December of the winter
season, so the high values of copper in the soils of some sites The study may refer to the deposited
copper resulting from the corrosion of motors and brake linings of cars and the introduction of these
elements with car emissions as well as the connecting and connecting parts made of iron, aluminum,
and copper in cars and the element is also found on the sides of roads with high traffic density in
contrast to This is the decrease in copper values in the Albu Madi site, as it is a low-crowded site due
to the lack of vehicle momentum [39]. The results are presented in Table 6.

The Plant Content of Cu

Plants require copper as an essential micronutrient for the normal growth and development of its
organs, and when the element is not available in the appropriate quantities, some symptoms appear on
the plants, most of which are in the young leaves and reproductive organs; generally, the increase or
decrease in the content of copper and its availability for the plant in the soil causes disorders in plant
growth and development through its effect on important physiological processes, especially the
processes of electron transfer for photosynthesis, which suffer changes when copper deficiency or its
compounds, and when its concentrations are excessively increased within plant tissues (Inmaculada)
indicated that the concentration of each of copper and lead in plants growing in polluted soils, their
concentration was ten times higher than in plants growing in unpolluted areas. Table 7 shows that the
highest value of copper in D. viscosa plant was 44.3 parts per million in the Al-Ghadeer neighborhood
site in January of the winter season, and the lowest value was 19 parts per million in the Albu Madi
site in January of the winter. The reason for the difference in copper concentrations in the D. viscosa
plant between the study sites is due to the deposition of copper in the soil according to the location of
the soil, and according to the physical and chemical properties, it is characterized by, which is

Table 6. Copper values for soil samples (parts per million ppm) in the study sites.
The location of Al-Ghadeer The industrial Location/

Albu Madi control neighborhood district month
0.9 2.2 2.3 October
0.7 15 3.4 November
0.5 1.4 3.7 December
0.8 1.8 4.2 January
0.7 1.2 3.2 February
0.8 0.9 2.6 March
0.73 15 3.23 The average
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Table 7. Copper values for (D. viscosa parts per million ppm) samples in the study sites.

The location of Al-Ghadeer The industrial Location/
Albu Madi control neighborhood district month
235 414 24.4 October
20.5 40 25 November
19.9 425 25.7 December
19 44.3 274 January
195 405 28.3 February
20.6 39.8 315 March
205 41.41 37.05 The average

reflected in the difference in copper concentrations within plant tissues between study sites. The
results of the current study agree with the results of the previous study, as it recorded copper
concentration values for D. viscosa between 12.3 and 57.3 ppm. The high absorption of plants is one of
the important factors used in phytoremediation processes [39, 40]. The results are shown in Table 7.

Evaluation of Degree of Pollution

The indices or indicators used to estimate heavy metal contamination are the anthropogenic factor
(AF) or single-factor index. Pollution index (PI) or El: The degree of pollution can be determined by
the AF factor, depending on what is shown in Table 8.

1 <(AF) indicates that the metal concentrations are above permissible levels, and any other increase
is considered a human source or a natural geological source. In the current study, Table 8 shows the
levels of heavy elements resulting from human sources at the stations. > It was concluded that Pb, Cd,
and Cu were the most added elements to the soil from human sources, that is, the AF of the elements
lead and cadmium for the two sites, Al-Sinai District and Al-Zuhur, was greater than 1. From the
previous data, we conclude that lead and cadmium are among the hazardous polluting metals in the
two sites of Al-Sinai District and Al-Ghadeer Especially the lead element, as this element has high
levels in them and therefore is closest to the population and industrial activity and the traffic density
of gasoline cars, which contains lead tetroxide, then the levels of this element decrease in the Albu
Madi site farthest from the industrial activities. The pollution index method, or the method of
estimating the degree of multiple pollution (it does not only take pollution with one element, but also
the quality of the pollution index for the environment depending on all the elements, i.e., reflects the
degree of pollution resulting from different pollutants (heavy elements) in the current results of the
pollution index, as shown in Table 8, it is noted that the PI for all the study sites is less than 1, which
indicates that all the study sites are free of pollution and agree to assess the pollution with heavy
elements of the surface soils of the Hawija region, southwest of Kirkuk, as he indicated that it is
considered from pollution-free to slightly polluted places [40, 41]. The results are shown in Table 8.

Table 8. Mean concentrations of heavy metals, human factor AF
for each element, and pollution index (PI) for all study sites.

Heavy elements Pb Cu Cd

Industrial live concentration rate 94.5 3.23 1.01
AF 6.15 6.46 0.05
IP Clean 0.332
Al-Ghadeer district 39.33 15 0.65
AF 2.622 3 0.03
IP Clean 0.155

Albu Madi control site 29.83 0.73 0.30
AF 1.98 1.46 0.01
IP Clean 0.074

The normal rate of the element 15 0.5 20
allowed rate 100 3 100
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CONCLUSIONS

The soils and plants of the study area, D. viscosa, in the industrial neighborhood and Al-Ghadeer
neighborhood, were characterized by higher concentrations of the heavy elements Pb and Cd than the
other elements. Cu, but the concentrations of heavy elements were within permissible limits. There is
no polluting effect of a single element on the pollution of the other element; that is, there is a single
potential for pollution for each element in the studied environmental systems. It was found that the
study plant could accumulate high quantities of heavy elements, especially Pb and Cd, making it one
of the preferred species for use in phytoremediation phytotherapy. The Al-Ghadeer neighborhood,
especially the Pb component, is a result of the transport medium. The PI results showed that all study
sites were pollution-free.
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